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I. Introduction 
 
The purpose of this chapter is to provide a broad overview of the types of equipment and 
instrumentation available for use by OSHA personnel. This information is not a 
comprehensive resource for specific types of instrumentation, nor is it intended to replace 
the owner’s manual. Rather, its purpose is to provide a broad understanding of the principle 
of operation for the particular type of equipment and an understanding of the capabilities 
and limitations of the equipment. End users should always follow the owner's manual and 
manufacturer recommendations regarding the specific operation and maintenance of the 
equipment being used.  


II. Direct-Reading Instrumentation 
 
Direct–reading instruments (sometimes termed real-time instruments) provide information at 
the time of sampling, thus enabling rapid decision-making. These instruments can often 
provide the trained and experienced user the capability to determine if site personnel are 
exposed to concentrations which exceed instantaneous (ceiling or peak) exposure limits for 
specific hazardous materials. Direct-reading monitors can be useful in identifying oxygen-
deficient or oxygen-enriched atmospheres, immediately dangerous to life or health (IDLH) 
conditions, elevated levels of airborne contaminants, flammable atmospheres, and 
radioactive hazards. Periodic monitoring of airborne levels with a real-time monitor is often 
critical, especially before and during new work activities. Data obtained from direct-reading 
monitors can be used to evaluate existing health and/or safety programs and to assure proper 
selection of personnel protective equipment (PPE), engineering controls and work practices. 
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The following general considerations apply to instrumentation which might be used in 
potentially explosive atmospheres or in atmospheres which may contain highly toxic 
airborne chemicals (as defined by 29 CFR 1910.1200 App. A and noted below) and/or 
carcinogenic chemicals that may have contaminated surfaces or may be found in airborne 
concentrations: 


III.  
1. Instruments shall not be used in atmospheres where the potential for explosion exists 


(see 29 CFR 1910.307) unless the instrument is listed by a Nationally Recognized 
Testing Laboratory (see 29 CFR 1910.7) for use in the type of atmosphere present. 
Check the class and division ratings prior to use. When batteries are being replaced, 
use only the type of battery specified on the safety approval label. Do not assume 
that an instrument is intrinsically safe. If uncertain, verify by contacting the 
instrument's manufacturer or the Cincinnati Technical Center (CTC). 


2. For atmospheres containing carcinogens or highly toxic chemicals, a plastic bag 
should be used to cover equipment to limit contamination. Ensure that the plastic bag 
is not tightly sealed as this can cause back pressure on the pump. Properly 
decontaminate all equipment to minimize potential contamination of persons or 
objects when sampling is complete. To the extent possible, gross decontamination 
should be performed after use on-site.  


NOTE: Definition of Highly Toxic from Appendix A of 1910.1200 


"Highly toxic:" A chemical falling within any of the following categories: 
 
(a) A chemical that has a median lethal dose (LD50) of 50 milligrams or less per kilogram of 
body weight when administered orally to albino rats weighing between 200 and 300 grams 
each. 
 
(b) A chemical that has a median lethal dose (LD50) of 200 milligrams or less per kilogram 
of body weight when administered by continuous contact for 24 hours (or less if death 
occurs within 24 hours) with the bare skin of albino rabbits weighing between two and three 
kilograms each. 
 
(c) A chemical that has a median lethal concentration (LC50) in air of 200 parts per million 
(ppm) by volume or less of gas or vapor, or 2 milligrams per liter or less of mist, fume, or 
dust, when administered by continuous inhalation for one hour (or less if death occurs within 
one hour) to albino rats weighing between 200 and 300 grams each.  


A. Photoionization Meters 
 
Application and Principle of Operation: 
 
Photoionization detectors (PIDs) use a high energy ultraviolet (UV) light source to ionize 
chemicals in an air stream. The charged molecules are collected on a charged surface which 
generates a current which is directly proportional to the concentration of the chemical in the 
air being sampled.  
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The ability of a chemical to be ionized is a function of its ionization potential (IP). If the 
energy of the UV lamp is greater than or equal to the IP of the chemical being sampled, then 
the chemical will be detected. Typically, PID detectors will come equipped with a UV lamp 
at 10–10.6 electron volts (eV). Tables listing the IP for chemicals and their relative 
sensitivity are generally available from the manufacturer. Higher energy lamps (11.7 eV for 
the Photovac Model 2020Pro) are available to detect chemicals which have high IPs. For 
example, methylene chloride requires use of the 11.7 eV lamp for detection because the IP 
for methylene chloride is 11.35 eV. In general, these higher energy lamps have a much 
shorter lifetime than the 10.6 eV lamps. 
 
In general, aromatic hydrocarbons such as benzene, toluene and xylene provide a sensitivity 
of approximately 0.1 ppm with photoionization detection. Unsaturated hydrocarbons, 
alcohols, ethers, and chlorinated hydrocarbons have intermediate sensitivity by PID, and 
saturated hydrocarbons such as n-hexane tend to be the least sensitive. For example, n-
hexane is approximately 1/10 as sensitive as benzene by PID. While it might be expected 
that the sensitivity of a chemical would be related to its IP, this is not always the case. For 
example, benzene with an IP of 9.245 eV, and which has a relatively high sensitivity by 
photoionization detection, is actually slightly less sensitive than vinyl bromide with an IP of 
9.80 eV. 
 
Calibration: 
 
In many instances a reference gas is used to calibrate the PID. Frequently, isobutylene gas in 
air is used as a calibration gas. The meter can then be used to read directly in isobutylene 
units. If gases other than isobutylene are measured, the isobutylene units can be converted 
using the appropriate response obtained from the instrument manual for the PID meter used. 
For example, if the response factor listed in the manual for benzene (relative to isobutylene) 
is 0.5 and if a meter which had been calibrated with isobutylene was used to measure 
benzene, the actual benzene concentration in air will be one half of the meter reading. Thus, 
if the meter reads 5.8 ppm isobutylene in a benzene atmosphere, the benzene concentration 
is actually 2.9 ppm. Similarly, if the meter reads 10 ppm isobutylene in an atmosphere of 
ethyl acetate, the ethyl acetate concentration is 38 ppm because the response factor for ethyl 
acetate is 3.8.  
 
Many PID meters are programmed with internal response factors based upon isobutylene 
gas and the instrument can be set up to read ppm for the gas of interest. Direct calibration of 
the instrument, or verification of the calibration if stored response factors are used to 
calibrate the instrument, is desirable. This can be done by testing a known concentration of 
an atmosphere containing the chemical of interest prepared in a gas bag.  
 
Special Considerations: 
 
Photoionization sensitivity is dependent upon the age of the lamp and cleanliness of the 
lamp window. Over time, the output of the lamp will be reduced and also the accumulation 
of organic deposits on the surface of the lamp will reduce sensitivity. A buildup of film on 
the lamp will reduce the sensitivity of the meter. The meter also has a reduced sensitivity in 
high humidity. One manufacturer (RAE Systems) reports up to a 30% reduction in response 
for measurements in high humidity air when compared to calibration of the same chemical 
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in dry air. For the most accurate results, it is best to calibrate the meter using representative 
air.  
 
MicroRAE also reports that a "quenching effect" can be observed in which the UV lamp 
light rays are scattered by the presence of non-ionizable gas molecules. Water vapor, carbon 
dioxide, methane, and carbon monoxide can all produce a low reading for the gas of interest 
if present in the air being sampled.  
 
Maintenance: 
 
Follow the manufacturer's recommendations for maintaining the detector in optimal 
condition. This will include routine cleaning of the UV lamp and frequent replacement of 
the dust filter. Because of the fragile nature of the lithium fluoride window on the 11.7 eV 
lamps, special precautions must be followed and cleaning should only be done using Freon 
or chlorinated solvents. The exterior of the instrument can be wiped clean with a damp cloth 
and mild detergent, if necessary. Keep the cloth away from the sample inlet and do not 
attempt to clean the instrument while it is connected to a power source.  
 
B. Infrared Analyzers 
 
Application and Principle of Operation: 
 
Infrared (IR) analyzers are useful for measuring a broad range of inorganic and organic 
chemicals in air. Depending upon the chemical, the sensitivity of IR analyzers can be 
sufficient for industrial hygiene purposes. Because most chemicals absorb IR light, an 
infrared analyzer may not be selective unless the chemical of interest can be measured at a 
wavelength which is unique for that chemical in the air sample, or the industrial hygienist is 
able to determine that other interfering chemicals are not present in the work environment. 
Some of the routine applications for IR analyzers include measuring carbon dioxide in 
indoor air quality (IAQ) assessments; anesthetic gases, including, nitrous oxide, halothane, 
enflurane, penthrane, and isoflurane; ethylene oxide; and fumigants, including ethylene 
dibromide, chloropicrin, and methyl bromide. 
 
IR analyzers emit an infrared light which is generated from a heated metal source. The 
infrared portion of the electromagnetic spectrum typically used in infrared analysis ranges 
from the far infrared region at 400 cm-1 (25 micrometers) to the near infrared region 4000 
cm-1 (2.5 micrometers). The amount of infrared light that a chemical absorbs varies with the 
particular wavelength of light to which it is exposed. For example, acetone, which is a 
ketone, has a strong, broad absorption band around 1720 cm-1, whereas alcohols have a 
strong, sharp absorbance band at approximately 3610–3670 cm-1. Because the absorbance of 
infrared light by a chemical changes with the wavelength of incident light, an absorption 
pattern, or unique spectrum for the chemical, can be produced by measuring the absorbance 
of the incident light for a chemical over the 400–4000 cm-1 infrared range. This infrared 
absorbance spectrum can be compared to a library of known chemicals for identification 
purposes. 
 
For measuring the amount of a chemical in air, a wavelength is selected for which the 
chemical of interest absorbs the light. The amount of light absorbed by the air sample at this 
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wavelength would be proportional to the amount of the chemical in the sample if there is no 
other chemical present in the air which absorbs at that same wavelength. In some instances, 
a weaker absorbance band at a different wavelength is chosen to measure a chemical in air, 
if that alternate wavelength is uniquely absorbed by that chemical of interest. The selected 
wavelength for analysis of a chemical is chosen both because the chemical of interest has 
sufficient absorbance at that wavelength and sufficient specificity to exclude the absorbance 
of other chemicals. For example, acetone in air absorbs IR at both 8.4 and 11.0 microns. If 
methyl acrylate was also known to be present in the air, the 11.0 micron IR wavelength 
would be selected because methyl acrylate absorbs at 8.4 microns.  
 
The sensitivity of IR detection can also be varied by changing the path length through which 
the light source passes. This is accomplished by internally mounted mirrors within the 
analyzer which can vary the path length for the light source for the Miran 205B analyzer 
from 0.5 meters to 12.5 meters. 
 
Calibration: 
 
The Miran 205B analyzer is pre-calibrated for a list of chemicals which are stored in the 
instrument library. A sampling loop kit which recirculates a known volume of air is 
available for the instrument which allows the injection of a known amount of a volatile 
liquid or gas into the IR sampling cell. In this fashion, the instrument's pre-calibration can be 
verified prior to and after its use. Instrument zeroing is performed by using a charcoal filter 
attachment to remove chemicals from the air. 
 
Special Considerations: 
 
Infrared analyzers may not be specific for the chemical of interest because other chemicals 
present in the work environment air may also absorb at the same wavelength. Cell window 
degradation will occur if the analyzer is used in the presence of ammonia and many alkyl 
amines, such as methyl amine. 
 
Maintenance: 
 
Field maintenance is limited to replacement of the zeroing filter after 30 uses and 
replacement of the particulate filter in situations where adsorbed particulates or non-volatile 
liquids may have contaminated the filter surface. Field calibration is conducted according to 
the manufacturer's recommendations. 
 
Gas, Oxygen and Explosibility (Combustible Gas) Monitors 
 
C. Gas Monitors 
 
Application and Principle of Operation: 
 
This monitor uses an electrochemical voltammetric sensor or polarographic cell to provide 
continuous analyses and electronic recording. In operation, sample gas is drawn through the 
sensor and absorbed on an electrocatalytic sensing electrode after passing through a 
diffusion medium. An electrochemical reaction generates an electric current directly 
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proportional to the gas concentration. The sample concentration is displayed directly in parts 
per million, % oxygen or % LEL (lower explosive limit). Since the method of analysis is not 
absolute, prior calibration against a known standard is required. Tests have shown the 
method to be linear; thus, calibration at a single concentration, along with checking the zero 
point, is sufficient. The oxygen meter displays the concentration of oxygen in percent by 
volume measured with a galvanic cell. Other electrochemical sensors are available to 
measure carbon monoxide, hydrogen sulfide, and other gases. Some units have an audible 
and/or visual alarm that warns of low oxygen levels, LEL or malfunction. These pieces of 
equipment generally rely on the passive diffusion of air into the detector, however, some 
applications will require the user to attach a mechanical pump to actively draw air into the 
sensor. 
 
Calibration: 
 
Calibrate the direct-reading gas monitor with the appropriate calibration (span) gases before 
and after each use in accordance with the manufacturer's instructions. The monitor should be 
calibrated at the altitude at which it will be used. Changes in total atmospheric pressure 
caused by changes in altitude will influence the instrument's response. The unit's instruction 
manual provides additional details on the calibration of sensors. 
 
Special Considerations: 
 
Interference from other gases can be a problem (see manufacturer's literature). 
 
If the span gas is directly fed into the instrument from a pressurized cylinder equipped with 
a regulator, the pump must be disconnected from the sensor to avoid sensor damage and the 
span gas flow rate should be set to match the sampling rate of the pump. 
 
D. Oxygen Monitors 
 
Application and Principle of Operation: 
 
Oxygen measurements are usually made along with combustible gas measurements for 
confined spaces. Oxygen meters typically use galvanic electrochemical cells (sensors). The 
generated current in the sensor, which is produced from an oxidation reaction, is directly 
proportional to the rate of oxygen diffusion into the cell. Most meters are calibrated to 
measure oxygen concentrations between 0 and 25% by volume in air. Normal air contains 
about 20.9% oxygen. Meter alarms are usually set to indicate an oxygen-deficient 
atmosphere at concentrations lower than 19.5% and an oxygen-rich atmosphere at 
concentrations greater than 23.5%. 
 
Calibration: 
 
Calibration is typically accomplished using fresh outdoor air (20.9% oxygen). Calibrate 
immediately before testing at or near the temperature of the tested atmosphere.  
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Maintenance: 
 
Oxygen sensors are inherently self-consuming and generally last from 6 to 12 months. Some 
sensors can be reactivated by returning them to the manufacturer, but in most cases, an 
exhausted sensor is discarded and replaced with a new one. 
 
E. Explosibility (Combustible Gas) Monitors 
 
Application and Principle of Operation: 
 
These meters use elements which are made of various materials such as platinum or 
palladium as an oxidizing catalyst. The element is one leg of a Wheatstone bridge circuit. 
These meters measure gas concentration as a percentage of the lower explosive limit of the 
calibrated gas. 
 
Calibration: 
 
Before using the monitor each day, calibrate it with a known concentration of appropriate 
combustible gas (usually methane in air) equivalent to 25-50% LEL full-scale concentration. 
Follow manufacturer's instructions. 
 
Special Considerations: 
 
Silicone compound vapors and sulfur compounds will cause desensitization of the 
combustible sensor and produce erroneous (low) readings. 
 
High relative humidity (90%-100%) causes hydroxylation, which reduces sensitivity and 
causes erratic behavior including inability to calibrate. 
 
Oxygen-deficiency or enrichment such as in steam or inert atmospheres will cause erroneous 
readings for combustible gases. 
 
In drying ovens or unusually hot locations, solvent vapors with high boiling points may 
condense in the sampling lines and produce erroneous (low) readings.  
High concentrations of chlorinated hydrocarbons such as trichloroethylene or acid gases 
such as sulfur dioxide will depress the meter reading in the presence of a high concentration 
of combustible gas.  
 
High molecular weight alcohols can burn out the meter's filaments.  
 
For gases and vapors other than those for which a device was calibrated, users should 
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consult the manufacturer's instructions and correction curves.  
 
Maintenance: 
 
The instrument requires no short-term maintenance other than regular calibration and 
recharging of batteries. Use a soft cloth to wipe dirt, oil, moisture, or foreign material from 
the instrument.  
 
F. Detector Tubes 
 
Application and Principle of Operation: 
 
Detector tubes and their associated pumps are portable equipment capable of measuring 
concentrations of a large number of gases and vapors present in industrial atmospheres. 
Detector tubes of a given brand are to be used only with a pump of the same brand. A brand 
of tubes is calibrated specifically for the same brand of pump and may give erroneous results 
if used with a pump of another brand. Always review the manufacturer’s recommendations 
and guidance for chemical–specific detector tubes.  
 
Detector tube pumps can be hand-held during operation (weight: 8-11 ounces), or they can 
be an automatic type (weight: about 4 pounds) that samples using a preset number of pump 
strokes. A full pump stroke for either type of short-term pump has a volume of about 100 
mL.  
 
There is a wide variety of commercially available detector tubes. Their operation consists of 
using a pump to draw a known volume of air through a detector tube designed to measure 
the concentration of the substance of interest. The concentration is usually determined by the 
colorimetric change of an indicator which is present in the tube contents. 
 
Detector tubes are sealed glass tubes filled with an appropriate indicator chemical to react 
with a particular gas or vapor and give a color reaction. To make a determination, the seals 
are broken at each end of the tube and a specific volume of the air being sampled is drawn 
through by a hand-operated or mechanical pump. Each tube is formulated with a specific 
reagent (indicator chemical) that absorbs and reacts with the gas or vapor being measured, 
causing a colorimetric stain. Many of the tubes that are manufactured are of the direct– 
reading type. In this type, the colorimetric stain varies in length proportionally to the 
concentration of gas or vapor being measured. The concentration of gas/vapor is read 
directly off a scale on the side of each tube. There are also chart comparison tubes that work 
similarly to the direct–reading type. After a sample is taken, the stain length is compared to 
a printed concentration chart enclosed with each box of tubes. A third type of tube is the 
color comparison type. In this type, the intensity of color change, rather than the length of 
stain, is compared to a standard color chart. In addition to these tubes, which give an 
immediate reaction, long duration tubes for monitoring various toxic gases or vapors 
throughout the normal workday are available. These tubes can be worn by the employee in a 
special holder, while a portable lightweight pump continuously draws a measured volume of 
air through the tube. At the end of the shift, the tube can be evaluated to give a time-
weighted average (TWA) exposure for the working day. 
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It is important that the sampler be aware of the specific manufacturer's direct–reading 
instrument's degree of precision and be able to report the data's degree of accuracy for a 
particular measurement technique. For instance, many detector tubes have a degree of 
precision that ranges from +/- 25% to 35% of the colorimetric change reaction within the 
detector tube. 
 
Calibration: 
 
Calibrate the detector tube pump for proper volume measurement at least quarterly. Simply 
connect the pump directly to an inverted buret with a detector tube in-line. Use only detector 
tubes and pumps from the same manufacturer.  
 
Wet the inside of the 100-mL buret with soap solution. For volume calibration, experiment 
to get the soap bubble even with the zero (0) mL mark of the buret.  
 
For piston-type pumps, pull the pump handle all the way out (full pump stroke) and note 
where the soap bubble stops; for bellows-type pumps, compress the bellows fully; for 
automatic pumps, program the pump to take a full pump stroke. For either type pump, the 
bubble should stop between the 95-mL and 105-mL marks. Allow up to 4 minutes for the 
pump to draw the full amount of air. The time interval varies with the type of detector tube 
being used in-line with the calibration setup. 
 
Also check the volume for 50-mL (one-half pump stroke) and 25-mL (one-quarter pump 
stroke) if applicable. Permissible error is ± 5%. If the error is greater than ± 5%, send the 
pump to the CTC for repair and recalibration. Record the calibration information required on 
the Calibration Log (OSHA-93).  
 
Each day and prior to use, perform a pump leakage test by inserting an unopened detector 
tube into the pump and attempt to draw in 100 mL of air. After a few minutes, check for 
pump leakage by examining the pump compression for bellows-type pumps or return to 
resting position for piston-type pumps. Automatic pumps should be tested according to the 
manufacturer's instructions.  
 
In the event of leakage that cannot be repaired in the field, send the pump to the CTC for 
repair. Record that the leakage test was performed on the Direct-Reading Data Form 
(OSHA-93). 
Brand-Specific Instructions 
 
DRAEGER, MODEL 31 (BELLOWS): 
 
When checking the pump for leaks with an unopened tube, the bellows should not be 
completely expanded after 10 minutes. For the DRAEGER ACCURO PUMP (BELLOWS), 
a 15-minute period is used and the end-of-stroke indicator should not be noticeable after this 
period.  
 
DRAEGER, QUANTIMETER 1000, MODEL 1 (AUTOMATIC): 
 
A battery pack is an integral part of this pump. The pack must be charged prior to initial use. 
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One charge is good for 1,000 pump strokes. During extended use periods, it should be 
recharged daily. If a "U" (under voltage) message is continuously displayed in the readout 
window of this pump, the battery pack should be immediately recharged. A leak test is 
performed by turning the system on, setting the pump stroke indicator to "2" or greater, 
inserting an unopened tube into the holder and pressing the start/stop key. When the second 
stroke has not started after 30 minutes, the device is considered sufficiently gas-tight.  
 
MATHESON-KITAGAWA, MODEL 8014-400A (PISTON): 
 
When checking the pump for leaks with an unopened tube, the pump handle should be 
pulled back to the 100-mL mark and locked. After 2 minutes, the handle should be released 
carefully. It should return to zero or resting position. After taking 100-200 samples, the 
pump should be cleaned and relubricated. This involves removing the piston from the 
cylinder, removing the inlet and pressure-relief valve from the front end of the pump, 
cleaning, and relubricating.  
 
MINE SAFETY APPLIANCES, SAMPLAIR PUMP, MODEL A, PART NO. 46399 
(PISTON): 
 
The pump contains a flow-rate control orifice protected by a plastic filter which periodically 
needs to be cleaned or replaced. To check the flow rate, the pump is connected to a buret 
and the piston is withdrawn to the 100-mL position with no tube in the tube holder. After 
24-26 seconds, 80 mL of air should be admitted to the pump. Every 6 months the piston 
should be relubricated with the oil provided.  
 
MINE SAFETY APPLIANCES KWIK DRAW™ SAMPLING PUMP, PART NO. 487500 
(BELLOWS): 
 
The pump contains a filter disk that needs periodic cleaning or replacement. The bellows 
shaft can be cleaned and lubricated with automotive wax if operation becomes jerky. This 
pump is tested for leakage by inserting an unopened tube into the holder, deflating the pump 
fully and releasing. After 10 minutes the distance of the bellows to the frame should be ½ 
inch or greater.  
GASTEC MODEL GV-100 PISTON SAMPLING PUMP: 
 
When checking the pump for leaks, first confirm that the inlet clamping nut is firmly 
tightened. Next, push the pump’s handle fully in and align the guide marks on the pump 
shaft and handle. Then insert a fresh unbroken tube into the rubber inlet of the pump. Pull 
out the handle fully until it is locked, and wait 1 minute. Unlock the handle (by turning it 
more than 1/4 turn) and guide it back gradually, applying a little force. Otherwise, the 
handle will spring back due to the vacuum in the cylinder and may damage the internal 
parts. Confirm that the handle returns to the initial position and the guideline on the pump 
shaft is not seen. If this is not confirmed, follow the maintenance procedures explained in 
the operations manual for the pump, or contact the Nextteq representative for maintenance 
assistance. The maintenance procedures involve leak checks on the inlet clamping nut and 
rubber inlet, and performing pump cylinder lubrication. 
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Special Considerations: 
 
Detector tubes and pumps can be used to measure more than 200 organic and inorganic 
gases and vapors in air. Detector tubes normally have a shelf life of one to two years when 
stored at 25 °C. Expiration dates are generally printed on the box or on each tube. In general, 
avoid excessively low (less than 35°F) or high (greater than 78°F) temperatures and direct 
sunlight which can adversely affect the properties of the tubes. Refrigerated storage prolongs 
shelf life. Detector tubes should not be used when they are cold. They should be kept at 
room temperature for about one hour prior to use. Outdated detector tubes (i.e., beyond the 
printed expiration date) should not be used unless their performance has been verified.  
 
Several different types and brands of detector tubes have been evaluated for screening use 
by the Salt Lake Technical Center (SLTC). Information regarding these evaluations can be 
obtained by contacting the SLTC.  
 
Specific manufacturer’s models of detector tubes for individual gases/vapors are listed in 
OSHA’s Chemical Sampling Information files. The specific tubes listed are designed to 
cover a concentration range near the PEL. Concentration ranges are tube-dependent and can 
be anywhere from one-hundredth ppm to several thousand ppm. The limits of detection 
depend on the particular detector tube. Detector tube accuracy varies with tube manufacturer 
and with each detector tube range as described above. 
 
Be sure to read and follow the manufacturer’s instructions regarding corrections that must be 
made to sample readings for temperature, humidity, and pressure so that readings are valid.  
 
A limitation of many detector tubes is the lack of specificity of the chemical indicator. Many 
indicators are not highly selective and can cross-react with other gases and vapors. 
Manufacturer’s manuals describe the effects of interfering contaminants. Detector tubes 
generally only give near-instantaneous measurements, thus will not reflect time-weighted 
average levels of the hazardous substances present. If long-term sampling for TWA 
measurements is desired, some long-term detector tubes used in conjunction with air 
sampling pumps or diffusive/dosimeter tubes are available. Otherwise, measurements may 
be made from gas bags that have slowly been filled at a constant flow rate (such as from the 
exhaust of a sampling pump) with workplace atmospheres. 
 
G. Mercury Analyzer-Gold Film Analyzer 
 
Application and Principle of Operation: 
 
This instrument measures mercury in air by drawing an air sample over a gold film. The 
Jerome Model 431X model has a reported practical detection limit of 0.01 mg/m3. The 
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mercury adsorbed onto the gold surface changes the resistance of current flow. The change 
in resistance is a function of the mass of mercury collected on the gold film. Results can be 
displayed in mg/m3 of mercury or total mass of mercury in the air sample collected. 
Potential interferences which can produce a positive reading include chlorine, nitrogen 
dioxide, hydrogen sulfide, high concentrations of ammonia, and most mercaptans. These 
interferences are removed from the air stream ahead of the gold film by drawing the air 
sample through an "acidic gas filter" which contains sodium hydroxide and soda lime. For 
use in high chlorine environments, an optional chlorine filter can be used.  
 
Calibration: 
 
Calibration is performed by the manufacturer on a periodic basis. Because of the gold 
film/mercury interaction, the instrument should produce stable, accurate readings without 
the need for frequent recalibration.  
 
Special Considerations: 
 
The gold film sensor becomes saturated with mercury after collecting approximately 0.5 mg 
of mercury, or approximately 50 readings of 0.1 mg/m3 of mercury. The meter then must be 
placed on line power and the gold film sensor regenerated at elevated temperature. The 
accuracy of the readings is a function of the temperature, so it is necessary to allow 
approximately 30 minutes after regeneration for the sensor to equilibrate.  
 
The instrument readings are sensitive to temperature fluctuations. If a significant 
temperature change occurs while using the meter, it will be necessary to re-zero the meter at 
the new temperature.  
 
Maintenance: 
 
Routine maintenance includes periodic replacement of filters and regeneration of the gold 
film sensor to remove mercury after use of the instrument.  
 
H. Particle Monitors (Condensation Nuclei) 
Application and Principle of Operation: 
 
Condensation-nuclei counters are based upon a miniature, continuous-flow condensation 
nucleus counters that take particles too small to be easily detected, enlarges them to a 
detectable size, and counts them. Submicrometer particles are grown with alcohol vapor as 
they pass through a heated saturator lined with alcohol–soaked felt, and then condense the 
alcohol on the particles in a cooled condenser. Optics focus laser light into a sensing 
volume. 
 
As the droplets pass through the sensing volume, the particles scatter the light. The light is 
directed onto a photodiode which generates an electrical pulse from each droplet. The 
concentration of particles is counted by determining the number of pulses generated. 
Applications include the testing of respirators and real-time dust monitors. 
 
A counter totals individual airborne particles from sources such as smoke, dust, and exhaust 
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fumes. Models typically operate in one of three possible modes, each with a particular 
application. In the "count" mode, the counter measures the concentration of these airborne 
particles. In the "test" (or fit test) mode, measurements are taken inside and outside a 
respirator and a fit factor is calculated. In the "sequential" mode, the instrument measures 
the concentration on either side of a filter and calculates filter penetration.  
 
This instrument is sensitive to particles as small as 0.02 micrometers. However, it is non-
specific to variations in size, shape, composition, and refractive index. 
 
Calibration: 
 
Check the counter before and after each use in accordance with the manufacturer's 
instructions. This procedure usually involves checking the zero of the instrument. Annual 
calibration is handled through the CTC. 
 
Maintenance: 
 
Reagent-grade isopropyl alcohol for use in these types of instruments can be obtained from 
the CTC Agency Expendable Supply Program. 
 
Isopropyl alcohol must be added to the unit after 5–6 hours of operation under normal 
conditions. Take care not to overfill the unit. A fully charged battery pack will normally last 
for about 5 hours of operation. Low battery packs should be charged for at least 6 hours. 
Battery packs should not be stored in a discharged condition. 
Storage preparation (always follow the manufacturer’s recommendations): 
 
Dry the saturator felt by installing a freshly charged battery pack without adding alcohol. 
Allow the instrument to run until the LO message (low battery) or the E-E message (low 
particle count) appears. Some instruments allow you to remove the alcohol cartridge for 
storage purposes. 
 
Remove the battery pack and install the tube plugs into the ends of the twin-tube assembly.  
 
I. Photodetection 
 
Application and Principle of Operation: 
 
Photodetectors operate by detecting scattered electromagnetic radiation in the near infrared 
region. Photodetectors can be used to monitor total and respirable particulates. The device 
measures the concentration of airborne particulates and aerosols including dust, fumes, 
smoke, fog, mist, etc.  
 
Calibration: 
 
Factory calibration is required.  
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Special Considerations: 
 
Certain instruments have been designed to satisfy the requirements for intrinsically safe 
operation in methane-air mixtures.  
 
Maintenance: 
 
When the photodetector is not being operated, it should be placed in its plastic bag, which 
should then be closed. This will minimize the amount of particle contamination of the inner 
surfaces of the sensing chamber.  
 
After prolonged operation or exposure to particulate-laden air, the interior walls and the two 
glass windows of the sensing chamber may become contaminated with particles. Although 
repeated updating of the zero reference following the manufacturer's procedure will correct 
errors resulting from such particle accumulations, this contamination could affect the 
accuracy of the measurements as a result of excessive spurious scattering and significant 
attenuation of the radiation passing through the glass windows of the sensing chamber. 


IV. Chemical Warfare Agent Detection 
 
There are several methods and types of instruments that can be used in the detection of 
chemical warfare agents, such as nerve, blister, blood, and choking agents. However, most 
of these agents (nerve and blister) have extremely low occupational exposure limits, and 
nearly all the detection methods lack the sensitivity required to provide results at these low 
levels. It is important to understand the capabilities, uses, and limitations of each type of 
detection device or instrument. The manufacturer of each system provides clear and specific 
use instructions with each kit. Users should familiarize themselves with these instructions, 
know the limitations of each device or instrument, and practice the use of the kits while 
wearing appropriate PPE in a non-contaminated environment. The following sections 
highlight some types of equipment that are used for detection of chemical agents. Generally, 
use of these detection systems will be limited to specially trained and equipped personnel at 
SLTC or other specially trained and equipped OSHA personnel. The following summarizes 
specialized direct reading capabilities that OSHA has access to and should be considered 
informational by all other personnel. These systems should only be used after consultation 
with SLTC and under close SLTC guidance.  
 
A. Military Detection Papers/Kits 


a. M8/C8 Detector Paper 
 
The M8 detector paper was developed to detect liquid agents, specifically V- and G-type 
nerve agents, and H-type blister agents. The C8 paper is equivalent to the M8 paper; the "C" 
indicates a version manufactured for commercial use. These papers do not detect chemical 
agent vapors. The sheets are impregnated with chemical compounds that change to green, 
yellow, or red depending on the type of liquid agent encountered. A color chart 
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accompanying the booklet helps determine the type of agent detected. The result is 
qualitative, but the detector paper has a sensitivity of about 20 micro liters (µL) of liquid. 
Some substances can act as interferences and produce false positives, such as insecticides, 
antifreeze, and petroleum products. 
 
A similar product, termed "3-way" paper is also available. This detector paper is equivalent 
to the M8/C8 papers, except that it includes an adhesive backing that can be used to apply 
the paper to equipment or PPE. 
 
b. M9 Detector Paper 
 
The M9 paper detects the presence of liquid nerve and blister agents by turning a reddish 
color. It does not distinguish the type of agent, nor does it detect chemical agent vapors. It 
will detect a liquid agent droplet with a diameter of approximately 100 micrometers (µm). 
Interfering substances that will produce a false positive include petroleum products, 
antifreeze, and insecticides. The papers come in a roll and are adhesive-backed. 
 
c. M256A1 Detector Kit 
 
The M256A1 Chemical Agent Detection Kit is designed to detect and identify chemical 
agent vapors, including blood (AC & CK), blister (H, HN, HD, CX, L), and nerve (V & G 
series) agents. The test consists of a series of chemical ampoules that are broken and 
exposed to the air. The reagents in the ampoules react with chemical agent vapors to 
produce a color change. A color chart and instructions included with the kit are used to 
determine the type of agent(s) that are present. The M256A1 is relatively sensitive, and can 
detect some of the agents below the Immediately Dangerous to Life or Health (IDLH) 
levels. The kit also includes booklets of M8 paper for detecting liquid agents. 
 
d. C-2 Detector Kit 
 
The C-2 Chemical Agent Detector Kit is used by the Canadian Military for detecting 
chemical agent vapors. The C-2 kit utilizes various colorimetric detection tubes for 
identifying nerve, blister, blood, and choking agents. Similar to the M256A1 kit, it will 
allow detection of some agents below IDLH levels. It also contains a booklet of M8 paper 
for use with detection of liquid agents.  


B. Colorimetric Tubes 
 
Colorimetric tubes are made by several manufacturers, and their function is essentially the 
same. They contain a series of tubes which can be used to detect airborne chemical agents, 
as well as toxic industrial chemicals. Conducting a single test with one or more tubes takes 
two to five minutes to complete. There are some tubes, such as those for blister and nerve 
agents, which give a qualitative detection of the presence of that family of chemicals up to 
near IDLH levels. The industrial agents (blood agents and choking agents) can be 
specifically identified and quantitatively measured in ppm to below PEL levels. An example 
of colorimetric tubes designed specifically for chemical agents is the Dräeger Civil Defense 
SimultestTM (CDS) Kit. 
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C. Portable Chemical Agent Detectors 
 
Most types of portable, traditional chemical detection equipment, such as photoionization 
detectors, flame ionization detectors, electrochemical sensors, infrared analyzers, etc. can be 
used for chemical agent detection. These types of instruments are discussed in other sections 
of the Technical Manual. However, these instruments have poor sensitivity with respect to 
chemical agents and cannot provide detection below IDLH levels. Some instruments have 
been developed for use specifically with chemical agents, and research is ongoing. Some of 
the more popular technologies and instruments are discussed below. 


a. Ion Mobility Spectrometers 
 
An ion mobility spectrometer (IMS) operates by drawing air into the instrument where it is 
ionized with a radioactive source. The ionized molecules travel through a charged tube, 
where they become separated according to their mass and mobility before reaching a 
collector electrode. An electronic signature is produced for each ion, which gives an 
indication of the type and relative concentration of agent present. IMS detectors are used 
mainly to detect nerve, blister, and blood agents. Examples of IMS detectors include the 
Chemical Agent Monitor (CAM), Improved Chemical Agent Monitor (ICAM), APD2000, 
and SABRE 4000. 
 
These instruments will not detect at levels below IDLH for most chemical agents. They are 
best used for site reconnaissance, or to screen for contamination on equipment or personnel. 
Some interferents that may cause false alarms with an IMS include the following: cleaning 
compounds and disinfectants that contain additives such as menthol and methyl salicylate 
(oil of wintergreen); aromatic vapors, such as perfumes and food flavorings; and exhaust 
from some motors and fumes from explosives and propellants. 
b. Surface Acoustic Wave 
 
Surface acoustic wave (SAW) sensors are comprised of piezoelectric crystals with selective 
surface coatings. As the mass of a chemical vapor sample flows over the sensors, it is 
absorbed into the surface which results in a change in vibration frequency of the sensor. An 
internal microprocessor in the instrument measures these changes, providing detection and 
identification of the chemical agent. Portable instruments utilizing SAW technology are 
available for detection of nerve and blister agents. Examples of SAW instruments include 
the HAZMATCAD and SAW MiniCAD. As with IMS detectors, SAW instruments will not 
allow detection of most chemical agents below IDLH levels. However, SAW detectors are 
less susceptible to false positive alarms from interfering substances.  


D. Gas Chromatograph/Mass Spectrometer 
 
Additional instruments that can be used for chemical agent detection and identification are 
gas chromatographs (GC) and mass spectrometers (MS). These are generally laboratory-type 
instruments which require skilled laboratory technicians for operation and interpretation of 
results. A few have been hardened for use in vans and portable handheld units that can be 
used in the field, however, the technicians normally must collect a sample from the suspect 
material and bring it to the instrument. Currently, the GC or GC/MS is the only instrument 
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that can verify the concentrations of nerve agents down to occupational TWA levels 
(PEL/TLV). This is important for applications where it is important in determining the 
appropriate types and levels of PPE or to verify that decontamination is complete. 
 
An example of a portable GC is the MINICAMS. This instrument is used extensively in 
Department of Defense depots where chemical agents are stored and used by other agencies 
in the field. The MINICAMS can provide automatic, quantitative identification of the 
chemical agents for which it was calibrated.  
 
E. Health Response Team (HRT) Availability 
 
The following equipment is maintained by the HRT for use in chemical agent detection: 


a. Military Detection Papers/Kits: M8/C8 paper, M9 paper, M256A1 kits, and C-2 kits. 
 
b. APD2000; 2 IMS detection units as described above. Each OSHA region is also equipped 
with a single APD2000 unit.  


NOTE: The Health Response Team (HRT) also serves as the coordinator for OSHA's 
Chemical Specialized Response Team (SRT) and can provide additional assistance and 
technical information regarding chemical warfare agent detection. Special precautions are 
also necessary to prevent exposure when working with chemical warfare agents, such as 
PPE and/or other work practices. Contact the HRT for more details.  


V. Biological Agent Detection 
 
Sampling and analysis for biological agents is a rapidly growing field. Many techniques and 
technologies are still under development. There are various factors to consider when 
sampling for biological agents, such as: method of dispersion for the agent, purpose of the 
sampling (e.g., to identify the agent, determine extent of contamination, confirm 
decontamination, etc.), environmental conditions, persistence of the agent, physical state of 
the agent, area/volume to be sampled, laboratory protocols, and others. It is important to 
note that biological agents (bacteria, viruses, toxins) are particulates, and therefore, methods 
are designed for particulate sampling. The following sections highlight some types of 
equipment that may be used for sampling and detection of biological agents. 
 
A. Surface/Bulk Sampling 


a. Swabs 
 
Swabs have been used frequently when sampling surface areas for the presence of biological 
agents. Swab tips come in a variety of materials, such as cotton, DacronTM, polyester, rayon, 
and foam. Shafts can be comprised of either wood or plastic. Generally, synthetic swab tips 
with plastic shafts are recommended because they are not of biological origin and will not 
interfere with DNA-based detection systems. Swabs may be used dry or wetted with a buffer 
solution. In general, studies have shown that wet swabs have higher collection efficiency 
than dry swabs. 
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b. Wipes and Sponges 
 
Wipes and sponges are often used because they can sample larger surface areas and have a 
higher collection efficiency compared to swabs. They can also be used in a dry or wet 
fashion. Various styles and materials for wipes and sponges are available. As with swabs, 
synthetic materials are recommended to eliminate potential interference problems with 
detection systems. 
 
c. Vacuum Methods 
 
Vacuum methods can be used when it is necessary to sample very large surface areas or 
areas that are porous, and it is impractical to use swabs or wipes. They are also useful to 
gather bulk dust samples for analysis. One method utilizes a high efficiency particulate air 
(HEPA) vacuum equipped with a dust collection filter sock which is used to capture the 
sample. Large surface areas can be vacuumed, and the dust gathered in the sock is then 
analyzed for the presence of biological agents. A similar method uses a portable sampling 
pump equipped with a filter cassette to "vacuum" particulates from smaller areas, and at 
lower flow rates. The filter can then be analyzed for biological agents. 
 
d. Agar Plates 
 
Agar plates, also known as "sticky plates", can be used to sample a surface by contacting the 
plate directly to the surface. The particulates from the surface will adhere to the plate, which 
can then be analyzed by culture to identify any biological agents. This method has been used 
by various agencies during investigations of incidents involving biological agents. 


B. Air Sampling 
 
Air sampling can be performed to determine the presence of airborne biological particulates. 
Essentially, a volume of air is drawn through a filter or deposited in another medium, and 
the captured particulates are then analyzed to identify biological agents. High flow rates are 
generally desirable, since this allows higher sample volumes and increases the likelihood of 
detecting the suspect agents. However, it should be noted that some organisms are fragile, 
and the high velocities and impact mechanisms may kill the organism during the sampling 
process.  
 
Low-flow air sampling methods consist of traditional personal sampling pumps equipped 
with capture devices such as filter media or liquid impingers. These low-flow methods have 
the advantage of being small and portable; however, due to their low sample volume they 
will have a relatively high limit of detection. 
 
Impactors, such as the Andersen Sampler, utilize higher flow rates (around 30 L/min), 
sample a greater air volume, and, therefore, increase the likelihood of detecting the agent. 
The Andersen Sampler and similar types of impactors capture the particulate directly on an 
agar plate which can then be analyzed in a laboratory by culture method.  
 
High volume area samplers are also available for biological agents. These samplers possess 
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flow rates ranging from 200 to 600 L/min, so they are able to sample very large volumes of 
air. Some instruments deposit the particulate on a filter, while others capture it in a liquid 
solution.  
 
C. Generic Detection 
 
There are several techniques and instruments available that will allow responders to perform 
a generic detection for biological agents. These methods will not identify a specific agent, 
but can be used to determine if a suspect material is of biological origin, and to rule out hoax 
materials. The following are some examples of equipment types: 


a. Particle Analyzers: The particle size of a sample can be analyzed and compared to known 
size ranges for biological materials. If the particle size is too large or too small, biological 
materials can be ruled out. 
 
b. Fluorometer: These instruments will detect the presence of DNA, which is a component 
of most biological materials. A positive response by the meter for a given sample indicates a 
biological material, but again, does not identify the material or agent. 
 
c. Luminometer: A luminometer operates similarly to a fluorometer, except that it will detect 
the presence of adenosine triphosphate (ATP) in a sample. ATP is another component of a 
cellular organism, thereby indicating a biological material. 
 
d. Colorimeter: Colorimeters can be used to detect protein from a sample. Again, protein is 
present in biological organisms, so these instruments can indicate if the material is 
biological in origin. 
 
e. Protein Paper: Similar to a colorimeter, these paper strips can indicate if a given sample 
contains protein, and is, therefore, biological. 
 
f. pH Paper: The pH of a sample is tested with pH paper strips; if the pH range is between 5 
and 9, the material may be biological. If the pH is outside this range (below 5 or above 9), 
then biological materials can be ruled out.  


D. Identification 


a. Immunoassay/Handheld Assay 
 
An immunoassay test, also known as a handheld assay (HHA), can be performed on an 
obtained sample to identify a specific agent. These HHA tests rely on an antigen/antibody 
reaction to identify the suspect agent. The test is presumptive, meaning that a given agent 
must be suspected and then tested with its specific HHA for confirmation. For example, if B. 
anthracis (anthrax) is suspected, the sample is tested using an HHA designed for B. 
anthracis; a positive result confirms the presence of the organism while a negative result 
indicates that the sample does not contain that specific organism. The HHA units are small, 
the test can be performed in the field, and they rely on a visual colorimetric change for 
sample results. Some HHA systems come with an electronic reader to aid in detecting the 
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colorimetric change. 
 
HHAs are under scrutiny due to limitations on sensitivity and specificity, and high false 
negative and false positive rates. The results from an HHA test should not be relied upon 
alone and further confirmatory analysis should always be performed. However, these tests 
are used widely by first responders as a rapid field test. Although they are presumptive, their 
results can assist decision makers in taking protective actions, treating potential infections, 
and involving other authorities as necessary.  
 
b. Polymerase Chain Reaction 
 
Polymerase chain reaction (PCR) is a system that allows identification of an agent based on 
its DNA. The DNA from the sample is obtained and reproduced rapidly to produce a 
quantity that is detectable by the instrumentation. For example, after thirty cycles with the 
PCR system, one copy of DNA from an agent sample can be reproduced until there are one 
billion copies, which can then be analyzed and identified.  
 
PCR is performed real-time through detection by fluorescence. During the PCR cycle, 
DNA-specific "probes" with fluorescent dyes are attached to the DNA sample which allows 
detection. PCR can be performed in a laboratory, or in the field with semi-portable 
instrumentation. Specific reagents and supplies are necessary to perform the analysis. 
 
PCR has been useful for biological agent detection since it has excellent sensitivity, good 
specificity, and provides real-time results. Some weaknesses of PCR to consider are the 
following: potential interferences from other substances in the sample, reagent stability, and 
sample viability, since PCR will detect the presence of both live and dead organisms, but 
will not distinguish between the two. 
 
c. Culture 
 
Analysis by culture is considered by many to be the "gold standard" for the analysis of 
biological agents. Samples are sent to a laboratory where they are prepared and applied to an 
agar plate on which the suspect biological organisms are allowed to grow. After a sufficient 
period of time (usually 24 hours or more), visible growth can be examined to detect the 
presence of the biological agent(s). Often, culture is used for the confirmatory analysis of 
previous detection methods for a given sample (HHAs, PCR). Some disadvantages of 
culture include delayed results and the procedure will only detect living organisms. Any 
biological agent that has died before the analysis has begun will not be detected. 


HRT Availability: 
 
The following equipment is maintained by the HRT for use in biological agent sampling and 
analysis: 


a. Handheld Assays for the following agents: anthrax, plague, brucellosis, tularemia, 
Venezuelan equine encephalitis, staphylococcal enterotoxin B, botulinum toxin, ricin, 
smallpox, and Q fever. 
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b. HEPA Vacuums: Two units with filter socks and other supplies specifically for use with 
biological agent sampling. 
 
c. Andersen Samplers: Two units. 
 
d. Dry Filter Units (DFU): Two units. The DFU is a high-volume air sampler designed for 
biological agent sampling. It operates at flow rates up to 600 L/min and utilizes a filter pad 
for capturing the agent.  
 
e. Surface/Bulk Sampling: Various wipe, sponge, and swab sampling kits. 


NOTE: The HRT also serves as the coordinator for OSHA's Biological SRT and can provide 
additional assistance and technical information regarding biological agent detection. Special 
precautions such as PPE and/or other work practices are also necessary to prevent exposure 
when working with biological agents. This information is provided as a reference for 
specially trained personnel and is not generally intended for CSHO use. Contact the HRT for 
more details.  


VI. Radiation Monitors and Meters 
 
IONIZING RADIATION 
 
The following sections contain a brief description of the types of instruments that may be 
used for monitoring exposures to ionizing radiation and radioactive materials.  
 
A. Survey Meters 
 
Application and Principle of Operation: 
 
Radiation survey meters are used to locate and quantify sources of ionizing radiation or to 
quantify the exposure rate from sources of ionizing radiation. To assess the quantity of 
radioactive materials present, survey meters are typically calibrated to measure counts per 
minute (cpm). To measure the exposure rate from radiation sources, survey meters are 
calibrated to measure roentgens per hours (R/h). Most survey meters have either gas filled 
detectors or scintillation detectors. Not all survey meters are configured to measure all 
radiation types. Survey meters must be chosen based on the type and energy of the radiation 
you expect to measure and whether you wish to measure cpm or R/h. 
 
Calibration: 
 
Calibration is performed by the manufacturer on a periodic (usually annual) basis.  
 
HRT Availability: 


a. Ludlum Model 3 with 44-9 Pancake GM Detector 
 
The Ludlum Model 3 is a general purpose survey meter fitted with a pancake Geiger 
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Mueller (GM) detector capable of measuring α, β, γ, and X radiations. This instrument will 
measure count rates over a range of 0–500,000 cpm. 
 
b. Ludlum Model 2360 with 43-93 Alpha/Beta Scintillator 
 
The Ludlum Model 2360 is a survey meter capable of measuring and discriminating 
between α and β radiations. It is fitted with a Ludlum 43-93 alpha/beta scintillation detector. 
The meter will measure count rates over a range of 0–500,000 cpm. 
 
c. Ludlum Model 192 MicroRTM Meter 
 
The Ludlum Model 192 is a low-level (μR/h) γ- and X-radiation exposure-rate meter. The 
meter has an internal sodium iodide detector capable of measuring dose rates between 0 and 
5000 μR/h. 
d. Thermo FH40GL Dose Rate Meter with FHZ732GM Pancake Probe 
 
The FH40GL is a stand-alone radiation survey meter equipped with an internal proportional 
detector capable of measuring γ- and X-radiation exposure rates from 1 μR/h–10 R/h. The 
unit is also equipped with an FHX732GM pancake GM detector capable of measuring count 
rates from α, β, and γ radiations over a range of 0.01–100,000 counts per second.  
 
e. Thermo FH40TG TeleprobeTM 
 
The FH40TG telescoping probe can be used with the FH40GL to measure γ- and X-
radiation exposure rates over a range of 10 μR/h–1000 R/h. The probe is equipped with two 
GM detectors that can be extended up to 13 feet away from the user, allowing exposure rate 
measurements to be made at a distance from the source.  
 
f. Thermo RO-20 Ionization Chamber 
 
The RO-20 is capable of measuring exposure rates from β, γ, and X radiations. The 
instrument is equipped with an air filled ionization detector capable of measuring exposure 
rates up to 50 R/h.  
 
g. Thermo PM1703M Gamma Pager 
 
The PM1703M is a pager-sized survey meter that can be worn on the belt. The meter 
contains a Csl(Tl) scintillator-photodiode detector capable of measuring γ- and X-radiation. 
The instrument will measure exposure rates from 0–5000 μR/h. The PM1703M is a highly 
sensitive instrument that can be set to alarm when the background varies by a user-set factor. 
This meter can be used to warn the user that they have entered a radiation area that is above 
background radiation levels.  
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B. Scalars 
 
Application and Principle of Operation: 
 
Scalars are used to analyze samples of radioactive material and to quantify the amount of 
material present. They are often used to measure the amount of radioactive material in air 
samples, wipe samples, and nasal swabs. Scalars use the same detector types used in survey 
meters. These instruments can typically be set to count a sample for a specified time. 
 
Calibration: 
 
Calibration is performed by the manufacturer on a periodic (usually annual) basis.  
 
HRT Availability: 


a. Ludlum Model 3030 Alpha/Beta Scalar 
 
The Ludlum Model 3030 is a dual alpha/beta scalar used for sample counting. The 
instrument has a ZnS(Ag) coated scintillation detector capable of discriminating between α 
and β radiations. The readout on the front of the instrument reports both α and β counts for 
the specified period. Counting time can be set from 0.1–30 minutes. 
 
b. Ludlum Model 2000 Scalar with 43-10 Alpha Sample Counter 
 
The Ludlum Model 2000 scalar with 43-10 sample counter is capable of counting samples 
for α particle emissions. The sample counter has a ZnS(Ag) scintillation detector. Counting 
time can be set from 6–990 minutes. 
 
c. Thermo HandECount Scalar 
 
The HandECount is a battery or AC powered sample counter used for determining the α and 
β activity present in a sample. The instrument uses a PalmTM personal digital assistant as the 
user interface and to record all results. All data may be transferred to a computer via a 
conduit program. The HandECount will report both α and β counts for a sample. 


C. Electronic Personal Dosimeters 
 
Application and Principle of Operation: 
 
Electronic personal dosimeters are used to measure the dose received by an individual. They 
are normally worn on the front of the body in the chest area. Most electronic dosimeters 
measure the deep-dose equivalent (Hp(10)) to γ radiation. Some electronic dosimeters also 
measure the shallow dose equivalent (Hp(0.07)). Most electronic dosimeters allow the user 
to set alarms for integrated dose and/or dose rates. 
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Calibration: 
 
Calibration is performed by the manufacturer on a periodic (usually annual) basis.  
 
HRT Availability: 
 
Thermo Electronic Personal Dosimeter (EPD) Mk.2 
 
The Thermo EPD Mk.2 is an electronic dosimeter capable of measuring Hp(10) (deep dose) 
and Hp(0.07) (shallow/skin dose). It is sensitive to γ and X radiations for Hp(10) 
measurements, and is sensitive to γ, β, and X radiations for Hp(0.07) measurements. Alarms 
can be set for accumulated doses and for dose rates for both Hp(10) and Hp(0.07). 
 
Rados RAD-60 Electronic Personal Dosimeters 
The Rados RAD-60 is capable of measuring Hp(10) from γ and X radiations. Alarms can be 
set for both dose and dose rate. 
 
D. Spectroscopy 
 
Application and Principle of Operation: 
 
Portable handheld radiation spectroscopy instruments allow the user to identify 
radionuclides. These instruments typically use a sodium iodide detector with a multichannel 
analyzer to measure the energy spectrum emitted by a radioactive source. The instrument 
compares the spectrum to a library of spectra and provides the user with a list of likely 
sources. Spectra can also be downloaded to a computer if the user wishes to perform the 
spectral analysis manually or wishes to print the spectra for documentation.  
 
Calibration: 
 
Calibration is performed by the manufacturer on a periodic (usually annual) basis.  
 
HRT Availability: 
 
EXPLORANIUMTM GR-135N 
 
The EXPLORANIUMTM GR-135N is a handheld isotope identification device. The GR-
135N has a sodium iodide detector capable of identifying radionuclides, a GM detector for 
measuring exposure rate, and a solid-state neutron detector. Spectra from the GR-135N can 
be downloaded to a computer for analysis and printing. 
 
E. Electret-Passive Environmental Radon Monitoring 
 
Application and Principle of Operation: 
 
The Electret-Passive Environmental Radon Monitor (E-PERM) system is a passive 
integrating detector system for the measurement of radon (222Rn) or thoron (220Rn) 
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concentrations in air. It consists of a charged TeflonTM disk (electret), an open-faced 
ionization chamber, and an electret voltage reader. When the electret is screwed into the 
chamber, an electrostatic field is established and a passive ionization chamber is formed. 
The chamber is deployed directly in the area to be measured. Radon gas diffuses passively 
into the chamber and the α particles emitted from the decay of radon ionize the air 
molecules. These ions are then attracted to the charged surface of the electret, and the charge 
on the electret is reduced. The electret charge is measured before and after the exposure with 
a portable electret voltage reader, and the rate of change of the charge (change divided by 
the time of exposure) is proportional to the concentration of radon in the area. 
 
Calibration: 
 
Calibration factors are provided for each type of electret. Calibration factors are voltage 
dependant and instructions for calculating the calibration factors are in the E-PERM manual 
provided by the manufacturer. 
 
HRT Availability: 
 
The HRT has 12 E-PERM chambers, electrets, and a voltage reader. 
 
F. Radiation PPE and Shielding 
 
In radioactively contaminated areas, PPE is typically used in order to prevent employees 
from becoming contaminated, and to minimize the spread of radioactive contamination. The 
choice of appropriate shielding for ionizing radiation depends on the type and energy of the 
radiations to be shielded. Alpha particles have very low penetrating power and travel only a 
few centimeters in air and will not penetrate the dead outer layer of skin. Shielding is 
generally not required for alpha particles since external exposure to alpha particles delivers 
no dose. Beta particles can travel several meters in air and can penetrate several millimeters 
into the skin. Beta particle should be shielded using an appropriate thickness of low atomic 
mass (low-Z) materials such as aluminum or plastics. Shielding beta particles with high-Z 
materials should be avoided as this can produce bremsstrahlung radiations. Gamma and x-
rays can travel kilometers in air and can penetrate deep into the human body or pass through 
it entirely. Gamma and x-rays are most efficiently shielded using an appropriate thickness of 
high-Z materials such as lead or steel, or with an appropriate thickness of concrete. Neutrons 
are most efficiently shielded using an appropriate thickness of hydrogenous materials such 
as paraffin, water, or plastics, or with an appropriate thickness of concrete. 
 
NOTE: The HRT also serves as the coordinator for OSHA's Radiation SRT and can provide 
additional assistance and technical information regarding radiation measurements. Special 
precautions are also necessary to prevent exposure when working with radioactive materials, 
such as PPE and/or other work practices. Contact the HRT for more details.  
 
NONIONIZING RADIATION 
 
A. Survey Meters and Personal Monitors 
 
Application and Principle of Operation: 
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Radio Frequency (RF) survey meters are used to measure both electric and magnetic fields 
from RF sources. RF meters must be selected based on the frequency of the radiation that is 
to be measured. Meters typically have interchangeable probes for measuring electric and 
magnetic fields. Some meters and probes are capable of performing spatial and temporal 
averaging for multiple frequencies and displaying measurement results in percent of 
exposure from guidelines recommended by one of several consensus standards.  
 
RF personal monitors are used to measure personal RF exposures. These monitors are worn 
on the belt and continuously log personal exposures and provide an exposure result using a 
shaped frequency response.  
 
Induced currents from RF exposure can be measured using a clamp-on induced current 
meter. Induced currents in the arms and legs can be measured using these devices. 
 
Calibration: 
 
No field calibration is available. Calibration is performed by the manufacturer on a periodic 
basis.  
 
HRT Availability: 
 
Narda 8860 
 
The Narda 8860 personal RF monitor is used to monitor occupational exposures to RF 
sources within the frequency range of 100 kilo Hertz (kHz) – 100 giga Hertz (GHz). The 
user can select from multiple alarm settings. The unit continuously logs RF exposure levels 
and reports results based on a shaped frequency response. 


VII. Air Velocity Monitors/Indoor Air Quality (IAQ) Assessment Instrumentation 
 
AIR VELOCITY MONITORS AND METERS 
 
A. Flow Hoods 
 
Application and Principle of Operation: 
 
These instruments measure air velocities at air supply or exhaust outlets. A flow hood 
(balometer) is an instrument used to measure volumetric air flow from supply or exhaust 
diffusers and grilles. The benefit of using a flow hood is that accurate measurements with a 
high degree of precision can be quickly obtained without the necessity of measuring grille 
sizes and conducting repeated velometer measurements over the face of the diffuser. With 
the flow hood, the user can measure air volume, check HVAC system balance, verify air 
flow distribution within and between rooms, and in combination with other data estimate the 
percent of outdoor air being supplied to a space. Additionally, if the diffuser area is known 
or measured, an accurate average linear air flow rate can be calculated. Such applications 
may be important in assessing ventilation controls, during IAQ investigations, or any time 
knowledge of the existing volumetric airflow is important (e.g., when an air contaminant 
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violation exists and the employer is relying on dilution ventilation for contaminant control or 
when the air flow patterns may be drawing an air contaminant into an unintended space and 
causing exposure). For more guidance on the appropriate use of flow hoods, please contact 
SLTC.  
Calibration: 
 
No field calibration is available. Periodic factory calibration or equivalent by a laboratory is 
essential. Equipment should be sent to CTC for coordination and document retention.  
 
Maintenance: 
 
These instruments typically require little field maintenance other than battery-pack servicing 
and zero balancing of the analog scales. (Check manufacturer's manual.)  
 
B. Thermoanemometer 
 
Application and Principle of Operation: 
 
A thermoanemometer (hotwire anemometer) is a device used to measure air speed 
(velocity). Thermoanemometers can be used to monitor the effectiveness of ventilation 
systems and direct exhaust systems. They are valuable when evaluating laboratory hoods for 
adequate velocity and capture speed. When the area of the hood face or the diffuser is 
known (or measured) the volumetric airflow can be estimated by taking traverse 
measurements across the face of the hood or diffuser. Additionally, if a duct has access 
ports, the interior duct speed can be estimated. A benefit of using the hotwire anemometer 
over the balometer for volumetric flow measurement is the compact size of the anemometer, 
but this ease of use becomes more complex once multiple measurements are required 
(traversing a hood face) and must be balanced against the superior precision and accuracy of 
the balometer. For more guidance on the appropriate use of thermoanemometers, please 
contact SLTC. 
 
Calibration: 
 
No field calibration is available. Periodic factory calibration or equivalent by a laboratory is 
essential. Equipment should be sent to CTC for calibration and document retention. 
 
Maintenance: 
 
These instruments typically require little field maintenance other than battery-pack servicing 
and zero balancing of analog scales. (Check manufacturer's manual.)  
 
C. Other Air Velocity Meters 
 
Other air velocity meters include rotating-vane and swinging-vane velometers.  
 
NOTE: Barometric pressure and air temperature should be noted when using air velocity 
meters.  
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D. Bioaerosol Monitors 
Application and Principle of Operation: 
 
A bioaerosol meter, usually a two-stage sampler, is also a multi-orifice cascade impactor. 
This unit is used when size distribution is not required and only respirable-nonrespirable 
segregation or total counts are needed. Ninety-five to 100 percent of viable particles above 
0.8 microns in an aerosol can be collected on a variety of bacteriological agar. Trypticase 
soy agar is normally used to collect bacteria, and malt extract agar is normally used to 
collect fungi. Bioaerosol monitors can be used in assessing sick-building syndrome, or 
buildings which may have source exposures to molds and bacteria which may be 
exacerbating or causing illness to the occupants. These samplers are also capable of 
collecting virus particles. However, there is no convenient or practical method for 
cultivation and enumeration of these particles. 
 
Calibration: 
 
Bioaerosol meters must be calibrated before use. This can be done using an electronic 
calibration system with a high-flow cell. 
 
Special Considerations: 
 
Prior to sampling, determine the type of collection media required and an analytical 
laboratory to provide analysis. The HRT can provide this information. This specialized 
equipment is available from the HRT with instructions. 
 
Maintenance: 
 
The sampler should be decontaminated prior to use by sterilizer, or chemical 
decontamination with isopropanol.  


VIII. Noise Monitors and Meters 
 
The following sections contain a brief discussion of various types of instruments that may be 
used for noise monitoring. Refer to OSHA Technical Manual Section III, Chapter 5, "Noise 
and Hearing Conservation" for additional information. 
 
A. Sound Level Meters 
 
Application and Principle of Operation: 
 
The sound level meter (SLM) is the basic instrument for investigating noise levels. It can be 
used to evaluate area noise levels, to identify noise sources, estimate employee exposures 
and aid in determining solutions for noise control. The SLM consists of a microphone, a 
preamplifier, an amplifier with an adjustable and calibrated gain, frequency weighting 
filters, meter response circuits, and an analog meter or digital readout. ANSI has classified 
levels of precision for sound level meters as Type 0 (laboratory standard), Type I (precision 
measurements in the field), and Type II (general purpose measurements). The Type II meter 
is most frequently used in the field for employee exposure and noise evaluation purposes. 
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Most SLMs allow options for linear, A, and C frequency weighting. In addition, either 
"slow" or "fast" meter response can be selected. With fast response, the meter closely 
follows the sound level as it changes. A slow response is more sluggish but allows the user 
to obtain a better average of the changing sound level. The OSHA noise standards require 
exposure measurements to be made with a slow meter response on the A scale. 
 
Some SLMs have an "impulse" or "peak" response for monitoring impulsive sounds. The 
peak value is the maximum value of the waveform, while the impulse response is an 
integrated measurement. Only the peak value should be used when measuring peak levels 
for compliance with the OSHA 140 decibel (dB) peak sound pressure level. 
 
B. Noise Dosimeters 
 
Application and Principle of Operation: 
 
A noise dosimeter is essentially an SLM that integrates noise levels over the sampling 
period and calculates the noise dose. It is the primary instrument used for compliance 
measurements. The noise dosimeter is worn by an individual during sampling to calculate 
personal noise dose, or it can be placed in a specific location to measure the sound level in 
that area. 
 
Specific instrument settings can be selected on a noise dosimeter, including exchange rate, 
frequency weighting, fast or slow response, criterion level, and threshold. Refer to Section 
III, Chapter 5 for additional information. 
 
C. Octave Band Analyzers 
 
Application and Principle of Operation: 
 
An octave band analyzer is a type of SLM which can separate the monitored noise into 
specific frequency bands, which is necessary when analyzing noise sources to develop noise 
control solutions. This information is also useful in selecting hearing protectors by 
calculating the amount of attenuation for specific frequency bands. Most octave band 
analyzers filter the sampled noise spectrum into 9 or 10 octave bands, while some analyzers 
can measure noise in one-third octave bands for an even more detailed analysis. Usually, a 
Type I (precision) SLM is used for octave band analysis. 
 
D. Sound Intensity Analyzers 
 
Application and Principle of Operation: 
 
Ordinary SLMs measure sound pressure level, which indicates the level of the sound, but 
not the direction from which the sound is coming. A sound intensity analyzer can measure 
intensity, which is a measure of both the magnitude and direction of the sound energy. With 
an intensity analyzer, noise sources can be specifically identified and ranked according to 
sound power. This analysis can often be performed in environments where the noise is 
reverberant, since the intensity analyzer indicates the direction of the noise. A sound 
intensity analyzer is particularly useful for pinpointing noise sources and determining 







Page 30 of 39 


appropriate engineering controls. 
 
Calibration: 
 
Noise instruments are usually calibrated at the field site before and after each use, according 
to the manufacturer's instructions. Calibration is accomplished by using an acoustic 
calibrator which applies a known sound pressure level to the microphone, and the instrument 
is adjusted to read the proper level. In addition to user calibration, some instruments may 
require routine factory calibration and maintenance, such as every 1-2 years. 
 
Special Considerations: 
 
Some general considerations for using noise monitoring equipment are listed below. Each 
type of equipment should be used according to the manufacturer’s instructions. Additional 
factors to consider are included in Section III, Chapter 5. 


a. Batteries should always be checked prior to use. 
b. Be careful with microphone cables. Never kink, stretch, pinch or otherwise damage the 
cables. 
c. Use a microphone windscreen when equipment is used outdoors or in dusty or dirty areas.  
d. Never use any type of covering on the microphone (e.g., plastic bag or plastic wrap) to 
protect it from moisture. These materials will distort the noise entering the microphone, and 
the readings will be invalid. 
e. Never try to clean a microphone, particularly with compressed air, since damage is likely 
to result.  
f. Remove the batteries from any meter that will be stored for more than a few days. Protect 
meters from extreme heat and humidity. 


HRT Availability: 
 
The HRT maintains the following specialized noise analysis equipment which can be used 
for noise exposure and engineering control evaluations: 


a. Bruel & Kjaer 2260 Analyzer 
 
The B&K 2260 is a multipurpose Type I sound level meter and octave band analyzer. It can 
also be operated as a sound intensity analyzer for identifying noise sources and determining 
engineering controls. In addition, the 2260 includes a building acoustics system for 
measuring noise decay and determining the reverberation characteristics for a given room. 
Based on the noise decay data, calculations can be performed to estimate potential noise 
reduction if absorptive materials are applied to room surfaces, such as the walls and ceiling.  
 
b. Larson Davis Spark™ 705 Dosimeters 
 
The Larson Davis Spark 705 Dosimeter is a super-duty dosimeter contained in a sealed, 
waterproof, intrinsically safe metal housing. The dosimeters have no controls or displays, 
which eliminates the possibility of tampering or damage by the individual wearing the 
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monitor. The dosimeters are programmed and controlled by use of a remote control unit or 
personal computer. The remote control unit (model 706RC) can also be operated as an 
additional dosimeter. Data is transferred from the 705 via an infrared port on the dosimeter 
housing.  


IX. Vibration Monitors 
 
The following sections contain a brief discussion of various types of measurements that are 
of concern when measuring vibration. Human response to vibration is dependant on several 
factors, including the frequency, amplitude, direction, point of application, time of exposure, 
clothing and equipment, body size, body posture, body tension, and composition. A 
complete assessment of exposure to vibration requires the measurement of acceleration in 
well-defined directions, frequencies and duration of exposure. The vibration will generally 
be measured along 3 (x, y and z) axes. 
 
A typical vibration measurement system includes a device (accelerometer) to sense the 
vibration, a recorder, a frequency analyzer, a frequency-weighting network, and a display 
such as a meter, printer or recorder. The accelerometer produces an electrical signal in 
response to the vibration. The size of this signal is proportional to the acceleration applied to 
it. The frequency analyzer determines the distribution of acceleration in different frequency 
bands. The frequency-weighting network mimics the human sensitivity to vibration at 
different frequencies. The use of weighting networks gives a single number as a measure of 
vibration exposure (i.e., units of vibration) and is expressed in meters per second squared 
(m/s2). 
 
A. Hand-arm Vibration 
 
Application and Principle of Operation: 
 
Hand-arm vibration will generally be measured when using a hand-held power tool. First, 
one must determine the type of vibration that will be encountered since a different 
accelerometer will be used depending on whether an impact (e.g., jack hammer or chipper) 
or non-impact (e.g., chain saws or grinders) tool is being used. The accelerometer will be 
attached to the tool so the axes are measured while the employee grasps the tool handle. The 
z axis is generally from the wrist to the middle knuckle, the x axis is from the top of the 
hand down through the bottom of the hand and wrapped fingers, and the y axis runs from 
right to left across the knuckles of the hand. The measurement should be made as close as 
possible to the point where the vibration enters the hand. 
 
The frequency-weighting network for hand-arm vibration is given in the International 
Organization for Standardization (ISO) standard ISO 5349. The human hand does not appear 
to be equally sensitive to vibration energy at all frequencies. The sensitivity appears to be 
the highest around 8-16 Hz (Hertz or cycles per second), so the weighting networks will 
generally emphasize this range. Vibration amplitudes, whether measured as frequency-
weighted or frequency-independent acceleration levels (m/sec2), are generally used to 
describe vibration stress (American National Standards Institute, American Conference of 
Governmental Industrial Hygienist, ISO, BSI). These numbers can generally be read directly 
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from the human vibration meter used. 
 
The recommendations of most advisory bodies are based on an exposure level likely to 
cause the first signs of Stage II Hand-Arm Vibration Syndrome (white finger) in employees. 
 
B. Whole-body Vibration 
 
Application and Principle of Operation: 
 
The measurement of whole-body vibration is important when measuring vibration from 
large pieces of machinery which are operated in a seated, standing, or reclined posture. 
Vibration is measured across three (x, y and z) axes. The orientation of each axis is as 
follows: z is from head to toe, x is from front to back and y is from shoulder to shoulder. 
The accelerometer must be placed at the point where the body comes in contact with the 
vibrating surface, generally on the seat or against the back of the operator.  
 
The measurement device is generally an accelerometer mounted in a hard rubber disc. This 
disc is placed in the seat between the operator and the machinery. Care should be taken to 
ensure that the weight of the disc does not exceed more than about 10% of the weight of the 
person being measured. 
 
Calibration: 
 
Vibration equipment will not generally be calibrated by the user. These devices will 
generally be sent back to the manufacturer for calibration on an annual basis. 
 
Special Considerations: 
 
OSHA does not have standards concerning vibration exposure. The American Conference of 
Governmental Industrial Hygienists (ACGIH) has developed Threshold Limit Values 
(TLVs) for vibration exposure to hand-held tools. The exposure limits are given as 
frequency-weighted acceleration. The frequency weighting is based on a scheme 
recommended in ISO 5349. Vibration-measuring instruments have a frequency-weighting 
network as an option. The networks list acceleration levels and exposure durations to which, 
ACGIH has determined, most employees can be exposed repeatedly without severe damage 
to fingers. ACGIH advises that these values be applied in conjunction with other protective 
measures, including vibration control. 
 
The most widely used document on whole-body vibration is the "Guide for the Evaluation of 
Human Exposure to Whole Body Vibration (ISO 2631)." These exposure guidelines have 
been adopted as ACGIH TLVs. 
 
The ISO standard suggests three different types of exposure limits for whole body vibration, 
of which only the third is generally used occupationally and is the basis for the ACGIH 
standard: 
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1. The reduced-comfort boundary is for the comfort of passengers in airplanes, boats, and 
trains. Exceeding these exposure limits makes it difficult for passengers to eat, read or write 
when traveling.  
 
2. The fatigue-decreased proficiency boundary is a limit for time-dependent effects that 
impair performance. For example, fatigue impairs performance in flying, driving and 
operating heavy vehicles. 
 
3. The exposure limit is used to assess the maximum possible exposure allowed for whole-
body vibration. There are two separate tables for exposures. One table is for longitudinal 
(head to toe; z axis) exposures, with the lowest exposure limit at 4 - 8 Hz based on human 
body sensitivity. The second table is for transverse (back to chest and side to side; x and y 
axes) exposures, with the lowest exposure limit at 1– 2 Hz based on human body sensitivity. 
A separate set of "severe discomfort boundaries" is given for 8-hour, 2-hour and 30-minute 
exposures to whole-body vibration in the 0.1–0.63 Hz range.  


ACGIH recommendations are based on exposure levels that should be safe for repeated 
exposure, with minimal risk of adverse effects (including pain) to the back and the ability to 
operate a land-based vehicle. 
 
Some general considerations for using vibration equipment include: 


a. Batteries should always be checked prior to use.  
b. Be careful with electrode cables. Never kink, stretch, pinch or otherwise damage the 
cables. 
c. Remove the batteries from any meter that will be stored for more than a few days.  
d. Protect meters from extreme heat and humidity. 


HRT Availability: 
 
The HRT maintains the following vibration analysis equipment: 


a. Larson Davis Human Vibration Meter - HVM100 
 
The HVM is a portable multipurpose meter which can be used for measurement of whole-
body vibration, hand-arm vibration, hand-tool vibration, vibration severity and product 
compliance testing. It will collect and analyze data in accordance with the most current ISO 
requirements for hand-arm vibration and whole-body vibration exposures. It measures three 
input channels simultaneously, and a fourth channel calculates and stores vector sum 
information. Single and triaxial accelerometers attach to specialized mechanical mounting 
adaptors to allow measurement on a wide variety of tools and surfaces. 


C. Mechanical Force Gauge for Ergonomic Evaluations 
 
Application and Principle of Operation: 
 
Mechanical force gauges are frequently used for a wide range of force testing applications 
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including testing of compressive and/or tensile forces. The gauges may be mounted to a test 
stand for even greater control and consistent results in repetitive testing applications. An 
easy to read concentric dial measures clockwise direction only. The dial rotates 360-degrees 
for tarring. A peak hold button captures peak readings. Usually the gauges are available in 
lbf, kgf or N units of measure. 
 
Calibration: 
 
Gauge accuracy should be checked periodically to ensure the gauge is within its calibration 
limits. The calibration can be verified by applying known weight (adjusted for local gravity) 
to the extension hook. If adjustment is required, the gauge should be returned to the 
manufacturer for calibration.  


X. Electronic Test Equipment 
 
A. Electronic Testing Meters 
 
Application and Principle of Operation: 
 
Electrical testing meters include multimeters, clip-on current meters, megohmmeters, battery 
testers, ground-wire impedance testers, 120-V AC receptacle testers, ground–fault interrupt 
testers, electrostatic meters, and AC voltage detectors. Multimeters measure AC or DC 
voltage or current and resistance. They can check for AC leakage, proper line voltage, 
batteries, continuity, ground connection, integrity of shielded connections, fuses, etc. Other 
specialized equipment is described in Appendix II: 3-3. 
 
Calibration: 
 
Few, if any, field calibrations are available. Check manufacturer's manual. Periodic 
calibration is handled by the CTC. 
 
Maintenance: 
 
No field maintenance is required other than battery-pack servicing.  


XI. Heat Stress Instrumentation 
 
The following sections contain a brief discussion of various types of instruments that may be 
used for heat and heat stress monitoring. Refer to OSHA Technical Manual Section III, 
Chapter 4, "Heat Stress" for additional information on heat-related injuries and illnesses. 
 
Application and Principle of Operation: 
 
There are two types of heat stress monitors available through the CTC. One type is a real-
time area monitor that measures environmental conditions that contribute to heat stress and 
the other is a real-time personal monitor that measures the wearer’s body temperature and/or 
heart rate. The area monitor (Quest model QuestempTM 15 or IST WiBGeTTM model RSS-
214) measures indoor and outdoor wet bulb globe temperatures (WBGT). The temperature 
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values can be data logged and the monitor can also be configured to sound an alarm when a 
predetermined WBGT is reached. The personal monitors provide real-time information on 
the wearer's physiological condition and work by either inserting a probe into the wearer's 
ear canal to monitor body temperature (Quest Technologies Questemp IITM) or wearing a 
sensor belt around the waist that monitors heart rate and temperature (Metrosonics hs383 
Personal Heat Stress Monitor). Both personal devices can be programmed to alarm when a 
predetermined temperature or heart rate is exceeded. 
 
The area monitors work by taking measurements of the ambient temperature, the wet bulb 
temperature and the globe temperature and then using a formula to determine the WBGT. 
The wet bulb temperature takes into account the effects of humidity on the body's cooling 
mechanism and the globe temperature accounts for radiant heat on the employee. Outdoors, 
a WBGT is calculated by multiplying the wet bulb temperature by 0.7, the globe 
temperature by 0.2 and the dry bulb temperature by 0.1. Since radiant heat from the sun is 
not a factor indoors (or outdoors without a radiant heat load), the WBGT is calculated 
differently for indoor environments; the wet bulb multiplier stays the same, the globe 
temperature is multiplied by 0.3 and the dry bulb temperature drops out of the formula. 
 
Another personal heat stress monitoring system is available through the HRT. The 
CorTempTM personal heat stress monitoring system uses an ingestible temperature sensor 
that is swallowed by the person being monitored. The capsule transmits the employee's core 
temperature to a receiver on his/her belt which also receives a heart rate monitor's reading 
and then transmits both signals to a receiver monitored by an observer up to 100 yards away. 
Since the sensor must be swallowed, the CorTempTM system is considered a medical device 
and must be used under the supervision of a physician. 
 
Calibration: 
 
Most calibration is done annually by the manufacturer. Certain instruments have simple user 
calibrations that must be performed before each use. The QuestempTM 15 is provided with a 
calibration module that plugs into the monitor. If the temperatures reported by the module 
and the monitor differ by more than 0.5 °C, the monitor needs to be returned to the 
manufacturer for calibration. The QuestempTM II personal heat stress monitor is calibrated to 
the user's body temperature every time it is used or if the ambient temperature changes by 
10°C.  
 
NOTE: Any discussion regarding a specific manufacturer’s product is not meant to imply 
approval or promotion by OSHA, but merely reflects the need to convey specific 
information which is pertinent to the particular type and brand of instrumentation available 
for OSHA personnel.  
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APPENDIX II: 3–1. 
 
A. Batteries 
 
1. Alkaline batteries must be replaced frequently before they become depleted. For any full shift 
sampling, instrument batteries should be checked with a voltage meter to ensure a full charge, or 
fresh batteries should be used. When replacing batteries, never mix types (alkaline, carbon zinc, 
etc.), capacity, or age. Doing so can have negative affects on all the batteries. Remove batteries if 
equipment will not be used for an extended period of time. 
 
2. Rechargeable Batteries 
a. Nickel cadmium batteries (Ni-Cad) are the most common rechargeable battery in industrial 
hygiene use today. They have numerous advantages over alkaline batteries if they are treated 
properly. If not treated properly, Ni-Cad batteries can develop a "memory." "Memory" occurs when 
a battery develops a usage pattern that can prevent the battery from holding a charge for a long 
usage period. 
 
i. A fully charged Ni-Cad battery will hold 1.35 volts per cell. Batteries are usually rated at 1.2 volts 
per cell, so you can determine the number of cells a battery contains by dividing the total rated 
voltage by 1.2. 
 
ii. Do not discharge a multi-cell Ni-Cad battery pack to a voltage level below 1.0 volts per cell; 
doing this will drive a reverse current through some of the cells and can permanently damage them. 
 
iii. Rechargeable Ni-Cad batteries should be charged only in accordance with manufacturer's 
instructions. Chargers are generally designed to charge batteries in approximately 8–16 hours at a 
high charge rate. A battery can be overcharged and ruined when a high charge rate is applied for too 
long a time. However, Ni-Cad batteries may be left on a proper trickle charge indefinitely to 
maintain them at peak capacity. In this case, discharging for a period equal to the longest effective 
field service time may be necessary because of short-term memory imprinting. However, do not let 
the battery discharge overnight or longer. Turn the instrument OFF when the battery reaches the 
proper discharge level. 
 
iv. To avoid memory development, batteries should be exercised before field use, and occasionally 
after being put into field use. Before field use, the battery pack should be charged and discharged to 
a "low battery" state three times. 
 
NOTE: Battery care is important in assuring uninterrupted sampling. A pump battery pack, for 
example, should be discharged to the recommended level before charging, at least after every use, 
and three times before the first use. If the pump is allowed to run down until the battery reaches the 
low battery Fault condition, the pump should be turned OFF soon after the Fault condition stops the 
pump. Leaving some pumps (such as the GilAir) ON for a long time after this Fault condition can 
damage the battery pack. Also, avoid overcharging the battery pack.  
b. Nickel-Metal Hydride Batteries (NMH) are similar to Ni-Cad batteries but are less prone to 
develop a memory and typically offer up to 40% more run time. They should be charged similarly 
to Ni-Cad batteries, but do not need the periodic discharge to 1.0 volts. 
 
c. Lithium Ion and Lithium Polymer Batteries are the latest in battery technology, offering an 
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energy density approximately twice that of Ni-Cad batteries, and they also have a very low self-
discharge rate. 
 
APPENDIX II: 3–2. 
 
A. Availability, Calibration, Maintenance and Repair of Equipment: Cincinnati Technical Center 
(CTC) 
 
For information regarding the availability of specific equipment, OSHA staff should access the 
Cincinnati Technical Center (CTC) website. The CTC calibrates and repairs equipment and 
instruments, and it serves as a source of technical information on instruments and measurement 
technology. Equipment servicing information, including service intervals and technical equipment 
status, can also be found on the CTC website. The OSHA SLTC Program Support Division, 
including the HRT, also has some specialized equipment available for Agency use. 
APPENDIX II: 3–3. 
A. Instrument Chart 
 
The information shown in the table below is for reference only. Not every compliance officer or 
field office will have every type of instrument. Many of the instruments can be found in, and are 
available through, the CTC's loan program or through the SLTC. 


INSTRUMENT USE  


Type of instrument Measured substance Application 


Physical Measurements 


Electrobalances Any weighable Filter weighing 


Stop time meter Time Calibration 


Tachometers Mechanical speed 
Flywheels, belts, cylinders, lathes, 
etc. 


Electrical testers Electricity Circuits 


Mulitimeters Electricity Circuits 


Noise dosimeters Noise Noisy locations 


SLM kits, type 1 Noise Noisy locations 
Omnicals Noise meter calibration Noise meters 


Vibration meters Excessive vibration 
Bearings, gear trains, housings, 
walls 


Thermoanemometer Air movement Ventilation 
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Hand pumps Detector tubes Screening 


Pressure guages Air Pressure Compressor air lines 


Pumps, low flow Air volume Sampling with adsorbent tubes 


Pumps, medium flow Air volume Sampling 


Gilibrators Air pump calibration Pump calibration 


Fibrous aerosol 
monitors 


Fibers in air Asbestos 


Dust monitors Respirable dust 
Mines, sandblasting, dusty 
operations 


  Respirable dust, particles Indoor air, QNFT 


Soil test kit Soil quality Trenching, excavating 
 
 


GAS & VAPOR METERS  


Type of instrument Measured substance Application 


Double-range meters Combustible gas, O2 Confined spaces 


Triple range meters 1 Gas, O2, combustible gas Confined spaces 


Quad range meters 2 gases, O2, combustible gas Confined spaces 


CO dosimeter CO Garages, indoor air quality 


Carbon dioxide meter CO2 Indoor air quality 


Infrared analyzers CO, CO2, organic substances Indoor air, leaks, spills 


Hydrogen cyanide 
monitors 


Hydrogen cyanide Industrial facilities 


Hydrogen sulfide metersHydrogen sulfide Farms, sewers 


Mercury vapor meters Mercury Mercury plants, spills 


NO and NO2 meters NO and NO2 Combustion 


Ozone analyzers O3 Water or air purification, IAQ 
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RADIATION METERS  


Type of instrument Measured substance Application 


Heat stress meters Ambient (environmental) heat Foundries, furnaces, and ovens 


Photoionization Ionizable substances Indoor air, leaks, spills 


Light meters Light Indoor lighting, UV exposure 


Nonionizing radiation 
meters 


Nonionizing radiation 
Communications, microwaves, 
heaters 


Ionizing radiation 
meters 


Ionizing radiation Nuclear waste or plants 


Electrostatic field tester Static electric fields Hazardous locations 


RF instruments Electromagnetic fields 
RF heat sealers, VDTs, induction 
motors 


 
 


BIOLOGICAL MONITORS  


Type of instrument Measured substance Application 


Microbial sampler Microbes Indoor air quality  
 








 


Table 2 – Odor Source Investigation and Reporting 


  Name of Individual Completing Report (Print):  


  Job Title of Individual Completing Report:  


  Date of Report:  


  Site/Perimeter Location where Odor was First Observed: 


  Category 2 or 3 Material Received From (e.g., list Company/Business): 


  Date Material Was Received: 


Description of Odor: 


 
 
 
 
 
 
 
 
 
 
 


Actions Taken to Mitigate Odor: 


 
 
 
 
 
 
 
 
 


  Waste Profile Attached: (Yes) or (No):  


  Signature:    Date: 
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METHOD TO-15


Determination of Volatile Organic Compounds (VOCs) In Air Collected In
Specially-Prepared Canisters And Analyzed By Gas Chromatography/


Mass Spectrometry (GC/MS)


1.  Scope


1.1  This method documents sampling and analytical procedures for the measurement of subsets of the 97 volatile
organic compounds (VOCs) that are included in the 189 hazardous air pollutants (HAPs) listed in Title III of the
Clean Air Act Amendments of 1990.  VOCs are defined here as organic compounds having a vapor pressure
greater than 10  Torr at 25EC and 760 mm Hg.  Table 1 is the list of the target VOCs along with their CAS-1


number, boiling point, vapor pressure and an indication of their membership in both the list of VOCs covered
by Compendium Method TO-14A (1) and the list of VOCs in EPA's Contract Laboratory Program (CLP)
document entitled:  Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites (2).


Many of these compounds have been tested for stability in concentration when stored in specially-prepared
canisters (see Section 8) under conditions typical of those encountered in routine ambient air analysis.  The
stability of these compounds under all possible conditions is not known. However, a model to predict compound
losses due to physical adsorption of VOCs on canister walls and to dissolution of VOCs in water condensed in
the canisters has been developed (3).  Losses due to physical adsorption require only the establishment of
equilibrium between the condensed and gas phases and are generally considered short term losses, (i.e., losses
occurring over minutes to hours).  Losses due to chemical reactions of the VOCs with cocollected ozone or other
gas phase species also account for some short term losses.  Chemical reactions between VOCs and substances
inside the canister are generally assumed to cause the gradual decrease of concentration over time (i.e., long term
losses over days to weeks).  Loss mechanisms such as aqueous hydrolysis and biological degradation (4) also
exist.  No models are currently known to be available to estimate and characterize all these potential losses,   


although a number of experimental observations are referenced in Section 8.  Some of the VOCs listed in Title
III have short atmospheric lifetimes and may not be present except near sources. 


1.2  This method applies to ambient concentrations of VOCs above 0.5 ppbv and typically requires VOC
enrichment by concentrating up to one liter of a sample volume.  The VOC concentration range for ambient air
in many cases includes the concentration at which continuous exposure over a lifetime is estimated to constitute
a 10  or higher lifetime risk of developing cancer in humans.  Under circumstances in which many hazardous-6


VOCs are present at 10  risk concentrations, the total risk may be significantly greater.-6


1.3  This method applies under most conditions encountered in sampling of ambient air into canisters.  However,
the composition of a gas mixture in a canister, under unique or unusual conditions, will change so that the sample
is known not to be a true representation of the ambient air from which it was taken.  For example, low humidity
conditions in the sample may lead to losses of certain VOCs on the canister walls, losses that would not happen
if the humidity were higher. If the canister is pressurized, then condensation of water from high humidity samples
may cause fractional losses of water-soluble compounds. Since the canister surface area is limited, all gases are
in competition for the available active sites. Hence an absolute storage stability cannot be assigned to a specific
gas.  Fortunately, under conditions of normal usage for sampling ambient air, most VOCs can be recovered from
canisters near their original concentrations after storage times of up to thirty days (see Section 8).


1.4  Use of the Compendium Method TO-15 for many of the VOCs listed in Table 1 is likely to present two
difficulties: (1) what calibration standard to use for establishing a basis for testing and quantitation, and (2) how
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to obtain an audit standard.  In certain cases a chemical similarity exists between a thoroughly tested compound
and others on the Title III list.  In this case,  what works for one is likely to work for the other in terms of making
standards.  However, this is not always the case and some compound standards will be troublesome.  The reader
is referred to the Section 9.2 on standards for guidance.  Calibration of compounds such as formaldehyde,
diazomethane, and many of the others represents a challenge.


1.5  Compendium Method TO-15 should be considered for use when a subset of the 97 Title III VOCs constitute
the target list.  Typical situations involve ambient air testing associated with the permitting procedures for
emission sources.  In this case sampling and analysis of VOCs is performed to determine the impact of dispersing
source emissions in the surrounding areas.  Other important applications are prevalence and trend monitoring for
hazardous VOCs in urban areas and risk assessments downwind of industrialized or source-impacted areas.  


1.6  Solid adsorbents can be used in lieu of canisters for sampling of VOCs, provided the solid adsorbent
packings, usually multisorbent packings in metal or glass tubes, can meet the performance criteria specified in
Compendium Method TO-17 which specifically addresses the use of multisorbent packings.  The two sample
collection techniques are different but become the same upon movement of the sample from the collection
medium (canister or multisorbent tubes) onto the sample concentrator.  Sample collection directly from the
atmosphere by automated gas chromatographs can be used in lieu of collection in canisters or on solid adsorbents.


2.  Summary of Method


2.1  The atmosphere is  sampled by introduction of  air into a specially-prepared stainless steel canister.  Both
subatmospheric pressure and pressurized sampling modes use an initially evacuated canister.  A pump ventilated
sampling line is used during sample collection with most commercially available samplers.  Pressurized sampling
requires an additional pump to provide positive pressure to the sample canister.  A sample of air is drawn through
a sampling train comprised of components that regulate the rate and duration of sampling into the pre-evacuated
and passivated canister.


2.2  After the air sample is collected, the canister valve is closed, an identification tag is attached to the canister,
and the canister is transported to the laboratory for analysis.


2.3  Upon receipt at the laboratory, the canister tag data is recorded and the canister is stored until analysis.
Storage times of up to thirty days have been demonstrated for many of the VOCs (5).  


2.4  To analyze the sample, a known volume of sample is directed from the canister through a solid multisorbent
concentrator.  A portion of the water vapor in the sample breaks through the concentrator during sampling, to a
degree depending on the multisorbent composition, duration of sampling, and other factors.  Water content of
the sample can be further reduced by dry purging the concentrator with helium while retaining target compounds.
After the concentration and drying steps are completed, the VOCs are thermally desorbed, entrained in a carrier
gas stream, and then focused in a small volume by trapping on a reduced temperature trap or small volume
multisorbent trap.  The sample is then released by thermal desorption and carried onto a gas chromatographic
column for separation.


As a simple alternative to the multisorbent/dry purge water management technique, the amount of water vapor
in the sample can be reduced below any threshold for affecting the proper operation of the analytical system by
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reducing the sample size. For example, a small sample can be concentrated on a cold trap and released directly
to the gas chromatographic column. The reduction in sample volume may require an enhancement of detector
sensitivity.


Other water management approaches are also acceptable as long as their use does not compromise the attainment
of the performance criteria listed in Section 11.  A listing of some commercial water management systems is
provided in Appendix A.  One of the alternative ways to dry the sample is to separate VOCs from condensate
on a low temperature trap by heating and purging the trap.  


2.5  The analytical strategy for Compendium Method TO-15 involves using a high resolution gas chromatograph
(GC) coupled to a mass spectrometer.  If the mass spectrometer is a linear quadrupole system, it is operated either
by continuously scanning a wide range of mass to charge ratios (SCAN mode) or by monitoring select ion
monitoring mode (SIM) of compounds on the target list.  If the mass spectrometer is based on a standard ion trap
design, only a scanning mode is used (note however, that the Selected Ion Storage (SIS) mode for the ion trap has
features of the SIM mode).  Mass spectra for individual peaks in the total ion chromatogram are examined with
respect to the fragmentation pattern of ions corresponding to various VOCs including the intensity of primary
and secondary ions.  The fragmentation pattern is compared with stored spectra taken under similar conditions,
in order to identify the compound.  For any given compound, the intensity of the primary fragment is compared
with the system response to the primary fragment for known amounts of the compound. This establishes the
compound concentration that exists in the sample.


Mass spectrometry is considered a more definitive identification technique than single specific detectors such as
flame ionization detector (FID), electron capture detector (ECD), photoionization detector (PID), or a
multidetector arrangement of these (see discussion in Compendium Method TO-14A).  The use of both gas
chromatographic retention time and the generally unique mass fragmentation patterns reduce the chances for
misidentification.  If the technique is supported by a comprehensive mass spectral database and a knowledgeable
operator, then the correct identification and quantification of VOCs is further enhanced.  


3.  Significance


3.1  Compendium Method TO-15 is significant in that it extends the Compendium Method TO-14A description
for using canister-based sampling and gas chromatographic analysis in the following ways:


• Compendium Method TO-15 incorporates a multisorbent/dry purge technique or equivalent (see Appendix
A) for water management thereby addressing a more extensive set of compounds (the VOCs mentioned
in Title III of the CAAA of 1990) than addressed by Compendium Method TO-14A.  Compendium
Method TO-14A approach to water management alters the structure or reduces the sample stream
concentration of some VOCs, especially water-soluble VOCs.


• Compendium Method TO-15 uses the GC/MS technique as the only means to identify and quantitate target
compounds.  The GC/MS approach provides a more scientifically-defensible detection scheme which is
generally more desirable than the use of single or even multiple specific detectors.


• In addition, Compendium Method TO-15 establishes method performance criteria for acceptance of data,
allowing the use of alternate but equivalent sampling and analytical equipment.  There are several new and
viable commercial approaches for water management as noted in Appendix A of this method on which to
base a VOC monitoring technique as well as other approaches to sampling (i.e., autoGCs and solid
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adsorbents) that are often used.  This method lists performance criteria that these alternatives must meet
to be acceptable alternatives for monitoring ambient VOCs.


• Finally, Compendium Method TO-15 includes enhanced provisions for inherent quality control.  The
method uses internal analytical standards and frequent verification of analytical system performance to
assure control of the analytical system.  This more formal and better documented approach to quality
control guarantees a higher percentage of good data.


3.2  With these features, Compendium Method TO-15 is a more general yet better defined method for VOCs than
Compendium Method TO-14A.  As such, the method can be applied with a higher confidence to reduce the
uncertainty in risk assessments in environments where the hazardous volatile gases listed in the Title III of the
Clean Air Act Amendments of 1990 are being monitored.  An emphasis on risk assessments for human health
and effects on the ecology is a current goal for the U.S. EPA.


4.  Applicable Documents


4.1  ASTM Standards


• Method D1356 Definitions of Terms Relating to Atmospheric Sampling and Analysis.
• Method E260 Recommended Practice for General Gas Chromatography Procedures.
• Method E355 Practice for Gas Chromatography Terms and Relationships.
• Method D5466 Standard Test Method of Determination of Volatile Organic Compounds in


Atmospheres (Canister Sampling Methodology).


4.2  EPA Documents


• Quality Assurance Handbook for Air Pollution Measurement Systems, Volume II, U. S. Environmental
Protection Agency, EPA-600/R-94-038b, May 1994.


• Technical Assistance Document for Sampling and Analysis of Toxic Organic Compounds in Ambient
Air, U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983. 


• Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:  Method
TO-14, Second Supplement, U. S. Environmental Protection Agency, EPA-600/4-89-018, March 1989.


• Statement-of-Work (SOW) for the Analysis of Air Toxics from Superfund Sites, U. S. Environmental
Protection Agency, Office of Solid Waste, Washington, D.C., Draft Report, June 1990.


• Clean Air Act Amendments of 1990, U. S. Congress, Washington, D.C., November 1990.


5.  Definitions


[Note:  Definitions used in this document and any user-prepared standard operating procedures (SOPs)
should be consistent with ASTM Methods D1356, E260, and E355.  Aside from the definitions given below,
all pertinent abbreviations and symbols are defined within this document at point of use.]


5.1  Gauge Pressure—pressure measured with reference to the surrounding atmospheric pressure, usually
expressed  in units of kPa or psi.  Zero gauge pressure is equal to atmospheric (barometric) pressure.
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5.2  Absolute Pressure—pressure measured with reference to absolute zero pressure, usually expressed in units
of kPa, or psi.


5.3  Cryogen—a refrigerant used to obtain sub-ambient temperatures in the VOC concentrator and/or on front
of the analytical column.  Typical cryogens are liquid nitrogen (bp -195.8EC),  liquid argon (bp -185.7EC), and
liquid CO  (bp -79.5EC ).2


5.4  Dynamic Calibration—calibration of an analytical system using calibration gas standard concentrations
in a form identical or very similar to the samples to be analyzed and by introducing such standards into the inlet
of the sampling or analytical system from a manifold through which the gas standards are flowing.


5.5  Dynamic Dilution—means of preparing calibration mixtures in which standard gas(es) from pressurized
cylinders are continuously blended with humidified zero air in a manifold so that a flowing stream of calibration
mixture is available at the inlet of the analytical system.


5.6  MS-SCAN—mass spectrometric mode of operation in which the gas chromatograph (GC) is coupled to a
mass spectrometer (MS) programmed to SCAN all ions repeatedly over a specified mass range.


5.7  MS-SIM—mass spectrometric mode of operation in which the GC is coupled to a MS that is programmed
to scan a selected number of ions repeatedly [i.e., selected ion monitoring (SIM) mode].


5.8  Qualitative Accuracy—the degree of measurement accuracy required to correctly identify compounds with
an analytical system.


5.9  Quantitative Accuracy—the degree of measurement accuracy required  to correctly measure the
concentration of an identified compound with an analytical system with known uncertainty.


5.10  Replicate Precision—precision determined from two canisters filled from the same air mass over the same
time period and determined as the absolute value of the difference between the analyses of canisters divided by
their average value and expressed as a percentage (see Section 11 for performance criteria for replicate precision).


5.11  Duplicate Precision—precision determined from the analysis of two samples taken from the same canister.
The duplicate precision is determined as the absolute value of the difference between the canister analyses divided
by their average value and expressed as a percentage.  


5.12  Audit Accuracy—the difference between the analysis of a sample provided in an audit canister and the
nominal value as determined by the audit authority, divided by the audit value and expressed as a percentage (see
Section 11 for performance criteria for audit accuracy).


6.  Interferences and Contamination


6.1  Very volatile compounds, such as chloromethane and vinyl chloride can display peak broadening and
co-elution with other species if the compounds are not delivered to the GC column in a small volume of carrier
gas.  Refocusing of the sample after collection on the primary trap, either on a separate focusing trap or at the
head of the gas chromatographic column, mitigates this problem.
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6.2  Interferences in canister samples may result from improper use or from contamination of:  (1) the canisters
due to poor manufacturing practices, (2) the canister cleaning apparatus, and (3) the sampling or analytical
system.  Attention to the following details will help to minimize the possibility of contamination of canisters.


6.2.1  Canisters should be manufactured using high quality welding and cleaning techniques, and new
canisters should be filled with humidified zero air and then analyzed, after “aging” for 24 hours, to determine
cleanliness.  The cleaning apparatus, sampling system, and analytical system should be assembled of clean, high
quality components and each system should be shown to be free of contamination.


6.2.2  Canisters should be stored in a contaminant-free location and should be capped tightly during shipment
to prevent leakage and minimize any compromise of the sample.


6.2.3  Impurities in the calibration dilution gas (if applicable) and carrier gas, organic compounds out-gassing
from the system components ahead of the trap, and solvent vapors in the laboratory account for the majority of
contamination problems.  The analytical system must be demonstrated to be free from contamination under the
conditions of the analysis by running humidified zero air blanks.  The use of non-chromatographic grade stainless
steel tubing, non-PTFE thread sealants, or flow controllers with Buna-N rubber components must be avoided.


6.2.4  Significant contamination of the analytical equipment can occur whenever samples containing high
VOC concentrations are analyzed.  This in turn can result in carryover contamination in subsequent analyses.
Whenever a high concentration (>25 ppbv of a trace  species) sample is encountered, it should be followed by
an analysis of humid zero air to check for carry-over contamination. 


6.2.5  In cases when solid sorbents are used to concentrate the sample prior to analysis, the sorbents should
be tested to identify artifact formation (see Compendium Method TO-17 for more information on artifacts).


7.  Apparatus and Reagents


[Note:  Compendium Method To-14A list more specific requirements for sampling and analysis apparatus
which may be of help in identifying options.  The listings below are generic.]


7.1  Sampling Apparatus


[Note:  Subatmospheric pressure and pressurized canister sampling systems are commercially available and
have been used as part of U.S. Environmental Protection Agency's Toxic Air Monitoring Stations (TAMS),
Urban Air Toxic Monitoring Program (UATMP), the non-methane organic compound (NMOC) sampling and
analysis program, and the Photochemical Assessment Monitoring Stations (PAMS).]


7.1.1  Subatmospheric Pressure (see Figure 1, without metal bellows type pump).
7.1.1.1  Sampling Inlet Line.  Stainless steel tubing to connect the sampler to the sample inlet.
7.1.1.2  Sample Canister.  Leak-free stainless steel pressure vessels of desired volume (e.g., 6 L), with


valve and specially prepared interior surfaces (see Appendix B for a listing of known manufacturers/resellers of
canisters).


7.1.1.3  Stainless Steel Vacuum/Pressure Gauges.  Two types are required, one capable of measuring
vacuum (–100 to 0 kPa  or 0 to - 30 in Hg) and pressure (0–206 kPa or 0–30 psig) in the sampling system and
a second type (for checking the vacuum of canisters during cleaning) capable of measuring at 0.05 mm Hg (see
Appendix B) within 20%.  Gauges should be tested clean and leak tight.  


7.1.1.4  Electronic Mass Flow Controller.  Capable of maintaining a constant flow rate (± 10%) over
a sampling period of up to 24 hours and under conditions of changing temperature (20–40EC) and humidity.


7.1.1.5  Particulate Matter Filter.  2-Fm sintered stainless steel in-line filter.
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7.1.1.6  Electronic Timer.  For unattended sample collection.
7.1.1.7  Solenoid Valve.  Electrically-operated, bi-stable solenoid valve with Viton® seat and O-rings. A


Skinner Magnelatch valve is used for purposes of illustration in the text (see Figure 2).
7.1.1.8  Chromatographic Grade Stainless Steel Tubing and Fittings.  For interconnections. All such


materials in contact with sample, analyte, and support gases prior to analysis should be chromatographic grade
stainless steel or equivalent.


7.1.1.9  Thermostatically Controlled Heater. To maintain above ambient temperature inside insulated
sampler enclosure. 


7.1.1.10  Heater Thermostat.  Automatically regulates heater temperature.
7.1.1.11  Fan.  For cooling sampling system.
7.1.1.12  Fan Thermostat.  Automatically regulates fan operation.
7.1.1.13  Maximum-Minimum Thermometer.  Records highest and lowest temperatures during sampling


period.
7.1.1.14  Stainless Steel Shut-off Valve.  Leak free, for vacuum/pressure gauge.
7.1.1.15  Auxiliary Vacuum Pump.  Continuously draws air through the inlet manifold at 10 L/min. or


higher flow rate.  Sample is extracted from the manifold at a lower rate, and excess air is exhausted. 


[Note:  The use of higher inlet flow rates dilutes any contamination present in the inlet and reduces the
possibility of sample contamination as a result of contact with active adsorption sites on inlet walls.]


7.1.1.16  Elapsed Time Meter.  Measures duration of sampling.
7.1.1.17  Optional Fixed Orifice, Capillary, or Adjustable Micrometering Valve.  May be used in lieu


of the electronic flow controller for grab samples or short duration time-integrated samples.  Usually appropriate
only in situations where screening samples are taken to assess future sampling activity.


7.1.2  Pressurized (see Figure 1 with metal bellows type pump and Figure 3).
7.1.2.1  Sample Pump.  Stainless steel, metal bellows type, capable of 2 atmospheres output pressure.


Pump must be free of leaks, clean, and uncontaminated by oil or organic compounds. 


[Note:  An alternative sampling system has been developed by Dr. R. Rasmussen, The Oregon Graduate
Institute of Science and Technology, 20000 N.W. Walker Rd., Beaverton, Oregon 97006, 503-690-1077, and
is illustrated in Figure 3.  This flow system uses, in order, a pump, a mechanical flow regulator, and a
mechanical compensation flow restrictive device.  In this configuration the pump is purged with a large
sample flow, thereby eliminating the need for an auxiliary vacuum pump to flush the sample inlet.]  


7.1.2.2  Other Supporting Materials.  All other components of the pressurized sampling system are
similar to components discussed in Sections 7.1.1.1 through 7.1.1.17.


7.2  Analytical Apparatus


7.2.1  Sampling/Concentrator System (many commercial alternatives are available).
7.2.1.1  Electronic Mass Flow Controllers.  Used to maintain constant flow (for purge gas, carrier gas


and sample gas) and to provide an analog output to monitor flow anomalies.
7.2.1.2  Vacuum Pump.  General purpose laboratory pump, capable of reducing the downstream pressure


of the flow controller to provide the pressure differential necessary to maintain controlled flow rates of sample
air.


7.2.1.3  Stainless Steel Tubing and Stainless Steel Fittings.  Coated with fused silica to minimize active
adsorption sites.
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7.2.1.4  Stainless Steel Cylinder Pressure Regulators.  Standard, two-stage cylinder regulators with
pressure gauges. 


7.2.1.5  Gas Purifiers.  Used to remove organic impurities and moisture from gas streams. 
7.2.1.6  Six-port Gas Chromatographic Valve.  For routing sample and carrier gas flows.
7.2.1.7  Multisorbent Concentrator.  Solid adsorbent packing with various retentive properties for


adsorbing trace gases are commercially available from several sources.  The packing contains more than one type
of adsorbent packed in series.  


7.2.1.7.1A pre-packed adsorbent trap (Supelco 2-0321) containing 200 mg Carbopack B (60/80 mesh)
and 50 mg Carbosieve S-III (60/80 mesh) has been found to retain VOCs and allow some water vapor to pass
through (6).  The addition of a dry purging step allows for further water removal from the adsorbent trap.  The
steps constituting the dry purge technique that are normally used with multisorbent traps are illustrated in
Figure 4.  The optimum trapping and dry purging procedure for the Supelco trap consists of a sample volume of
320 mL and a dry nitrogen purge of 1300 mL. Sample trapping and drying is carried out at 25EC.  The trap is
back-flushed with helium and heated to 220EC to transfer material onto the GC column.  A trap bake-out at
260EC for 5 minutes is conducted after each run.  


7.2.1.7.2An example of the effectiveness of dry purging is shown in Figure 5. The multisorbent used in
this case is Tenax/Ambersorb 340/Charcoal (7).  Approximately 20% of the initial water content in the sample
remains after sampling 500 mL of air.  The detector response to water vapor (hydrogen atoms detected by atomic
emission detection) is plotted versus purge gas volume.  Additional water reduction by a factor of 8 is indicated
at temperatures of 45EC or higher.  Still further water reduction is possible using a two-stage concentration/dryer
system.  


7.2.1.8  Cryogenic Concentrator.  Complete units are commercially available from several vendor
sources.  The characteristics of the latest concentrators include a rapid, "ballistic" heating of the concentrator to
release any trapped VOCs into a small carrier gas volume.  This facilitates the separation of compounds on the
gas chromatographic column.  


7.2.2  Gas Chromatographic/Mass Spectrometric (GC/MS) System.
7.2.2.1  Gas Chromatograph.  The gas chromatographic (GC) system must be capable of temperature


programming.  The column oven can be cooled to subambient temperature (e.g., -50EC) at the start of the gas
chromatographic run to effect a resolution of the very volatile organic compounds.  In other designs, the rate of
release of compounds from the focusing trap in a two stage system obviates the need for retrapping of compounds
on the column.  The system must include or be interfaced to a concentrator and have all required accessories
including analytical columns and gases.  All GC carrier gas lines must be constructed from stainless steel or
copper tubing.  Non-polytetrafluoroethylene (PTFE) thread sealants or flow controllers with Buna-N rubber
components must not be used.  


7.2.2.2  Chromatographic Columns.  100% methyl silicone or 5% phenyl, 95% methyl silicone fused
silica capillary columns of 0.25- to 0.53-mm I.D. of varying lengths are recommended for separation of many
of the possible subsets of target compounds involving nonpolar compounds.  However, considering the diversity
of the target list, the choice is left to the operator subject to the performance standards given in Section 11.


7.2.2.3  Mass Spectrometer.  Either a linear quadrupole or ion trap mass spectrometer can be used as long
as it is capable of scanning from 35 to 300 amu every 1 second or less, utilizing 70 volts (nominal) electron
energy in the electron impact ionization mode, and producing a mass spectrum which meets all the instrument
performance acceptance criteria when 50 ng or less of p-bromofluorobenzene (BFB) is analyzed.  


7.2.2.3.1Linear Quadrupole Technology.  A simplified diagram of the heart of the quadrupole mass
spectrometer is shown in Figure 6.  The quadrupole consists of a parallel set of four rod electrodes mounted in
a square configuration.  The field within the analyzer is created by coupling opposite pairs of rods together and
applying radiofrequency (RF) and direct current (DC) potentials between the pairs of rods.  Ions created in the
ion source from the reaction of column eluates with electrons from the electron source are moved through the
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parallel array of rods under the influence of the generated field.  Ions which are successfully transmitted through
the quadrupole are said to possess stable trajectories and are subsequently recorded with the detection system.
When the DC potential is zero, a wide band of m/z values is transmitted through the quadrupole.  This "RF only"
mode is referred to as the "total-ion" mode.  In this mode, the quadrupole acts as a strong focusing lens analogous
to a high pass filter.  The amplitude of the RF determines the low mass cutoff.  A mass spectrum is generated by
scanning the DC and RF voltages using a fixed DC/RF ratio and a constant drive frequency or by scanning the
frequency and holding the DC and RF constant.  With the quadrupole system only 0.1 to 0.2 percent of the ions
formed in the ion source actually reach the detector.  


7.2.2.3.2Ion Trap Technology.  An ion-trap mass spectrometer consists of a chamber formed between
two metal surfaces in the shape of a hyperboloid of one sheet (ring electrode) and a hyperboloid of two sheets
(the two end-cap electrodes).  Ions are created within the chamber by electron impact from an electron beam
admitted through a small aperture in one of the end caps.  Radio frequency (RF) (and sometimes direct current
voltage offsets) are applied between the ring electrode and the two end-cap electrodes establishing a quadrupole
electric field.  This field is uncoupled in three directions so that ion motion can be considered independently in
each direction; the force acting upon an ion increases with the displacement of the ion from the center of the field
but the direction of the force depends on the instantaneous voltage applied to the ring electrode.  A restoring force
along one coordinate (such as the distance, r, from the ion-trap's axis of radial symmetry) will exist concurrently
with a repelling force along another coordinate (such as the distance, z, along the ion traps axis), and if the field
were static the ions would eventually strike an electrode.  However, in an RF field the force along each coordinate
alternates direction so that a stable trajectory may be possible in which the ions do not strike a surface.  In
practice, ions of appropriate mass-to-charge ratios may be trapped within the device for periods of milliseconds
to hours.  A diagram of a typical ion trap is illustrated in Figure 7.  Analysis of stored ions is performed by
increasing the RF voltage, which makes the ions successively unstable.  The effect of the RF voltage on the ring
electrode is to "squeeze" the ions in the xy plane so that they move along the z axis.  Half the ions are lost to the
top cap (held at ground potential); the remaining ions exit the lower end cap to be detected by the electron
multiplier.  As the energy applied to the ring electrode is increased, the ions are collected in order of increasing
mass to produce a conventional mass spectrum.  With the ion trap, approximately 50 percent of the generated
ions are detected.  As a result, a significant increase in sensitivity can be achieved when compared to a full scan
linear quadrupole system.  


7.2.2.4  GC/MS Interface.  Any gas chromatograph to mass spectrometer interface that gives acceptable
calibration points for each of the analytes of interest and can be used to achieve all acceptable performance
criteria may be used.  Gas chromatograph to mass spectrometer interfaces constructed of all-glass, glass-lined,
or fused silica-lined materials are recommended.  Glass and fused silica should be deactivated. 


7.2.2.5  Data System.  The computer system that is interfaced to the mass spectrometer must allow the
continuous acquisition and storage, on machine readable media, of all mass spectra obtained throughout the
duration of the chromatographic program.  The computer must have software that allows searching any GC/MS
data file for ions of a specified mass and plotting such ion abundances versus time or scan number.  This type
of plot is defined as a Selected Ion Current Profile (SICP).  Software must also be available that allows integrat-
ing the abundance in any SICP between specified time or scan number limits.  Also, software must be available
that allows for the comparison of sample spectra with reference library spectra.  The National Institute of
Standards and Technology (NIST) or Wiley Libraries or equivalent are recommended as reference libraries.


7.2.2.6  Off-line Data Storage Device.  Device must be capable of rapid recording and retrieval of data
and must be suitable for long-term, off-line data storage.
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7.3  Calibration System and Manifold Apparatus (see Figure 8)


7.3.1  Calibration Manifold.  Stainless steel, glass, or high purity quartz manifold, (e.g.,1.25-cm I.D. x
66-cm) with sampling ports and internal baffles for flow disturbance to ensure proper mixing.  The manifold
should be heated to -50EC.


7.3.2  Humidifier.  500-mL impinger flask containing HPLC grade deionized water.
7.3.3  Electronic Mass Flow Controllers.  One 0 to 5 L/min unit and one or more 0 to 100 mL/min units


for air, depending on number of cylinders in use for calibration.
7.3.4  Teflon Filter(s).  47-mm Teflon® filter for particulate collection.


7.4  Reagents


7.4.1  Neat Materials or Manufacturer-Certified Solutions/Mixtures.  Best source (see Section 9).
7.4.2  Helium and Air.  Ultra-high purity grade in gas cylinders.  He is used as carrier gas in the GC.
7.4.3  Liquid Nitrogen or Liquid Carbon Dioxide.  Used to cool secondary trap.
7.4.4  Deionized Water.  High performance liquid chromatography (HPLC) grade, ultra-high purity (for


humidifier).


8.  Collection of Samples in Canisters


8.1  Introduction


8.1.1  Canister samplers, sampling procedures, and canister cleaning procedures have not changed very much
from the description given in the original Compendium Method TO-14.  Much of the material in this section is
therefore simply a restatement of the material given in Compendium Method TO-14, repeated here in order to
have all the relevant information in one place.


8.1.2  Recent notable additions to the canister technology has been in the application of canister-based
systems for example, to microenvironmental monitoring (8), the capture of breath samples (9), and sector
sampling to identify emission sources of VOCs (10).


8.1.3  EPA has also sponsored the development of a mathematical model to predict the storage stability of
arbitrary mixtures of trace gases in humidified air (3), and the investigation of the SilcoSteel™ process of coating
the canister interior with a film of fused silica to reduce surface activity (11).  A recent summary of storage
stability data for VOCs in canisters is given in the open literature (5).  


8.2  Sampling System Description


8.2.1  Subatmospheric Pressure Sampling [see Figure 1 (without metal bellows type pump)].
8.2.1.1  In preparation for subatmospheric sample collection in a canister, the canister is evacuated to


0.05 mm Hg (see Appendix C for discussion of evacuation pressure).  When the canister is opened to the
atmosphere containing the VOCs to be sampled, the differential pressure causes the sample to flow into the
canister.  This technique may be used to collect grab samples (duration of 10 to 30 seconds) or time-weighted-
average (TWA) samples (duration of 1-24 hours) taken through a flow-restrictive inlet (e.g., mass flow controller,
critical orifice).


8.2.1.2  With a critical orifice flow restrictor, there will be a decrease in the flow rate as the pressure
approaches atmospheric. However, with a mass flow controller, the subatmospheric sampling system can
maintain a constant flow rate from full vacuum to within about 7 kPa (1.0 psi) or less below ambient pressure.
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8.2.2    Pressurized Sampling [see Figure 1 (with metal bellows type pump)].
8.2.2.1  Pressurized sampling is used when longer-term integrated samples or higher volume samples are


required.  The sample is collected in a canister using a pump and flow control arrangement to achieve a typical
101-202 kPa (15-30 psig) final canister pressure.  For example, a 6-liter evacuated canister can be filled at 10
mL/min for 24 hours to achieve a final pressure of 144 kPa (21 psig).


8.2.2.2  In pressurized canister sampling, a metal bellows type pump draws in air from the sampling
manifold to fill and pressurize the sample canister.


8.2.3  All Samplers.
8.2.3.1  A flow control device is chosen to maintain a constant flow into the canister over the desired


sample period.  This flow rate is determined so the canister is filled (to about 88.1 kPa for subatmospheric
pressure sampling or to about one atmosphere above ambient pressure for pressurized sampling) over the desired
sample period.  The flow rate can be calculated by:


where:


F = flow rate, mL/min.
P = final canister pressure, atmospheres absolute. P is approximately equal to


V = volume of the canister, mL.
T = sample period, hours.


For example, if a 6-L canister is to be filled to 202 kPa (2 atmospheres) absolute pressure in 24 hours, the flow
rate can be calculated by:


8.2.3.2  For automatic operation, the timer is designed to start and stop the pump at appropriate times for
the desired sample period.  The timer must also control the solenoid valve, to open the valve when starting the
pump and to close the valve when stopping the pump.


8.2.3.3  The use of the Skinner Magnelatch valve (see Figure 2) avoids any substantial temperature rise
that would occur with a conventional, normally closed solenoid valve that would have to be energized during the
entire sample period.  The temperature rise in the valve could cause outgassing of organic compounds from the
Viton® valve seat material.  The Skinner Magnelatch valve requires only a brief electrical pulse to open or close
at the appropriate start and stop times and therefore experiences no temperature increase.  The pulses may  be
obtained either with an electronic timer that can be programmed for short (5 to 60 seconds) ON periods, or with
a conventional mechanical timer and a special pulse circuit.  A simple electrical pulse circuit for operating the
Skinner Magnelatch solenoid valve with a conventional mechanical timer is illustrated in Figure 2(a).  However,
with this simple circuit, the valve may operate unreliably during brief power interruptions or if the timer is
manually switched on and off too fast.  A better circuit incorporating a time-delay relay to provide more reliable
valve operation is shown in Figure 2(b).
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8.2.3.4  The connecting lines between the sample inlet and the canister should be as short as possible to
minimize their volume.  The flow rate into the canister should remain relatively constant over the entire sampling
period.  


8.2.3.5  As an option, a second electronic timer may be used to start the auxiliary pump several hours prior
to the sampling period to flush and condition the inlet line.


8.2.3.6  Prior to field use, each sampling system must pass a humid zero air certification (see
Section 8.4.3).  All plumbing should be checked carefully for leaks.  The canisters must also pass a humid zero
air certification before use (see Section 8.4.1).


8.3  Sampling Procedure


8.3.1  The sample canister should be cleaned and tested according to the procedure in Section 8.4.1.
8.3.2  A sample collection system is assembled as shown in Figures 1 and 3 and must be cleaned according


to the procedure outlined in Sections 8.4.2 and 8.4.4.  


[Note:  The sampling system should be contained in an appropriate enclosure.]


8.3.3  Prior to locating the sampling system, the user may want to perform "screening analyses" using a
portable GC system, as outlined in Appendix B of Compendium Method TO-14A, to determine potential volatile
organics present and potential "hot spots."  The information gathered from the portable GC screening analysis
would be used in developing a monitoring protocol, which includes the sampling system location, based upon the
"screening analysis" results.


8.3.4  After "screening analysis," the sampling system is located.  Temperatures of ambient air and sampler
box interior are recorded on the canister sampling field test data sheet (FTDS), as documented in Figure 9. 


[Note:  The following discussion is related to Figure 1]


8.3.5  To verify correct sample flow, a "practice" (evacuated) canister is used in the sampling system.


[Note:  For a subatmospheric sampler, a flow meter and practice canister are needed.  For the pump-driven
system, the practice canister is not needed, as the flow can be measured at the outlet of the system.] 


A certified mass flow meter is attached to the inlet line of the manifold, just in front of the filter.  The canister
is opened.  The sampler is turned on and the reading of the certified mass flow meter is compared to the sampler
mass flow controller.  The values should agree within ±10%.  If not, the sampler mass flow meter needs to be
recalibrated or there is a leak in the system.  This should be investigated and corrected.  


[Note:  Mass flow meter readings may drift.  Check the zero reading carefully and add or subtract the zero
reading when reading or adjusting the sampler flow rate to compensate for any zero drift.]


After 2 minutes, the desired canister flow rate is adjusted to the proper value (as indicated by the certified mass
flow meter) by the sampler flow control unit controller (e.g., 3.5 mL/min for 24 hr, 7.0 mL/min for 12 hr).
Record final flow under "CANISTER FLOW RATE" on the FTDS. 


8.3.6  The sampler is turned off and the elapsed time meter is reset to 000.0. 


[Note:  Whenever the sampler is turned off, wait at least 30 seconds to turn the sampler back on.]
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8.3.7  The "practice" canister and certified mass flow meter are disconnected and a clean certified (see
Section 8.4.1) canister is attached to the system.


8.3.8  The canister valve and vacuum/pressure gauge valve are opened.
8.3.9  Pressure/vacuum in the canister is recorded on the canister FTDS (see Figure 9) as indicated by the


sampler vacuum/pressure gauge.
8.3.10  The vacuum/pressure gauge valve is closed and the maximum-minimum thermometer is reset to


current temperature.  Time of day and elapsed time meter readings are recorded on the canister FTDS.
8.3.11  The electronic timer is set to start and stop the sampling period at the appropriate times. Sampling


starts and stops by the programmed electronic timer.
8.3.12  After the desired sampling period, the maximum, minimum, current interior temperature and current


ambient temperature are recorded on the FTDS.  The current reading from the flow controller is recorded.
8.3.13  At the end of the sampling period, the vacuum/pressure gauge valve on the sampler is briefly opened


and closed and the pressure/vacuum is recorded on the FTDS.  Pressure should be close to desired pressure.  


[Note:  For a subatmospheric sampling system, if the canister is at atmospheric pressure when the field final
pressure check is performed, the sampling period may be suspect.  This information should be noted on the
sampling field data sheet.]


Time of day and elapsed time meter readings are also recorded.
8.3.14  The canister valve is closed.  The sampling line is disconnected from the canister and the canister is


removed from the system.  For a subatmospheric system, a certified mass flow meter is once again connected to
the inlet manifold in front of the in-line filter and a "practice" canister is attached to the Magnelatch valve of the
sampling system. The final flow rate is recorded on the canister FTDS (see Figure 9).  


[Note:  For a pressurized system, the final flow may be measured directly.]


The sampler is turned off.
8.3.15  An identification tag is attached to the canister.  Canister serial number, sample number, location, and


date, as a minimum, are recorded on the tag.  The canister is routinely transported back to the analytical
laboratory with other canisters in a canister shipping case.


8.4  Cleaning and Certification Program


8.4.1  Canister Cleaning and Certification.
8.4.1.1  All canisters must be clean and free of any contaminants before sample collection.
8.4.1.2  All canisters are leak tested by pressurizing them to approximately 206 kPa (30 psig) with zero


air.  


[Note:  The canister cleaning system in Figure 10 can be used for this task.]


The initial pressure is measured, the canister valve is closed, and the final pressure is checked after 24 hours.  If
acceptable, the pressure should not vary more than ± 13.8 kPa (± 2 psig) over the 24 hour period.


8.4.1.3  A canister cleaning system may be assembled as illustrated in Figure 10.  Cryogen is added to both
the vacuum pump and zero air supply traps.  The canister(s) are connected to the manifold.  The vent shut-off
valve and the canister valve(s) are opened to release any remaining pressure in the canister(s).  The vacuum pump
is started and the vent shut-off valve is then closed and the vacuum shut-off valve is opened.  The canister(s) are
evacuated to <0.05 mm Hg (see Appendix B) for at least 1 hour.  
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[Note:  On a daily basis or more often if necessary, the cryogenic traps should be purged with zero air to
remove any trapped water from previous canister cleaning cycles.]


Air released/evacuated from canisters should be diverted to a fume hood.
8.4.1.4  The vacuum and vacuum/pressure gauge shut-off valves are closed and the zero air shut-off valve


is opened to pressurize the canister(s) with humid zero air to approximately 206 kPa (30 psig).  If a zero gas
generator system is used, the flow rate may need to be limited to maintain the zero air quality.


8.4.1.5  The zero air shut-off valve is closed and the canister(s) is allowed to vent down to atmospheric
pressure through the vent shut-off valve.  The vent shut-off valve is closed.  Repeat Sections 8.4.1.3 through
8.4.1.5 two additional times for a total of three (3) evacuation/pressurization cycles for each set of canisters.


8.4.1.6  At the end of the evacuation/pressurization cycle, the canister is pressurized to 206 kPa (30 psig)
with humid zero air.  The canister is then analyzed by a GC/MS analytical system.  Any canister that has not
tested clean (compared to direct analysis of humidified zero air of less than 0.2 ppbv of targeted VOCs) should
not be used.  As a "blank" check of the canister(s) and cleanup procedure, the final humid zero air fill of 100%
of the canisters is analyzed until the cleanup system and canisters are proven reliable (less than 0.2 ppbv of any
target VOCs).  The check can then be reduced to a lower percentage of canisters.


8.4.1.7  The canister is reattached to the cleaning manifold and is then reevacuated to <0.05 mm Hg (see
Appendix B) and remains in this condition until used.  The canister valve is closed.  The canister is removed from
the cleaning system and the canister connection is capped with a stainless steel fitting.  The canister is now ready
for collection of an air sample.  An identification tag is attached to the inlet of each canister for field notes and
chain-of-custody purposes.  An alternative to evacuating the canister at this point is to store the canisters and
reevacuate them just prior to the next use.


8.4.1.8  As an option to the humid zero air cleaning procedures, the canisters are heated in an isothermal
oven not to exceed 100EC during evacuation of the canister to ensure that higher molecular weight compounds
are not retained on the walls of the canister.  


[Note:  For sampling more complex VOC mixtures the canisters should be heated to higher temperatures
during the cleaning procedure although a special high temperature valve would be needed].


Once heated, the canisters are evacuated to <0.05 mm Hg (see Appendix B) and maintained there for 1 hour.  At
the end of the heated/evacuated cycle, the canisters are pressurized with humid zero air and analyzed by a GC/MS
system after a minimum of 12 hrs of "aging."  Any canister that has not tested clean (less than 0.2 ppbv each of
targeted compounds) should not be used.  Once tested clean, the canisters are reevacuated to <0.05 mm Hg (see
Appendix B) and remain in the evacuated state until used.  As noted in Section 8.4.1.7, reevacuation can occur
just prior to the next use.


8.4.2  Cleaning Sampling System Components.
8.4.2.1  Sample components are disassembled and cleaned before the sampler is assembled.  Nonmetallic


parts are rinsed with HPLC grade deionized water and dried in a vacuum oven at 50EC.  Typically, stainless steel
parts and fittings are cleaned by placing them in a beaker of methanol in an ultrasonic bath for 15 minutes.  This
procedure is repeated with hexane as the solvent.


8.4.2.2  The parts are then rinsed with HPLC grade deionized water and dried in a vacuum oven at 100EC
for 12 to 24 hours.  


8.4.2.3  Once the sampler is assembled, the entire system is purged with humid zero air for 24 hours.
8.4.3  Zero Air Certification.
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[Note:  In the following sections, "certification" is defined as evaluating the sampling system with humid zero
air and humid calibration gases that pass through all active components of the sampling system.  The system
is "certified" if no significant additions or deletions (less than 0.2 ppbv each of target compounds) have
occurred when challenged with the test gas stream.]


8.4.3.1  The cleanliness of the sampling system is determined by testing the sampler with humid zero air
without an evacuated gas sampling canister, as follows.


8.4.3.2  The calibration system and manifold are assembled, as illustrated in Figure 8.  The sampler
(without an evacuated gas canister) is connected to the manifold and the zero air cylinder is activated to generate
a humid gas stream (2 L/min) to the calibration manifold [see Figure 8(b)].


8.4.3.3  The humid zero gas stream passes through the calibration manifold, through the sampling system
(without an evacuated canister) to the water management system/VOC preconcentrator of an analytical system.


[Note:  The exit of the sampling system (without the canister) replaces the canister in Figure 11.]


After the sample volume (e.g., 500 mL) is preconcentrated on the trap, the trap is heated and the VOCs are
thermally desorbed and refocussed on a cold trap.  This trap is heated and the VOCs are thermally desorbed onto
the head of the capillary column.  The VOCs are refocussed prior to gas chromatographic separation.  Then, the
oven temperature (programmed) increases and the VOCs begin to elute and are detected by a GC/MS (see
Section 10) system.  The analytical system should not detect greater than 0.2 ppbv of any targeted VOCs in order
for the sampling system to pass the humid zero air certification test.  Chromatograms (using an FID) of a certified
sampler and contaminated sampler are illustrated in Figures 12(a) and 12(b), respectively.  If the sampler passes
the humid zero air test, it is then tested with humid calibration gas standards containing selected VOCs at
concentration levels expected in field sampling (e.g., 0.5 to 2 ppbv) as outlined in Section 8.4.4.


8.4.4  Sampler System Certification with Humid Calibration Gas Standards from a Dynamic
Calibration System


8.4.4.1  Assemble the dynamic calibration system and manifold as illustrated in Figure 8.
8.4.4.2  Verify that the calibration system is clean (less than 0.2 ppbv of any target compounds) by


sampling a humidified gas stream, without gas calibration standards, with a previously certified clean canister
(see Section 8.1).


8.4.4.3  The assembled dynamic calibration system is certified clean if less than 0.2 ppbv of any targeted
compounds is found.


8.4.4.4  For generating the humidified calibration standards, the calibration gas cylinder(s) containing
nominal concentrations of 10 ppmv in nitrogen of selected VOCs is attached to the calibration system as
illustrated in Figure 8.  The gas cylinders are opened and the gas mixtures are passed through 0 to 10 mL/min
certified mass flow controllers to generate ppb levels of calibration standards.


8.4.4.5  After the appropriate equilibrium period, attach the sampling system (containing a certified
evacuated canister) to the manifold, as illustrated in Figure 8(b).


8.4.4.6  Sample the dynamic calibration gas stream with the sampling system. 
8.4.4.7  Concurrent with the sampling system operation, realtime monitoring of the calibration gas stream


is accomplished by the on-line GC/MS analytical system [Figure 8(a)] to provide reference concentrations of
generated VOCs.


8.4.4.8  At the end of the sampling period (normally the same time period used for experiments), the
sampling system canister is analyzed and compared to the reference GC/MS analytical system to determine if the
concentration of the targeted VOCs was increased or decreased by the sampling system.


8.4.4.9  A recovery of between 90% and 110% is expected for all targeted VOCs.
8.4.5  Sampler System Certification without Compressed Gas Cylinder Standards.
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8.4.5.1  Not all the gases on the Title III list are available/compatible with compressed gas standards. In
these cases sampler certification must be approached by different means.  


8.4.5.2  Definitive guidance is not currently available in these cases; however, Section 9.2 lists several ways
to generate gas standards.  In general, Compendium Method TO-14A compounds (see Table 1) are available
commercially as compressed gas standards.


9.  GC/MS Analysis of Volatiles from Canisters


9.1  Introduction


9.1.1  The analysis of canister samples is accomplished with a GC/MS system.  Fused silica capillary columns
are used to achieve high temporal resolution of target compounds.  Linear quadrupole or ion trap mass
spectrometers are employed for compound detection.  The heart of the system is composed of the sample inlet
concentrating device that is needed to increase sample loading into a detectable range.  Two examples of
concentrating systems are discussed.  Other approaches are acceptable as long as they are compatible with
achieving the system performance criteria given in Section 11. 


9.1.2  With the first technique, a whole air sample from the canister is passed through a multisorbent packing
(including single adsorbent packings) contained within a metal or glass tube maintained at or above the
surrounding air temperature.  Depending on the water retention properties of the packing, some or most of the
water vapor passes completely through the trap during sampling.  Additional drying of the sample is
accomplished after the sample concentration is completed by forward purging the trap with clean, dry helium or
another inert gas (air is not used).  The sample is then thermally desorbed from the packing and backflushed from
the trap onto a gas chromatographic column.  In some systems a "refocusing" trap is placed between the primary
trap and the gas chromatographic column.  The specific system design downstream of the primary trap depends
on technical factors such as the rate of thermal desorption and sampled volume, but the objective in most cases
is to enhance chromatographic resolution of the individual sample components before detection on a mass
spectrometer.


9.1.3  Sample drying strategies depend on the target list of compounds.  For some target compound lists, the
multisorbent packing of the concentrator can be selected from hydrophobic adsorbents which allow a high
percentage of water vapor in the sample to pass through the concentrator during sampling and without significant
loss of the target compounds. However, if very volatile organic compounds are on the target list, the adsorbents
required for their retention may also strongly retain water vapor and a more lengthy dry purge is necessary prior
to analysis.


9.1.4  With the second technique, a whole air sample is passed through a concentrator where the VOCs are
condensed on a reduced temperature surface (cold trap).  Subsequently, the condensed gases are thermally
desorbed and backflushed from the trap with an inert gas onto a gas chromatographic column.  This concentration
technique is similar to that discussed in Compendium Method TO-14, although a membrane dryer is not used.
The sample size is reduced in volume to limit the amount of water vapor that is also collected (100 mL or less
may be necessary).  The attendant reduction in sensitivity is offset by  enhancing  the  sensitivity of detection, for
example by using an ion trap detector.
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9.2  Preparation of Standards


9.2.1  Introduction.
9.2.1.1  When available, standard mixtures of target gases in high pressure cylinders must be certified


traceable to a NIST Standard Reference Material (SRM) or to a NIST/EPA approved Certified Reference
Material (CRM).  Manufacturer's certificates of analysis must be retained to track the expiration date.


9.2.1.2  The neat standards that are used for making trace gas standards must be of high purity; generally
a purity of 98 percent or better is commercially available. 


9.2.1.3  Cylinder(s) containing approximately 10 ppmv of each of the target compounds are typically used
as primary stock standards.  The components may be purchased in one cylinder or in separate cylinders depending
on compatibility of the compounds and the pressure of the mixture in the cylinder.  Refer to manufacturer's
specifications for guidance on purchasing and mixing VOCs in gas cylinders. 


9.2.2  Preparing Working Standards.
9.2.2.1  Instrument Performance Check Standard.  Prepare a standard solution of BFB in humidified


zero air at a concentration which will allow collection of 50 ng of BFB or less under the optimized concentration
parameters.


9.2.2.2  Calibration Standards.  Prepare five working calibration standards in humidified zero air at a
concentration which will allow collection at the 2, 5, 10, 20, and 50 ppbv level for each component under the
optimized concentration parameters.


9.2.2.3  Internal Standard Spiking Mixture.  Prepare an internal spiking mixture containing bromo-
chloromethane, chlorobenzene-d , and 1,4-difluorobenzene at 10 ppmv each in humidified zero air to be added5


to the sample or calibration standard.  500 µL of this mixture spiked into 500 mL of sample will result in a
concentration of 10 ppbv.  The internal standard is introduced into the trap during the collection time for all
calibration, blank, and sample analyses using the apparatus shown in Figure 13 or by equivalent means.  The
volume of internal standard spiking mixture added for each analysis must be the same from run to run.


9.2.3  Standard Preparation by Dynamic Dilution Technique.
9.2.3.1  Standards may be prepared by dynamic dilution of the gaseous contents of a cylinder(s) containing


the gas calibration stock standards with humidified zero air using mass flow controllers and a calibration
manifold.  The working standard may be delivered from the manifold to a clean, evacuated canister using a pump
and mass flow controller.


9.2.3.2  Alternatively, the analytical system may be calibrated by sampling directly from the manifold if
the flow rates are optimized to provide the desired amount of calibration standards.  However, the use of the
canister as a reservoir prior to introduction into the concentration system resembles the procedure normally used
to collect samples and is preferred.  Flow rates of the dilution air and cylinder standards (all expressed in the same
units) are measured using a bubble meter or calibrated electronic flow measuring device, and the concentrations
of target compounds in the manifold are then calculated using the dilution ratio and the original concentration of
each compound.


9.2.3.3  Consider the example of 1 mL/min flow of 10 ppmv standard diluted with 1,000 mL/min of humid
air provides a nominal 10 ppbv mixture, as calculated below: 
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(Va)(d)
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9.2.4  Standard Preparation by Static Dilution Bottle Technique


[Note:  Standards may be prepared in canisters by spiking the canister with a mixture of components prepared
in a static dilution bottle (12).  This technique is used specifically for liquid standards.]


9.2.4.1  The volume of a clean 2-liter round-bottom flask, modified with a threaded glass neck to accept
a Mininert septum cap, is determined by weighing the amount of water required to completely fill up the flask.
Assuming a density for the water of 1 g/mL, the weight of the water in grams is taken as the volume of the flask
in milliliters.


9.2.4.2  The flask is flushed with helium by attaching a tubing into the glass neck to deliver the helium.
After a few minutes, the tubing is removed and the glass neck is immediately closed with a Mininert septum cap.


9.2.4.3  The flask is placed in a 60EC oven and allowed to equilibrate at that temperature for about
15 minutes.  Predetermined aliquots of liquid standards are injected into the flask making sure to keep the flask
temperature constant at 60EC.


9.2.4.4  The contents are allowed to equilibrate in the oven for at least 30 minutes.  To avoid condensation,
syringes must be preheated in the oven at the same temperature prior to withdrawal of aliquots to avoid
condensation.


9.2.4.5  Sample aliquots may then be taken for introduction into the analytical system or for further
dilution.  An aliquot or aliquots totaling greater than 1 percent of the flask volume should be avoided.


9.2.4.6  Standards prepared by this method are stable for one week.  The septum must be replaced with
each freshly prepared standard.


9.2.4.7  The concentration of each component in the flask is calculated using the following equation:


where: V  = Volume of liquid neat standard injected into the flask, µL.a


d = Density of the liquid neat standard, mg/µL.


V  = Volume of the flask, L.f


9.2.4.8  To obtain concentrations in ppbv, the equation given in Section 9.2.5.7 can be used.


[Note:  In the preparation of standards by this technique, the analyst should make sure that the volume of neat
standard injected into the flask does not result in an overpressure due to the higher partial pressure produced
by the standard compared to the vapor pressure in the flask.  Precautions should also be taken to avoid a
significant decrease in pressure inside the flask after withdrawal of aliquot(s).]  


9.2.5  Standard Preparation Procedure in High Pressure Cylinders


[Note:  Standards may be prepared in high pressure cylinders (13).  A modified summary of the procedure
is provided below.]


9.2.5.1  The standard compounds are obtained as gases or neat liquids (greater than 98 percent purity).
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9.2.5.2  An aluminum cylinder is flushed with high-purity nitrogen gas and then evacuated to better than
25 in. Hg.


9.2.5.3  Predetermined amounts of each neat standard compound are measured using a microliter or
gastight syringe and injected into the cylinder.  The cylinder is equipped with a heated injection port and nitrogen
flow to facilitate sample transfer.


9.2.5.4  The cylinder is pressurized to 1000 psig with zero nitrogen.


[Note:  User should read all SOPs associated with generating standards in high pressure cylinders.  Follow
all safety requirements to minimize danger from high pressure cylinders.]


9.2.5.5  The contents of the cylinder are allowed to equilibrate (-24 hrs) prior to withdrawal of aliquots
into the GC system.


9.2.5.6  If the neat standard is a gas, the cylinder concentration is determined using the following equation:


[Note:  Both values must be expressed in the same units.]


9.2.5.7  If the neat standard is a liquid, the gaseous concentration can be determined using the following
equations:


and:


where: V = Gaseous volume of injected compound at EPA standard temperature (25EC) and
pressure (760 mm Hg), L.


n = Moles.
R = Gas constant, 0.08206 L-atm/mole EK.
T = 298EK (standard temperature).
P = 1 standard pressure, 760 mm Hg (1 atm).


mL = Volume of liquid injected, mL. 
d = Density of the neat standard, g/mL.


MW = Molecular weight of the neat standard expressed, g/g-mole.


The gaseous volume of the injected compound is divided by the cylinder volume at STP and then multiplied by
10  to obtain the component concentration in ppb units. 9
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9.2.6  Standard Preparation by Water Methods.


[Note:  Standards may be prepared by a water purge and trap method (14) and summarized as follows].


9.2.6.1  A previously cleaned and evacuated canister is pressurized to 760 mm Hg absolute (1 atm) with
zero grade air.


9.2.6.2  The air gauge is removed from the canister and the sparging vessel is connected to the canister with
the short length of 1/16 in. stainless steel tubing.  


[Note:  Extra effort should be made to minimize possible areas of dead volume to maximize transfer of
analytes from the water to the canister.]


9.2.6.3  A measured amount of the stock standard solution and the internal standard solution is spiked into
5 mL of water.


9.2.6.4  This water is transferred into the sparge vessel and purged with nitrogen for 10 mins at
100 mL/min.  The sparging vessel is maintained at 40EC.


9.2.6.5  At the end of 10 mins, the sparge vessel is removed and the air gauge is re-installed, to further
pressurize the canister with pure nitrogen to 1500 mm Hg absolute pressure (approximately 29 psia).


9.2.6.6  The canister is allowed to equilibrate overnight before use.
9.2.6.7  A schematic of this approach is shown in Figure 14.


9.2.7  Preparation of Standards by Permeation Tubes.
9.2.7.1  Permeation tubes can be used to provide standard concentration of a trace gas or gases.  The


permeation of the gas can occur from inside a permeation tube containing the trace species of interest to an air
stream outside.  Permeation can also occur from outside a permeable membrane tube to an air stream passing
through the tube (e.g., a tube of permeable material immersed in a liquid). 


9.2.7.2  The permeation system is usually held at a constant temperature to generate a constant
concentration of  trace gas.  Commercial suppliers provide systems for generation and dilution of over
250 compounds.  Some commercial suppliers of permeation tube equipment are listed in Appendix D.


9.2.8  Storage of Standards.
9.2.8.1  Working standards prepared in canisters may be stored for thirty days in an atmosphere free of


potential contaminants.
9.2.8.2  It is imperative that a storage logbook be kept to document storage time.


10.  GC/MS Operating Conditions


10.1  Preconcentrator


The following are typical cryogenic and adsorbent preconcentrator analytical conditions which, however, depend
on the specific combination of solid sorbent and must be selected carefully by the operator.  The reader is referred
to Tables 1 and 2 of Compendium Method TO-17 for guidance on selection of sorbents.  An example of a system
using a solid adsorbent preconcentrator with a cryofocusing trap is discussed in the literature (15).  Oven
temperature programming starts above ambient.


10.1.1  Sample Collection Conditions


Cryogenic Trap Adsorbent Trap
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Set point -150EC Set point 27EC
Sample volume - up to 100 mL Sample volume - up to 1,000 mL
Carrier gas purge flow - none Carrier gas purge flow - selectable


[Note:  The analyst should optimize the flow rate, duration of sampling, and absolute sample volume to be
used.  Other preconcentration systems may be used provided performance standards (see Section 11) are
realized.]


10.1.2  Desorption Conditions


Cryogenic Trap Adsorbent Trap


Desorb Temperature 120EC Desorb Temperature Variable
Desorb Flow Rate - 3 mL/min He Desorb Flow Rate -3 mL/min He
Desorb Time <60 sec Desorb Time <60 sec


The adsorbent trap conditions depend on the specific solid adsorbents chosen (see manufacturers’ specifications).


10.1.3  Trap Reconditioning Conditions.


Cryogenic Trap Adsorbent Trap


Initial bakeout 120EC (24 hrs) Initial bakeout
Variable (24 hrs)
After each run 120EC (5 min) After each run Variable (5 min)


10.2  GC/MS System


10.2.1  Optimize GC conditions for compound separation and sensitivity.  Baseline separation of benzene
and carbon tetrachloride on a 100% methyl polysiloxane stationary phase is an indication of acceptable
chromatographic performance.


10.2.2  The following are the recommended gas chromatographic analytical conditions when using a 50-meter
by 0.3-mm I.D., 1 µm film thickness fused silica column with refocusing on the column.


Item Condition


Carrier Gas: Helium
Flow Rate: Generally 1-3 mL/min as recommended by manufacturer
Temperature Program: Initial Temperature: -50EC


Initial Hold Time: 2 min
Ramp Rate: 8E C/min 
Final Temperature: 200EC
Final Hold Time: Until all target compounds elute.


10.2.3  The following are the recommended mass spectrometer conditions:


Item Condition
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Electron Energy: 70 Volts (nominal)
Mass Range: 35-300 amu [the choice of 35 amu excludes the detection of some target compounds


such as methanol and formaldehyde, and the quantitation of others such as ethylene
oxide, ethyl carbamate, etc. (see Table 2).  Lowering the mass range and using special
programming features available on modern gas chromatographs will be necessary in
these cases, but are not considered here.


Scan Time: To give at least 10 scans per peak, not to exceed 1 second per scan].


A schematic for a typical GC/MS analytical system is illustrated in Figure 15.


10.3  Analytical Sequence


10.3.1  Introduction.  The recommended GC/MS analytical sequence for samples during each 24-hour time
period is as follows:


• Perform instrument performance check using bromofluorobenzene (BFB).
• Initiate multi-point calibration or daily calibration checks.
• Perform a laboratory method blank.
• Complete this sequence for analysis of #20 field samples.


10.4  Instrument Performance Check


10.4.1  Summary.  It is necessary to establish that a given GC/MS meets tuning and standard mass spectral
abundance criteria prior to initiating any data collection.  The GC/MS system is set up according to the
manufacturer's specifications, and the mass calibration and resolution of the GC/MS system are then verified by
the analysis of the instrument performance check standard, bromofluorobenzene (BFB).


10.4.2  Frequency.  Prior to the analyses of any samples, blanks, or calibration standards, the Laboratory
must establish that the GC/MS system meets the mass spectral ion abundance criteria for the instrument
performance check standard containing BFB.  The instrument performance check solution must be analyzed
initially and once per 24-hour time period of operation.


The 24-hour time period for GC/MS instrument performance check and standards calibration (initial calibration
or daily calibration check criteria) begins at the injection of the BFB which the laboratory records as
documentation of a compliance tune.


10.4.3  Procedure.  The analysis of the instrument performance check standard is performed by trapping 50
ng of BFB under the optimized preconcentration parameters.  The BFB is introduced from a cylinder into the
GC/MS via a sample loop valve injection system similar to that shown in Figure 13.


The mass spectrum of BFB must be acquired in the following manner.  Three scans (the peak apex scan and the
scans immediately preceding and following the apex) are acquired and averaged.  Background subtraction is
conducted using a single scan prior to the elution of BFB.


10.4.4  Technical Acceptance Criteria.  Prior to the analysis of any samples, blanks, or calibration
standards, the analyst must establish that the GC/MS system meets the mass spectral ion abundance criteria for
the instrument performance check standard as specified in Table 3.


10.4.5  Corrective Action.  If the BFB acceptance criteria are not met, the MS must be retuned.  It may be
necessary to clean the ion source, or quadrupoles, or take other necessary actions to achieve the acceptance
criteria.
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10.4.6  Documentation. Results of the BFB tuning are to be recorded and maintained as part of the
instrumentation log.


10.5  Initial Calibration


10.5.1  Summary.  Prior to the analysis of samples and blanks but after the instrument performance check
standard criteria have been met, each GC/MS system must be calibrated at five concentrations that span the
monitoring range of interest in an initial calibration sequence to determine instrument sensitivity and the linearity
of GC/MS response for the target compounds.  For example, the range of interest may be 2 to 20 ppbv, in which
case the five concentrations would be 1, 2, 5, 10 and 25 ppbv.


One of the calibration points from the initial calibration curve must be at the same concentration as the daily
calibration standard (e.g., 10 ppbv).


10.5.2  Frequency.  Each GC/MS system must be recalibrated following corrective action (e.g., ion source
cleaning or repair, column replacement, etc.) which may change or affect the initial calibration criteria or if the
daily calibration acceptance criteria have not been met.


If time remains in the 24-hour time period after meeting the acceptance criteria for the initial calibration, samples
may be analyzed.


If time does not remain in the 24-hour period after meeting the acceptance criteria for the initial calibration, a new
analytical sequence shall commence with the analysis of the instrument performance check standard followed by
analysis of a daily calibration standard.


10.5.3  Procedure.  Verify that the GC/MS system meets the instrument performance criteria in Section 10.4.


The GC must be operated using temperature and flow rate parameters equivalent to those in Section 10.2.2.
Calibrate the preconcentration-GC/MS system by drawing the standard into the system.  Use one of the standards
preparation techniques described under Section 9.2 or equivalent.


A minimum of five concentration levels are needed to determine the instrument sensitivity and linearity.  One of
the  calibration levels should be near the detection level for the compounds of interest.  The calibration range
should be chosen so that linear results are obtained as defined in Sections 10.5.1 and 10.5.5.  


Quantitation ions for the target compounds are shown in Table 2.  The primary ion should be used unless
interferences are present, in which case a secondary ion is used. 


10.5.4  Calculations.


[Note:  In the following calculations, an internal standard approach is used to calculate response factors.
The area response used is that of the primary quantitation ion unless otherwise stated.]


10.5.4.1  Relative Response Factor (RRF).  Calculate the relative response factors for each target
compound relative to the appropriate internal standard (i.e., standard with the nearest retention time) using the
following equation:
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where: RRF = Relative response factor.
A  = Area of the primary ion for the compound to be measured, counts.x


A  = Area of the primary ion for the internal standard, counts. is


C  = Concentration of internal standard spiking mixture, ppbv.is


C  = Concentration of the compound in the calibration standard, ppbv.x


[Note:  The equation above is valid under the condition that the volume of internal standard spiking mixture
added in all field and QC analyses is the same from run to run, and that the volume of field and QC sample
introduced into the trap is the same for each analysis.  C  and C  must be in the same units.]is x


10.5.4.2  Mean Relative Response Factor.  Calculate the mean RRF for each compound by averaging
the values obtained at the five concentrations using the following equation:


where:  = Mean relative response factor.


x  = RRF of the compound at concentration i.i


n = Number of concentration values, in this case 5.
10.5.4.3  Percent Relative Standard Deviation (%RSD).  Using the RRFs from the initial calibration,


calculate the %RSD for all target compounds using the following equations:


and


where: SD  = Standard deviation of initial response factors (per compound).RRF


RRF  = Relative response factor at a concentration level i.i


 = Mean of initial relative response factors (per compound).
10.5.4.4  Relative Retention Times (RRT).  Calculate the RRTs for each target compound over the initial


calibration range using the following equation:


where: RT  = Retention time of the target compound, secondsc


RT  = Retention time of the internal standard, seconds.is


10.5.4.5  Mean of the Relative Retention Times ( ).  Calculate the mean of the relative retention


times ( ) for each analyte target compound over the initial calibration range using the following equation:
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where:  = Mean relative retention time for the target compound for each initial calibration
standard.


RRT = Relative retention time for the target compound at each calibration level.
10.5.4.6  Tabulate Primary Ion Area Response (Y) for Internal Standard.  Tabulate the area response


(Y) of the primary ions (see Table 2) and the corresponding concentration for each compound and internal
standard.


10.5.4.7  Mean Area Response ( ) for Internal Standard.  Calculate the mean area response ( ) for
each internal standard compound over the initial calibration range using the following equation:


where:  = Mean area response.
Y = Area response for the primary quantitation ion for the internal standard for each initial


calibration standard.
10.5.4.8  Mean Retention Times ( ).  Calculate the mean of the retention times ( ) for each internal


standard over the initial calibration range using the following equation:


where:  = Mean retention time, seconds
RT = Retention time for the internal standard for each initial calibration standard, seconds.


10.5.5  Technical Acceptance Criteria for the Initial Calibration.  
10.5.5.1  The calculated %RSD for the RRF for each compound in the calibration table must be less than


30% with at most two exceptions up to a limit of 40%.


[Note: This exception may not be acceptable for all projects.  Many projects may have a specific target list
of compounds which would require the lower limit for all compounds.] 


10.5.5.2  The RRT for each target compound at each calibration level must be withiin 0.06 RRT units of
the mean RRT for the compound.


10.5.5.3  The area response Y of at each calibration level must be within 40% of the mean area response 
over the initial calibration range for each internal standard.


10.5.5.4  The retention time shift for each of the internal standards at each calibration level must be within
20 s of the mean retention time over the initial calibration range for each internal standard.


10.5.6  Corrective Action.  
10.5.6.1  Criteria.  If the initial calibration technical acceptance criteria are not met, inspect the system


for problems.  It may be necessary to clean the ion source, change the column, or take other corrective actions to
meet the initial calibration technical acceptance criteria.


10.5.6.2  Schedule.  Initial calibration acceptance criteria must be met before any field samples,
performance evaluation (PE) samples, or blanks are analyzed. 
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10.6  Daily Calibration


10.6.1  Summary.  Prior to the analysis of samples and blanks but after tuning criteria have been met, the
initial calibration of each GC/MS system must be routinely checked by analyzing a daily calibration standard to
ensure that the instrument continues to remain under control.  The daily calibration standard, which is the nominal
10 ppbv level calibration standard, should contain all the target compounds.


10.6.2  Frequency.  A check of the calibration curve must be performed once every 24 hours on a GC/MS
system that has met the tuning criteria.  The daily calibration sequence starts with the injection of the BFB.  If
the BFB analysis meets the ion abundance criteria for BFB, then a daily calibration standard may be analyzed.


10.6.3  Procedure.  The mid-level calibration standard (10 ppbv) is analyzed in a GC/MS system that has
met the tuning and mass calibration criteria following the same procedure in Section 10.5.


10.6.4  Calculations.  Perform the following calculations.


[Note:  As indicated earlier, the area response of the primary quantitation ion is used unless otherwise
stated.]


10.6.4.1  Relative Response Factor (RRF).  Calculate a relative response factor (RRF) for each target
compound using the equation in Section 10.5.4.1.


10.6.4.2  Percent Difference (%D).  Calculate the percent difference in the RRF of the daily RRF
(24-hour) compared to the mean RRF in the most recent initial calibration.  Calculate the %D for each target
compound using the following equation:


where: RRF  = RRF of the compound in the continuing calibration standard.c


 = Mean RRF of the compound in the most recent initial calibration.


10.6.5  Technical Acceptance Criteria.  The daily calibration standard must be analyzed at the
concentration level and frequency described in this Section 10.6 and on a GC/MS system meeting the BFB
instrument performance check criteria (see Section 10.4).


The %D for each target compound in a daily calibration sequence must be within ±30 percent in order to proceed
with the analysis of samples and blanks.  A control chart showing %D values should be maintained.


10.6.6  Corrective Action.  If the daily calibration technical acceptance criteria are not met, inspect the
system for problems.  It may be necessary to clean the ion source, change the column, or take other corrective
actions to meet the daily calibration technical acceptance criteria.


Daily calibration acceptance criteria must be met before any field samples, performance evaluation (PE) samples,
or blanks are analyzed.  If the % D criteria are not met, it will be necessary to rerun the daily calibration sample.


10.7  Blank Analyses


10.7.1  Summary.  To monitor for possible laboratory contamination, laboratory method blanks are analyzed
at least once in a 24-hour analytical sequence.  All steps in the analytical procedure are performed on the blank
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using all reagents, standards, equipment, apparatus, glassware, and solvents that would be used for a sample
analysis.


A laboratory method blank (LMB) is an unused, certified canister that has not left the laboratory.  The blank
canister is pressurized with humidified, ultra-pure zero air and carried through the same analytical procedure as
a field sample.  The injected aliquot of the blank must contain the same amount of internal standards that are
added to each sample.


10.7.2  Frequency.  The laboratory method blank must be analyzed after the calibration standard(s) and
before any samples are analyzed.


Whenever a high concentration sample is encountered (i.e., outside the calibration range), a blank analysis should
be performed immediately after the sample is completed to check for carryover effects.


10.7.3  Procedure.  Fill a cleaned and evacuated canister with humidified zero air (RH >20 percent, at 25EC).
Pressurize the contents to 2 atm.


The blank sample should be analyzed using the same procedure outlined under Section 10.8.
10.7.4  Calculations.  The blanks are analyzed similar to a field sample and the equations in Section 10.5.4


apply.
10.7.5  Technical Acceptance Criteria.  A blank canister should be analyzed daily.


The area response for each internal standard (IS) in the blank must be within ±40 percent of the mean area
response of the IS in the most recent valid calibration.


The retention time for each of the internal standards must be within ±0.33 minutes between the blank and the
most recent valid calibration.


The blank should not contain any target analyte at a concentration greater than its quantitation level (three times
the MDL as defined in Section 11.2) and should not contain additional compounds with elution characteristics
and mass spectral features that would interfere with identification and measurement of a method analyte.


10.7.6  Corrective Action.  If the blanks do not meet the technical acceptance criteria, the analyst should
consider the analytical system to be out of control.  It is the responsibility of the analyst to ensure that
contaminants in solvents, reagents, glassware, and other sample storage and processing hardware that lead to
discrete artifacts and/or elevated baselines in gas chromatograms be eliminated.  If contamination is a problem,
the source of the contamination must be investigated and appropriate corrective measures need to be taken and
documented before further sample analysis proceeds.


If an analyte in the blank is found to be out of control (i.e., contaminated) and the analyte is also found in
associated samples, those sample results should be "flagged" as possibly contaminated.


10.8  Sample Analysis


10.8.1  Summary.  An aliquot of the air sample from a canister (e.g., 500 mL) is preconcentrated and
analyzed by GC/MS under conditions stated in Sections 10.1 and 10.2.  If using the multisorbent/dry purge
approach, adjust the dry purge volume to reduce water effects in the analytical system to manageable levels.  


[Note:  The analyst should be aware that pressurized samples of high humidity samples will contain
condensed water.  As a result, the humidity of the sample released from the canister during analysis will vary
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in humidity, being lower at the higher canister pressures and increasing in humidity as the canister pressures
decreases.  Storage integrity of water soluble compounds may also be affected.]


10.8.2  Frequency.  If time remains in the 24-hour period in which an initial calibration is performed,
samples may be analyzed without analysis of a daily calibration standard.


If time does not remain in the 24-hour period since the injection of the instrument performance check standard
in which an initial calibration is performed, both the instrument performance check standard and the daily
calibration standard should be analyzed before sample analysis may begin.


10.8.3  Procedure for Instrumental Analysis.  Perform the following procedure for analysis.
10.8.3.1  All canister samples should be at temperature equilibrium with the laboratory.
10.8.3.2  Check and adjust the mass flow controllers to provide correct flow rates for the system.
10.8.3.3  Connect the sample canister to the inlet of the GC/MS analytical system, as shown in Figure 15


[Figure 16 shows an alternate two stage concentrator using multisorbent traps followed by a trap cooled by a
closed cycle cooler (15)].  The desired sample flow is established through the six-port chromatographic valve and
the preconcentrator to the downstream flow controller.  The absolute volume of sample being pulled through the
trap must be consistent from run to run.


10.8.3.4  Heat/cool the GC oven and cryogenic or adsorbent trap to their set points.  Assuming a six-port
value is being used, as soon as the trap reaches its lower set point, the six-port chromatographic valve is cycled
to the trap position to begin sample collection.  Utilize the sample collection time which has been optimized by
the analyst.


10.8.3.5  Use the arrangement shown in Figure 13, (i.e., a gastight syringe or some alternate method)
introduce an internal standard during the sample collection period.  Add sufficient internal standard equivalent
to 10 ppbv in the sample.  For example, a 0.5 mL volume of a mixture of internal standard compounds, each at
10 ppmv concentration, added to a sample volume of 500 mL, will result in 10 ppbv of each internal standard
in the sample.


10.8.3.6  After the sample and internal standards are preconcentrated on the trap, the GC sampling valve
is cycled to the inject position and the trap is swept with helium and heated.  Assuming a focusing trap is being
used, the trapped analytes are thermally desorbed onto a focusing trap and then onto the head of the capillary
column and are separated on the column using the GC oven temperature program.  The canister valve is closed
and the canister is disconnected from the mass flow controller and capped.  The trap is maintained at elevated
temperature until the beginning of the next analysis.


10.8.3.7  Upon sample injection onto the column, the GC/MS system is operated so that the MS scans the
atomic mass range from 35 to 300 amu.  At least ten scans per eluting chromatographic peak should be acquired.
Scanning also allows identification of unknown compounds in the sample through searching of library spectra.


10.8.3.8  Each analytical run must be checked for saturation.  The level at which an individual compound
will saturate the detection system is a function of the overall system sensitivity and the mass spectral
characteristics of that compound.


10.8.3.9  Secondary ion quantitation is allowed only when there are sample matrix interferences with the
primary ion.  If secondary ion quantitation is performed, document the reasons in the laboratory record book. 


10.8.4  Calculations.  The equation below is used for calculating concentrations.


where: C  = Compound concentration, ppbv.x 
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A  = Area of the characteristic ion for the compound to be measured, counts.x


A  = Area of the characteristic ion for the specific internal standard, counts.is


C  = Concentration of the internal standard spiking mixture, ppbvis


.


= Mean relative response factor from the initial calibration.


DF = Dilution factor calculated as described in section 2.  If no dilution is performed, DF


= 1.


[Note:  The equation above is valid under the condition that the volume (-500 µL) of internal standard
spiking mixture added in all field and QC analyses is the same from run to run, and that the volume (-500 mL)
of field and QC sample introduced into the trap is the same for each analysis.]


10.8.5  Technical Acceptance Criteria.


[Note:  If the most recent valid calibration is an initial calibration, internal standard area responses and RTs
in the sample are evaluated against the corresponding internal standard area responses and RTs in the mid
level standard (10 ppbv) of the initial calibration.]


10.8.5.1  The field sample must be analyzed on a GC/MS system meeting the BFB tuning, initial
calibration, and continuing calibration technical acceptance criteria at the frequency described in Sections 10.4,
10.5 and 10.6.


10.8.5.2  The field samples must be analyzed along with a laboratory method blank that met the blank
technical acceptance criteria.


10.8.5.3  All of the target analyte peaks should be within the initial calibration range.
10.8.5.4  The retention time for each internal standard must be within ±0.33 minutes of the retention time


of the internal standard in the most recent valid calibration.
10.8.6  Corrective Action.  If the on-column concentration of any compound in any sample exceeds the


initial calibration range, an aliquot of the original sample must be diluted and reanalyzed.  Guidance in
performing dilutions and exceptions to this requirement are given below.  


• Use the results of the original analysis to determine the approximate dilution factor required to get the
largest analyte peak within the initial calibration range.


• The dilution factor chosen should keep the response of the largest analyte peak for a target compound in
the upper half of the initial calibration range of the instrument.


[Note:  Analysis involving dilution should be reported with a dilution factor and nature of the dilution gas.]


10.8.6.1  Internal standard responses and retention times must be evaluated during or immediately after
data acquisition.  If the retention time for any internal standard changes by more than 20 sec from the latest daily
(24-hour) calibration standard (or mean retention time over the initial calibration range), the GC/MS system must
be inspected for malfunctions, and corrections made as required.


10.8.6.2  If the area response for any internal standard changes by more than ±40 percent between the
sample and the most recent valid calibration, the GC/MS system must be inspected for malfunction and
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corrections made as appropriate.  When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning is necessary.


10.8.6.3  If, after reanalysis, the area responses or the RTs for all internal standards are inside the control
limits, then the problem with the first analysis is considered to have been within the control of the Laboratory.
Therefore, submit only data from the analysis with SICPs within the limits.  This is considered the initial analysis
and should be reported as such on all data deliverables.


11.  Requirements for Demonstrating Method Acceptability for VOC Analysis from Canisters


11.1  Introduction


11.1.1  There are three performance criteria which must be met for a system to qualify under Compendium
Method TO-15.  These criteria are: the method detection limit of #0.5 ppbv, replicate precision within 25 percent,
and audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5 to
25 ppbv).  


11.1.2  Either SIM or SCAN modes of operation can be used to achieve these criteria, and the choice of mode
will depend on the number of target compounds, the decision of whether or not to determine tentatively identified
compounds along with other VOCs on the target list, as well as on the analytical system characteristics.  


11.1.3  Specific criteria for each Title III compound on the target compound list must be met by the analytical
system.  These criteria were established by examining summary data from EPA's Toxics Air Monitoring System
Network and the Urban Air Toxics Monitoring Program network.  Details for the determination of each of the
criteria follow.


11.2  Method Detection Limit


11.2.1  The procedure chosen to define the method detection limit is that given in the Code of Federal
Regulations (40 CFR 136 Appendix B).  


11.2.2  The method detection limit is defined for each system by making seven replicate measurements of the
compound of interest at a concentration near (within a factor of five) the expected detection limit, computing the
standard deviation for the seven replicate concentrations, and multiplying this value by 3.14 (i.e., the Student's
t value for 99 percent confidence for seven values).  Employing this approach, the detection limits given in
Table 4 were obtained for some of the VOCs of interest.  


11.3  Replicate Precision


11.3.1  The measure of replicate precision used for this program is the absolute value of the difference
between replicate measurements of the sample divided by the average value and expressed as a percentage as
follows:


where: x  = First measurement value.1


x  = Second measurement value.2


 = Average of the two values.
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11.3.2  There are several factors which may affect the precision of the measurement.  The nature of the
compound of interest itself such as molecular weight, water solubility, polarizability, etc., each have some effect
on the precision, for a given sampling and analytical system.  For example, styrene, which is classified as a polar
VOC, generally shows slightly poorer precision than the bulk of nonpolar VOCs.  A primary influence on
precision is the concentration level of the compound of interest in the sample, i.e., the precision degrades as the
concentration approaches the detection limit.  A conservative measure was obtained from replicate analysis of
"real world" canister samples from the TAMS and UATMP networks.  These data are summarized in Table 5
and suggest that a replicate precision value of 25 percent can be achieved for each of the target compounds. 


11.4  Audit Accuracy


11.4.1  A measure of analytical accuracy is the degree of agreement with audit standards.  Audit accuracy is
defined as the difference between the nominal concentration of the audit compound and the measured value
divided by the audit value and expressed as a percentage, as illustrated in the following equation:


11.4.2  Audit accuracy results for TAMS and UATMP analyses are summarized in Table 6 and were used
to form the basis for a selection of 30 percent as the performance criterion for audit accuracy.
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APPENDIX A.


LISTING OF SOME COMMERCIAL WATER 
MANAGEMENT SYSTEMS USED WITH AUTOGC SYSTEMS


Tekmar Dohrman Company XonTech Inc.
7143 East Kemper Road 6862 Hayenhurst Avenue
Post Office Box 429576 Van Nuys, CA  91406
Cincinnati, Ohio  45242-9576 (818) 787-7380
(513) 247-7000 (818) 787-4275 (Fax)
(513) 247-7050 (Fax) [Multi-adsorbent trap/dry purge]
(800) 543-4461
[Moisture control module] Graseby


Entech Laboratory Automation Smyrna, Georgia  30082
950 Enchanted Way No. 101 (770) 319-9999
Simi Valley, California  93065 (770) 319-0336 (Fax)
(805) 527-5939 (800) 241-6898
(805) 527-5687 (Fax) [Controlled Desorption Trap]
[Microscale Purge and Trap]


Dynatherm Analytical Instruments 2700 Mitchell Drive
Post Office Box 159 Walnut Creek, California  94898
Kelton, Pennsylvania  19346 (510) 945-2196
(215) 869-8702 (510) 945-2335 (FAX)
(215) 869-3885 (Fax) [Variable Temperature Adsorption Trap]
[Thermal Desorption System]


500 Technology Ct.


Varian Chromatography System
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APPENDIX B.


COMMENT ON CANISTER CLEANING PROCEDURES


The canister cleaning procedures given in Section 8.4 require that canister pressure be reduced to <0.05mm Hg
before the cleaning process is complete.  Depending on the vacuum system design (diameter of connecting tubing,
valve restrictions, etc.) and the placement of the vacuum gauge, the achievement of this value may take several
hours.  In any case, the pressure gauge should be placed near the canisters to determine pressure.  The objective
of requiring a low pressure evacuation during canister cleaning is to reduce contaminants.  If canisters can be
routinely certified (<0.2 ppbv for target compounds) while using a higher vacuum, then this criteria can be
relaxed.  However, the ultimate vacuum achieved during cleaning should always be  <0.2mm Hg. 


Canister cleaning as described in Section 8.4 and illustrated in Figure 10 requires components with special
features.  The vacuum gauge shown in Figure 10 must be capable of measuring  0.05mm Hg  with less than a
20% error. The vacuum pump used for evacuating the canister must be noncontaminating while being capable
of achieving the 0.05 mm Hg vacuum as monitored near the canisters.  Thermoelectric vacuum gauges and
turbomolecular drag pumps are typically being used for these two components.


An alternate to achieving the canister certification requirement of <0.2 ppbv for all target compounds is the
criteria used in Compendium Method TO-12 that the total carbon count be <10ppbC.  This check is less
expensive and typically more exacting than the current certification requirement and can be used if proven to be
equivalent to the original requirement.  This equivalency must be established by comparing the total nonmethane
organic carbon (TNMOC) expressed in ppbC to the requirement that individual target compounds be <0.2 ppbv
for a series of analytical runs.







VOCs Method TO-15


January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-35


APPENDIX C.


LISTING OF COMMERCIAL MANUFACTURERS AND RE-SUPPLIERS OF 
SPECIALLY-PREPARED CANISTERS


BRC/Rasmussen
17010 NW Skyline Blvd.
Portland, Oregon 97321
(503) 621-1435


Meriter
1790 Potrero Drive
San Jose, CA 95124
(408) 265-6482


Restek Corporation
110 Benner Circle
Bellefonte, PA 16823-8812
(814) 353-1300
(800) 356-1688


Scientific Instrumentation Specialists
P.O. Box 8941
815 Courtney Street
Moscow, ID 83843
(208) 882-3860


Graseby
500 Technology Ct.
Smyrna, Georgia  30082
(404) 319-9999
(800) 241-6898


XonTech Inc.
6862 Hayenhurst Avenue
Van Nuys, CA  91406
(818) 787-7380
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APPENDIX D.


LISTING OF COMMERCIAL SUPPLIERS OF PERMEATION TUBES AND SYSTEMS


Kin-Tek
504 Laurel St.
Lamarque, Texas  77568
(409) 938-3627
(800) 326-3627


Vici Metronics, Inc.
2991 Corvin Drive
Santa Clara, CA 95051
(408) 737-0550


Analytical Instrument Development, Inc.
Rt. 41 and Newark Rd.
Avondale, PA  19311
(215) 268-3181


Ecology Board, Inc.
9257 Independence Ave.
Chatsworth, CA 91311
(213) 882-6795


Tracor, Inc.
6500 Tracor Land
Austin, TX
(512) 926-2800


Metronics Associates, Inc.
3201 Porter Drive
Standford Industrial Park
Palo Alto, CA 94304
(415) 493-5632







VOCs Method TO-15


January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-37


T
A


B
L


E
 1


.  
V


O
L


A
T


IL
E


 O
R


G
A


N
IC


 C
O


M
P


O
U


N
D


S 
O


N
 T


H
E


 T
IT


L
E


 I
II


 C
L


E
A


N
 A


IR
 A


M
E


N
D


M
E


N
T


 L
IS


T
--


M
E


M
B


E
R


SH
IP


 I
N


 C
O


M
P


E
N


D
IU


M
 M


E
T


H
O


D
 T


O
-1


4A
 L


IS
T


 A
N


D
 T


H
E


 S
O


W
-C


L
P


 L
IS


T
 O


F
 V


O
C


s 


C
om


po
un


d
C


A
S 


N
o.


B
P 


(E
C


)
1


v.
p.


(m
m


H
g)


1
M


W
1


T
O


-1
4A


C
L


P-
SO


W


M
et


hy
l c


hl
or


id
e 


(c
hl


or
om


et
ha


ne
);


 C
H


3C
l


74
-8


7-
3


-2
3.


7
3.


8 
x 


10
50


.5
X


X


C
ar


bo
ny


l s
ul


fi
de


; C
O


S
46


3-
58


-1
-5


0.
0


3.
7 


x 
10


60
.1


V
in


yl
 c


hl
or


id
e 


(c
hl


or
oe


th
en


e)
; C


2H
3C


l
75


-0
1-


4
-1


4.
0


3.
2 


x 
10


62
.5


X
X


D
ia


zo
m


et
ha


ne
; C


H
2N


2
33


4-
88


-3
-2


3.
0


2.
8 


x 
10


42
.1


Fo
rm


al
de


hy
de


; C
H


2O
50


-0
0-


0
-1


9.
5


2.
7 


x 
10


30


1,
3-


B
ut


ad
ie


ne
; C


4H
6


10
6-


99
-0


-4
.5


2.
0 


x 
10


54
X


M
et


hy
l b


ro
m


id
e 


(b
ro


m
om


et
ha


ne
);


 C
H


3B
r


74
-8


3-
9


3.
6


1.
8 


x 
10


94
.9


X
X


Ph
os


ge
ne


; C
C


l2
O


75
-4


4-
5


8.
2


1.
2 


x 
10


99


V
in


yl
 b


ro
m


id
e 


(b
ro


m
oe


th
en


e)
; C


2H
3B


r
59


3-
60


-2
15


.8
l.l


 x
 1


0
10


7


E
th


yl
en


e 
ox


id
e;


 C
2H


4O
75


-2
1-


8
10


.7
1.


1 
x 


10
44


E
th


yl
 c


hl
or


id
e 


(c
hl


or
oe


th
an


e)
; C


2H
5C


l
75


-0
0-


3
12


.5
1.


0 
x 


10
64


.5
X


X


A
ce


ta
ld


eh
yd


e 
(e


th
an


al
);


 C
2H


4O
75


-0
7-


0
21


.0
95


2
44


V
in


yl
id


en
e 


ch
lo


ri
de


 (
1,


1-
di


ch
lo


ro
et


hy
le


ne
);


 C
2H


2C
l2


75
-3


5-
4


31
.7


50
0


97
X


X


Pr
op


yl
en


e 
ox


id
e;


 C
3H


6O
75


-5
6-


9
34


.2
44


5
58


M
et


hy
l i


od
id


e 
(i


od
om


et
ha


ne
);


 C
H


3I
74


-8
8-


4
42


.4
40


0
14


1.
9


M
et


hy
le


ne
 c


hl
or


id
e;


 C
H


2C
l2


75
-0


9-
2


40
.0


34
9


84
.9


X
X


M
et


hy
l i


so
cy


an
at


e;
 C


2H
3N


O
62


4-
83


-9
59


.6
34


8
57


.1


A
lly


l c
hl


or
id


e 
(3


-c
hl


or
op


ro
pe


ne
);


 C
3H


5C
l


10
7-


05
-1


44
.5


34
0


76
.5


X
X


C
ar


bo
n 


di
su


lf
id


e;
 C


S2
75


-1
5-


0
46


.5
26


0
76


M
et


hy
l t


er
t-


bu
ty


l e
th


er
; C


5H
12


O
16


34
-0


4-
4


55
.2


24
9


86


Pr
op


io
na


ld
eh


yd
e;


 C
2H


5C
H


O
12


3-
38


-6
49


.0
23


5
58


.1


E
th


yl
id


en
e 


di
ch


lo
ri


de
 (


1,
1-


di
ch


lo
ro


et
ha


ne
);


 C
2H


4C
l2


75
-3


4-
3


57
.0


23
0


99
X







Method TO-15 VOCs


Page 15-38 Compendium of Methods for Toxic Organic Air Pollutants January 1999


T
A


B
L


E
 1


.  
(c


on
ti


nu
ed


)


C
om


po
un


d
C


A
S 


N
o.


B
P 


(E
C


)
1


v.
p.


(m
m


H
g)


1
M


W
1


T
O


-1
4A


C
L


P-
SO


W


C
hl


or
op


re
ne


 (
2-


ch
lo


ro
-1


,3
-b


ut
ad


ie
ne


);
 C


4H
5C


l
12


6-
99


-8
59


.4
22


6
88


.5


C
hl


or
om


et
hy


l m
et


hy
l e


th
er


; C
2H


5C
lO


10
7-


30
-2


59
.0


22
4


80
.5


A
cr


ol
ei


n 
(2


-p
ro


pe
na


l)
; C


3H
4O


10
7-


02
-8


52
.5


22
0


56
X


1,
2-


E
po


xy
bu


ta
ne


 (
1,


2-
bu


ty
le


ne
 o


xi
de


);
 C


4H
8O


10
6-


88
-7


63
.0


16
3


72


C
hl


or
of


or
m


; C
H


C
l3


67
-6


6-
3


61
.2


16
0


11
9


X
X


E
th


yl
en


ei
m


in
e 


(a
zi


ri
di


ne
);


 C
2H


5N
15


1-
56


-4
56


16
0.


0
43


1,
1-


D
im


et
hy


lh
yd


ra
zi


ne
; C


2H
8N


2
57


-1
4-


7
63


15
7.


0
60


.0


H
ex


an
e;


 C
6H


14
11


0-
54


-3
69


.0
12


0
86


.2
X


1,
2-


Pr
op


yl
en


ei
m


in
e 


(2
-m


et
hy


la
zi


ri
di


ne
);


 C
3H


7N
75


-5
5-


8
66


.0
11


2
57


.1


A
cr


yl
on


itr
ile


 (
2-


pr
op


en
en


itr
ile


);
 C


3H
3N


10
7-


13
-1


77
.3


10
0


53
X


M
et


hy
l c


hl
or


of
or


m
 (


1,
1,


1-
tr


ic
hl


or
oe


th
an


e)
; C


2H
3C


l3
71


-5
5-


6
74


.1
10


0
13


3.
4


X
X


M
et


ha
no


l; 
C


H
4O


67
-5


6-
1


65
.0


92
.0


32
X


C
ar


bo
n 


te
tr


ac
hl


or
id


e;
 C


C
l4


56
-2


3-
5


76
.7


90
.0


15
3.


8
X


X


V
in


yl
 a


ce
ta


te
; C


4H
6O


2
10


8-
05


-4
72


.2
83


.0
86


X


M
et


hy
l e


th
yl


 k
et


on
e 


(2
-b


ut
an


on
e)


; C
4H


8O
78


-9
3-


3
79


.6
77


.5
72


X


B
en


ze
ne


; C
6H


6
71


-4
3-


2
80


.1
76


.0
78


X
X


A
ce


to
ni


tr
ile


 (
cy


an
om


et
ha


ne
);


 C
2H


3N
75


-0
5-


8
82


74
.0


41
.0


X


E
th


yl
en


e 
di


ch
lo


ri
de


 (
1,


2-
di


ch
lo


ro
et


ha
ne


);
 C


2H
4C


l2
10


7-
06


-2
83


.5
61


.5
99


X
X


T
ri


et
hy


la
m


in
e;


 C
6H


15
N


12
1-


44
-8


89
.5


54
.0


10
1.


2


M
et


hy
lh


yd
ra


zi
ne


; C
H


6N
2


60
-3


4-
4


87
. 8


49
.6


46
.1


Pr
op


yl
en


e 
di


ch
lo


ri
de


 (
1,


2-
di


ch
lo


ro
pr


op
an


e)
; C


3H
6C


l2
78


-8
7-


5
97


.0
42


.0
11


3
X


X


2,
2,


4-
T


ri
m


et
hy


l p
en


ta
ne


 C
8H


18
54


0-
84


-l
99


.2
40


.6
11


4


1,
4-


D
io


xa
ne


 (
1,


4-
D


ie
th


yl
en


e 
ox


id
e)


; C
4H


8O
2


12
3-


91
-1


10
1


37
.0


88


B
is


(c
hl


or
om


et
hy


l)
 e


th
er


; C
2H


4C
l2


O
54


2-
88


-1
10


4
30


.0
11


5


E
th


yl
 a


cr
yl


at
e;


 C
5H


8O
2


14
0-


88
-5


10
0


29
.3


10
0


M
et


hy
l m


et
ha


cr
yl


at
e;


 C
5H


8O
2


80
-6


2-
6


10
1


28
.0


10
0.


1







VOCs Method TO-15


January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-39


T
A


B
L


E
 1


.  
(c


on
ti


nu
ed


)


C
om


po
un


d
C


A
S 


N
o.


B
P 


(E
C


)
1


v.
p.


(m
m


gH
g)


1
M


W
1


T
O


-1
4A


C
L


P-
SO


W


M
et


hy
l m


et
ha


cr
yl


at
e;


 C
5H


8O
2


80
-6


2-
10


1
10


1
28


.0
10


0.
1


1,
3-


D
ic


hl
or


op
ro


pe
ne


; C
3H


4C
l2


 (
ci


s)
54


2-
75


-6
11


2
27


.8
11


1
X


X


T
ol


ue
ne


; C
7H


8
10


8-
88


-3
11


1
22


.0
92


X
X


T
ri


ch
lo


ro
et


hy
le


ne
; C


2H
C


l3
79


-0
1-


6
87


.0
20


.0
13


1.
4


X
X


1,
1,


2-
T


ri
ch


lo
ro


et
ha


ne
; C


2H
3C


l3
79


-0
0-


5
11


4
19


.0
13


3.
4


X
X


T
et


ra
ch


lo
ro


et
hy


le
ne


; C
2C


l4
12


7-
18


-4
12


1
14


.0
16


5.
8


X
X


E
pi


ch
lo


ro
hy


dr
in


 (
1-


ch
lo


ro
-2


,3
-e


po
xy


 p
ro


pa
ne


);
 C


3H
5C


lO
10


6-
89


-8
11


7
12


.0
92


.5


E
th


yl
en


e 
di


br
om


id
e 


(1
,2


-d
ib


ro
m


oe
th


an
e)


; C
2H


4B
r2


10
6-


93
-4


13
2


11
.0


18
7.


9
X


X


N
-N


itr
os


o-
N


-m
et


hy
lu


re
a;


 C
2H


5N
3O


2
68


4-
93


-5
12


4
10


.0
10


3


2-
N


itr
op


ro
pa


ne
; C


3H
7N


O
2


79
-4


6-
9


12
0


10
.0


89


C
hl


or
ob


en
ze


ne
; C


6H
5C


l
10


8-
90


-7
13


2
8.


8
11


2.
6


X
X


E
th


yl
be


nz
en


e;
 C


8H
10


10
0-


41
-4


13
6


7.
0


10
6


X
X


X
yl


en
es


 (
is


om
er


 &
 m


ix
tu


re
s)


; C
8H


10
13


30
-2


0-
7


14
2


6.
7


10
6.


2
X


X


St
yr


en
e;


 C
8H


8
10


0-
42


-5
14


5
6.


6
10


4
X


X


p-
X


yl
en


e;
 C


8H
10


10
6-


42
-3


13
8


6.
5


10
6.


2
X


X


m
-X


yl
en


e;
 C


8H
10


10
8-


38
-3


13
9


6.
0


10
6.


2
X


X


M
et


hy
l i


so
bu


ty
l k


et
on


e 
(h


ex
on


e)
; C


6H
12


O
10


8-
10


-1
11


7
6.


0
10


0.
2


B
ro


m
of


or
m


 (
tr


ib
ro


m
om


et
ha


ne
);


 C
H


B
r3


75
-2


5-
2


14
9


5.
6


25
2.


8


l,l
,2


,2
-T


et
ra


ch
lo


ro
et


ha
ne


; C
2H


2C
l4


79
-3


4-
5


14
6


5.
0


16
7.


9
X


X


o-
X


yl
en


e;
 C


8H
10


95
-4


7-
6


14
4


5.
0


10
6.


2
X


X


D
im


et
hy


lc
ar


ba
m


yl
 c


hl
or


id
e;


 C
3H


6C
lN


O
79


-4
4-


7
16


6
4.


9
10


7.
6


N
-N


itr
os


od
im


et
hy


la
m


in
e;


 C
2H


6N
2O


62
-7


5-
9


15
2


3.
7


74


B
et


a-
Pr


op
io


la
ct


on
e;


 C
3H


4O
2


57
-5


7-
8


D
ec


om
po


se
s 


at
16


2
3.


4
72


C
um


en
e 


(i
so


pr
op


yl
be


nz
en


e)
; C


9H
l2


98
-8


2-
8


15
3


3.
2


12
0







Method TO-15 VOCs


Page 15-40 Compendium of Methods for Toxic Organic Air Pollutants January 1999


T
A


B
L


E
 1


.  
(c


on
ti


nu
ed


)


C
om


po
un


d
C


A
S 


N
o.


B
P 


(E
C


)
1


v.
p.


(m
m


H
g)


1
M


W
1


T
O


-1
4A


C
L


P-
SO


W


C
um


en
e 


(i
so


pr
op


yl
be


nz
en


e)
; C


9H
12


98
-8


2-
8


15
3


3.
2


12
0


A
cr


yl
ic


 a
ci


d;
 C


3H
4O


2
79


-1
0-


7
14


1
3.


2
72


N
,N


-D
im


et
hy


lf
or


m
am


id
e;


 C
3H


7N
O


68
-1


2-
2


15
3


2.
7


73


1,
3-


Pr
op


an
e 


su
lto


ne
; C


3H
6O


3S
11


20
-7


1-
4


18
0/


30
m


m
2.


0
12


2.
1


A
ce


to
ph


en
on


e;
 C


8H
8O


98
-8


6-
2


20
2


1.
0


12
0


D
im


et
hy


l s
ul


fa
te


; C
2H


6O
4S


77
-7


8-
1


18
8


1.
0


12
6.


1


B
en


zy
l c


hl
or


id
e 


(a
-c


hl
or


ot
ol


ue
ne


);
 C


7H
7C


l
10


0-
44


-7
17


9
1.


0
12


6.
6


X
X


1,
2-


D
ib


ro
m


o-
3-


ch
lo


ro
pr


op
an


e;
 C


3H
5B


r2
C


l
96


-1
2-


8
19


6
0.


80
23


6.
4


B
is


(2
-C


hl
or


oe
th


yl
)e


th
er


; C
4H


8C
l2


O
11


1-
44


-4
17


8
0.


71
14


3


C
hl


or
oa


ce
tic


 a
ci


d;
 C


2H
3C


lO
2


79
-1


1-
8


18
9


0.
69


94
.5


A
ni


lin
e 


(a
m


in
ob


en
ze


ne
);


 C
6H


7N
62


-5
3-


3
18


4
0.


67
93


1,
4-


D
ic


hl
or


ob
en


ze
ne


 (
p-


);
 C


6H
4C


l2
10


6-
46


-7
17


3
0.


60
14


7
X


X


E
th


yl
 c


ar
ba


m
at


e 
(u


re
th


an
e)


; C
3H


7N
O


2
51


-7
9-


6
18


3
0.


54
89


A
cr


yl
am


id
e;


 C
3H


5N
O


79
-0


6-
1


12
5/


25
 m


m
0.


53
71


N
,N


-D
im


et
hy


la
ni


lin
e;


 C
8H


11
N


12
1-


69
-7


19
2


0.
50


12
1


H
ex


ac
hl


or
oe


th
an


e;
 C


2C
l6


67
-7


2-
1


Su
bl


im
es


 a
t 1


86
0.


40
23


6.
7


H
ex


ac
hl


or
ob


ut
ad


ie
ne


; C
4C


l6
87


-6
8-


3
2l


5
0.


40
26


0.
8


X
X


Is
op


ho
ro


ne
; C


9H
14


O
78


-5
9-


1
21


5
0.


38
13


8.
2


N
-N


itr
os


om
or


ph
ol


in
e;


 C
4H


8N
2O


2
59


-8
9-


2
22


5
0.


32
11


6.
1


St
yr


en
e 


ox
id


e;
 C


8H
8O


96
-0


9-
3


19
4


0.
30


12
0.


2


D
ie


th
yl


 s
ul


fa
te


; C
4H


10
O


4S
64


-6
7-


5
20


8
0.


29
15


4


C
re


sy
lic


 a
ci


d 
(c


re
so


l i
so


m
er


 m
ix


tu
re


);
C


7H
8O


13
19


-7
7-


3
20


2
0.


26
10


8


o-
C


re
so


l; 
C


7H
8O


95
-4


8-
7


19
1


0.
24


10
8


C
at


ec
ho


l (
o-


hy
dr


ox
yp


he
no


l)
; C


6H
6O


2
12


0-
80


-9
24


0
0.


22
11


0


Ph
en


ol
; C


6H
6O


10
8-


95
-2


18
2


0.
20


94







VOCs Method TO-15


January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-41


T
A


B
L


E
 1


.  
(c


on
ti


nu
ed


)
  


C
om


po
un


d
C


A
S 


N
o.


B
P 


(E
C


)
1


v.
p.


(m
m


H
g)


1
M


W
1


T
O


-1
4A


C
L


P-
SO


W


C
at


ec
ho


l (
o-


hy
dr


ox
yp


he
no


l)
; C


6H
6O


2
12


0-
80


-9
24


0
0.


22
11


0


Ph
en


ol
; C


6H
6O


10
8-


95
-2


18
2


0.
20


94


1,
2,


4-
T


ri
ch


lo
ro


be
nz


en
e;


 C
6H


3C
l3


12
0-


82
-1


21
3


0.
18


18
1.


5
X


X


ni
tr


ob
en


ze
ne


; C
6H


5N
O


2
98


-9
5-


3
21


1
0.


15
12


3


V
ap


or
 p


re
ss


ur
e 


(v
.p


.)
, b


oi
lin


g 
po


in
t (


B
P)


 a
nd


 m
ol


ec
ul


ar
w


ei
gh


t (
M


W
) 


da
ta


 f
ro


m
:  


1 (a
)D


. L
. J


on
es


 a
nd


 J
. b


ur
se


y,
 "


Si
m


ul
ta


ne
ou


s 
C


on
tr


ol
 o


f 
PM


-1
0 


an
d 


H
az


ar
do


us
 A


ir
 P


ol
lu


ta
nt


s 
II


:  
R


at
io


na
le


 f
or


 S
el


ec
tio


n 
of


 H
az


ar
do


us
 A


ir
Po


llu
ta


nt
s 


as
 P


ot
en


tia
l P


ar
tic


ul
at


e 
M


at
te


r,
" 


R
ep


or
t E


PA
-4


52
/R


-9
3/


01
3,


 U
. S


. E
nv


ir
on


m
en


ta
l P


ro
te


ct
io


n 
A


ge
nc


y,
 R


es
ea


rc
h 


T
ri


an
gl


e 
Pa


rk
,


N
C


.  
O


ct
ob


er
 1


99
2;


 
(b


)R
. C


. W
eb


er
, P


. A
. P


ar
ke


r,
 a


nd
 M


. B
ow


se
r.


  V
ap


or
 P


re
ss


ur
e 


D
is


tr
ib


ut
io


n 
of


 S
el


ec
te


d 
O


rg
an


ic
 C


he
m


ic
al


s,
 R


ep
or


t E
PA


-6
00


/2
-8


1-
02


1,
U


. S
. E


nv
ir


on
m


en
ta


l P
ro


te
ct


io
n 


A
ge


nc
y,


 C
in


ci
nn


at
i, 


O
H


, F
eb


ru
ar


y 
19


81
; a


nd
(c


)R
. C


. W
ea


st
, e


d.
, "


C
R


C
 H


an
db


oo
k 


of
 C


he
m


is
tr


y 
an


d 
Ph


ys
ic


s,
" 


59
th


 e
di


tio
n,


 C
R


C
 P


re
ss


, B
oc


a 
R


at
on


, 1
97


9.







Method TO-15 VOCs


Page 15-42 Compendium of Methods for Toxic Organic Air Pollutants January 1999


TABLE 2.  CHARACTERISTIC MASSES (M/Z) USED FOR QUANTIFYING 
THE TITLE III CLEAN AIR ACT AMENDMENT COMPOUNDS


Compound CAS No. Primary Ion Secondary Ion


Methyl chloride (chloromethane); CH3Cl 74-87-3 50 52


Carbonyl sulfide; COS 463-S8-1 60 62


Vinyl chloride (chloroethene); C2H3Cl 7S-01-4 62 64


Diazomethane; CH2N2 334-88-3 42 41


Formaldehyde; CH2O 50-00-0 29 30


1,3-Butadiene; C4H6 106-99-0 39 54


Methyl bromide (bromomethane); CH3Br 74-83-9 94 96


Phosgene; CCl2O 75-44-5 63 65


Vinyl bromide (bromoethene); C2H3Br 593-60-2 106 108


Ethylene oxide; C2H4O 75-21-8 29 44


Ethyl chloride (chloroethane); C2H5Cl 75-00-3 64 66


Acetaldehyde (ethanal); C2H4O 75-07-0 44 29, 43


Vinylidene chloride (1,1-dichloroethylene); C2H2Cl2 75-35-4 61 96


Propylene oxide; C3H6O 75-56-9 58 57


Methyl iodide (iodomethane); CH3I 74-88-4 142 127


Methylene chloride; CH2Cl2 75-09-2 49 84, 86


Methyl isocyanate; C2H3NO 624-83-9 57 56


Allyl chloride (3-chloropropene); C3H5Cl 107-05-1 76 41, 78


Carbon disulfide; CS2 75-15-0 76 44, 78


Methyl tert-butyl ether; C5H12O 1634-04-4 73 41, 53


Propionaldehyde; C2H5CHO 123-38-6 58 29, 57


Ethylidene dichloride (1,1-dichloroethane); C2H4Cl2 75-34-3 63 65, 27


Chloroprene (2-chloro-1,3-butadiene); C4H5Cl 126-99-8 88 53, 90


Chloromethyl methyl ether; C2H5ClO 107-30-2 45 29, 49


Acrolein (2-propenal); C3H4O 107-02-8 56 55


1,2-Epoxybutane (1,2-butylene oxide); C4H8O 106-88-7 42 41, 72


Chloroform; CHCl3 67-66-3 83 85, 47


Ethyleneimine (aziridine); C2H5N 151-56-4 42 43


1,1-Dimethylhydrazine; C2H8N2 57-14-7 60 45, 59


Hexane; C6H14 110-54-3 57 41, 43


1,2-Propyleneimine (2-methylazindine); C3H7N 75-55-8 56 57, 42


Acrylonitrile (2-propenenitrile); C3H3N 107-13-1 53 52


Methyl chloroform (1,1,1 trichloroethane); C2H3Cl3 71-55-6 97 99, 61


Methanol; CH4O 67-56-1 31 29


Carbon tetrachloride; CCl4 56-23-5 117 119


Vinyl acetate; C4H6O2 108-05-4 43 86


Methyl ethyl ketone (2-butanone); C4H8O 78-93-3 43 72
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TABLE 2.  (continued)


Compound CAS No. Primary Ion Secondary Ion


Benzene; C6H6 71-43-2 78 77,50


Acetonitrile (cyanomethane); C2H3N 75-05-8 41 40


Ethylene dichloride (1,2-dichloroethane); C2H4Cl2 107-06-2 62 64, 27


Triethylamine; C6H15N 121-44-8 86 58, 101


Methylhydrazine; CH6N2 60-34-4 46 31, 45


Propylene dichloride (1,2-dichloropropane); C3H6Cl2 78-87-5 63 41, 62


2,2,4-Trimethyl pentane; C8H18 540-84-1 57 41, 56


1,4-Dioxane (1,4 Diethylene oxide); C4H8O2 123-91-1 88 58


Bis(chloromethyl) ether; C2H4Cl2O 542-88-1 79 49, 81


Ethyl acrylate; C5H8O2 140-88-5 55 73


Methyl methacrylate; C5H8O2 80-62-6 41 69, 100


1,3-Dichloropropene; C3H4Cl2 (cis) 542-75-6 75 39, 77


Toluene; C7H8 108-88-3 91 92


Trichloethylene; C2HCl3 79-01-6 130 132, 95


1,1,2-Trichloroethane; C2H3Cl3 79-00-5 97 83, 61


Tetrachloroethylene; C2Cl4 127-18-4 166 164, 131


Epichlorohydrin (l-chloro-2,3-epoxy propane); C3H5ClO 106-89-8 57 49, 62


Ethylene dibromide (1,2-dibromoethane); C2H4Br2 106-93-4 107 109


N-Nitrso-N-methylurea; C2H5N3O2 684-93-5 60 44, 103


2-Nitropropane; C3H7NO2 79-46-9 43 41


Chlorobenzene; C6H5Cl 108-90-7 112 77, 114


Ethylbenzene; C8H10 100-41-4 91 106


Xylenes (isomer & mixtures); C8H10 1330-20-7 91 106


Styrene; C8H8 100-42-5 104 78, 103


p-Xylene; C8H10 106-42-3 91 106


m-Xylene; C8H10 108-38-3 91 106


Methyl isobutyl ketone (hexone); C6H12O 108-10-1 43 58, 100


Bromoform (tribromomethane); CHBr3 75-25-2 173 171, 175


1,1,2,2-Tetrachloroethane; C2H2Cl4 79-34-5 83 85


o-Xylene; C8H10 95-47-6 91 106


Dimethylcarbamyl chloride; C3H6ClNO 79-44-7 72 107


N-Nitrosodimethylamine; C2H6N2O 62-75-9 74 42


Beta-Propiolactone; C3H4O2 57-57-8 42 43


Cumene (isopropylbenzene); C9H12 98-82-8 105 120


Acrylic acid; C3H4O2 79-10-7 72 45, 55


N,N-Dimethylformamide; C3H7NO 68-12-2 73 42, 44


1,3-Propane sultone; C3H6O3S 1120-71-4 58 65, 122


TABLE 2.  (continued)
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Compound CAS No. Primary Ion Secondary Ion


Acetophenone; C8H8O 98-86-2 105 77,120


Dimethyl sulfate; C2H6O4S 77-78-1 95 66,96


Benzyl chloride (a-chlorotoluene); C7H7Cl 100-44-7 91 126


1,2-Dibromo-3-chloropropane; C3H5Br2Cl 96-12-8 57 155, 157


Bis(2-Chloroethyl)ether; C4H8Cl2O 111-44-4 93 63, 95


Chloroacetic acid; C2H3ClO2 79-11-8 50 45, 60


Aniline (aminobenzene); C6H7N 62-53-3 93 66


1,4-Dichlorobenzene (p-); C6H4Cl2 106-46-7 146 148, 111


Ethyl carbamate (urethane); C3H7NO2 51-79-6 31 44, 62


Acrylamide; C3H5NO 79-06-1 44 55, 71


N,N-Dimethylaniline; C8H11N 121-69-7 120 77, 121


Hexachloroethane; C2Cl6 67-72-1 201 199, 203


Hexachlorobutadiene; C4Cl6 87-68-3 225 227, 223


Isophorone; C9H14O 78-59-1 82 138


N-Nitrosomorpholine; C4H8N2O2 59-89-2 56 86, 116


Styrene oxide; C8H8O 96-09-3 91 120


Diethyl sulfate; C4H10O4S 64-67-5 45 59, 139


Cresylic acid (cresol isomer mixture); C7H8O 1319-77-3


o-Cresol; C7H8O 95-48-7 108 107


Catechol (o-hydroxyphenol); C6H6O2 120-80-9 110 64


Phenol; C6H6O 108-95-2 94 66


1,2,4-Trichlorobenzene; C6H3Cl3 120-82-1 180 182, 184


Nitrobenzene; C6H5NO2 98-95-3 77 51, 123
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TABLE 3.  REQUIRED BFB KEY IONS AND 
ION ABUNDANCE CRITERIA


Mass Ion Abundance Criteria1


50 8.0 to 40.0 Percent of m/e 95


75 30.0 to 66.0 Percent of m/e 95


95 Base Peak, 100 Percent Relative Abundance


96 5.0 to 9.0 Percent of m/e 95 (See note)


173 Less than 2.0 Percent of m/e 174


174 50.0 to 120.0 Percent of m/e 95


175 4.0 to 9.0 Percent of m/e 174


176 93.0 to 101.0 Percent of m/e 174


177 5.0 to 9.0 Percent of m/e 176


All ion abundances must be normalized to m/z 95, the1


 nominal base peak, even though the ion abundance of m/z
 174 may be up to 120 percent that of m/z 95.
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TABLE 4.  METHOD DETECTION LIMITS (MDL)1


TO-14A List Lab #1, SCAN Lab #2, SIM


Benzene 0.34 0.29


Benzyl Chloride -- --


Carbon tetrachloride 0.42 0.15


Chlorobenzene 0.34 0.02


Chloroform 0.25 0.07


1,3-Dichlorobenzene 0.36 0.07


1,2-Dibromoethane -- 0.05


1,4-Dichlorobenzene 0.70 0.12


1,2-Dichlorobenzene 0.44 --


1,1-Dichloroethane 0.27 0.05


1,2-Dichloroethane 0.24 --


1,1-Dichloroethene -- 0.22


cis-1,2-Dichloroethene -- 0.06


Methylene chloride 1.38 0.84


1,2-Dichloropropane 0.21 --


cis-1,3-Dichloropropene 0.36 --


trans-1,3-Dichloropropene 0.22 --


Ethylbenzene 0.27 0.05


Chloroethane 0.19 --


Trichlorofluoromethane -- --


1,1,2-Trichloro-1,2,2-trifluoroethane --


1,2-Dichloro-1,1,2,2-tetrafluoroethane -- --


Dichlorodifluoromethane -- --


Hexachlorobutadiene -- --


Bromomethane 0.53 --


Chloromethane 0.40 --


Styrene 1.64 0.06


1,1,2,2-Tetrachloroethane 0.28 0.09


Tetrachloroethene 0.75 0.10


Toluene 0.99 0.20


1,2,4-Trichlorobenzene -- --


1,1,1-Trichloroethane 0.62 0.21


1,1,2-Trichloroethane 0.50 --


Trichloroethene 0.45 0.07


1,2,4-Trimethylbenzene -- --


1,3,5-Trimethylbenzene -- --


Vinyl Chloride 0.33 0.48


m,p-Xylene 0.76 0.08


o-Xylene 0.57 0.28


Method Detection Limits (MDLs) are defined as the product of the standard1


 deviation of seven replicate analyses and the student's "t" test value for 99%
 confidence.  For Lab #2, the MDLs represent an average over four studies. 
 MDLs are for MS/SCAN for Lab #1 and for MS/SIM for Lab #2.
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TABLE 5.  SUMMARY OF EPA DATA ON REPLICATE PRECISION (RP)
FROM EPA NETWORK OPERATIONS1


Monitoring Compound
Identification %RP # ppbv %RP # ppbv


EPA's Urban Air Toxics Monitoring EPA's Toxics Air Monitoring Stations
Program (UATMP) (TAMS)


Dichlorodifluoromethane -- -- 13.9 47 0.9
Methylene chloride 16.3 07 4.3 19.4 47 0.6
1,2-Dichloroethane 36.2 31 1.6 -- -- --
1,1,1-Trichloroethane 14.1 44 1.0 10.6 47 2.0
Benzene 12.3 56 1.6 4.4 47 1.5
Trichloroethene 12.8 08 1.3 -- -- --
Toluene 14.7 76 3.1 3.4 47 3.1
Tetrachloroethene 36.2 12 0.8 -- -- --
Chlorobenzene 20.3 21 0.9 -- -- --
Ethylbenzene 14.6 32 0.7 5.4 47 0.5
m-Xylene 14.7 75 4.0 5.3 47 1.5
Styrene 22.8 59 1.1 8.7 47 0.2
o-Xylene -- -- 6.0 47 0.5
p-Xylene --
1,3-Dichlorobenzene 49.1 06 0.6 -- -- --
1,4-Dichlorobenzene 14.7 14 6.5 -- -- --


2 2


Denotes the number of replicate or duplicate analysis used to generate the statistic.  The replicate precision is1


 defined as the mean ratio of absolute difference to the average value.
Styrene and o-xylene coelute from the GC column used in UATMP.  For the TAMS entries, both values were2


 below detection limits for 18 of 47 replicates and were not included in the calculation.


TABLE 6.  AUDIT ACCURACY (AA) VALUES  FOR SELECTED 1


COMPENDIUM METHOD TO-14A COMPOUNDS


Selected Compounds From TO-14A List FY-88 TAMS AA(%), N=30 FY-88 UATMP AA(%), N=3


Vinyl chloride 4.6 17.9
Bromomethane -- 6.4
Trichlorofluoromethane 6.4 --
Methylene chloride 8.6 31.4
Chloroform -- 4.2
1,2-Dichloroethane 6.8 11.4
1,1,1-Trichloroethane 18.6 11.3
Benzene 10.3 10.1
Carbon tetrachloride 12.4 9.4
1,2-Dichloropropane -- 6.2
Trichloroethene 8.8 5.2
Toluene 8.3 12.5
Tetrachloroethene 6.2 --
Chlorobenzene 10.5 11.7
Ethylbenzene 12.4 12.4
o-Xylene 16.2 21.2


Audit accuracy is defined as the relative difference between the audit measurement result and its nominal value divided by1


the nominal value.  N denotes the number of audits averaged to obtain the audit accuracy value.  Information is not available
for other TO-14A compounds because they were not present in the audit materials.
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Figure 1.  Sampler configuration for subatmospheric pressure or pressurized canister sampling.







VOCs Method TO-15


January 1999 Compendium of Methods for Toxic Organic Air Pollutants Page 15-49


Figure 2.  Electrical pulse circuits for driving Skinner magnelatch solenoid valve with
mechanical timer.
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Figure 3.  Alternative sampler configuration for pressurized canister sampling.
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Figure 4.  Illustration of three stages of dry purging of adsorbent trap.
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Figure 6.  Simplified diagram of a quadrupole mass spectrometer.


Figure 7.  Simplified diagram of an ion trap mass spectrometer.
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COMPENDIUM METHOD TO-15
CANISTER SAMPLING FIELD TEST DATA SHEET


A.GENERAL INFORMATION 


SITE LOCATION:  SHIPPING DATE:  


SITE ADDRESS:  CANISTER SERIAL NO.:  


SAMPLER ID:  


SAMPLING DATE:  OPERATOR:  


CANISTER LEAK


CHECK DATE:  


B. SAMPLING INFORMATION


TEMPERATURE PRESSURE


INTERIOR AMBIENT MAXIMUM MINIMUM CANISTER PRESSURE


START


STOP


SAMPLING TIMES FLOW RATES


LOCAL TIME ELAPSED TIME MANIFOLD CANISTER FLOW
METER READING FLOW RATE FLOW RATE CONTROLLER


READOUT


START


STOP


SAMPLING SYSTEM CERTIFICATION DATE:  
QUARTERLY RECERTIFICATION DATE:  


C. LABORATORY INFORMATION


DATA RECEIVED:  
RECEIVED BY:  
INITIAL PRESSURE:  
FINAL PRESSURE:  
DILUTION FACTOR:  
ANALYSIS


GC-FID-ECD DATE:  
GC-MSD-SCAN DATE:  
GC-MSD-SIM DATE:  


RESULTS*:  


GC-FID-ECD:  
GC-MSD-SCAN:  
GC-MSD-SIM:  


SIGNATURE/TITLE


Figure 9.  Canister sampling field test data sheet (FTDS).
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Figure 10.  Canister cleaning system.
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Figure 11.  Canister analysis utilizing GC/MS/SCAN/SIM analytical system with optional flame ionization detector with
6-port chromatographic valve in the sample desorption mode.  


[Alternative analytical system illustrated in Figure 16.]
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Figure 12.  Example of humid zero air test results for a clean sample canister
(a) and a contaminated sample canister (b).
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Figure 13.  Diagram of design for internal standard addition.
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Figure 14.  Water method of standard preparation in canisters.
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Figure 15.  Diagram of the GC/MS analytical system.
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METHOD TO-17


Determination of Volatile Organic Compounds in Ambient Air Using
Active Sampling Onto Sorbent Tubes


1.  Scope


1.1  This document describes a sorbent tube/thermal desorption/gas chromatographic-based monitoring method
for volatile organic compounds (VOCs) in ambient air at 0.5 to 25 parts per billion (ppbv) concentration levels.
Performance criteria are provided as part of the method in Section 14.  EPA has previously published
Compendium Method TO-1 describing the use of the porous polymer Tenax® GC for sampling nonpolar VOCs
and Compendium Method TO-2 describing the use of carbon molecular sieve for highly volatile, nonpolar
organics (1).  Since these methods were developed, a new generation of thermal desorption systems as well as
new types of solid adsorbents have become available commercially.  These sorbents are used singly or in
multisorbent packings.  Tubes with more than one sorbent, packed in order of increasing sorbent strength are used
to facilitate quantitative retention and desorption of VOCs over a wide volatility range.  The higher molecular
weight compounds are retained on the front, least retentive sorbent; the more volatile compounds are retained
farther into the packing on a stronger adsorbent.  The higher molecular weight compounds never encounter the
stronger adsorbents, thereby improving the efficiency of the thermal desorption process.


1.2  A large amount of data on solid adsorbents is available through the efforts of the Health and Safety
Laboratory, Health and Safety Executive (HSE), Sheffield, United Kingdon (UK).  This group has provided
written methods for use of solid adsorbent packings in monitoring workplace air.  Some of their documents on
the subject are referenced in Section 2.2.  Also, a table of information on safe sampling volumes from their
research is provided in Appendix 1.


1.3  EPA has developed data on the use of solid sorbents in multisorbent tubes for concentration of VOCs from
the ambient air as part of its program for methods development of  automated gas chromatographs.  The
experiments required to validate the use of these sorbent traps include capture and release efficiency studies for
given sampling volumes.  These studies establish the validity of using solid adsorbents for target sets of VOCs
with minimal (at most one hour) storage time.  Although questions related to handling, transport and storage of
samples between the times of sampling and analysis are not addressed, these studies provide information on safe
sampling volumes.  Appendix 2 delineates the results of sampling a mixture of humidified zero air and the target
VOCs specified in the Compendium Method TO-14 (2) using a specific multisorbent. 


1.4  An EPA workshop was convened in November of 1995 to determine if a consensus could be reached on the
use of solid sorbent tubes for ambient air analysis.  The draft method available at the workshop has evolved
through several reviews and modifications into the current document.  The method is supported by data reported
in the scientific literature as cited in the text, and by recent experimental tests performed as a consequence of the
workshop (see Table 1).  


1.5  The analytical approach using gas chromatography/mass spectroscopy (GC/MS) is identical to that
mentioned in Compendium Method TO-15 and, as noted later, is adapted for this method once the sample has
been thermally desorbed from the adsorption tube onto the focusing trap of the analytical system.
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1.6  Performance criteria are given in Section 14 to allow acceptance of data obtained with any of the many
variations of sampling and analytical approaches. 


2.  Summary of Method


2.1  The monitoring procedure involves pulling a volume of air through a sorbent packing to collect VOCs
followed by a thermal desorption-capillary GC/MS analytical procedure.  


2.2  Conventional detectors are considered alternatives for analysis subject to the performance criteria listed in
Section 14 but are not covered specifically in this method text.


2.3  Key steps of this method are listed below.


2.3.1  Selection of a sorbent or sorbent mix tailored for a target compound list, data quality objectives and
sampling environment.


2.3.2  Screening the sampling location for VOCs by taking single tube samples to allow estimates of the
nature and amount of sample gases.


2.3.3  Initial sampling sequences with two tubes at nominally 1 and 4 liter total sample volumes (or
appropriate proportional scaling of these volumes to fit the target list and monitoring objectives).


2.3.4  Analysis of the samples and comparison to performance criteria.
2.3.5  Acceptance or rejection of the data.
2.3.6  If rejection, then review of the experimental arrangement including repeat analysis or repeat analysis


with backup tubes and/or other QC features.


[Note:  EPA requires the use of distributed volume pairs (see Section14.4) for monitoring to insure high
quality data.  However, in situations where acceptable data have been routinely obtained through use of
distributed volume pairs and the ambient air is considered well characterized, cost considerations may
warrant single tube sampling.  Any attendant risk to data quality objectives is the responsibility of the
project’s decision maker.]


2.4  Key steps in sample analysis are listed below.


2.4.1  Dry purge of the sorbent tube with dry, inert gas before analysis to remove water vapor and air.  The
sorbent tube can be held at temperatures above ambient for the dry purge. 


2.4.2  Thermal desorption of the sorbent tube (primary desorption).
2.4.3  Analyte refocusing on a secondary trap.
2.4.4  Rapid desorption of the trap and injection/transfer of target analytes into the gas chromatograph


(secondary desorption).
2.4.5  Separation of compounds by high resolution capillary gas chromatography (GC).
2.4.6  Measurement by mass spectrometry (MS) or conventional GC detectors (only the MS approach is


explicitly referred to in Compendium Method TO-17; an FID/ECD detector combination or other GC detector
can be used if Section 14 criteria are met.  However, no explicit QA guidelines are given here for those
alternatives).
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2.5  The target compound list (TCL) is the same as listed in Compendium Method TO-15 (i.e., subsets of the 97
VOCs listed as hazardous pollutants in Title III of the Clean Air Act Amendments of 1990).  Only a portion of
these compounds has been monitored by the use of solid adsorbents.  This method provides performance criteria
to demonstrate acceptable performance of the method (or modifications of the method) for monitoring a given
compound or set of compounds.


3.  Significance


3.1  This method is an alternative to the canister-based sampling and analysis methods that are presented in
Compendium Methods TO-14 and TO-15 and to the previous sorbent-based methods that were formalized as
Compendium Methods TO-1 and TO-2.  All of these methods are of the type that include sampling at one
location, storage and transport of the sample, and analysis at another, typically more favorable site.


3.2  The collection of VOCs in ambient air samples by passage through solid sorbent packings is generally
recognized to have a number of advantages for monitoring.  These include the following:


• The small size and light weight of the sorbent packing and attendant equipment.


• The placement of the sorbent packing as the first element (with the possible exception of a filter or
chemical scrubber for ozone) in the sampling train so as to reduce the possibility of contamination from
upstream elements.


• The availability of a large selection of sorbents to match the target set of compounds including polar VOC.


• The commercial availability of thermal desorption systems to release the sample from the sorbent and into
the analytical system.


• The possibility of water management using a combination of hydrophobic sorbents (to cause water
breakthrough while sampling); dry gas purge of water from the sorbent after sampling; and splitting of the
sample during analysis.


• The large amount of literature on the use of sorbent sampling and thermal desorption for monitoring of
workplace air, particularly the literature from the Health and Safety Executive in the United Kingdom.


3.3  Accurate risk assessment of human and ecological exposure to toxic VOCs is an important goal of the U.
S. Environmental Protection Agency (EPA) with increased emphasis on their role as endocrine disrupters.
Accurate data is fundamental to reaching this goal.  The portability and small size of typical sampling packages
for sorbent-based sampling and the wide range of sorbent choices make this monitoring approach appealing for
special monitoring studies of human exposure to toxic gases and to use in network monitoring to establish
prevalence and trends of toxic gases.  Microenvironmental and human subject studies are typical of applications
for Compendium Method TO-17.


3.4  Sorbent-based monitoring can be combined with canister-based monitoring methods, on-site autoGC
systems, open path instrumentation, and other specialized point monitoring instruments to address most
monitoring needs for volatile organic gases.  More than one of these approaches can be used simultaneously as
a means to check and insure the quality of the data being produced.
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3.5  In the form specified in Compendium Method TO-17, sorbent sampling incorporates the distributed volume
pair approach that provides inherently defensible data to counter questions of sample integrity, operator
performance, equipment malfunction during sampling, and any other characteristic of sample collection that is
not linear with sampling volume.


3.6  In keeping with the consensus of EPA scientists and science advisors, the method is performance-based such
that performance criteria are provided.  Any modification of the sorbent approach to monitoring for VOCs can
be used provided these criteria are met.


4.  Applicable Documents


4.1  ASTM Standards


• Method D1356 Definition of Terms Relating to Atmospheric Sampling and Analysis
• Method E260 Recommended Practice for General Gas Chromatography
• Method E355 Practice for Gas Chromatography Terms and Relationships


4.2  EPA Documents


• Technical Assistance Document for Sampling and Analysis Toxic Organic Compounds in Ambient Air,
U. S. Environmental Protection Agency, EPA-600/4-83-027, June 1983.


• Quality Assurance Handbook for Air Pollution Measurement Systems, U. S. Environmental Protection
Agency, EPA-600/R-94-038b, May 1994.


• Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:  Methods
TO-1 and TO-2, U. S. Environmental Protection Agency, EPA 600/4-84-041, April 1984.


• Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:  Method
TO-14, Second Supplement, U. S. Environmental Protection Agency, EPA 600/4-89-018, March 1989.


• Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air:  Method
TO-15, U. S. Environmental Protection Agency, EPA 625/R-96-010b, January 1997.


4.3  Other Documents


• MDHS 3 - Generation of Test Atmospheres of Organic Vapors by the Syringe Injection Technique,
Methods for the Determination of Hazardous Substances (MDHS), Health and Safety
Laboratory, Health and Safety Executive, Sheffield, UK.


• MDHS 4 - Generation of Test Atmospheres of Organic Vapors by the Permeation Tube Method,
Methods for the Determination of Hazardous Substances (MDHS), Health and Safety
Laboratory, Health and Safety Executive, Sheffield, UK.


• MDHS 72 - Volatile Organic Compounds in Air, Methods for the Determination of Hazardous
Substances (MDHS), Health and Safety Laboratory, Health and Safety Executive,
Sheffield, UK.


• TAD - Technical Assistance Document (TAD) on the Use of Solid Sorbent-based Systems for
Ambient Air Monitoring, Perkin Elmer Corp., 50 Danbury Rd., Wilton, CT 06897, USA.
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5.  Definitions


[Note:  Definitions used in this document and any user-prepared Standard Operating Procedures (SOPs)
should be consistent with those used in ASTM D1356.  All abbreviations and symbols are defined within this
document at the point of first use.]


5.1  Thermal Desorption-the use of heat and a flow of inert (carrier) gas to extract volatiles from a solid or
liquid matrix directly into the carrier gas and transfer them to downstream system elements such as the analytical
column of a GC.  No solvent is required. 


5.2  Two-stage Thermal Desorption-the process of thermally desorbing analytes from a solid or liquid matrix,
reconcentrating them on a focusing tube and then rapidly heating the tube to ?inject” the concentrated compounds
into the GC system in a narrow band of vapor compatible with high resolution capillary gas chromatography.


5.3  Sorbent Tube (Also referred to as ‘tube’ and ‘sample tube’)-stainless steel, glass or glass lined (or fused
silica lined) stainless steel tube, typically 1/4 inch (6 mm) O.D. and of various lengths, with the central portion
packed with greater than 200 mg of solid adsorbent material, depending on density and packing bed length.  Used
to concentrate VOCs from air.


5.4  Focusing Tube-narrow (typically <3mm I.D.) tube containing a small bed of sorbent, which is maintained
near or below ambient temperature and used to refocus analytes thermally desorbed from the sorbent tube.  Once
all the VOCs have been transferred from the sorbent tube to the focusing tube, the focusing tube is heated very
rapidly to transfer the analytes into the capillary GC analytical column in a narrow band of vapor.


5.5  Cryogen (Also referred to as ‘cryogenic fluid’)-typically liquid nitrogen, liquid argon, or liquid carbon
dioxide.  In the present context, cryogens are used in some thermal desorption systems to cool the focusing tube.


5.6  High Resolution Capillary Column Chromatography-conventionally describes fused silica capillary
columns with an internal diameter of 320 µm or below and with a stationary phase film thickness of 5 µm or less.


5.7  Breakthrough Volume (BV)-volume of air containing a constant concentration of analyte which may be
passed through a sorbent tube before a detectable level (typically 5%) of the analyte concentration elutes from
the nonsampling end.  Alternatively, the volume sampled when the amount of analyte collected in a back-up
sorbent tube reaches a certain percentage (typically 5%) of the total amount collected by both sorbent tubes.
These methods do not give identical results.  For purposes in the document the former definition will be used.


5.8  Retention Volume (RV)-the volume of carrier gas required to move an analyte vapor plug through the short
packed column which is the sorbent tube.  The volume is determined by measuring the carrier gas volume
necessary to elute the vapor plug through the tube, normally measured at the peak response as the plug exits the
tube.  The retention volume of methane is subtracted to account for dead volume in the tube.
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5.9  Safe Sampling Volume (SSV)-usually calculated by halving the retention volume (indirect method) or
taking two-thirds of the breakthrough volume (direct method), although these two approaches do not necessarily
give identical results.  The latter definition is used in this document.


5.10  Sorbent Strength—term used to describe the affinity of sorbents for VOC analytes.  A stronger sorbent
is one which offers greater safe sampling volumes for most/all VOC analytes relative to another, weaker sorbent.
Generally speaking, sorbent strength is related to surface area, though there are exceptions to this.  The SSVs of
most, if not all, VOCs will be greater on a sorbent with surface area ?10n” than on one with a surface area of ?n”.
As a general rule, sorbents are described as ?weak” if their surface area is less than 50 m g  (includes Tenax®,2 -1


Carbopack™/trap C, and Anasorb® GCB2), ?medium strength” if the surface area is in the range 100-500 m g2 -1


(includes Carbopack™/trap B, Anasorb® GCBI and all the Porapaks and Chromosorbs listed in Tables 1 and
2) and ?strong” if the surface area is around 1000 m g  (includes Spherocarb®, Carbosieve™ S-III, Carboxen™2 -1


1000, and Anasorb® CMS series sorbents.)


5.11  Total Ion Chromatogram (TIC)-chromatogram produced from a mass spectrometer detector operating
in full scan mode.


5.12  MS-SCAN-mode of operation of a GC mass spectrometer detector such that all mass ions over a given
mass range are swept over a given period of time.


5.13  MS -SIM-mode of operation of a GC mass spectrometer detector such that only a single mass ion or a
selected number of discrete mass ions are monitored.


5.14  Standard Sorbent (Sample) Tube-stainless steel, glass or glass lined (or fused silica lined) stainless steel
tube, 1/4 inch (6 mm) O.D. and of various lengths, with the central portion packed with $200 mg of solid
adsorbent material depending on sorbent density.  Tubes should be individually numbered and show the direction
of flow.


5.15  Time Weighted Average (TWA) Monitoring-if air is sampled over a fixed time period - typically 1,3,
8 or 24 hours, the time weighted average atmospheric concentration over the monitoring period may be calculated
from the total mass of analyte retained and the specific air volume sampled.  Constraints on breakthrough
volumes make certain combinations of sampling time and flow rates mutually exclusive.


6.  Overview of Methodology


[Note:  The following is intended to provide a simple and straightforward method description including the
example of a specific sampling problem.  Although specific equipment is listed, the document is intended only
as an example and equipment mentioned in the text is usually only one of a number of equally suitable
components that can be used.  Hence trade names are not meant to imply exclusive endorsement for sampling
and analysis using solid sorbents.  Later sections in the text give guidance as to what considerations should
be made for a number of VOC monitoring applications.]
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6.1  Selection of Tube and Sorbent


6.1.1  Select a tube and sorbent packing for the sampling application using guidance from Tables 1 and 2 on
sorbent characteristics as well as guidance from Appendix 1 and Table 3 on safe sampling volumes and
breakthrough characteristics of sorbents.  


6.1.2  As an example, assume the TCL includes a subset of the compounds shown in Table 3.  In this case,
the multisorbent tube chosen consists of two sorbents packed in a 1/4 inch O.D., 3.5" long glass tube in the
following order and amounts: 160 mg of Carbopack™ graphitized carbon black (60/80 mesh) and 70 mg of
Carboxen™-1000 type carbon molecular sieve (60/80 mesh).  This is an example of Tube Style 2 discussed
Section 9.1.3.2.


6.1.3  Pack the tube with the adsorbent by using the guidance provided in Section 10.1 or buy a prepacked
tube from a supplier.  In the example, tubes were purchased from Supelco Inc., Supelco Park, Bellefonte, PA
16823-0048.


6.2  Conditioning the Tube


6.2.1  Condition newly packed tubes for at least 2 hours (30 mins for preconditioned, purchased tubes) at
350EC while passing at least 50 mL/min of pure helium carrier gas through them. 


[Note:  Other sorbents may require different conditioning temperatures - see Table 2 for guidance.]


Once conditioned, seal the tube with brass, 1/4 inch Swagelok® -type fittings and PTFE ferrules.  Wrap the
sealed tubes in uncoated aluminum foil and place the tubes in a clean, airtight, opaque container.  


6.2.2  A package of clean sorbent material, e.g. activated charcoal or activated charcoal/silica gel mixture,
may be added to the container to ensure clean storage conditions.  


6.2.3  Store in a refrigerator (organic solvent-free) at 4EC if not to be used within a day.  On second and
subsequent uses, the tubes will generally not require further conditioning as above.  However, tubes with an
immediate prior use indicating high levels of pollutant trace gases should be reconditioned prior to continued
usage.  


6.3  Sampling Apparatus


6.3.1  Select a sampling apparatus with accommodations for two sampling tubes capable of independent
control of sampling rate at a settable value in the range 10 to 200 mL/min.  Laboratory and field blanks must also
be included in the monitoring exercise.  


6.3.2  Backup tubes may be required to determine the cause of any problem if performance criteria, outlined
in Section 14, are not met.


6.4  Sampling Rates


6.4.1  Select sampling rates compatible with the collection of 1 and 4 liter total sample volume (or of
proportionally lower/higher sampling volumes).  


6.4.2  Air samples are collected over 1 hour with a sampling rate of 16.7 mL/min and 66.7 mL/min,
respectively.  
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6.5  Preparing for Sample Collection


6.5.1  At the monitoring location, keep the tubes in their storage and transportation container to equilibrate
with ambient temperature.  


6.5.2  Using clean gloves, remove the sample tubes from the container, take off their caps and attach them
to the sampling lines with non-outgassing flexible tubing.  Uncap and immediately reseal the required number
of field blank tubes.  


6.5.3  Place the field blank tubes back in the storage container.  If back-up tubes are being used, attach them
to the sampling tubes using clean, metal Swagelok® type unions and combined PTFE ferrules.


6.6  Set the Flow Rates


6.6.1  Set the flow rates of the pump using a mass flow monitor.  
6.6.2  The sampling train includes, from front to back, an in-line particulate filter (optional), an ozone


scrubber (optional), a sampling tube, a back-up tube if any is being used, and a flow controller/pump
combination.  


6.6.3  Place the mass flow monitor in line after the tube.  Turn the pump on and wait for one minute.
Establish the approximate sampling flow rate using a dummy tube of identical construction and packing as the
sampling tube to be used.  Record on Field Test Data Sheet (FTDS), as illustrated in Figure 1.


6.6.4  Place the sampling tubes to be used on the sampling train and make final adjustments to the flow
controller as quickly as possible to avoid significant errors in the sample volume. 


6.6.5  Adjust the flow rate of one tube to sample at 16.7 mL/min.  Repeat the procedure for the second tube
and set the flow rate to 66.7 mL/min.  Record on FTDS.


6.7  Sample and Recheck Flow Rates


6.7.1  Sample over the selected sampling period (i.e., 1-hour).  Recheck all the sampling flow rates at the end
of the monitoring exercise just before switching off each pump and record on FTDS.  


6.7.2  Make notes of all relevant monitoring parameters including locations, tube identification numbers,
pump flow rates, dates, times, sampled volumes, ambient conditions etc. on FTDS.


6.8  Reseal the Tubes


6.8.1  Immediately remove the sampling tubes with clean gloves, recap the tubes with Swagelok® fittings
using PTFE ferrules, rewrap the tubes with uncoated Al foil, and place the tubes in a clean, opaque, airtight
container.  


6.8.2  If not to be analyzed during the same day, place the container in a clean, cool (<4EC), organic solvent-
free environment and leave there until time for analysis.


6.9  Selection of Thermal Desorption System


6.9.1  Select a thermal desorption system using the guidance provided in Section 8.
6.9.2  Place the thermal unit in a ready operational status.  
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6.10  Dry Purge the Tubes and Prepare for Thermal Desorption


6.10.1  Remove the sampling tubes, any backup tubes being used, and  blanks from the storage area and allow
the tubes to come to room temperature.  Using clean gloves, remove the Swagelok®-type fittings and dry purge
the tubes with a forward (sampling direction) flow of, for example, 50 mL/min of dry helium for 4 minutes (see
Section 7.2 concerning dry purging).


[Note:  Do not dry purge the laboratory blanks.] 


6.10.2  Reseal the tubes with Teflon® (or other) caps compatible with the thermal desorber operation.  Place
the sealed tubes on the thermal desorber (e.g., Perkin Elmer Model ATD 400 Automated System or equivalent).
Other thermal desorbers may have different arrangements for automation.  Alternatively, use equivalent manual
desorption.


6.11  Check for System Integrity


6.11.1  Check the air tightness of the seals and the integrity of the flow path.
6.11.2  Guidance is provided in Section 11.2 of this document.


6.12  Repurge of Tube on the Thermal Desorber/Addition of Internal Standard


6.12.1  Because of tube handling after dry purge, it may be necessary to repurge each of the tubes with pure,
dry helium (He) before analysis in order to eliminate any oxygen.  


6.12.2  If the initial dry purge can be performed on the thermal desorber so as to prevent any further exposure
of the sorbent to air, then this step is not necessary.  Proceed with the addition of an internal standard to the
sorbent tube or the focusing tube.  


6.13  Thermally Desorb the Packing


6.13.1  Reverse the flow direction of He gas, set the flow rate to at least 30 mL/min, and heat the tube to
325EC (in this case) to achieve a transfer of VOCs onto a focusing tube at a temperature of 27EC. Thermal
desorption continues until all target species are transferred to the focusing trap.  The focusing trap is typically
packed with 20 mg of Carbopack™ B (60/80 mesh) and 50 mg of a Carboxen™ 1000-type sorbent (60/80
mesh).


6.14  Trap Desorption and GC/MS Analysis


6.14.1  After each tube is desorbed, rapidly heat the focusing trap (to 325EC in this example) and apply a
reverse flow of at least 3 mL/min of pure helium carrier gas.  Sample splitting is necessary to accommodate the
capillary column.  Analytes are transferred to the column in a narrow band of vapor. 


6.14.2  The GC run is initiated based on a time delay after the start of thermal desorption.  The remaining
part of the analytical cycle is described in Section 3 of Compendium Method TO-15.


6.15  Restoring the Tubes and Determine Compliance with Performance Standards
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6.15.1  When tube analysis is completed, remove the tubes from the thermal desorber and, using clean gloves,
replace the Teflon® caps with Swagelok fittings and PTFE ferrules, rewrap with aluminum foil, replace in the
clean, airtight container, and re-store the tubes in a cool environment (<4EC) until the next use.


6.15.2  Using previously prepared identification and quantification subroutines, identify the target compounds
and document the amount of each measured compound (refer to the Section 3 of Compendium Method TO-15).
Compare the results of analysis for the distributed volume pair taken during each sampling run and use the
comparison to determine whether or not the performance criteria for individual sampling events have been met.
Also examine the results of any laboratory blanks, field blanks, and any backup tube being used.  Accept or reject
the data based on the performance criteria (see Section 14).


6.16  Record and Store Data


6.16.1  Accurately retrieve field data (including the tube identification number) from the FTDS.  The data
should include a sampling site identifier, time of sample initiation, duration of sampling, air pump identification,
flow rate, and other information as appropriate.   


6.16.2  Store GC/MS data in a permanent form both in hard copy in a notebook and in digital form on a disk.
Also store the data sheet with the hard copy.


[Note:  Sections 7 through 14 below elaborate on the method by providing important information and
guidance appropriate to explain the method as outlined in Section 6 and also to generalize the method for
many applications.  Section 14 gives the performance criteria for the method.]


7.  Interferences and Limitations


7.1  Interference from Sorbent Artifacts


7.1.1  Minimizing Artifact Interference.
7.1.1.1  Stringent tube conditioning (see Section 10.2.1) and careful tube capping and storage procedures


(see Section 10.2.2) are essential for minimizing artifacts.  System and sorbent tube conditioning must be carried
out using more stringent conditions of temperature, gas flow and time than those required for sample analysis.


7.1.1.2  A reasonable objective is to reduce artifacts to 10% or less of individual analyte masses
retained during sampling.  A summary of VOC levels present in a range of different atmospheric environments
and the masses of individual components collected from 1, 2 or 10 L samples of air in each case is presented in
Table 4.


7.1.1.3  Given that most ambient air monitoring is carried out in areas of poor air quality, for example in
urban, indoor and factory fenceline environments where VOC concentrations are typically above 1 ppb, Table 4
demonstrates that the mass of each analyte retained will, therefore, range from ~5 ng to ~10 Fg in most
monitoring situations.  Even when monitoring 'ultraclean' environments, analyte masses retained will usually
exceed 0.1 ng (3).


7.1.1.4  Typical artifact levels for 1/4 inch O.D. tubes of 3.5" length range from 0.01 ng and 0.1 ng for
carbonaceous sorbents and Tenax® respectively.  These levels compare well with the masses of analytes collected
- even from sub-ppb atmospheric concentrations (see Table 4).  Artifact levels are around 10 ng for
Chromosorb® Century series and other porous polymer sorbents.  However, these types of sorbents can still be
used for air monitoring at low ppb levels if selective or mass spectrometer detectors are used or if the blank
profile of the tube demonstrates that none of the sorbent artifacts interfere analytically with the compounds of
interest.
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7.1.1.5  Some varieties of charcoal contain metals which will catalyze the degradation of some organic
analytes during thermal desorption at elevated temperatures thus producing artifacts and resulting in low analyte
recoveries.  


7.1.2  Artifacts from Long-term Storage of Blank Tubes.
7.1.2.1  Literature reports of the levels of artifacts on (a) Carbotrap/pack™ C, Carbotrap/pack™ B and


Carbosieve™ SIII multi-bed tubes and (b) Tenax® GR tubes, by workers sealing the tubes using metal
Swagelok®-type caps and PTFE ferrules with multi-tube, glass storage jars are reported to be between 0.01 ng
[after 1-2 months (4)] and 0.1 ng [after 6 months (5)] for (a) and (b) respectively.


7.1.2.2  Artifact levels reported for other porous polymers are higher - for example 5 ng for Chromosorb
106 after 1 week (5).  More information is given in the Technical Assistance Document (TAD) referred to in
Section 4.3.


7.1.3  Artifacts Generated During Sampling and Sample Storage.
7.1.3.1  Benzaldehyde, phenol and acetophenone artifacts are reported to be formed via oxidation of the


polymer Tenax® when sampling high concentration (100-500 ppb) ozone atmospheres (6).
7.1.3.2  Tenax® should thus be used with an ozone scrubber when sampling low levels (<10 ppb) of these


analytes in areas with appreciable ozone concentrations.  Carbotrap™/pack type sorbents have not been reported
to produce this level of artifact formation.  Once retained on a sorbent tube, chemically stable VOCs, loaded in
laboratory conditions, have been shown to give good recoveries, even under high ozone concentrations for storage
of a year or more (7-9).


7.2  Minimizing Interference from Water


7.2.1  Selection of Hydrophobic Sorbents
7.2.1.1  There are three preferred approaches to reducing water interference during air monitoring using


sorbent tubes.  The first is to minimize water collection by selecting, where possible, a hydrophobic sorbent for
the sample tube.


7.2.1.2  This is possible for compounds ranging in volatility from n-C5 (see SSVs listed in Appendix 1).
Tenax®, Carbotrap™ or one of the other hydrophobic sorbents listed in Table 2 should be used.


[Note:  It is essential to ensure that the temperature of the sorbent tube is the same and certainly not lower
than ambient temperature at the start of sampling or moisture will be retained via condensation, however
hydrophobic the sorbent.]


7.2.2  Sample Splitting
7.2.2.1  If the sample loading is high, it is usually possible to eliminate sufficient water to prevent analytical


interference by using sample splitting (10).
7.2.2.2  Sample may be split either (1) between the focusing trap and the capillary column (single splitting)


during trap (secondary) desorption or (2) between both the tube and the focusing trap during primary (tube)
desorption and between the focusing trap and the column during secondary (trap) desorption (see Section 8.2.3)
(double splitting).  It may, in fact, be necessary to split the sample in some cases to prevent overloading the
analytical column or detector.


7.2.3  Dry Purge
7.2.3.1  The third water management method  is to ?dry purge” either the sorbent tube itself or the focusing


trap or both (11-13).  Dry purging the sample tube or focusing trap simply involves passing a volume of pure,
dry, inert gas through the tube from the sampling end, prior to analysis.
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7.2.3.2  The tube can be heated while dry purging at slightly elevated temperatures (11).  A trap packing
combination and a near ambient trapping temperature must be chosen such that target analytes are quantitatively
retained while water is purged to vent from either the tube or trap.


7.3  Atmospheric Pollutants not Suitable for Analysis by this Method


7.3.1  Inorganic gases not suitable for analysis by this method are oxides of carbon, nitrogen and sulfur, O3


and other permanent gases.  Exceptions include CS  and N O.2 2


7.3.2  Other pollutants not suitable are particulate pollutants, (i.e., fumes, aerosols and dusts) and compounds
too labile (reactive) for conventional GC analysis.


7.4  Detection Limits and Maximum Quantifiable Concentrations of Air Pollutants


7.4.1  Detection limits for atmospheric monitoring vary depending on several key factors.  They are:


• Minimum artifact levels.
• GC detector selection.
• Volume of air sampled.  The volume of air sampled is in turn dependent upon a series of variables


including SSVs (see Section 10.8, Table 1 and Appendix 1), pump flow rate limitations and time-
weighted-average monitoring time constraints.


7.4.2  Generally speaking, detection limits range from sub-part-per-trillion (sub-ppt) for halogenated species
such as CCl  and the freons using an electron capture detector (ECD) to sub-ppb for volatile hydrocarbons in 14


L air samples using the GC/MS operated in the full SCAN mode.
7.4.3  Detection limits are greatly dependent upon the proper management of water for GC capillary analysis


of volatile organics in air using sorbent technology (14).


7.5  Suitable Atmospheric Conditions


7.5.1  Temperature range.
7.5.1.1  The normal working range for sorbent packing is 0-40EC (8).
7.5.1.2  In general, an increase in temperature of 10ºC will reduce the breakthrough volume for sorbent


packings by a factor of 2. 
7.5.2  Humidity.


7.5.2.1  The capacity of the analytical instrumentation to accommodate the amount of water vapor
collected on tubes is usually the limitation in obtaining successful results, particularly for GC/MS applications.
This limitation can be extreme, requiring the use of a combination of water management procedures (see Section
7.2).


7.5.2.2  The safe sampling volumes of VOCs on hydrophobic adsorbents such as Tenax®, other porous
polymers, Carbotrap™ and Carbopack™ are relatively unaffected by atmospheric humidity.  Spherocarb® or
carbonized molecular sieve type sorbents such as Carbosieve™ SIII and the Carboxens® are affected by high
humidity, however, and SSVs should typically be reduced by a factor of 10 at 90-95% RH (8).  Hydrophilic
zeolite molecular sieves cannot be used at all at high humidity.


7.5.3  Wind speeds.
7.5.3.1  Air movement is not a factor indoors or outdoors at wind speeds below 10 miles per hour (<20


km per hour).
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7.5.3.2  Above this speed, tubes should be orientated perpendicular to the prevailing wind direction and
should be sheltered from the direct draft if wind speeds exceed 20 miles per hour (30-40 km per hour) (see
Section 10.5).


7.5.4  High concentrations of particulates.
7.5.4.1  It may be necessary to connect a particulate filter (e.g., a 2 micron Teflon® filter or short clean


tube containing a loose plug of clean glass wool) to the sampling end of the tube in areas of extremely high
particulate concentrations.


7.5.4.2  Some compounds of interest may, however, be trapped on the Teflon® or on the glass wool.
Particulates trapped on the sorbent tube have the potential to act as a source or sink for volatiles, and may remain
on the tube through several cycles of sampling and desorption.  Frequent replacement of the particulate filter is
therefore recommended.


8.  Apparatus Selection and Preparation


8.1  Sample Collection


8.1.1  Selection of Tube Dimensions and Materials.
8.1.1.1  The most extensively used sorbent tubes are 1/4 inch O.D. stainless steel or 6 mm O.D. stainless


steel or glass.  Different suppliers provide different size tubes and packing lengths; however, 3.5 inch long tubes
with a 6 cm sorbent bed and 1/4 inch O.D. stainless steel (see Figure 2) were used to generate the SSV
information presented in Appendix 1.


8.1.1.2  As an approximate measure, for sorbents contained in equal diameter tubes the breakthrough
volume is proportional to the bed-length (weight) of sorbent.  Therefore, doubling the bed-length would
approximately double the SSV (15).


8.1.1.3  Stainless steel (304 or “GC” grade) is the most robust of the commonly available tube materials
which include, in addition, glass, glass-lined, and fused silica lined tubing.  Tube material must be chosen to be
compatible with the specifics of storage and transport of the samples.  For example, careful attention to packaging
is required for glass tubes.


8.1.2  Tube Labeling.
8.1.2.1  Label sample tubes with a unique identification number and the direction of sampling flow.


Stainless steel tubes are most conveniently labeled by engraving.  Glass tubes are best labeled using a temperature
resistant paint.  If empty sample tubes are obtained without labels, it is important to label and condition them
before they are packed with adsorbent.


8.1.2.2  Recondition prepacked, unlabeled tubes after the tube labeling process and record the blank
chromatogram from each tube.  Record in writing the details of the masses and/or bed lengths of sorbent(s)
contained in each tube, the maximum allowable temperature for that tube and the date each tube was packed or
repacked.


8.1.3  Blank and Sampled Tube Storage Apparatus.
8.1.3.1  Seal clean, blank sorbent tubes and sampled tubes using inert, Swagelok®-type fittings and PTFE


ferrules.  Wrap capped tubes individually in uncoated aluminum foil.  Use clean, sealable glass jars or metal cans
containing a small packet of activated charcoal or activated charcoal/silica gel for storage and transportation of
multiple tubes.  Store the multi-tube storage container in a clean environment at 4EC.


8.1.3.2  Keep the sample tubes inside the storage container during transportation and only remove them
at the monitoring location after the tubes have reached ambient temperature.  Store sampled tubes in a refrigerator
at 4EC inside the multi-tube container until ready for analysis.  







Method TO-17 VOCs


Page 17-14 Compendium of Methods for Toxic Organic Air Pollutants January 1999


[Note: The atmosphere inside the refrigerator must be clean and free of organic solvents.]


8.1.4  Selection of Sampling Pumps.
8.1.4.1  The selected monitoring pump(s) should be capable of operating in the range 10 to 200 mL/min.


Label the pumps with a unique identification number and operate them according to manufacturer’s guidelines.
8.1.4.2  Constant mass flow type pumps are ideal for air monitoring as they deliver a constant flow rate


for a wide range of tube impedances.  They thus compensate for moderate impedance variations between the
sorbent tubes in use.  The pump should meet US criteria for intrinsic safety where applicable.  Connect the pump
to the non-sampling end of the sample tube by means of flexible, nonoutgassing tubing.


8.1.5  Parallel Sampling onto Multiple Tubes with a Single Pump.
8.1.5.1  Select a sample collection system for collecting samples onto 2 tubes in parallel.
8.1.5.2  If a single pump is used for both tubes, ensure that the flow rates will be controlled at a constant


flow rate during sampling and that the two flow rates can be independently controlled and stabilized.
8.1.6  Apparatus for Calibrating the Pumped Air Flow.


8.1.6.1  Calibrate the pump with the type of sorbent tube to which it will be connected during the
monitoring exercise.  Use the actual sampling tube to fine tune the sampling flow rate at the start of sample
collection.


8.1.6.2  Use a flow meter certified traceable to NIST standards.
8.1.7  Sorbent Tube Protection During Air Sample Collection.


8.1.7.1  Protect sorbent tubes from extreme weather conditions using shelters constructed of inert
materials.  The shelter must not impede the ingress of ambient air. 


8.1.7.2  If the atmosphere under test contains significant levels of particulates - fume, dust or aerosol,
connect a Teflon® 2-micron filter or a (metal, glass, glass-lined or fused silica lined stainless) tube containing
a short plug of clean glass wool prior to the sampling end of the tube and using inert, Swagelok®-type fittings
and PTFE ferrules for fitting connections.


8.2  Apparatus


8.2.1  Essential Sample Protection Features of the Thermal Desorption Apparatus.
8.2.1.1  As thermal desorption is generally a one shot process, (i.e., once the sample is desorbed it cannot


readily be reinjected or retrieved), stringent sample protection measures and thorough preanalysis system checks
must form an integral part of the thermal desorption-GC procedure and should be systematically carried out. 


8.2.1.2  The sample integrity protection measures and preanalysis checks required include:


• Sealed tubes.  Sample tubes awaiting analysis on an automated desorption system must be completely
sealed before thermal desorption to prevent ingress of VOC contaminants from the laboratory air and to
prevent losses of weakly retained analytes from the tube.


• Inert and heated sample flow path. To eliminate condensation, adsorption and degradation of analytes
within the analytical system, the sample flow path of manual and automated thermal desorbers should be
uniformly heated (minimum temperature range 50E - 150EC) between the sample tube and the GC
analytical column.  The components of the sample flow path should also, as far as possible, be constructed
of inert materials, i.e., deactivated fused silica, glass lined tubing, glass, quartz and PTFE. 


• Tube leak testing.  This activity must not jeopardize sample integrity.
• Leak testing of the sample flow path.  This activity must not jeopardize sample integrity.
• System purge.  Stringent, near-ambient temperature carrier gas purge to remove oxygen.
• Analytical system.  ?Ready” status checks. 
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8.2.2  Thermal Desorption Apparatus.
8.2.2.1  Two-stage thermal desorption is used for the best high resolution capillary chromatography (i.e.,


analytes desorbed from the sorbent tube must be refocused before being rapidly transferred to the GC analytical
column).  One type of  analyte refocusing device which has been successfully used is a small sorbent trap (17).
One cryogen-free trap cooling option is to use a multistage Peltier electrical cooler (18,19).


8.2.2.2  Closed cycle coolers are also available for use.  At its low temperature, the trap must provide
quantitative analyte retention for target compounds as well as quantitative and rapid desorption of target analytes
as high boiling as n-C .  The peak widths produced must be compatible with high resolution capillary gas12


chromatography.
8.2.2.3  Typical key components and operational stages of a two-stage desorption system are presented


in Figure 3(a) - (f) and a stepwise description of the thermal desorber operation is presented in Section 11.3.
8.2.3  Sample Splitting Apparatus.


8.2.3.1  Sample splitting is often required to reduce water vapor interference, for the analysis of relatively
high concentration (>10 ppb level) air samples, when large volume air samples are collected, or when sensitive
selective detectors are in use.


8.2.3.2  Sample splitting is one of the three key approaches to water management detailed in this method
(see Section 7.2).  Moisture management by sample splitting is applicable to relatively high concentrations ($10
ppb) or large volume air samples or to analyses employing extremely sensitive detectors - for example, using the
ECD for low levels of tetrachloroethylene.  In these cases the masses of analytes retained by the sorbent tube
when monitoring such atmospheres is large enough to allow, or even require, the selection of a high split ratio
(>10:1) during analysis to avoid overloading the analytical column or detector.  The mass of water retained by
the sorbent tube during sample collection may be sufficiently reduced by the split alone to eliminate the need for
further water management steps.


8.2.4  The Thermal Desorber - GC Interface.
8.2.4.1  Heat the interface between the thermal desorber and the GC uniformly.  Ensure that the interface


line is leak tight and lined with an inert material such as deactivated fused silica.
8.2.4.2  Alternatively, thread the capillary column itself through the heated transfer line/interface and


connected directly into the thermal desorber.


[Note:  Use of a metal syringe-type needle or unheated length of fused silica pushed through the septum of
a conventional GC injector is not recommended as a means of interfacing the thermal desorber to the
chromatograph.  Such connections result in cold spots, cause band broadening and are prone to leaks.] 


8.2.5  GC/MS Analytical Components.  This method uses the GC/MS description as given in Compendium
Method TO-15, Section 7.


8.3  Tube Conditioning Apparatus


8.3.1  Tube Conditioning Mode
8.3.1.1  Condition freshly packed tubes using the analytical thermal desorption apparatus if it supports


a dedicated ‘tube conditioning mode’ (i.e., a mode in which effluent from highly contaminated tubes is directed
to vent without passing through key parts of the sample flow path such as the focusing trap).


8.3.2  Stand Alone System
8.3.2.1  If such a tube conditioning mode is not available, use separate stand-alone tube conditioning


hardware.
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8.3.2.2  The tube conditioning hardware must be leak-tight to prevent air ingress, allow precise and
reproducible temperature selection (±5EC), offer a temperature range at least as great as that of the thermal
desorber and support inert gas flows in the range of 50 to 100 mL/min. 


[Note: Whether conditioning is carried out using a special mode on the thermal desorber or using separate
hardware, pass effluent gases from freshly packed or highly contaminated tubes through a charcoal filter
during the process to prevent desorbed VOCs polluting the laboratory atmosphere.] 


9.  Reagents and Materials


9.1  Sorbent Selection Guidelines


9.1.1  Selection of Sorbent Mesh Size.  
9.1.1.1  Sieved sorbents of particle size in the range 20 to 80 mesh should be used for tube packing.
9.1.1.2  Specific surface area of different sorbents is provided in Table 2.


9.1.2  Sorbent Strength and Safe Sampling Volumes.
9.1.2.1  Many well-validated pumped and diffusive sorbent tube sampling/thermal desorption methods


have been published at the relatively high atmospheric concentrations (i.e., mid-ppb to ppm) typical of workplace
air and industrial/mobile source emissions (8, 20-30).


9.1.2.2  These methods show that SSVs are unaffected by analyte concentrations far in excess of the 25
ppb upper limit of this method.  The effect of humidity on SSVs is discussed in Section 7.5 and Table 2.


9.1.2.3  Select a sorbent or series of sorbents of suitable strength for the analytes in question from the
information given in Tables 1 and 2 and Appendices 1 and 2.  Where a number of different sorbents fulfill the
basic safe sampling volume criteria for the analytes in question, choose that (or those) which are hydrophobic
and least susceptible to artifact formation.  Keep the field sampling volumes to 80% or less of the SSV of the
least well-retained analyte.  Using one of the two procedures given in Section 10.8, check the safe sampling
volumes for the most volatile analytes of interest on an annual basis or once every twenty uses of the sorbent
tubes whichever occurs first. 


9.1.3  Three General-Purpose 1/4 Inch or 6 mm O.D. Multi-Bed Tube Types.  


[Note:  The three general-purpose tubes presented in this section are packed with sorbents in the mesh size
range of 20-80 mesh.  The difference in internal diameter between standard glass and stainless steel tubes
will result in different bed volumes (weights) for the same bed length.]


9.1.3.1  Tube Style 1 consists of 30 mm Tenax®GR plus 25 mm of Carbopack™ B separated by 3 mm
of unsilanized, preconditioned glass or quartz wool.  Suitable for compounds ranging in volatility from n-C  to6


n-C  for air volumes of 2 L at any humidity.  Air volumes may be extended to 5 L or more for compounds20


ranging in volatility from n-C .7


9.1.3.2  Tube Style 2 consists of 35 mm Carbopack™ B plus 10 mm of Carbosieve™ SIII or Carboxen™
1000 separated by glass/quartz wool as above.  Suitable for compounds ranging in volatility from n-C  to n-C3 12


(such as ?Compendium Method TO-14 air toxics”) for air volumes of 2 L at relative humidities below 65% and
temperatures below 30EC.  At humidities above 65% and ambient temperatures above 30EC, air volumes should
be reduced to 0.5 L.  Air volumes may be extended to 5 L or more for species ranging in volatility from n-C .4


A dry purge procedure or a large split ratio must be used during analysis when humid air has been sampled on
these tubes.
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9.1.3.3  Tube Style 3 consists of 13 mm Carbopack™ C, 25 mm Carbopack™ B plus 13 mm of
Carbosieve™ SIII or Carboxen™ 1000 all separated by 3 mm plugs of glass/quartz wool as above.  Suitable for
compounds ranging in volatility from n-C  to n-C  for air volumes of 2 L at relative humidities below 65 percent3 16


and temperatures below 30EC.  At humidities above 65 percent and ambient temperatures above 30EC, air
volumes should be reduced to 0.5 L.  Air volumes may be extended to 5 L or more for compounds ranging in
volatility from n-C .  A dry purge procedure or a large split ratio must be used during analysis when humid air4


has been sampled on these tubes.


[Note: These multi-bed tubes are commercially available prepacked and preconditioned if required.]


[Note:  These general purpose multi-bed tubes are only recommended for monitoring unknown atmospheres
or wide volatility range sets of target analytes.  Most routine monitoring of industrial air (for example at
factory fencelines) only involves monitoring a few specific target analytes such as benzene, toluene,
ethylbenzene, and xylenes (BTEX), carbon disulfide (CS ) or 1,1,1-trichloroethane.  Single-bed sorbent tubes2


selected from the options listed in Appendix 1 are typically used in these cases.] 


[Note:  In the interests of minimizing water retention it is advisable to stick to hydrophobic (i.e., weak and
medium strength) sorbents whenever possible; this generally is the case when components more volatile than
n-C  are not of interest.]6


9.2  Gas Phase Standards


9.2.1  Standard Atmospheres.
9.2.1.1  Standard atmospheres must be stable at ambient pressure and accurate (±10%).  Analyte


concentrations and humidities should be similar to those in the typical test atmosphere.  Standard atmospheres
must be sampled onto conditioned sorbent tubes using the same pump flow rates as used for field sample
collection.


9.2.1.2  If a suitable standard atmosphere is obtained commercially, manufacturer*s recommendations
concerning storage conditions and product lifetime should be rigidly observed.


9.2.2  Concentrated, Pressurized Gas Phase Standards.
9.2.2.1  Use accurate (± 5%), concentrated gas phase standards in pressurized cylinders such that a 0.5 -


5.0 mL gas sampling volume (GSV) loop contains approximately the same masses of analytes as will be collected
from a typical air sample.  Introduce the standard onto the sampling end of conditioned sorbent tubes using at
least ten times the loop volume of pure helium carrier gas to completely sweep the standard from the GSV.


9.2.2.2  Manufacturer*s guidelines concerning storage conditions and expected lifetime of the concentrated
gas phase standard should be rigidly observed.


9.3  Liquid Standards


9.3.1  Solvent Selection.
9.3.1.1  If liquid standards are to be loaded onto sorbent tubes for calibration purposes, select a solvent


for the standard that is pure (contaminants <10% of minimum analyte levels) and that, if possible, is considerably
more volatile than the target analytes.  This then allows the solvent to be purged and eliminated from the tube
during the standard preparation process.


9.3.1.2  Methanol most commonly fills these criteria.  If the target analyte range includes very volatile
components, it will not be possible to do this.  In these cases, select a pure solvent which is readily
chromatographically resolved from the peaks/components of interest (ethyl acetate is commonly used) or use a
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gas phase standard.  Test the purity of the solvent by comparing an analysis of the prepared standard with an
analysis of pure solvent under identical chromatographic conditions.


9.3.2  Liquid Standard Concentrations.
9.3.2.1  Liquid standards should be prepared so that the range of analyte masses introduced onto the tubes


is in the same order as the range of masses expected to be collected during sampling. 
9.3.2.2  Concentrations of benzene in urban air may be expected to range from 0.5-25 ppb.  Thus if 5 L


air samples were to be collected at approximately 25EC, the masses of benzene collected would range from
around 8 ng (0.5 ppb level) to around 400 ng (25 ppb level).


[Note:  The above calculation was derived from Boyle*s law (i.e., 1 mole of gas occupies around 25 L at 25EC
and 760 mm Hg).


• 25 L of pure benzene vapor contains 78 g benzene
• 5 L of pure benzene vapor contains 15.6 g benzene
• 5 L of a 1 ppm benzene atmosphere contains 15.6 Fg benzene
• 5 L of a 100 ppb benzene atmosphere contains 1560 ng benzene
• 5 L of a 1 ppb benzene atmosphere contains 15.6 ng benzene.]


9.3.3  Loading Liquid Standards onto Sorbent Tubes.
9.3.3.1  Introduce 0.1 - 10 FL aliquots of the liquid standards onto the sampling end of conditioned sorbent


tubes using a conventional 1/4 inch GC packed column injector and a 1, 5 or 10 FL syringe.  The injector is
typically unheated with a 100 mL/min flow of pure carrier gas.  The solvent and analytes should completely
vaporize and pass onto the sorbent bed in the vapor phase.  It may be necessary to heat the injector slightly
(typically to 50EC) for analytes less volatile than n-C  to ensure that all the liquid vaporizes.12


9.3.3.2  The sample tube should remain attached to the injector until the entire standard has been swept
from the injector and onto the sorbent bed.  If it has been possible to prepare the liquid standard in a solvent
which will pass through the sorbent while analytes are quantitatively retained (for example, methanol on Tenax®
or Carbopack™ B), the tube should not be disconnected from the injector until the solvent has been eliminated
from the sorbent bed - this takes approximately 5 minutes under the conditions specified.  Once the tube has been
disconnected from the injector, it should be capped and placed in an appropriate storage container immediately.


[Note:  In cases where it is possible to purge the solvent from the tube while quantitatively retaining the
analytes, a 5-10 FL injection should be made as this can usually be introduced more accurately than smaller
volumes.  However, if the solvent is to be retained in the tube, the injection volume should be as small as
possible (0.5 - 1.0 FL) to minimize solvent interference in the subsequent chromatogram.]


9.3.3.3  This method of introducing liquid standards onto sorbent tubes via a GC injector is considered
the optimum approach to liquid standard introduction as components reach the sorbent bed in the vapor phase
(i.e., in a way which most closely parallels the normal air sample collection process).  Alternatively, liquid
standards may be introduced directly onto the sorbent bed via the non-sampling end of the tube using a
conventional GC syringe.


[Note:  This approach is convenient and works well in most cases, but it may not be used for multi-bed tubes
or for wide boiling range sets of analytes and does not allow solvent to be purged to vent.]
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9.4  Gas Phase Internal Standards


9.4.1  The ideal internal standard components are:


• chemically similar to the target analytes
• extremely unlikely to occur naturally in the atmosphere under test
• readily resolved and distinguished analytically from the compounds of interest
• stable in the vapor phase at ambient temperature
• compatible with metal and glass surfaces under dry and humid conditions
• certified stable in a pressurized form for a long time period (i.e., up to 1 year).
9.4.2  Deuterated or fluorinated hydrocarbons usually meet all these criteria and make perfect internal


standards for MS based systems.  Typical compounds include deuterated toluene, perfluorobenzene and
perfluorotoluene.  Multiple internal standards should be used if the target analytes cover a very wide volatility
range or several different classes of compound.


9.4.3  Obtain a pressurized cylinder containing accurate (±5%) concentrations of the internal standard
components selected.  Typically a 0.5 to 5.0 mL volume of this standard is automatically introduced onto the back
of the sorbent tube or focusing trap after the tube has passed preliminary leak tests and before it is thermally
desorbed.  The concentration of the gas should be such that the mass of internal standard introduced from the
GSV loop is approximately equivalent to the mass of analytes which will be sampled onto the tube during sample
collection.  For example, a 1 L air sample with average analyte concentrations in the order of 5 ppb, would require
a 10 ppm internal standard, if only 0.5 mL of the standard is introduced in each case. 


9.5  Commercial, Preloaded Standard Tubes


9.5.1  Certified, preloaded commercial standard tubes are available and should be used for auditing purposes
wherever possible to establish analytical quality control (see Section 14).  They may also be used for routine
calibration.  Suitable preloaded standards should be accurate within ±5% for each analyte at the microgram level
and ±10% at the nanogram level.


9.5.2  The following information should be supplied with each preloaded standard tube:


• A chromatogram of the blank tube before the standard was loaded with associated analytical conditions
and date.


• Date of standard loading
• List of standard components, approximate masses and associated confidence levels
• Example analysis of an identical standard with associated analytical conditions (these should be the same


as for the blank tube)
• A brief description of the method used for standard preparation
• Expiration date


9.6  Carrier Gases


Inert, 99.999% or higher purity helium should be used as carrier gas.  Oxygen and organic filters should be
installed on the carrier gas lines supplying the analytical system.  These filters should be replaced regularly
according to the manufacturer’s instructions. 
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10.  Guidance on Sampling and Related Procedures


10.1  Packing Sorbent Tubes


10.1.1  Commercial Tubes
10.1.1.1  Sorbent tubes are commercially available either prepacked and preconditioned or empty.
10.1.1.2  When electing to purchase empty tubes and pack/condition them as required, careful attention


must be paid to the appropriate manufacturer’s instructions.
10.1.2  Tube Parameters


10.1.2.1  Key parameters to consider include:


• Sorbent bed positioning within the tube.  The sampling surface of the sorbent bed is usually positioned
at least 15 mm from the sampling end of the tube to minimize sampling errors due to diffusive ingress.
The position of the sorbent bed must also be entirely within that section of the tube which is surrounded
by the thermal desorption oven during tube desorption.


• Sorbent bed length.  The sorbent bed must not extend outside that portion of the tube which is directly
heated by the thermal desorption oven.


• Sorbent mesh size.  20 to 80 mesh size sorbent is recommended to prevent excessive pressure drop across
the tube which may cause pump failure.  It is always recommended that sorbents be sieved to remove
?fines” (undersized particles) before use.


• Use of appropriate sorbent bed retaining hardware inside the tube.  Usually 100 mesh stainless steel
gauzes and retaining springs are used in stainless steel tubes and unsilanized, preconditioned glass or
quartz wool in glass tubes.


• Correct conditioning procedures.  See Table 2 and Section 10.2.
• Bed separation.  If a single tube is to be packed with two or three different sorbents, these must be kept


in discreet beds separated by ~3 mm length plugs of unsilanized, preconditioned glass or quartz wool or
glass fiber disks and arranged in order of increasing sorbent strength from the sampling end of the tube.
Do not use sorbents of widely different maximum temperatures in one tube or it will be difficult to
condition the more stable sorbents without exceeding the maximum recommended temperature of the less
stable sorbents.


[Note: Silanized glass or quartz wool may be used for labile species such as sulfur or nitrogen containing
compounds but should not be taken to temperatures above 250EC.]


• Compression of bed.  The sorbent bed must not be compressed while packing the tube. Compression of
the sorbent can lead to excessive tube impedance and may produce ?fines”.


10.1.2.2  Tubes packed with porous polymer sorbents (Chromosorbs®, Porapaks® and Tenax®) should
be repacked after 100 thermal cycles or if the performance criteria cannot be met.  Tubes packed with
carbonaceous sorbents such as Spherocarb®, Carbotrap™, Carbopack™, Carbosieve™ SIII and Carboxens®
should be repacked every 200 thermal cycles or if the safe sampling volume validation procedure fails.
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10.2  Conditioning and Storage of Blank Sorbent Tubes


10.2.1  Sorbent Tube Conditioning.
10.2.1.1  The success of sorbent tube sampling for ppb and sub-ppb level air monitoring is largely


dependent on artifact levels being at significantly lower levels (<10%) than the masses of analytes collected
during air monitoring.  A summary of recommended conditioning parameters for various individual sorbents and
multibed tubes is given in Table 2.  1/4 inch O.D. sorbent tubes may be adequately conditioned using elevated
temperatures and a flow of ultra-pure inert gas.  Washing or any other preconditioning of the bulk sorbent is not
usually necessary.  Appropriate, dedicated tube conditioning hardware should be used for tube conditioning unless
the thermal desorption system offers a separate tube conditioning mode.


10.2.1.2  The tube conditioning temperatures and gas flows recommended in Table 2 should be applied
for at least 2 hours when a tube is packed with fresh adsorbent or when its history is unknown.


Sorbent tubes which are:


• desorbed to completion during routine analysis (as is normally the case)
• stored correctly (see Section 10.2.2) 
• re-issued for air sampling within 1 month (1 week for Chromosorb®, Tenax® and Porapak® porous


polymers)
• and are to be used for atmospheres with analytes at the 10 ppb level or above


do not usually require any reconditioning at all before use.  However, tubes to be used for monitoring at lower
levels should be both reconditioned for 10-15 minutes using the appropriate recommended conditioning
parameters and put through a ?dummy” analysis using the appropriate analytical conditions to obtain blank
profiles of each tube before they are issued for sampling.


10.2.1.3  Analytical system conditioning procedures are supplied by system manufacturers.  Generally
speaking, both system and sorbent tube conditioning processes must be carried out using more stringent
conditions of temperature, gas flow and time than those required for sample analysis - within the maximum
temperature constraints of all the materials and equipment involved. 


10.2.2  Capping and Storage of Blank Tubes.
10.2.2.1  Blank tubes should be capped with ungreased, Swagelok®-type, metal screw-caps and combined


PTFE ferrules.  The screw caps should be tightened by hand and then an extra 1/4 turn with a wrench.  If uncoated
aluminum foil is required, tubes should be wrapped individually.


10.2.2.2  Batches of blank, sealed tubes should be stored and transported inside a suitable multi-tube
container.


10.3  Record Keeping Procedures for Sorbent Tubes


Sample tubes should be indelibly labeled with a unique identification number as described in Section 8.1.2.
Details of the masses and/or bed lengths of sorbent(s) contained in each tube, the maximum allowable
temperature for that tube and the date each tube was packed should be permanently recorded.  A record should
also be made each time a tube is used and each time the safe sampling volume of that tube is retested so that its
history can be monitored.  If a tube is repacked at any stage, the records should be amended accordingly. 
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10.4  Pump Calibration and Tube Connection


10.4.1  Tube Deployment
10.4.1.1  Once at ambient temperature, remove the tubes from the storage container, uncap and connect


them to the monitoring pumps as quickly as possible using clean, non-outgassing flexible tubing.  Multi-bed
sorbent tubes must be orientated so that the air sample passes through the series of sorbents in order of increasing
sorbent strength (i.e., weaker sorbent first).  This prevents contamination of the stronger adsorbent with less
volatile components.


10.4.1.2  In all cases the sampling end of the tube must be clearly identified and recorded. 
10.4.1.3  A typical sampling configuration for a distributed volume pair of sampling tubes is shown in


Figure 4.
10.4.2  Pump Calibration


10.4.2.1  Pumps should be calibrated according to the manufacturer’s instructions, preferably at the
monitoring location immediately before sampling begins or, alternatively, in a clean environment before the tubes
and pumps are transported to the monitoring site.  The apparatus required is described in Section 8.1.6.  Details
of the pump flow rate delivered with a given identified tube and the flow rate, stroke rate or pressure selected on
the pump itself should be recorded together with the date.


10.4.2.2  The pump flow rate should be retested at the end of each sampling period to make sure that a
constant pump rate was maintained throughout the sample collection period.  The flow rate measured at the end
of sampling should agree within 10% with that measured at the start of the sampling period for the sample to be
considered valid and the average value should be used.


10.5  Locating and Protecting the Sample Tube


The sampling points of individual sorbent tubes or sequential tube samplers should not be unduly influenced by
nearby emission sources unless the emission source itself is specifically being monitored.  Common sense
generally determines the appropriate placement.  Field notes on the relative location of known emission sources
should be part of the permanent record and identified on the FTDS.  Some shelter or protection from high winds
(see Section 8.1.7) other extreme weather conditions and high levels of particulates is required for the sample tube
if it is to be left unattended during the monitoring period.


10.6  Selection of Pump Flow Rates and Air Sample Volumes


10.6.1  Flow Rate Selection
10.6.1.1  For 1/4 inch O.D. tubes, 50 mL/min is the theoretical optimum flow rate (31).  However,


negligible variation in retention volume will in fact be observed for pump flow rates varying from 5 to
200 mL/min.  Pump flow rates above 10 mL/min are generally used in order to minimize errors due to ingress
of VOCs via diffusion.  Flow rates in excess of 200 mL/min are not recommended for standard 1/4-inch sample
tubes unless for short term (e.g. 10 minute) monitoring (21).


[Note:  High sampling flow rates can be used longer term for high boiling materials such as low level, vapor
phase polychlorinated biphenyls (PCBs) and polycyclic aromatic hydrocarbons (PAHs) in air.]


10.6.1.2  One and four liter air sample volumes are recommended for this method if consistent with
anticipated safe sampling volumes.  Adjustments of the flow rates to accommodate low safe sampling volumes
should be made by proportionally reducing both rates with the qualification that the lower flow rate result is no
less than 300 mL total volume.  The 300 mL sample gives adequate detection limits (<0.5 ppb per analyte) with
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full scan mass spectrometry detection for ambient air applications (see Table 4).  Sensitivity is generally enhanced
at least ten-fold if conventional GC detectors or selected ion monitoring are applied.  However; the pump flow
rate, sampling time and consequently air volume selected may be varied to suit the requirements of each
individual air monitoring exercise.


10.6.1.3  Typical example pump flow rates include: 


• 16 mL/min to collect 1 L air samples in 1 hour
• 67 mL/min to collect 4 L air samples in 1 hour
• 10 mL/min to collect 1800 mL air samples over 3 hours 
• 40 mL/min to collect 7200 mL air samples over 3 hours 


10.6.2  Pump Flow Rate Selection
10.6.2.1  The pump flow rate used is dependent upon:


• Safe sampling volume constraints.  The flow rate must be adjusted (within the allowed range) to ensure
that, for the chosen sample collection time, SSVs are not exceeded for any target analyte


• Time weighted average monitoring requirements.  If  long-term - 3, 8 or even 24 hour - time weighted
average data are required, the pump flow rate must be adjusted to ensure SSVs are not exceeded during
the sample collection period.


• GC detection limits.  Within the constraints of safe sampling volumes and pump flow rate limits, air
volumes selected for trace level (ambient) air monitoring, should be maximized such that the largest
possible analyte masses are collected.


10.6.2.2  Typical VOC concentrations and the associated analyte masses retained from a range of different
air sample volumes in various atmospheres are presented in Table 4.


10.7  Sampling Procedure Verification - Use of Blanks, Distributed Volume Pairs, Back-Up Tubes, and
Distributed Volume Sets


10.7.1  Field and Laboratory Blanks
10.7.1.1  Laboratory blanks must be identically packed tubes, from the same batch, with similar history


and conditioned at the same time as the tubes used for sample collection.  At least two are required per monitoring
exercise.  They must be stored in the laboratory in clean controlled conditions (<4EC) throughout the monitoring
program and analyzed at the same time as the samples-- one at the beginning and one at the end of the sequence
of runs.


10.7.1.2  Field blanks are the same as laboratory blanks except that they are transported to and from the
monitoring site, are uncapped and immediately resealed at the monitoring site, but do not actually have air
pumped through them.  One field blank tube is taken for every ten sampled tubes on a monitoring exercise and
no less than two field blanks should be collected, however small the monitoring study.  The field blanks should
be distributed evenly throughout the set of sampled tubes to be analyzed.  Guidance on acceptable performance
criteria for blanks is given in Section 13. 


10.7.2  Distributed Volume Pairs
10.7.2.1  When monitoring for specific analytes using a validated sorbent tube but in an uncharacterized


atmosphere, it is advisable to collect distributed volume tube pairs - e.g. 1 and 4 L samples - in parallel at every
monitoring location as described in Section 6.  If single tube sampling is used to reduce analysis costs, a reduction
in the quality assurance associated with this method has to be assumed.
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10.7.2.2  Back-up tubes (identical to those used for sample collection) should be used to investigate
situations in which distributed volume pairs do not agree within acceptable tolerance.  To use back-up tubes, a
second identical sampling tube is placed in series with a primary (front) tube.  The purpose of the backup tube
is to capture compounds that pass through the primary tube because of breakthrough.  Analysis of the backup
tube may indicate unexpected breakthrough or give evidence of channeling of sample through the tube because
of loose packing.


10.7.2.3  A significant volume of literature exists on the use of distributed volume sets to determine the
occurrence of nonlinearities when different sample volumes are taken from the same sample air mix.  Ideally, the
quantity of material collected scales linearly with sample volume.  If this is not the case, then one of a number
of problems has occurred.  The 4-tube distributed volume developed by Walling, Bumgardner, and co-workers
(32,33) is a method by which sample collection problems can be investigated.


10.8  Determining and Validating Safe Sampling Volumes (SSV)


10.8.1  Field Test Method for Tube Breakthrough.
10.8.1.1  If SSV information is not readily available for the analytes under test on the sorbent tube


selected, or if the safe sampling volumes need validating - the following field experiment may be used.  Link at
least 12 of the sorbent tubes under test together in series to give 6 pairs of tubes.  Use inert, preferably
Swagelok®-type 1/4-inch metal unions with PTFE fittings.  The sampling end of the back up tube should be
connected to the exit end of the front tube in each of the pairs.  The tube pairs are then connected to calibrated
monitoring pumps and used to simultaneously sample at least 3 different air volumes at pump flow rates between
10 and 200 mL/min with 2 replicates at each air sample volume.


10.8.1.2  The experiment should be carried out in the atmosphere to be monitored and, if possible, under
worst-case conditions (i.e., highest natural humidity and highest typical VOC concentrations).  The sampling
points of all the tube pairs should be placed close together to ensure that, as far as possible, tubes are all sampling
the same atmosphere.  The sampling location selected should be well ventilated.  Both the front and back-up tubes
of each tube pair should subsequently be analyzed using thermal desorption - capillary GC.


10.8.1.3  If more than 5% of one or more of the target analytes is observed on any of the back-up tubes,
breakthrough is shown to have occurred at that sample volume.  For practical purposes, the BV for a given
sorbent/analyte combination is usually considered to be the sample volume at which there is 5% breakthrough
of that analyte onto the back-up tube.  The SSV for that analyte/sorbent combination is then taken as two thirds
(~66%) of the BV.


10.8.2  Chromatographic Test of Tube Retention Volume for Individual Analytes
10.8.2.1  Inject 0.5 mg of each analyte into a stoppered ~1L volume glass flask fitted with a septum.


Check that all the analyte has evaporated.
10.8.2.2  Connect the sample tube under test to a 1/4 inch injection port inside a GC oven.  Use 530 Fm,


uncoated fused silica capillary tubing, or other appropriate narrow bore tubing, to connect the other end of the
sample tube to a FID detector.  Use 1/4 inch fittings with graphite ferrules to connect to the sample tube itself.


10.8.2.3  Set a nitrogen carrier gas flow of 50 mL/min through the tube.
10.8.2.4  Inject a 0.1 mL sample of the vapor phase standard onto the tube using a gas syringe.  Adjust


the GC oven temperature so that the analyte peak elutes on the FID between 1 and 20 minutes.
10.8.2.5  Repeat the experiment 4 or 5 times using different GC oven temperatures.  Try to ensure that


at each of the GC temperatures selected, the peak elutes within 1-20 minutes.


[Note:  Use the time from injection to peak crest as the retention time.  This may have to be measured
manually, depending on the type of integrator available.]
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10.8.2.6  Inject a sample of methane to measure the delay time of the system and subtract this from the
analyte retention times determined.


10.8.2.7  Use the flow of nitrogen carrier gas and corrected retention times to calculate the analyte retention
volumes at different sorbent temperatures.


10.8.2.8  A graph of log  retention volume vs. 1/temp(K) should produce a straight line plot which can10


be readily extrapolated to ambient temperatures.  Use this plot to obtain the retention volume.


A SSV for the analyte on that sorbent tube is then derived by halving the calculated retention volume at ambient
temperature.  When required, this experiment should be carried out for the least well retained compound(s) of
interest.


10.9  Resealing Sorbent Tubes After Sample Collection


Sampled tubes should be recapped with the metal, Swagelok®-type caps and combined PTFE ferrules, rewrapped
in the aluminum foil (if appropriate) and replaced in the storage container immediately after sampling.  They
should not be removed from the sampling container until they are in the laboratory and about to be analyzed. 


10.10  Sample Storage


Samples should be refrigerated at <4EC in a clean environment during storage and analyzed within 30 days of
sample collection (within one week for limonene, carene, bis-chloromethyl ether and labile sulfur or nitrogen-
containing volatiles).  Samples taken on tubes containing multiple sorbent beds should be analyzed as soon as
possible after sampling unless it is know in advance that storage will not cause significant sample recovery errors
(see also Section 7.1.3 concerning artifacts). 


11.  Analytical Procedure


11.1  Preparation for Sample Analysis


Follow the description given in Compendium Method TO-15 for  set up of the GC/MS analytical system
including column selection, MS tune requirements, calibration protocols, etc.


11.2  Predesorption System Checks and Procedures


The following sample and system integrity checks and procedures must be carried out manually or automatically
before thermal desorption:


• Dry purge.  Dry purge the batch of sampled, back-up and field blank tubes (do not purge lab blanks).
• Cap.  Cap tubes with PTFE ‘analytical* caps and place on instrument carousel.
• Leak test the tubes.  Each tube must be stringently leak tested at the GC carrier gas pressure, without heat


or gas flow applied, before analysis.  Tubes which fail the leak test should not be analyzed, but should be
resealed and stored intact.  On automated systems, the instrument should continue to leak test and analyze
subsequent tubes after a given tube has failed.  Automated systems should also store a record of which
tubes in a sequence have failed the leak test in battery-protected system memory until the error is
acknowledged by an operator. These measures prevent sample losses and help ensure data quality.
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• Leak test the sample flow path.  All parts of the sample flow path should be stringently leak tested
before each analysis without heat or gas flow applied to the sample tube.  An automatic sequence of tube
desorptions and GC analyses should be halted if any leak is detected in the main sample flow path.


• Purge air.  Purge air from the tube and sample flow path at ambient temperature using carrier gas
immediately before tube desorption.  It helps to dry the sample and prevents analyte and sorbent oxidation
thus minimizing artifact formation, ensuring data quality and extending tube lifetimes.  The focusing trap
should be in-line throughout the carrier gas purge to retain any ultra-volatile analytes “desorbed” from the
tube prematurely. 


• Check GC/MS analytical system ready status.  The “ready” status of the GC, detector(s), data
processor and all parts of the analytical system should be automatically checked by the thermal desorption
device before each tube desorption.  It should not be possible to desorb a tube into the analytical system
if it is not ready to accept and analyze samples.


• Internal standard.  Introduce a gas phase internal standard onto the sorbent tube or focusing trap before
primary (tube) desorption, as an additional check of system integrity (optional).


A series of schematics illustrating these steps is presented in Figure 3, Steps (a) through (f).


11.3  Analytical Procedure


11.3.1  Steps Required for Reliable Thermal Desorption.
11.3.1.1  A stepwise summary of the complete thermal desorption procedure is as follows:


• Predesorption system checks (see Section 11.2).
• Introduction of a fixed volume gas phase internal standard (optional) [see Figure 3, Step (d)].
• Desorption of the sorbent tube (typically 200-300EC for 5-15 minutes with a carrier gas flow of 30-100


mL/min - see Table 2) and refocusing of the target analytes on a focusing trap held at near- ambient or
subambient temperatures [see Figure 3, Step (e)].


[Note: Analytes should be desorbed from the tube in ?backflush” mode, i.e., with the gas flow in the reverse
direction to that of the air flow during sampling].


• Splitting the sample as it is transferred from the tube to the focusing trap (Optional).  This is only required
to prevent column or detector overload due to excess water accumulation or during the analysis of  high
concentration/large volume air samples or when using ultra-sensitive detectors such as the ECD [see
Figure 3, Step (e)].


• Rapid desorption of the focusing trap (typically 40 deg/sec. to a top temperature of 250-350EC, with a
?hold” time of 1-15 mins at the top temperature and an inert/carrier gas flow of 3-100 mL/min) and
transfer of the analytes into the analytical column [see Figure 3, Step (f)].


[Note:  Components should normally be desorbed from the focusing trap in ?backflush” mode, i.e., with the
gas flow through the ‘cold’ trap in the reverse direction to that used during analyte focusing.]


• Splitting the sample as VOCs are transferred from the focusing trap to the analytical column. (Optional).
This is only required to prevent column or detector overload due to excess water accumulation or during
the analysis of  high concentration/large volume air samples or when using ultra-sensitive detectors such
as the ECD [See Figure 3, Step (f)].


• Desorbing the focusing trap initiates the GC run. [See Figure 3, Step (f)].
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• All volatiles should be stripped from the sorbent tubes during the thermal desorption process leaving them
clean and ready for reuse.  The tubes should be resealed to ensure they are kept clean and ready for
immediate reuse while the sequence of tube desorptions and analyses is completed. 


11.3.2  GC/MS Analytical Procedure
11.3.2.1  Once the GC run has been initiated by desorption of the focusing trap, the chromatographic


procedure continues as described in Compendium Method TO-15. 
11.3.2.2  The precision of the analytical system should be tested using six standard tubes all loaded with


a mid-concentration-range standard.  This procedure should be carried out whenever the thermal desorption -
GC/MS analytical method is changed and should be repeated once every tenth series of samples run with an
analytical method or once every three months, whichever happens first.  The report produced from the most recent
precision test should be included with the final batch report generated for each series of samples. 


12.  Calibration of Response


Descriptions of how to load tubes from standard atmospheres, concentrated gas phase standards or liquid
standards are given in Sections 9.2 and 9.3.  Once the tubes are desorbed to the focusing trap and into the
analytical GC/MS system the calibration procedure becomes identical to that presented in Section 3 of
Compendium Method TO-15.  The guidance given in Section 3 of Compendium Method TO-15 concerning
multi-level calibration procedures and calibration frequencies should be followed for this Compendium method.
It is also advisable to analyze a single level calibrant (i.e. tubes loaded with analyte masses in the mid-range of
those expected to be collected during sampling) approximately every tenth sample during an analytical sequence,
as a check on system performance.  All samples processed that exceed the calibration range will require data
qualifiers to be attached to the analytical results.


13.  Quality Assurance


13.1  Validating the Sample Collection Procedure


13.1.1  Blanks.


13.1.1.1  Artifact levels on laboratory and field blanks should be at the low or sub-nanogram level for
carbonaceous sorbents and Tenax® and at the double digit ng level for Porapaks®, Chromosorb® Century series
sorbents and other porous polymers as described in Section 7.1.  If artifact levels are considerably above this,
careful attention must be paid to the tube conditioning and storage procedures described in Sections 10.2.1 and
10.2.2.  Artifact peaks which are 10% or more of the area of average component peaks should be marked as
artifacts in the final data reports.  When monitoring unknown atmospheres, special care must be taken to
distinguish between sorbent artifacts and analytes, using the MS to identify components which are significant in
both blank and sampled tubes.


13.1.1.2  If the same profile/pattern of VOCs is observed on the field blanks as on the sampled tubes and
if the level of these components is 5% or more of the sampled volatiles, careful attention must be paid to the
method of sealing the tubes and other storage procedures in future studies.  If the profile of volatiles on the field
blanks matches that of the sampled tubes and if the areas of the peaks on the field blank are 10% or more of
sampled tube levels, the sampled tube data are invalidated. 
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13.1.2  Routine Checking of Sorbent Tube Safe Sampling Volumes.
13.1.2.1  The SSVs of sorbent tubes should be retested annually or once every 20 uses (whichever happens


first) using one of the procedures described in Section 10.8.
13.1.2.2  If the SSV of a tube (i.e., half the RV or two thirds of the BV) falls below the normal air sample


collection volume for the analytes in question, the tube should be repacked with fresh adsorbent and
reconditioned. 


13.2  Performance Criteria for the Monitoring Pump


Records of the pump flow rate delivered against the pump flow rate, stroke rate or pressure selected on a pump
should be reviewed at least once per three months.  If the performance of any pump has been found to have
changed significantly over that time; for example if completely different pump settings are required to deliver the
same pump flow rate, the pump should be serviced by the manufacturer or their approved agent.


Sampling pump errors can normally be presumed to be in the order of 5% (8).  If the pump sampling flow rate
measured at the end of sample collection varies more than 10% from that measured at the beginning of sample
collection, then that sample is invalidated. 


14.  Performance Criteria for the Solid Adsorbent Sampling of Ambient Air


14.1  Introduction


There are four performance criteria which must be met for a system to qualify under Compendium Method TO-
17.  These criteria closely parallel those of Compendium Method TO-15, “The Determination of Volatile
Organic Compounds (VOCs) in Air Collected in Specially Prepared Canisters and Analyzed by Gas
Chromatography/Mass Spectrometry (GC/MS)”.  These criteria are:


• A method detection limit #0.5 ppb.
• Duplicate (analytical) precision within 20% on synthetic samples of a given target gas or vapor in a typical


target gas or vapor mix in humidified zero air. 
• Agreement within 25% for distributed volume pairs of tubes taken in each sampling set.
• Audit accuracy within 30 percent for concentrations normally expected in contaminated ambient air (0.5


to 25 ppb).  Either mass spectrometry as emphasized here, or specific detectors can be used for analysis.
Details for the determination of each of the criteria follow. 


14.2  Method Detection Limit


The procedure chosen to define the method detection limit is that given in the Code of Federal Regulations
(40CFR136 Appendix B).  The method detection limit is defined for each system by making seven replicate
measurements of a concentration of the compound of interest near the expected detection limit (within a factor
of five), computing the standard deviation for the seven replicate concentrations, and multiplying this value by
3.14 (the Student’s t value for 99 percent confidence for seven values). 
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14.3  Analytical Precision of Duplicate Pairs


The measure of analytical precision used for this method is the absolute value of the relative difference between
two identical samples (same flow rate over the same time period from with a common inlet to the sample volume).
The analytical precision is expressed as a percentage as follows:


where:
X1 = A measurement value taken from one of the two tubes using in sampling.
X2 = A measurement value taken from the second of two tubes using in sampling.


X = Average of X1 and X2.


The analytical precision is a measure of the precision achievable for the entire sampling and analysis procedure
including the sampling and thermal desorption process mentioned above and the analytical procedure that is same
as the TO-15 analytical finish, although specific detector systems can also be used.


14.4  Precision for the Distributed Volume Pair


The measure of precision used for this method is the absolute value of the relative difference between the
distributed volume pair expressed as a percentage as follows:


where:
X1 = One measurement value (e.g., for a defined sample volume of 1 L).
X2 = Duplicate measurement value (e.g., for a defined sample volume of 4 L taken over the same time


period as the first sample).
X = Average of the two values.


There are several factors that may affect the precision of the measurement as defined above.  In fact any factor
that is nonlinear with sample volume may be significant enough to violate the constraint placed on distributed
volume pair precision.  These factors include artifact formation, compound reactions on the sorbent, breakthrough
of target compounds, etc.


14.5  Audit Accuracy


A measure of audit accuracy is the degree of agreement with audit standards.  Audit accuracy is defined as the
relative difference between the measurement result and the nominal concentration of the audit compound: 


Audit Accuracy, % = 


The choice of audit standard is left to the analyst.
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TABLE 3 - LIST OF COMPOUNDS WITH BREAKTHROUGH VOLUMES >5L USING
THE AIR TOXICS TUBE STYLE 2 LISTED IN SECTIONS 6.1.2 AND 9.1.3 


OF COMPENDIUM METHOD TO-17


[Note:  The following list of compounds was determined to have breakthrough volumes of greater than 5 liters
of trace levels in humidified zero air for humidities of 20%, 65% and 90% RH at 25EC.  The tests were
performed immediately prior to the publication of this document at the Research Triangle Institute, Research
Triangle Park, NC as a result of activities leading up to the publication of this document.  Compounds with
an * were not tested at 90% RH.]


 Halocarbon 114  1,2-Dichloroethane
 1,3,5-Trimethylbenzene *Methyl Acetate
 Halocarbon 11  Trichloroethene 
 1,2,4-Trimethylbenzene *Methyl tert-Butyl Ether
 Halocarbon 113  1,2-Dichloropropane 
 Dichlorobenzenes *Methyl Ethyl Ketone
 1,1-Dichloroethene  cis-1,3-Dichloropropene
 1,2,4-Trichlorobenzene *Ethyl Acrylate
 Methylene Chloride  Toluene
 Hexachloro-1,3,-butadiene *Methyl Acrylate
 1,1 Dichloroethane  Trans-1,3-Dichloropropene
*1,3 Butadiene *Methyl Isobutyl Ketone
 cis-1,2-Dichloroethene * Furfural
*Acetonitrile  Tetrachloroethene 
 Chloroform  1,2-Dibromoethane
*Acetone  Chlorobenzene
 1,1,1-Trichloroethane  Ethylbenzene
*2-Propanol  m-Xylene
 Carbon tetrachloride  p-Xylene
*Acrylonitrile  o-Xylene
 Benzene  1,1,2,2-Tetrachloroethane
*Isoprene







Method TO-17 VOCs


Page 17-36 Compendium of Methods for Toxic Organic Air Pollutants January 1999


TABLE 4.  MASS OF AN ANALYTE 'X' COLLECTED FROM 1, 2 OR 10 L AIR SAMPLES AT
DIFFERENT ATMOSPHERIC CONCENTRATIONS 
(ASSUMING 'X' HAS A MOLAR WEIGHT OF 100 g)


Sample type concentration 1 L sample volume 2 L sample volume L sample volume
Typical Mass collected in Mass collected in Mass collected in 10


Fenceline/severe urban area 10-250 ppb 40-1,000 ng 80 ng-2 Fg 0.4-10Fg


Indoor air  sampling 1-100 ppb 4-400 ng 8-800 ng 40 ng-4Fg


Avg. exposure to benzene ~3 ppb 11 ng 22 ng 110 ng


Normal urban area 1-10 ppb 4-40 ng 8-80 ng 40-400 ng


Normal rural area 0.1-1 ppb 0.4-4 ng 0.8-8 ng 4-40 ng


Forested area 0.25-2.5 ppb 1-10 ng 2-20 ng 10-100 ng


Mt. Everest/K2 site 0.025-7.5 ppb 0.1-30 ng 0.2-60 ng 1-300 ng


Arctic on an ultraclean day 15-50 ppt 60-200 pg 0.12-0.4 ng 0.6-2 ng
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COMPENDIUM METHOD TO-17
FIELD TEST DATA SHEET (FTDS)


I.  GENERAL INFORMATION


PROJECT: DATE(S) SAMPLED:
SITE: TIME PERIOD SAMPLED:
LOCATION: OPERATOR:
INSTRUMENT MODEL NO.: CALIBRATED BY:
PUMP SERIAL NO.: RAIN: YES  NO


ADSORBENT CARTRIDGE INFORMATION:


Tube 1 Tube 2
Type:


Adsorbent:
Serial No.:


Sample No.:


II.  SAMPLING DATA


Tube
Identifi-
cation


Sampling
Location


Ambient
Temp.,
EF


Ambient
Pressure,


in Hg


Flow Rate (Q),
mL/min Sampling Period


Total
Sampling


Time,
min.


Total
Sample
Volume,


LTube 1 Tube 2 Start Stop


III.  FIELD AUDIT


Tube 1 Tube 2


Audit Flow Check Within
  10% of Set Point (Y/N)? pre- pre-


post- post-


CHECKED BY:
DATE:


Figure 1.  Compendium Method TO-17 Field Test Data Sheet.
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Figure 2.  Example of construction of commercially available adsorbent tubes.
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Figure 3.  Sequence of operations to thermally desorb the sample from the sorbent tube and transfer
to the gas chromatograph:  (a) tube leak test and (b) leak check flow path.
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Figure 3 (cont).  Sequence of operations to thermally desorb the sample from the sorbent tube and
transfer to the gas chromatograph:  (c) purge to remove air and (d) gas phase internal standard


addition to sample tube.
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Figure 3 (cont).  Sequence of operations to thermally desorb the sample from the sorbent tube and
transfer to the gas chromatograph:  (e) primary (tube) desorption and (f) secondary (trap) desorption.
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Figure 4.  Example of distributive air volume using adsorbent tube technology.
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APPENDIX 1.


The following list includes safe sampling volume data generated by the UK Health and Safety Executive (4) on
single sorbent bed 1/4 inch O.D. stainless steel tubes and compatible with a thermal desorption - capillary GC
analytical procedure. It is provided as a resource to readers only.  The recommendation for Tube Style 2 is based
on the specific tube referenced in Section 6.1.2 and Table 3.  Where tubes are not listed with safe sample volumes
they have not been tested and their inclusion represents a suggestion only.  Application to air sampling is subject
to criteria listed in Section 14 of Compendium Method TO-17. 


[Note:  Combination tubes 1, 2, and 3 referenced in this Appendix are those adsorbent tubes described in
Section 9.1.3.]


Compound Suitable sorbents and SSV’s where available


Hydrocarbons


This procedure is suitable for all aliphatic, aromatic and cyclic hydrocarbons less volatile than ethane and
more volatile than n-C20. These include:


n-Butane CS III, C 1000, Combination Tubes 2 or 3 or Spherocarb (SSV 820L).


n-Pentane CS III, C 1000, Spherocarb (SSV 30,000L), Combination Tubes 2 or 3 or
Chromosorb 106 (SSV 5.5L).


n-Hexane Carbopack™ B, Combination Tubes 1, 2, 3 or Chromosorb 106 (SSV 30L).


Benzene Carbopack™ B, Combination Tubes 1, 2, 3 or Chromosorb 106 (SSV 26L)
or Tenax (SSV 6L).


n-Heptane Carbopack™ B, Tenax (SSV 17L), Combination Tubes 1, 2, 3 or
Chromosorb 106 (SSV 160L).


Toluene Carbopack™ B, Tenax (SSV 38L), Combination Tubes 1, 2, 3 or
Chromosorb 106 (SSV 80L).


n-Octane Carbopack™ B, Tenax (SSV 700L) Combination Tubes 1, 2, 3 or
Chromosorb 106 (SSV 1000L).


Ethylbenzene Carbopack™ B, Tenax (SSV 180L), Combination Tubes 1, 2, 3 or
Chromosorb 106 (SSV 360L).


all Xylenes Carbopack™ B, Tenax (SSV 300L), Combination Tubes 1, 2, 3 or
Chromosorb 106 (SSV 770L).


n-Nonane Carbopack™ C/B, Tenax (SSV 700L), Combination Tubes 1, 2 or 3 or
Chromosorb 106 (SSV 7000L).


Styrene Carbopack™ C/B, Tenax  (SSV 300L) or Combination Tubes 1, 2 or 3.


Isopropylbenzene Carbopack™ C/B, Tenax (SSV 480L) or Combination Tubes 1, 2 or 3.


n-Propylbenzene Carbopack™ C/B, Tenax  (SSV 850L) or Combination Tubes 1, 2 or 3.


1-Methyl-3-ethylbenzene Carbopack™ C/B, Tenax (SSV 1000L) or Combination Tubes 1, 2 or 3.


1-Methyl-4-ethylbenzene Carbopack™ C/B, Tenax (SSV 1000L) or Combination Tubes 1, 2 or 3.
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1,3,5-Trimethylbenzene Carbopack™ C/B, Tenax (SSV 1800L), Combination Tubes 1, 2 or 3 or
Chromosorb 106 (SSV 2800).


Methylstyrene Carbopack™ C/B, Tenax (SSV 1200L) or Combination Tubes 1, 2 or 3.


Methyl-2-ethylbenzene Carbopack™ C/B, Tenax (SSV 1000L) or Combination Tubes 1, 2 or 3.


1,2,4-Trimethylbenzene Carbopack™ C/B, Tenax (SSV 1800L) or Combination Tubes 1, 2 or 3.


n-Decane Carbopack™ C/B, Tenax (SSV 2100L), Combination Tubes 1, 2 or 3 or
Chromosorb 106 (SSV 37,000L).


1,2,3-Trimethylbenzene Carbopack™ C/B, Tenax (SSV 1800L) or Combination Tubes 1, 2 or 3.


n-Undecane Carbopack™ C/B, Tenax (SSV 12,000L) or Combination Tubes 1, 2 or 3.


n-Dodecane Carbopack™ C, Tenax (SSV 63,000L) or Combination Tubes 1 or 3.


Halogenated Hydrocarbons including PCBs


This procedure is suitable for all aliphatic, aromatic and cyclic halogenated hydrocarbons more volatile than
n-C20. Examples include:


Dichloromethane CS III, C 1000, Spherocarb (SSV 200L) or Combination Tubes 2 or 3.


1,2-Dichloroethane CS III, C 1000, Spherocarb, Chrom. 106 (SSV 17L), Carbopack™ B, Tenax
(SSV 5.4L) or Combination Tubes 1, 2 or 3.


1,1,1-Trichloroethane Spherocarb (SSV 8,000L), Chrom. 106 (SSV 8L), Carbopack™ B, or
Combination Tubes 1, 2 or 3.


Carbontetrachloride Chrom. 106 (SSV 22L), Carbopack™ B, Tenax (SSV 6.2L) or Combination
Tubes 1, 2 or 3.


Trichloroethylene Chrom. 106, Carbopack™ B, Tenax (SSV 5.6L) or Combination Tubes 1, 2
or 3.


1,1,2-Trichloroethane Chrom. 106, Carbopack™ B, Tenax (SSV 34L) or Combination Tubes 1, 2
or 3.


Tetrachloroethylene Chrom. 106, Carbopack™ B, Tenax (SSV 48L) or Combination Tubes 1, 2
or 3.


Chlorobenzene Chrom. 106, Carbopack™ B, Tenax (SSV 26L) or Combination Tubes 1, 2
or 3.


1,1,1,2-Tetrachloroethane Chrom. 106, Carbopack™ B, Tenax (SSV 78L) or Combination Tubes 1, 2
or 3.


1,1,2,2-Tetrachloroethane Chrom. 106, Carbopack™ B, Tenax (SSV 170L) or Combination Tubes 1, 2
or 3.
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Alcohols


This procedure is suitable for alcohols more volatile than n-C20 and sufficiently stable to be analyzed by
conventional GC techniques. Examples include:


Methanol CSIII, C1000, Spherocarb (SSV 130L) or Combination Tubes 2 or 3.


Ethanol CSIII, C1000, Spherocarb (SSV 3500L) or Combination Tubes 2 or 3.


n-Propanol Porapak N (SSV 20L), Chrom 106 (SSV 8L), Carbopack™ B or
Combination Tubes 1, 2 or 3.


Isopropanol Chrom 106 (SSV 44L), Carbopack™ B or Combination Tubes 1, 2 or 3.


n-Butanol Chrom 106 (SSV 50L), Carbopack™ B, Porapak N (SSV 5L), Tenax (SSV
5L) or Combination Tubes 1, 2 or 3.


iso-Butanol Chrom 106 (SSV 30L), Carbopack™ B, Tenax (SSV 2.8L) or Combination
Tubes 1, 2 or 3.


Octanol Tenax (SSV 1400L), Carbopack™ C or Combination Tubes 1 or 3.


Esters and Gycol Ethers


This procedure is suitable for all esters and glycol ethers more volatile than n-C20 and sufficiently stable to
be analyzed by conventional GC techniques. Examples include:


Methylacetate Chromosorb 106 (SSV 2.6L), Carbopack™ B or Combination Tubes 1, 2 or
3.


Ethylacetate Chromosorb 106 (SSV 20L), Carbopack™ B, Tenax (SSV 3.6L) or
Combination Tubes 1, 2 or 3.


Propylacetate Chromosorb 106 (SSV 150L), Carbopack™ B, Tenax (SSV 18L) or
Combination Tubes 1, 2 or 3.


Isopropylacetate Chromosorb 106 (SSV 75L), Carbopack™ B, Tenax (SSV 6L) or
Combination Tubes 1, 2 or 3.


Butylacetate Chromosorb 106 (SSV 730L), Carbopack™ B, Tenax (SSV 85L) or
Combination Tubes 1, 2 or 3.


Isobutylacetate Chromosorb 106 (SSV 440L), Carbopack™ B, Tenax (SSV 130L) or
Combination Tubes 1, 2 or 3.


Methyl-t-butyl ether Chromosorb 106 (SSV >6L), Carbopack™ B or Combination Tubes 1, 2 or
3.


t-Butylacetate Chromosorb 106 (SSV 160L), Carbopack™ B or Combination Tubes 1, 2 or
3.


Methylacrylate Chromosorb 106, Carbopack™ B, Tenax (SSV 6.5L) or Combination Tubes
1, 2 or 3.
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Ethylacrylate Chromosorb 106, Carbopack™ B, Tenax (SSV 60L) or Combination Tubes
1, 2 or 3.


Methylmethacrylate Chromosorb 106, Carbopack™ B, Tenax (SSV 27L) or Combination Tubes
1, 2 or 3.


Methoxyethanol Chromosorb 106 (SSV 5L), Carbopack™ B, Tenax (SSV 3L) or
Combination Tubes 1, 2 or 3.


Ethoxyethanol Chromosorb 106 (SSV 75L), Carbopack™ B, Tenax (SSV 5L) or
Combination Tubes 1, 2 or 3.


Butoxyethanol Chromosorb 106, Carbopack™ B, Tenax (SSV 35L) or Combination Tubes
1, 2 or 3.


Methoxypropanol Chromosorb 106, Carbopack™ B, Tenax (SSV 13L) or Combination Tubes
1, 2 or 3.


Methoxyethylacetate Chromosorb 106 (SSV 860L), Carbopack™ B, Tenax (SSV 8L) or
Combination Tubes 1, 2 or 3.


Ethoxyethylacetate Chromosorb 106 (SSV 4000L), Carbopack™ B, Tenax (SSV 15L) or
Combination Tubes 1, 2 or 3.


Butoxyethylacetate Chromosorb 106, Carbopack™ B, Tenax (SSV 150L) or Combination Tubes
1, 2 or 3.


Aldehydes and Ketones


This procedure is suitable for all aldehydes and ketones more volatile than n-C20 and sufficiently stable to
be analyzed using conventional GC techniques. Examples include: 


Acetone CSIII, C1000, Spherocarb, Chrom 106 (SSV 1.5L) or Combination Tubes 2
or 3.


Methylethylketone Chromosorb 106 (SSV 10L), Tenax (SSV 3.2L), Porapak N (SSV 50L)
(2-butanone) Carbopack™ B or Combination Tubes 1, 2 or 3.


n-Butanal Chromosorb 106, Carbopack™ B, Porapak N (SSV 50L) or Combination
Tubes 1, 2 or 3.


Methylisobutylketone Chromosorb 106 (SSV 250L), Tenax (SSV 26L), Carbopack™ B or
Combination Tubes 1, 2 or 3.


Cyclohexanone Chromosorb 106, Tenax (SSV 170L), Carbopack™ B or Combination Tubes
1, 2 or 3.


3,5,5-Trimethylcyclohex-2- Tenax (SSV 5600L), Carbopack™ B or Combination Tubes 1 or 3.
enone


Furfural Tenax (SSV 300L), Carbopack™ B or Combination Tubes 1, 2 or 3.
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Miscellaneous VOCs


This procedure is suitable for the analysis of most VOCs in air. It is generally compatible with all organics
less volatile than ethane, more volatile than n-C20 and sufficiently stable to be analyzed using conventional
GC techniques. Examples include:


Acetonitrile Porapak N (SSV 3.5L), CSIII, C1000 or Combination Tubes 2 or 3.


Acrylonitrile Porapak N (SSV 8L), Carbopack™ B or Combination Tubes 1, 2 or 3.


Propionitrile Porapak N (SSV 11L), Carbopack™ B or Combination Tubes 1, 2 or 3.


Maleic anhydride Tenax (SSV 88L), Chrom. 106, Carbopack™ B or Combination Tubes 1, 2a


or 3.


Pyridine Tenax (SSV 8L), Porapak N (SSV 200L) Chrom. 106, Carbopack™ B or
Combination Tubes 1, 2 or 3.


Aniline Tenax (SSV 220L), Chrom. 106, Carbopack™ B or Combination Tubes 1, 2
or 3.


Nitrobenzene Tenax (SSV 14,000L) Carbopack™ C or Combination Tubes 1 or 3.


Acetic acid Porapak N (SSV 50L), Carbotrap™ B or Combination Tubes 1, 2 or 3.


Phenol Tenax (SSV 240L) or combination tube 1.
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APPENDIX 2.


LINEARITY TESTING OF ONE SORBENT TUBE/FOCUSING TUBE COMBINATION


Introduction


Automated gas chromatographs such as those used at network monitoring stations for hourly updates
of volatile organic compounds (VOCs) have a solid adsorbent concentrator for the VOCs.  This unit is
comparable to the sorbent tubes being discussed in this document.  The table below shows the results of sampling
a synthetic mixture of the Compendium Method TO-14 target list in humidified zero air (approximately 70% RH
at 25EC).  Sampling occurred for 6, 12, and 24 min at a rate of 80 mL/min giving a total sampling volume of 480,
960, and 1920 mL.  These results are similar to the determination of safe sampling volume and the amount of
material collected should be related linearly to the sample period.  The results indicate that breakthrough has not
occurred to any appreciable extent at a sampling volume of approximately 2 L for the stated experimental
conditions.  The response measured is the response of chlorine from an atomic emission detector after
chromatographic separation.  The sorbent tube mix was Carbotrap™ C/Carbotrap™ B/Carboxen™ 1000 and
the focusing tube mix was Tenax-TA/Silica Gel/Ambersorb XE-340/Charcoal.  The primary tube was 6 mm O.D.
with 4 mm I.D., 110 mm in length.  The focusing tube was 6 mm O.D., 0.9 mm I.D., 185 mm in length.  The
packing lengths for the sorbent tube per sorbent type were: 1.27 cm, 2.86 cm, and 3.18 cm, respectively.  The
packing lengths for the focusing tube per sorbent type were: 5.08 cm, 2.54 cm, and 1.27 cm. 


Linearity test


[Note: Actual sampling volumes were 490, 980, and 1960 instead of 1/2,1, and 2L as listed for convenience
in the table below.  The response is obtained as chlorine response on an atomic emission detector.
Compounds corresponding to the numbered compounds in the table are identified on the following page.]


Cpd. 1/2 L 1 L 2 L 2L/1L 2L/(1/2L) 1L/(1/2L) 4


% Diff
(2L/0.5L) vs.


1 1255.4 2402.9 5337.2 2.22 4.25 1.91 -6.28


2 711.82 1802.2 3087 1.71 4.34 2.53 -8.42


3 2079.4 4853 9386 1.93 4.51 2.33 -12.85


4 978.14 2381.3 4680.1 1.97 4.78 2.43 -19.62


6 1155.7 2357.1 4725.2 2.00 4.09 2.04 -2.22


7 3072.8 6764.4 13662 2.02 4.45 2.20 -11.15


8 2337.3 4356.1 8697.2 2.00 3.72 1.86 6.97


9 3041.7 5986.6 11525 1.93 3.79 1.97 5.28


10 1061.7 2183.6 4296.5 1.97 4.05 2.06 -1.17


11 3800.5 7726.7 15182 1.96 3.99 2.03 0.13


12 2386.9 4877.5 9669 1.98 4.05 2.04 -1.27


13 2455.4 5063.5 9986.6 1.97 4.07 2.06 -1.68


14 3972.6 8118.4 15985 1.97 4.02 2.04 -0.60


15 2430.9 4947.9 9756.1 1.97 4.01 2.04 -0.33


16 6155.4 9247.4 16942 1.83 2.75 1.50 31.19
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18 4270.4 9233.8 18721 2.03 4.38 2.16 -9.60


19 2494.8 5115.2 10087 1.97 4.04 2.05 -1.08


20 4023.9 8379.4 16672 1.99 4.14 2.08 -3.58


21 1086.8 2295.4 4611.7 2.01 4.24 2.11 -6.08


22 793.33 1670.1 3375.2 2.02 4.25 2.11 -6.36


23 3708.2 7679 15165 1.97 4.09 2.07 -2.24


26 5094 10582 21139 2.00 4.15 2.08 -3.74


27 1265.1 2615.1 5136.9 1.96 4.06 2.07 -1.51


31 4434.9 9176.4 17975 1.96 4.05 2.07 -1.33


36 2320.7 5015.7 9827.3 1.96 4.23 2.16 -5.87


37 441.17 953.09 1894 1.99 4.29 2.16 -7.33


38 1410.7 3015 5895.2 1.96 4.18 2.14 -4.47


39 2338.7 4974.8 9858.8 1.98 4.22 2.13 -5.39


40 2640.9 6269.4 12495 1.99 4.73 2.37 -18.28


41 6796.5 14938 29274 1.96 4.31 2.20 -7.68


There are no values presented in the above table for hydrocarbons and brominated hydrocarbons (compounds numbered 5, 17, 24, 25,
28, 29, 30, 32, 33, 34, and 35) which do not respond to the chlorine detector used to collect this data.  


Compendium Method TO-14
Target Compound List (TCL)


 1. Dichlorodifluoromethane 22. Trans-1,3-dichloropropene
 2. Methyl Chloride 23. 1,1,2-trichloroethane
 3. 1,2-dichloro-1,1,2,2-tetrafluoroethane 24. Toluene
 4. Vinyl Chloride 25. 1,2-dibromoethane
 5. Methyl Bromide 26. Tetrachloroethene
 6. Ethyl Chloride 27. Chlorobenzene
 7. Trichlorofluoromethane 28. Ethylbenzene
 8. 1,1-dichloroethene 29. m,p-xylene
 9. Dichloromethane 30. Styrene
10. 3-chloropropene 31. 1,1,2,2-tetrachloroethane
11. 1,1,2-trichloro-1,2,2-trifluoroethane 32. o-xylene
12. 1,1-dichloroethane 33. 4-ethyltoluene
13. Cis-1,2-dichloroethene 34. 1,3,5-trimethylbenzene
14. Trichloromethane 35. 1,2,4-trimethylbenzene
15. 1,2-dichloroethane 36. m-dichlorobenzene
16. 1,1,1-trichloroethane 37. Benzyl Chloride
17. Benzene 38. p-dichlorobenzene
18. Carbon Tetrachloride 39. o-dichlorobenzene
19. 1,2-dichloropropane 40. 1,2,4-trichlorobenzene
20. Trichloroethene 41. Hexachlorobutadiene
21. Cis-1,3-dichloropropene












TABLE OF CONTENTS


1.0 Introduction 2
1.1 Whole Air Sampling of VOCs


1.2 Choosing Between Canisters and Tedlar® Bags


2.0 Canisters and Associated Media 4
2.1 Introduction to Canisters


2.2 Associated Canister Hardware


3.0 Sampling with Canisters 8
3.1 Grab Samples


3.2 Integrated Samples


4.0 Sampling with Tedlar® Bags 15
4.1 Introduction to Tedlar® Bags


4.2 Tedlar® Bag Sampling


5.0 Special Consideration Sampling 19
5.1 Special Sampling Configurations


5.2 Considerations for Sampling at Altitude


5.3 Considerations for Soil Gas/Landfill Gas Sampling


Tables
1.2 Comparison of Canisters to Tedlar® Bags 3


2.2.3 Fill Times for Canisters 7


3.2.3 Flow Rates for Selected Sampling Intervals 11


3.2.4 Relationship Between Final Canister Vacuum, 12
Volume Sampled, and Dilution Factor







3


Section 1.0 Introduction
Air Toxics Ltd. presents this guide as a resource for individuals engaged in air
sampling. Air sampling can be more involved than water or soil sampling due to the
reactivity of chemical compounds in the gas matrix and sample interaction with the
equipment and media used. Ensuring that air samples are collected properly is an
important step in acquiring meaningful analytical results. This guide is not a
substitute for experience and cannot sufficiently address the multitude of field
conditions. Note that this guide is intended for projects involving whole air
sampling of volatile organic compounds (VOCs) in canisters and Tedlar® bags.
Air Toxics Ltd. provides the “Guide to Sorbent-Based Sampling - Volatiles and
Semi-Volatiles” for other types of sampling.


1.1 Whole Air Sampling of VOCs
This guide focuses on collecting a sample in the most common air sampling containers,
Summa canisters and Tedlar® bags. The sample may be collected in the container either
passively (i.e., by evacuating the canister prior to sampling) or actively (i.e., using a
pump). The sample is referred to as a “whole air sample” and the compounds remain
in the gas matrix (e.g., ambient air) inside the container.


1.2 Choosing Between Canisters and Tedlar® Bags
Table 1.2 compares the features of canisters and Tedlar® bags. Canisters have superior
inertness, hold time to analysis and ruggedness. They also do not require a sampling
pump. Tedlar® bags can be purchased inexpensively in bulk, carried to a sampling site
in a briefcase, filled in seconds and shipped easily to the laboratory for analysis. Call
Client Services at 800-985-5955 if you have questions regarding the appropriate
sampling media.
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Table 1.2 Comparison of Canisters to Tedlar® Bags


Canisters Tedlar® Bags


  Common Volumes 1 and 6 L 1, 3, and 5 L


  Type of Sampling Passive (vacuum) Active (pump required)


  Sample Handling Room temperature Room temperature


  Media Hold Time Up to 30 days recommended Indefinite


  Hold Time to Analysis Up to 30 days Up to 3 days


  Surface Inertness Excellent Fair


  Cleanliness 10% or 100% Some VOCs present
certified to ppbv/pptv levels at 0.5 to 45 ppbv


  Sampling Application Ambient/indoor air, soil/landfill Ambient air (fixed gases
gas, stationary source only), soil/landfill gas,


stationary source


  Rule of Thumb “ppbv device” “ppmv device”


  Advantages Inertness, hold time, Purchase/shipping cost,
ruggedness, no pump availability, convenience
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Section 2. Canisters and Associated Media
This section provides a description of air sampling canisters, practical considerations
for sampling, and step-by-step sampling instructions. Tables provide detailed
information on many operational factors that ultimately influence the quality of
the data obtained from a canister sample.


2.1 Introduction to Canisters
The canister is prepared for sampling by evacuating
the contents to a vacuum of approximately 29.9
inches of Mercury (in. Hg). Opening the stainless
steel bellows valve allows the air sample to enter
the canister.  When the target volume of sample is
collected, the valve is closed and the canister is
returned to the laboratory.  Canisters range in
volume from less than 1 liter (L) to greater than 6 L.
At Air Toxics Ltd., 6 L canisters are used for ambi-
ent air samples and for taking integrated samples.
One liter canisters are generally used for taking high concentration (i.e., greater than 5
ppbv) grab samples, although exceptions to these guidelines are common.


2.1.1 Summa Canister
A Summa canister is a stainless steel container that has had the internal surfaces
specially passivated using a “Summa” process. This process combines an
electropolishing step with a chemical deactivation step to produce a surface that is
nearly chemically inert. A Summa surface has the appearance of a mirror: bright, shiny
and smooth. The degree of chemical inertness of a whole air sample container is crucial
to minimizing reactions with the sample and maximizing recovery of target compounds
from the container.


2.1.2 Canister Cleaning
Air Toxics Ltd. provides two types of canister cleaning certification, 10% and 100%,
depending upon the requirements of the project. The 10% certification process is
appropriate for routine ambient air applications and high concentration applications
such as soil vapor and landfill gas monitoring.  The 10% certification process begins by
cleaning canisters using a combination of dilution, heat and high vacuum. Canisters are
certified for approximately 60 VOCs using GC/MS. As part of our quality control plan we
perform a 10% process certification which requires that target compound concentrations
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be below 0.2 ppbv using GC/MS analysis. Alternatively, the 100% certification (i.e.,
individual certification) process is appropriate for ambient and indoor air applications
driven by risk assessment or litigation requiring pptv (parts per trillion by volume)
sensitivity. Similar to the 10% certification, the 100% certification also begins with the
canister cleaning process. The difference with the 100% certification is that canisters are
individually certified for a client-specific list of target compounds using GC/MS. When
the 100% certified canisters are shipped the analytical documentation demonstrating
that they are free of the target compounds down to the project reporting limits is
emailed to the client. When sampling with certified media it is important to note that
all media is certified as a train and must be sampled as such (i.e., a particular flow
controller goes with a particular canister and is labeled as such).


Specify whether your project requires
10% or 100% canister cleaning certification


2.1.3 Canister Hold Time
Media Hold Time : Canister sampling differs considerably from collecting a water
sample in a VOA vial or a soil sample in an amber jar in that the container (valued at
over $500) is cleaned and reused.  Air Toxics Ltd. requires that our canisters be returned
within 14 days of receipt to effectively manage our inventory. Once a canister is cleaned,
certified and evacuated we recommend the canister be used for sample collection
within 30 days. Over time, low-level (pptv) concentrations of typical VOCs may off-gas
from the canister surface resulting in potential artifacts in the sample results.


Sample Hold Time: Although 30 days is the most commonly cited hold time for a
canister sample, the hold time is compound-specific. For example, compounds such as
chloroform, benzene, and vinyl chloride are stable in a canister for at least 30 days. In
fact, EPA Method TO-15 states, “Fortunately, under conditions of normal usage for
sampling ambient air, most VOCs may be recovered from canisters near their original
concentrations for after storage times of up to thirty days”. However, some VOCs such
as bis(chloromethyl)ether degrade quickly and demonstrate low recovery even after 7
days. The standard VOC list reported by Air Toxics is stable up to 30 days after sample
collection.  Some projects require a more rigorous 14-day hold time.


2.2 Associated Canister Hardware
Associated hardware used with the canister includes the valve, brass cap, particulate
filter and vacuum gauge.







7


2.2.1 Valve
An industry standard, 1/4 in. stainless steel bellows valve (manufactured by Swagelok
or Parker Instruments) is mounted at the top of the canister. The valve allows a vacuum
to be maintained in the canister prior to sampling and seals off the canister once the
sample has been collected. No more than a half turn by hand is required to open the
valve. Do not over-tighten the valve after sampling or it may become damaged. A
damaged valve can leak, possibly compromising the sample. Some canisters have a
metal cage near the top to protect the valve.


2.2.2 Brass Cap
Each canister comes with a brass cap (i.e., Swagelok 1/4 in. plug) secured to the inlet of
the valve assembly. The cap serves two purposes: first, it ensures that there is no loss of
vacuum due to a leaky valve or a valve that is accidentally opened during handling;
second, it prevents dust and other particulate matter from fouling the valve. The cap
is removed prior to sampling and replaced following sample collection.


Always replace the brass cap following canister sampling.


7 Micron                                                      2 Micron


2.2.3 Particulate Filter
Particulate filters should always be used when sampling with a canister. Separate filters
are provided to clients taking a grab sample and filters are built into the flow controllers
for clients taking integrated samples. Air Toxics Ltd. provides either a 2 micron filter or a 7
micron filter. These devices filter particulate matter greater than 2 and 7 microns in
diameter respectively. The shorter 2 micron filter is a fritted stainless steel disk that has
been pressed into a conventional Swagelok adapter and is disposed of after each use.
This device has a relatively high pressure drop across the fritted disk and restricts the flow
into the canister. The 2 micron filter is standard for clients taking integrated samples. The
longer 7 micron filter is cleaned in a similar manner as the stainless steel canisters after
each single use, and does not significantly restrict the flow rate into the canister. The 7
micron filter is primarily used with grab samples. Both the 2 and 7 micron filters are
not calibrated devices and therefore the flow rates can and do vary for each filter.


Always use the particulate filter for canister sampling.
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   CANISTER VOLUME 7 micron filter 2 micron filter


   6 L 16 sec 3 min


   1 L 3 sec 30 sec


2.2.4 Fittings
All fittings on the sampling hardware are 1/4 in. Swagelok; a 9/16 in. wrench is used to
assemble the hardware. Compression fittings should be used for all connections; never
use tube in tube connections. It is critical to avoid leaks in the sampling train. Leaks of


ambient air through fittings between pieces of the
sampling train (e.g., tubing to particulate filter) will
dilute the sample and cause the canister to fill at a
faster rate than desired. Air Toxics can provide the
necessary fittings and ferrules if requested.


2.2.5 Vacuum Gauge
A vacuum gauge is used to measure the initial vacuum of
the canister before sampling, and the final vacuum upon
completion. A gauge can also be used to monitor the fill
rate of the canister when collecting an integrated sample.
Air Toxics Ltd. provides 2 types of gauges. For grab sampling,
a test gauge checks initial and final vacuums only and is not
to be sampled through. For integrated sampling a gauge is
built into the flow controller and may be used for monitoring
initial and final vacuums, as well as monitoring the fill rate of the canister. Both gauges
are not calibrated and are considered to be equally rough gauges, which also means
they can provide you with differing numbers for the same canister. In special cases a
pressure/vacuum gauge can be provided upon request. Air Toxics Ltd.’s gauges are
provided only to obtain a relative measure of “change.” Individuals with work plans
that outline specific gauge reading requirements are strongly encouraged to purchase
and maintain their own gauges.


 The gauges that Air Toxics Ltd. provides are for rough estimates
only. If the project plan requires a certain level of gauge accuracy
the use of a calibrated gauge is highly recommended.


Table 2.2.3 Approximate Fill Times for Canisters
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Section 3.0 Sampling with Canisters
There are two basic modes of canister sampling: grab and integrated. A grab sample
is taken over a short interval (i.e., 1-5 minutes) while an integrated sample is taken
over an extended period (e.g., 0.5-24 hours). In both modes the canister vacuum is
used to draw the sample into the canister.


3.1 Considerations for Grab Sampling With Canisters
The following are some considerations for collecting a grab sample in a canister.


• Verify Initial Vacuum of the Canister: Prior to shipment, each canister is checked
for mechanical integrity. However, it is still important to check the vacuum of the
canister prior to use. Air Toxics recommends doing this before going to the field if possible.
The initial vacuum of the canister should be greater than 25 in. Hg. If the canister
vacuum is less than 25 in. Hg, do not use it. Call Client Services at 800-985-5955 and
arrange for a replacement canister. If sampling at altitude there are special considerations
for gauge readings and sampling (see Section 5.2). The procedure to verify the initial
vacuum of a canister is simple but unforgiving:


1. Confirm the valve is closed (knob should already be tightened clockwise)
2. Remove the brass cap
3. Attach gauge
4. Attach brass cap to side of gauge tee fitting, if one is not already there, to


ensure a closed train
5. Open and close valve quickly (a few seconds)
6. Read vacuum on the gauge
7. Record gauge reading on “Initial Vacuum” column of chain-of-custody
8. Verify the canister valve is closed and remove gauge
9. Replace the brass cap
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3.1.1 Step-By-Step Procedures for Canister Grab Sampling
These procedures are for a typical ambient air sampling application; actual field
conditions and procedures may vary.


Before you get to the field:
1. Verify contents of the shipped package (e.g., chain-of-custody, canister,


particulate filter, and gauge – if requested)
2. Verify the gauge is working properly
3. Verify the initial vacuum of canister


When ready to sample:
1. Confirm the valve is closed (knob should already be tightened clockwise)
2. Remove brass cap
3. Attach particulate filter to canister
4. Open valve 1/2 turn (6 L canister normally takes about 16 sec to fill)
5. Close valve by hand tightening knob clockwise
6. Verify and record final vacuum of canister (repeat steps used to verify initial vacuum)
7. Replace brass cap
8. Fill out canister sample tag (make sure the sample ID and date of collection


recorded on the sample tag matches what is recorded on the COC exactly)
9. Return canister in box provided (unreturned canister charge of $500 each)
10. Return sample media in packaging provided (unreturned equipment charges:


$45 per particulate filter; $45 per gauge)
11. Fill out chain-of-custody and relinquish samples properly (it is important to


note the canister serial numbers on the chain-of-custody)
12. Place chain-of-custody in box and retain pink copy
13. Tape box shut and affix custody seal at each opening (if applicable)
14. Ship accordingly to meet method holding times


• Leave Residual Vacuum: A grab sample can be collected either by allowing the
canister to reach ambient conditions or by leaving some residual vacuum (e.g., 5 in. Hg)
in the canister. In either case, the final vacuum should be noted in the “Final Vacuum”
column on the chain-of-custody.  This will enable the laboratory to compare the final
vacuum with the receipt vacuum (i.e., the vacuum measured upon arrival at the laboratory).
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3.2 Integrated Sampling with Canisters and Flow Controllers
An air sample collected over more than a few minutes is referred to as an integrated sample
and can provide information on compound concentrations in air averaged or composited
over time. An 8- or 10-hour integrated sample can be used to determine indoor air quality in
the workplace. Similarly, a 24-hour integrated sample may be an economical and practical
approach to determine residential exposure to indoor or outdoor air sources. The most
common hardware configurations used to take an integrated sample are illustrated above.


Flow controllers are devices that regulate the flow of air during sampling into an evacuated
canister. Also known as flow restrictors, these devices enable a sampler to achieve a
desired flow rate and thus, a sampling interval. Air Toxics Ltd. provides two general types
of flow controllers: mass flow controllers and critical orifice devices. Both devices are
driven by differential pressure between ambient conditions and the vacuum in the canister.


3.2.1 Mass Flow Controller
A mass flow controller employs a diaphragm that actively compensates to maintain a
constant mass flow rate. As the differential pressure decreases, the flow rate tends to
decrease and the diaphragm responds by opening up to allow more air to pass through.
Mass flow controllers can provide integrated samples with intervals ranging from hours
to days. Air Toxics Ltd. provides a fixed mass flow controller that is calibrated at the
laboratory for 24-hour sampling. Adjustable mass flow controllers have a knob that can
be adjusted in the field to provide integrated samples with intervals ranging from 1 to
24 hours. The rugged conditions of field sampling are not usually compatible with
adjustable mass flow controllers and Air Toxics Ltd. has designed a more reliable flow
controller based on a critical orifice design.
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3.2.2 Critical Orifice Device
Air Toxics Ltd. designed a critical orifice flow controller to provide time-weighted
samples with intervals from 0.5 to 12 hours into a 6 L canister and 4 min. to 2 hrs. in a
1 L canister. The device restricts air flow by forcing the sample to enter a capillary
column of minute radius. This device is passive compared to an actively compensating
diaphragm and the flow rate decreases as the driving force (differential pressure)
decreases. For sampling intervals from 0.5 to 12 hours, however, the flow rate is time
weighted. The main advantages of the Air Toxics Ltd. flow controllers are improved
ruggedness and cleanliness. With no moving or
adjustable parts, the Air Toxics Ltd. design is
unlikely to lose its flow setting. In addition, a
vacuum gauge is built into the device to
monitor sampling progress.


3.2.3 Sampling Interval and Flow
Controller Setting
When you request canisters and flow controllers from Air Toxics Ltd., you will be asked
for the sampling interval, and the flow controllers will be pre-set prior to shipment
according to the table below. The flow controller is set to collect a 5 L sample over the
sampling interval. Final canister vacuum is targeted at 5 in. Hg. The flow rate is set at
standard atmospheric conditions (approximately sea level). If the air sample is from a
process (pressurized or under vacuum) or is collected at elevation, the canister will fill
faster or slower depending on sample conditions. If you specify the source at project
set-up, we can set the flow controller accordingly. See Section 5.2 for a discussion of
collecting a sample at elevation. The 24-hr flow controllers should not be used for
process or source samples.


Table 3.2.3 Flow Rates for Selected Sampling Intervals
(mL/min)


  Sampling Interval (hrs) 4 min. 0.5 1 2 4 8 12 24


   6 L Canister na 167 83.3 41.7 20.8 11.5 7.6 3.8


   1 L Canister 166.7 26.6 13.3 6.7 - - - -


  Note: Target fill volumes for 6 L and 1 L canisters are 5,000 mL and 800 mL, respectively.


Flow Rate(mL/min) =
Target Fill Volume (mL)
Sampling Interval (min)
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3.2.4 Final Canister Vacuum and Flow Controller Performance
Ideally, the final vacuum of a 6 L canister should be between 5-10 in. Hg or greater. As
long as the differential pressure is greater than 4 in. Hg ambient pressure, then the flow
through the device will remain approximately constant as the canister fills. If there is
insufficient differential pressure, the flow through the controller will decrease as the
canister pressure approaches ambient. Because of the normal fluctuations in the flow
rate (due to changes in ambient temperature, pressure and diaphragm instabilities)
during sampling, the final vacuum will range between 2 and 10 in. Hg.
• If the residual canister vacuum is greater than 5 in. Hg (i.e., more vacuum), less


than 5 L of sample was collected. When the canister is pressurized to 5 psig prior to
analysis, sample dilution will be greater than normal. This will result in elevated
reporting limits.


• If the residual canister vacuum is less than 5 in. Hg (i.e., less vacuum), the
initial flow rate was high or there was a leak in the connection.  Once the vacuum
decreases below 5  in.Hg, the flow rate begins to drop significantly. This scenario
indicates that the sample is skewed in favor of the first portion of the sampling interval.


• If the final vacuum is near ambient (i.e., less than 1 in. Hg), there is inadequate
differential pressure to drive the flow controller. The sampler cannot be certain the
desired sampling interval was achieved before the canister arrived at ambient conditions.
Although the actual sampling interval is uncertain, the canister still contains a sample
from the site.


Table 3.2.4 Relationship Between Final Canister Vacuum,
VolumeSampled, and Dilution Factor (6 L Canister)


   Final Vacuum (in. Hg) 0 2.5 5 7.5 10 12.5 15 17.5 20


   Volume Sampled (L) 6 5.5 5.4 5 4 3.5 3 2.5 2


   Dilution Factor* 1.34 1.46 1.61 1.79 2.01 2.30 2.68 3.22 4.02


* Canister pressurized to 5 psig for analysis


Final Method Dilution Dilution
Reporting Reporting Factor Factor
Limit Limit (Canister Pressurization) (Sample Concentration)


Dilution Pressurization
Factor for Analysis 14.7 psig + Press. for Analysis (psig)
(Canister Pressurization) Receipt Vacuum


X X=


= = Rec. Vac (in Hg)
29.9 in. Hg[                   ]14.7 psig       1—







14


3.2.5 Considerations for Integrated Sampling with Canisters
Collecting an integrated air sample is more involved than collecting a grab sample.
Sampling considerations include verifying that the sampling train is properly configured,
monitoring the integrated sampling progress, and avoiding contamination.
• Avoid Leaks in the Sampling Train: See Section 3.1 for instructions on how to


securely assemble sampling hardware. A leak in any one of these connections means
that some air will be pulled in through the leak and not through the flow controller. A
final pressure reading near ambient is one indication that there may have been a leak.


• Verify Initial Vacuum of Canister: See Section 3.1 for instructions on verifying
initial canister vacuum. If you are using an Air Toxics Ltd. critical orifice flow control-
ler, note that you can use the built-in gauge.


• Monitor Integrated Sampling Progress: It’s a good idea to monitor the progress of
the integrated sampling during the sampling interval. The volume of air sampled is a
linear function of the canister vacuum. For example, halfway (4 hours) into an 8-hour
sampling interval, the canister should be half filled (2.5 L) and the gauge should read
approximately 17 in. Hg. More vacuum than 17 in. Hg indicates that the canister is
filling too slowly; less than 17 in. Hg and the canister is filling too quickly. If the
canister is filling too slowly, a valid sample can still be collected (see Section 3.2.4).
If the canister is filling too quickly because of a leak or incorrect flow controller
setting, corrective action can be taken. Ensuring all connections are tight may eliminate
a leak. It is possible to take an intermittent sample.


• Avoid Contamination: Flow controllers should be cleaned between uses. This is
done by returning them to the laboratory.


• Caution Against Sampling in Extreme Temperatures: There can be some flow
rate drift if the temperature of the controllers is allowed to vary significantly.


3.2.6 Step-by-Step Procedures for Integrated Sampling
These procedures are for a typical ambient air sampling application; actual field condi-
tions and procedures may vary.


Before you get to the field:
1. Verify contents of the shipped package (e.g., chain-of-custody, canister,


particulate filter and flow controller)
2. Verify the gauge is working properly
3. Verify the initial vacuum of the canister
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When ready to sample:
1. Confirm the valve is closed (knob should already be tightened clockwise)
2. Remove brass cap from canister
3. Attach flow controller to canister
4. Place the brass cap at the end of the flow controller creating an air tight train,


and quickly open and close the canister valve in order to check for leaks. If the
needle on the gauge drops, your train is not airtight. In this case, try refitting
your connections and/or tightening them until the needle holds steady


5. Once the sample train is airtight remove the brass cap from the flow controller
and open the canister valve, 1/2 turn


6. Monitor integrated sampling progress periodically
7. Verify and record final vacuum of canister (simply read built-in gauge)
8. Close valve by hand tightening knob clockwise
9. Replace brass cap
10. Fill out canister sample tag (make sure the sample ID and date of collection


recorded on the sample tag matches what is recorded on the COC exactly)
11. Return canisters in boxes provided (unreturned canister replacement charge


of $500 each)
12. Return sample media in packaging provided (unreturned equipment charges:


$45 per  particulate filter; $50-500 per flow controller)
13. Fill out chain-of-custody and relinquish samples properly (it is important to


note the canister serial numbers on the chain-of-custody)
14. Place chain-of-custody in box and retain pink copy
15. Tape box shut and affix custody seal at each opening (if applicable)
16. Ship accordingly to meet method holding times


Important Information for Canister Sampling
@ DO NOT use canister to collect explosive substances, radiological or biological


agents, corrosives, extremely toxic substances or other hazardous materials. It is
illegal to ship such substances and you will be liable for damages.


@ ALWAYS use a filter when sampling. NEVER allow liquids (including water) or
corrosive vapors to enter canister.


@ DO NOT attach labels to the surface of the canister or write on the canister; you
will be liable for cleaning charges.


@ DO NOT over tighten the valve and remember to replace the brass cap.


@ IF the canister is returned in unsatisfactory condition, you will be
liable for damages.


For assistance call Client Services at 800-985-5955.
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Section 4. Sampling with Tedlar® Bags
This section provides a description of Tedlar® bags, practical considerations for
sampling, and step-by-step instructions for collecting a grab sample. A photograph
illustrates the correct way to assemble the various sampling components.


4.1 Introduction to Tedlar® Bags
The Tedlar® bag is best suited for projects
involving analysis of compounds in the ppmv
range. However, Tedlar® bags may be used
for other applications such as ambient air
monitoring for atmospheric/ fixed gases.
They can be used to collect sulfur compounds,
but only if the fittings are non-metallic (e.g.,
polypropylene, Teflon®, or Nylon).
A Tedlar® bag is made of two plies of Tedlar®


film sealed together at the edges, and features
a valve that allows for filling. Sample collection
requires a pressurized sampling port, a low
flow rate pump or a lung sampler. The bag
expands as the sample enters. Air Toxics Ltd.
maintains Tedlar® bags in 1, 3 and 5 L volumes.


4.1.1 Tedlar® Film
Tedlar® is a trade name for a polyvinyl fluoride film developed by DuPont Corporation
in the 1960’s. This patented fluoropolymer has been used in a wide variety of applications
including protective surfacing for signs, exterior wall panels and aircraft interiors.
Tedlar® film is tough yet flexible and retains its impressive mechanical properties over
a wide range of temperatures (from well below freezing to over 2000F). Tedlar® exhibits
low permeability to gases, good chemical inertness, good weathering resistance and
low off-gassing.


4.1.2 How “Active” is the Surface of a Tedlar® Bag?
The surface of a Tedlar® bag is a work in progress. The surface of a new bag is essentially
free of VOCs at the single digit ppbv level. Compounds detected from analyzing new
Tedlar® bags include methylene chloride, toluene, acetone, ethanol and 2-propanol.
Note that 2-propanol has been detected in some new bags up to 45 ppbv. Once the
Tedlar® bag is used, however, the surface has been exposed to moisture and possible
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VOCs. It may irreversibly adsorb many VOCs at the low ppbv level. A series of purges
with certified gas may not remove the VOCs from the surface. $10 for a new bag is a
small price to pay for peace of mind.


Never reuse a Tedlar® bag when sampling for ppbv level compounds.


4.1.3 Hold Time for a Tedlar® Bag
The media hold time for a Tedlar® bag is indefinite if stored out of sunlight in a cool, dry
location. Tedlar® bags may be used to collect samples containing common solvents,
hydrocarbons, chlorinated solvents, sulfur compounds and many other classes of
compounds. The sample hold time to analysis varies for different classes of compounds:
• 24 hours: Sulfur compounds (e.g., hydrogen sulfide and methyl mercaptan) and


chemically active compounds (e.g., 1,3-butadiene)
• 72 hours: Chlorinated solvents, aromatic compounds and atmospheric/fixed gases


(oxygen, nitrogen, carbon dioxide)


4.2 Tedlar® Bag Sampling
Using a Tedlar® bag to collect an air sample
normally involves “active” sampling, unlike an
evacuated canister that can be filled “pas-
sively” by simply opening the valve. There are
two methods commonly used to fill a Tedlar®


bag: a pump or a lung sampler.


• Sampling with a Pump: The most common
method for filling a Tedlar® bag is to use a
small pump with low flow rates (50-200 mL/
min) and tubing to fill the bag.
Air Toxics Ltd. does not provide pumps.


• Sampling with a Lung Sampler: A “lung sampler” may be used
to fill a Tedlar® bag. Although a little more complicated than
simply using a pump,
the main advantage to using a lung sampler to fill a Tedlar® bag is that it avoids potential
pump contamination.
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Pump


Air to be
Sampled


Sealed


A Tedlar® bag with attached tubing is placed in a small
airtight chamber with the tubing protruding from the
chamber. The sealed chamber is then evacuated via a
pump, causing the bag to expand and draw the sample
into the bag through the protruding tube. The sample
air never touches the wetted surfaces of the pump.
Air Toxics Ltd. does not provide lung samplers.


4.2.1 Considerations for Tedlar® Bag Sampling
Some considerations for collecting a Tedlar® bag sample:
• Fill the Tedlar® bag no more than 2/3 full: Allow


for possible expansion due to an increase in temperature
or decrease in atmospheric pressure (e.g., the cargo hold
of a plane)


• Keep the Tedlar® bag out of sunlight: Tedlar® film is transparent to ultraviolet light
(although opaque versions are available) and the sample should be kept out of
sunlight to avoid any photochemical reactions


• Protect the Tedlar® bag: Store and ship the Tedlar® bag samples in a protective box
at room temperature. An ice chest may be used, but DO NOT CHILL


• Fill out the Tedlar® bag label: It is much easier to write the sample information on
the label before the Tedlar® bag is inflated


• Provide a second Tedlar® bag: Consider filling two bags per location in the rare
occasion that a defective bag deflates before analysis. The “hold” sample does not
need to be documented on the Chain-of-Custody and should have an identical sample
ID to the original sample indicating that it is the “hold” sample


• Avoid Contamination: Care should be taken to avoid contamination introduced by the
pump or tubing. Begin sampling at locations with the lowest compound concentrations
(e.g., sample the SVE effluent before the influent). Decontaminate the pump between
uses by purging with certified air for an extended period; better yet, use a lung sam-
pler. Use the shortest length possible of Teflon® tubing or other inert tubing. DO NOT
REUSE TUBING. If long lengths of tubing are used, consider purging the tubing with
several volumes worth before sampling. If you are concerned about sampling for trace
compounds, you shouldn’t be using a Tedlar® bag (see Section 1.2)


• Don’t Sample Dangerous Compounds in a Tedlar® Bag: Do not ship any explosive
substances, radiological or biological agents, corrosives or extremely hazardous
materials to Air Toxics Ltd. Tedlar® bag rupture during transit to the laboratory is
possible and the sampler assumes full liability
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4.2.2 Step-by-Step Procedures for Tedlar® Bag Sampling (Pump)
Note: These procedures are for a typical stationary source (e.g., SVE system) sampling
application; actual field conditions and procedures may vary. See additional sampling
considerations in Section 5.3 for sampling soil gas or landfill gas.


Before you get to the field:
1. Verify contents of the shipped package (e.g., chain-of-custody, Tedlar® bag,


and tubing/fittings – if requested)
2. Verify pump cleanliness and operation (Air Toxics Ltd. does not provide pumps)


When ready to sample:
3. Purge sample port
4. Attach new Teflon® tubing from sample port or probe to low flow rate pump
5. Purge tubing
6. Fill out Tedlar® bag sample tag
7. Attach additional new Teflon® tubing from the pump outlet to the Tedlar®


bag valve
8. Open Tedlar® bag valve
9. Collect sample (FILL NO MORE THAN 2/3 FULL)
10. Close Tedlar® bag valve by hand tightening valve clockwise
11. Return Tedlar® bag in boxes provided (DO NOT CHILL)
12. Fill out chain-of-custody and relinquish samples properly.
13. Place chain-of-custody in box and retain pink copy
14. Tape box shut and affix custody seal as both openings (if applicable)
15. Ship priority overnight to meet method holding times.
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Section 5. Special Sampling Considerations
This section provides considerations for special sampling configurations that a
sampler may collect in the field such as field duplicates or an ambient blank.
This section also provides considerations for sampling at altitude, as well as soil
gas and landfill gas sampling.


5.1 Special Sampling Configurations
Special sampling configurations include a field duplicate, field split, field blank, ambient
blank, and a trip blank.  Call Client Services at 800-985-5955 if your project involves any
of these special sampling configurations.


5.1.1 Field Duplicate
A field duplicate is a second sample collected in the field simultaneously with the
primary sample at one sampling location. The results of the duplicate sample may be
compared (e.g., calculate relative percent difference) with the primary sample to provide
information on consistency and reproducibility of field sampling procedures. Due to the
nature of the gas phase, duplicate samples should be collected from a common inlet. The
configuration for collecting a field duplicate includes stainless steel or Teflon® tubing
connected to a Swagelok “T”. If integrated samples are being collected and the sample
duration is to be maintained, the sample train should be assembled as follows: each
canister should have a flow controller attached, then the duplicate sampling T should be
attached to the flow controllers. If the collection flow rate from the sample port is to be
maintained then the duplicate sampling T should be connected to the canisters; then the
flow controller is connected to the inlet of the sampling T.


5.1.2 Field Blank
A field blank is a sample collected in the field from a certified air source. Analysis of the
field blank can provide information on the decontamination procedures used in the field.
Clean stainless steel or Teflon® tubing and a certified regulator should be used. It is
imperative that individually certified canisters (the sample canister and the source
canister/cylinder, if applicable) be used to collect a field blank.


5.1.3 Ambient Blank
An ambient blank is an ambient air sample collected in the field.  It is usually used in
conjunction with soil gas or stationary source (e.g., SVE system) sampling. Analysis of the
ambient blank can provide information on the ambient levels of site contaminants. It is
recommended that an individually certified canister be used to collect an ambient blank.
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5.1.4 Trip Blank
When sampling for contaminants in water, the laboratory prepares a trip blank by filling
a VOA vial with clean, de-ionized water. The trip blank is sent to the field in a cooler
with new sample vials. After sampling, the filled sample vials are placed back in the
cooler next to the trip blank and returned to the laboratory. Analysis of the trip blank
provides information on decontamination and sample handling procedures in the field
as well as the cleanliness of the cooler and packaging.


When sampling for compounds in air, a trip blank provides little, if any, of the information
above. A trip blank canister can be individually certified, evacuated, and sent to the
field in a box with the sample canisters. Since the valve is closed and the brass cap
tightened, it is questionable if the trip blank canister contents are ever “exposed” to
sampling conditions.  Air Toxics Ltd. does not recommend analyzing a trip blank
for air sampling.


5.2 Considerations for Sampling at Altitude
Sampling at altitudes significantly above sea level is similar to sampling a stationary
source under vacuum, in that target fill volumes may be difficult to achieve. The figure
below illustrates the relationship between increasing altitude and decreasing atmo-
spheric pressure. Ambient conditions in Denver at 5,000 ft altitude are quite different
from ambient conditions at sea level. Canister sampling is driven by the differential
pressure between ambient conditions and the vacuum in the canister.


There is less atmospheric pressure in Denver and 5 L is the maximum fill volume of
standard air assuming the canister is allowed to reach ambient conditions (i.e., final
gauge reading of 0 in. Hg). Theoretically, if you sample high enough (e.g., in space), no
sample would enter the canister because there is no pressure difference between the
evacuated canister and ambient conditions. To fill a canister to 6 L in Denver, you
would need to use an air pump.
Sampling at altitude also affects gauge readings. The gauges supplied by Air Toxics Ltd.
(see Section 2.2.4) measure canister vacuum relative to atmospheric pressure and are
calibrated at approximately sea level. Before sampling at altitude, the gauges should be
equilibrated (see Section 3.1). But even after equilibrating the gauge, verifying the initial
vacuum of a canister at altitude is misleading. In Denver at 5,000 ft, expect the gauge to
read 25, not 29.9 in. Hg. You do not have a bad canister (i.e., leaking or not evacuated
properly). The canister is ready for sampling and the gauge is working properly.
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Rule of Thumb: For every 1,000 ft of elevation, the gauge will be
off by 1 in. Hg and the fill volume will be reduced by 1/5 L.


If you have questions about sampling at altitude, please call Client Services at 800-985-5955.


Vacuum gauge reading (calibrated at
sea level) of evacuated canister


Maximum fill volume of standard air
assuming canister is allowed to reach
ambient conditions (i.e., final guage
reading of 0 in. Hg)


10,000 ft / 10.1 psi
Altitude above
mean sea level of
sample collection


5,000 ft / 12.2 psi


4,000 ft / 12.7 psi


3,000 ft / 13.2 psi


2,000 ft / 13.7 psi


1,000 ft / 14.2 psi


0 ft / 14.7 psi


25 in. Hg


5L max fill
(5,000 ft)


29.9 in. Hg


6L max fill
(Sea level)


5.5L max fill
(2,500 ft)


27.4 in. Hg


5L max fill
(5,000 ft)


4.1L max fill
(10,000 ft)


20.6 in. Hg


25 in. Hg


Altitude  / Standard
Atmospheric
Pressure


5.3 Considerations for Soil Gas / Landfill Gas Sampling
There are some additional sampling considerations for collecting grab samples (canister
or Tedlar® bag) from a soil boring, landfill boring, SVE system or landfill gas (LFG)
collection system. The general challenge with these samples arises from the need to
employ long lengths of tubing to direct the soil gas, landfill gas or process air to the
canister or Tedlar® bag. Tubing introduces the potential for contamination and diluting
the sample.
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5.3.1 Collecting Soil Gas Samples with Sampling Manifolds
Air Toxics provides soil gas sampling manifolds in order to facilitate meeting the numerous
quality control guidelines for collecting soil gas data. Two of the most critical aspects of
soil gas sampling are purging the lines and preventing leaks. The manifold setup allows
for automatic leak-checking of the canister sample train without the application of a
leak check compound to the canister fittings. When the purge can is opened and
closed, it creates a vacuum within the canister lines and fittings. If this vacuum is
maintained, the train is considered leak-free. Because there is only one connection –
the probe tubing to sample train – the chance for leaks is greatly reduced.
The manifold’s in line gauge system used with a purge canister enables the sampler to
determine the appropriate purge volume. Typically, purge volumes of 3 to 5 times the
volume of the train tubing are used, and once the purge volume is calculated the lines
can be purged by opening the purge canister valve and monitoring the decrease in
vacuum. This decrease in vacuum is proportional to the volume purged through the
lines.  There is a suggested flow rate of between 100 and 200 milliliters per minute, a
step thought to prevent ambient air intrusion as a result of taking the sample too
quickly. Our manifold has a “built-in” flow restrictor; a frit of stainless steel tubing
between the two gauges that is calibrated to 167 milliliters per minute.


The first gauge, located prior to the flow restrictor, is a vacuum gauge that informs the
sampler if sufficient vapor is being collected from the soil or if the substrate is too
compacted. Because this is not a flow meter but a measure of pressure/vacuum, the
gauge should read at zero if there is sufficient flow from the soil. If the gauge begins to
read a vacuum, then the flow is being restricted. The second gauge, in line after the
flow controller and prior to the purge canister, is a vacuum gauge that indicates to the
sampler whether or not the canister is filling properly at the expected rate. This setup
enables the sampler to evaluate the lithologic conditions at the site and determine if
a valid soil gas sample is being taken. Finally, when duplicate samples are required,
the manifold can be used as a duplicate sampling “T” by simply replacing the purge
canister with another sample canister.
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5.3.2 Step-by-Step Procedures for Soil Gas Sampling Using Sampling Manifolds
These procedures are for a typical soil gas sampling application; actual field conditions
and procedures may vary.


Before you get to the field:
1. Verify contents of the shipped package (e.g., chain-of-custody, canister,


particulate filter and flow controller)
2. Verify the gauge is working properly
3. Verify the initial vacuum of canister


When ready to sample:
Leak Check Test


1. Confirm that canister valves are closed (knob should already be
tightened clockwise)


2. Remove brass caps from both the sample canister and the purge canister
(unless using certified media there is no difference between the two)


3. Attach manifold to canisters
4. Confirm that there is a brass cap secured at the inlet of the manifold creating an


air tight train, make sure the manifold valve above the purge canister is open,
and quickly open and close the purge canister valve in order to check for leaks.
If the needle on the gauge drops, your train is not airtight. In this case, try
refitting your connections and/or tightening them until the needle holds steady


Purging
5. Once the sample train is airtight remove the brass cap from the manifold inlet,


connect the tubing from the sample port using a compression fitting and open
the purge canister valve, 1/2 turn


6. Monitor integrated sampling progress periodically. *Please note, because the
purge canister is inline after the flow restrictor the line will not purge faster
than at a rate of 167mls/min


7. Once the desired purge volume is met close both the manifold valve and the
purge canister valve by hand tightening the knobs clockwise


8. If sampling at multiple locations, the purge canister can be disconnected from
the manifold and used to begin purging the next sample location without
compromising the sample train
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Sampling
9. The line is now ready to be sampled. Open the sample canister valve and


monitor sampling progress periodically.
10. When the sampling is complete close the valve and replace the brass cap on


the canister; record final vacuum of canister (simply read built-in gauge)
11. Fill out canister sample tag (make sure the sample ID and date of collection


recorded on the sample tag matches what is recorded on the COC exactly)
12. Return canisters in boxes provided (Unreturned canister replacement charge of


$500 each)
13. Return sample media in packaging provided (Unreturned equipment charges:


$45 per particulate filter; $50-500 per flow controller)
14. Fill out chain-of-custody and relinquish samples properly (it is important to


note the canister serial numbers on the chain-of-custody)
15. Place chain-of-custody in box and retain pink copy
16. Ship accordingly to meet method holding times


5.3.3 Special Considerations for Soil Gas and Landfill Gas Sampling
• Use inert tubing. Teflon® tubing is recommended. Tubing with an outer diameter of


1/4 in. works best with the fittings on the particulate filter.
• Do not reuse tubing. $2 per foot for new tubing is a small price to pay for peace of mind.
• Purge tubing adequately. A long length of tubing has significant volume of “dead


air” inside.
Without purging, this air will enter the canister and dilute the sample. Consider using
a handheld PID/FID to confirm that you have purged the tubing and are drawing
sample air through the tubing.


• Avoid leaks in the sampling train. Leaks of ambient air through fittings between
pieces of the sampling train (e.g., tubing to particulate filter) will dilute the sample.
Always use compression fittings for all connections; never use tube in tube connections.


• Don’t sample water. If moisture is visible in the sample tubing, the soil gas sample
may be compromised. Soil gas probes should be at an appropriate depth to avoid
reaching the water table. Additionally, subsurface vapor should not be collected
immediately after measurable precipitation.


• Purge the sample port. A sample port on an SVE system or LFG collection system
can accumulate solids or liquids depending upon the location of the port in the
process and the orientation of the port. An influent sample port located upstream of a
filter or moisture knock-out can be laden with particulates or saturated with water
vapor. Heavy particulate matter can clog the particulate filter and foul the canister
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valve. It is important to prevent liquids from entering the canister. A sample port
oriented downward may have liquid standing in the valve. Purge the sample port
adequately before connecting the sampling train.


• Consider the effects of sampling a process under vacuum or pressure. When
collecting a grab sample from a stationary source such as an SVE system or LFG
collection system, some sample ports may be under vacuum or pressure relative to
ambient conditions. When the sample port is under vacuum, such as the header pipe
from the extraction well network, it may be difficult to fill the canister with the desired
volume of sample. A vacuum pump may be used to collect a canister grab sample
from a sample port under considerable vacuum. See the related discussion on sam-
pling at altitude in Section 5.2. When the sample port is under pressure, such as the
effluent stack downstream of the blower and treatment system, you may inadvertently
pressurize the canister. Only a DOT-approved sample cylinder should be used to
transport pressurized air samples. Under no circumstances should an Air Toxics Ltd.
canister be pressurized more than 5 psig for a 6 L canister and 15 psig for a 1 L
canister. Bleed off excess pressure by opening the valve temporarily while monitoring
the canister with a pressure gauge.
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This handbook is intended to be a reference source for the user. The information has been
compiled to the best of our knowledge from relevant reference sources. However, the Dräger
organisation is not responsible for any consequence or accident which may occur as the
result of misuse or, misinterpretation of the information contained in this handbook.


The instructions for use may not always correspond to the data given in this book. For a
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Preface


Dräger has been developing, producing and distributing devices and systems for detecting
and measuring gaseous contaminations at the workplace for over seven decades. Dräger
products have developed in parallel to the ever-increasing global requirements regarding 
occupational safety and its increased awareness. For example, while the permitted 
concentrations specified by the first workplace cut-offs for chemical substances were still
very high in the 1930s, some of the concentrations nowadays are in the ppb range. The
sensitivity of our measurement systems and methods has increased accordingly. 


The main reason for Dräger's excellent reputation in the field of pollutant detection is 
colorimetric chemical gas analysis. Since the 1930s, Dräger's tube method has developed
to such an extent that it is now an indispensable measurement method for occupational
safety and process checks. It is essential for these fields, for many environmental 
protection areas, and for safety organizations. In the 1990s, the chip measurement system
was added to the short-term measurement systems of the Dräger tube method. This was
a logical progression in the field of measurement technology. 


Many years have passed since the first edition of this publication, during which the work of 
reference has become a classic. More and more new product developments, suggestions
for product improvements, and current user information have been added and revised. Even
the latest edition now needs to be revised in order to maintain the high standard of the
work. 


The 15th edition will see a fundamental editing of existing chapters, as well as adjustments
to application possibilities in the general part in order to keep up to date with technology
and modified occupational safety requirements. 


Newly developed products have been added to the data portion on the individual Dräger
tubes and systems, and improvements to products have been incorporated. A new 
directory of synonyms makes it simpler to find the appropriate measurement medium. 
Furthermore, important substances have been added to the tables of physico-chemical and
toxicological data, and last year's changes to the cut-off values have been taken into account. 


Lübeck, July 2008 Dräger Safety AG&Co. KGaA
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Natural, ambient air is chemically a gas mixture that consists of 78 % nitrogen, 21 % 
oxygen 0.03% carbon dioxide as well as argon, helium and other rare gases in trace 
concentrations. In addition there is water vapor, e. g. humidity. If the concentrations of the
components change, or a foreign gas is added, we no longer have natural air. When these
changes occur, the potential for adverse health effects exist.


The spectrum of other so-called air components can be extremely broad. It can range from
the pleasant fragrance of a good perfume to the over powering stench of hydrogen sulfide.
Likewise, the hazard of each “air pollutant” varies considerably. The type of substance, its
concentration and duration of occurrence, as well as probable synergistic effects with 
certain gas compounds must all be considered. In addition, there are many air pollutants
which cannot be perceived by human senses because they are colorless and odorless 
(e. g. carbon monoxide).


If the composition of the natural air changes in any way, it should be tested, to determine
the substance which caused this change. Even substances with distinctive odors cannot be
reliably assessed with the aid of the olfactory nerve in the nose. The olfactory nerve can
become desensitized after a certain period of time or repeated exposure, making it 
impossible to smell even immediately dangerous concentrations. After a few hours we do
not even perceive the pleasant fragrance of our own perfume and high concentrations of 
hydrogen sulfide escape from the sense of smell even after a very short while.


Subjectively, one persons sense of smell may be more sensitive to certain air pollutants
than others. In many cases substances are noticed in very low concentrations which, even
after a long-term exposure do not necessarily cause adverse health effects. In general the
sense of smell is sufficient in determining the presence of air pollutants, but the need exists
for an objective gas analysis method. Gas measurement serves as a technical aid and an
assessment of the concentration is only possible with a gas measurement device. To 
determine the hazard potential of a gas it is necessary to measure its concentration and to
consider the duration of exposure and other parameters such as the type of work being 
performed.


If only the concentration of an air pollutant is known it is difficult to evaluate the degree of
the hazard. For Example, there is a degree of uncertainty regarding the health effects of
cigarette smoking. The synergistic effect of the more than 800 single substances in 
cigarette smoke and the physiological condition of the smoker are all factors in 
determining the toxicological influence to the individual.
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1.1 Introduction to Gas Measuring







An important prerequisite to determining the potential of any gaseous air pollutants is the
determination of the concentration with a suitable gas measurement device. The kind of
device to be used depends on which gases have to be measured and how often.  Much to
the dismay of both the user and the manufacturer, there is no universal instrument which
measures all gases or vapors. The variety of substances is too wide for a single technique
to measure all possible air pollutants. The more chemically complex a substance is, the more
complex the gas measurement technique.


It may be that more than one measurement device or measurement method may be
employed, each based on different operational principles. The instrumentation industry
offers various devices for this purpose which can be used, individually or in combination on
the measurement task:
- flame ionization detectors 
- photo ionization detectors
- gas chromatographs
- infrared spectrometers
- UV-VIS photometers
- warning devices for explosion hazards
- Dräger-Tubes
- Dräger Chip-Measurement-System
- laboratory analysis in conjunction with sampling tubes or gas wash bottles (impinger)
- mass spectrometers
- substance selective instruments with e. g. electrochemical sensors


The choice of which monitor or measurement method to use depends upon the objective.
The user must evaluate the situation and determine which substances to measure, how often,
etc. Each of the above mentioned devices and methods have advantages and 
limitations. There is no universal monitor for all possible scenarios. For the selection of a
suitable measuring device and to support the user in solving 
measurement problems, Dräger Safety AG & Co. KGaA offers 
competent know-how and technical assistance. The customer /
employer should carefully train the user / employee on the use of 
their measurement device. Any use of the measurement device 
without receiving prior comprehensive training can be permitted 
by the customer / employer to the user / employees, at the 
customer / employees own risk.


Photo and flame ionization detectors are distinguished by short
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response periods but they do not offer substance selectivity. Gas chromatographs, infrared
and UV-VIS photometers are very versatile but on the other hand they are comparatively
expensive and require a specialist to calibrate the devices and interpret the 


readings correctly. Warning devices for explosion hazards like the
Dräger X-am 5000 are equipped with catalytical sensors to 
determine explosion levels of combustible gases and vapors. They
are not designed to measure lower concentrations and thus are not
suitable for this task.


Dräger-Tubes with direct reading colorimetric indication have many
applications. Approximately 500 different substances can be 
measured with Dräger-Tubes.
Limited selectivity and the fact that Dräger-Tubes are usually 
capable of only being used a once may present a disadvantage. 
If repeated measurements of the same substance are to be 
performed daily, a measurement device like the Dräger Pac 7000
CO with its electrochemical sensor for the measurement of 
carbon monoxide is more economic than Dräger-Tubes.


When complex mixtures (e. g. solvent mixtures), are present, 
usually only a laboratory analysis will suffice. The prerequisite is
that the contaminated air is trapped in a sorbent sampling tube
like silica gel or activated charcoal.


After collecting the sample, analysis is performed in the 
laboratory with gas chromatographic methods, or sometimes by
the combination of gas chromatography / mass spectroscopy. 
Laboratory procedures of this kind offer particularly high 


selectivity, but the analysis devices are very expensive, requiring high maintenance costs
and operation by specialists.
Regardless of the gas measurement device or what analysis proce dure is used, it is 
essential that the contaminant of interest be identifiable and measurable. Apart from a few
exceptions in process monitoring, it is very unlikely that concentrations of other substances
can be determined by subtracting the concentration of the gas which can be identified. For
example, if the oxygen concentration is below the 17 or 19.5 Vol. % limit, it cannot be said
which substance has displaced the oxygen without further investigation. In the case of very
high carbon dioxide concentrations there is the danger of suffocation; likewise if there is 
a leak in a gas pipeline the presence of methane poses an explosion hazard. Other 


10| Dräger-Tubes & CMS-Handbook
1-


39
4-


90


Dräger-Tubes


Laboratory Analysis
in the Dräger
Analysis Service


S
T-


96
7-


20
04







contaminants present in the ppm range would not influence the oxygen measurement enough
to alert anyone to a potential hazard. Since many of the occupational exposure limits are in
the range of 1 ppm, the measurement by difference technique is typically inadequate.


Before each measurement an assessment of the situation should be made as to what 
contaminants are in question, at what locations, at what times, and so forth, according to
established safety procedures. Monitoring according to established safety guidelines will help
ensure safety in the workplace and effective use of monitoring equipment.
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1.2 Concentration, Specifications, and Conversions


Concentrations are given as the content of a substance in a reference substance. For the
measurement of contaminants in air, a concentration is used for the amount of the 
substance compared to the air. An appropriate engineering unit is chosen, to give simple,
handy figures for indicating a concentration.


High concentrations are generally given in volume percent (Vol.-%), i.e. 1 part of a substance
in 100 parts of air. Air consists of 21 Vol.-% oxygen. (i.e. 100 parts of air contain 21 parts
of oxygen).


In smaller concentrations the engineering unit ppm = parts per million (mL/m3) is used.
The concentration ppm means 1 part of a substance in 1 million parts of air, ppb refers to
1 part of a substance in 1 billion parts of air.


The conversion of very small concentration units to Vol.-% is as follows:


1 Vol.-% = 10,000 ppm = 10,000,000 ppb


In addition to gaseous components the air also contains solid particles or liquid droplets,
called aerosols. Since an indication in volume percent is not very useful due to the small
size of the droplets or particles, the concentration of the aerosols is given in mg/m3. 


10 L/m3


1 cL/L
mL/m3


μL/L
μL/m3


nL/L


1 104 107


Vol.-% ppm ppb


10-4 1 103


10-7 10-3 1


10 L/m3


1 cL/L
mL/m3


μL/L
μL/m3


nL/L


1 103 106


g/L mg/L mg/m3


10-3 1 103


10-6 10-3 1


Vol.-%=


ppm =


ppb =


g/L =


mg/L =


ppb =
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Since each volume is related to a corresponding mass, the volume concentrations of gaseous
substances can be converted into mass per unit volumes and vice versa. These conversions
must be done at a specified temperature and pressure since the gas density is a function
of temperature and pressure. For measurements at work places, the reference parameters
are 20 °C and 1013 hPa.


Conversion from mg/m3 to ppm


mole volume
c [ppm] = • c


molar mass


The mole volume of any gas is 24.1 L/mole at 20 °C and 1013 hPa, the molar mass 
(molecular weight) is gas specific.


Example for acetone:
mole volume  24.1 L/mole 
molar mass 58 g/mole
assumed concentration 876 mg/m3


24.1
c [ppm] = • 876    


58
Concentration in ppm: c = 364 ppm or mL/m3.


Conversion from ppm to mg/m3


molar mass
c [mg/m3] = •c 


mole volume 
with the assumed concentration of 364 ppm it is: 


58
c [mg/m3] = • 364


24.1
Concentration in mg/m3 : c = 876 mg/m3.
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1.3 Water Vapor and Humidity


Water vapor in the atmosphere is commonly called humidity. There are many sources for
it, after all the surface of the earth consists of two thirds water. Humans also "produce"
water vapor as a metabolic product with each breath that is exhaled.


The maximum water vapor content of the air depends on temperature, i. e. the figures of
relative humidity are always to be considered in reference to temperature. To convert 
relative humidity into absolute humidity as a function of temperature, the above diagram or
the following formula can be used. Using a pocket calculator a conversion can be done:


Y = 3.84 ⋅ 10-6 ⋅ ϑ4 + 2.93 ⋅ 10-5 ⋅ ϑ3 + 0.014 ⋅ ϑ2 + 0.29 ⋅ ϑ + 4.98


With y = maximum absolute humidity in mg H2O / L and ϑ = temperature in °C. This 
formula is valid for the temperature range of 0 to 100 °C.


Example: The absolute humidity at t = 25 °C is needed. Using the formula the result is y
= 22.94 mg H2O / L. The result indicates that at 25 °C the maximum absolute humidity is
22.94 mg/L; that corresponds to a relative humidity of 100 % at the same temperature.


Similarly, every other absolute humidity at this temperature can be calculated, e. g. 50 %
relative humidity at 25 °C equals 11.47 mg H2O / L etc. If the relative humidity and the 
corresponding temperature are known, the absolute humidity can be calculated using the
above formula.
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A general statement about the effect of humidity on detector tube indications cannot be
made. Some tubes, like hydrogen sulfide, need only a minimum amount of water vapor
since the indicating reaction of this tube is an ion reaction. Also, because of the 
extraordinarily low solubility of metal sulfides, the upper limit of the humidity is not 
important with these tubes. However, with other types of tubes the reaction system can
possibly be diluted with high humidity. Therefore, the limits of the humidity given for the
respective detector tubes must be observed to prevent erroneous measurements.


As a general rule the upper and lower humidity limits are given in the instructions for 
use and in this handbook. When in doubt, measure the humidity using a water vapor 
Dräger-Tube.







A
|15


R
el


at
iv


e 
hu


m
id


ity
 in


 %


S
at


ur
at


io
n


A
ir 


te
m


pe
ra


tu
re


A
bs


ol
ut


e 
an


d 
re


la
tiv


e 
hu


m
id


iti
y 


at
 d


iff
er


en
t 


te
m


pe
ra


tu
re


s







The Dräger VOICE database provides up-to-date information about more than 1,600 
hazardous substances and recommendations for the products offered by Dräger to 
measure these hazardous substances and to protect oneself against them. It also includes
instructions on how to handle and use the products recommended. The program starts 
with a search template that searches the requested hazardous substance by entering a
chemical name, CAS, EINECS or UN number, the chemical formula or one of the 
substance’s synonyms. Detailed continuously updated information about the substance
selected can be retrieved such as:


- German and international limit values
- various physical-chemical properties such as molar mass, density, melting point, boiling 


point and explosion limits in air
- markings such as danger symbols, Kemlerzahl, R & S safety standards, regulatory and 


safety data, and danger notices
- synonyms


The Dräger-Tubes that are recommended for detection of the selected substance are 
categorised in short-term and long-term tubes and Chip-Measurement-System. Usually the
following information about the products is available:


- picture and enlarged view
- order number
- list of measuring ranges for different measuring instructions


and cross sensitivities
- related products


The Dräger VOICE database is available on the internet directly via www.draeger.com/voice
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Today, detector tubes are one of the classical 
measurement techniques of gas analysis. The first 
detector tube patent appeared in America in 1919. Two
Americans, A. B. Lamb and C. R. Hoover, impregnated
pumice with a mixture of iodine pentoxide and sulfuric acid.
This preparation, which they put in a vial, became the first
chemical sensor for measuring or rather detecting 
carbon monoxide. Before this early detector tube, canaries
were used as “sensors” in coal mining.


This first detector tube was only used for qualitative 
detection of the presence of carbon monoxide, 
quantitative measurement was not yet possible. Today the
Dräger-Tubes provide quantitative results with a high
degree of accuracy and selectivity. Since the development
of the first Dräger-Tube, more than 70 years ago, Dräger
has expanded the product line and Dräger-Tubes 
belong to the traditional products of Dräger.


In comparison with the first
detector tube patent, the basic
shape and structure of a tube
may appear not to have changed;
however, closer inspection
reveals the contents have
changed dramatically. What is a
Dräger-Tube? Simplistically, it is
a vial which contains a chemical
preparation that reacts with the
measured substance by chang-
ing color. To achieve the normal shelf life of 2 years the tube tips are fused at both ends.
Thus, the vial provides an inert package for the reagent system. Most of the Dräger-Tubes
are scale tubes and it should be emphasized that the length-of-stain discoloration is an 
indication of the concentration of the measured substance.


2. Dräger-Tubes and Applications
2.1 Dräger-Tube Measurement


Gas Sampling Pump 1950


Patent drawing by Lamb
and Hoover
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28
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50







The printed scale allows a direct reading of the concentration. Thus, 
calibration by the user is not necessary. Of course the length-of-stain 
discoloration does not correspond to the concentration as a direct 
measure but is, strictly speaking, a measure of the mass reaction of the
air contaminant with the Dräger-Tube preparation. Since the information
that 25 mg of nitrogen dioxide has reacted is not practical information
for the workplace, the calibration scale is prepared in the engineering
units ppm or volume percent.


For many years, only a few gases could be measured with detector tubes.
The main area of application was and still is the measurement of air 
contaminants in the workplace, in the concentration range of the 
occupational exposure limits. Decreasing occupational exposure limits
have made it necessary to develop more sensitive Dräger-Tubes. 
In addition, efforts to better understand the exposure profile in the 
workplace have resulted in special Dräger-Tubes for long-term 
measurement which determine time weighted averages over given time
periods.


Dräger-Tubes can be schematically classified utilizing the following 
criteria:
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Distinction is made according to the fundamentally different areas of application:


- Air investigation in the workplace
Measurements in the range of the occupational exposure limits.


- Technical gas analysis 
Dräger-Tube measurements in the area of emission concentrations.


- Compressed air for breathing apparatus and compressed gases
Specially calibrated Dräger-Tubes used with the Dräger Aerotest to determine the 
quality of compressed breathing air. The typical contaminants are CO, CO2, water and oil.


Short-term tubes are designed for on-the-spot measurements at a particular location over
a relatively short time period. Short-term tube measurements may last from 10 seconds to
15 minutes or so depending on the particular Dräger-Tube and sampling pump. Some 
applications for short-term tubes are the evaluation of concentration fluctuations in the 
workplace, the measurement of contaminants in the workers' breathing zone, the 
investigation of confined spaces (e. g. grain silos, chemical tanks, sewers) prior to entry
and to check for gas leaks in process pipelines.


The Dräger short-term tubes and gas detector pumps are designed and calibrated as a unit.
The use of other types of pumps with Dräger short-term tubes is not recommended. Although
the volume may be the same, the difference in the flow characteristics of the pump and
tube can result in considerable measurement errors.


Suitable pumps for Dräger short-term tubes are:
- Gas detector pump Dräger accuro
- Automatic pump Dräger accuro 2000 with the gas detector pump accuro
- Dräger Quantimeter 1000


For long-term measurements Dräger-Diffusion-Tubes with direct indication and sampling
tubes and systems are available. Long-term measurements with diffusion tubes provide 
integrated measurements that represent the average concentration during the sampling
period. Normally the measurements are performed between one and eight hours. These
tubes can be used economically as personal monitors or area monitors to determine the
weight average concentration. In contrast to short-term tubes, no pump is necessary for
sampling with these measurement devices. The contaminant molecules automatically move
into the tube or onto the badge, according to Fick's First Law of Diffusion. 







The driving force for this movement of the contaminant molecules is the concentration 
differential between the ambient air and the inside of the tube. Since the diffusion tubes
do not require a pump, they are particularly effective as personal gas monitors.


When complex substances or components that are
chemically very similar, like methanol, ethanol, and
propanol are present, direct reading Dräger-Tubes
approach their limits of use. A colorimetric reaction 
system based on a chromate indicator cannot distinguish
between the three alcohol types and indicates the sum
of the concentration. In this example, the alcohols are
indicated with almost the same sensitivity. Solvents 
usually consist of three to five different components, all
chemically very similar. The use of a single Dräger-Tube
in this case would not yield reliable results without any
previous knowledge because of possible and probable cross sensitivities. In cases such as
these, a sample should first be collected using a sampling tube which is then sent to a 
laboratory for analysis. The analysis will be conducted using gas chromatography or a 
photometric analysis technique.


Dräger sampling tubes contain coconut shell charcoal,
different types of silica gel, or molecular sieve. 
The sampling tubes do not produce a color change and
therefore can be described as indirect indicators. The
sampling of isocyanates is accomplished using a 
specially prepared Dräger sampler which is analyzed after
sampling via HPLC procedures.


After the analysis with sorbent sampling tubes it is often
possible for subsequent measurements to be performed
economically with direct reading short-term or long-term
tubes targeted for particular components of a mixture.
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In order to choose the best Dräger-Tube for the particular application, an assessment of
the measurement with regard to the ambient conditions and the possible limits of use is
very important. This assessment ensures that the advantage of the Dräger-Tube method
does not turn into a disadvantage due to unforeseen cross sensitivities. 


In any case, although the Dräger-Tube is an easily operated gas measurement method, it
belongs in the hands of specialists. People trained in the field of industrial hygiene should
be capable of determining the time and place to monitor, to recognise possible cross 
sensitivities, and to interpret measurement results correctly.


For all gas analysis tasks Dräger provides competent and extensive service beyond the 
initial sale of its products. This service includes:


- free consultation for specific questions on measurements with Dräger-Tubes,
- 1)analysis of loaded samplers in the laboratory of the Dräger analysis service
- 1)measurement and sampling on site with analysis in the laboratory of the 


Dräger analysis service according to official regulations,
- Internet information system VOICE: www.draeger.com/voice
- Seminars about special subjects


1)This service is based in Germany.







The basis of any direct reading Dräger-Tube is the chemical reaction of the 
measured substance with the chemicals of the filling preparation. Since this reaction leads
to a discoloration, the Dräger-Tubes can also be called colorimetric chemical sensors. The
substance conversion in the Dräger-Tube is proportional to the mass of the reacting gas.
Generally it is possible to indicate this substance conversion as a length-of-stain indication.
When a length-of-stain indication is not practical, the alternative is a Dräger-Tube with the
indication based on interpretation of color intensity according to a given reference standard
or set of standards.


The filling layers of Dräger-Tubes are comprised of different reagent systems. There are
essentially 14 reagent systems used in Dräger-Tubes and in some cases these reagents are
combined in the same tube to give desired effects. For the Dräger-Tube user the 
selectivity of the individual tube is very significant. The spectrum of selectivity of 
Dräger-Tubes ranges from the substance selective Dräger-Tubes for carbon dioxide to tubes
which are selective to substance groups (e. g. chlorinated hydrocarbons), to the class 
selective Dräger-Tube like the Polytest tube which indicates many easily oxidizable 
substances. The Dräger-Tube user has many options available when using Dräger-Tubes.
This handbook is intended to help sort out those options.


One of the classic Dräger-Tube reactions is the conversion of iodine pentoxide under acidic
conditions to iodine by reaction with carbon monoxide. While it is basically a class 
selective reaction for the measurement of easily oxidizable substances, the selectivity can
be increased by suitable prelayers:


5 CO + I2O5 5 CO2 + I2


Precipitation reactions of metal salts are the basis of hydrogen sulphide tubes. Metal salts
react with hydrogen sulphide and form slightly soluble metal sulphides. This is a fast ion
reaction which is nearly independent of the flow rate through the Dräger-Tube. In order to
make this reaction occur, a small amount of water, i.e. humidity, is necessary:


H2S + Cu2+ � 2 H+ + CuS


Nitrogen dioxide and elementary halogens react with aromatic amines by forming 
intensely colored compounds:


Cl2 + o-Tolidine � orange reaction product
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Since chlorinated hydrocarbons are not indicated by direct colorimetric reaction, an 
oxidative cleavage of the molecule is necessary as a first step. This reaction is either done
with potassium permanganate or chromium (VI) compounds, which forms elementary 
chlorine. The chlorine then reacts with the reagent preparation in the indicating layer to
produce the colorimetric reaction product.


The measurement of carbon dioxide is done by oxidation of hydrazine hydrate in the 
presence of crystal violet as an oxidation-reduction (redox) reaction:


CO2 + N2H4 � NH2–NH–COOH


Typically carbon dioxide will be present at a substantially higher concentration than any
potentially cross sensitive substances, therefore this reaction is very selective. Possible
interferences by hydrogen sulphide and sulfur dioxide are not expected since these 
interferences can only occur with unusually high concentrations. 


Another large group of Dräger-Tube reactions is based on pH indicators, for example: 


NH3 + bromophenol blue � blue reaction product


This type of reaction is valid for basic as well as acid gases.


Compounds containing the C   N-group are measured using multiple stage reactions. In the
case of acrylonitrile, the first step is a reaction with a chromium (VI) compound. In the next
step the cyanide ion reacts with mercury chloride to form hydrochloric acid and 
undissociated mercury cyanide. The hydrochloric acid is indicated in the last partial step of
this complex reaction system by means of a pH indicator. Suitable prelayers are used to
ensure a selective measurement. A similar reaction principle is also used in the most 
sensitive hydrogen phosphide (i. e. phosphine) tubes, Phosphine 0.01/a. The hydrogen
phosphide also reacts with mercury chloride, but in this case yields mercury phosphide and
hydrochloric acid. Again, the hydrochloric acid is indicated by means of pH-indicator.


Most hydrides of the elements from group III or V of the periodic table (e.g. borane or
arsine), react because of their reducing characteristics with gold salts by forming 
elemental gold.


Aromatics condense under strongly acidic conditions with formaldehyde to form intensely
colored quinoid compounds with different molecular structures. Each of these reaction 







partners can be measured on this basis; aromatics like benzene and xylene as well as
formaldehyde. For ethylene oxide and ethylene glycol an additional oxidation reaction is 
necessary, in which both substances are converted into formaldehyde.


The oxidation effect which sulfur dioxide has on iodine complexes (i.e. iodine with starch)
results in a bleaching or discoloration of the colored indicator to a neutral white. This 
reaction is the basis of several Dräger-Tubes for sulfur dioxide.


Chromium (VI) compounds under acidic conditions have a strong oxidising effect, so that
they are suitable for the measurement of a lot of organic compounds. The Dräger Alcotest
tube for the measurement of alcohol in the breath is based on a chromium (VI) salt. In this
case the chromium (VI) is reduced to green chromium (III). The oxidising effect of the
chromium (VI) compounds forms esters (other than acetic acid) which can be oxidised 
further. However, the color of these chromate tubes is only based on the green chromium
(III) ion, so the colorless oxidation products do not interfere with the actual 
measurement.


Substituted aromatic amines react relatively selectively with acetic chlorides and phosgene,
where the latter can be seen as dichloride of the carbonic acid. Carbon tetrachloride is 
oxidised by a strong oxidation agent into phosgene, so that this type of reaction is also 
suitable for the measurement of carbon tetrachloride.


The oxidation reaction of C=C double bonds with potassium permanganate is the basic
reaction of the Dräger-Tubes for the measurement of olefins (i.e. alkenes). Other 
substances which are oxidised by permanganate (e.g. perchloroethylene) will also be 
indicated.


Another reduction reaction of metal salts permits the measurement of ethylene and some
acrylates. Molybdate salts show an intensive discoloration from light yellow to dark blue
when reduced from the highest oxidation stage to a lower one.


Substance selective reactions which have not been mentioned include:


- ketone detection with hydrazine derivates,
- oxidation of titanium (III) salts by oxygen,
- nickel detection by dimethylglyoxime.
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The limits of the gas detection method must be considered when attempting to conduct an
analytical determination. It is important with regard to the selectivity to know about poten-
tial cross sensitivities. Considering the exhaustive list of potential chemical substances, it
is not possible to list all potential interferences. When questions about Dräger-Tubes arise,
they should be directed to the local Dräger subsidiary or distributor.


The Dräger-Tube measurement system consists of a Dräger-Tube and a Dräger gas 
detector pump. Each Dräger-Tube contains a very sensitive reagent system that produces
accurate readings when the technical characteristic of the gas detector pump precisely
match the reaction kinetics of the reagent system
in the tube. Therefore, a gas detector pump 
delivering the correct volume must also pull the
sample through the Dräger-Tube at the proper
rate. In effect, the pump and tube form a sampling
unit. To interchange the pumps and tubes of 
various manufacturers can lead to erroneous
results. These requirements are referenced in
international as well as national detector tube
standards or norms which require or recommend
that detector tubes be used with a matching gas
detector pump from the same manufacturer.


2.3 Dräger-Tube Measurement System
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Dräger short-term gas detector pumps
The following gas detector pump can be used suitably for the measuring of momentary 
concentrations, e. g. concentration peaks, spot measurements and worst case 
measurement:.


- Gas Detector Pump Dräger accuro
- Automatic Pump Dräger accuro 2000 with Gas Detector Pump Dräger accuro
- Dräger Quantimeter 1000


The air sample is sucked strokewise through the Dräger-Tubes with these gas detector
pumps. Basically all gas detector pumps are to be used according to the appropriate 
instructions for use.
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Application For short-term measurements with a small number of strokes


Design Bellows pump worked by hand, single-handed operation


Number of Strokes 1 to 50 and higher


Stroke volume 100 mL (±5%)


Size 85 x 170 x 45 mm


(H x W x D)


Weight approx. 250 g


Kind of protection (not required)


Battery (not required)


Technical Data Gas Detector Pump 


Dräger accuro
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For the Gas Detector Dräger accuro the pump body 
(bellows) is pressed together completely. The pump can
be easily operated with one hand and supply 100 mL with
one stroke, during which the air contained in the pump
chamber escapes through the exhaust valve. The suction
process runs automatically after the bellows are set free.
The exhaust valve is closed during the opening phase of
the bellows so that the gas sample flows into the pump
chamber through the Dräger-Tube connected in series.
After the complete opening of the pump body into its
original position the suction process is finished. The end
of stroke is visible by an end of stroke indication. An 
internal scissor mechanism in the Dräger accuro provides
complete even compression of the bellows and an automatic stroke counter which is 
integrated in the pump head records the number of strokes.


The gas detector pumps are independent of external energy sources. Therefore there are
no usage restrictions in areas of explosion hazard.


For the Automatic Pump Dräger accuro 2000 the Gas Detector Pump Dräger accuro is 
the principal item of the measuring device. The Gas Detector Pump Dräger accuro can be 
automatically compressed in the Automatic Pump Dräger


accuro 2000 after the number of strokes necessary for
the measurement has been preselected. The measuring
process is finished when the programmed number of
strokes has been performed. Since the Dräger accuro
2000 does not comply with the explosion hazard 
regulations, measurements in areas with explosion hazards
can only be performed manually with the gas detector
pump Dräger accuro.


The Dräger Quantimeter 1000 is a microprocessor controlled automatic gas detector pump.
The number of strokes can be preselected from n = 1 to n = 199 corresponding to an air
volume from 0.1 to 19.9 litres. Continuous operation is also possible. It features two LC 


Gas Detector Pump 
Dräger accuro
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Pump System Dräger
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displays indicating the preselected number and the actual 
number of strokes. The apparatus is operated with a 
rechargeable battery which can be exchanged. 


Dräger Quantimeter 1000
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Application For short-term measurements For short-term measurements


with higher number of strokes with higher number of strokes


or in continuous operation or in continuous operation


Design Electrically operated, automatic Electrically operated, micropro


pump for the operation of the cessor controlled bellows pump 


Gas Detection Dräger Pump accuro in compact contruction


Number of strokes 1 - 199 pre-selectable or 1 - 199 pre-selectable or 


contiuous operation contiuous operation


Stroke volume 100 mL (±5%) 100 mL (±5%)


Size (H x W x D) 270 x 190 x 100 mm 180 x 165 x 62 mm


Weight approx. 2.4 Kg approx. 1.8 Kg


Battery Nominal voltage 6 V / 1 Ah Nominal voltage 6 V / 1 Ah


Technical Data Automatic Pump Dräger Quantimeter 1000


Dräger accuro 2000
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Functional capability of gas detector pumps


To help ensure precise measurement results, it is particularly important to confirm that 
the pump is operating properly. Short-term pumps should be checked before each 
measurement for leaks and suction capacity according to the operating manual. In addition,
after a measurement short-term pumps should be flushed with clean air by performing 
several strokes without a Dräger-Tube in the pump. This purges the pump of reaction 
products which enter the bellows due to the reaction in the tube.
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Quick test to check bellows pump for leaks Quick test to evaluate the suction capacity
of the bellows pump


Insert an unopened
Dräger-Tube and
squeeze the pump
completely.


After releasing 
the position of the
pump body should
not change within
one minute.


Squeeze the
pump completely. 


After releasing, the
pump must open
instantly.







Short-term tubes are intended for the measurement of momentary concentrations. The
duration of a short-term measurement is usually in the range of 10 seconds to 15 minutes
The measured value shows the actual concentration during the time period covered by the
test.


The design of the short-term tube depends on the measurement task, particularly on 
the substance to be measured and the concentration range to be determined. There are
several types of Dräger short-term tubes:


- tubes with a single indication layer,
- tubes with one or more pre-layers plus an indication layer,
- combination of two tubes,
- tubes with connecting hoses,
- tubes with a built in reagent ampoule,
- tubes for simultaneous measurement


Short-term tubes with a single indication layer
The whole filling layer in these tubes serves as the indication layer.


Examples include: Acetone 100/b,   
Ammonia 5/a.


Short-term tubes with one or more pre-layers
In addition to the indication layer they have one or more pre-layers. These pre-layers are
designed to: adsorb moisture or


trap interfering substances or
convert substances into measurable substances


Examples include: Alcohol 100/a,
Hydrocyanic Acid 2/a.
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Combination of two Dräger-Tubes
Two Dräger-Tubes, a pretube and an indication tube, are connected with shrink wrap 
tubing. Prior to the measurement, both inner tips and outer tips must be opened to allow
air to be drawn through both tubes. The preparation in the pre-tube serves a purpose 
similar to the pre-layer of a single tube.


Examples include: Halogenated Hydrocarbons 100/a, 
Formaldehyde 0.2/a


Short-term tubes with connecting tubes


These tubes consist of one indication tube and an additional tube. After breaking off the
tube tips both tubes are connected with a short piece of rubber tubing supplied with the
tubes. The additional tube must be connected in front of or behind the indication tube
according to the instructions for use. If connected behind the indication tube, it functions
as an adsorption layer for reaction products which result from the reaction in the indication
tube. If it is connected in front of the indication tube, it functions similarly to the pre-layer
in a standard Dräger-Tube.


Examples include: Oxygen 5%/B,
Benzene 2/a


Short-term tubes with a built-in ampoule
Due to chemical incompatibility some reagents must be kept separate until just before the
actual measurement. These tubes feature a built-in reagent ampoule in addition to the 
indication layer. The compound in the ampoule can be vaporous, liquid, or solid (i. e. 
granular).
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Examples include: Oil Mist 1/a,
Methyl Bromide 5/b
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Dräger-Tube with built-in reagent ampoule


Dräger-Tubes for simultaneous measurement
A set of five specially calibrated tubes are provided
in a rubber fixture. Each tube has one or two 
calibration marks for semiquantitative evaluation. The
tips of all five tubes are broken and the set is 
connected to a five tube adapter which is 
connected to the gas detector pump (e. g. Dräger
accuro) and the air sample is drawn through all five
tubes simultaneously. Since the test sets are
designed as a system, the use of other tubes is not
recommended and will lead to erroneous results.


Examples include: Dräger Simultaneous Test Set I and II measurement of inorganic 
combustion gases. Dräger Simultaneous Test Set III measurement of organic vapors.


Dräger-Tube with
reagent ampoule 
(content is granu-
lar preparation)


Test Set I for simultaneous measurement of
inorganic combustion gases.
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The evaluation of the indication on the Dräger-Tube is another important factor to be 
taken into consideration. The following are guidelines for interpreting the indication:


- continuously observe the tube during the measurement
- evaluate the indication immediately following the measurement according 


to the instructions for use
- use sufficient lighting
- light background
- compare with an unused tube


Observing the tube during the measurement is particularly important to make sure that a
complete discoloration of the tube has not happened without being realised. This complete
discoloration can sometimes occur abruptly with high concentrations even during the course
of the first stroke.


A sufficient lighting source is necessary. However, direct sunlight should be avoided because
the UV-radiation of the sun may cause a change in the discoloration. Since such a change
can sometimes occur even after a longer period of time.


The reading of the tube must be done immediately following the measurement.


Also, keeping the used tube as proof is not useful in most cases, because even tubes which
have been sealed with rubber caps will show a change in the indication over time.


A light background (white paper) is very helpful, in improving the readability of the 
discoloration. When there is no source of ambient lighting the reflector of a switched-on
flashlight will suffice.


The comparison of a used tube with an unused one is yet another way to more accurately
evaluate the discoloration.


In all cases the entire length of the discoloration must be read. This means the sum of all
colors (e. g. carbon monoxide tubes produce light brownish green discolorations).


It must also be pointed out that an individual's perception of a particular color or intensity
of a color is somewhat subjective. It is possible, for example, that one person calls a color
light brown whereas another person calls the same color brown. These deviations in the
individual perception of color or sense of color should not be overemphasised unless 
color blindness is an issue.


2.5 Evaluation of Dräger-Tubes







When reading the concentration on a scaled tube, three different situations can be 
encountered:


- the color indication ends at a right angle to the tube's longitudinal axis
- the color indication is oblique to the tube's longitudinal axis
- the end of the color indicatlon becomes very diffuse


When the color indication is at a right angel to the tube's longitudinal axis. the 
concentration can be read directly against the scale (see example 1). If the color indication
is oblique (i. e. runs in a slanting direction to the tube’s longitudinal axis), then a long and
a short discoloration can be observed. In this case the average reading indicates the 
concentration (see example 2). If the color indication become progressively diffuse, the end
of the discoloration may be difficult to evaluate. In this case the final edge of 
the discoloration has to be read at the point where a faint discoloration is just visible 
(see example 3)
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The hot air probe was developed for the measurement of hot gases. This probe is required
when the temperature limit (usually up to 40 °C / 104 °F) given in the operating 
instruction sheet is exceeded.


At a higher temperature the volume of air drawn with the Dräger gas detector pump changes.
Normally, the volume is 100 mL per pump stroke at 20 °C. The temperature dependence
of the volume can be explained with Gay-Lussac's law.


V0


Vt =               T
T0


The hot air probe is designed to cool down hot gases so they can be measured directly
with the Dräger-Tube system. If it is ensured that the probe does not remain in the gas flow
for more than half a minute, even gases at a temperature of e. g. 400 °C are cooled to below
50 °C. The dead air space of the probe is so small that it can be ignored while measuring.


2.6 Hot Air Probe6. Hot Air Probe


rubber 
connecting 


hose
cooling 
baffles


front
view


probe
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restrict 
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Dräger-Tube


Cooling effect of the hot air probe 
gas temperature : 650 °C
ambient temperature :   20 °C
In 3 minutes 1 L of gas was drawn 
and the temperature in the tube rose
according to the above curves
(1) with one hot air probe
(2) with two hot air probes
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An extension hose provides a convenient means to test the air quality in difficult to reach
areas such as grain silos, storm drains, sewers and tanks, prior to entry. One end of the
hose is equipped with an adapter to connect the extension tube securely to the gas 
detector pump. The other end of the hose has a tube holder assembly which provides a
gas tight fit when the Dräger-Tube is inserted. The extension hose is made of a fuel 
resistant synthetic rubber.


Since the Dräger-Tube is connected at the inlet of the extension hose and the gas 
detector pump is connected at the outlet end of the extension hose, the volume of the hose
has no influence on the reading. However, when extension hoses longer than the standard
3 m hose are used, correction factors or additional time to draw the sample may be required
and should be reviewed with the local Dräger subsidiary or distributor.


2.8 Determination of the Carbon Monoxide 
Content in Exhaled Air


The Respiratory CO Test is used for the 
determination of the concentration of carbon 
monoxide in the blood. There is a very close 
relationship between the carbon monoxide content of
exhaled air (alveolar air) and the level of carbon
monoxide saturation of the blood. The Respiratory CO
Test provides a convenient and reliable means to
measure the carboxyhemoglobin (HB-CO) content of
the blood.


As a follow-up to the carbon monoxide measurements made at the work place, the 
Respiratory CO Test provides vital information about the exposure to the individual. People
working in areas where the carbon monoxide concentration is fluctuating (e. g. highway toll
booths, parking garages) should be checked regularly.


To perform the test, exhaled air is blown through a resistance tube into a 1 L sampling bag.
The air sample is drawn out of the sampling bag through a Dräger-Tube (calibrated in 
percent carboxyhemoglobin) using the Dräger gas detector pump. The exhaled air consists
of a mixture of alveolar air and tidal air. Using the sampling bag, the alveolar air makes up
approximately 70% of the sample air. This is a highly reproducible ratio and the 
respiratory CO Tube can be directly calibrated in percent carboxyhemoglobin.


Respiratory CO Test measurement


2-
72


3-
92


2.7 Extension Hose







A
|37


In accordance with DIN EN 12021, compressed air used as breathable air must meet 
certain quality requirements. For example, air in an unloaded state cannot contain more
than 15 ppm of carbon monoxide or 500 ppm of carbon dioxide. The water content in
unloaded air, in the case of a drop in pressure of 200 bar, must be below 50 mg/m3. In the
case of a fall in pressure of 300 bar it must be below 35 mg/m3. Furthermore, unloaded
air must also be free from odor or taste (this is generally guaranteed if the oil content is
below 0.1 mg/m3). In addition, the water content of unloaded air released by the 
compressor must not exceed the total pressure range of 25 mg/m3 (DIN EN 12021).


In order to check these parameters, as well as to satisfy the intended application of the 
various media in the form of application-specific and country-specific regulations, a 
quantitative test of the medium can be performed using
the Aerotest line of products. Dräger has been active for
over 100 years in the field of compressed air analysis.
The Aerotest line of products allows simultaneous 
measurement of pollutants in outgoing air, as well as in
oxygen and carbon dioxide. Dräger-Tubes form the basis
for these measurements. The Simultan Aerotest and tubes
make it possible to take a measurement in just 5 minutes.
The volume flow required for the pollutant measurement
(flow through Dräger-Tubes) is realized using a precise
pressure relief valve and special dosage devices. 
Regardless of the compressor's primary pressure (max.
300 bar), the loop, or the respective residual filling 
pressure in the buffer cylinders, a consistent volume 
flow can be supported. The Aerotest Simultan is a 
compact design and can be connected to standard compressors, buffer cylinders, or loops
without the use of additional tools. 
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2.9 Investigation of compressed Air, Medical Gases 
and Carbon Dioxide


Dräger Aerotest Simultan
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In 2008, measurement using impactor technology was introduced, in order to detect 
oil mist in compressed air. In general, impactors collect aerosol particles, making this 
technology excellently suited to detecting oil mists. 


The impactor is used together with an adapter in the Dräger
Aerotest Simultan.


During the measurement, the air to be inspected flows
through 20 nozzles in the impactor, before hitting a 
baffle-plate, made of cut glass, at right angles. The 90 ° 
redirection of air in the impactor separates the aerosol 
particles in the air flow on the glass plate due to their high
inertia. The recesses in the glass grinding are then filled with
the oil. This nullifies the light diffusion caused by the glass
grinding. This principle allows for the visual recognition of
small quantities of oil. 


Due to the special arrangement of the nozzles, the quantity of separated oil, and therefore
the oil aerosol concentration if the air quantity is known, can be measured with good 
reproducibility. 


The measurement result is independent on the oil grade. However, note that oil aerosols
vaporize at high temperatures, and the vapor is not shown. The measurement lasts 
5 minutes with a volume flow of 4 L/min, making a test volume of 20 L. 


Impactors with 3 different oil aerosol concentrations.
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Dräger Aerotest SimultanHP, complete 65 25 951 
For checking breathable air in high-pressure areas. The
monitoring of the breathing air quality according to the
requirements of EN 12021 is performed by means of a
quantitative measurement (of the contaminations) in the
compressed air flow. Quickcheck measurement in 5 
minutes, with high precision. The measuring device 
(G 5/8" connection DIN 477) can be connected to the
high-pressure compressed air supply system to be 
monitored. All components of the Aerotest Simultan HP
are arranged in a carrying case and ready for use. 


Dräger Aerotest Alpha, complete 65 27 150
For checking breathable air in low-pressure areas of 3
to 15bar. The monitoring of the breathing air quality,
according to the requirements of DIN EN 12021, is 
performed by means of quantitative measurement (of the
contaminations) in the compressed air flow. The 
measuring device (barbed fitting connection) can be 
connected to the low-pressure compressed air supply
system to be monitored. All components of the Aerotest
Alpha are arranged in a carrying case and ready for use. 


Dräger Aerotest Alpha, complete


Dräger Aerotest Simultan HP, complete
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Dräger MultiTest med. Int., complete 65 27 320
For checking medical gases in supply systems. 
The Multitest med. Int. and Dräger tubes can be used to
detect contamination in compressed air, laughing gas, 
carbon dioxide and oxygen, in accordance with USP 
(United States Pharmacopeial) requirements. Dräger
tubes are used for the quantitative detection of water
vapor, oil, CO2, SO2, H2S, NOx, CO and other 
contaminations in medical gases. The measuring device
is connected with the various barbed fitting adapters. All
components of the MultiTest med. Int. measuring device
are stored in a handy carrying case. 


Dräger Simultan Test CO2, complete 65 26 170
For checking carbonates (CO2) in low-pressure areas
of 3 bar. The monitoring of carbonates is performed 
by means of quantitative measurement (of 
contaminations) in the carbon dioxide flow. The 
measuring device (barbed fitting connection) can be
connected to the carbon dioxide tube system to be
monitored. Dräger tubes are used for the quantitative
detection of water vapor, NH3, NOX, CO, SO2, H2S and
other contaminations in carbon dioxide. All components
of the Simultan Test CO2 measuring device are stored
in a handy carrying case. 
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2.10 Proposed Strategy for Determining Gas Hazards


Dräger Aerotest Navy, complete


Dräger Aerotest Navy, complete 65 25 960
The device determines the quantity of hydro steam, oil,
CO2, CO and other contaminations in the air flow 
supplied by high-pressure compressors or compressed
air at a max. pressure of 300 bar. The pressure is 
limited by a pressure reducer. The air to be monitored is
tested by means of a flowmeter. The compressed air is
supplied through a special direct scanning tube, which
analyzes the quantity. The monitoring of the breathable
air quality is performed in accordance with DIN EN 12021.
All components of the Aerotest Navy are stored in a handy
carrying case. 


The measurement of air pollution presents a special challenge especially when encountered
at hazardous waste sites, fires, or transportation accidents involving chemicals. In this case, a
risk analysis is hindered by the possible existence of several contaminants in the air. 


In addition to portable gas detection instruments, Dräger-Tubes and Dräger Chips can be
used for on-site measurements and to assist in the identification of gaseous substances.
Because of the diverse possibilities regarding the substances, it is not possible to only use
a single Dräger-Tube or Chip to determine all the imaginable combinations of gas dangers.
Taking into account certain considerations and experiences, a suggestion for a 
measurement strategy has been developed.  With this strategy, the time to make a first
classification of the most important substance groups can be considerably shortened.


Of course, every suggestion is more or less the best possible compromise, when the 
practicability is complicated by a growing uncertainty.  


Multiple test sets
For these special applications, Dräger has developed multiple test sets for carrying out
simultaneous measurements. Each set consists of five specially calibrated tubes assembled
in a rubber fixture. At this time there are two sets available for the measurement of 
inorganic combustion gases (Dräger Simultaneous Test-Set I and II) and a third set, for the
measurement of organic substance groups (Dräger Simultaneous Test-Set III).
The use of such multiple measurement devices has substantial advantages compared with
individual Dräger-Tube measurements:
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- significant reduction of the measuring time
- detection of five contaminants and the relative concentrations at once
The Dräger Simultaneous Test-Sets are delivered pre-assembled and are connected to the
gas detector pump via an adapter after opening the tube tips.


The Dräger-Tubes that make up each set do not have complete calibration scales. Instead,
they have one or two calibration marks. These marks are orientated on the limit values 
for workplaces. To achieve the same air flow through each tube, the individual flow 
resistances of the Dräger-Tubes are very carefully matched, therefore, no other detector tubes
may be used as substitutes in the rubber fixture.


Using three concentration sections the evaluation of the Simultaneous Test-Sets can be
basically classified: 
- non critical concentration range
- critical concentration range
- highly critical concentration range


The concentration range is indicated by the length of the discoloration. The following 
drawings describe the evaluation of the single tubes in the Simultaneous Test-Sets. In the
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Evaluation of the Dräger Simultaneous Test Sets 
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Simultaneous Test-Set II there is a special evaluation of the Dräger-Tubes for chlorine, 
phosgene and sulfur dioxide. On these tubes, the second mark is missing.


Whenever the concentration of a gas is critical or highly critical the actual concentration of
this gas is verified using the respective Dräger-Tube.


A decision about possible measures always depends on how the concentration of the 
emerging gas will develop. In addition, the individual ambient conditions must be taken into
account. Therefore, decisions can principally only be made by the fire chief on site.


Measurement of combustion and decomposition gases
In every fire, combustion and decomposition gases are evolved. There is danger of 
combustion and decomposition gases developing in higher concentrations during and 
particularly after the fire. These gases present a significant toxicity hazard for persons in
the immediate as well as adjacent areas. These areas include e. g.


- adjoining rooms
- adjacent floors
- adjacent buildings
- neighboring streets


To realise the full benefit of these tests, both sets must
be used, otherwise hazardous gases with poor warn-
ing properties could be overlooked.


Studies have shown that more than 450 substances
are evolved as the result of fire. While all of these gas-
es are not present in every fire, there are 11 inorgan-
ic gases that are most commonly present. Ten of these
gases are measurable using the


- Dräger Simultaneous Test-Sets I and
- Dräger Simultaneous Test-Set II


The eleventh gas is phosphine which occurs in fertilizer fires or in connection with 
fumigation agents. In these cases an additional measurement is performed with the 
Dräger-Tube Phosphine 0.01/a.


Measuring with the 
Dräger Simultaneous Test-Set
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Although Dräger Simultaneous Test-Sets I and II were developed to provide measurements
in the immediate area of a fire (either during the fire or during the clean-up), they are also
very useful to assess the spread of the combustion and decomposition gases to other areas.


Measurement of organic vapors
Solvents and other organic vapors can be involved e. g. during hazardous accidents. For
such cases the Simultaneous Test-Set III for organic vapors was developed. Ketones, 
aromatics, alcohols, aliphatics, and chlorinated hydrocarbons can be indicated with this set.


Measurement strategy
Dräger-Tubes are suitable for obtaining quick assistance when determining certain dangers
due to gases on dumpsites for hazardous waste or after accidents, during fires etc. A 
statistical analysis of such events in which the individual toxic substances could be 
identified revealed that in 60 to 65 % of all cases combustible substances were present
and there was therefore danger of explosion. For this reason principally the danger of 
explosion should be determined before using the Dräger-Tubes, preferably combined with
measurement of the oxygen and carbon monoxide levels. The Dräger X-am product family
(Dräger X-am 1700 to Dräger X-am 7000) for example, may be used, being equipment with
catalytic or electrochemical sensors.


The Dräger Simultaneous Test Sets were developed so as to obtain information 
concerning health hazards by rapid measurements in the immediate vicinity.


Apart from registering individual substances, they are also designed to record groups of
substances, since the reaction systems they use are deliberately chosen to be non-
specific. In certain circumstances information about acidic substances may, for example, be
sufficient to be obtain a more detailed characterisation.


In addition to the measurements using the Dräger Simultaneous Test Sets, which are meant
to offer quick assistance in decision-making when determining dangers due to gas, the full
range of classical Dräger-Tubes is available for measuring more precisely. When necessary,
samples can be taken on site, to be analysed subsequently in the laboratory. 


The combination of the Dräger X-am family and the Dräger Simultaneous Test Sets I, II and
III complement one another. Together they constitute a recommended strategy. In practical
situations, this suggested strategy forms the basis for the action to be taken in over 85%
of cases. The results of the measurements hold only for the place and the time at which
the measurement is taken (momentary concentrations). Specific circumstances that differ
from case to case, may call for other special strategies.
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In order to prevent damage through animals such as insects and other disease carriers, or
to disinfect and sterilize spaces, enclosed spaces are flooded with poisonous or asphyxiant
gases.


In present times, with increased demand and a global transport system, many different
applications exist for fumigants:
- fumigation of storage areas for foodstuffs, 
- fumigation of granaries and grain cargo ships, 
- fumigation of containers with all types of goods, during transport, 
- fumigation in medical field, for sterilization and disinfection, 
- fumigation of buildings or parts of buildings (e.g. houses, apartments, churches, 


museums, etc.). 


Different fumigants or other substances are used, depending on the application area. For
example, ethylene oxide and formaldehyde are used for sterilization and disinfection in 
medical areas. In addition, ammonia is used as an additive for neutralization.


In order to protect agricultural products like grain, vegetables, fruit, nuts, tobacco, etc., 
phosphine is used to poison insects. Inert gases, such as nitrogen, carbon dioxide and noble
gases (primarily argon) are used to displace oxygen and suffocate insects.


Methyl bromide, sulfuryl fluoride and hydrocyanic acid are used to fumigate furniture, 
wooden products, electrical devices, etc. during transport, and to fumigate buildings and
rooms.


It has also been possible to determine such adventurous procedures as the impregnation
of leather goods with benzene. Benzene was used by senders when transporting goods in
containers, in order to avoid the possible build up of mold on the leather due to air 
humidity and high temperatures. 


Fumigants are used in tablet form. They are then placed in the rooms or containers. They
are distributed equally around the entire room in order to achieve the desired level of 
efficiency. Sometimes, however, they are just placed in one position, such as directly behind
the door of a container or on the opposite side of the container to the door. This is 
particularly dangerous, as it can result in a sudden cloud of fumigant when the container
door is opened or when unloading goods.
The concentration of the fumigants used must be measured in order to protect persons
present at the start and finish of the fumigation procedure when loading and unloading 
fumigated products from transport containers, or in case of possible leakages.


2.11 Measurement of Fumigants
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This is simple if the fumigants used are known. The range of Dräger-Tubes means that the
appropriate tubes or Dräger-Chips can be used, according to the substance and 
measurement area. However, whenever the fumigant is not known, it is also not clear which
Dräger-Tube should be used for the measurement. This question often arises in the field
of container transport, where it can be triggered by a missing label of the fumigant used,
or a complete lack of reference to fumigation.


Fumigants are highly toxic and can be harmful to health in many other ways. For this 
reason, suitable measuring instruments should generally be used to check which fumigant
has been used (if any) before opening a container. Do not forget to measure the oxygen
concentration. Gases used displace the air, including atmospheric oxygen, resulting in a
perilous risk of suffocation due to lack of oxygen. This kind of lack of oxygen can be caused
relatively easily by leakages in individual packages in the container. 


Here is a short overview of regularly used substances, to give you an impression of how
dangerous fumigants can be:


- Carbon dioxide
Colorless, odor-free, non-combustible gas. It is heavier than air, meaning it can displace 
atmospheric oxygen in poorly ventilated spaces and form CO2 reservoirs: risk of 
suffocation.


- Phosphine
Colorless, odor-free gas, highly poisonous, highly flammable.


- Methyl bromide
Colorless gas, smells slightly of chloroform, poisonous, carcinogenic.


- Sulfuryl fluoride
Colorless, odor-free gas, virtually inert, heavier than air, poisonous, non-combustible.


- Hydrocyanic acid
Colorless liquid with typical smell of bitter almond, boiling point 26 °C, highly poisonous,
highly explosive when mixed with air.


- Ethylene oxide
Colorless, sweet smelling gas, heavier than air, poisonous, carcinogenic, highly flammable.


- Formaldehyde
Colorless, pungent smelling gas, poisonous.


- Ammonia
Pungent smelling, colorless gas, corrodes and chokes, poisonous, forms explosive mixture
with air.
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Performing measurements
If the fumigant is known, the corresponding Dräger-Tube is selected and the measurement
is executed. Depending on the concentration determined, the room can then be entered or
the container opened. If the measured concentration is too high, it is ventilated and a new
measurement is taken in order to be able to release the room or container. The 
measurement of fumigants in containers should only take place when the container is still
closed. To do this, the Dräger probe (Order No.: 83
17 188) is inserted through the rubber seal of the
container door. In doing this, the Dräger probe 
causes the rubber seal of the container door to bulge
at its lowest point, and the probe is pushed as far as
possible into the container. The Dräger-Tubes are 
prepared for the measurement, and are connected to
the probe. The pump strokes required for the 
measurement are then executed using the Dräger
gas detector pump.


If the fumigant used is not known, we recommend using the Simultaneous Test-Sets for
fumigation 
to determine which fumigant was used. The 
Simultaneous Test-Sets allow you to measure five
fumigants at the same time:


- Ammonia
- Methyl bromide 
- Hydrocyanic acid
- Phosphine
- Formaldehyde
- or ethylene oxide instead of ammonia


If the Simultaneous Test-Set displays one or more gases, the container is ventilated with
air before being entered, and the concentrations of the corresponding gases are then 
tested again with individual tubes.
In addition, the following Dräger-Tubes are used for measuring sulfuryl fluoride, ethylene
oxide and carbon dioxide:


Measurement in front of the 
container door
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Sulfuryl fluoride 1/a measurement range 1 to 5 ppm
Ethylene oxide 1/a measurement range 1 to 15 ppm
Carbon dioxide 0.1%/a measurement range 0.1 to 1.2 Vol. -%


We recommend using the Dräger Pac 7000 with an electro-chemical sensor for measuring
oxygen (measuring range 0 – 25 Vol.-%). It is particularly small and handy.


If the concentration of carbon dioxide is to be measured at the same time, the 
Dräger X-am7000 can be used, as this has an IR-CO2 sensor (measurement range 0 – 5
or 0 – 100 Vol.-%). This is the best sensor for this type of CO2 measurement. In this 
measuring device an electro-chemical sensor (measuring range 0 – 25 Vol.-%) is used to
measure oxygen.


Whenever a measurement is to be taken to determine risk of explosion, note that 
catalytic ex-sensors in an inert atmosphere (e. g. caused by the leakage of inert gases) 
do not work. You need atmospheric oxygen for the measurement. In this case, the 
Dräger X-am 7000 should be used with an infrared ex-sensor. 


The Dräger Liquid Extraction method (DLE) is used for the determination of volatile 
contaminants in water. The measurement basically consists of two steps: 


-  the extraction of the contaminant
-  the measurement of the contaminant


During the extraction process, the contaminant in the water sample is transferred from the
liquid phase into the gas phase. A 200 ml sample of water is poured into a specially 
calibrated gas washing bottle. An activated charcoal tube is attached to the inlet of the 
bottle to prevent any airborne contaminants from entering the water during the test. The
Dräger-Tube is attached to the outlet of the bottle and a specific volume of air is drawn
through the water sample. The porous frit in the bottle produces a high number of small
air bubbles in the water which extract the contaminant as they break at the surface. The 
extracted contaminant is measured from the headspace of the bottle in the Dräger-Tube.


2.12 Determination of Volatile Contaminants in 
Liquid Samples
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To avoid the interference of the result by contaminants of the air a carbon pre-tube must
be installed in front of the gas washing bottle.


Since the measurement process is a function of a number of substance and device 
specific parameters, the measurement result has to be calculated by including various 
constants. The calibration constant A is a rate for the extraction efficiency of the gas 
washing bottle and is given on the bottle and the bottle insert. The  system constants B
and C are a function of the sample temperature, the extraction volume, and the substance 
specific parameters. The B and C constants are given in the special DLE instructions 
published by Dräger. The calculation of the contaminant concentration Y is done with a 
linear equation, in which the colorimetric indication X read off the Dräger-Tube is usually
given in ppm. The contaminant concentration e. g. in a water sample can be calculated by:


Y[mg/L] = A · B · (x[ppm] + C)     


Carbon 
Pre-tube


Rubber 
Hose


Dräger-Tube


Dräger Detection Pump


Measurement system of the Dräger Liquid Extraction method
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In some areas the detection of air currents is of particular 
importance. Slight air currents must become visible to estimate
their source, direction and speed. This is necessary e. g.:


- in mining
for the monitoring of firedamp in inaccessible places;


- in the industry
for detection of leaks in pipelines, of air currents in rooms or
for combustion plants and in laboratory stacks;


- in the ventilation technique
for control and setting up of air conditioning plants


In addition to this measurement of the air currents are also helpful when estimating e. g.
the distribition of toxic substances at workplaces. The knowledge of the air flow pattern
permits objective selection of the right measuring points for any air analysis.


With this aim in view Dräger developed an air flow tester. This Dräger-Tube consists of a
porous carrier impregnated with fuming sulfuric acid. After opening the tube tips the air is
pumped through the tube with the help of a rubber bulb. The white smoke emerging from
the tube is carried along by the air flow and makes its direction visible. The air flow tester
can be used repeatedly until the smoke is finally exhausted. If the test is completed before
the tube is exhausted, the tube should be sealed with the rubber caps provided.


Dräger Flow Check
The Dräger Flow Check air current indicator produces a harmless cloud of smoke that floats
freely and easily, because it has the same density as ambient air. Consequently, slight air
currents become visible.


The Dräger Flow Check consists of:
- an instrument for the production of the clouds
- an ampoule containing smoke- generating fluid


The ampoule contains a fluid that is a special mixture of alcohols developed at Dräger. A
small heating element in the head of the instrument heats the fluid which condenses on
contact with the ambient air. The temperature of the heating element and the quantity of
the fluid is electrically balanced.


2.13 Detection of Air Flows


Dräger air flow tester
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A


The Dräger Flow Check incorporates ergonomic form,
low weight, and optimal operation into the instrument
design. The instrument will generate clouds in any 
orientation.


Small, single clouds can be generated with a short press of a button. If a continous 
production of clouds is desired, the button can be held or locked in the “on” position. The
fluid ampoule is located in a compartment in the handle of the instrument and can be 
inserted effortlessly into position. The amount of fluid contained in the ampoule is enough
to generate approximately five minutes.


Power is supplied by a battery located in the handle of the 
instrument and can be charged while inside the instrument or
separately. A quickcharge option is also possible with the 
charger. An adapter cable can be used to charge the device from
a car mounted cigarette lighter.
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Dräger Flow Check
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2.14 Dräger-Measurement-Systems for Long-term 
Measurements


The Dräger diffusion tubes are direct reading systems used for the determination of time
weighted average concentrations over the duration of one to eight hours. Since these are
passive measurement systems, relying on the diffusion of contaminant molecules in air, they
do not require a pump. The diffusion tubes are used with a plastic holder which is attached
to the clothing (shirt collar, pocket, etc.).


The scale printed on the diffusion tube represents the
product of the concentration and exposure time given e.
g. as ppm x h, ppm x min, Vol.-% x h or mg/L x h. To 
determine the average concentration of the contaminant,
the scale reading is divided by the exposure time (i. e.
sampling time) according to the following:


indication in ppm · h 
c =   [ppm]


time in h


Dräger-Diffusion-Tubes with direct 
indication
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Each Dräger-Tube contains a reagent system designed to undergo a chemical reaction with
a particular substance. Since chemicals and chemical reagents are not stable indefinitely,
each box of Dräger-Tubes is stamped with an expiration date. The tubes are suitable for
use through the last day of the month of expiration. Tubes used beyond the expiration date
cannot be relied upon to give accurate results.


For the accuracy of the tube indication, throughout the shelf life, Dräger-Tubes should be
stored in the original package  at room temperature. A note on the package indicates 
a maximum storage temperature of 25 °C (i. e. 77 °F). Avoid excessively low (less than 
35 °F) or high (greater than 77 °F) temperatures during storage and do not subject the
tubes to light for prolonged periods.


Do not dispose of used or expired Dräger-Tubes in domestic waste. Dräger-Tubes must be
disposed of properly, since the reagent system of the tube contains chemicals, even though
the chemicals are present in extremely small amounts. The storage or disposal of 
chemicals must be conducted according to local, state and federal regulations. Detector
tubes are comprised primarily of glass and chemicals. Keep detector Tubes and all 
chemicals out of the reach of Children.


2.15 Expiration Date, Storage, and Disposal of 
Dräger-Tubes


Monitoring hazardous substances in the air by means of measurements often requires a
considerable expenditure with regard to the instrumentation and personnel. This is 
particularly true when the measurements are done on site and there is no direct reading
Dräger-Tube available for the particular application. Under these conditions, a sample must
be taken using a suitable collection device and sent to a laboratory for analysis.


2.16 Dräger-Sampling-Systems


Sampling Sampling record Analysis Analysis result


Analytical
Laboratory


Air investigations at the workplace by sampling on site followed by laboratory analysis.
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Using the Dräger sampling system, hazardous substances in
the air are collected using a suitable medium via adsorption or
chemisorption. The sample is then analysed in the laboratory
by means of various analytical methods like gas 
chromatography (GC), high performance liquid 
chromatography (HPLC), UV-VIS photometry, or IR 
spectroscopy.


In the case of a stationary measurement the sampling system
is placed at the chosen measurement site for the duration of
sampling. When performing personal air monitoring the 
sampling system is attached to the clothing of the person as
close as possible to the inhalation area.


Active Sampling
For active sampling the air to be evaluated is drawn through
a sampling tube with a pump. The substance to be collected
accumulates on the adsorbent.


Taking the contaminant mass (mi), determined by the 
laboratory analysis and the air volume (V) drawn through the
sampling tube, the concentration (ci), of the contaminant can
easily be calculated: 


mi


ci = ——— [mg/m3]
V


The sampling tube features a primary adsorption layer and a 
secondary layer which are analysed separately in the 
laboratory. This separate analysis determines whether the
entire amount of the measured substance was adsorbed. 
During sampling the measured substance is first adsorbed at
the primary adsorption layer. Sometimes the capacity of this
layer is not sufficient, and there is break through resulting in
additional adsorption at the secondary layer. When this occurs
a new sample must be taken because it is not possible to be sure that the entire amount
was adsorbed by the two layers (i.e. the secondary layer could also have experienced 
break through).
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The air volume to be drawn through the sampling tube is a function of the measured 
substance and the expected concentration. Usually the volume is between 1 and 20 L.


Since the air volume is used as a reference for the concentration calculation (following the
laboratory analysis), the pump has to meet strict criteria. Within the context of the Dräger
sampling system the gas detector pump Dräger accuro, or the Dräger Quantimeter 1000
are suitable for short-term measurements.


Passive Sampling
Passive sampling is performed with diffusion samplers like the Dräger ORSA or the Dräger
Nitrous Oxide diffusion samplers. In contrast to active sampling the transport of the 
contaminant molecules is achieved by diffusion processes and not by using a pump. 
Contaminant molecules from the ambient air follow a defined diffusion course and are
adsorbed by the sorption agent of the diffusion sampler. 


Sampling tubes for active sampling


Activated Charcoal Type NIOSH 100 mg 50 mg
coconut shell charcoal
Activated Charcoal Type B 300 mg 700 mg
coconut shell charcoal
Activated Charcoal Type G 750 mg 250 mg
coconut shell charcoal


Silica Gel Tube Type NIOSH 140 mg 70 mg
Silica Gel Tube Type B 480 mg 1,100 mg
Silica Gel Tube Type G 1,100 mg 450 mg


Sampling Tube Amines 300 mg 300 mg
for aliphatic amines and dialkyl sulfates


Dräger-Tubes Primary Backup
adsorption layer adsorption layer







Fick's law of diffusion is used for the calculation of the adsorbed substance mass: 


In this context mi is the 
substance mass which in the
time t diffuses through the 
sectional area A of the sampler
vertically to the concentration
grade and ∆ci is the 
concentration difference along
the diffusion course L. ∆ci is
basically equivalent to the 
ambient concentration. The dif-
fusion coefficient Di is 
substance specific.


The diffusion samplers are generally designed to sample over a long period of time for the
determination of average concentrations. They are usually used for 1 to 8 hours. In addition
the diffusion sampler Dräger ORSA can be used for the investigation of lower 
concentration ranges over a period of time of up to 168 hours (e.g. for the sampling of 
perchloroethylene in living spaces).


Sampling tubes for passive monitoring
Diffusion sampler Adsorption layer
Dräger ORSA 400 mg Activated Charcoal from coconut shell charcoal
Nitrous Oxide 400 mg Molecular Sieve
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Aldehydes are industrially produced in large volumes. They are applied in products of 
synthetic resin, rubber and adhesives. The different compounds of aldehydes are also found
in disinfectants, colors, lacquers and plastics. The most important substances are 
formaldehyde, glyoxal, glutardialdehyde, acetaldehyde and acrolein. 


Isocyanates are of particular interest for industrial applications because they readily react
with polyalcohols to form polyurethanes. Polyurethanes are some of the most versatile 
thermoplastic polymers available. They are recognized for use as coatings because of their
hardness, gloss, flexibility and abrasion resistance. As an elastomer they offer good resist-
ance to abrasion, weathering and attack by organic solvents. As a foam they are excellent
insulators.


Trying to monitor the occupational exposure limits for isocyanates with TLVs at 0.005 ppm
is very demanding on a measurement method:


- low exposure limit,
- low cross sensitivity for other substances apart from isocyanates,
- sampling should be possible in the inhalation area of an employee,
- less qualified personnel should also be able to perform the sampling.


These requirements are met by two measurement methods which are analogous to using
sampling tubes (i. e. sample collection followed by laboratory analysis) the Aldehyde- and
Isocyanate-Sampling-Sets. In this case, a pump draws a specific volume of air onto a 
fiberglass filter treated with specific compounds.
This filter is inside a cassette-type sampler. The
flowrate specifications are 0.1 to 1 L/min (aldehyde)
and 1 to 2 L/min (isocyanates). The sample volume
should be 10 to 100 L (aldehydes) and 20 to 100
L (isocyanates).
During the sampling the aldehydes react with a
hydrazine compound to form a stable hydrazone
derivate. By using the Isocyanate Sampling Set the
isocyanates react with an amine to form a stable
urea derivative. After sampling, the loaded 
fiberglass filters must be stored in a cool place. In
the laboratory, the fiberglass filters are analysed
with high-performance liquid chromatography. To
ensure a recovery rate of greater than 95 %, the
filter must be analysed immediately.


2.17 Measurement of Aldehydes and Isocyanates at 
the Workplace


top


impregnated 
fiberglass filter


flat seal


base


to pump


Isocyanate sampler


D
-1


23
9-


20
09







The detection limits determined by the VDI-Richtlinie 2449 page 1 as absolute 
units are:


formaldehyde 10 ng
glutardialdehyde 30 ng
toluene diisocyanate            (TDI) 1 ng
diphenylmethane-4,4'-diisocyanate (MDI)   4 ng
hexamethylene diisocyanate        (HDI)   1 ng


and related to a sampling volume for 20 L:


formaldehyde 0.40 ppb
glutardialdehyde 0.36 ppb
toluene diisocyanate            (TDI)   0.007 ppb
diphenylmethane-4,4'-diisocyanate (MDI)   0.019 ppb
hexamethylene diisocyanate (HDI) 0.007 ppb


These methods allows the measurement far below the occupational exposure limits.
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2.18 Quality Control for Dräger-Tubes


Dräger-Tubes are normally used for the quantitative
determination of contaminants in the air. The need to
measure these contaminants may happen on a
moments notice. A major advantage of the Dräger-
Tube method is its constant state of readiness to 
provide answers during emergencies or routine 
monitoring. The extensive quality control program in
operation at Dräger Safety AG & Co. KGaA provides
the customer of a quality product that can be relied
upon time and time again.


The development, production, and testing of Dräger-
Tubes is done within the context of the Dräger 
quality system, an established company standard. This standard contains as a basic 
document, the Dräger quality handbook and other detailed quality standards as 


Dräger-Tube quality control warehouse
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performance regulations. The quality control system meets international standards. The fact
that the Dräger quality system conforms to the requirements of DIN ISO 9001 was 
confirmed by an independent institute.
Starting with the basic design idea, through all the detailed development stages, to serial
production and eventually full production, Dräger builds quality into its Dräger-Tubes.


To verify the performance of Dräger-Tubes, Dräger takes several packages of each production
batch and stores them for routine quality tests at regular intervals.


Detector tube standards were established in various countries to ensure the user that 
the tubes are indicating properly. In the USA for instance, Dräger-Tubes and Dräger gas
detector pumps are tested according to NIOSH Method/TCA/A-012, "Certification 
Requirements for Gas Detector Tube Units" for the Safety Equipment Institute Certification
Program. Each manufacturer's detector tubes and gas detector pump(s) are tested as a
unit by an independent, third party laboratory accredited by the American Industrial Hygiene
Association (AIHA).
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3. Dräger-Chip-Measurement-System 
3.1 The Philosophy of the Chip-Measurement-System


Dräger CMS


The Dräger CMS completes the range of existing measuring methods. It combines the 
practical needs of the user with the power of intelligent technology. It is one of the most
accurate and reliable spot measurement systems currently available for measurement of gas
and vapor components. The Dräger CMS represents the new standard in the range of 
various measurement instruments being used in the market.


The Dräger CMS is characterized by many convincing advantages:


Simple - simple commands in backlighted display,
Operation - system recognizes the measurement task without user input,


- identical procedure for all substances,
- one-switch operation,
- display text available in multiple languages.


Accuracy - mass-flow regulated pump (= compensates for pressure 
fluctuations),


- optical measurement and electronic evaluation,
- results displayed in digital read out,
- well-known and therefore controllable cross sensitivities.


Reliability - automatic system self-test,
- calibrated chips,
- chip shelf life of up to two years,
- robust analyzer.


Economical - low training costs,
- no calibration of chips necessary,
- immediately available for measurement (no waiting for warm-up time),
- saves time (quick measurements),
- high flexibility.


Environmentally - fewer materials used in manufacturing,
friendly - least possible chemical reagent, 


- high recycleability of chips.
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3.2 The Components of the Dräger CMS


The Chip-Measurement-System is a system for the 
quant itative determination of hazardous gas or vapor 
concentrations in air. The measurements are carried out in
the work place to monitor for hazardous gas concentrations,
process control, and for measurements in confined spaces,
etc. This system is designed for short-term measurements.
The complete measuring system consists of two main key
components:


- Substance-Specific Chips
- Analyzer


The Chip-Measurement-System combines the advantages of five components:


- the chip as capillary array for 10 possible measurements,
- optics for detection of the reaction products,
- the pump system with mass-flow controller to draw in ambient air and ensure a constant


air mass-flow,
- mechanics designed to position the chip into the analyzer and to open and test the 


corresponding capillary in preparation for measuring,
- electronics and software to control and regulate the measuring procedure, to process 


the signal and of course to provide a digital display of the measured concentrations.


The Chip-Measurement-System
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3.3 The Chip


Each chip contains ten measurement capillaries filled with a substance-specific reagent 
system. Compared to other measurement systems, chemical reagent systems have distinct
advantages. One reason for this is, that it is possible to supplement the reacting layer with
one or more pre-layers to adsorb moisture, to trap interfering substances, or to convent
substances into measurable substances. This supports a substance-specific result of the
measurement. Furthermore cross- sensitivities can be analyzed and tested in detail. This
detailed knowledge provides a means for controlling and correcting for cross-
sensitivities. The reactive preparations necessary for detection are kept in 
hermetically-sealed glass capillaries until needed. The housing of the chip also protects the
capillaries from possible external mechanical or chemical influences.


When the chip is inserted into the analyzer, all information required for detection is 
transfered to the analyzer by means of a bar code:


- type of gas, 
- measuring range,
- measuring time,
- parameters for the calibration function,
- required flow rate.
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3.4 The Analyzer


The measuring procedure is always the same, so there is no need to remember multiple
procedures for different chips. This allows simple and short-time user training and makes
working with this new system on a daily basis much easier.
The quantity of reagent used in each capillary is extremely small, resulting in high 
sensitivity to the measured gas. Furthermore, the use of smaller amounts of active 
chemicals has a considerable environmental benefit as regards disposal and preparation for
re-use - the amount of work involved in this regard has been significantly reduced. The chip
housings themselves can be recycled and reused without reprocessing.


The analyzer records the measurement effect optoelectronically, thereby eliminating  human
factors. The gas inlet for the sample air is located at the front of the analyzer and is 
protected from dust and other impurities. When the integrated mechanics have established
an air-tight connection between the entire gas conduction system and the open capillary
of the chip, a special pump system pulls a constant mass-flow of air through the capillary.


The pump system consists of a mass-flow-controller, a processor, and a small electric 
membrane pump. The processor regulates the pump performance for  the nece ssary 
mass-flow. This combination supports an accurate mass-flow and compensates for 
fluctuations in the ambient air pressure, within certain limits. No correction of the 
mea surement result is necessary, regardless of whether the measurement is to be carried
out at the Dead Sea or in the mountain air of Mexico City.


In the CMS, miniaturization has
resulted in a reduction in the 
sample volume necessary for a
measurement. For a typical 
measurement, only 30 mL of air is
needed for a measuring time of
approximately two minutes and a
mass-flow of 15 mL / min. For 
shorter measuring times 
correspondingly less air is needed.
This results in a more accurate
measurement value which may otherwise be
affected by fluctuating concentrations over 
a longer measurement period.
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The capillaries are filled with chemical reagents and filter layers. These ensure a reliable
and reproducible response when the corresponding hazardous substance is present, which
is one of the main reasons for the high degree of accuracy of the measuring system. 


Optoelectronic detectors within the analyzer evaluate the reaction effects in the chip 
capi -llary. This has various advantages: small changes in the reaction products can be 
reliably identified, and measurements can be performed even under conditions of complete
darkness, since the measuring signal is electrically processed and indicated in an 
illuminated display. 


The power supply needed for the analyzer to operate is provided by four AA batteries,
which have a longer service life than rechargeable batteries on account of their lower 
self-discharge current.


3.5 The Measurement


The handling of the Dräger CMS is always 
constant, no matter what gas or vapor is 
measured. This is provided by simple menu 
driven comm ands given by the display as well as
the one button/switch operation. The Dräger
CMS can be implemented with a minimum of
training costs. 


The analyzer’s most important operating feature
is the slide switch positioned symmetrically in the
middle. It is symmetrical in order to allow both left and right-handed people to use it  with
equal ease. The whole measurement is performed using only four switch positions.


Display
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Device switched off


Switch on analyzer - analyzer immediately performs a complete self-test, 
followed by the message „function test ok“, displayed for three seconds. Then
the message „insert chip“prompts the user to push the chip selected for the
measurement through the rear inlet flap into the analyzer. During this process
the analyzer receives information, in the form of a bar code printed on the chip,
which is relevant to the measurement: gas type, measuring range, flow and data
for the calibration curve.


The optical system calculates the
number of measurements still 
available on the chip being used, and
displays this together with the gas
type and the mea suring range.
Approx. 5 seconds later the user is
instructed to set the switch to 
position 2.


In this switch position the CMS automatically checks the air-tight integrity of
the entire gas conduction system, right up to the chip itself, in order to exclude
the occurrence of false measurements due to possible leakages. When the leak
test is complete, the switch can be moved to position 3 in order to start the
actual measurement process.


Start measurement, both ends of the capillary are open, the pump system pulls
ambient air through the measuring capillary of the chips. A bar indicator in the
display shows that the measurement is active, until the result of the 
measurement appears in the display.


Switch
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Function of the Analyzer


In order to take another test with the same chip, the switch can be moved to position 
2 and a new leak test will be conducted.


In order to replace the chip the switch is returned to position 0, the outlet flap opens, 
the chip is ejected automatically, and the chip can be easily removed.


Inserting the chip
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The Special Feature of Dynamic Dose Measurement
The measurement principle of the CMS is based on a dynamic dose measurement which
is dependent on concentration. The basis of this principle is chemical kinetics, whereby the
speed of the chemical reaction in the capillary depends on the concentration of the 
sample. Therefore, the measuring time is not constant, but is directly related to the 
concentration, i. e. the higher the concentration, the shorter the measuring time. The 
positioning of the optical unit allows a direct determination of the speed of the chemical
reaction within the capillary. Since concentration and reaction speed are directly 
proportional, the analyzer terminates the measurement very quickly when high 
concentrations are present.


The safety advantage of the CMS which this provides is of course immediately obvious, 
as a reduced measuring time at higher concentrations also means a very quick display of 
the measurement result, thereby providing information about possible gas dangers more
quickly. For example, for nitrogen dioxide at a concentration of 5 ppm, there is a standard
measuring time of 30 to 35 seconds, whereas for a five-fold value this drops to around 
10 to 12 seconds. 


The analyzer is equipped with an integrated DataRecorder and a real-time clock. In
keeping with the CMS ease-of-use-philosophy, storing measurement results with the
DataRecorder is a simple, menu-driven process. Up to 50 measurement results can be
stored with the name of the measured substance, the concentration, date and time of 
the measurement, and a code letter to help identify the measurement location.


3.6 The DataRecorder


3.7 Validation of Third Parties


Performance data of each measuring system can be found in the instructions for use. 
Usually the technical data will be checked by independent institutions. The results will 
be described from the test organization in a validation report. To date, the Chip-Measure-
ment-System has been tested by the following independent institutions or laboratories:


- Authority for Civil Defence, Germany, Bonn-Bad Godesberg 
- Institute of Firedepartment Sachsen Anhalt, Germany, Heyrothsberge 
- Clayton Laboratory Services, USA, Detroit 
- Austrian Workplace Safety Testing Institute of the Employee's Liability Insurance 
- Association, Austria, Vienna 
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Authority for Civil Defence, Germany
The operation and function of the Dräger CMS were tested. Using the Remote System,
measurements against different test gas concentrations were performed. Ten chip-types
were checked:


- Ammonia 2 - 50 ppm - Hydrochloric Acid 20 - 500 ppm
- Ammonia 10 -  150 ppm - Hydrocyanic Acid 2 - 50 ppm
- Carbon Monoxide 5 - 150 ppm - Hydrogen Sulfide 2 - 50 ppm
- Chlorine 0.2 - 10 ppm - Hydrogen Sulfide 20 - 500 ppm
- Hydrochloric Acid 1 - 25 ppm - Nitrogen Dioxide 0.5 - 25 ppm


The measurement results comply with the performance specifications shown in the 
instructions for use. The study recommends the Dräger CMS as a robust and easy to 
use instrument.


Institute of Firedepartment Sachsen Anhalt, Germany
During this study measurements of fires were made in the laboratory and under actual 
fire-fighting conditions. Based on the results of this study, the institute recommends 
the Chip-Measurement-System for the measurement of hazardous gases and vapors.


Clayton Laboratory Services, USA
The Dräger CMS was tested using benzene at two concentrations (1 ppm and 4 ppm). The
accuracy and reproducubility of the measuring system was within the values given 
in the instructions for use.


Concentration 1 ppm 4 ppm 1 ppm 4 ppm 0.2 - 10 ppm
Accuracy     ± 4.4% ± 7.3% – 1 % 5 % ± 18 %
Reproducibility ± 9.9% ± 8.2% 15 % 11 % ± 25 %


Measuring results Clayton Laboratory Dräger Laboratory Instructions for use


Chip: Benzene 0.2-10 ppm
Order-Code: 64 06 030 
Batch-No.: ARLM-0611


Austrian Workplace Safety Testing Institute of the Employee's Liability Insurance 
Association, Austria 
The intention of the study was a practice-oriented test of the Dräger CMS in varying 
conditions of temperature, humidity, and concentration. The measuring results of the Dräger
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CMS measurements were compared with reference methods.


Different chip-types were checked in a brewery and a thermal spring / bath:


-  Carbon Dioxide 1,000 to 25,000 ppm
-  Carbon Dioxide 1 to 20 Vol.-%
-  Hydrogen Sulfide 2 to 50 ppm


The basis of this validation was the Austrian standard EN 482:


"Workplace Atmospheres – 
General Requirements for Methods of Measuring Chemical Agents".


The institute confirms:
-  The measuring results of the Dräger CMS correspond with the results 


of the reference methods.
-  The accuracy of the Dräger CMS is far higher than the required accuracy


of the standard EN 482.
-  The Dräger CMS is a suitable measurement system.


3.8 Performance Data of the Dräger CMS


Measuring Range depends on the chip type


Typical Measuring Time 20 seconds to 3 minutes (depends on the chip type and
the concentration of hazardous gas to be measured)
20 seconds to 10 minutes with special hazardous gas


Calibration by manufacturer


Temperature (operation) 0 to 40 °C (32 to 104 °F)


Temperature (storage) - 20  to 60 °C (- 4 to 140 °F) (Analyzer)
< 25 °C (< 77 °F)  (Chips)


Atmospheric Pressure 700 to 1,100 hPa


Relative Humidity 0 to 95 %, not condensing
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System Diagnosis automatic self-diagnosis, microprocessor controlled 
for all components of the system


Display LCD, alphanumerical digits, backlight


Menu Languages English, German, French, Spanish


Operational Time approx. 450 minutes of measurements 
(per battery pack)


Power Supply 4 x 1.5-V-batteries, only use the following types:
Varta LR 6 4006
Energizer LR 6 E 91
Panasonic LR 6 AM 3 AA MN
1500 alkaline / Foil (PMBC)


Weight 730 g (1.6 lbs., analyzer with batteries)


Dimensions 215 x 105 x 65 mm; 8.5" x 4.1" x 2.5" (L x W x H)


Electromagnetic Interference EMI EN 550 11; by 10/01 EN 502 70


Radio Frequencey Interference RFI EN 550 14


Ingress Protection IP 54


3.9 Approvals
Approvals / Certifications for Analyzer Set (Order code 64 05 300):


BVS Europe type examination certificate, protection class Europe, Class E Ex ib II C T4,
BVS 95. D. 2109


ATEX Europe, BVS 03 ATEX E 209 X, test report, BVS PP 03.2148 EG, 11.07.2003


UL USA, Class 1, Div 1, Groups A, B, C, D, Temp. Code T4, 2 P 91


CSA Canada, Class 1, Div 1, Groups A, B, C, D, Temp. Code T4, 2 P 91


CSA Canada, Class 1, Div 1, Groups A, B, C, D, Ex ia Temp. Code T4


U.S. Department of Labor, Mine Safety and Health Administration, No. 2 G-4064-0, 
tested for intrinsic safety in methane-air mixtures only







Dräger gas detector pump accuro 64 00 000
Dräger gas detector set accurot 64 00 260
Extension hose Dräger accuro, 3 m 64 00 077
Extension hose Dräger accuro, 10m 64 00 078
Dräger accuro spare parts set 64 00 220
Automatic pump Dräger accuro 2000 64 00 200
Charger 6V/800mA 83 16 992
Battery pack Dräger accuro 2000 64 00 202
Gas detection case (without contents) 64 00 225
Hot air probe CH 00 213
Vehicle exhaust probe CH 00 214
Dräger-Tube opener TO 7000 64 01 200
Dräger Quantimeter 1000 81 01 000
Carrying bag for Dräger Quantimeter 1000 81 00 200
Battery pack Dräger Quantimeter 1000 81 00 230
Spare part set Dräger Quantimeter 1000 81 01 005
Extension hose with tube holder for Quantimeter 1000 64 01 147
Battery charger for Dräger Quantimeter 1000 83 16 992
Adapter for NIOSH sampling tubes 67 28 639
DLE-Set Dräger Liquid Extraction set 64 00 030
Dräger Aerotest for measurement of air, medical gases and carbon dioxide:
Dräger Aerotest Simultan HP 65 25 951
Dräger Aerotest alpha 65 27 150
Impactor, measurement of oil mist 81 03 560
Adapter of Impactor 81 03 557
Dräger Multitest medical gases 65 27 320
Dräger Simultan Test  CO2 65 26 170


Dräger-Tubes & CMS Handbook


4. Overwiew of the Dräger-Tubes and 
Chip-Measurement-System


4.1 Dräger Gas Detector Pumps and Systems
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Acetaldehyde 100/a  67 26 665 100 to 1000 ppm 5 96
Acetic Acid 5/a 67 22 101 5 to 80 ppm 30 s 97
Acetone 40/a 81 03 381 40 to 800 ppm 1 98
Acetone 100/b  CH 22 901 100 to 12000 ppm 4 99
Acid Test 81 01 121 qualitative 3 s 100
Acrylonitrile 0.5/a (5) 67 28 591 1 to 20 ppm 2 101


0.5 to 10 ppm 4
Acrylonitrile 5/b CH 26 901 5 to 30 ppm 30 s 102
Activation tube for use 81 01 141
in conjunction with
Formaldehyde 0.2/a tube
Alcohol 25/a 81 01 631 5 103
Methanol 25 to 5000 ppm
i-Propanol 50 to 4000 ppm
n-Butanol 100 to 5000 ppm
Ethanol 25 to 2000 ppm
Alcohol 100/a  CH 29 701 100 to 3000 ppm 1.5 104
Amine Test 81 01 061 qualitative 5 s 105
Ammonia 0.25/a 81 01 711 0.25 to 3 ppm 1 106
Ammonia 2/a 67 33 231 2 to 30 ppm 1 107
Ammonia 5/a CH 20 501 5 to 70 ppm 1 108


50 to 700 ppm 6 s
Ammonia 5/b 81 01 941 5 to 100 ppm 10 s 109
Ammonia 0.5%/a CH 31 901 0.5 to 10 Vol% 20 s 110
Aniline 0.5/a 67 33 171 0.5 to 10 ppm 4 111
Aniline 5/a CH 20 401 1 to 20 ppm 3 112
Arsine 0.05/a CH 25 001 0.05 to 3 ppm 6 113
Benzene 0.5/a  67 28 561 0.5 to 10 ppm 15 114
Benzene 0.5/c (5) 81 01 841 0.5 to 10 ppm 20 115
Benzene 2/a (5) 81 01 231 2 to 60 ppm 8 116
Benzene 5/a 67 18 801 5 to 40 ppm 3 117
Benzene 5/b 67 28 071 5 to 50 ppm 8 118


A


4.2 Dräger-Tubes for Short-Term Measurements
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Dräger-Tubes Order Code Standard Range Measurement Page
of Measurement Time


[20 °C, 1013 hPa] [min]







Benzene 15/a 81 01 741 15 to 420 ppm 4 119
Carbon Dioxide 100/a 81 01 811 100 to 3000 ppm 4 120
Carbon Dioxide 0.1%/a CH 23 501 0.5 to 6 Vol%   30 s 121 


0.1 to 1.2 Vol% 2.5
Carbon Dioxide 0.5%/a CH 31 401 0.5 to 10 Vol% 30 s 122
Carbon Dioxide 1%/a CH 25 101 1 to 20 Vol% 30 s 123
Carbon Dioxide 5%/A CH 20 301 5 to 60 Vol% 2 124
Carbon Disulfide 3/a  81 01 891 3 to 95 ppm 2 125
Carbon Disulfide 5/a 67 28 351 5 to 60 ppm 3 126
Carbon Disulfide 30/a CH 23 201 0.1 to 10 mg/L 1 127
Carbon Monoxide 2/a 67 33 051 2 to 60 ppm 4 128
Carbon Monoxide 5/c CH 25 601 100 to 700 ppm 50 s 129


5 to 150 ppm 4
Carbon Monoxide 8/a CH 19 701 8 to 150 ppm 2 130
Carbon Monoxide 10/b CH 20 601 100 to 3000 ppm 20 s 131


10 to 300 ppm 3.5
Carbon Monoxide 10/c 81 01 951 10 to 250 ppm 1.5 132
Carbon Monoxide 10/d 81 03 321 100 to 3000 ppm 40 s 133


10 to 300 ppm 6
Carbon Monoxide 0.3%/b CH 29 901 0.3 to 7 Vol% 30 s 134
Carbon Tetrachloride 0.1/a 81 03 501 0.1 to 5 ppm 8 135
Carbon Tetrachloride 1/a 81 01 021 1 to 15 ppm 6 136


10 to 50 ppm 3
Carbon Tetrachloride 5/c CH 27 401 5 to 50 ppm 3 137
Chlorine 0.2/a  CH 24 301 0.2 to 3 ppm 3 138
Chlorine 0.3/b 67 28 411 0.3 to 5 ppm 8 139
Chlorine 50/a CH 20 701 50 to 500 ppm 20 s 140
Chlorine Dioxide 0.025/a 81 03 491 0.025 to 1 ppm 7.5 141
Chlorobenzene 5/a (5) 67 28 761 5 to 200 ppm 3 142
Chloroform 2/a (5)  67 28 861 2 to 10 ppm 9 143
Chloroformate 0.2/b  67 18 601 0.2 to 10 ppm 3 144
Chloropicrine 0.1/a 81 03 421 0.1 to 2 ppm 8 145
Chloroprene 5/a 67 18 901 5 to 60 ppm 3 146
Chromic Acid 0.1/a (9) 67 28 681 0.1 to 0.5 mg/m3 8 147
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Dräger-Tubes Order Code Standard Range Measurement Page
of Measurement Time


[20 °C, 1013 hPa] [min]







Cyanide 2/a 67 28 791 2 to 15 mg/m3 2.5 148
Cyanogen Chloride 0.25/a CH 19 801 0.25 to 5 ppm 5 149
Cyclohexane 100/a 67 25 201 100 to 1500 ppm 5 150
Cyclohexylamine 2/a  67 28 931 2 to 30 ppm 4 151
Dichloropropene 0.1/a 81 03 551 0.1 to 10 ppm 3 152
Diesel Fuel 81 03 475 25 to 200 mg/m3 30 s 153
Diethyl Ether 100/a 67 30 501 100 to 4000 ppm 3 154
Dimethyl Formamide 10/b 67 18 501 10 to 40 ppm 3 155
Dimethyl Sulfate 0.005/c (9) 67 18 701 0.005 to 0.05 ppm 50 156
Dimethyl Sulfide 1/a (5)  67 28 451 1 to 15 ppm 15 157
Epichlorohydrin 5/c  67 28 111 5 to 50 ppm 8 158
Ethyl Acetate 200/a CH 20 201 200 to 3000 ppm 5 159
Ethyl Benzene 30/a 67 28 381 30 to 400 ppm 2 160
Ethyl Formate 20/a 81 03 541 20 to 500 ppm 5 161
Ethyl Glycol Acetate 50/a 67 26 801 50 to 700 ppm 3 162
Ethylene 0.1/a (5)  81 01 331 0.2 to 5 ppm 30 163
Ethylene 50/a 67 28 051 50 to 2500 ppm 4 164
Ethylene Glycol 10 (5) 81 01 351 10 to 180 mg/m3 7 165
Ethylene Oxide 1/a (5)  67 28 961 1 to 15 ppm 8 166
Ethylene Oxide 25/a 67 28 241 25 to 500 ppm 6 167
Fluorine 0.1/a 81 01 491 0.1 to 2 ppm 5 168
Formaldehyde 0.2/a  67 33 081 0.5 to 5 ppm 1.5 169
Activation tube for use in conjunction with 81 01 141 Formaldehyde 0.2/a tube
Formaldehyde 2/a 81 01 751 2 to 40 ppm 30 s 170
Formic Acid 1/a  67 22 701 1 to 15 ppm 3 171
Halogenated Hydrocarbons 100/a (8) 81 01 601 100 to 2600 ppm 1 172
Hexane 100/a 67 28 391 100 to 3000 ppm 3 173
Hydrazine 0.01/a 81 03 351 0.01 to 0.4 ppm 30 174


0.5 to 6 ppm 1
Hydrazine 0.25/a  CH 31 801 0.25 to 10 ppm 1 175


0.1 to 5 ppm 2
Hydrocarbons 2/a 81 03 581 2 to 24 mg/m3 5 176
Hydrocarbons 0.1%/c  81 03 571 0.1 to 1.3 Vol.-%Propane 177


0.1 to 1.3 Vol.-%Butane
0.1 to 1.3 Vol.-%mix 1:1


A
|73


Dräger-Tubes Order Code Standard Range Measurement Page
of Measurement Time


[20 °C, 1013 hPa] [min]







Hydrochloric Acid 0.2/a 81 03 481 0.2 to 3 ppm  2 178
Hydrochloric Acid 1/a  CH 29 501 1 to 10 ppm 2 179
Hydrochloric Acid 50/a 67 28 181 500 to 5000 ppm 30 s 180


50 to 500 ppm 4
Hydrochloric Acid/Nitric Acid 1/a 81 01 681 181


Hydrochloric Acid 1 to 10 ppm 1.5
Nitric Acid 1 to 15 ppm 3


Hydrocyanic Acid 2/a  CH 25 701 2 to 30 ppm 1 182
Hydrogen 0.2%/a  81 01 511 0.2 to 2.0 Vol% 1 183
Hydrogen 0.5%/a  CH 30 901 0.5 to 3.0 Vol% 1 184
Hydrogen Fluoride 0.5/a 81 03 251 0.5 to 15 ppm 2 185


10 to 90 ppm 25 s
Hydrogen Fluoride 1.5/b CH 30 301 1.5 to 15 ppm 2 186
Hydrogen Peroxide 0.1/a  81 01 041 0.1 to 3 ppm 3 187
Hydrogen Sulfide 0.2/a  81 01 461 0.2 to 5 ppm 5 188
Hydrogen Sulfide 0.2/b 81 01 991 0.2 to 6 ppm 55 s 189
Hydrogen Sulfide 0.5/a 67 28 041 0.5 to 15 ppm 6 190
Hydrogen Sulfide 1/c 67 19 001 10 to 200 ppm 20 s 191


1 to 20 ppm 3.5
Hydrogen Sulfide 1/d 81 01 831 10 to 200 ppm 1 192


1 to 20 ppm 10
Hydrogen Sulfide 2/a 67 28 821 20 to 200 ppm 20 s 193


2 to 20 ppm 3.5
Hydrogen Sulfide 2/b 81 01 961 2 to 60 ppm 30 s 194
Hydrogen Sulfide 5/b  CH 29 801 5 to 60 ppm 4 195
Hydrogen Sulfide 100/a CH 29 101 100 to 2000 ppm 30 s 196
Hydrogen Sulfide 0.2%/A CH 28 101 0.2 to 7 Vol% 2 197
Hydrogen Sulfide 2%/a 81 01 211 2 to 40 Vol% 1 198
Simultaneous Tube  CH 28 201 0.2 to 7 Vol% 2 199
Hydrogen Sulfide + Sulfur Dioxide 0.2%/A 199
Iodine 0.1/a 81 03 521 1 to 5 ppm 5 200


0.1 to 0.6 ppm 4
Mercaptan 0.1/a 81 03 281 0.1 to 2.5 ppm 10 201
Mercaptan 0.5/a 67 28 981 0.5 to 5 ppm 5 202
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Dräger-Tubes Order Code Standard Range Measurement Page
of Measurement Time


[20 °C, 1013 hPa] [min]







Mercaptan 20/a 81 01 871 20 to 100 ppm 2.5 203
Mercury Vapour 0.1/b  CH 23 101 0.05 to 2 mg/m3 10 204
Methyl Acrylate 5/a  67 28 161 5 to 200 ppm 5 205
Methyl Bromide 0,2/a 81 03 391 0.2 to 2 ppm 5 206


2 to 8 ppm 2
Methyl Bromide 0.5/a  81 01 671 5 to 30 ppm 2 207


0.5 to 5 ppm 5
Methyl Bromide 3/a (5) 67 28 211 10 to 100 ppm 1 208


3 to 35 ppm 3
Methyl Bromide 5/b CH 27 301 5 to 50 ppm 1 209
Methylene Chloride 100/a  67 24 601 100 to 2000 ppm 3 210
Methylisothiocyanate 0.1/a 81 03 485 0.2 to 6 ppm 60 s 211


0.1 to 1.2 ppm 200 s
Natural Gas Test (5) CH 20 001 qualitative 40 s 212
Nickel Tetracarbonyl 0.1/a (9)  CH 19 501 0.1 to 1 ppm 5 213
Nitric Acid 1/a  67 28 311 5 to 50 ppm 2 214


1 to 15 ppm 4
Nitrogen Dioxide 0.5/c CH 30 001 5 to 25 ppm 15 s 215


0.5 to 10 ppm 40 s
Nitrogen Dioxide 2/c  67 19 101 5 to 100 ppm 1 216


2 to 50 ppm 2
Nitrous Fumes 0.5/a CH 29 401 0.5 to 10 ppm 40 s 217
Nitrous Fumes 2/a  CH 31 001 5 to 100 ppm 1 218


2 to 50 ppm 2
Nitrous Fumes 20/a 67 24 001 20 to 500 ppm 30 s 219
Nitrous Fumes 50/a 81 01 921 250 to 2000 ppm 30 s 220


50 to 1000 ppm 1
Nitrous Fumes 100/c  CH 27 701 500 to 5000 ppm 1.5 221


100 to 1000 ppm 1.5
Oil Mist 1/a 67 33 031 1 to 10 mg/m3 25 222
Olefine 0.05%/a CH 31 201 5 223


Propylene 0.06 to 3.2 Vol%
Butylene 0.04 to 2.4 Vol%
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Dräger-Tubes Order Code Standard Range Measurement Page
of Measurement Time


[20 °C, 1013 hPa] [min]







Organic Arsenic CH 26 303            0.3mg/m3 as AsH33 290
Compounds and Arsine
Organic Basic CH 25 903   1mg/m3 threshold value 1.5 291
Nitrogen Compounds
Oxygen 5%/B (8) 67 28 081 5 to 23 Vol% 1 224
Oxygen 5%/C  81 03 261 5 to 23 Vol% 1 225
Ozone 0.05/b  67 33 181 0.05 to 0.7 ppm 3 226
Ozone 10/a CH 21 001 20 to 300 ppm 20 s 227
Pentane 100/a 67 24 701 100 to 1500 ppm 3 228
Perchloroethylene 0.1/a 81 01 551 0.5 to 4 ppm 3 229


0.1 to 1 ppm 9
Perchloroethylene 2/a 81 01 501 20 to 300 ppm 30 s 230


2 to 40 ppm 3
Perchloroethylene 10/b CH 30 701 10 to 500 ppm 40 s 231
Petroleum 81 01 691 10 to 300 ppm 1 232
Hydrocarbons 10/a
Petroleum 67 30 201 100 to 2500 ppm 30 s 233
Hydrocarbons 100/a 
Phenol 1/b 81 01 641 1 to 20 ppm 5 234
Phosgene 0.02/a 81 01 521 0.02 to 1 ppm 6 235


0.02 to 0.6 ppm 12
Phosgene 0.05/a  CH 19 401 0.04 to 1.5 ppm 11 236
Phosgene 0.25/c CH 28 301 0.25 to 5 ppm 1 237


0.01 to 0.3 ppm 8
Phosphine 0.01/a 81 01 611 0.1 to 1 ppm 2.5 238
Phosphine 0.1/a CH 31 101 0.1 to 4 ppm 6 239
Phosphine 0.1/b 81 03 341 1 to 15 ppm 20 s 240
in Acetylene 0.1 to 1 ppm 4
Phosphine 1/a  81 01 801 20 to 100 ppm 2 241


1 to 20 ppm 10
Phosphine 25/a 81 01 621 200 to 10000 ppm 1.5 242


25 to 900 ppm 13
Phosphine 50/a  CH 21 201 50 to 1000 ppm 2 243
Phosphoric Acid Esters 0.05/a 67 28 461 0.05 ppm Dichlorvos 5 292
Polytest CH 28 401 qualitative 1.5 244
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Dräger-Tubes Order Code Standard Range Measurement Page
of Measurement Time


[20 °C, 1013 hPa] [min]







Pyridine 5/A  67 28 651 5 ppm 20 245
Styrene 10/a 67 23 301 10 to 200 ppm 3 246
Styrene 10/b  67 33 141 10 to 250 ppm 3 247
Styrene 50/a CH 27 601 50 to 400 ppm 2 248
Sulfuryl Fluoride 1/a (5) 81 03 471 1 to 5 ppm 3 249
Sulfur Dioxide 0.1/a 67 27 101 0.1 to 3 ppm 20 250
Sulfur Dioxide 0.5/a  67 28 491 1 to 25 ppm 3 251


0.5 to 5 ppm 6
Sulfur Dioxide 1/a CH 31 701 1 to 25 ppm 3 252
Sulfur Dioxide 20/a CH 24 201 20 to 200 ppm 3 253
Sulfur Dioxide 50/b 81 01 531 400 to 8000 ppm 15 s 254


50 to 500 ppm 3
Sulfuric Acid 1/a (9) 67 28 781 1 to 5 mg/m3 100 255
Tertiary Butylmercaptan 81 03 071 1 to 10 mg/m3 5 256
(natural gas odorization)
Tetrahydrothiophene 1/b (5) 81 01 341 1 to 10 ppm 10 257
Thioether CH 25 803 1 mg/m3 threshold value1.5 258
Toluene 5/b  81 01 661 50 to 300 ppm 1 259


5 to 80 ppm 5
Toluene 50/a 81 01 701 50 to 400 ppm 1.5 260
Toluene 100/a 81 01 731 100 to 1800 ppm 1.5 261
Toluene 67 24 501 0.02 to 0.2 ppm 20
Diisocyanate 0.02/A (9) 262
Trichloroethane 50/d (5)  CH 21 101 50 to 600 ppm 2 263
Trichloroethylene 2/a  67 28 541 20 to 250 ppm 1.5 264


2 to 50 ppm 2.5
Trichloroethylene 50/a 81 01 881 50 to 500 ppm 1.5 265
Triethylamine 5/a  67 18 401 5 to 60 ppm 2 266
Vinyl Chloride 0.5/b 81 01 721 5 to 30 ppm 30 s 267


0.5 to 5 ppm 3
Vinyl Chloride 100/a CH 19 601 100 to 3000 ppm 4 268
Water Vapor 0.1 CH 23 401 1 to 40 mg/L 2 269
Water Vapor 0.1/a 81 01 321 0.1 to 1.0 mg/L 1.5 270
Water Vapor 1/b 81 01 781 20 to 40 mg/L 20 s 271


1 to 15 mg/L 40 s
Xylene 10/a 67 33 161 10 to 400 ppm 1 272
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[20 °C, 1013 hPa] [min]
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Inorganic Substances


Ammonia 1.5 - 10 mg/L Ammonia 0.25/a 81 01 711


10 - 100 mg/L Ammonia 0.25/a 81 01 711


Hydrocyanic Acid 0.5 - 10 mg/L Hydrocyanic Acid 2/a CH 25 701


Hydrogen Sulfide 50 - 500 μg/L Hydrogen Sulfide 0,2/a 81 01 461


(total sulfide) 0.2 - 1 mg/L Hydrogen Sulfide 1/c 67 19 001


0.5 - 10 mg/L Hydrogen Sulfide 5/b CH 29 801


Aliphatic hydrocarbons


Petroleum Hydrocarbons 0.5 - 30 mg/L Petroleum Hydrocarbons 10/a 81 01 691


Diesel fuels 0.5 - 5 mg/L Petroleum Hydrocarbons 10/a 81 01 691


Jet fuels 0.5 - 5 mg/L Petroleum Hydrocarbons 10/a 81 01 691


n-Octane 0.1 - 2 mg/L Petroleum Hydrocarbons 10/a 81 01 691


2 - 25 mg/L Petroleum Hydrocarbons 100/a 67 30 201


Aromatic hydrocarbons


Benzene 0.5 - 5 mg/L Benzene 2/a 81 01 231


Toluene 1 - 10 mg/L Toluene 50/a 81 01 701


Xylene (o, m, p) 0.3 - 10 mg/L Xylene10/a 67 33 161


BTX-Aromatics 0.2 - 5 mg/L Toluene 5/b 81 01 161


BTX-Aromatics 2 - 50 mg/Kg Toluene 5/b 81 01 161


(soil analysis)


Halogenated hydrocarbons (volatile)


Soil analysis qualitative Perchloroethylene 0,1/a 81 01 551


qualitative Perchloroethylene 2/a 81 01 501


Multphase system qualitative Methyl Bromide 0,5/a 81 01 671


qualitative Perchlorethylene 0,1/a 81 01 551


qualitative Perchlorethylene 2/a 81 01 501


qualitative Trichloroethane 50/d CH 21 101


Oil muds / -emulsions qualitative Methyl Bromide 0,5/a 81 01 671


qualitative Perchloroethylene 0,1/a 81 01 551


qualitative Perchloroethylene 2/a 81 01 501


qualitative Trichloroethane 50/d CH 21 101


Substance Measuring Range Dräger-Tubes Order Code
[1013 hPa ]


4.3 Dräger-Tubes for Measurements in 
Liquid Samples
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Carbon Tetrachloride 0.2 - 4 mg/L Carbontetrachloride 5/c CH 27 401


+ Activation tube 81 01 141


Chlorinated hydrocarbons (volatile)


Dichloromethane 5 - 100 mg/L Methylene Chloride 100/a 67 24 601


Perchloroethylene 10 - 80 μg/L Perchloroethylene 0,1/a 81 01 551


0.1 - 4 mg/L Perchloroethylene 2/a 81 01 501


1,1,1-Trichloroethane 0.5 - 5 mg/L Trichloroethane 50/d CH 21 101


Trichloroethylene 10 - 100 μg/L Perchloroethylene 0,1/a 81 01 551


0.1 - 1 mg/L Perchlorethylene 2/a 81 01 501


0.2 - 3 mg/L Trichlorethylene 2/a 67 28 541


Organic acids


Acetic acid 0.5 - 20 g/L Acetic acid 5/a 67 22 101


Formic acid 1 - 20 g/L Acetic acid 5/a 67 22 101


Organic acids 0.5 - 15 g/L Acetic acid 5/a 67 22 101


(sumparameter)


Propionic acid 0.3 - 10 g/L Acetic acid 5/a 67 22 101


Substance Measuring Range Dräger-Tubes Order Code
[1013 hPa ]
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Dräger-Tube Order Code Standard Range Standard Range Page
of Meas. for 1 h of Measurement for 8 h 


[20 °C, 1013 hPa] [20 °C, 1013 hPa]


Acetic Acid 10/a-D 81 01 071 10 to 200 ppm 1.3 to 25 ppm 357
Ammonia 20/a-D 81 01 301 20 to 1500 ppm 2.5 to 200 ppm 358
Butadiene 10/a-D 81 01 161 10 to 300 ppm 1.3 to 40 ppm 359
Carbon Dioxide 500/a-D 81 01 381 500 to 20000 ppm 65 to 2500 ppm 360
Carbon Dioxide 1%/a-D 81 01 051 1 to 30 Vol% 0.13 to 4 Vol% 361
Carbon Monoxide 50/a-D 67 33 191 50 to 600 ppm 6 to 75 ppm 362
Ethanol 1000/a-D 81 01 151 1000 to 25000 ppm 125 to 3100 ppm 363
Hydrochloric Acid 10/a-D 67 33 111 10 to 200 ppm 1.3 to 25 ppm 364
Hydrocyanic Acid 20/a-D  67 33 221 20 to 200 ppm 2.5 to 25 ppm 365
Hydrogen Sulfide 10/a-D 67 33 091 10 to 300 ppm 1.3 to 40 ppm 366
Nitrogen Dioxide 10/a-D 81 01 111 10 to 200 ppm 1.3 to 25 ppm 367
Perchloroethylene 200/a-D 81 01 401 200 to 1500 ppm 25 to 200 ppm 368
Sulfur Dioxide 5/a-D 81 01 091 5 to 150 ppm 0.7 to 19 ppm 369
Toluene 100/a-D 81 01 421 100 to 3000 ppm 13 to 380 ppm 370
Trichloroethylene 200/a-D 81 01 441 200 to 1000 ppm 25 to 125 ppm 371


4.4 Dräger-Diffusion-Tubes with Direct Indication
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4.5 Dräger-Sampling-Tubes and Systems


Dräger-Tube Order Code Page


Activated Charcoal Tubes Type B 67 33 011 373


Activated Charcoal Tubes Type G 67 28 831 374


Activated Charcoal Tubes Type NIOSH 67 28 631 375


Aldehyde-Sampling-Set 64 00 271 376


Sampling Tubes Amines 81 01 271 377


Isocyanate-Sampling-Set 64 00 131 378


Nitrous-Oxide Diffusion Sampler 81 01 472 379


Diffusion Sampler ORSA 5 67 28 891 380


Silica Gel Tubes Type BIA 67 33 021 381


Silica Gel Tubes Type G 67 28 851 382


Silica Gel Tubes Type NIOSH 67 28 811 383
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Acetic Acid, Amyl Ester X


Acetic Acid, Butyl Ester X X


Acetic Acid, Ethyl Ester X X


Acetic Acid, sec-Hexyl Ester X X


Acetic Acid, Methyl Ester X X


Acetic Acid Propyl Ester X X


Acetic Acid, Vinyl Ester X X


Acetone X X 


Acetonitrile X X


Acrolein A4 


Acrylic Acid, Ethyl Ester X X


Acrylic Acid, Methyl Ester X X


Acrylonitrile X X


Allyl Alcohol X


Allyl Chloride X X 


Amine (aliphatic) X


Aminobutane (all isomers) X


Aminocyclohexane X


2-Aminoethanol X


2-Aminopropane X


Amyl Acetate X X 


iso-Amyl Alcohol X X


Aniline X


Benzene X X


Bromochlorotrifluoroethane X X


2-Bromo-2-chloro-1,1,1-trifluoroethane X X


Bromoethane X X


Bromoform X X


Bromomethane X X


1,3-Butadiene X X 


Butanol (all isomers) X X 


2-Butanone X X


1-Butoxy-2,3-epoxypropane X


2-Butoxyethanol X X


Butyl Acetate (all isomers) X X


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set


4.6 Overview of Substances for Measurement with 
Dräger-Sampling-Tubes and Systems
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n-Butyl Acrylate X X


Butyl Alcohol X X


Butylamine (all isomers) X 


p-tert-Butyltoluene X X 


Camphor X


Carbon Bisulfide X


Carbon Disulfide X X


Carbon Tetrachloride X X


Chlorobenzene X X 


Chlorobromomethane X X


2-Chloro-1,3-butadiene X X


1-Chloro-2,3-epoxypropane X X


Chloroethane X X


2-Chloroethanol X X


bis-(2-Chloroethyl) Ether X X


Chloroform X X


Chloromethane X 


2-Chloroprene X X 


3-Chloropropene X X


3-Chloro-1-propene X X 


2-Chlorotoluene X X


2-Chloro-1,1,2-trifluoroethyl


(difluoromethyl)-ether X X


1-Chloro-2,2,2-trifluoroethyl


(difluoromethyl)-ether X X 


Cresol (all isomers) X


Cumene X X 


Cyclohexane X X 


Cyclohexanol X 


Cyclohexanone X X 


Cyclohexene X X


Cyclohexylamine X


Diacetone Alcohol X


1,2-Diaminoethane X


1,2-Dibromomethane X X 


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler
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1,2-Dichlorobenzene X X 


1,4-Dichlorobenzene X X


o-Dichlorobenzene X X


p-Dichlorobenzene X X 


2,2-Dichlorodiethyl Ether X X 


Dichlorodifluoromethane X X


1,1-Dichloroethane X X 


1,2-Dichloroethane X X 


1,1-Dichloroethylene X X


1,2-Dichloroethylene X X 


Dichlorofluoromethane X X 


Dichloromethane X X 


1,1-Dichloro-1-nitroethane X X


1,2-Dichloropropane X X 


1,2-Dichloro-1,1,2,2-tetrafluoroethane X X 


Diethylamine X


Diethyl Ether X X


Diethyl Sulfate X


Difluorobromomethane X X


Difluorodibromomethane X X


Difluoromonochloromethane X X


Diisobutyl Ketone X X


Diisopropyl Ether X X


Dimethylamine X


N,N-Dimethylaniline X


Dimethylbenzene X X 


1,3-Dimethylbutyl Acetate X X


1,1-Dimethylethylamine X


N,N-Dimethylethylamine X


Dimethylformamide X


Dimethyl Sulfate X


1,4-Dioxane X X


Diphenyl Ether (vapour) X


Diphenylmethane-4,4´-diisocyanate I1


4,4´-Diphenylmethane Diisocyanate I1


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler







Enflurane X X


Epichlorohydrin X X


1,2-Epoxypropane X


1,2-Ethanediol X X


Ethanol X X


Ethanolamine X


Ether X X


2-Ethoxyethanol X X


2-Ethoxyethyl Acetate X X


Ethyl Acetate X X


Ethyl Acrylate X X


Ethyl Alcohol X X


Ethylamine X


Ethylbenzene X X


Ethyl Bromide X X 


Ethyl Chloride X X


Ethylene Chloride X X


Ethylene Chlorohydrin X X


Ethylenediamine X


Ethylene Dibromide X X


Ethylene Dichloride X X


Ethylene Glycol X X


Ethylene Glycol Mono-


butyl Ether X X


butyl Ether Acetate X X


ethyl Ether X X


ethyl Ether Acetate X X


methyl Ether X X


methyl Ether Acetate X X


Ethylene Oxide X X


Ethyl Ether X X


Ethyl Formate X X


Ethyl Glycol Acetate X X


Ethyl Methyl Ketone X X


Fluorotrichloromethane X


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler


|85







86| Substances for Measurement with Dräger Sampling Tubes


Formaldehyde X A4


Formic Acid Ethyl Ester X X


Gasoline X X


Glutaraldehyde A4


Halothane X X


HDI I1


Heptane (all isomers) X X


Hexachloroethane X X


1,6-Hexamethylene Diisocyanate I1


Hexamethylene Diisocyanate I1


Hexane X X


2-Hexanone X X 


Hexone X X


sec-Hexyl Acetate X X 


Hydrazine H3


4-Hydroxy-4-methylpetanone-2 X


Iodomethane X


Isoamyl Alcohol X X


Isocyanate I1


Isoflurane X X


Isophorone X


Isopropenyl Benzene X X


Isopropyl Acetate X X


Isopropyl Alcohol X X


Isopropylamine X


Isopropylbenzene X X


Isopropyl Ether X X


Laughing Gas L2


MDI I1


Mesityl Oxide X X 


Methanol X


2-Methoxyethanol X X


2-Methoxyethyl Acetate X X 


Methyl Acetate X X


Methyl Acrylate X X


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler







Methylamine X


Methylamyl Alcohol X


Methyl Alcohol X


Methyl Bromide X X


Methyl Butyl Ketone X X


Methyl Chloride X


Methyl Chloroform X X


Methylcyclohexane X X


Methylcyclohexanol X 


Methylene Chloride X X


4,4'-Methylenediphenyl Diisocyanate I1


Methyl Ethyl Ketone X X


Methyl Glycol Acetate X X


Methyl Iodide X


Methylisobutyl Carbinol X


Methyl Isobutyl Ketone X X 


Methyl Methacrylate X X


4-Methyl-2-pentanol X


4-Methyl-2-pentanone X X


2-Methyl-2-penten-4-one X X


4-Methyl-3-penten-2-one X X


2-Methyl-2-propanol X X


Methyl Propyl Ketone X X


N-Methyl-2-pyrrolidone (vapour) X


alpha-Methylstyrene X X


Methyl Styrene X X


Monochlorodifluoromethane X


Naphthalene X


Nitrobenzene X


Nitropropane X


2-Nitropropane X


Nitrotoluene X


Nitrous Oxide L2


Octane X X


Pentane (all isomers) X X


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler
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88| Substances for Measurement with Dräger Sampling Tubes


2-Pentanone X X


Pentyl Acetate X


Perchloroethane X X


Perchloroethylene X X


Phenol X


Phenylethylene X X


Propanol (all isomers) X X


2-Propenal A4


2-Propen-1-ol X


Propyl Acetate (all isomers) X X


Propyl Alcohol (all isomers) X X 


Propylene Dichloride X X


1,2-Propylene Oxide X X


n-Propyl Nitrate X


Pyridine X X


R-11 X


R-12 X


R-21 X 


R-112 X X 


R-113 X X


R-114 X X


Styrene X X


TDI I1


1,1,1,2-Tetrachloro-2,2-difluoroethane X X 


1,1,2,2-Tetrachloro-1,2-difluoroethane X X 


1,1,2,2-Tetrachloroethane X X


Tetrachloroethylene X X


Tetrachloromethane X X


Tetrahydrofuran X X 


Toluene X X


Toluene Diisocyanate I1


Toluene-2,4-diisocyanate I1


Toluene-2,6-diisocyanate I1


1,1,1-Trichloroethane X X 


1,1,2-Trichloroethane X X


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler







Trichloroethylene X X 


Trichlorofluormethane X X


Trichloromethane X X


1,2,3-Trichloropropane X X


1,1,2-Trichloro-1,2,2-trifluoroethane X X


Triethylamine X


Trifluorobromomethane X X


Trimethylbenzene X X


3,5,5-Trimethyl-2-cyclohexen-1-one X X


Turpentine X


Vinyl Acetate X X 


Vinylbenzene X X


Vinyl Chloride X


Vinylidene Chloride X X


n-Vinyl-2-pyrrolidone X


Vinyltoluene X X


Xylene (all isomers) X X


Substance ORSA Activated Silica Gel Amine Other
Charcoal


I1 Isocyanate Sampling Set   H3 Sampling Tube for Hydrazine   A4 Aldehyde Sampling Set  L2 Laughing Gas-Diffusion Sampler
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4.7 Dräger-Chips


Chip Measuring Range Order Code Page


Acetic Acid 2 - 50 ppm 64 06 330 387
Acetone 40 - 600 ppm 64 06 470 387
Ammonia 0.2 - 5 ppm 64 06 550 388
Ammonia 2 - 50 ppm 64 06 130 388
Ammonia 10 - 150 ppm 64 06 020 389
Ammonia 100 - 2000 ppm 64 06 570 389
Benzene 50 - 2500 ppb 64 06 600 390
Benzene 0.2 - 10 ppm 64 06 030 390
Benzene 0.5 - 10 ppm 64 06 160 391
Benzene 10 - 250 ppm 64 06 280 391
Butadiene 1 - 25 ppm 64 06 460 392
Carbon Dioxide 200 - 3000 ppm 64 06 190 392
Carbon Dioxide 1000 - 25000 ppm 64 06 070 393
Carbon Dioxide 1 - 20 Vol.-% 64 06 210 393
Carbon Monoxide 5 - 150 ppm 64 06 080 394
Chlorine 0.2 - 10 ppm 64 06 010 394
Ethanol 100 - 2500 ppm 64 06 370 395
Ethylene Oxide 0.4 - 5 ppm 64 06 580 395
Formaldehyde 0.2 - 5 ppm 64 06 540 396
Hydrochloric Acid 1 - 25 ppm 64 06 090 396
Hydrochloric Acid 20 - 500 ppm 64 06 140 397
Hydrocyanic Acid 2 - 50 ppm 64 06 100 397
Hydronen Peroxide 0.2 - 2 ppm 64 06 440 398
Hydrogen Sulfide 0.2 - 5 ppm 64 06 520 398
Hydrogen Sulfide 2 - 50 ppm 64 06 050 399
Hydrogen Sulfide 20 - 500 ppm 64 06 150 399
Hydrogen Sulfide 100 - 2500 ppm 64 06 220 400
Mercaptan 0.25 - 6 ppm 64 06 360 400
Methanol 20 - 500 ppm 64 06 380 401
Methylene Chloride 10 - 200 ppm 64 06 510 401
MTBE 10 - 200 ppm 64 06 530 402
Nitrogen Dioxide 0.5 - 25 ppm 64 06 120 402
Nitrous Fumes 0.5 - 15 ppm 64 06 060 403
Nitrous Fumes 10 - 200 ppm 64 06 240 403
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Chip Measuring Range Order Code Page


Oxygen 1 - 30 Vol.-% 64 06 490 404
Ozone 25 - 1000 ppb 64 06 430 404
Perchloroethylene 5 - 150 ppm 64 06 040 405
Petroleum Hydrocarbons 20 - 500 ppm 64 06 200 405
Petroleum Hydrocarbons 100 - 3000 ppm 64 06 270 406
Phosgene 0.05 - 2 ppm 64 06 340 406
Phosphine 0.1 - 2.5 ppm 64 06 400 407
Phosphine 1 - 25 ppm 64 06 410 407
Phosphine 20 - 500 ppm 64 06 420 408
Phosphine 200 - 5000 ppm 64 06 500 408
Propane 100 - 2000 ppm 64 06 310 409
i-Propanol 40 - 1000 ppm 64 06 390 409
Styrene 2 - 40 ppm 64 06 560 410
Sulfur Dioxide 0.4 - 10 ppm 64 06 110 410
Sulfur Dioxide 5 - 150 ppm 64 06 180 411
Toluene 10 - 300 ppm 64 06 250 411
Trichlorethylene 5 - 100 ppm 64 06 320 412
Vinyl Chloride 0.3 - 10 ppm 64 06 170 412
Vinyl Chloride 10 - 250 ppm 64 06 230 413
Water Vapor 0.4 - 10 mg/L 64 06 450 413
o-Xylene 10 - 300 ppm 64 06 260 414
Training Chip Simulation 64 06 290 415







Dräger-Tube
The name, type designation and part number of the Dräger-Tube are given. The name of
the tube indicates the particular contaminant that the tube has been calibrated to 
measure. The type designation consists of numbers and of a letter. As a general rule, the
number indicates the lower end of the measuring range (in ppm, mg/m3, mg/L or Vol.-%).
The letter following the number designates some change to the tube, typically the result of
some improvement by further development (e. g. the Dräger-Tube Acetone 100/b). To 
characterise the Dräger-Diffusion-Tubes with direct indicationg, the letter “D“ is addaed 
(e. g. the Dräger-Diffusion-Tube Ammonia 20/a-D).


Standard Measuring Range
The standard measuring range is calibrated at 20 °C and 1013 hPa (i. e. 1013 mbar).
Accordingly, the number of pump strokes for the short-term tubes and the sampling time
intervals for the diffusion tubes must be observed.


The instruction sheet packaged with each box of Dräger-Tubes should be consulted for all
pertinent details. Furthermore, the measuring range for the Dräger-Tubes for short-term
measurement is valid only when the Dräger-Tubes are used in conjunction with a Dräger
gas detector pump.


Number of Strokes (n)
The number of pump strokes listed for a given short-term Dräger-Tube reflects the 
calibrated sample volume necessary for a given measuring range, using the Dräger gas
detector pump.


For the Dräger-Tubes with a printed scale (i .e. scaled tubes), only the number of strokes
which relate directly to the numerical values of the scale are given. For color intensity tubes
(i. e. color match tubes), the highest and lowest number of strokes necessary to obtain a
certain discoloration (i. e. determine the concentration) are indicated.


Time for Measurement
The average time for the completion of one measurement, related to the standard 
measuring range is given in seconds or minutes.
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5. Data and Tables
5.1 Dräger-Tube Measurement System
5.1.1 Explanation to the Data about Dräger-Tubes
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Standard Deviation
The standard deviation is a measure of the incidental deviations of the indicated values
from their mean value. The standard deviation, which is actually a coefficient of variation
(i.e. relative standard deviation), is given as a percentage and relates to the mean value.
According to the first confidence interval 1 σ, as it applies to Dräger-Tubes, 68.3 % of all
measured values are within this standard deviation range.


For example:
Mean value 500 ppm
Standard Deviation 50 ppm


50 · 100
Relative standard deviation ———————  = 10 %


500 


Color Change
The color of the indicating layer in the unused Dräger-Tube and the expected color change
of the indicating layer in the presence of the particular contaminant is given (e. g. white �
brownish green) as well as with a colored photo.


Attention:
Differences in the color of the printed photo and the real tube are possible due to
variations of the printing process!


Ambient Operating Conditions
The measuring range of a Dräger-Tube is influenced by the ambient temperature and
humiditiy. The recommended temperature range is given in degree centigrade and the
absolute humidity limits are given in mg H2O/L. Dräger-Tubes are calibrated at an 
atmospheric pressure of 1013 hPa (i. e. 1013 mbar). To correct for the influence of 
pressure, the value read from the tube scale must be multiplied by the following correction 
factor:


1013 hPa
Correction Factor =  ———————————————-—————————— 


actual atmospheric pressure in hPa


Reaction Principle
The reaction principle lists the basic reactants and the products of the reaction.







Cross Sensitivity
Dräger-Tubes are calibrated for a specific contaminant, but under other than ideal 
conditions, other interfering contaminants may also be present. Other contaminants that
influence the indication are described as being cross sensitive.


The information given under the Cross Sensitivity section indicates which contaminants can
influence the indication and which contaminants would not influence the indication.
However, this information does not address all possibilities. The influence of other 
contaminants should be reviewed with the Dräger technical services department.


Extension of the Measuring Range
If the standard measuring range of a Dräger-Tube can be expanded by taking more or fewer
pump strokes, the information, including pump strokes, correction factors, etc. will be given.
If there is no information given, please contact the Dräger technical services group.


Additional Information
Supplementary points that must be considered when conducting a Dräger-Tube 
measurement are given here.
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5.1.2 Data about Dräger-Tubes for 
Short-Term Measurements







Application Range


Standard Measuring Range: 100 to 1,000 ppm


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 15 to 20 %


Color Change: orange � brownish-green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


CH3CHO + CrVI � CrIII + various oxidation products


Cross Sensitivity


The tube does not differentiate between different aldehydes. Ethers,


ketones, esters, aromatics and petroleum hydrocarbons are 


indicated, but with different sensitivities.


S
T-


2-
20


01


Acetaldehyde 100/a
Order No. 67 26 665
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Application Range


Standard Measuring Range: 5 to 80 ppm


Number of Strokes n:  3


Time for Measurement: approx. 30 s


Standard Deviation: ± 10 to 15 %


Color Change: blue violet � yellow


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


CH3COOH + pH Indicator  � yellow reaction product


Cross Sensitivity


It is impossible to measure acetic acid in the presence of other


acids.


Organic acids are indicated by the same color change, but with 


different sensitivities.


Mineral acids (e.g. hydrochloric acid) are indicated by red 


discolorations and different sensitivities.


Acetic Acid 5/a
Order No. 67 22 101
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Application Range


Standard Measuring Range: 40 to 800 ppm


Number of Strokes n:  1


Time for Measurement: approx. 1 min


Standard Deviation: ± 15 to 20 %


Color Change: pale yellow � yellow


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: 5 to 40 mg H2O / L


Reaction Principle


Acetone + 2.4-Dinitrophenylhydrazine � yellow hydrazone


Cross Sensitivity


Other ketones are indicated but with different sensitivities. 


Aldehydes are indicated. 500 ppm ethylacetate does not affect the


indi-cation. Ammonia causes the indicating layer to turn yellowish


brown.


Acetone 40/a
Order No. 81 03 381
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Application Range


Standard Measuring Range: 100 to 12,000 ppm


Number of Strokes n:  10


Time for Measurement: approx. 4 min


Standard Deviation: ± 15 to 20 %


Color Change: pale yellow � yellow  


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 5 to 20 mg H2O / L


Reaction Principle


Acetone + 2.4-Dinitrophenylhydrazine � yellow hydrazone


Cross Sensitivity


Other ketones are indicated but with different sensitivities. 


Aldehydes are indicated, but not esters. Ammonia causes the 


indicating layer to turn yellowish brown.


Acetone 100/b
Order No. CH 22 901
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Application Range


Standard Measuring Range: Qualitative identification of 


acid gases.


Number of Strokes n:  1


Time for Measurement: approx. 3 s


Standard Deviation: ± 30 %


Color Change: blue violet � yellow or 


pink yellow


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


e. g. HCI + pH Indicator  � pink yellow reaction product


Cross Sensitivity


This tube indicates various acid gases with differing sensitivities


and colors ranging from yellow to pink. It is impossible to 


differentiate them.


Acid Test
Order No. 81 01 121 
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Application Range


Standard Measuring Range: 1 to 20 ppm / 0.5 to 10


ppm


Number of Strokes n:  10 / 20


Time for Measurement: approx. 2 min / approx. 4


min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � red


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 2 to 15 mg H2O / L


Reaction Principle


a) CH2=CH-CN + CrVI � HCN 


b1) HCN + HgCl2 � HCl 


b2) HCl + methyl red � red reaction product


Cross Sensitivity


The indication is not affected by:


1,000 ppm acetone


20 ppm benzene


1,000 ppm ethyl acetate


1,000 ppm ethanol


10 ppm ethyl benzene


1,000 ppm hexane


100 ppm toluene


Styrene up to 50 ppm does not influence the indication. Butadiene


reacts with the oxidation layer; in the presence of butadiene, the


acylonitrile indication will be too low (e.g. up to 50 % too low with


400 ppm butadiene).


Acrylonitrile 0.5/a
Order No. 67 28 591
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Application Range


Standard Measuring Range: 5 to 30 ppm


Number of Strokes n:  3


Time for Measurement: approx. 30 s


Standard Deviation: ± 15 to 20 %


Color Change: yellow � red


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 1 to 18 mg H2O / L


Reaction Principle


a) CH2=CH-CN + CrVI � HCN 


b1) HCN + HgCl2 � HCl 


b2) HCl + methyl red � red reaction product


Cross Sensitivity


Styrene up to 50 ppm does not influence the indication. Butadiene


reacts with the oxidation layer; in the presence of butadiene, the


acylonitrile indication will be too low (e.g. up to 50 % too low with


400 ppm butadiene).


Acrylonitrile 5/b
Order No. CH 26 901 
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Application Range


Standard Measuring Range: 25 to 5,000 ppm Methanol


50 to 4,000 ppm i-Propanol


(Methanol scale) 100 to 5,000 ppm n-Butanol


(Methanol scale) 25 to 2,000 ppm Ethanol


Number of Strokes n:  10


Time for Measurement: approx. 5 min


Standard Deviation: ± 25 %


Color Change: brown � brownish-black


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: max. 15 mg H2O / L


Reaction Principle


CH3OH + CrVI � brownish-black reaction product


Cross Sensitivity


500 ppm n-octane result in an overall discoloration of the tube.


400 ppm acetic acid ester = display of approx. 60 ppm methanol.


200 ppm tetrahydrofurane = display of approx. 900 ppm on Propanol


scale. 1000 ppm acetone = display of approx. 200 ppm methanol.


400 ppm diethyl ether = display of approx. 1000 ppm methanol.


Alcohol 25/a 
Order No. 81 01 631


S
T-


6-
20


01







104| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 100 to 3,000 ppm


Number of Strokes n:  10


Time for Measurement: approx. 1.5 min.


Standard Deviation: ± 15 to 20 %


Color Change: yellow � green


Ambient Operating Conditions


Temperature: 15 to 25 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


R-OH + CrVI � CrIII + various oxidation products


Cross Sensitivity


The tube does not differentiate between different alcohols. Higher


molecular weight alcohols are indicated with a markedly reduced


sensitivity. Aldehydes, ethers, ketones and esters are 


indicated, but with different sensitivity. Aromates, petroleum and


halogenated hydrocarbons are not indicated.


Alcohol 100/a
Order No. CH 29 701


S
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Application Range


Standard Measuring Range: qualitative 


Number of Strokes n:  1


Time for Measurement: approx. 5 s


Standard Deviation: ± 30 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


Amine + pH indicator  � blue reaction product


Cross Sensitivity


The tube indicates unspecifically basic reacting gases with different


sen sitivities. It is impossible to differentiate between the basic 


reacting gases.


Amine Test
Order No. 81 01 061
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Application Range


Standard Measuring Range: 0.25 to 3 ppm


Number of Strokes n:  10


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


NH3+ pH indicator  � blue reaction product


Cross Sensitivity


Other basic substances such as e.g. organic amines are indicated


as well, but with different sensitivity.


Ammonia 0.25/a
Order No. 81 01 711
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Application Range


Standard Measuring Range: 2 to 30 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


NH3 + pH indicator  � blue reaction product


Cross Sensitivity


Other basic substances such as e.g. organic amines are indicated


as well.


The indication is not affected by:


300 ppm nitrous fumes


2,000 ppm sulfur dioxide


2,000 ppm hydrogen sulfide


Ammonia 2/a
Order No. 67 33 231
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Application Range


Standard Measuring Range: 5 to 70 ppm


Number of Strokes n:  10


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow orange � blue


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


NH3 + pH indicator  � blue reaction product


Cross Sensitivity


Other basic substances such as e.g. organic amines are indicated


as well.


The indication is not affected by:


300 ppm nitrous fumes


2,000 ppm sulfur dioxide


2,000 ppm hydrogen sulfide


Extension of the Measuring Range


Using n= 1 stroke, multiply the reading by 10; the measuring range


will be 50 to 700 ppm.


Ammonia 5/a
Order No. CH 20 501
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Application Range


Standard Measuring Range: 5 to 100 ppm


Number of Strokes n:  1


Time for Measurement: approx. 10 s


Standard Deviation: ± 10 to 15 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


NH3 + pH-indicator � blue reaction product


Cross Sensitivity


Other basic substances such as e.g. organic amines are indicated


as well.


The indication is not affected by:


300 ppm nitrous fumes


2,000 ppm sulfur dioxide


2,000 ppm hydrogen sulfide


Extension of the Measuring Range


Using n= 2 strokes, divide the reading by 2; the measuring range


will be 2.5 to 50 ppm.


Ammonia 5/b
Order No. 81 01 941
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Application Range


Standard Measuring Range: 0.5 to 10 Vol.-%


Number of Strokes n:  1 + 1 desorption stroke


in clean air


Time for Measurement: 20 s per stroke


Standard Deviation: ± 10 to 15 %


Color Change: yellow � blue violet


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 12 mg H2O / L


Reaction Principle


NH3 + pH indicator -� purple reaction product


Cross Sensitivity


Other basic substances such as e.g. organic amines are indicated


as well.


Extension of the Measuring Range


Using n= 10 strokes, divide the reading by 10; the measuring range


will be 0.05 to 1 % by vol.


Ammonia 0.5%/a
Order No. CH 31 901
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Application Range


Standard Measuring Range: 0.5 to 10 ppm


Number of Strokes n:  20


Time for Measurement: approx. 4 min


Standard Deviation: ± 15 to 20 %


Color Change: pale yellow � pale green


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: 7 to 12 mg H2O / L


Reaction Principle


C6H5NH2 + CrVI � CrIII + various oxidation products


Cross Sensitivity


When methyl aniline and aniline are present at the same time, it is


impossible to measure only the aniline concentration. Ethers, 


ketones, esters, aromatics and petroleum hydrocarbons are 


indicated as well but with different sensitivities. High aniline 


concentrations will not be indicated.


Aniline 0.5/a
Order No. 67 33 171
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Application Range


Standard Measuring Range: 1 to 20 ppm


Number of Strokes n:  25 to 5


Time for Measurement: max. 3 min


Standard Deviation: ± 30 %


Color Change: white � red


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: < 50 mg H2O / L


Reaction Principle


Aniline + Furfurol  � Dianiline derivative of


Hydroxyglutacondialdehyde


Cross Sensitivity


N,N-Dimethylaniline is not indicated.


Ammonia concentrations up to 50 ppm do not affect the 


indication, higher ammonia concentrations will cause plus errors.


Additional Information


Before performing the measurement the reagent ampoule must be


broken. The granular contents must be shaken out of the ampoule


by tapping the side of the tube. During the measurement the


Dräger-Tube must be held vertically with the inlet of the tube up.


Aniline 5/a
Order No. CH 20 401
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Application Range


Standard Measuring Range: 0.05 to 3 ppm


Number of Strokes n:  20


Time for Measurement: approx. 6 min


Standard Deviation: ± 15 to 20 %


Color Change: white � grey


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


AsH3 + Au3+ � Au (colloidal)


Cross Sensitivity


Phosphine and antimony hydride are indicated as well, but with 


different sensitivities. Hydrogen sulfide, mercaptans, ammonia and


hydrogen chloride in the TLV range do not affect the indication.


Carbon monoxide and sulfur dioxides in the TLV range also do not


affect the indication.


Arsine 0.05/a
Order No. CH 25 001


S
T-


18
-2


00
1







114| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 0.5 to 10 ppm


Number of Strokes n:  40 to 2


Time for Measurement: max. 15 min


Standard Deviation: ± 30 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


2 C6H6 + HCHO  � C6H5-CH2-C6H5 + H2O


C6H5-CH2-C6H5 + H2SO4 � p-chinoid compound


Cross Sensitivity


Other aromatics (toluene, xylene, ethyl benzene) are indicated as


well. It is impossible to measure benzene in the presence of these


aromatics. Petroleum hydrocarbons, alcohols and esters do not 


affect the indication.


Additional Information


Before performing the measurement the ampoule must be broken


and the liquid transferred onto the indicating layer so that it is  


completely saturated.


Benzene 0.5/a
Order No. 67 28 561
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Application Range


Standard Measuring Range: 0.5 to 10 ppm


Number of Strokes n:  20


Time for Measurement: approx. 20 min


Standard Deviation: ± 30 %


Color Change: white � brownish-yellow


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: 1 to 30 mg H2O / L


Reaction Principle


2 C6H6 + HCHO  � C6H5-CH2-C6H5 + H2O


C6H5-CH2-C6H5 + H2SO4 � p-quinoid compound


Cross Sensitivity


The indication is not affected by:


100 ppm n-butane


100 ppm iso-butane


100 ppm diethyl benzene


1,000 ppm ethyl benzene


50 ppm methyl (tert.) butyl ether


50 ppm monostyrene


1,500 ppm n-octane


300 ppm iso-octane


600 ppm pentane


100 ppm toluene


100 ppm triethyl benzene


100 ppm xylene


Benzene 0.5/c
Order No. 81 01 841
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Application Range


Standard Measuring Range: 2 to 60 ppm


Number of Strokes n:  20


Time for Measurement: approx. 8 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown grey


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 1 to 15 mg H2O / L


Reaction Principle


C6H6 + I2O5 + H2SO4 � I2


Cross Sensitivity


Alkyl benzenes such as toluene or xylene up to a concentration of


200 ppm do not affect the indication. It is impossible to measure


benzene in the presence of petroleum hydrocarbons and carbon


monoxide.


Benzene 2/a
Order No. 81 01 231
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Application Range


Standard Measuring Range: 5 to 40 ppm


Number of Strokes n:  15 to 2


Time for Measurement: max. 3 min


Standard Deviation: ± 30 %


Color Change: white � red brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


2 C6H6 + HCHO  � C6H5-CH2-C6H5 + H2O


C6H5-CH2-C6H5 + H2SO4 � p-quinoid compound


Cross Sensitivity


Other aromatics (toluene, xylene) are retained in the pre-layer 


causing a reddish brown discoloration. If the toluene or xylene 


concentrations are too high the entire pre-layer up to the indicating


layer is discolored making a benzene measurement impossible. Pe-


troleum hydrocarbons, alcohols and esters do not affect the 


indication.


Benzene 5/a
Order No. 67 18 801
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Application Range


Standard Measuring Range: 5 to 50 ppm


Number of Strokes n:  20


Time for Measurement: approx. 8 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C6H6 + I205 + H2SO4 � I2


Cross Sensitivity


Many other petroleum hydrocarbons are indicated as well, but with


different sensitivities. It is impossible to differentiate them. Other


aromatics are indicated as well.


S
T-


23
-2


00
1


Benzene 5/b
Order No. 67 28 071
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Application Range


Standard Measuring Range: 15 to 420 ppm


Number of Strokes n:  20 to 2


Time for Measurement: max. 4 min


Standard Deviation: ± 30 %


Color Change: white � red brown


Ambient Operating Conditions


Temperature: 0 to 30 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


a) 2 C6H6 + HCHO  � C6H5-CH2-C6H5 + H2O


b) C6H5-CH2-C6H5 + H2SO4 � p-quinoid compound


Cross Sensitivity


Other aromatics (toluene, xylene) are retained in the pre-layer 


causing a reddish brown discoloration. If the toluene or xylene 


concentrations are too high the entire pre-layer up to the indicating


layer is discolored making a benzene measurement impossible. 


Petroleum hydrocarbons, alcohols and esters do not affect the 


indication.


Benzene 15/a
Order No. 81 01 741
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120| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 100 to 3,000 ppm


Number of Strokes n:  10


Time for Measurement: approx. 4 min.


Standard Deviation: ± 10 to 15 %


Color Change: white to pale violet  �


blue violet


Ambient Operating Conditions


Temperature: 15 to 25 °C


Absolute Humidity: max. 23 mg H2O / L


Reaction Principle


CO2 + N2H4 NH2-NH-COOH


Cross Sensitivity


Hydrogen sulfide and sulfur dioxide in the TLV range do not 


interfere.


Carbon Dioxide 100/a
Order No. 81 01 811


Crystal Violet
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Carbon Dioxide 0.1%/a
Order No. CH 23 501
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Application Range


Standard Measuring Range: 0.5 to 6 / 0.1 to 1.2 Vol.-%


Number of Strokes n:  1 / 5


Time for Measurement: approx. 30 s / approx. 2.5 min


Standard Deviation: ± 5 to 10 %


Color Change: white to pale violet �


blue violet


Ambient Operating Conditions


Temperature: 0 to 30 °C


Absolute Humidity: max. 30 mg H2O /L


Reaction Principle


CO2 + Amine  � blue violet reaction product


Cross Sensitivity


Hydrogen sulfide and sulfur dioxide in the TLV range do not 


interfere.







122| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 0.5 to 10 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 30 s


Standard Deviation: ± 5 to 10 %


Color Change: white to pale violet �


blue violet


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


CO2 + N2H4 � NH2-NH-COOH


Cross Sensitivity


Hydrogen sulfide in the TLV range does not interfere. In a range


comparable to the calibrated range for carbon dioxide, sulfur 


dioxide is indicated. The sulfur dioxide sensitivity is approximately 1/3


(e.g. 3 Vol.% sulfur dioxide gives an indication of 1 Vol.%).


Carbon Dioxide 0.5%/a
Order No. CH 31 401
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Application Range


Standard Measuring Range: 1 to 20 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 30 s


Standard Deviation: ± 5 to 10 %


Color Change: white to pale violet �


blue violet


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


CO2 + N2H4 � NH2-NH-COOH


Cross Sensitivity


Hydrogen sulfide in the TLV range does not interfere. In a range


comparable to the calibrated range for carbon dioxide, sulfur 


dioxide is indicated. The sulfur dioxide sensitivity is approximately 1/3


(e.g. 6 Vol.% sulfur dioxide gives an indication of 2 Vol.%).


Carbon Dioxide 1%/a
Order No. CH 25 101
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Application Range


Standard Measuring Range: 5 to 60 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: white � blue violet


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


CO2 + N2H4 � NH2-NH-COOH


Cross Sensitivity


Hydrogen sulfide in the TLV range does not interfere. In a range


comparable to the calibrated range for carbon dioxide, sulfur 


dioxide is indicated with approximately the same sensitivity.
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Carbon Dioxide 5%/A
Order No. CH 20 301
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Application Range


Standard Measuring Range: 3 to 95 ppm


Number of Strokes n:  15 to 1


Time for Measurement: max. 2 min


Standard Deviation: ± 30 %


Color Change: pale blue � yellow green 


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


2 CS2 + 4 NHR2 + Cu2+ � Cu (SCSNR2)2 + 2 NH2R2
+


Cross Sensitivity


Hydrogen sulfide in the TLV range is retained in the pre-layer and


does not interfere.


Carbon Disulfide 3/a
Order No. 81 01 891
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Application Range


Standard Measuring Range: 5 to 60 ppm


Number of Strokes n:  11


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


CS2 + I2O5 � I2


Cross Sensitivity


Aliphatic and aromatic hydrocarbons, carbon monoxide and 


hydrogen sulfide are indicated, but with different sensitivities. It is


impossible to measure carbon disulfide in the presence of these


substances.


Additional Information 


These tubes become very warm during the measurement. Therefore


this Dräger-Tube shall not be used in potentially combustible 


atmospheres. The lower explosion limit for carbon disulfide is 


1 Vol.-%.


S
T-


13
5-


20
01


Carbon Disulfide 5/a
Order No. 67 28 351
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Application Range


Standard Measuring Range: 0.1 to 10 mg/L


Number of Strokes n:  6


Time for Measurement: approx. 1 min


Standard Deviation: ± 15 to 20 %


Color Change: pale blue � brown 


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


2 CS2 + 4 NHR2 + Cu2+ � Cu(SCSNR2)2 + 2 NH2R2
+


Cross Sensitivity


Hydrogen sulfide is indicated, producing a pale green discoloration.


It is impossible to measure carbon disulfide in the presence of 


hydrogen sulfide.


Carbon Disulfide 30/a
Order No. CH 23 201
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Carbon Monoxide 2/a
Order No. 67 33 051


128| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 2 to 60 ppm


Number of Strokes n:  10


Time for Measurement: approx. 4 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brownish 


pink/green


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: 2 to 20 mg H2O / L


Reaction Principle


5 CO + I2O5 � I2 + 5 CO2


Cross Sensitivity


Acetylene is also indicated, however, with less sensitivity. Petroleum


hydrocarbons, benzene, halogenated hydrocarbons and hydrogen


sulfide are retained in the pre-layer. In the case of higher 


concentrations of interfering hydrocarbons, use should be made of


a carbon pre-tube (CH 24 101). Higher concentrations of easily


cleavable halogenated hydrocarbons (e.g. trichloroethylene), are 


liable to form chromyl chloride in the pre-layer which changes the


indicating layer to a yellowish-brown. CO determination is not 


possible in the case of high olefin concentrations.


Extension of the Measuring Range


Using n = 2, multiply the reading by 5; the measuring range will be


10 to 300 ppm.
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Carbon Monoxide 5/c
Order No. CH 25 601
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Application Range


Standard Measuring Range: 100 to 700 / 5 to 150 ppm


Number of Strokes n: 2  / 10


Time for Measurement: approx. 50 s / approx. 4 min


Standard Deviation: ± 10 to 15 %


Color Change: white � green brown 


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


5 CO + I2O5 I2 + 5 CO2


Cross Sensitivity


Acetylene is also indicated, however, with less sensitivity. Petroleum


hydrocarbons, benzene, halogenated hydrocarbons and hydrogen


sulfide are retained in the pre-layer. In the case of higher concen-


trations of interfering hydrocarbons, use should be made of a 


carbon pre-tube (CH 24 101). Higher concentrations of easily 


cleavable halogenated hydrocarbons (e.g. trichloroethylene), are


liable to form chromyl chloride in the pre-layer which changes the


indicating layer to a yellowish-brown. CO determination is 


impossible in the case of high olefin concentrations.


H2S2O7
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Carbon Monoxide 8/a
Order No. CH 19 701


Application Range


Standard Measuring Range: 8 to 150 ppm


Only for CO in H2 > 95 Vol.-%


Number of Strokes n:  10


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: < 50 mg H2O / L


Reaction Principle


5 CO + I2O5 I2 + 5 CO2


Cross Sensitivity


Acetylene is also indicated, however, with less sensitivity. Petroleum


hydrocarbons, benzene, halogenated hydrocarbons and hydrogen


sulfide are retained in the pre-layer. In the case of higher concen-


trations of interfering hydrocarbons, use should be made of a 


carbon pre-tube (CH 24 101). Higher concentrations of easily 


cleavable halogenated hydrocarbons (e.g. trichloroethylene), are 


liable to form chromyl chloride in the pre-layer which changes the


indicating layer to a yellowish-brown. CO determination is 


impossible in the case of high olefin concentrations.


Additional Information 


This particular tube is designed for the measurement of carbon


monoxide in hydrogen.


H2S2O7
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Carbon Monoxide 10/b
Order No. CH 20 601
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Application Range


Standard Measuring Range: 100 to 3,000 / 10 to 300 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 20 s / approx. 3.5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown green


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


5 CO + I2O5 I2 + 5 CO2


Cross Sensitivity


Acetylene is also indicated, however, with less sensitivity. Petroleum


hydrocarbons, benzene, halogenated hydrocarbons and hydrogen


sulfide are retained in the pre-layer. In the case of higher 


concentrations of interfering hydrocarbons, use should be made of


a carbon pre-tube (CH 24 101). Higher concentrations of easily


cleavable halogenated hydrocarbons (e.g. trichloroethylene), are 


liable to form chromyl chloride in the pre-layer which changes the


indicating layer to a yellowish-brown. CO determination is 


impossible in the case of high olefin concentrations.


H2S2O7
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Carbon Monoxide 10/c
Order No. 81 01 951


Application Range


Standard Measuring Range: 10 to 250 ppm


Number of Strokes n:  1


Time for Measurement: approx. 80 s


Standard Deviation: ± 10 to 15 %


Color Change: white � brownish green


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: 2 to 20 mg H2O / L


Reaction Principle


5 CO + I2O5 I2 + 5 CO2


Cross Sensitivity


Acetylene is also indicated, however, with less sensitivity. Petroleum


hydrocarbons, benzene, halogenated hydrocarbons and hydrogen


sulfide are retained in the pre-layer. In the case of higher concen-


trations of interfering hydrocarbons, use should be made of a 


carbon pre-tube (CH 24 101). Higher concentrations of easily 


cleavable halogenated hydrocarbons (e.g. trichloroethylene), are 


liable to form chromyl chloride in the pre-layer which changes the


indicating layer to a yellowish-brown. CO determination is 


impossible in the case of high olefin concentrations.


Extension of the Measuring Range


Using n = 2, divide the reading by 2; the range of measurement 


is 5 to 125 ppm.


H2S2O7
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Application Range


Standard Measuring Range: 10 to 300 ppm / 


100 to 3,000 ppm


Number of Strokes n:  10 / 1


Time for Measurement: approx. 6 min / ca. 40 s


Standard Deviation: ± 15 bis 20 %


Color Change: yellow � brownish-black


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: 1 to 40 mg H2O / L


Reaction Principle


CO + Pd-Salt  � Pd + CO2


Cross Sensitivity


100 ppm hydrogen sulfide, 40 ppm butadiene, 100 ppm benzene,


200 ppm trichloroethylene, 40 ppm chloroform, 2000 ppm 


n-octane, 50 ppm sulfur dioxide and 15 ppm nitrogen dioxide do


not interfere with the reading.


Carbon Monoxide 10/d
Order No. 81 03 321
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Carbon Monoxide 0.3%/b
Order No. CH 29 901


Application Range


Standard Measuring Range: 0.3 to 7 Vol.-% CO


Number of Strokes n:  1


Time for Measurement: approx. 30 s


Standard Deviation: ± 10 to 15 %


Color Change: white � brown green


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


5 CO + I2O5 I2 + 5 CO2


Cross Sensitivity


Acetylene is also indicated, however, with less sensitivity. Petroleum


hydrocarbons, benzene, halogenated hydrocarbons and hydrogen


sulfide are retained in the pre-layer. In the case of higher 


concentrations of interfering hydrocarbons, use should be made of


a carbon pre-tube (CH 24 101). Higher concentrations of easily


cleavable halogenated hydrocarbons (e.g. trichloroethylene), are 


liable to form chromyl chloride in the pre-layer which changes the


indicating layer to a yellowish-brown. CO determination is 


impossible in the case of high olefin concentrations.


H2S2O7
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Application Range


Standard Measuring Range: 0.1 to 5 ppm 


Number of Strokes n:  5


Time for Measurement: approx. 2.5 min


Standard Deviation: ± 20 to 15 %


Color Change: yellow � blue-green


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: 1 to 40 mg / L


Reaction Principle


a) CCI4 + H2S2O7 � COCI2
b) COCI2 + diethylaniline + dimethylaminobenzaldehyde  �


blue-green reaction product


Cross Sensitivity


Phosgene is displayed with roughtly the same sensivity as carbon


tetrachloride.


50 ppm Tetrachloroethylene will have a display of approx. 1 to 2 ppm, 


50 pmm trichloroethylene and 1.1 dichloroethylene will have a weak


display of < 0.1 pmm. 


No indication with: 


- 10 ppm Vinyl Chloride


- 200 pmm 1.2-Dichloroethylene


Carbon Tetrachloride 0.1/a
Order No. 81 03 501
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Application Range


Standard Measuring Range: 1 to 15 ppm / 10 to 50 pmm


Number of Strokes n:  10 / 5


Time for Measurement: approx. 6 min / 3 min


Standard Deviation: ± 15 to 20 %


Color Change: white � yellow


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


a) CCI4 + H2S2O7 � COCI2
b) COCI2 + Aromatic nitrogen compounds  � yellow reaction 


product


Cross Sensitivity


Chloropicrin and phosgene are indicated with the same sensitivity. 


It is impossible to measure carbon tetrachloride in the presence 


of chloropicrin and phosgene.


No interference from:


1 ppm chlorine


5 ppm hydrochloric acid


20 ppm methyl bromide


1,000 ppm acetone


Carbon Tetrachloride 1/a
Order No. 81 01 021
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Application Range


Standard Measuring Range: 5 to 50 ppm


Number of Strokes n:  5


Time for Measurement: approx. 3 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � blue green 


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


a) CCI4 + H2S2O7 � COCI2
b) COCI2 + Aromatic amine  � blue green reaction product


Cross Sensitivity


Phosgene is indicated with approximately the same sensitivity. 


It is impossible to measure carbon tetrachloride in the presence of


phosgene.


Other chlorinated hydrocarbons are also indicated, but only when


they occur in higher concentrations.


Additional Information


Before carrying out the measurement the reagent ampoule must


be broken. The granular contents must be shaken out of the 


broken ampoule by gently tapping the side of the tube. The tube


must be held vertically with the inlet of the tube up during the 


measurement.


Carbon Tetrachloride 5/c
Order No. CH 27 401
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Application Range


Standard Measuring Range: 0.2 to 3 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: white � yellow orange


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 15 mg H2O / L


Reaction Principle


Cl2 + o-tolidine  � yellow orange reaction product


Cross Sensitivity


Bromine is indicated with the same sensitivity, but with a paler 


discoloration. Chlorine dioxide is indicated with different 


sensitivity.


Nitrogen dioxide is indicated as well, but with a paler discoloration


and lower sensitivity.


Extension of the Measuring Range


Using n = 1 stroke, multiply the reading by 10, the measuring range


will be  2 to 30 ppm.
S


T-
26


-2
00


1


Chlorine 0.2/a
Order No. CH 24 301
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Application Range


Standard Measuring Range: 0.3 to 5 ppm


Number of Strokes n:  20


Time for Measurement: approx. 8 min.


Standard Deviation: ± 10 to 15 %


Color Change: pale green-grey � brown 


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 15 mg H2O / L


Reaction Principle


Cl2 + o-tolidine  � brown reaction product


Cross Sensitivity


Bromine is indicated with the same sensitivity, but with a paler 


discoloration. Chlorine dioxide is indicated with different sensitivity. 


Nitrogen dioxide is indicated as well, but with a paler discoloration


and lower sensitivity.


Extension of the Measuring Range


Using n = 10 strokes, multiply the reading by 2, the measuring range


will be  0.6 to 10 ppm.


Chlorine 0.3/b
Order No. 67 28 411
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Application Range


Standard Measuring Range: 50 to 500 ppm


Number of Strokes n:  1


Time for Measurement: approx. 20 s


Standard Deviation: ± 10 to 15 %


Color Change: grey green � orange brown


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: < 40 mg H2O / L


Reaction Principle


Cl2 + o-tolidine  � orange brown reaction product


Cross Sensitivity


Bromine is indicated with the same sensitivity, but with a higher


standard deviation ± 25 to 30 %. Chlorine dioxide and nitrogen 


dioxide are indicated as well, but with different sensitivities.
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Chlorine 50/a
Order No. CH 20 701







C


|141


Application Range


Standard Measuring Range: 0.1 to 1 ppm / 0.025 to 0.1 ppm


Number of Strokes n:  10 / 30


Time for Measurement: approx. 2.5 min. / approx. 7.5 min.


Standard Deviation: ± 10 to 15 %


Color Change: light grey � light green


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: ≤ 50 mg / L


Reaction Principle


ClO2 + o-Tolidine � light green reaction product


Cross Sensitivity


The following values are not displayed:


1 ppm Cl2, 10 ppm H2S, 1 ppm SO2,


10 ppm methyl mercaptane.


1 ppm bromide is not displayed at a stroke count of n = 10, 


at n = 30 there is a discoloration of approx. 10 mm.


Chlorine Dioxide 0.025/a
Order No. 81 03 491


S
T-


39
6-


20
08







Application Range


Standard Measuring Range: 5 to 200 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min.


Standard Deviation: ± 10 to 15 %


Color Change: blue � yellow  


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


a) C6H5Cl + CrVI � HCl 


b) HCl + bromophenol blue � yellow reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated as well, but with 


different sensitivities. Methylene chloride does not affect the 


indication. Chlorine and hydrogen chloride in the TLV range are 


absorbed in the pre-layer, but in such concentrations do not affect


the indication.


Chlorobenzene 5/a
Order No. 67 28 761


142| Dräger-Tubes for short-term measurements
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Application Range


Standard Measuring Range: 2 to 10 ppm


Number of Strokes n:  10


Time for Measurement: approx. 9 min


Standard Deviation: ± 20 to 30 %


at 20 °C and 9 mg H2O / L


Color Change: white � yellow


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 9 mg H2O / L


Reaction Principle


a) CHCl3 + CrVI � Cl2
b) Cl2 + o-tolidine � yellow reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated, but with different 


sensitivities.


Chloroform 2/a
Order No. 67 28 861
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Application Range


Standard Measuring Range: 0.2 to 10 ppm


Number of Strokes n:  20


Time for Measurement: approx. 3 min


Standard Deviation: ± 20 to 30 %


Color Change: white � yellow orange


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 5 to 15 mg H2O / L


Reaction Principle


CICOOR + 4-(4-nitrobenzyl)-pyridine � yellow reaction product


Cross Sensitivity


Methyl, ethyl and isopropylchloroformate are indicated with 


approximately the same sensitivity. It is impossible to differentiate


them. Petroleum hydrocarbons, aromatics, alcohols and ketones in


the TLV range do not affect the indication. It is impossible to 


measure chloroformate in the presence of phosgene.
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Chloroformate 0.2/b
Order No. 67 18 601
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Application Range


Standard Measuring Range: 0.1 to 2 ppm


Number of Strokes n:  15


Time for Measurement: approx. 7.5 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � blue green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 1 to 20 mg H2O / L


Reaction Principle


CCl3NO2 + H2S2O7 � COCl2
COCl2 + diethylaniline + dimethylaminobenzaldehyde �


bluish-green reaction product


Cross Sensitivity


The indication is not affected by:


50 ppm ammonia


10 ppm hydrocyanic acid


1 ppm ethylene oxide


1 ppm phosphine


5 ppm methyl bromide


15 ppm sulfuryl fluoride


10 ppm formaldehyde


10 ppm chloroform


Chloropicrine 0.1/a
Order No. 81 03 421
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Chloroprene 5/a
Order No. 67 18 901


Application Range


Standard Measuring Range: 5 to 60 ppm


Number of Strokes n:  3 + 3 desorption


strokes in clean air.


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: violet � yellow brown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


CH2=CH-CCI=CH2 + MnO4
– � MnIV + various oxidation products


Cross Sensitivity


Many other organic compounds with C=C double bonds are 


indicated as well, but with different sensitivities. It is impossible to


differentiate them. It is impossible to measure chloroprene in the


presence of dialkyl sulfides.
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Application Range


Standard Measuring Range: 0.1 to 0.5 mg/m3


Discoloration compared to


color standard.


Number of Strokes n:  40


Time for Measurement: approx. 8 min


Standard Deviation: ± 50 %


Color Change: white � violet 


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


a) CrO3 + H2SO4 � CrVI


b) CrVI + diphenylcarbazide � CrIII + diphenylcarbazone


Cross Sensitivity


Metal chromates such as zinc or strontium chromate are indicated


with about half the sensitivity.


CrIII compounds do not affect the indication.


Very high chromate concentrations lead to a rapid bleaching of the


indication. Measurements should be repeated with less strokes.


Additional Information


After carrying out the required 40 pump strokes the reagent 


ampoule must be broken, the liquid transferred onto the 


indicating layer and carefully drawn through it using the pump.


Chromic Acid 0.1/a
Order No. 67 28 681
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Application Range


Standard Measuring Range: 2 to 15 mg/m3


Number of Strokes n:  10


Time for Measurement: approx. 2.5 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � red


Ambient Operating Conditions


Temperature: 0 to 30 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


a) 2 KCN + H2SO4 � 2 HCN + K2SO4


b) 2 HCN + HgCl2 � 2 HCI + Hg(CN)2


c) HCI + methyl red � red reaction product


Cross Sensitivity


Free hydrogen cyanide is indicated already before breaking the 


ampoule.


Acid gases are indicated with different sensitivities.


A certain portion of the cyanide can have reacted with the CO2 in


the air through hydrolysis.


It is impossible to measure cyanide in the presence of phosphine.


Additional Information


After carrying out the 10 strokes the reagent ampoule must be 


broken, the liquid transferred onto the white separating layer and


carefully drawn through with two strokes in cyanide free air using


the pump. The indicating layer must not become moist.


Cyanide 2/a
Order No. 67 28 791
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Application Range


Standard Measuring Range: 0.25 to 5 ppm


Number of Strokes n:  20 to 1


Time for Measurement: max. 5 min


Standard Deviation: ± 30 %


Color Change: white � pink


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: < 50 mg H2O / L


Reaction Principle


a) CICN + pyridine � glutaconaldehyde cyanamide


b) Glutaconaldehyde + barbituric acid � pink reaction product


Cross Sensitivity


Cyanogen bromide is indicated as well, but with a different 


sensitivity. Calibration data is not available.


Additional Information


Before performing the measurement the reagent ampoule must be


broken and the liquid transferred onto the indicating layer so that it


is completely saturated.


Cyanogen Chloride 0.25/a
Order No. CH 19 801
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Application Range


Standard Measuring Range: 100 to 1,500 ppm


Number of Strokes n:  10


Time for Measurement: approx. 5 min


Standard Deviation: ± 15 to 20 %


Color Change: orange � green brown


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C6H12 + CrVI ä CrIII + various oxidation products


Cross Sensitivity


Many petroleum hydrocarbons, alcohols, aromatics and esters are


indicat ed as well, but with different sensitivities. It is not possible to


differentiate between them.
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Cyclohexane 100/a
Order No. 67 25 201
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Application Range


Standard Measuring Range: 2 to 30 ppm


Number of Strokes n:  10


Time for Measurement: approx. 4 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � blue 


Ambient Operating Conditions


Temperature: 15 to 35 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C6H11NH2 + pH-indicator � blue reaction product


Cross Sensitivity


Other basic substances such as organic amines and ammonia are


indicat ed as well.


Cyclohexylamine 2/a
Order No. 67 28 931
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Application Range


Standard Measuring Range: 0.1 to 1.5 ppm / 2 to 10 ppm


Number of Strokes n:  6 / 1


Time for Measurement: approx. 3.5 min / approx. 35 s


Standard Deviation: ± 15 to 25 %


Color Change: yellow � red 


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 48 mg H2O / L


Reaction Principle


1.3-dichloropropene + chromate�Cl2
Cl2 + amine�red reaction product


Cross Sensitivity


5 ppm epichlorohydrin and 10 ppm chloropicrin do not interfere with


the reading.
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1.3 Dichloropropene 0.1/a
Order No. 81 03 551
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Application Range


Standard Measuring Range: 25 to 200 mg/m3


Number of Strokes n:  5


Time for Measurement: approx. 30 s


Standard Deviation: –


Color Change: white � brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: ≤ 40 mg H2O / L


Reaction Principle


Undecane + I2O2 = I2


Cross Sensitivity


Various organic compounds with changing sensitivity are 


displayed.


Diesel Fuel
Order No. 81 03 475
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Application Range


Standard Measuring Range: 100 to 4,000 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: orange � green brown


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C2H5-O-C2H5 + CrVI � CrIII + various oxidation products


Cross Sensitivity


Many petroleum hydrocarbons, alcohols, aromatics and esters are


indicat ed as well, but with different sensitivities. It is not possible to


differentiate between them.
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Diethyl Ether 100/a
Order No. 67 30 501
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Application Range


Standard Measuring Range: 10 to 40 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � blue grey


Ambient Operating Conditions


Temperature: 15 to 35 °C


Absolute Humidity: 3 to 12 mg H2O / L


Reaction Principle


a) Dimethylformamide + NaOH � NH3


b) NH3 + pH-indicator � blue reaction product


Cross Sensitivity


It is not possible to measure dimethyl formamide in the presence of


other basic substances such as organic amines, ammonia and 


hydrazine.


Dimethyl Formamide 10/b
Order No. 67 18 501
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Application Range


Standard Measuring Range: 0.005 to 0.05 ppm


Discoloration compared to


color standard.


Number of Strokes n:  200


Time for Measurement: approx. 50 min


Standard Deviation: ± 30 %


Color Change: white � blue


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


Dimethyl sulphate + 4-(4-Nitrobenzyl)-pyridine � colorless 


alkylation product 


colorless alkylation product � blue reaction product


Cross Sensitivity


Phosgene and chloroformates cause a yellow discoloration of the 


indicating layer, and it is impossible to perform a dimethyl sulphate


measurement. Alcohols, ketones, aromatics and petroleum 


hydrocarbons in the TLV range do not affect the indication.


Additional Information


After carrying out the required 200 pump strokes the reagent 


ampoule must be broken, the liquid transferred onto the indicating


layer and carefully drawn through it using the pump. Wait five 


minutes before evaluating the indication. The tube must not be 


exposed to direct sunlight during the 5 minutes waiting period.
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Dimethyl Sulfate 0.005/c
Order No. 67 18 701
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Application Range


Standard Measuring Range: 1 to 15 ppm


Number of Strokes n:  20


Time for Measurement: approx. 15 min


Standard Deviation: ± 15 to 20 %


Color Change: violet � yellow brown 


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


(CH3) 2S + KMnO4 � MnIV + various oxidation products


Cross Sensitivity


Many organic compounds with C=C double bonds are indicated as


well, but with different sensitivities. It is impossible to differentiate


between them. H2S (hydrogen sulfide) is indicated with 


approximately twice the sensitivity. The tube H2S 5/b can be used


as a filtering tube. Then, with n = 20 pump strokes approx. 30 ppm


H2S is retained. Methyl mercaptan is indicated with approximately


twice the sensitivity.


Dimethyl Sulfide 1/a
Order No. 67 28 451
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Application Range


Standard Measuring Range: 5 to 80 ppm


Number of Strokes n:  20


Time for Measurement: approx. 8 min


Standard Deviation: ± 15 to 20 %


Color Change: pale gray � yellow orange


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 5 to 15 mg H2O / L


Reaction Principle


Epichlorohydrin + Cr VI � Cl2
Cl2+ o-tolidine � yellow orange reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated as well but with 


different sensitivities. It is not possible to measure epichlorohydrine


in the presence of free halogens and hydrogen halides in the TLV


range because they are indicated as well. Petroleum hydrocarbons


cause low readings.


Epichlorohydrine 5/c
Order No. 67 28 111
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Application Range


Standard Measuring Range: 200 to 3,000 ppm


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 15 to 20 %


Color Change: orange � green brown


Ambient Operating Conditions


Temperature: 17 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


CH3COOC2H5 + CrVI � CrIII + various oxidation products


Cross Sensitivity


Many petroleum hydrocarbons, alcohols, aromatics and esters are 


indicated, but with different sensitivities. It is impossible to 


differentiate between them.


Ethyl Acetate 200/a
Order No. CH 20 201
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Application Range


Standard Measuring Range: 30 to 400 ppm


Number of Strokes n:  6


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


C6H5 - C2H5 + I2O5 � I2


Cross Sensitivity


Many petroleum hydrocarbons and aromatics are indicated, but with


different sensitivities. It is impossible to differentiate between them.


Extension of the Measuring Range


Using n = 4, multiply the reading by 1.5; the measuring range will


be 45 to 600 ppm.
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Ethyl Benzene 30/a
Order No. 67 28 381
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Application Range


Standard Measuring Range: 20 to 500 ppm


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 30 %


Color Change: orange � greenbrown


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: 1 to 15 mg / L


Reaction Principle


HCOOC2H5 + Cr6+ � Cr3+ + various oxidation products


Cross Sensitivity


At 100 ppm ethyl formate has no effect from: 500 ppm carbon diox-


ide (CO2) and 10 ppm carbon monoxide (CO).


Ethyl Formate 20/a
Order No. 81 03 541
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Ethyl Glycol Acetate 50/a
Order No. 67 26 801


Application Range


Standard Measuring Range: 50 to 700 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � turquoise green


Ambient Operating Conditions


Temperature: 10 to 35 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


Ethyl glycol acetate + CrVI � CrIII + various oxidation products


Cross Sensitivity


Alcohols, esters, aromatics and ethers are also indicated, but with 


different sensitivities. It is impossible to differentiate between them.
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Application Range


Standard Measuring Range: 0.2 to 5 ppm


Number of Strokes n:  20


Time for Measurement: approx. 30 min


Standard Deviation: ± 30 to 40 %


Color Change: pale yellow � blue


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 5 to 20 mg H2O / L


Reaction Principle


CH2=CH2 + Pd-Molybdate complex � blue reaction product


Cross Sensitivity


Other compounds with C=C double bonds are indicated, 


but with different, usually lower, sensitivities. It is impossible to 


differentiate between them. 25 ppm CO colors the entire indication


layer grayish blue.


Extension of the Measuring Range


With n = 40 strokes the indication of 0.2 ppm corresponds 


to a concentration of 0.1 ppm.


Ethylene 0.1/a
Order No. 81 01 331
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Application Range


Standard Measuring Range: 50 to 2,500 ppm


Number of Strokes n:  3


Time for Measurement: approx. 6 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


CH2=CH2 + Pd-Molybdate complex � blue reaction product


Cross Sensitivity


Organic compounds with C=C double bonds are indicated, 


but with different sensitivities. It is impossible to differentiate be-


tween them. In the presence of CO, the indicating layer is colored


blue depending upon the CO concentration and its exposure time. 


H2S is indicated by a black color, but with considerably lower 


sensitivity.
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Ethylene 50/a
Order No. 67 28 051
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Application Range


Standard Measuring Range: 10 to 180 mg/m3


Corresponds to 4 to 70 ppm.


Number of Strokes n:  10


Time for Measurement: approx. 7 min


Standard Deviation: ± 20 to 30 %


Color Change: white � pink


Ambient Operating Conditions


Temperature: 10 to 35 °C


Absolute Humidity: 2 to 15 mg H2O / L


Reaction Principle


a) OH-C2H4-OH � HCHO 


b) HCHO + C6H4(CH3)2 + H2SO4 � quinoid reaction products


Cross Sensitivity


Styrene, vinyl acetate and acetaldehyde are indicated with a 


yellowish brown discoloration.


It is impossible to measure ethylene glycol in the presence of 


formal  dehyde and ethylene oxide because they produce the same 


discoloration.


Additional Information


The reagent ampoule must be broken before carrying out the 


measurement.


Ethylene Glycol 10
Order No. 81 01 351
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Application Range


Standard Measuring Range: 1 to 15 ppm


Number of Strokes n:  20


Time for Measurement: approx. 8 min


Standard Deviation: ± 20 to 30 %


Color Change: white � pink


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


a) Ethylene Oxide � HCHO 


b) HCHO + C6H4(CH3)2 + H2SO4 � quinoid reaction products


Cross Sensitivity


Styrene, vinyl acetate and acetaldehyde are indicated with a 


yellowish brown discoloration.


It is impossible to measure ethylene oxide in the presence of 


ethylene glycol and formaldehyde because they produce the same


discoloration.


Additional Information


The reagent ampoule must be broken before carrying out the 


measurement.


S
T-


20
4-


20
01


Ethylene Oxide 1/a
Order No. 67 28 961
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Application Range


Standard Measuring Range: 25 to 500 ppm


Number of Strokes n:  30


Time for Measurement: approx. 6 min


Standard Deviation: ± 20 to 30 %


Color Change: pale yellow � turquoise green


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


Ethylene oxide + CrVI � CrIII + various oxidation products


Cross Sensitivity


Alcohols, esters and aldehydes are also indicated, but with 


different sensitivities. It is impossible to differentiate between them.


Propylene oxide is also indicated, but with a different sensitivity.


Ethylene, ketones and toluene in the TLV range do not interfere.


Ethylene Oxide 25/a
Order No. 67 28 241
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Application Range


Standard Measuring Range: 0.1 to 2 ppm


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 15 to 20 %


Color Change: white � yellow


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 10 mg H2O / L


Reaction Principle


a) F2 + Mg O2 � Cl2 + Mg F2


b) Cl2 + o-Tolidine � yellow reaction product


Cross Sensitivity


Nitrogen dioxide, chlorine and chlorine dioxide are indicated, 


but with different sensitivities.


Extension of the Measuring Range


Using n = 40, divide the reading by 2; the measuring range will be


0.05 to 1 ppm.
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Fluorine 0.1/a
Order No. 81 01 491
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Application Range


Standard Measuring Range: 0.5 to 5 / 0.2 to 2.5 ppm


Number of Strokes n:  10 / 20


Time for Measurement: approx. 1.5 min / approx. 3 min


Standard Deviation: ± 20 to 30 %


Color Change: white � pink


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


HCHO + C6H4(CH3)2 + H2SO4 � quinoid reaction products


Cross Sensitivity


Styrene, vinyl acetate, acetaldehyde, acrolein, diesel fuel and 


furfuryl alcohol are indicated with a yellowish brown discoloration.


500 ppm Octane, 5 ppm nitric oxide and 5 ppm nitrogen dioxide


have no effect.


Extension of the Measuring Range


The measuring range can be extended in conjunction 


with the activation tube (Order No. 81 01 141). The following 


information applies to the n = 20 stroke scale:


Pump Strokes Scale divided by Range


40 2 0.1 to 1.25 ppm


80 4 0.05 to 0.63 ppm


100 5 0.04 to 0.5 ppm


Formaldehyde 0.2/a
Order No. 67 33 081
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Application Range


Standard Measuring Range: 2 to 40 ppm


Number of Strokes n:  5


Time for Measurement: approx. 30 s


Standard Deviation: ± 20 to 30 %


Color Change: white � pink


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


HCHO + C6H4(CH3)2 + H2SO4 � quinoid reaction products


Cross Sensitivity


Styrene, vinyl acetate, acetaldehyde, acrolein, diesel fuel and 


furfuryl alcohol are indicated with a yellowish brown discoloration.


500 ppm Octane, 5 ppm nitric oxide and 5 ppm nitrogen dioxide


have no effect.


Additional Information


The reagent ampoule must be broken before carrying out the 


measurement.


Formaldehyde 2/a
Order No. 81 01 751
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Application Range


Standard Measuring Range: 1 to 15 ppm


Number of Strokes n:  20


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: blue violet � yellow


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


HCOOH + pH indicator � yellow reaction product


Cross Sensitivity


It is impossible to measure formic acid in the presence of other


acids. Organic acids are indicated by the same color change, but


partly with different sensitivity. Mineral acids, e.g. hydrochloric acid


are indicated with different sensitivity and by red color.


Formic Acid 1/a
Order No. 67 22 701
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Application Range


Standard Measuring Range: 200 to 2,600 ppm


R 113/R 114


100 to 1,400 ppm R 11


200 to 2,800 ppm R 22


(on request) 1,000 to 4,000 ppm R 134a


The indication is in mm and 


must be compared to the 


calibration data sheets.


Number of Strokes n:  3


Time for Measurement: approx. 1 min


Standard Deviation: ± 30 %


Color Change: blue � yellow to grayish green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 1 to 15 mg H2O / L


Reaction Principle


For Example:


a) R113 [Pyrolysis] � HCI


b) HCI + pH Indicator � yellow reaction product


Cross Sensitivity


Other halogenated hydrocarbons, free halogens and hydrogen


halides are indicated.


Perchloroethylene is indicated with the same sensitivity as R113.


Additional Information


The tubes become very warm during the measurement. Therefore,


these tubes should not be used in potentially combustible 


atmospheres. A combustible gas monitor should be used to qualify


any questionable area before conducting a measurement with one


of these tubes.


S
T-


19
9-


20
01


Halogenated Hydrocarbons 100/a
Order No. 81 01 601
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Application Range


Standard Measuring Range: 100 to 3,000 ppm


Number of Strokes n:  6


Time for Measurement: approx. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: orange � green-brown


Ambient Operating Conditions


Temperature: 15 to 35 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


C6H14 + CrVI � CrIII + various oxidation products


Cross Sensitivity


Alcohols, esters, aromatics, petroleum hydrocarbons and ethers are


also indicated, but with different sensitivities. It is impossible to 


differentiate between them.


Extension of the Measuring Range


Using n = 11, divide the reading by 2; the measuring range will be


50 to 1,500 ppm.


Hexane 100/a
Order No. 67 28 391
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Application Range


Standard Measuring Range: 0.01 to 0.4 ppm / 0.5 to 6 ppm


Number of Strokes n:  see tube1) / 5


Time for Measurement: approx. 20 to 30 min /


approx. 1 min


Standard Deviation: ± 20 to 25 %


Color Change: pale grey � grey-brown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 1 to 20 mg H2O / L


Reaction Principle


N2H4 + Silver Salt � grey-brown reaction product


Cross Sensitivity


1.1-Dimethylhydrazin and Monomethylhydrazine are shown with the


same sensitivity (Standard Deviation ± 50 %) 5 ppm Ammonia at


100 strokes result in a measurement of approx. 0.01 ppm Hydrazine.


At 5 strokes, Ammonia will also not be shown in high 


concentrations.


1)  Number of strokes is printed on the tube. As a result of manufacturing of processes the 
number of strokes can vary between 100 and 150 strokes for the low measuring range.
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Hydrazine 0.01/a
Order No. 81 03 351
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Application Range


Standard Measuring Range: 0.25 to 10 / 0.1 to 5 ppm


Number of Strokes n:  10 / 20


Time for Measurement: approx. 1 min / approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


NH3+ pH Indicator � blue reaction product


Cross Sensitivity


This tube indicates other basic gases (e.g. organic amines and 


ammonia).


Hydrazine 0.25/a
Order No. CH 31 801
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Application Range


Standard Measuring Range: 2 to 24 mg / L


Number of Strokes n:  3


Time for Measurement: approx. 5 min


Standard Deviation: ± 25 %


Color Change: orange � blue green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 1 to 25 mg H2O / L


Reaction Principle


C8H18 + Cr6+ � Cr3+ +div. oxidation products


Cross Sensitivity


The information regarding cross sensitivity only applies for 


measurements with a maximum of 3 strokes. Paraffinic and 


aromatic hydrocarbons are indicated as a whole. Differentiation is


not possible. Aromatic hydrocarbons (benzene, toluene) are also


displayed. Their concentration in the mixture should not exceed


20%. There is no fault caused on the display by < 1000 ppm CO.


Additional Information


A maximum of 15 strokes within 1 hour can be performed for leak-


age measurements (qualitative measurements).


Hydrocarbons 2 a
Order No. 81 03 581
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Application Range


Standard Measuring Range: 0.1 to 1.3 Vol.-% Propane


0.1 to 1.3 Vol.-% Butane


0.1 to 1.3 Vol.-% (mix 1:1)


Number of Strokes n:  1


Time for Measurement: approx. 2 min


Standard Deviation: ± 15 %


Color Change: orange � brown green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 1 to 40 H2O / L


Reaction Principle


C3H8 / C4H10 + Cr6+ � Cr3+ +div. oxidation products


Cross Sensitivity


The information regarding cross sensitivity only applies for 


measurements with a maximum of 1 stroke. Hydrocarbons, 


hydrocarbons with olefin double bonds are indicated with different


discoloration and sensitivity. No influence on the display of 


0.1 Vol.-% propane/butane at:


< 99.9 Vol.-% methane


< 5 Vol.-% ethane


< 1 Vol.-% carbon monoxide


< 500 ppm acetylene, ethylene


Additional Information


A maximum of 15 strokes within 1 hour can be performed for 


leakage measurements (qualitative measurements).


Hydrocarbons 0.1%/c
Order No. 81 03 571
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Application Range


Standard Measuring Range: 0.2 to 3 ppm / 3 to 20 ppm


Number of Strokes n:  10 / 2


Time for Measurement: approx. 2 min / 0.4 min


Standard Deviation: ± 10 to 15 %


Color Change: blue � yellow


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: ≤ 15 mg H2O / L


Reaction Principle


HCl + bromophenol blue � yellow reaction product


Cross Sensitivity


No interference on the reading of 10 ppm H2S and 2 ppm SO2.


Other acid gases are also indicated, however, with differing 


sensitivity. Chlorine changes the indicating layer to grey. If chlorine


occurs simultaneously, HCl readings will be higher.


S
T-


56
1-


20
08


Hydrochloric Acid 0.2/a
Order No. 81 03 481


178| Dräger-Tubes for short-term measurements
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Application Range


Standard Measuring Range: 1 to 10 ppm


Number of Strokes n:  10


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: blue � yellow


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: max. 15 mg H2O / L


Reaction Principle


HCI + Bromophenol blue � yellow reaction product


Cross Sensitivity


Hydrogen sulfide and sulfur dioxide in the TLV range do not 


interfere. It is impossible to measure hydrochloric acid in the 


presence of other mineral acids. Chlorine and nitrogen dioxide are


indicated, but with different sensitivities.


Hydrochloric Acid 1/a
Order No. CH 29 501
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Application Range


Standard Measuring Range: 500 to 5,000 / 50 to 500 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 30 s / approx. 4 min


Standard Deviation: ± 10 to 15 %


Color Change: blue � white yellow


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: max. 15 mg H2O / L


Reaction Principle


HCI + Bromophenol blue � white yellow reaction product


Cross Sensitivity


Hydrogen sulfide and sulfur dioxide do not interfere in the TLV


range. It is impossible to measure hydrochloric acid in the presence


of other mineral acids. Chlorine and nitrogen dioxide are indicated,


but with different sensitivities.
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Hydrochloric Acid 50/a
Order No. 67 28 181
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Hydrochloric Acid/Nitric Acid 1/a
Order No. 81 01 681
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Application Range


Standard Measuring Range: Hydrochloric Acid


1 to 10 ppm


Nitric Acid


1 to 15 ppm


Number of Strokes n: Hydrochloric Acid 10


Nitric Acid 20


Time for Measurement: approx. 1.5 min / 3 min


Standard Deviation: ± 30 %


Color Change: blue � yellow


Ambient Operating Conditions


Temperature: 5 to 40 °C for HCI


For HNO3 measurements, the tube scales are applicable only to 


20 °C. Where the temperature is different, the measuring result


must be multiplied as follows: Temperature °C Factor


40 0.3


30 0.4


10 2


Absolute Humidity: max. 15 mg H2O / L


Reaction Principle


HCl and/or HNO3 + pH indicator � yellow reaction product


Cross Sensitivity


50 ppm nitrogen dioxide result in almost the same reading as 


2 ppm nitric acid. 10 ppm hydrogen sulfide or 5 ppm nitrogen 


dioxide do not effect the reading. Chlorine concentrations in 


excess of 1 ppm change the entire indicating layer to a yellow-green.


Additional Information


Extension of measuring range for hydrochloric acid: depending 


on the stroke number, multiply the scale value by the following factor.


Measuring range (ppm) Strokes Factor


10 to 50 2 5


0.5 to 1 20 0.5
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Hydrocyanic Acid 2/a
Order No. CH 25 701


Application Range


Standard Measuring Range: 2 to 30 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow orange � red


Ambient Operating Conditions


Temperature: 0 to 30 °C


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


a) HCN + HgCl2 � HCl 


b) HCl + methyl red � red reaction product


Cross Sensitivity


100 ppm hydrogen sulfide, 300 ppm ammonia, 200 ppm 


sulfur dioxide, 50 ppm nitrogen dioxide and 1,000 ppm 


hydrogen chloride do not affect the indication.


Hydrogen sulfide causes the pre-layer to discolor to dark brown,


but does not affect the hydrocyanic acid indication.


Ammonia concentrations above 300 ppm can cause the 


indication at the beginning of the indicating layer to discolor back


to yellow.


Acylonitrile up to a concentration of 1,000 ppm does not affect the


indication.


It is impossible to measure hydrocyanic acid in the presence of 


phosphine.


Extension of the Measuring Range


Using n = 2 strokes, multiply the reading by 2.5; the measuring


range will be 5 to 75 ppm 


Using n= 1 stroke, multiply the reading by 5; the measuring range


will be 10 to 150 ppm.
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Hydrogen 0.2%/a
Order No. 81 01 511
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Application Range


Standard Measuring Range: 0.2 to 2.0 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: green yellow � turquoise blue


Ambient Operating Conditions


Temperature: 20 to 40 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


a) H2 + 1⁄2 O2 � H20


b) H2O + Indicator � turquoise blue reaction product


Cross Sensitivity


No interference by:


0.1 Vol.-% acetylene


6 Vol.-% alcohol


6 Vol.-% ammonia


0.5 Vol.-% carbon monoxide


Additional Information


The indicating layer is heated up by hydrogen concentrations 


of more than 10 Vol.-%. The air sample must not contain 


additional flammable substances whose ignition temperature is


below 250°C as this will cause an explosion risk.
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Hydrogen 0.5%/a
Order No. CH 30 901


Application Range


Standard Measuring Range: 0.5 to 3.0 Vol.-%


Number of Strokes n:  5


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: grey green � pink


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


a) H2 + 1⁄2 O2 � H2O 


b) H2O + SeO2 + H2SO4 � pink reaction product


Cross Sensitivity


Up to 1,000 ppm CO has no influence on the indication; higher 


concentrations lead to lower measurement results. Acetylene and 


alcohols react similarly to hydrogen.


Additional Information


Do not use in potentially explosive areas. Qualify before use 


with a combustible gas monitor. When the hydrogen concentration


is above 3 Vol.-% the catalysis layer heats up during the 


measurement with a reddish glow. 


Determination of hydrogen in air with at least 5 Vol.-% O2.
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Hydrogen Fluoride 0.5/a
Order No. 81 03 251
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Application Range


Standard Measuring Range: 0.5 to 15 / 10 to 90 ppm


Number of Strokes n:  10 / 2


Time for Measurement: approx. 2 min / approx. 25 s


Standard Deviation: ± 20 to 30 %


Color Change: blue violet � yellow


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 30 to 80 %


Reaction Principle


HF + pH indicator � yellow reaction product


Cross Sensitivity


Other mineral acids, e.g. hydrochloric acid or nitric acid, are 


indicated. Alkaline gases, e.g. ammonia, causes minus results or 


prevents an indication.
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Hydrogen Fluoride 1.5/b
Order No. CH 30 301


Application Range


Standard Measuring Range: 1.5 to 15 ppm


Number of Strokes n:  20


Time for Measurement: approx. 2 min


Standard Deviation: ± 15 to 20 %


Color Change: pale blue � pale pink


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: max. 9 mg H2O / L


Reaction Principle


HF + Zr(OH)4/Quinalizarin � [ZrF6]2- + Quinalizarin


Cross Sensitivity


In the presence of higher humidity (> 9 mg H2O / L),  hydrogen 


fluoride mist is generated, which cannot be quantitatively indicated


by the detector tube (i.e. the indication is too low). Other 


halogenated hydrocarbons in the TLV range do not interfere.
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Application Range


Standard Measuring Range: 0.1 to 3 ppm


Number of Strokes n:  20


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 10 to 25 °C


Absolute Humidity: 3 to 10 mg H2O / L


Reaction Principle


2 H2O2 + 2 KI � I2 + 2 H2O + O2


Cross Sensitivity


It is impossible to measure hydrogen peroxide in the presence of


chlorine or nitrogen dioxide. Only hydrogen peroxide vapor is 


indicated, not the aerosols.


Hydrogen Peroxide 0.1/a
Order No. 81 01 041
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Application Range


Standard Measuring Range: 0.2 to 5 ppm


Number of Strokes n:  10


Time for Measurement: approx. 5 min


Standard Deviation: ± 5 to 10 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


Sulfur dioxide and hydrochloric acid in the TLV range do not 


interfere.
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Hydrogen Sulfide 0.2/a
Order No. 81 01 461
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Hydrogen Sulfide 0.2/b
Order No. 81 01 991
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Application Range


Standard Measuring Range: 0.2 to 6 ppm


Number of Strokes n:  1


Time for Measurement: approx. 55 s


Standard Deviation: ± 15 to 20 %


Color Change: yellow � pink


Ambient Operating Conditions


Temperature: 15 to 40 °C


In case of temperature between 0 °C and 10 °C, the reading has


to be multiplied by 1.5; standard deviation: ± 30%.


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


H2S + HgCl2 � HgS + 2 HCl


HCL + pH indicator � pink reaction product


Cross Sensitivity


Up to 1000 ppm, sulfur dioxide has no influence on the reading. 


Within the range of their TLV, mercaptanes, arsine, phosphine and


nitrogen dioxide are also indicated, however, with differing 


sensitivity. Within its TLV, hydrogen cyanide changes the color of


the entire indicating layer to a light orange. The reading of 


hydrogen sulfide is not affected.
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Application Range


Standard Measuring Range: 0.5 to 15 ppm


Number of Strokes n:  10


Time for Measurement: approx. 6 min


Standard Deviation: ± 5 to 10 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 30 mg H2O / L


Reaction Principle


H2S + Hg2+ � HgS + 2 H+


Cross Sensitivity


No interference by: 100 ppm sulfur dioxide


100 ppm hydrochloric acid


100 ppm ethyl mercaptan
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Hydrogen Sulfide 0.5/a
Order No. 67 28 041
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Application Range


Standard Measuring Range: 10 to 200 / 1 to 20 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 5 min / approx. 3 min


Standard Deviation: ± 5 to 10 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


Should sulfur dioxide occur simultaneously in concentrations well


above their TLV, this may result in plus errors of up to 50%. Sulfur


dioxide alone is not indicated.


Hydrogen Sulfide 1/c
Order No. 67 19 001
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Hydrogen Sulfide 1/d
Order No. 81 01 831


Application Range


Standard Measuring Range: 10 to 200 / 1 to 20 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 1 min/ approx. 10 min


Standard Deviation: ± 15 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


H2S + Cu2 � CuS + 2 H+


Cross Sensitivity


500 ppm hydrochloric acid, 500 ppm sulfur dioxide, 


500 ppm ammonia or 100 ppm asine do not interfere with the 


reading. Methyl mercaptan and ethyl mercaptan change the entire 


indicating layer to a pale yellow. When mixed with hydrogen 


sulfide, the reading is extended by approx. 30%.
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Application Range


Standard Measuring Range: 20 to 200 / 2 to 20 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 20 s / approx. 3.5 min


Standard Deviation: ± 5 to 10 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 30 mg H2O / L


Reaction Principle


H2S + Hg2+ � HgS + 2 H+


Cross Sensitivity


No interference by: 200 ppm sulfur dioxide


100 ppm hydrochloric acid


100 ppm ethyl mercaptan


Hydrogen Sulfide 2/a
Order No. 67 28 821
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Hydrogen Sulfide 2/b
Order No. 81 01 961


Application Range


Standard Measuring Range: 2 to 60 ppm


Number of Strokes n:  1


Time for Measurement: approx. 30 s


Standard Deviation: ± 5 to 10 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


Hydrochloric acid, mercaptan and sulfur dioxide in the TLV range


does not interfere.


Extension of the Measuring Range


Using n = 2, divide the reading by 2; the measuring range will be


1 to 30 ppm.







H


|195


Hydrogen Sulfide 5/b
Order No. CH 29 801
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Application Range


Standard Measuring Range: 5 to 60 ppm


Number of Strokes n:  10


Time for Measurement: approx. 4 min


Standard Deviation: ± 5 to 10 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 0 to 60 °C


Absolute Humidity: < 40 mg H2O / L


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


Sulfur dioxide can cause plus errors of up to 50%. Sulfur 


dioxide alone does not discolor the indicating layer.


Extension of the Measuring Range


Using n = 1, multiply the reading by 10; the measuring range will be


50 to 600 ppm.
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Application Range


Standard Measuring Range: 100 to 2,000 ppm


Number of Strokes n:  1


Time for Measurement: approx. 30 s


Standard Deviation: ± 5 to 10 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 40 mg H2O / L


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


No interference by: 2,000 ppm sulfur dioxide


100 ppm nitrogen dioxide
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Hydrogen Sulfide 100/a
Order No. CH 29 101
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Hydrogen Sulfide 0.2%/A
Order No. CH 28 101
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Application Range


Standard Measuring Range: 0.2 to 7 Vol.-%


Number of Strokes n:  1 + 2 desorption strokes in 


clean air


Time for Measurement: approx. 2 min


Standard Deviation: ± 5 to 10 %


Color Change: pale blue � black


Ambient Operating Conditions


Temperature: 0 to 60 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


H2S + Cu2+ � CuS + 2 H+


Cross Sensitivity


In the presence of sulfur dioxide, the indicating layer can change to


a yellowish color, but the hydrogen sulfide measurement is not 


affected. Comparable concentrations of mercaptan will interfere with


the reading.
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Application Range


Standard Measuring Range: 2 to 40 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 1 min


Standard Deviation: ± 5 to 10 %


Color Change: pale blue � black


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 20 mg H2O / L


Reaction Principle


H2S + Cu2+ � CuS + 2 H+


Cross Sensitivity


No interference by: 5,000 ppm sulfur dioxide


1,000 ppm hydrochloric acid


1,000 ppm ethyl mercaptan
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Hydrogen Sulfide 2%/a
Order No. 81 01 211
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Hydrogen Sulfide + Sulfur Dioxide 0.2%/A
Order No. CH 28 201
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Application Range


Standard Measuring Range: 0.2 to 7 Vol.-%


Number of Strokes n:  1 + 2 desorption strokes in 


clean air


Time for Measurement: approx. 2 min


Standard Deviation: ± 5 to 10 %


Color Change: brown � pale yellow


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


H2S + I2 � 2 HI + Sx


SO2 + I2 + H2O � 2 HI + H2SO4


Cross Sensitivity


All substances oxidized by iodine are indicated, but with different 


sensitivities. It is impossible to measure hydrogen sulfide and 


sulfur dioxide in the presence of such substances.


Extension of the Measuring Range


Using n = 10, divide the reading by 10; the measuring range will be


0.02 to 0.7 Vol.-%.
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Iodine 0.1/a
Order No. 81 03 521


Application Range


Standard Measuring Range: 0.1 to 0.6 ppm / 1 to 5 ppm


Number of Strokes n:  5 / 1


Time for Measurement: approx. 5 min / approx. 1 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � pink


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: ≤ 20 mg H2O / L


Reaction Principle


I2 + HgCl2 � HgI2 + Cl2
Cl2 + Indicator � pink reaction product


Cross Sensitivity


Mercaptans, arsine, phosphine and nitrogen dioxide are displayed


with varying sensitivities. 10 ppm hydrocyanic acid changes the color


of the entire indicating layer to a light orange.







I


|201


Mercaptan 0.1/a
Order No. 81 03 281
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Application Range


Standard Measuring Range: 0.1 to 2.5 / 3 to 15 ppm


Number of Strokes n:  10 / 2


Time for Measurement: approx. 3 min / approx. 40 s


Standard Deviation: ± 10 to 15 %


Color Change: yellow � red


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: 2 to 40 mg H2O / L


Reaction Principle


2 R-SH + Hg Cl2 � Hg(CH3S)2 + 2 HCl


HCl + pH-indicator � reddish reaction product


Cross Sensitivity


Propylmercaptan and tert.-butyl-mercaptan are indicated, but 


with different sensitivities. 4 ppm ethylene, 30 ppm CO, 10 ppm


tetrahydrothiophene do not affect the indication. and 100 ppm 


hydrogen sulfide do not affect the indication. Hydrogen sulfide


changes the pre-layer to black.
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Mercaptan 0.5/a
Order No. 67 28 981


Application Range


Standard Measuring Range: 0.5 to 5 ppm


Number of Strokes n:  5


Time for Measurement: approx. 5 min.


Standard Deviation: ± 10 to 15 %


Color Change: white � yellow


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


2 R-SH + Pd2+ � Pd(RS)2 + 2 H+


Cross Sensitivity


Higher molecular weight alkyl mercaptans (e.g. propyl- and 


butylmercaptans) are indicated with approximately the same 


sensitivity. 1,000 ppm ethylene, 2,000 ppm carbon monoxide and


200 ppm hydrogen sulfide do not affect the indication. Hydrogen


sulfide discolors the pre-layer black. Dimethyl sulfide: 10 ppm no 


influence, but the color of the mercaptan indication is paler.


Dimethyl disulfide: 2 ppm no influence.
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Mercaptan 20/a
Order No. 81 01 871
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Application Range


Standard Measuring Range: 20 to 100 ppm


Number of Strokes n:  10


Time for Measurement: approx. 2.5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � yellow brown


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: 3 to 30 mg H2O / L


Reaction Principle


a) 2 R-SH + Cu2+ � Cu(RS)2 + 2 H+


b) Cu(RS)2 + S � yellow brown copper compound


Cross Sensitivity


Higher molecular weight alkyl mercaptans (e.g. propyl- and 


butylmercaptans) are indicated with approximately the same 


sensitivity.


Hydrogen sulfide is indicated with approximately twice the 


sensitivity of the mercaptans (e.g. 10 ppm hydrogen sulfide gives an


indication of 20 ppm). In presence of Hydrogen Sulfide a 


measurement of mercaptans is impossible.


Additional Information


After performing the required ten pump strokes the reagent 


ampoule must be broken. The liquid of the ampoule must be 


transferred to the indicating layer and carefully drawn through it


using the pump. After completing the measurement wait for 3 min


prior to evaluation.
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Mercury Vapor 0.1/b
Order No. CH 23 101


Application Range


Standard Measuring Range: 0.05 to 2 mg/m3


Number of Strokes n:  40 to 1


Time for Measurement: max. 10 min


Standard Deviation: ± 30 %


Color Change: pale yellow grey � pale orange


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


Hg + Cul � Cu-Hg-complex


Cross Sensitivity


Free halogens cause substantial minus errors. It is impossible to


measure mercury vapor in the presence of halogens. Arsine, 


phosphine, hydrogen sulfide, ammonia, nitrogen dioxide, sulfur 


dioxide and hydrazine in the TLV range do not interfere.
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Methyl Acrylate 5/a
Order No. 67 28 161
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Application Range


Standard Measuring Range: 5 to 200 ppm


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 30 to 40 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 15 to 35 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


CH2=CH-COOCH3 + Pd-Molybdate complex � blue reaction


product


Cross Sensitivity


Other compounds with C=C double bonds are indicated, but with 


different sensitivities. It is impossible to differentiate between them.


It is impossible to measure methyl acrylate in the presence of 


hydrogen sulfide. Hydrogen sulfide will discolor the indicating layer


black. Carbon monoxide in high concentrations discolors the 


indicating layer pale blue grey.
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Methyl Bromide 0.2/a
Order No. 81 03 391


Application Range


Standard Measuring Range: 0.2 to 2 ppm / 2 to 8 ppm


Number of Strokes n:  5 / 2


Time for Measurement: approx. 8 min. / approx. 4 min.


Standard Deviation: ± 15 to 20 %


Color Change: light color � green


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: < 20 mg/L


Reaction Principle


CH3 Br + H2S2O7 + chromate � Br2


Br2 + o-Tolidine � green reaction product


Cross Sensitivity


Vinyl chloride or carbon tetrachloride: < 2 ppm no indication. Methyl


bromide cannot be measured in the presence of perchloroethylene


or trichloroethylene. Sulfuryl fluoride, phosphine, ethylene oxide,


ammonia, hydrocyanic acid, chloropicrin and formaldehyde below


their AGW/TLV values are not indicated. Ethylene dibromide is 


indicated with 1.2 times its sensitivity.
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Methyl Bromide 0.5/a
Order No. 81 01 671
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Application Range


Standard Measuring Range: 5 to 30 / 0.5 to 5 ppm


Number of Strokes n:  2 / 8


Time for Measurement: approx. 2 min / approx. 5 min


Standard Deviation: ± 15 to 20 %


Color Change: white � blue green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


a) CH3Br + H2S2O7 � HBr


b1) HBr + CrVI � Br2


b) Br2 + o-tolidine � blue green reaction product


Cross Sensitivity


Vinyl chloride: 2 ppm no reading.


Carbon tetrachloride: 2 ppm no reading


Perchloroethylene and Trichloroethylene:


5 ppm changes the 


indicating layer to a light yellow.


1.2-dichloroethylene: 20 ppm result in a reading 


of approx. 3 ppm.


1.1-dichloroethylene: up to 2 ppm the sensitivity is 


the same as with methyl 


bromide.
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Application Range


Standard Measuring Range: 10 to 100 / 3 to 35 ppm


Number of Strokes n:  5 activation strokes in 


methyl bromide free air 


before testing.


2 / 5


Time for Measurement: approx. 1 min / approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: pale grey green �


blue grey


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


a) CH3Br + H2S2O7 � gaseous cleavage product 


b1) gaseous cleavage product + KMnO4 � Br2


b2) Br2 + Diphenylbenzidine � blue grey reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated, but with different 


sensitivities.


Methyl Bromide 3/a
Order No. 67 28 211
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Methyl Bromide 5/b
Order No. CH 27 301


Application Range


Standard Measuring Range: 5 to 50 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1 min.


Standard Deviation: ± 20 to 30 %


Color Change: green � brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


a) CH3Br + SO3 + MnO4
– � Br2


b) Br2 + o-Dianisidine � brown reaction product


Cross Sensitivity


Several other halogenated hydrocarbons and free halogens are 


indicated, but not all of them.


The sensitivity to the other halogenated hydrocarbons varies, in


some cases higher and in others lower. Examples:


5 ppm Hydrogen chloride gives an indication of 1 - 2 mm in length.


50 ppm Hydrogen chloride and hydrogen bromide give an 


indication of 20 - 30 ppm.


1,2-Dibromoethane is indicated with about the same sensitivity.


100 ppm 1,1,1-Trichloroethane gives an indication of 5 - 10 ppm.


Additional Information


Before carrying out the measurement the reagent ampoule must 


be broken. The granular contents must be shaken out of the 


broken ampoule by gently tapping the side of the tube. The tube


must be held vertically with the inlet of the tube up during the 


measurement.


S
T-


57
9-


20
08







Methylene Chloride 100/a
Order No. 67 24 601
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Application Range


Standard Measuring Range: 100 to 2,000 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown green


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


a) CH2CI2 + CrVI � gaseous cleavage product


b) gaseous cleavage product + I2O5 � I2


Cross Sensitivity


Other halogenated hydrocarbons, CO, and petroleum hydrocarbons


are indicated, but with different sensitivities.


Extension of the Measuring Range


Using 20 strokes divide the reading by 2, the measuring range will


be 50 to 1,000 ppm methylene chloride.
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Application Range


Standard Measuring Range: 0.2 to 6 ppm / 0.1 to 1.2 ppm


Number of Strokes n:  6 / 20


Time for Measurement: approx. 60 s / 200 s


Standard Deviation: ± 10 to 15 %


Color Change: yellow � brownish-grey


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: ≤ 55 mg H2O / L


Reaction Principle


Methylisothiocyanate + Palladium sulfate � brownish-grey 


reaction product


Cross Sensitivity


20 ppm methyl bromide and 20 ppm chloropicrine are not 


indicated.


Use the following factors to correct the temperature and humidity


dependence:


Temp [°C / °F] 0 / 32 20 / 68 50 / 122


rel. humidity [%]


5 1.4 1 0.9


50 1.2 1 0.9


90 1.2 1 -


Methylisothiocyanate 0.1/a
Order No. 81 03 485
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Natural Gas Test
Order No. CH 20 001
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Application Range


Standard Measuring Range: Qualitative determination of


natural gas


Number of Strokes n:  2


Time for Measurement: approx. 40 s


Color Change: white � brown green to grey violet


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


a) CH4 + KMnO4 + H2S2O7 � CO


b) CO + I2O5 � I2 + CO2


Cross Sensitivity


Due to the reaction principle a number of other organic 


compounds such as propane and butane are indicated as well.


Carbon monoxide is also indicated. It is not possible to differentiate


between different compounds.
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Order No. CH 19 501
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Application Range


Standard Measuring Range: 0.1 to 1 ppm


Discoloration compared to


color standard.


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 50 %


Color Change: yellow � pink


Ambient Operating Conditions


Temperature: 0 to 30 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


a) Ni(CO)4 + I2 � NiI2 + 4 CO


b) NiI2 + Dimethylglyoxime � pink colored complex


Cross Sensitivity


Iron pentacarbonyl is also indicated by a brownish discoloration,


however, with less sensitivity. Measurement of nickel tetra carbonyl


is not possible in the presence of hydrogen sulfide of sulfur dioxide,


since the reading is suppressed. Such a disturbance can be recog-


nised by decoloration of the indicating layer even before the reagent


ampoule is opened.


Additional Information


After performing the required 20 pump strokes the reagent 


ampoule must be broken and the liquid carefully drawn onto the 


indicating layer using the pump.
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Nitric Acid 1/a
Order No. 67 28 311


214| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 5 to 50 / 1 to 15 ppm


Number of Strokes n:  10 / 20


Time for Measurement: approx. 2 min / approx. 4 min


Standard Deviation: ± 10 to 15 %


Color Change: blue � yellow


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


HNO3 + Bromophenol blue � yellow reaction product


Cross Sensitivity


Hydrogen sulfide and nitrogen dioxide in the TLV range do not 


interfere, however, 50 ppm nitrogen dioxide gives an indication 


similar to 3 ppm nitric acid. It is impossible to measure nitric acid


in the presence of other mineral acids. Chlorine discolors the 


indication layer grey, and this makes it difficult to evaluate the nitric


acid indication. If chlorine is present in the TLV range, this leads to


slightly higher nitric acid indications.
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Application Range


Standard Measuring Range: 5 to 25 / 0.5 to 10 ppm


Number of Strokes n:  2 / 5


Time for Measurement: approx. 15 s / approx. 40 s


Standard Deviation: ± 10 to 15 %


Color Change: pale grey � grey green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


NO2 + Diphenylbenzidine � blue grey reaction product


Cross Sensitivity


Chlorine and ozone are also indicated, but with different 


sensitivities. Nitric oxide is not indicated.


NNitrogen Dioxide 0.5/c
Order No. CH 30 001


|215


S
T-


13
9-


20
01







Application Range


Standard Measuring Range: 5 to 100 / 2 to 50 ppm


Number of Strokes n:  5 / 10


Time for Measurement: approx. 1 min / approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow green � blue grey 


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


NO2 + Diphenylbenzidine � blue grey reaction product


Cross Sensitivity


Within their TLV, ozone or chlorine do not interfere with the 


reading. Higher concentrations are indicated, however with 


differing sensitivity period. Nitric oxide is not indicated.


Nitrogen Dioxide 2/c
Order No. 67 19 101
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Application Range


Standard Measuring Range: 0.5 to 10 ppm


Number of Strokes n:  5


Time for Measurement: approx. 40 s


Standard Deviation: ± 10 to 15 %


Color Change: pale green � blue grey


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


a) NO + CrVI � NO2


b) NO2 + diphenylbenzidine � blue grey reaction product


Cross Sensitivity


In case of nitrogen dioxide in concentrations above 300 ppm the 


indication layer can bleach. Chlorine and ozone are indicated as


well, but with different sensitivities.


NNitrous Fumes 0.5/a
Order No. CH 29 401
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Application Range


Standard Measuring Range: 5 to 100 / 2 to 50 ppm


Number of Strokes n:  5 / 10


Time for Measurement: approx. 1 min / approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: grey green � blue grey


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


a) NO + CrVI � NO2


b) NO2 + Diphenylbenzidine � blue grey reaction product


Cross Sensitivity


Chlorine and ozone are indicated with different sensitivities.


Nitrous Fumes 2/a
Order No. CH 31 001
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Application Range


Standard Measuring Range: 20 to 500 ppm


Number of Strokes n:  2


Time for Measurement: approx. 30 s


Standard Deviation: ± 10 to 15 %


Color Change: pale grey � red brown


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


a) NO + CrVI � NO2


b) NO2 + o-Dianisidine � red brown reaction product


Cross Sensitivity


There is no influence of chlorine and ozone, if these gases are 


in range of their TLVs. Higher concentrations are indicated with 


different sensitivities.


NNitrous Fumes 20/a
Order No. 67 24 001
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Application Range


Standard Measuring Range: 50 to 1,000 / 200 to 2,000 ppm


Number of Strokes n:  2 / 1


Time for Measurement: 80 s / 40 s


Standard Deviation: ± 10 to 15 %


Color Change: white � yellowish green


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


a) NO + CrVI � NO2


b) NO2 + aromatic amine � yellowish green reaction product


Cross Sensitivity


Chlorine and ozone are also indicated, but with different 


sensitivities.


Nitrous Fumes 50/a
Order No. 81 01 921
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Application Range


Standard Measuring Range: 100 to 1,000 / 500 to 5,000 ppm


Number of Strokes n:  5 / 1 + 4


desorption strokes in clean air.


Time for Measurement: approx. 1.5 min


Standard Deviation: ± 15 to 20 %


Color Change: grey � red brown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


a) NO + CrVI � NO2


b) NO2 + o-Dianisidine � red brown reaction product


Cross Sensitivity


Chlorine and ozone are also indicated, but with different 


sensitivities.


NNitrous Fumes 100/c
Order No. CH 27 701
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Oil Mist 1/a
Order No. 67 33 031


222| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 1 to 10 mg/m3


Discoloration compared to


color standard.


Number of Strokes n:  100


Time for Measurement: approx. 25 min


Standard Deviation: ± 30 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


Oil mist + H2SO4 � brown reaction product


Cross Sensitivity


The tube indicates only mineral and synthetic oil aerosols (mist). 


Oil vapors and vapors of other higher molecular weight organic 


compounds are not indicated.


Additional Information


After performing the required 100 pump strokes the reagent 


ampoule must be broken and the liquid carefully drawn onto the 


indication layer using the pump.
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OOlefine 0.05%/a
Order No. CH 31 201


|223


Application Range


Standard Measuring Range: 0.06 to 3.2 Vol.-% Propylene


0.04 to 2.4 Vol.-% Butylene


Number of Strokes n:  20 to 1


Time for Measurement: max. 5 min


Standard Deviation: ± 30 %


Color Change: violet � pale brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


CH3-CH2-CH=CH2 + MnO4
– � MnIV + various oxidation products


Cross Sensitivity


Many organic compounds with C=C double bonds are indicated, but


with different sensitivities. It is impossible to differentiate between


them. It is impossible to measure olefines in the presence of dialkyl 


sulfides.
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Oxygen 5%/B
Order No. 67 28 081
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Application Range


Standard Measuring Range: 5 to 23 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 1 min


Standard Deviation: ± 5 to 10 %


Color Change: blue black � white grey


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


a) O2 + TiCI3 � TiIV-compound


b) The connecting tube contains silica gel to trap hydrochloric


acid generated during the reaction.


Cross Sensitivity


Carbon dioxide, carbon monoxide, solvent vapors, halogenated 


hydrocarbons and N2O do not affect the indication.


Additional Information


These tubes become very warm during measurement, reaching 


temperatures of approximately 100 °C. Therefore these tubes should


not be used in potentially combustible atmospheres. If in doubt, test


the area before using the tube with a combustible gas monitor, 


before using the tube.
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OOxygen 5%/C
Order No. 81 03 261
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Application Range


Standard Measuring Range: 5 to 23 Vol.-%


Number of Strokes n:  1


Time for Measurement: approx. 1 min


Standard Deviation: ± 10 to 15 %


Color Change: blue black � white


Ambient Operating Conditions


Temperature: 5 to 50 °C


Absolute Humidity: 0 to 40 mg H2O / L


Reaction Principle


a) O2 + TiCI3 � TiIV-compound


b) Adsorbtion of the hydrochloric acid, generated during reaction,


by a silica gel filter layer.


Cross Sensitivity


Carbon dioxide, carbon monoxide, solvent vapors, halogenated 


hydro carbons and N2O do not affect the indication.


Additional Information


These tubes become very warm during measurement, reaching 


temperatures of approximately 100 °C. Therefore these tubes should


not be used in potentially combustible atmospheres. If in doubt, test


the area before using the tube with a combustible gas monitor, 


before using the tube.
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Ozone 0.05/b
Order No. 67 33 181
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Application Range


Standard Measuring Range: 0.05 to 0.7 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: pale blue � white


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 2 to 30 mg H2O / L


Reaction Principle


O3 + Indigo � Isatine


Cross Sensitivity


No interference by:


1 ppm sulfur dioxide


1 ppm chlorine


1 ppm nitrogen dioxide


Higher concentrations of chlorine and nitrogen dioxide discolor the


indicating layer a diffuse white to pale grey.


Extension of the Measuring Range


Using n = 5, multiply the reading by 2; the measuring range will be


0.1 to 1.4 ppm. Using n = 100, divide the reading by 10; the range


of measurement is 0.005 to 0.07 ppm.
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Application Range


Standard Measuring Range: 20 to 300 ppm


Number of Strokes n:  1


Time for Measurement: approx. 20 s


Standard Deviation: ± 10 to 15 %


Color Change: greenish blue � yellow


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 2 to 30 mg H2O / L


Reaction Principle


O3 + Indigo � Isatine


Cross Sensitivity


No interference by:


1 ppm sulfur dioxide


1 ppm chlorine


1 ppm nitrogen dioxide.


Higher concentrations of chlorine and nitrogen dioxide discolor the


indicating layer a diffuse yellowish grey.


OOzone 10/a
Order No. CH 21 001
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Application Range


Standard Measuring Range: 100 to 1,500 ppm


Number of Strokes n:  5


Time for Measurement: approx. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: orange � green brown


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C5H12 + CrVI � CrIII + various oxidation products


Cross Sensitivity


Alcohols, esters, aromatics, petroleum hydrocarbons and ethers 


are indicated, but with different sensitivities. It is impossible to 


differentiate between them.


Pentane 100/a
Order No. 67 24 701
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Application Range


Standard Measuring Range: 0.5 to 4 ppm / 0.1 to 1 ppm


Number of Strokes n:  3 / 9


Time for Measurement: approx. 3 min / approx. 9 min


Standard Deviation: ± 20 to 25 %


Color Change: light grey � blue


Ambient Operating Conditions


Temperature: 15 to30 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


a) CCI2=CCI2 + MnO4
– � CI2


b) CI2 + Diphenylbenzidine � blue reaction product


Cross Sensitivity


Other chlorinated hydrocarbons, free halogens and hydrogen halides


are also indicated. Petroleum hydrocarbon vapors result in a 


shortened reading once they exceed the following concentrations: 


40 ppm with 9 strokes or 160 ppm with 3 strokes.


PPerchloroethylene 0.1/a
Order No. 81 01 551
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Application Range


Standard Measuring Range: 20 to 300 ppm / 2 to 40 ppm


Number of Strokes n:  1 / 5


Time for Measurement: approx. 30 s / approx. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: slightly greenish � grey blue


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: < 25 mg H2O / L


Reaction Principle


a) CCI2=CCI2 + MnO4
– � CI2


b) CI2 + Diphenylbenzidine � grey blue reaction product


Cross Sensitivity


Other chlorinated hydrocarbons, free halogens and hydrogen halides


are also indicated. Petroleum hydrocarbon vapors result in a 


shortened reading once they exceed the following concentrations: 


50 ppm with 5 strokes or 500 ppm with 1 stroke.


Perchloroethylene 2/a
Order No. 81 01 501
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Application Range


Standard Measuring Range: 10 to 500 ppm


Number of Strokes n:  3


Time for Measurement: approx. 40 s


Standard Deviation: ± 15 to 20 %


Color Change: grey � orange


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


a) CCI2=CCI2 + MnO4
– � CI2


b) CI2 + o-Tolidine � orange reaction product


Cross Sensitivity


Other chlorinated hydrocarbons, free halogens and hydrogen halides


are also indicated. Petroleum hydrocarbon vapors result in a 


shortened reading.


PPerchloroethylene 10/b
Order No. CH 30 701
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Petroleum Hydrocarbons 10/a
Order No. 81 01 691


232| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 10 to 300 ppm


for n-Octane.


Number of Strokes n:  2


Time for Measurement: approx. 1 min


Standard Deviation: ± 25 %


Color Change: white � brownish green


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: 1 to 20 mg H2O / L


Reaction Principle


C8H18 + I2O5 � I2


Cross Sensitivity


In addition to n-octane other organic or inorganic compounds are 


indicated as well.


50 ppm n-hexane indicates a discoloration of approx. 70 ppm


100 ppm n-heptane indicates a discoloration of approx. 150 ppm


10 ppm iso-octane indicates a discoloration of approx. 15 ppm


100 ppm iso-octane indicates a discoloration of approx. 150 ppm


200 ppm iso-octane indicates a discoloration of approx.350 ppm


50 ppm n-nonane indicates a discoloration of approx. 50 ppm


50 pppm perchloroethylene indicates a discoloration of approx. 


50 ppm


30 ppm CO indicates a discoloration of approx. 20 ppm
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PPetroleum Hydrocarbons 100/a
Order No. 67 30 201
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Application Range


Standard Measuring Range: 100 to 2,500 ppm


for n-Octane.


Number of Strokes n:  2


Time for Measurement: approx. 30 s


Standard Deviation: ± 10 to 15 %


Color Change: white � brown green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


C8H18 + I2O5 � I2


Cross Sensitivity


Many other petroleum hydrocarbons are indicated as well, but with


different sensitivities. It is impossible to differentiate between them.


Aromatics are indicated, but only with low sensitivities. Carbon


monoxide is indicated in comparable concentrations with about half


the sensitivity.
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Phenol 1/b
Order No. 81 01 641
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Application Range


Standard Measuring Range: 1 to 20 ppm


Number of Strokes n:  20


Time for Measurement: approx. 5 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � brown grey


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 1 to 18 mg H2O / L


Reaction Principle


C6H5OH + Ce(SO4)2 + H2SO4 � brown grey reaction product


Cross Sensitivity


Cresols are also indicated, but with different sensitivities. To 


determine m-cresol multiply the indication by 0.8. Benzene, toluene


and other aromatics without the Heteroatoms are not indicated.


Aliphatic hydrocarbons and alcohols are not indicated.


Additional Information


At a temperature of 0 °C the resulting indication must be multiplied


by 1.3, at a temperature of 40 °C it must be multiplied by 0.8.
S
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Application Range


Standard Measuring Range: 0.02 to 1 ppm / 0.02 to 0.5 ppm


Number of Strokes n:  20 / 40


Time for Measurement: approx. 6 min / approx. 12 min


Standard Deviation: ± 10 to 15 %


Color Change: white � red


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


COCI2 + Aromatic amine � red reaction product


Cross Sensitivity


Chlorine and hydrochloric acid lead to plus errors and, at higher 


concentrations, to bleaching of the indicating layer. Concentrations


of phosgene above 30 ppm will also lead to bleaching of the 


indicating layer.


Additional Information


High concentrations of phosgene will be not indicated!


PPhosgene 0.02/a
Order No. 81 01 521
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Application Range


Standard Measuring Range: 0.04 to 1.5 ppm


Number of Strokes n:  33 to 1


Time for Measurement: max. 11 min


Standard Deviation: ± 20 to 30 %


Color Change: yellow � green


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


COCI2 + Ethylaniline + 


Dimethylaminobenzaldehyde � blue green reaction product


Cross Sensitivity


Carbonyl bromide and acetyl chloride are indicated.


Phosgene 0.05/a
Order No. CH 19 401
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PPhosgene 0.25/c
Order No. CH 28 301
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Application Range


Standard Measuring Range: 0.25 to 5 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � blue green


Ambient Operating Conditions


Temperature: 5 to 35 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


COCI2 + Ethylaniline +


Dimethylaminobenzaldehyde � blue green reaction product


Cross Sensitivity


No interference by up to 100 ppm hydrochloric acid. Carbonyl 


bromide and acetyl chloride are indicated, but with different 


sensitivities. It is impossible to measure phosgene in the presence


of carbonyl bromide or acetyl chloride.
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Phosphine 0.01/a
Order No. 81 01 611


238| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 0.1 to 1.0 ppm / 0.01 to 0.3 ppm


Number of Strokes n:  3 / 10


Time for Measurement: approx. 2.5 min / approx. 8 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � red


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


PH3 + HgCI2 � HCI + Hg-Phosphide


HCI + pH Indicator � red reaction product


Cross Sensitivity


Arsine is indicated with different sensitivity. Up to 6 ppm sulfur 


dioxide or 15 ppm hydrochloric acid does not interfere, but higher


concentrations cause plus errors. More than 100 ppm ammonia


leads to minus errors. 30 ppm Hydrocyanic acid does not affect the


3 stroke test, but with the 10 stroke test minus errors of up to 


50 % can occur.
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PPhosphine 0.1/a
Order No. CH 31 101
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Application Range


Standard Measuring Range: 0.1 to 4 ppm


Number of Strokes n:  10


Time for Measurement: approx. 6 min


Standard Deviation: ± 15 to 20 %


Color Change: white � grey violet


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max. 40 mg H2O / L


Reaction Principle


PH3 + Au3+ � Au (colloidal)


Cross Sensitivity


Arsine and antimony hydride are indicated, but with different 


sensitivities. Hydrogen sulfide, mercaptans, ammonia, carbon


monoxide, sulfur dioxide and hydrochloric acid in the TLV range do


not interfere.
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Application Range


Standard Measuring Range: 0.1 to 1 ppm / 1 to 15 ppm


Number of Strokes n:  10 / 1


Time for Measurement: approx. 4 min / approx. 20 s


Standard Deviation: ± 15 to 20 %


Color Change: yellow orange � red violet


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: < 20 mg / L


Reaction Principle


PH3 + HgCI2 � Hg-Phosphide + HCI


HCI + pH-Indicator � red violet reaction product


Cross Sensitivity


Arsin and Hydrogen Sulfide will be indicated with differing 


sensitivities.


Phosphine 0.1/b in Acetylene
Order No. 81 03 341
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PPhosphine 1/a
Order No. 81 01 801
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Application Range


Standard Measuring Range: 20 to 100 / 1 to 20 ppm


Number of Strokes n:  2 / 10


Time for Measurement: approx. 2 min / approx. 10 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � dark-brown


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: max. 30 mg H2O / L


Reaction Principle


PH3 + Au3+ � Au (colloidal)


Cross Sensitivity


Ammonia, hydrogen chloride, hydrogen sulfide and mercaptans 


are retained in the prelayer. Arsine and stibine are also indicated,


however, with less sensitivity.
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Application Range


Standard Measuring Range: 200 to 10,000 / 25 to 900 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 1.5 min / approx. 13 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � dark brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


PH3 + Au3+ � Au (colloidal)


Cross Sensitivity


Arsine and antimony hydride are indicated, but with lower 


sensitivities.


Hydrogen sulfide, ammonia, hydrochloric acid and mercaptans 


are retained in the pre-cleanse layer.


Phosphine 25/a
Order No. 81 01 621
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Application Range


Standard Measuring Range: 50 to 1,000 ppm


Number of Strokes n:  3


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � brown black


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: < 40 mg H2O / L


Reaction Principle


PH3 + Au3+ � Au (colloidal)


Cross Sensitivity


Arsine and antimony hydride are indicated, but with different 


sensitivities.


Hydrogen sulfide, mercaptans, ammonia, carbon monoxide, 


sulfur dioxide and hydrochloric acid in the TLV range do not 


interfere.


Extension of the Measuring Range


Using n = 10, multiply the reading by 0.3; the range of measurement


is 15 to 300 ppm.


PPhosphine 50/a
Order No. CH 21 201
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Polytest
Order No. CH 28 401


244| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: Qualitative determination 


of easily oxidable 


substances.


Number of Strokes n:  5


Time for Measurement: approx. 1.5 min


Color Change: white � brown, green or  


violet 


(depending on substance)


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max. 50 mg H2O / L


Reaction Principle


CO + I2O5 � I2 + CO2


Cross Sensitivity


Based on the reaction principle, many easily oxidised compounds


are indicated, several examples are shown below:


2000 ppm Acetone 10 ppm Acetylene


50 ppm Ethylene 1 ppm Arsine


10 ppm Octane 50 ppm Benzene


500 ppm Propane 100 ppm Butane


5 ppm Carbon Monoxide 10 ppm Styrene


1 ppm Carbon Disulfide 20 ppm Perchloroethylene


2 ppm Hydrogen Sulfide 10 ppm Toluene, Xylene


Methane, ethane, hydrogen and carbon dioxide are not indicated.


Additional Information


If there is no reading, this does not always indicate that easily 


oxidizable substances are not present. In the individual case, the


use of Dräger Polytest should be qualified by independent methods,


particularly when combustible gases and vapors close to the LEL,


or toxic substances are suspected.
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PPyridine 5/A
Order No. 67 28 651
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Application Range


Standard Measuring Range: 5 ppm


Number of Strokes n:  20


additional 5 strokes have 


to be taken in clean air 


after opening the second 


reagent ampoule.


Time for Measurement: approx. 20 min


Standard Deviation: ± 30 %


Color Change: white � brown red


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


Pyridine + Aconitic acid + Acetic anhydride � brown red reaction


product


Cross Sensitivity


Ammonia in the TLV range does not interfere.


Additional Information


Before carrying out the measurement the lower reagent ampoule


must be broken and the liquid transferred to the indication layer so


that it is saturated. After performing 20 pump strokes, the upper


reagent ampoule must be broken. The granular contents must be


shaken out of the broken ampoule by gently tapping the side of the


tube. The tube must be held vertically with the inlet of the tube up


during the 5 additional pump strokes.
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Application Range


Standard Measuring Range: 10 to 200 ppm


Number of Strokes n:  15 to 2


Time for Measurement: max. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: white � pale yellow 


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: < 15 mg H2O / L


Reaction Principle


C6H5-CH=CH2 + H2SO4 � pale yellow reaction product


Cross Sensitivity


Other organic compounds which tend toward polymerization 


(e. g. buta diene) are indicated, but with different sensitivities. 


It is impossible to measure monostyrene in the presence of these


compounds.


Styrene 10/a
Order No. 67 23 301
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Application Range


Standard Measuring Range: 10 to 250 ppm


Number of Strokes n:  20


Time for Measurement: approx. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: white � red brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C6H5-CH=CH2 + HCHO � red brown reaction product


Cross Sensitivity


Other organic compounds, which react with the formaldehyde/


sulfuric acid indicating system (e. g. xylene, toluene, butadiene and


ethyl benzene) affect the indication. It is impossible to measure


monostyrene in the presence of these compounds.


No interference by:


200 ppm methanol


500 ppm octane


400 ppm ethyl acetate


SStyrene 10/b
Order No. 67 33 141
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Application Range


Standard Measuring Range: 50 to 400 ppm


Number of Strokes n:  11 to 2


Time for Measurement: max. 2 min


Standard Deviation: ± 15 to 20 %


Color Change: white � yellow


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: < 15 mg H2O / L


Reaction Principle


C6H5-CH=CH2 + H2SO4 � yellow reaction product


Cross Sensitivity


Other organic compounds which tend toward polymerization 


(e. g. butadiene) are indicated. It is impossible to measure 


monostyrene in the presence of these compounds.


Styrene 50/a
Order No. CH 27 601
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SSulfuryl Fluoride 1/a
Order No. 81 03 471
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Application 


Standard Measuring Range: 1 to 5 ppm


Number of Strokes n:  6


Time for Measurement: approx. 3 min


Standard Deviation: ± 30 %


Color Change: light blue � light pink


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 15 to 90 % r.h.


At 0 to 10 °C, concentrations of sulfuryl fluoride are displayed


with approximately half sensitivity.


At 30 to 40 °C and air humidity < 30 % r.h. the displays can only


be recognised as of > 2 ppm.


At 30 to 40 °C and air humidity > 75 % r. h., concentrations of 


sulfuryl fluoride are displayed with approximately half sensitivity. 


Reaction Principle


a) pyrolysis sulfuryl fluoride � HF


b) HF + zircon / quinalizarin � pink reaction product (HF destroys


the quinalizarin/zircon complex by complexation of the zircon)


Cross Sensitivity


Fluorinated hydrocarbons are also displayed with different 


sensitivities. Ammonia and other basic gases could, depending on


the concentrations, either shorten or prevent the color change. The


following chemicals have no influence on the display of 3 ppm 


sulfuryl fluoride: 2 ppm formaldehyde, 5 ppm methyl bromide and


1 ppm phosphine.


When the oxygen concentration decreases, the sensitivity 


decreases. For example, the 3 ppm display at 18 % oxygen is very


weak.
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Application Range


Standard Measuring Range: 0.1 to 3 ppm


Number of Strokes n:  100


Time for Measurement: approx. 20 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � orange


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


SO2 + Na2[HgCI4] + Methyl red � Na2[Hg(SO3)2] + 4 HCI


Cross Sensitivity


It is impossible to measure sulfur dioxide in the presence of other


acidic gases.


Sulfur Dioxide 0.1/a
Order No. 67 27 101
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Application Range


Standard Measuring Range: 1 to 25 ppm / 0.5 to 5 ppm


Number of Strokes n:  10 / 20


Time for Measurement: approx. 3 min / approx. 6 min


Standard Deviation: ± 10 to 15 %


Color Change: grey blue � white


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


starch


SO2 + I2 + 2 H2O � H2SO4 + 2 HI


Cross Sensitivity


Hydrogen sulfide is also indicated, however, with differing 


sensitivity. Nitrogen dioxide will shorten the reading.


SSulfur Dioxide 0.5/a
Order No. 67 28 491
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Application Range


Standard Measuring Range: 1 to 25 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: grey blue � white


Ambient Operating Conditions


Temperature: 15 to 25 °C


Absolute Humidity: 3 to 20 mg H2O / L


Reaction Principle


SO2 + I2 + 2 H2O � H2SO4 + 2 HI


Cross Sensitivity


Hydrogen sulfide in the TLV range is retained in the pre-layer and


does not interfere. Nitrogen dioxide will shorten the reading.


Sulfur Dioxide 1/a
Order No. CH 31 701


252| Dräger-Tubes for short-term measurements


S
T-


12
2-


20
01







SSulfur Dioxide 20/a
Order No. CH 24 201
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Application Range


Standard Measuring Range: 20 to 200 ppm


Number of Strokes n:  10


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: brown yellow � white


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


SO2 + I2 + 2 H2O � H2SO4 + 2 HI


Cross Sensitivity


Hydrogen sulfide is indicated, with the same sensitivity. It is 


impossible to measure sulfur dioxide in the presence of hydrogen


sulfide. Nitrogen dioxide will shorten the reading.


Extension of the Measuring Range


Using n = 1+3 desorption strokes, multiply the reading by 10; the


range of measurement is 200 - 2,000 ppm. The desorption strokes


are to be taken in clean air (i.e. free of sulfur dioxide) immediately


following the single pump stroke.
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Application Range


Standard Measuring Range: 400 to 8,000 / 50 to 500 ppm


Number of Strokes n:  1 / 10


Time for Measurement: approx. 15 s / approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: blue � yellow


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: 1 to 15 mg H2O / L


Reaction Principle


SO2 + IO3
– � H2SO4 + I–


Cross Sensitivity


Hydrochloric acid is indicated in high concentrations. 


10,000 ppm Hydrochloric acid corresponds to an indication of 150


ppm sulfur dioxide.


No interference by:


500 ppm nitric oxide


100 ppm nitrogen dioxide


Sulfur Dioxide 50/b
Order No. 81 01 531
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SSulfuric Acid 1/a
Order No. 67 28 781
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Application Range


Standard Measuring Range: 1 to 5 mg/m3


Discoloration compared to 


color comparison tube.


Number of Strokes n:  100


Time for Measurement: approx. 100 min


Standard Deviation: ± 30 %


Color Change: brown � pink violet


Ambient Operating Conditions


Temperature: 5 to 40 °C


Absolute Humidity: < 15 mg H2O / L


Reaction Principle


H2SO4 + Barium chloroanilate � Chloranilic acid + Ba SO4


Cross Sensitivity


Sulfur trioxide in the gaseous form is not indicated, but in the 


presence of atmospheric humidity this forms sulfuric acid aerosols,


which are indicated.


Soluble sulfates and other aerosol forming acids are also 


indicated but with different sensitivities. It is impossible to 


measure sulfuric acid in the presence of these substances.


Additional Information


After performing the required 100 pump strokes the reagent 


ampoule must be broken and the liquid transferred completely onto


the brown reagent layer. Wait one minute before drawing the liquid


carefully through the brown layer with approx. 1⁄4 pump stroke 


into the indication chamber. The measurement must be evaluated


immediately.
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Tertiary Butylmercaptan Natural Gas Odorization
Order No. 81 03 071


Application Range


Standard Measuring Range: 3 to 15 mg/m3 / 1 to 10 mg/m3


Number of Strokes n:  2 / 5


Time for Measurement: 3 min / 5 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � pink


Ambient Operating Conditions


Temperature: 20 to 35 °C


Absolute Humidity: < 15 mg H2O / L


Reaction Principle


TBM + HgCl2O7 � HgS + 2 HCl


HCl + pH-indicator � pink reaction product


Cross Sensitivity


Hydrogen sulfide, sulfur dioxide, mercaptans, arsine, nitrogen 


dioxide and phosphine are indicated as well, but with different 


sensitivities.


Additional Information


For applications in an environment with temperatures below 20 °C


use temperature correction. To do so refer to the instructions for use.   
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Tetrahydrothiophene 1/b
Order No. 81 01 341
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Application Range


Standard Measuring Range: 1 to 10 ppm


Number of Strokes n:  30


Time for Measurement: approx. 15 min


approx. 10 min for a 


measurement 


in natural gas.


Standard Deviation: ± 15 to 20 %


Color Change: violet � yellow brown


Ambient Operating Conditions


Temperature: 0 to 35 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


a) Adsorption with H2S


b) THT + KMnO4 � yellow brown reaction product


Cross Sensitivity


Up to 10 ppm hydrogen sulfide is adsorbed in the pre-tube, 


causing a brown discoloration. It is impossible to measure 


tetrahydrothiophene in the presence of mercaptans. Up to 100 ppm


of olefines (e. g. ethene, propene) will cause the color of the 


indicating layer to become lighter, at higher concentrations the


olefins are also indicated. Up to 200 ppm methanol does not 


interfere.
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Thioether
Order No. CH 25 803


Application Range


Standard Measuring Range: 1 mg/m3 is the minimum


detectable concentration 


in form of a ring.


Number of Strokes n:  8


Time for Measurement: approx. 1.5 min


Standard Deviation: ± 50 %


Color Change: yellow � orange


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 50 mg H2O / L


Reaction Principle


R'-S-R + AuCI3 + Chloramide � orange reaction product


Cross Sensitivity


Various thioethers are indicated, but it is impossible to differentiate


between them.


Additional Information


After performing the required eight pump strokes the reagent 


ampoule must be broken and the liquid transferred completely onto


the indication layer.
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Toluene 5/b
Order No. 81 01 661


Application Range


Standard Measuring Range: 50 to 300 ppm / 5 to 80 ppm


Number of Strokes n:  2 / 10


Time for Measurement: approx. 1 min / approx. 5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � pale brown


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


Toluene + I2O5 + H2SO4 � I2


Cross Sensitivity


10 ppm phenol, 1,000 ppm acetone, 1,000 ppm ethanol and 


300 ppm octane are not indicated, xylene (all isomers) and 


benzene are indicated with the same sensitivity. The discoloration


in the presence of p-xylene is violet, and yellowish-green with 


benzene.


S
T-


15
1-


20
01







260| Dräger-Tubes for short-term measurements


Application Range


Standard Measuring Range: 50 to 400 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1,5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown 


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


Toluene + I2O5 + H2SO4 � I2


Cross Sensitivity


Xylenes will be indicated with different sensivitites. Benzene causes


a total discoloration into yellow. Petroleum hydrocarbons cause a


total discoloration into a diffuse red brown. Methanol, ethanol, 


acetone and ethyl acetate do not disturb the discoloration in the


range of TLV-values.


Toluene 50/a 
Order No. 81 01 701
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Application Range


Standard Measuring Range: 100 to 1,600 ppm


Number of Strokes n:  10


Time for Measurement: approx. 1.5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brown violet


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


Toluene  + SeO2 + H2SO4 � brown violet reaction product


Cross Sensitivity


Xylenes are indicated with approximately the same sensitivity, 


but with a bluish violet color. 


Benzene discolors the entire indicating layer a diffuse yellow brown. 


Petroleum hydrocarbons discolor the entire indicating layer a 


diffuse reddish brown.


Methanol, ethanol, acetone and ethyl acetate do not interfere in the


range of their TLVs.


Toluene 100/a
Order No. 81 01 731
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Toluene Diisocyanate 0.02/A
Order No. 67 24 501


Application Range


Standard Measuring Range: 0.02 to 0.2 ppm


Discoloration compared to 


color comparison tube.


Number of Strokes n:  25


Time for Measurement: approx. 20 min


Standard Deviation: ± 30 %


Color Change: white � orange


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: < 20 mg H2O / L


Reaction Principle


a) Pyridylpyridinium chloride + NaOH � Glutaconaldehyde sodium


oletate


b) 2,4-TDI (also for 2,6-TDI) + HCI � Aromatic amine


c) Aromatic amine + Glutaconaldehyde � orange reaction product


Cross Sensitivity


Other isocyanates are not indicated.


No interference by:


5 ppm aniline


10 ppm benzylamine


5 ppm toluene


20 ppm benzene


Mercaptans also discolor the indicating layer.


Additional Information


Before carrying out the measurement the lower reagent ampoule


must be broken and the liquid transferred to the indication layer, so


that it changes color to yellow. Next, the upper reagent ampoule


must be broken and the liquid transferred to the indication layer, so


that it returns to a white color. After performing 25 pump strokes


wait 15 minutes before evaluating the indication.
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Trichloroethane 50/d
Order No. CH 21 101


Application Range


Standard Measuring Range: 50 to 600 ppm


Number of Strokes n:  2 + 3 desorption strokes 


in clean air


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: grey � brown red


Ambient Operating Conditions


Temperature: 15 to 40 °C


Absolute Humidity: 5 to 15 mg H2O / L


Reaction Principle


a) 1,1,1-Trichloroethane + IO3
–/H2S2O7 � Cl2


b) Cl2+ o-tolidine  � brown red reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated, but with different 


sensitivities.


In the presence of aromatic hydrocarbons the indication is too low 


(e. g. 200 ppm 1,1,1-trichloroethane + 200 ppm toluene gives an 


indication of 50 ppm).
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Trichloroethylene 2/a
Order No. 67 28 541


Application Range


Standard Measuring Range: 20 to 250 ppm/ 2 to 50 ppm


Number of Strokes n:  3 / 5


Time for Measurement: approx. 1.5 min / 2.5 min


Standard Deviation: ± 10 to 15 %


Color Change: pale grey � orange


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 5 to 15 mg H2O / L


Reaction Principle


a) Trichloroethylene + CrVI � Cl2
b) Cl2 + o-tolidine  � orange reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated, but with different 


sensitivities.


Free halogens and hydrogen halides in the TLV range are also 


indicated. It is impossible to measure trichloroethylene in the 


presence of these substances. Petroleum hydrocarbons cause low


readings.
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Application Range


Standard Measuring Range: 50 to 500 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1.5 min


Standard Deviation: ± 10 to 15 %


Color Change: pale grey � orange


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


a) Trichloroethylene + CrVI � Cl2
b) Cl2 + o-tolidine � orange reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are indicated, but with different 


sensitivities.


Free halogens and hydrogen halides in the TLV range are also 


indicated. It is impossible to measure trichloroethylene in the 


presence of these substances. Petroleum hydrocarbons cause low


readings.


Trichloroethylene 50/a
Order No. 81 01 881
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Application Range


Standard Measuring Range: 5 to 60 ppm


Number of Strokes n:  5


Time for Measurement: approx. 3 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 5 to 12 mg H2O / L


Reaction Principle


(C2H5)3N + Acid � blue reaction product


Cross Sensitivity


Other basic substances such as organic amines and ammonia are 


indicated, but with different sensitivities.


Triethylamine 5/a
Order No. 67 18 401
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Application Range


Standard Measuring Range: 5 to 30 ppm / 0.5 to 5 ppm


Number of Strokes n:  1 / 5


Time for Measurement: approx. 30 s / approx. 3 min


Standard Deviation: ± 15 to 20 %


Color Change: white � violet


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: max. 20 mg H2O / L


Reaction Principle


a) CH2=CHCI + CrVI � Cl2
b) Cl2 + dimethyl naphtidine � violet reaction product


Cross Sensitivity


100 ppm hydrogen chloride, 20 ppm chlorine, 10 ppm carbon 


tetrachloride, 10 ppm chloroform or 5 ppm perchloroethylene are


not indicated.


Trichloroethylene and chlorobenzene are indicated with less 


sensitivity.


1.1-dichloroethylene is indicated with almost identical sensitivity.


Vapors of organic solvents consume part of the oxidation layer so


that the resultant reading is somewhat lower. 


Examples: a reading of 0.5 ppm vinyl chloride will occur by


5 ppm vinyl chloride + 100 ppm butadiene or


5 ppm vinyl chloride + 10 ppm ethylene


Vinyl Chloride 0.5/b
Order No. 81 01 721
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Application Range


Standard Measuring Range: 100 to 3,000 ppm


Number of Strokes n:  18 to 1


Time for Measurement: max. 4 min


Standard Deviation: ± 30 %


Color Change: violet � light brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 30 mg H2O / L


Reaction Principle


CH2=CHCI + MnO4
– � MnIV + various oxidation products


Cross Sensitivity


Many organic compounds with C=C double bonds are indicated, but


with different sensitivities. It is impossible to differentiate 


between them. It is impossible to measure vinyl chloride in the 


presence of dialkyl sulfide.


Vinyl Chloride 100/a
Order No. CH 19 601
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Application Range


Standard Measuring Range: 1 to 40 mg/L


Number of Strokes n:  10


Time for Measurement: approx. 2 min


Standard Deviation: ± 10 to 15 %


Color Change: yellow � red brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Reaction Principle


H2O + SeO2 + H2SO4 � reddish brown reaction product


Cross Sensitivity


Low molecular weight alcohols are indicated. A variety of other 


organic compounds, such as petroleum hydrocarbons are indicated.


WWater Vapor 0.1
Order No. CH 23 401
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Application Range


Standard Measuring Range: 0.1 to 1.0 mg/L


Number of Strokes n:  3


Time for Measurement: approx. 1.5 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 0 to 30 °C


Reaction Principle


H2O + Mg(CIO4)2 � blue reaction product


Cross Sensitivity


Generally basic substances cause plus errors and acidic substances


cause minus errors.


No interference by:


1,200 ppm nitrogen dioxide


6,000 ppm sulfur dioxide


2,000 ppm ethanol


2,000 ppm acetone


Additional Information


The first scale mark corresponds to 0.05 mg H2O / L


Water Vapor 0.1/a
Order No. 81 01 321
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WWater Vapor 1/b
Order No. 81 01 781
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Application Range


Standard Measuring Range: 20 to 40 mg/L/ 1 to 15 mg/L


Number of Strokes n:  1 / 2


Time for Measurement: approx. 20 s / approx. 40 s


Standard Deviation: ± 15 to 20 %


Color Change: yellow � turquoise-blue


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: up to 100% r.h.


Condensation in the tube causes measurement errors. If high r.h. 


(in excess of 80%) is to be expected, the temperature of the tube


should be at least 5 °C higher than ambient temperature.


Given a r.h. below 80%, the temperature of the tube should be at


least equal to the ambient temperature.


Reaction Principle


H2O + Mg(CIO4)2 � turquoise-blue reaction product


Cross Sensitivity


Acid gases are liable to cause plus errors. Basic gases are liable to


cause minus errors.
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Application Range


Standard Measuring Range: 10 to 400 ppm


Number of Strokes n:  5


Time for Measurement: approx. 1 min.


Standard Deviation: ± 20 to 30 %


Color Change: white � red brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 3 to 15 mg H2O / L


Reaction Principle


C6H4(CH3)2 + HCHO + H2SO4 � quinoid reaction product


Cross Sensitivity


Styrene, vinyl acetate, toluene, ethyl benzene and acetaldehyde 


are indicated, but with different sensitivities.


No interference by:


500 ppm octane


200 ppm methanol


400 ppm ethyl acetate


Xylene 10/a
Order No. 67 33 161
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274| Dräger Simultaneous Test Set


5.1.3 Data about Dräger Simultaneous 
Test Set







Simultaneous Test-Set I for inorganic fumes
Order No. 81 01 735


S
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Application Range


Standard Measuring Range and Color Change: 


Dräger-Tubes in 1. Scale Mark 2. Scale Mark


Simultaneous Test-Set I ppm ppm


1. Acid gas Hydrochloric Acid


blue � yellow 5 25


2. Hydrocyanic acid


yellow � red 10 50


3. Carbon Monoxide


white � brown green 30 150


4. Basic gas Ammonia


yellow � blue 50 250


5. Nitrous gas Nitrogen Dioxide


pale grey �blue grey 5 25


Number of Strokes n:  10


Time for Measurement: approx. 40 s


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 15 mg H2O / L


Semi-quantitative measurements are also possible outside this


range. Water aerosols may result in minus errors.


Attention


The Simultaneous Test Set was developed for the semi-


quantitative measurement of fumes and decomposition gases. It is


used to estimate and limit risks by obtaining information about


health risks or possible intoxication hazards in the area of a fire. 


The Simultaneous Test Set cannot be used to determine the risk of


explosion. A negative result with the Simultaneous Test Set does


not exclude the presence of other hazardous gases.
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Simultaneous Test-Set II for inorganic fumes
Order No. 81 01 736


Application Range


Standard Measuring Range and Color Change: 


Dräger-Tubes in 1. Scale Mark 2. Scale Mark


Simultaneous Test-Set II ppm ppm


1. Sulfur Dioxide


blue � white – 10


2. Chlorine


white � orange – 2.5


3. Hydrogen Sulfide


white � pale brown


4. Phosphine 5,000 25,000


5. Phosgene


white � red – 0.5


Number of Strokes n:  10


Time for Measurement: approx. 40 s


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 15 mg H2O / L


Semi-quantitative measurements are also possible outside this


range. Water aerosols may result in minus errors.


Attention


The Simultaneous Test Set was developed for the semi-


quantitative measurement of fumes and decomposition gases. It is


used to estimate and limit risks by obtaining information about


health risks or possible intoxication hazards in the area of a fire. 


The Simultaneous Test Set cannot be used to determine the risk of


explosion. A negative result with the Simultaneous Test Set does


not exclude the presence of other hazardous gases.
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Simultaneous Test-Set III for organic vapors
Order No. 81 01 770
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Application Range


Standard Measuring Range and Color Change: 


Dräger-Tubes in 1. Scale Mark 2. Scale Mark


Simultaneous Test-Set III ppm ppm


1. Ketones Acetone


pale yellow � dark yellow 1,000 5,000


2. Aromatics Toluene


white � brown 100 500


3. Alcohols Methanol


orange � green brown 200 1,000


4. Aliphatics n-Hexane


white � brown 50 100


5. Chlorinated hydrocarbons Perchloroethylene


yellow white � grey blue 50 100


Number of Strokes n:  10


Time for Measurement: approx. 40 s


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 15 mg H2O / L


The ranges given for temperature and humidity apply to calibrations


with the original substances. Semi-quantitative measurements are


also possible outside this range. 


Attention


The Simultaneous Test Set was developed for the semi-quantita-


tive measurement of organic vapors. It is used to estimate and limit


risks by obtaining information about health risks or possible 


intoxication hazards in the area of a fire. 


The Simultaneous Test Set cannot be used to determine the risk of


explosion. A negative result with the Simultaneous Test Set does


not exclude the presence of other hazardous gases.
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Application Range


Standard Measuring Range and Color Change: 


Dräger tube in  1. marking ETW 


Simultaneous Test Set (tolerance value 


for fire-fighters)


1. Carbon monoxide (CO) 33 ppm


2. Hydrocyanic acid 3.5 ppm


3. Hydrochloric acid 5.4 ppm


4. Nitrous gases (nitrogen oxides) 8.2 ppm


5. Formaldehyde 1 ppm


Number of strokes n: 20


Measurement period: approx. 40 s


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 15 mg H2O / L


Semi-quantitative measurements are also possible outside this


range. Water aerosols may result in minus errors.


Attention


The Simultaneous Test Set was developed for the semi-


quantitative measurement of fumes and decomposition gases. It is


used to estimate and limit risks by obtaining information about


health risks or possible intoxication hazards in the area of a fire. 


The Simultaneous Test Set cannot be used to determine the risk of


explosion. A negative result with the Simultaneous Test Set does


not exclude the presence of other hazardous gases.


278| Dräger Simultaneous Test Set


Simultaneous Test Set Conductive Compounds 10/01
Order No. 81 03 170


S
T-


59
3-


20
08


S
T-


22
6-


20
01







Simultaneous Test Set Container Aeration I
Order No. 81 03 380


S
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Application Range


Standard Measuring: Range


Substance Sensitivity Color Change


Formaldehyde 1 ppm white � pink


Phospine 0,3 ppm yellow � red


Hydrocyanic Acid 10 ppm yellow � red


Methylbromide 0,5 ppm green � brown


Ethylenoxide 1 ppm white � pink


Number of strokes n:  50


Measurement period:  approx. 4 min


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 5 to 40 mg H2O / L


Attention


The Simultaneous Test Set was developed for the semi-


quantitative measurement of organic vapors. It is used to estimate


and limit risks by obtaining information about health risks or 


possible intoxication hazards in the area of a fire. 


The Simultaneous Test Set cannot be used to determine the risk of


explosion. A negative result with the Simultaneous Test Set does


not exclude the presence of other hazardous gases.


S
T-


57
86


-2
00


4
S


T-
57


87
-2


00
4







280| Dräger Simultaneous Test Set


Application Range


Standard Measuring Range and Color Change: 


Dräger tube in  Simultaneous Test Set Fumigation


Scale Mark


1. Formaldehyde


white � pink 1 ppm


2. Phosphine


yellow � red 0.1 ppm


3. Hydrocyanic Acid


yellow � red 10 ppm


4. Methyl Bromide


green � brown 5 ppm


5. Ammonia


yellow � blue 50 ppm


Number of strokes n: 50


Measurement period: approx. 3 min.


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: 5 to 15 mg H2O / L


Measurement outside the given temperature and humidity may 


affect sensitivities. Water-aerosols can produce minus error.


Attention


The Simultaneous Test was developed for the semi-quantitative


measurement. The Simultaneous Test has not been designed for


detection of explosion hazards. If the simultaneous tests indicate


negative results (substance is not present), the presence of other


dangerous substances can not be excluded. 


Simultaneous Test Set I Fumigation
Order No. 81 03 410
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5.1.4 Data about Dräger-Tubes for 
Military Applications


A







CDS – Simultaneous-Test-Set I
Order No. 81 03 140


282| Dräger-Tubes for military applications


Application Range
Qualitative measurement of volatile substances that may be 
present at warfare-related materials toxic waste sites.


Substance Sensitivity
Thioether (Sulfur Mustard) 1 mg/m3


Phosgene 0.2 ppm 
(approx. 20 mm pale green)


Hydrocyanic Acid (HCN) 1 ppm
Org. Arsenic Compounds 0.1 ppm Arsine, (3 mg/m3 org. 
and Arsine arsenic compounds)
Organic Basic Nitrogen Comp. 1 mg/m3


Number of Strokes n:  50
Time for Measurement: approx. 3 min


Ambient Operating Conditions
Temperature: 5 to 30 °C
Humidity: 5 to 15 mg H2O / L
Measurement outside the given temperature and humidity ranges
may affect sensitivities. Water-aerosols can produce minus errors.
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Reading Evaluation: Attention! Follow Instructions in Detail!
1. Thioether (Sulfur Mustard)
Color band: yellow � orange
Cross sensitivity: Various thioethers can be indicated, 
differentiation among thioethers is not possible.
2. Phosgene
Color band: yellow � blue-green
Cross sensitivity: Hydrochloric acid does not affect the indication
up to 100 ppm.
3. Hydrocyanic Acid
Color band: yellow-orange � red
Cross sensitivity: 100 ppm hydrogen sulfide, 300 ppm ammonia,
200 ppm sulfur dioxide, 50 ppm nitrogen dioxide, 1000 ppm 
acrylonitrile as well as 1000 ppm hydrochloric acid does not affect
the indication. Hydrogen sulfide colors the indicator dark brown, but
has no influence on the hydrogen cyanide indicator.
4. Organic Arsenic Compounds and Arsine
Color band: white � pink
Cross sensitivity: Phosphorous hydride can appear before the 
ampoule is opened, however it reacts with mixed sensitivity.
5. Organic Basic Nitrogen Compounds
Color band: yellow � orange-red
Cross sensitivity: Various organic basic nitrogen compounds will be
indicated, differentiation is not possible.
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284| Dräger-Tubes for military applications


CDS – Simultaneous-Test-Set II
Order No. 81 03 150


Application Range
Qualitative measurement of volatile substances that may be pres-
ent at warfare-related materials toxic waste sites.


Substance Sensitivity
Cyanogen Chloride 0.25 ppm
Thioether (Sulfur Mustard) 1 mg/m3


Phosgene 0.2 ppm (approx. 20 mm 
pale green)


Hydrocyanic Acid (HCN) 1 ppm
Phosphoric Acid Ester 0.025 ppm Dichlorovos
Number of Strokes n:  50
Time for Measurement: approx. 3 min


Ambient Operating Conditions
Temperature: 5 to 30 °C
Humidity: 5 to 15 mg H2O / L
Measurement outside the given temperature and humidity ranges
may affect sensitivities. Water-aerosols can produce minus errors.
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Reading Evaluation: Attention! Follow Instructions in Detail!
1. Cyanogen Chloride 
Color band: white � pink
Cross sensitivity: Cyanogen bromide is also indicated, but with
different sensitivity.
2. Thioether (Sulfur Mustard)
Color band: yellow � orange
Cross sensitivity: Various thioethers can be indicated, 
differentiation among thioethers is not possible.
3. Phosgene
Color band: yellow � blue-green
Cross sensitivity: Hydrochloric acid does not affect the indication 
up to 100 ppm.
4. Hydrocyanic Acid
Color band: yellow-orange � red
Cross sensitivity: 100 ppm hydrogen sulfide, 300 ppm ammonia,
200 ppm sulfur dioxide, 50 ppm nitrogen dioxide, 1000 ppm 
acrylonitrile as well as 1000 ppm hydrochloric acid does not affect
the indication. Hydrogen sulfide colors the indicator dark brown,
but has no influence on the hydrogen cyanide indicator.
5. Phosphoric Acid Ester
Color band: yellow � red ( min. 1 min)
Cross sensitivity: Other Phosphoric acid esters will also be 
indicated, but with different sensitivities.
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CDS – Simultaneous-Test-Set III
Order No. 81 03 160


286| Dräger-Tubes for military applications


Application Range
Qualitative measurement of volatile substances that may be 
present at warfare-related materials toxic waste sites.


Substance Sensitivity
Thioether (Sulfur Mustard) 1 mg/m3


Org. Basic Nitrogen Compounds 1 mg/m3


Phosphoric Acid Ester 0.025 ppm Dichlorovos
Hydrocyanic Acid (HCN) 1 ppm
Org. Arsenic Compounds 0.1 ppm Arsine, (3 mg/m3


and Arsinde org. arsenic compounds)
Number of Strokes n:  50
Time for Measurement: approx. 3 min


Ambient Operating Conditions
Temperature: 5 to 30 °C
Humidity: 5 to 15 mg H2O / L
Measurement outside the given temperature and humidity ranges
may affect sensitivities. Water-aerosols can produce minus errors.
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*at 0.25 ppm the indicating layer has the same color as comparsion layer.


Reading Evaluation: Attention! Follow Instructions in Detail!
1. Thioether (Sulfur Mustard)
Color band: yellow � orange
Cross sensitivity: Various thioethers can be indicated, 
differentiation among thioethers is not possible.
2. Organic Basic Nitrogen Compounds
Color band: yellow � orange-red
Cross sensitivity: Various organic basic nitrogen compounds will
be indicated, differentiation is not possible.
3. Phosphoric Acid Ester
Color band: yellow � red 


(min. 1 min)
Cross sensitivity: Other Phosphoric acid esters will also be 
indicated, but with different sensitivities.
4. Hydrocyanic Acid
Color band: yellow-orange � red
Cross sensitivity: 100 ppm hydrogen sulfide, 300 ppm ammonia,
200 ppm sulfur dioxide, 1000 ppm acrylonitrile as well as 1000 ppm
hydrochloric acid does not affect the indication. Hydrogen 
sulfide colors the indicator dark brown, but has no influence on the
hydrogen cyanide indicator.
5. Organic Arsenic Compounds and Arsine
Color band: white � pink
Cross sensitivity: Phosphorous hydride can appear before the 
ampoule is opened, however it reacts with mixed sensitivity.
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CDS – Simultaneous-Test-Set V
Order No. 81 03 200


Application Range
Qualitative measurement of volatile substances that may be 
present at warfare-related materials toxic waste sites.


Substance Sensitivity
Cyanogen Chloride 0.25 ppm
Thioether (Sulfur Mustard) 1 mg/m3


Phosgene 0.2 ppm (approx. 20 mm 
pale green)


Chlorine (Cl2) 0.2 ppm
Phosphoric Acid Ester 0.025 ppm Dichlorovos
Number of Strokes n:  50
Time for Measurement: approx. 3 min


Ambient Operating Conditions
Temperature: 5 to 30 °C
Humidity: 5 to 15 mg H2O / L
Measurement outside the given temperature and humidity ranges
may affect sensitivities. Water-aerosols can produce minus errors.
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Reading Evaluation: Attention! Follow Instructions in Detail!
1. Cyanogen Chloride 
Color band: white � pink
Cross sensitivity: Cyanogen bromide is also indicated, but with
different sensitivity.
2. Thioether (Sulfur Mustard)
Color band: yellow � orange
Cross sensitivity: Various thioethers can be indicated, 
differentiation among thioethers is not possible.
3. Phosgene
Color band: yellow � blue-green
Cross sensitivity: Hydrochloric acid does not affect the indication up
to 100 ppm.
4. Chlorine
Color band: white � yellow-orange
Cross sensitivity: Bromide and nitrogen dioxide will also be 
indicated, but with different sensitivities.
5. Phosphoric Acid Ester
Color band: yellow � red 


(min. 1 min)
Cross sensitivity: Other Phosphoric acid esters will also be 
indicated, but with different sensitivities.
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Org. Arsenic Compounds and Arsine
Order No. CH 26 303


Application Range


Standard Measuring Range: Qualitative


0.1 ppm Arsine and 3 mg


org. arsenic/m3 are the 


minimum detectable 


concentrations.


Number of Strokes n:  8 to 16


Time for Measurement: max. 3 min


Standard Deviation: ± 50 %


Color Change: white � pink


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 50 mg H2O / L


Reaction Principle


a) AsR3 + Zn/HCl � AsH3


b) AsH3 + Au/Hg-complex  � Au (colloidal)


Cross Sensitivity


Phosphine and arsine are indicated before the ampoule is broken,


but with different sensitivities.


Additional Information


Arsine is present if a grey ring appears in the indicating layer after


performing 8 pump strokes. If there is no indication, the ampoule


must be broken and the liquid transferred onto the indicating layer


such that it is completely saturated. Then an additional eight pump


strokes must be performed.







A
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Organic Basic Nitrogen Compounds
Order No. CH 25 903


Application Range


Standard Measuring Range: 1 mg/m3 corresponds to a 


discoloration of 1 to 2 mm 


in length.


Number of Strokes n:  8


Time for Measurement: approx. 1.5 min


Standard Deviation: ± 50 %


Color Change: yellow � orange red


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: < 50 mg H2O / L


Reaction Principle


NR3 + KBiI4 � orange red reaction product


Cross Sensitivity


Various organic basic nitrogen compounds are indicated. It is 


impossible to differentiate between them.
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Phosphoric Acid Esters 0.05/a
Order No. 67 28 461


292| Dräger-Tubes for military applications


Application Range


Standard Measuring Range: 0.05 ppm Dichlorvos


Number of Strokes n:  10


Time for Measurement: approx. 5 min


Standard Deviation: ± 30 %


Color Change: yellow � red


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity: 3 to 18 mg H2O / L


Reaction Principle


a) (CH3O)2PO2-CH=CCI2 + Cholinesterase  � inactive enzyme          


b) Butyrylcholine iodide + H2O  � Butyric acid


c) Butyric acid + Phenol red  � yellow reaction product


If phosphoric acid esters are present the enzyme is inactivated and


butyric acid will not form, thus the weak alkali solution colors 


the indicating layer red and must be stable for 1min.


If the enzyme remains active, phosphoric acid esters are not 


present, and the indicating layer remains yellow because of butyric


acid formation.


Cross Sensitivity


Other phosphoric acid esters than dichlorvos are also indicated, 


but with different sensitivities.


Additional Information


After performing the required 10 pump strokes the reagent 


ampoule must be broken and the liquid transferred to the enzyme


layer by gently tapping the side of the tube. The substrate layer


must not become wet After waiting one (1) minute the liquid must


be carefully drawn up to the marking line using the pump. Wait an-


other minute before drawing the liquid onto the indication layer


using the pump.
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294| Dräger-Tubes used with Dräger Aerotest  


5.1.5 Data about Dräger-Tubes used 
with Dräger Aerotest  







A


Ammonia 2/a for use in Aerotest CO2
Order No. 67 33 231
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Application Range


Standard Measuring Range: 0,6 to 9 ppm


Test Volume: 1 L


Flow Rate: 0,2 L / min


Time for Measurement: 5 min


Standard Deviation: ± 25%


Color Change: yellow � blue


Ambient Operating Conditions


Temperature: 10 to 50 °C


Absolute Humidity: < 20 mg H2O / L


Pressure: The tube may only be used


for depressurized compressed 


air


Reaction Principle


NH2 + pH-indicator -> blue reaction product


Cross Sensitivity


Other basic substances such as organic amines are indicated as


well.


The indication is not affected by


300 ppm nitrous fumes


2,000 ppm sulfuric dioxide


2,000 ppm hydrogen sulfide


Evaluation


Reading on scale x 0.3 = ppm ammonia


S
T-


10
-2


00
1







Carbon Dioxide 100/a-P
Order No. 67 28 521


296| Dräger-Tubes used with Dräger Aerotest  


Application Range


Standard Measuring Range: 100 to 3,000 ppm


Test Volume:  1 L


Flow Rate: 0,2 L / min


Time for Measurement: approx. 5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � violet


Ambient Operating Conditions


Temperature: 15 to 25 °C


Absolute Humidity: max. 23 mg H2O / L


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


CO2 + N2H4 � NH2-NH-COOH Crystal violet


Cross Sensitivity


Hydrogen sulfide and sulfur dioxide in the TLV range are not 


indicated.
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C


Carbon Monoxide 5/a-P
Order No. 67 28 511
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Application Range


Standard Measuring Range: 5 to 150 ppm


Test Volume:  1 L


Flow Rate: 0.2 L / min


Time for Measurement: approx. 5 min


Standard Deviation: ± 10 to 15 %


Color Change: white � brownish-green


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: 0 to 50 mg H2O / L


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


H2S2O7


5 CO + I2O5 � I2 + 5 CO2


Cross Sensitivity


Acetylene reacts similarly to carbon monoxide but with less 


sensitivity.


Petrol, benzene, halogenated hydrocarbons and hydrogen 


sulfide are retained in the pre-layer.


Higher concentrations of easily cleavable halogenated hydrocarbons


(e.g. trichloroethylene) may from chromyl chloride in the pre-layer


which changes the indicating layer to yellowish-brown.


In case of high olefine concentrations it is not possible to 


measure carbon monoxide.


Extension of the Measuring Range


Using a test volume of 2 L divide the reading by 2, measuring range


2.5 to 75 ppm. S
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Hydrogen Sulfide 0.2/a for use in Aerotest CO2


Order No. 81 01 461


298| Dräger-Tubes used with Dräger Aerotest  


Application Range


Standard Measuring Range: 0.04 to 1 ppm


Test Volume: 4 L


Flow Rate: 0.8 L / min


Time for Measurement: 5 min


Standard Deviation: ± 25 %


Color Change: white � palebrown


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: max. 15 mg H2O / L


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


Sulfur dioxide and hydrochloric acid in the TLV range do not 


affect the reading.


Evaluation Scale reading


5
= ppm H2S 
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Hydrogen Sulfide 1/d for use in Multi-test Med. Gases 
Order No. 81 01 831
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Application Range


Standard Measuring Range: 1 to 20 ppm


Test Volume: 1 L


Flow Rate: 0.17 L / min (CO2)


Time for Measurement: 6 min


Standard Deviation: ± 15 %


Color Change: white � brown


Ambient Operating Conditions


Temperature: 2 to 40 °C


Absolute Humidity: max 40 mg H2O / L


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


H2S + Cu2+ � CuS + 2 H+


Cross Sensitivity


500 ppm hydrochloric acid, 500 ppm sulfur dioxide, 500 ppm 


ammonia or 100 ppm arsine do not affect the indication.


Methyl mercaptan and ethyl mercaptan change the entire 


indicating layer to a pale yellow. when mixed with hydrogen 


sulfide the reading is extended by approx. 30 %.


Evaluation reading on the (n= 10) 


scale = ppm H2S
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Dräger Impactor


0.1 mg/m3


0.5 mg/m3


1.0 mg/m3


Adapter of the Impactor


Adapter with Impactor
connected in Dräger
Aerotest Simultan


Allgemeine Daten


Standard Measuring Range:


0.1 mg/m3, 0.5 mg/m3, 


1.0 mg/m3 Oil mist 


(Oil Aerosols)


Detection Limit:  0,05 mg/m3 Oil mist 


Test Volume: 20 L


Volumenstrom: 4 L/min


Time for Measurement: 5 min


Evaluation: see details in operating 


instructions for Impactor


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: max. 60 % r. h.


Pressure: only to be used for unstressed 


compressed air


Reaction Principle


Compressed air is guided through the Impactor vertically onto a 


baffle plate made of cut glass. A 90 ° re-direction of the air flow in


the Impactor separates the oil aerosols. The aerosols flow directly


onto the glass plate caused by the high inertia of the aerosols. The


recesses in the glass are filled with the oil aerosols and the light 


dispersed by the glass grinding is compensated.


Cross Sensitivity


The measurement result is not dependent on the oil grade. 


However, it must be noted that oil aerosols evaporate at higher 


temperatures. Oil vapor is not displayed.


Additional Information


The Impactor has to be used together with the Adapter of the 


Impactor (Order No. 81 03 557) in conjunction with the Dräger


Aerotest Simultan.


Impactor, Measurement of Oil Mist
Order No. 81 03 560
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Application Range


Standard Measuring Range: 0.5 to 10 ppm


Test Volume: 1 L


Flow Rate: 0.2 L/min.


Time for Measurement: 5 min


Standard Deviation: ± 30 %


Color Change: pale green � blue grey


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity: max. 40 mg H2O / L


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


a) NO + CrVI � NO2


b) NO2 + Diphenylbenzidine � blue grey reaction product


Cross Sensitivity


It is impossible to measure nitrous fumes in the presence of ozone


and/or chlorine in excess of their TLV's, these gases are also 


indicated with different sensitivity. Nitrogen dioxide concentrations


above 300 ppm can bleach the indication.


Evaluation


Scale reading = ppm nitrous fumes


N


Nitrous Fumes 0.5/a for use in Multitest Med. Gases / Aerotest CO2


Order No. CH 29 401
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Oil 10/a-P
Order No. 67 28 371


302| Dräger-Tubes used with Dräger Aerotest  


Application Range


Standard Measuring Range: 0.1 to 1 mg/m3


Time for Measurement: (see details in


Standard Deviation: operating instructions for 


Aerotest)


Color Change: white � beige-yellow


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity: see details in operating 


instructions for Aerotest


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


Oil + H2SO4 � beige-yellow reaction product


Cross Sensitivity


The total concentration of mineral and synthetic aerosols (mist) and


oil vapors is indicated.


Other organic compounds with high molecular weights are 


indicated as well but with different sensitivity.


Polyethylene glycol and silicone oils are not indicated.


Additional Information


In combination with a Dräger gas detector pump the oil tube can


also be used to analyse the air in work rooms. The measurement


period depends upon the oil used. Please find a list of the oils 


tested under www.draeger.com/voice.
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Phosphine 0.1/a for use in Aerotest CO2


Order No. CH 31 101
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Application Range


Standard Measuring Range: 0.1 to 4 ppm


Test Volume: 1 L


Flow Rate: 0.2 L / min


Time for Measurement: 5 min


Standard Deviation:  ± 15 to 20 %


Color Change: white � greyviolet


Ambient Operating Conditions


Temperature: 0 to 50 °C


Absolute Humidity: max 40 mg H2O / L


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


PH3 + Au3+ � Au (colloidal)


Cross Sensitivity


Arsine and antimony hydride are indicated, but with different 


sensitivities. Hydrogen sulfide, mercaptans, ammonia, carbon 


monoxide, sulfur dioxide and hydrochloric acid in the TLV range do


not interfere.


Evaluation


Scale reading = ppm phosphine
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Sulfur Dioxide 0.5/a for use in Multitest Med. Gases
Order No. 67 28 491
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Application Range


Standard Measuring Range: 1 to 25 ppm / 0.25 to 1 ppm


Test Volume: 1 L / 2 L


Flow Rate: 0.2 L / 0.2 L / min


Time for Measurement: 5 min / 10 min


Standard Deviation: ± 25 %


Color Change: greyblue � white


Ambient Operating Conditions


Temperature: 15 to 30 °C


Absolute Humidity: max. 20 mg H2O / L


Pressure: The tube may only be used


for depressurized compressed 


air


Reaction Principle


Starch


SO2 + I2 + 2 H2O  � H2SO4 + 2 HI


Cross Sensitivity


Hydrogen sulfide is indicated as well but with different sensitivity. 


Nitrogen dioxide will shorten the reading.


Evaluation


Measuring range  1 to 25 ppm: Reading on the (n=10) 


scale = ppm


Measuring range  0.25 to 1 ppm: Reading on the (n= 20) scale x 


0.5 = ppm SO2


(applies only for scale range 0.5


to 2 ppm)
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Sulfur Dioxide 1/a for use in Multitest Med. Gases / Aerotest CO2


Order No. CH 31 701
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Application Range


Standard Measuring Range: 0.5 to 2 ppm


Test Volume: 2 L


Flow Rate: approx. 0.2 L / min


Time for Measurement: in the Aerotest CO2: 10 min


in the Multi Test (for CO2): 12 min


Standard Deviation: ± 30 %


Color Change: greyblue � white


Ambient Operating Conditions


Temperature: 15 to 25 °C


Absolute Humidity: max. 20 mg H2O / L


Pressure: The tube may only be used


for depressurized compressed 


air


Reaction Principle


Starch


SO2 + I2 + 2 H2O  � H2SO4 + 2 HI


Cross Sensitivity


Hydrogen sulfide in the TLV range is retained in the pre-layer and


thus does not affect the indication. Nitrogen dioxide will 


shorten the reading.


Evaluation


reading on the (n=10) scale x 0.2 = ppm SO2


(applies only for scale range 2.5 to 10 ppm)
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Water Vapor 5/a-P
Order No. 67 28 531
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Application Range


Standard Measuring Range: 5 to 200 mg/m3


Test Volume:  50 L


Flow Rate: 2 L / min


Time for Measurement: approx. 25 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � reddish-brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


H2O + SeO2 + H2SO4 � reddish-brown reaction product


Cross Sensitivity


Alcohols and unsaturated hydrocarbons of high concentrations


may cause a diffused discoloration of the indicating layer.


Extension of the measuring range


The following evaluation applies for other volumes:


reading: 5 10 30 50 70 100 150 200 mg


H2O/m3


25 L vol.: 10 20 70 110 160 220 340 450 mg


H2O/m3


100 L vol.: 2 4 12 20 28 40 60 80 mg


H2O/m3


i.e. given a test volume of 25 L the scale reading of 


50 mg H2O/m3 corresponds to a measured value of 


110 mg H2O/m3


Relative Standard Deviation: ± 25 to 30 % ( 25 L)


± 20 to 25 % (100 L)
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W


Water Vapor 20/a-P
Order No. 81 03 061
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Application Range


Standard Measuring Range: 20 to 100 mg H2O/m3


(10 min measuring time)


100 to 500 mg H2O/m3


(5 min measuring time)


Test Volume:  40 L / 20 L


Flow Rate: 4 L / min


Time for Measurement: 10 min / 5 min


Standard Deviation: ± 15 to 20 %


Color Change: yellow � reddish-brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: cf. measuring range


Pressure: The tube may only be 


used for depressurized 


compressed air


Reaction Principle


H2O + SeO2 + H2SO4 � reddish brown reaction product


Cross Sensitivity


Alcohols and unsaturated hydrocarbons of high concentrations may


cause a diffused discoloration of the indicating layer.
S
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5.1.6 Measuring Instructions of 
Contaminants in Liquids
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A


Acetic Acid 1 to 20 g/L
Order No. 67 22 101


Application Range


Determination of acetic acid in water/waste water


Dräger-Tube: Acetic Acid 5/a


Measuring range: 1 to 20 g/L


Number of Strokes (n): 10 


Typical Stroke Time: 10 to 30 s


Measurement Time: approx. 200 s


Sample Volume: 200 mL


Color Change: blue violet � yellow


Temperature Range: 5 to 25 °C


pH-Measurement: necessary


Information of Measurement


Using sulfuric acid, the pH-value has to be adjusted to the value 


of 1.3


Evaluation of Measurement


Calculate acetic acid concentration:


Y[g/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Formic acid is indicated with lower and propionic acid with higher 


sensitivity.


Measurement
Range
[g/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


1 to 20 25 5 to 25 0.487 1.607


System Parameters (valid for pH 1.3)
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Ammonia 1.5 to 10 mg/L
Order No. 81 01 711


Application Range


Determination of ammonia in water/waste water


Dräger-Tube: Ammonia 0,25/a


Measuring range: 1.5 to 10 mg/L


Number of Strokes (n): 10 


Typical Stroke Time: 10 to 30 s


Measurement Time: approx. 200 s


Sample Volume: 200 mL


Color Change: yellow � blue


Temperature Range: 4 to 30 °C


pH-Measurement: necessary


Information of Measurement


Using acetic acid or sodium hydroxide solution, the pH-value has to


be adjusted to the value of 10.2 - 10.3.


Evaluation of Measurement


Calculate ammonia concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Other basic substances are also indicated.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


1.5 to 10 30 4 to 7 3.427 2.926
8 to 12 2.578 1.895


13 to 17 1.397 1.409
18 to 24 0.815 0.918
25 to 30 0.989 0.774


System Parameters (valid for pH 1.3)
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A


Ammonia 10 to 100 mg/L
Order No. 81 01 711


Application Range


Determination of ammonia in water/waste water


Dräger-Tube: Ammonia 0.25/a


Measuring range: 10 to 100 mg/L


Number of Strokes (n): 1 


Typical Stroke Time: 10 to 30 s


Measurement Time: approx. 20 s


Sample Volume: 200 mL


Color Change: yellow � blue


Temperature Range: 4 to 30 °C


pH-Measurement: necessary


Information of Measurement


Using acetic acid or sodium hydroxide solution, the pH-value has


to be adjusted to the value of 10.2 - 10.3.


Evaluation of Measurement


Calculate ammonia concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Other basic substances are also indicated.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


10 to 100 30 4 to 7 61.34 0.826
8 to 12 40.46 0.310


13 to 17 29.37 0.943
18 to 24 27.59 0.463
25 to 30 18.11 - 0.123


System Parameters (valid for pH 10.2 - 10.3)
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Benzene 0.5 to 5 mg/L
Order No. 81 01 231


Application Range


Determination of benzene in water/waste water


Dräger-Tube: Benzene 2/a


Measuring range: 0.5 to 5 mg/L


Number of Strokes (n): 5 


Typical Stroke Time: 40 to 60 s


Measurement Time: approx. 250 s


Sample Volume: 200 mL


Color Change: white � brown grey


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate benzene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethyl acetate, perchloroethylene, phenol, styrene, toluene and 


m-xylene are not indicated. 


Petroleum hydrocarbons are indicated with lower sensitivity.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 5 30 5 to 30 0.119 0


System Parameters
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B


Benzene 0.2 to 5 mg/L
Order No. 81 01 661


Application Range


Determination of acetic acid in water/waste water


Dräger-Tube: Toluene 5/b


Measuring range: 0.2 to 5 mg/L


Number of Strokes (n): 6 


Typical Stroke Time: 60 to 90 s


Measurement Time: approx. 450 s


Sample Volume: 200 mL


Color Change: white � yellow green


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate benzene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Toluene, xylene (all isomere), ethylbenzene and styrene are 


indicated with different sensitivity. 


Acetone, ethanol and n-octane do not interfere with the reading.


Phenol does not interfere with the reading up to a concentration 


of 100 mg/L


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.2 to 5 40 5 to 30 0.057 0


System Parameters
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BTX-Aromatics 0.2 to 5 mg/L
Order No. 81 01 661


Application Range


Determination of sum parameter benzene, toluene and xylene in


water/waste water


Dräger-Tube: Toluene 5/b


Measuring range: 0.2 to 5 mg/L


Number of Strokes (n): 6 


Typical Stroke Time: 60 to 90 s


Measurement Time: approx. 450 s


Sample Volume: 200 mL


Color Change: white � brown violet to yellow


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate BTX concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethylbenzene and styrene are also indicated, however, with 


different sensitivities. 


Acetone, ethanol and n-octane are not indicated. Phenol does not


interfere with the reading up to a concentration of 100 mg/L.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


0.2 to 5 40 5 to 30 0.057 0


System Parameters


Parameters
B         C
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B


BTX-Aromatics qualitative in oil
Order No. 81 01 661


Application Range


Determination of sum parameter benzene, toluene and xylene in oil


sludges/oil emulsions


Dräger-Tube: Toluene 5/b


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 60 to 80 s


Measurement Time: approx. 75 to 740 s


Sample Volume: approx. 0.5 g


Color Change: white � brown violet 


to yellow-green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Approx. 0.5 g oil sample has to be shaken intensively 


with 1 L de-ionized water for 2 minutes in a laboratory bottle.


- The solution must be filtered through an analysis funnel with 


a round filter (black ribbon) directly into the gas wash bottle 


up to the 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Benzene, xylene (all isomere), ethylbenzene and toluene are 


indicated.


Acetone, ethanol, phenol and n-octane are not indicated.
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BTX Aromatics in soil 2 to 50 mg/kg
Order No. 81 01 661


Evaluation of Measurement


Calculate BTX concentration:


Ysoil[mg/L] = A • B • (X[ppm] + C) 


Cross Sensitivity


Ethylbenzene and styrene are indicated with different sensitivity.


Acetone, ethanol and n-octane do not interfere with the reading.


Phenol does not interfere with the reading up to a concentration of


100 mg/L


Application Range


Determination of sum parameter benzene, toluene and xylene in


soil


Dräger-Tube: Toluene 5/b


Measuring range: 2 to 50 mg/kg dry substance


Number of Strokes (n): 6 


Typical Stroke Time: 60 to 90 s


Measurement Time: approx. 450 s


Sample Volume: 20 g soil


Color Change: white � brown violet to 


yellow green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- 20 g soil is suspended completely with 100 mL de-ionized water


and 1 mL surfactant solutions (2 mass % Extran AP 13, Merck).


- The precipitate must rest for approx. 1 minute, until the particles


have settled to the bottom; the liquid above the particles has to 


be filled into the wash bottle


- The remaining precipitate has to be shaken two times with 


50 mL de-ionized water and the liquid above the particles has 


to be filled into the wash bottle


- The gas wash bottle is filled up with de-ionized water up to 


200 mL mark.


System Parameters


Measurement
Range


[mg/kg]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


2 to 50 50 15 to 25 0.456 0
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C


Carbon Tetrachloride 0.2 to 4 mg/L
Order No. CH 27 401


Application Range


Determination of carbon tetrachloride in water/waste water


Dräger-Tube: Carbon Tetrachloride 5/c


+ Activation Tube


(81 01 141)


Measuring range: 0.2 to 4 mg/L


Number of Strokes (n): 5 


Typical Stroke Time: 50 to 130 s


Measurement Time: approx. 450 s


Sample Volume: 200 mL


Color Change: yellow � blue green


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate carbon tetrachloride concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Benzene, dichloroethane, perchloroethylene, 1,1,1-trichloroethane


and trichloroethylene are indicated with lower sensitivity.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.2 to 4 30 5 to 30 0.027 0
for readings of 
5 to < 30 ppm
0.115 - 22
for readings of 
30 to < 50 ppm


System Parameters (valid for pH 7.3 to 7.4)
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Chlorinated Hydrocarbons qualitative in oil
Order No. 81 01 551


Application Range


Determination of volatile chlorinated hydrocarbons 


in oil sludges/oil emulsions


Dräger-Tube: Perchloroethylene 0.1/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 2 to 3 minutes


Measurement Time: approx. 2 to 20 minutes


Sample Volume: approx. 0.5 g


Color Change: yellow white � grey blue


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Approx. 0.5 g oil sample has to be shaken intensively with 1 L 


de-ionized water for 2 minutes in a laboratory bottle.


- The solution must be filtered through an analysis funnel with 


a round filter (black ribbon) directly into the gas wash bottle 


up to the 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, 


dichloro methane, perchloroethylene, trichloroethylene and 


trichloro methane are indicated. Carbon tetrachloride and 


1,1,1-trichloroethane are not indicated.


S
T-


19
3-


20
01







|319


C


Chlorinated Hydrocarbons qualitative in multiple phase
Order No. 81 01 551


Application Range


Determination of volatile chlorinated hydrocarbons in multiple


phase


Dräger-Tube: Perchloroethylene 0.1/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 2 to 3 minutes


Measurement Time: approx. 2 to 20 minutes


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Mix a multiple phase sample which consists of e.g. 250 g water, 


10 g fixed phase and 10 g oil part (about 300 mL) is mixed with


approx. 5 g activated coal. It must rest for 3 minutes and then 


be shaken for 1 min.


- 0.2 g hydrophobated peat is added and the it must be shaken 


for 1 minute.


- The liquid is filled into the gas wash bottle up to the 200 mL  


mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, dichloro -


methane, perchloroethylene, trichloroethylene and trichloromethane


are indicated. Carbon tetrachloride and 1,1,1-trichloroethane are not


indicated.
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Chlorinated Hydrocarbons qualitative in soil
Order No. 81 01 551


Application Range


Determination of volatile chlorinated hydrocarbons in soil


Dräger-Tube: Perchloroethylene 0.1/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 2 to 3 minutes


Measurement Time: approx. 2 to 20 minutes


Sample Volume: 20 g


Color Change: yellow white � grey blue


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- 20 g soil is suspended completely with 100 mL de-ionized water


and 1 mL surfactant solutions (2 mass % Extran AP 13, Merck).


- The precipitate must rest for approx. 1 minute, until the particles


have settled to the bottom; the liquid above the particles has to 


be filled into the wash bottle


- The remaining precipitate has to be shaken two times with 


50 mL de-ionized water and the liquid above the particles has 


to be filled into the wash bottle


- The gas wash bottle is filled up with de-ionized water 


up to 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, 


dichloro methane, perchloroethylene, trichloroethylene and


trichloromethane are indicated. Carbon tetrachloride and 


1,1,1-trichloroethane are not indicated.
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C


Chlorinated Hydrocarbons qualitative in multiple phase
Order No. 81 01 501


Application Range


Determination of volatile chlorinated hydrocarbons in multiple


phase


Dräger-Tube: Perchloroethylene 2/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 45 to 65 s


Measurement Time: approx. 55 to 550 s


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Mix a multiple phase sample which consists of e.g. 250 g water, 


10 g fixed phase and 10 g oil part (about 300 mL) is mixed with


approx. 5 g activated coal. It must rest for 3 minutes and then 


be shaken for 1 min.


- 0.2 g hydrophobated peat is added and the it must be shaken 


for 1 minute.


- The liquid is filled into the gas wash bottle up to the 200 mL 


mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, 


dichloro methane, perchloroethylene, trichloroethylene and


trichloromethane are indicated. Carbon tetrachloride and 


1,1,1-trichloroethane are not indicated.
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Chlorinated Hydrocarbons qualitative in oil
Order No. 81 01 501


Application Range


Determination of volatile chlorinated hydrocarbons 


in oil sludges/oil emulsions


Dräger-Tube: Perchloroethylene 2/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 45 to 65 s


Measurement Time: approx. 55 to 550 s


Sample Volume: approx. 0.5 g


Color Change: yellow white � grey blue


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Approx. 0.5 g oil sample has to be shaken intensively with 1 L 


de-ionized water for 2 minutes in a laboratory bottle.


- The solution must be filtered through an analysis funnel with 


a round filter (black ribbon) directly into the gas wash bottle up 


to the 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, 


dichloro -methane, perchloroethylene, trichloroethylene and


trichloromethane are indicated. Carbon tetrachloride and 


1,1,1-trichloroethane are not indicated.
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C


Chlorinated Hydrocarbons qualitative in multiple phase
Order No. 81 01 501


Application Range


Determination of volatile chlorinated hydrocarbons in multiple


phase


Dräger-Tube: Perchloroethylene 2/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 45 to 65 s


Measurement Time: approx. 55 to 550 s


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Mix a multiple phase sample which consists of e.g. 250 g water, 


10 g fixed phase and 10 g oil part (about 300 mL) is mixed with


approx. 5 g activated coal. It must rest for 3 minutes and then 


be shaken for 1 min.


- 0.2 g hydrophobated peat is added and the it must be shaken 


for 1 minute.


- The liquid is filled into the gas wash bottle up to the 200 mL 


mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chlorobenzene, 1,1-dichloroethane, 1,2-dichloroethane, 


dichloro methane, perchloroethylene, trichloroethylene and 


trichloro methane are indicated. Carbon tetrachloride and 


1,1,1-trichloroethane are not indicated.
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Chlorinated Hydrocarbons qualitative in oil
Order No. CH 21 101


Application Range


Determination of volatile chlorinated hydrocarbons 


in oil sludges/oil emulsions


Dräger-Tube: Trichloroethane 50/a


Measuring range: qualitative


Number of Strokes (n): 6 + 3 desorption strokes 


in clean air 


Typical Stroke Time: 40 to 70 s + 30 s


Measurement Time: approx. 660 s + 90 s


Sample Volume: approx. 0.5 g


Color Change: grey � brown red


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Approx. 0.5 g oil sample has to be shaken intensively with 


1 L de-ionized water for 2 minutes in a laboratory bottle.


- The solution must be filtered through an analysis funnel with 


a round filter (black ribbon) directly into the gas wash bottle up 


to the 200 mL mark. 


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Dichloromethane, Perchloroethylene, Carbon tetrachlroide, 


1,1,1-Trichloroethane and Trichloroethylene are indicated. Petroleum


hydrocarbons are not indicated.
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C


Chlorinated Hydrocarbons qualitative in multiple phase
Order No. CH 21 101


Application Range


Determination of volatile chlorinated hydrocarbons in multiple


phase


Dräger-Tube: Trichloroethane 50/a


Measuring range: qualitative


Number of Strokes (n): 6 + 3 desorption strokes 


in clean air 


Typical Stroke Time: 40 to 70 s + 30 s


Measurement Time: approx. 660 s + 90 s


Sample Volume: 200 mL


Color Change: grey � brown red


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Mix a multiple phase sample which consists of e.g. 250 g water, 


10 g fixed phase and 10 g oil part (about 300 mL) is mixed with


approx. 5 g activated coal. It must rest for 3 minutes and then 


be shaken for 1 min.


- 0.2 g hydrophobated peat is added and the it must be shaken 


for 1 minute.


- The liquid is filled into the gas wash bottle up to the 200 mL 


mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Dichloromethane, perchloroethylene, carbon tetrachloride, 


1,1,1-trichloroethane and trichloroethylene are indicated. Petroleum


hydrocarbons are not indicated.
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Chlorinated Hydrocarbons qualitative in oil
Order No. 81 01 671


Application Range


Determination of volatile chlorinated hydrocarbons 


in oil sludges/oil emulsions


Dräger-Tube: Methylbromide 0.5/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 60 to 70 s


Measurement Time: approx. 65 to 650 s


Sample Volume: approx. 0.5 g


Color Change: white grey � blue green


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Approx. 0.5 g oil sample has to be shaken intensively with 


1 L de-ionized water for 2 minutes in a laboratory bottle.


- The solution must be filtered through an analysis funnel with 


a round filter (black ribbon) directly into the gas wash bottle up 


to the 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chloroform, 1,1-dichloroethane, 1,2-dichloroethane, dichloromethane,


methylbromide, perchlorethylene, 1,1,1-trichloroethane and 


trichloro ethylene are indicated. 1,4-dichlorobutane and carbon 


tetrachloride is not indicated.
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C


Chlorinated Hydrocarbons qualitative in multiple phase
Order No. 81 01 671


Application Range


Determination of volatile chlorinated hydrocarbons in multiple


phase


Dräger-Tube: Methylbromide 0.5/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 60 to 70 s


Measurement Time: approx. 65 to 650 s


Sample Volume: 200 mL


Color Change: white grey � blue green


Temperature Range: 10 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- Mix a multiple phase sample which consists of e.g. 250 g water, 


10 g fixed phase and 10 g oil part (about 300 mL) is mixed with


approx. 5 g activated coal. It must rest for 3 minutes and then 


be shaken for 1 min.


- 0.2 g hydrophobated peat is added and the it must be shaken 


for 1 minute.


- The liquid is filled into the gas wash bottle up to the 200 mL 


mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Chloroform, 1,1-dichloroethane, 1,2-dichloroethane, dichloromethane,


methylbromide, perchlorethylene, 1,1,1-trichloroethane and 


trichloro ethylene are indicated. 1,4-dichlorobutane and carbon 


tetrachloride is not indicated.
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Dichloromethane 5 to 100 mg/L
Order No. 67 24 601


Application Range


Determination of dichloromethane in water/waste water


Dräger-Tube: Methylene Chloride 100/a


Measuring range: 5 to 100 mg/L


Number of Strokes (n): 8 


Typical Stroke Time: 60 to 120 s


Measurement Time: approx. 720 s


Sample Volume: 200 mL


Color Change: white � brown green


Temperature Range: 5 to 33 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate dichloromethane concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Petroleum hydrocarbons, benzene, chlorobenzene, toluene, 


dichloromethane, 1,1,1-trichloroethane, trichloroethylene and


trichloro  methane are indicated with different sensitivity. 


Perchloroethylene, carbon tetrachloride and o-xylene are not 


indicated.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


5 to 100 30 5 to 10 0.050 0
11 to 15 0.041 0
16 to 25 0.036 0
26 to 33 0.030 0


System Parameters
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D


Diesel Fuels 0.5 to 5 mg/L
Order No. 81 01 691


Application Range


Determination of diesel fuels in water/waste water


Dräger-Tube: Petroleum 


hydrocarbons 10/a


Measuring range: 0.5 to 5 mg/L


Number of Strokes (n): 8 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 360 s


Sample Volume: 200 mL


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate diesel fuel concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethyl acetate, diesel oil, hydrogen sulfide and toluene are 


indicated with lower sensitivity.


Perchloroethylene is indicated with higher sensitivity.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 5 30 5 to 25 0.089 0


Readings > 50 ppm give qualitative results, only.


System Parameters
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330| Measurement of Contaminants in Liquids


Diesel Fuels qualitative in soil
Order No. 81 01 691


Application Range


Determination of diesel fuels in soil


Dräger-Tube: Petroleum Hydrocarbons 10/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 45 to 450 s


Sample Volume: 20 g


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- 20 g soil is suspended completely with 100 mL de-ionized water.


- The precipitate must rest for approx. 1 minute, until the particles 


have settled to the bottom; the liquid above the particles has to 


be filled into the was bottle


- The remaining precipitate has to be shaken two times with 


50 mL de-ionized water and the liquid above the particles has 


to be filled into the was bottle


- The gas wash bottle is filled up with de-ionized water up to 


200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Diesel oil, ethyl acetate, perchloroethylene, hydrogen sulfide and


toluene are also indicated.


S
T-


19
-2


00
1







|331


E


Ethylbenzene 0.2 to 5 mg/L
Order No. 81 01 661


Application Range


Determination of ethylbenzene in water/waste water


Dräger-Tube: Toluene 5/b


Measuring range: 0.2 to 5 mg/L


Number of Strokes (n): 6 


Typical Stroke Time: 60 to 90 s


Measurement Time: approx. 450 s


Sample Volume: 200 mL


Color Change: white � yellow green


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate ethylbenzene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Benzene, toluene, xylene (all isomere) and styrene are indicated 


with different sensitivity.


Acetone, ethanol and n-octane do not interfere with the reading.


Phenol does not interfere with the reading up to a concentration 


of 100 mg/L


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.2 to 5 40 5 to 30 0.057 0


System Parameters


S
T-


15
1-


20
01







332| Measurement of Contaminants in Liquids


Formic Acid 1 to 20 g/L
Order No. 67 22 101


Application Range


Determination of formic acid in water/waste water


Dräger-Tube: Acetic Acid 5/a


Measuring range: 0.5 to 15 g/L


Number of Strokes (n): 10 


Typical Stroke Time: 10 to 30 s


Measurement Time: approx. 200 s


Sample Volume: 200 mL


Color Change: blue violet � yellow


Temperature Range: 5 to 25 °C


pH-Measurement: necessary


Information of Measurement


Using sulfuric acid, the pH-value has to be 


adjusted to the value of 1.3.


Evaluation of Measurement


Calculate formic acid concentration:


Y[g/L] = A • B • (X[ppm] + C)


Measurement
Range
[g/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


8.5 to 15 25 10 to 25 0.241 1.157


System Parameters (valid for pH 1.3)


S
T-


40
-2


00
1







|333


G


Gasoline qualitative in soil
Order No. 81 01 691


Application Range


Determination of gasoline in soil


Dräger-Tube: Petroleum Hydrocarbons 


10/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 45 to 450 s


Sample Volume: 20 g


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- 20 g soil is suspended completely with 100 mL de-ionized 


water.


- The precipitate must rest for approx. 1 minute, until the particles 


have settled to the bottom; the liquid above the particles has 


to be filled into the was bottle


- The remaining precipitate has to be shaken two times with 


50 mL de-ionized water and the liquid above the particles has 


to be filled into the was bottle


- The gas wash bottle is filled up with de-ionized water 


up to 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Diesel oil, ethyl acetate, perchloroethylene, hydrogen sulfide and


toluene are also indicated.


S
T-


19
-2


00
1







334| Measurement of Contaminants in Liquids


Gasoline 0.1 to 2 mg/L
Order No. 81 01 691


Application Range


Determination of gasoline in water/waste water


Dräger-Tube: Petroleum Hydrocarbons 10/a


Measuring range: 0.1 to 2 mg/L for n-octan


Number of Strokes (n): 2 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 90 s


Sample Volume: 200 mL


Color Change: white � brow green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate gasoline concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethyl acetate, diesel oil, hydrogen sulfide and toluene are 


indicated with lower sensitivity. Perchloroethylene is indicated with


higher sensitivity.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.1 to 2 30 5 to 25 0.010 0


System Parameters


S
T-


19
-2


00
1







|335


H


Hydrocyanic Acid (Cyanide) 0.5 to 10 mg/L
Order No. CH 25 701


Application Range


Determination of hydrocyanic acid in water/waste water


Dräger-Tube: Hydrocyanic acid 2/a


Measuring range: 0.5 to 10 g/L


Number of Strokes (n): 8 


Typical Stroke Time: 15 to 30 s


Measurement Time: approx. 180 s


Sample Volume: 200 mL


Color Change: yellow orange � red


Temperature Range: 5 to 34 °C


pH-Measurement: necessary


Information of Measurement


Using acetic acid or sodium hydroxide solution, 


the pH-value has to be adjusted to the value of 1 - 8.


Evaluation of Measurement


Calculate hydrocyanic acid concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Hydrochloric acid in concentrations > 5 % may also give a color 


indication and there may, therefore, appear to be a higher 


concentration of free hydrocyanic acid (cyanides) than there 


actually is.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 10 30 5 to 15 0.350 0
16 to 25 0.285 0
26 to 34 0.248 0


System Parameters (valid for pH 1 - 8)


S
T-


25
-2


00
1







336| Measurement of Contaminants in Liquids


Order No. 81 01 461


Hydrogen Sulfide 50 to 500 μg/L


Application Range


Determination of hydrogen sulfide (sum of sulfide) in water/waste


water


Dräger-Tube: Hydrogen Sulfide 0.2/a


Measuring range: 50 to 500 mg/L


Number of Strokes (n): 5 


Typical Stroke Time: 50 to 80 s


Measurement Time: approx. 325 s


Sample Volume: 200 mL


Color Change: white � pale brown


Temperature Range: 3 to 30 °C


pH-Measurement: necessary


Information of Measurement


Using acetic acid or sodium hydroxide solution, the pH-value has to


be adjusted to the value of 7.3 - 7.4 (K=1)


Evaluation of Measurement


Calculate hydrogen sulfide concentration:


Y[μg/L] = A • B • (K •X[ppm] + C)


Measurement
Range
[μg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


50 to 500 30 3 to 7 72 0.2
8 to 13 63 0.2


14 to 30 57 0.2


System Parameters (valid for pH 7.3 - 7.4)


S
T-


13
2-


20
01







|337


H


Hydrogen Sulfide 0.2 to 1 mg/L
Order No. 67 19 001


Application Range


Determination of hydrogen sulfide (sum of sulfide) in water/waste


water


Dräger-Tube: Hydrogen Sulfide 1/c


Measuring range: 0.2 to 1 mg/L


Number of Strokes (n): 5 


Typical Stroke Time: 50 to 100 s


Measurement Time: approx. 375 s


Sample Volume: 200 mL


Color Change: white � pale brown


Temperature Range: 3 to 30 °C


pH-Measurement: necessary


Information of Measurement


Using acetic acid or sodium hydroxide solution, the pH-value has to


be adjusted to the value of 7.3 - 7.4 (K=1).


Evaluation of Measurement


Calculate hydrogen sulfide concentration:


Y[mg/L] = A • B • (K • X[ppm] + C)


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.2 to 1 30 3 to 7 0.051 0
8 to13 0.045 0


14 to 30 0.040 0


System Parameters (valid for pH 7.3 - 7.4)


S
T-


13
0-


20
01







338| Measurement of Contaminants in Liquids


Hydrogen Sulfide 0.5 to 10 mg/L
Order No. CH 29 801


Application Range


Determination of hydrogen sulfide (sum of sulfide) in water/waste


water


Dräger-Tube: Hydrogen Sulfide 5/b


Measuring range: 0.5 to 10 g/L


Number of Strokes (n): 2 


Typical Stroke Time: 50 to 80 s


Measurement Time: approx. 130 s


Sample Volume: 200 mL


Color Change: white � brown


Temperature Range: 3 to 30 °C


pH-Measurement: necessary


Information of Measurement


Using acetic acid or sodium hydroxide solution, the pH-value has to


be adjusted to the value of 7.3 - 7.4 (K=1).


Evaluation of Measurement


Calculate hydrogen sulfide concentration:


Y[mg/L] = A • B • (K • X[ppm] + C)


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 10 30 3 to 7 0.131 0
8 to 13 0.122 0


14 to 30 0.127 0


System Parameters (valid for pH 7.3 - 7.4)


S
T-


12
5-


20
01







|339


J


Jet Fuels (Kerosene) 0.5 to 5 mg/L
Order No. 81 01 691


Application Range


Determination of jet fuels in water/waste water


Dräger-Tube: Petroleum hydrocarbons 10/a


Measuring range: 0.5 to 5 mg/L


Number of Strokes (n): 4 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 180 s


Sample Volume: 200 mL


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate jet fuel concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethyl acetate, diesel oil, hydrogen sulfide and toluene are 


indicated with lower sensitivity. Perchloroethylene is indicated with


higher sensitivity.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 5 25 5 to 25 0.062 0


System Parameters


S
T-


19
-2


00
1







340| Measurement of Contaminants in Liquids


Jet Fuels (Kerosene) qualitative in soil
Order No. 81 01 691


Application Range


Determination of jet fuels in soil


Dräger-Tube: Petroleum Hydrocarbons 10/a


Measuring range: qualitative


Number of Strokes (n): maximum 10 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 45 to 450 s


Sample Volume: 20 g


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Information of Measurement


- 20 g soil is suspended completely with 100 mL de-ionized 


water.


- The precipitate must rest for approx. 1 minute, until the particles 


have settled to the bottom; the liquid above the particles has 


to be filled into the was bottle


- The remaining precipitate has to be shaken two times with 


50 mL de-ionized water and the liquid above the particles has 


to be filled into the was bottle


- The gas wash bottle is filled up with de-ionized water 


up to 200 mL mark.


Evaluation of Measurement


The measurement evaluation is qualitative (yes or no)


Cross Sensitivity


Diesel oil, ethyl acetate, perchloroethylene, hydrogen sulfide and


toluene are also indicated.


S
T-


19
-2


00
1







|341


N


n-Octane 0.1 to 2 mg/L
Order No. 81 01 691


Application Range


Determination of n-octane in water/waste water


Dräger-Tube: Petroleum Hydrocarbons 10/a


Measuring range: 0.1 to 2 mg/L


Number of Strokes (n): 2 


Typical Stroke Time: 30 to 60 s


Measurement Time: approx. 90 s


Sample Volume: 200 mL


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate n-octane concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethyl acetate, diesel oil, hydrogen sulfide and toluene are 


indicated with lower sensitivity.


Perchloroethylene is indicated with higher sensitivity.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.1 to 2 30 5 to 25 0.010 0


System Parameters


S
T-


19
-2


00
1







342| Measurement of Contaminants in Liquids


n-Octane 2 to 25 mg/L
Order No. 67 30 201


Application Range


Determination of n-octane in water/waste water


Dräger-Tube: Petroleum Hydrocarbons 100/a


Measuring range: 2 to 25 mg/L


Number of Strokes (n): 2 


Typical Stroke Time: 30 to 45 s


Measurement Time: approx. 75 s


Sample Volume: 200 mL


Color Change: white � brown green


Temperature Range: 5 to 25 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate n-octane concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Ethyl acetate and hydrogen sulfide are indicated with lower 


sensitivity. Perchloroethylene is indicated with higher sensitivity.


Toluene is indicated with different sensitivity


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


2 to 25 30 5 to 25 0.010 0


System Parameters


S
T-


20
-2


00
1







|343


O


Organic Acids 0.5 to 15 g/L
Order No. 67 22 101


Application Range


Determination of sum parameter acetic acid, formic acid and 


propionic acid in water/waste water


Dräger-Tube: Acetic Acid 5/a


Measuring range: 0.3 to 15 g/L


Number of Strokes (n): 10 


Typical Stroke Time: 10 to 30 s


Measurement Time: approx. 200 s


Sample Volume: 200 mL


Color Change: blue violet � yellow


Temperature Range: 10 to 25 °C


pH-Measurement: necessary


Information of Measurement


Using sulfuric acid, the pH-value has to be adjusted to the value of


1.3.


Evaluation of Measurement


Calculate acid concentration:


Y[g/L] = A • B • (X[ppm] + C)


Measurement
Range
[g/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 15 25 10 to 25 0.241 1.157


System Parameters (valid for pH 1.3)


S
T-


40
-2


00
1







344| Measurement of Contaminants in Liquids


Perchloroethylene 10 to 80 μg/L
Order No. 81 01 551


Application Range


Determination of perchloroethylene in water/waste water


Dräger-Tube: Perchloroethylene 0.1/a


Measuring range: 10 to 80 μg/L


Number of Strokes (n): 8 


Typical Stroke Time: 2 to 3 minutes


Measurement Time: approx. 20 minutes


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate perchloroethylene concentration:


Y[[μg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Dichloromethane, chlorobenzene, chloroform, 1,1-dichloroethane 


and 1,2-dichloroethane are indicated with lower sensitivity.


Trichloroethylene is indicated with nearly the same sensitivity. 


Petroleum hydrocarbons, benzene, carbon tetrachloride, toluene,


1,1,1-trichloroethane and xylene are not indicated.


Measurement
Range
[μg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


10 to 80 30 5 to 30 70 - 0.1


System Parameters


S
T-


19
3-


20
01







|345


P


Perchloroethylene 0.1 to 2 mg/L
Order No. 81 01 501


Application Range


Determination of perchloroethylene in water/waste water


Dräger-Tube: Perchloroethylene 2/a


Measuring range: 0.1 to 1 mg/L / 0.5 to 2 mg/L


Number of Strokes (n): 8 / 4 


Typical Stroke Time: 45 to 65 s


Measurement Time: approx. 440 s / ca. 220 s


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 8 to 37 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate perchloroethylene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Dichloromethane and chloroform are indicated with lower 


sensitivity. Trichloroethylene is indicated with nearly the same 


sensitivity. Petroleum hydrocarbons, benzene, carbon tetrachloride,


toluene, 1,1,1-trichloroethane and xylene are not indicated.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.1 to 1 25 8 to 12 0.035 0
number 20 13 to 17 0.031 0


of strokes 20 18 to 22 0.028 0
n=8 20 23 to 27 0.026 0


20 28 to 32 0.025 0
25 33 to 37 0.023 0


0.5 to 2 25 8 to 12 0.075 0
number 20 13 to 17 0.071 0


of 20 18 to 22 0.065 0
strokes 20 23 to 27 0.057 0


n=4 25 28 to 32 0.056 0
30 33 to 37 0.047 0


System Parameters


S
T-


90
-2


00
1







346| Measurement of Contaminants in Liquids


Propionic Acid 0.3 to 10 g/L
Order No. 67 22 101


Application Range


Determination of propionic acid in water/waste water


Dräger-Tube: Acetic Acid 5/a


Measuring range: 0.3 to 10 g/L


Number of Strokes (n): 10 


Typical Stroke Time: 10 to 30 s


Measurement Time: approx. 200 s


Sample Volume: 200 mL


Color Change: blue violet � yellow


Temperature Range: 10 to 30 °C


pH-Measurement: necessary


Information of Measurement


Using sulfuric acid, the pH-value has to be adjusted to the value 


of 1.3.


Evaluation of Measurement


Calculate propionic acid concentration:


Y[g/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Acetic acid and formic acid are indicated with lower sensitivity.


Measurement
Range
[g/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.3 to 10 25 10 to 30 0.153 0.687


System Parameters (valid for pH 1.3)


S
T-


40
-2


00
1







|347


T


Toluene 1 to 10 mg/L
Order No. 81 01 701


Application Range


Determination of toluene in water/waste water


Dräger-Tube: Toluene 50/a


Measuring range: 1 to 10 mg/L


Number of Strokes (n): 5 


Typical Stroke Time: 20 to 40 s


Measurement Time: approx. 150 s


Sample Volume: 200 mL


Color Change: white � brown


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate toluene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Benzene leads to a weak diffuse reading. Petroleum hydrocarbons,


styrene and o-xylene are indicated with lower sensitivity. Phenol is


not indicated.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


1 bis 10 25 5 bis 30 0.037 - 20
for X ≥ 50
0.011 0
for X ≥ 50


System Parameters


S
T-


15
2-


20
01







348| Measurement of Contaminants in Liquids


Toluene 0.2 to 5 mg/L
Order No. 81 01 661


Application Range


Determination of toluene in water/waste water


Dräger-Tube: Toluene 5/b


Measuring range: 0.2 to 5 mg/L


Number of Strokes (n): 6 


Typical Stroke Time: 60 to 90 s


Measurement Time: approx. 450 s


Sample Volume: 200 mL


Color Change: white � yellow green


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate toluene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Benzene, xylene (all isomere), ethylbenzene and styrene are 


indicated with different sensitivity. Acetone, ethanol and n-octane do


not interfere with the reading. Phenol does not interfere with the


reading up to a concentration of 100 mg/L.


Measurement
Range
[mg/L]


Standard 
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.2 to 5 40 5 to 30 0.057 0


System Parameters


S
T-


15
1-


20
01







|349


T


1,1,1-Trichloroethane 0.5 to 5 mg/L
Order No. CH 21 101


Application Range


Determination of 1,1,1-trichloroethane in water/waste water


Dräger-Tube: Trichloroethane 50/d


Measuring range: 0.5 to 5 mg/L


Number of Strokes (n): 5 + 3 desorption strokes 


at clean air 


Typical Stroke Time: 40 to 70 s + 20 to 40 s


Measurement Time: approx. 550 s + 90 s


Sample Volume: 200 mL


Color Change: grey � brown red


Temperature Range: 5 to 35 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate 1,1,1-trichloroethane concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Perchloroethylene, carbon tetrachloride, dichloromethane and 


trichloroethylene are indicated with lower sensitivity. Petroleum 


hydrocarbons are not indicated.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.5 to 5 25 5 to 12 0.0059 - 50
25 13 to 25 0.0059 - 100
30 26 to 33 0.0054 - 200


System Parameters


S
T-


38
0-


20
08







350| Measurement of Contaminants in Liquids


Trichloroethylene 10 to 100 μg/L
Order No. 81 01 551


Application Range


Determination of trichloroethylene in water/waste water


Dräger-Tube: Perchloroethylene 0.1/a


Measuring range: 10 to 100 μg/L


Number of Strokes (n): 4 


Typical Stroke Time: 2 to 3 minutes


Measurement Time: approx. 10 minutes


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate trichloroethylene concentration:


Y[μg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Dichloromethane, chlorobenzene, chloroform, 1,1-dichloroethane and


1,2-dichloroethane are indicated with lower sensitivity. 


Perchloroethylene is indicated with nearly the same sensitivity. 


Carbon tetrachloride and 1,1,1-trichloroethane are not indicated.


Measurement
Range
[μg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


10 to 100 30 5 to 10 134 0
11 to 20 120 -0.01
21 to 30 90 0


System Parameters


S
T-


19
3-


20
01







|351


T


Trichloroethylene 0.1 to 1 mg/L
Order No. 81 01 501


Application Range


Determination of trichloroethylene in water/waste water


Dräger-Tube: Perchloroethylene 2/a


Measuring range: 0.1 to 1 mg/L


Number of Strokes (n): 8 


Typical Stroke Time: 45 to 65 s


Measurement Time: approx. 440 s


Sample Volume: 200 mL


Color Change: yellow white � grey blue


Temperature Range: 5 to 33 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate trichloroethylene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Dichloromethane, chlorobenzene, 1,1-dichloroethane, 


1,2 dichloroethane and chloroform are indicated with lower 


sensitivity. Perchloroethylene is indicated with nearly the same 


sensitivity. Carbon tetrachloride and 1,1,1-trichloroethane are not 


indicated.


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


0.1 to 1 30 5 to 10 0.033 0
11 to 15 0.030 0
16 to 22 0.024 0
23 to 28 0.020 0
29 to 33 0.018 0


System Parameters


S
T-


90
-2


00
1







352| Measurement of Contaminants in Liquids


Trichloroethylene 0.2 to 3 mg/L
Order No. 67 28 541


Application Range


Determination of trirchloroethylene in water/waste water


Dräger-Tube: Trichloroethylene 2/a


Measuring range: 0.2 to 1 mg/L / 0.3 to 3  mg/L


Number of Strokes (n): 8 / 4 


Typical Stroke Time: 40 to 80 s


Measurement Time: approx. 480 s / approx. 240 s


Sample Volume: 200 mL


Color Change: pale grey � orange


Temperature Range: 4 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate trichloroethylene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Dichloromethane, n-hexane, perchloroethylene and chloroform 


are indicated with lower sensitivity.


Number 
of Stokes


Measure-
ment


Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C


n=8 0.2 to 1 25 4 to 10 0.028 3
11 to 19 0.025 3


20 to 30 0.021 3


n=4 0.3 to 3 25 4 to 18 0.049 1
19 to 30 0.044 1


System Parameters


S
T-


15
7-


20
01







|353


X


Xylene (o, m, p) 0.3 to 10 mg/L
Order No. 67 33 161


Application Range


Determination of xylene in water/waste water


Dräger-Tube: Xylene10/a


Measuring range: 0.3 to 10 mg/L


Number of Strokes (n): 8 


Typical Stroke Time: 10 to 25 s


Measurement Time: approx. 140 s


Sample Volume: 200 mL


Color Change: white � red brown


Temperature Range: 5 to 35 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate xylene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Benzene, styrene and toluene are indicated with different 


sensitivity. Petroleum hydrocarbons and perchloroethylene do not 


interfere with the reading.


System Parameters


o-Xylene
0.3 to 10 30 5 to 15 0.048 - 7


16 to 35 0.042 - 10


m-Xylene
0.3 to 10 30 5 to 10 0.041 - 10


11 to 20 0.034 - 10
21 to 35 0.028 - 10


p-Xylene
0.3 to 10 30 5 to 10 0.029 0


11 to 35 0.031 - 10


Measurement
Range
[mg/L]


Standard
Deviation


[%]


Temperature
[°C]


Parameters
B         C
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354| Measurement of Contaminants in Liquids


Xylene (o, m, p) 0.2 to 5 mg/L
Order No. 81 01 661


Application Range


Determination of xylene in water/waste water


Dräger-Tube: Toluene 5/b


Measuring range: 0.2 to 5 mg/L


Number of Strokes (n): 6 


Typical Stroke Time: 60 to 90 s


Measurement Time: approx. 450 s


Sample Volume: 200 mL


Color Change: white � brown violet


Temperature Range: 5 to 30 °C


pH-Measurement: not necessary


Evaluation of Measurement


Calculate xylene concentration:


Y[mg/L] = A • B • (X[ppm] + C)


Cross Sensitivity


Benzene, toluene, ethylbenzene and styrene are indicated with 


different sensitivity. Acetone, ethanol and n-octane do not interfere


with the reading. Phenol does not interfere with the reading up to


a concentration of 100 mg/L


Measurement
Range
[mg/L]


Standard De-
viation


[%]


Temperature
[°C]


Parameters
B         C


0.2 to 5 40 5 to 30 0.057 0


System Parameters
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356| Dräger-Tubes used with Dräger Aerotest  


5.1.7 Data about Direct Indicating 
Dräger Diffusion Tubes







A


Acetic Acid 10/a-D
Order No. 81 01 071
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Standard Range         Measurement Time


10 to 200 ppm 1 h


5 to 100 ppm 2 h


2.5 to 50 ppm 4 h


1.3 to 25 ppm 8 h


S
T-
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Application Range


Standard Deviation ± 20 to 25 %


Color Change blue violet � yellow


Ambient Operating Conditions


Temperature 20 to 25 °C


Absolute Humidity 1 to 15 mg H2O / L


Reaction Principle


Acetic acid + pH Indicator  � yellow reaction product


Cross Sensitivity


Other acid reacting substances are also indicated. It is impossible


to measure acetic acid in the presence of other acids.


Formic acid and sulfur dioxide are indicated with about the same


sensitivity and color.


Hydrochloric acid is indicated with a lower sensitivity and pink color.


Nitrogen dioxide and chlorine also have an influence on the 


indication.







Ammonia 20/a-D
Order No. 81 01 301
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Application Range


Standard Deviation ± 15 to 20 %


Color Change yellow � blue


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity 1 to 16 mg H2O / L


Reaction Principle


NH3 + Bromophenol blue � blue reaction product


Cross Sensitivity


Other basic reacting compounds are also indicated. It is impossible


to measure ammonia in the presence of other basic gases.


Standard Range Measurement Time


20 to 1,500 ppm 1 h


10 to 750 ppm 2 h


4 to 300 ppm 5 h


2.5 to 200 ppm 8 h
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B


Butadiene 10/a-D
Order No. 81 01 161
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Application Range


Standard Deviation ± 20 to 25 %


Color Change pink � light brown


Ambient Operating Conditions


Temperature 20 to 25 °C


Absolute Humidity 1 to 15 mg H2O / L


Reaction Principle


H2C=CH-CH=CH2 + KMnO4 � MnIV + various oxidation 


products


Cross Sensitivity


Other organic compounds with carbon - carbon double bonds are


also indicated, for example:


Substance Concentration Measuring Indication
measured present period


Chloroprene 10 mL/m3 (ppm) 5 hours approx. 50 ppm x h


Ethylene 10 mL/m3 (ppm) 6 hours approx. 50 ppm x h


(diffuse)


Standard Range Measurement Time


10 to 300 ppm 1 h


5 to 150 ppm 2 h


2.5 to 75 ppm 4 h


1.3 to 40 ppm 8 h
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Carbon Dioxide 500/a-D
Order No. 81 01 381
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Application Range


Standard Deviation ± 20 to 25 %


Color Change blue � white


Ambient Operating Conditions


Temperature: 10 to 30 °C


Absolute Humidity 1 to 16 mg H2O / L


Reaction Principle


CO2 + pH Indicator � white reaction product


Cross Sensitivity


Other acid reacting substances are also indicated, but normally this


is not a problem unless the concentrations exceed the TLVs. For 


example, the following substances do not interfere during a 


4-hour measurement.


100 ppm ammonia


50 ppm sulfur dioxide


50 ppm nitrogen dioxide


50 ppm hydrogen sulfide


25 ppm hydrochloric acid


Standard Range Measurement Time


500 to 20,000 ppm 1 h


250 to 10,000 ppm 2 h


125 to 5,000 ppm 4 h


65 to 2,500 ppm 8 h


S
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C


Carbon Dioxide 1%/a-D
Order No. 81 01 051 
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Application Range


Standard Deviation ± 20 to 25 %


Color Change blue � white


Ambient Operating Conditions


Temperature 10 to 30 °C


Absolute Humidity 1 to 15 mg H2O / L


Reaction Principle


CO2 + pH Indicator � white reaction product


Cross Sensitivity


Other acid reacting substances are also indicated, but normally this


is not a problem unless the concentrations exceed the TLVs. For 


example, the following substances do not interfere during a 8-hour


measurement.


100 ppm ammonia


50 ppm sulfur dioxide


50 ppm nitrogen dioxide


50 ppm hydrogen sulfide


25 ppm hydrochloric acid


Standard Range         Measurement Time


1 to 30 Vol.-% 1 h


0.3 to 10 Vol.-% 3 h


0.2 to 6 Vol.-% 5 h


0.13 to 4 Vol.-% 8 h


S
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Carbon Monoxide 50/a-D
Order No. 67 33 191


362| Direct Indicating Dräger Diffusion Tubes


Application Range


Standard Deviation ± 20 to 25 %


Color Change yellow � grey black


Ambient Operating Conditions


Temperature: 10 to 25 °C


Absolute Humidity 3 to 15 mg H2O / L


Reaction Principle


CO + Pd-Salt  � CO2 + Pd


Cross Sensitivity


There is no interference during a 4-hour measurement by:


100 ppm ammonia


4 ppm sulfur dioxide


25 ppm nitrogen dioxide


2,000 ppm n-butane


Following a 4-hour exposure, 20 ppm hydrogen sulfide simulates


an indication of approximately 50 ppm x h carbon monoxide.


Standard Range Measurement Time


50 to 600 ppm 1 h


25 to 300 ppm 2 h


10 to 120 ppm 5 h


0.25 to 75 ppm 8 h
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E


Ethanol 1000/a-D
Order No. 81 01 151
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Application Range


Standard Deviation ± 20 to 25 %


Color Change yellow � green


Ambient Operating Conditions


Temperature 0 to 40 °C


Absolute Humidity 1 to 16 mg H2O / L


Reaction Principle


H3C-CH2OH + CrVI � CrIII + various oxidation products


Cross Sensitivity


Other organic compounds are also indicated, but with different 


sensitivities. It is impossible to differentiate between them.


Methyl ethyl ketone and methanol are indicated with about twice


the sensitivity (e.g. 500 ppm x h MEK gives an indication of


1,000 ppm x h).


Isopropanol is indicated with about half the sensitivity.


Acetone and ethyl acetate in the TLV range have no influence on


the indication.


Standard Range         Measurement Time


1,000 to 25,000 ppm 1 h


500 to 12,500 ppm 2 h


200 to 5,000 ppm 5 h


125 to 3,100 ppm 8 h
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Hydrochloric Acid 10/a-D
Order No. 67 33 111
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Application Range


Standard Deviation ± 20 to 25 %


Color Change blue � yellow


Ambient Operating Conditions


Temperature: 18 to 22 °C


Absolute Humidity 3 mg H2O / L


Only gaseous hydrogen chloride is measured. Higher atmospheric


humidities can lead to the formation of HCl aerosols, which are not


quantitatively measured.


Reaction Principle


HCI + Bromophenol blue � yellow reaction product


Cross Sensitivity


10 ppm Sulfur dioxide has no influence on the indication during an


8-hour measurement.


Other acid gases are also indicated, but with different discolorations


and sensitivities.


Nitrogen dioxide discolors the indicating layer red brown.


After 4-hours, 5 ppm chlorine simulates a hydrochloric acid 


indication of 35 ppm x h.


Standard Range Measurement Time


10 to 200 ppm 1 h


5 to 100 ppm 2 h


2.5 to 50 ppm 4 h


1.3 to 25 ppm 8 h


S
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H


Hydrocyanic Acid 20/a-D
Order No. 67 33 221 


|365


Application Range


Standard Deviation ± 20 to 25 %


Color Change yellow � red


Ambient Operating Conditions


Temperature 5 to 30 °C


Absolute Humidity 3 to 15 mg H2O / L


Reaction Principle


a) HCN + HgCI2 � HCI


b) HCI + pH Indicator � red reaction product


Cross Sensitivity


No interference by:


40 ppm ammonia


10 ppm hydrogen sulfide


5 ppm nitrogen dioxide


5 ppm hydrochloric acid


2 ppm sulfur dioxide


Standard Range Measurement Time


20 to 200 ppm 1 h


10 to 100 ppm 2 h


5 to 50 ppm 4 h


2.5 to 25 ppm 8 h


S
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Hydrogen Sulfide 10/a-D
Order No. 67 33 091
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Application Range


Standard Deviation ± 20 to 25 %


Color Change white � brown


Ambient Operating Conditions


Temperature: 0 to 40 °C


Absolute Humidity < to 15 mg H2O / L


Reaction Principle


H2S + Pb2+ � PbS + 2 H+


Cross Sensitivity


50 ppm Hydrochloric acid does not interfere.


In the presence of 50 ppm ammonia for 2 hours, the hydrogen 


sulfide indication will show minus errors of about 20%.


The influence of chlorine and nitrogen dioxide in the TLV range is 


negli gible, but higher concentrations lead to minus errors.


The influence of sulfur dioxide in the TLV range is also 


negligible, but higher concentrations lead to plus errors.


Standard Range         Measurement Time


10 to 300 ppm 1 h


5 to 150 ppm 2 h


2.5 to 75 ppm 4 h


1.3 to 40 ppm 8 h


S
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N


Nitrogen Dioxide 10/a-D
Order No. 81 01 111
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Application Range


Standard Deviation ± 20 to 25 %


Color Change white � yellow orange


Ambient Operating Conditions


Temperature 0 to 40 °C


Absolute Humidity 5 to 15 mg H2O / L


Reaction Principle


NO2 + o-Tolidine  � yellow orange reaction product


Cross Sensitivity


Chlorine and ozone are also indicated with approximately half the 


indicating sensitivity (e.g. 20 ppm x h chlorine gives an indication of 


10 ppm x h).


No influence by 5 ppm sulfur dioxide and 100 ppm ammonia.


Standard Range Measurement Time


10 to 200 ppm 1 h


5 to 100 ppm 2 h


2.5 to 50 ppm 4 h


1.3 to 25 ppm 8 h


S
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Perchloroethylene 200/a-D
Order No. 81 01 401
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Application Range


Standard Deviation ± 20 to 25 %


Color Change white � yellow orange


Ambient Operating Conditions


Temperature: 0 to 35 °C


Absolute Humidity 5 to 12 mg H2O / L


Reaction Principle


a) CI2C=CCI2 + CrVI � CI2
b) CI2 + o-Tolidine  � yellow orange reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are also indicated, but with 


different sensitivities.


Trichloroethylene and 1,1,1-trichloroethane are indicated with about


the same sensitivity.


Chlorine (above 10 ppm x h) and nitrogen dioxide (above 


10 ppm x h) will discolor the indicating layer.


Standard Range Measurement Time


200 to 1,500 ppm 1 h


100 to 750 ppm 2 h


50 to 380 ppm 4 h


25 to 200 ppm 8 h


S
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S


Sulfur Dioxide 5/a-D
Order No. 81 01 091
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Application Range


Standard Deviation ± 20 to 25 %


Color Change blue violet � light yellow


Ambient Operating Conditions


Temperature 10 to 30 °C


Absolute Humidity 1 to 15 mg H2O / L


Reaction Principle


SO2 + pH Indicator � light yellow reaction product


Cross Sensitivity


It is impossible to measure sulfur dioxide in the presence of other


acidic substances.


During a 6-hour measurement, 10 ppm hydrochloric acid produces


a pink color up to 25 ppm x h. During a 4-hour measurement, 


20 ppm acetic acid produces a yellow color up to 60 ppm x h.


Nitrogen dioxide and chlorine also have an influence on the 


indication.


Standard Range Measurement Time


5 to 150 ppm 1 h


2.5 to 75 ppm 2 h


1.3 to 38 ppm 4 h


0.7 to 19 ppm 8 h


S
T-


32
3-


20
08







S
T-


22
4-


20
01


Toluene 100/a-D
Order No. 81 01 421
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Application Range


Standard Deviation ± 20 to 25 %


Color Change yellow � brown


Ambient Operating Conditions


Temperature: 10 to 40 °C


Absolute Humidity 1 to 15 mg H2O / L


Reaction Principle


C6H5CH3 + Ce(SO4)2 � brown reaction product


Cross Sensitivity


Other aromatic hydrocarbons are also indicated, but with different 


sensitivities.


During a 6-hour measurement, 100 ppm ethyl benzene produces a


diffuse indication up to 600 ppm x h.


During a 6-hour measurement, 100 ppm xylene produces an 


indication up to 300 ppm x h.


Benzene in the TLV range does not interfere.


Aliphatic hydrocarbons are not indicated.


Standard Range Measurement Time


100 to 3,000 ppm 1 h


50 to 1,500 ppm 2 h


25 to 750 ppm 4 h


13 to 380 ppm 8 h
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T


Trichloroethylene 200/a-D
Order No. 81 01 441
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Application Range


Standard Deviation ± 20 to 25 %


Color Change white � yellow orange


Ambient Operating Conditions


Temperature 0 to 35 °C


Absolute Humidity 5 to 12 mg H2O / L


Reaction Principle


a)     HCIC=CCI2 + CrVI � CI2
b)     CI2 + o-Tolidine � yellow orange reaction product


Cross Sensitivity


Other chlorinated hydrocarbons are also indicated, but with 


different sensitivities.


Perchloroethylene is indicated with a slightly higher sensitivity 


and 1,1,1-trichloroethane with about twice the sensitivity 


(e.g. 200 ppm x h 1,1,1-trichloroethane gives an indication of 


400 ppm x h).


Chlorine and nitrogen dioxide in dosages higher than 10 ppm x h


also discolor the indicating layer.


Standard Range Measurement Time


200 to 1,000 ppm 1 h


100 to 500 ppm 2 h


50 to 250 ppm 4 h


25 to 125 ppm 8 h







372| Dräger Sampling Tubes and Systems


5.1.8 Data about Dräger Sampling 
Tubes and Systems







A


Activated Charcoal Tube Type BIA
Order No. 67 33 011
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Application Range


Adsorbate organic compounds which adsorb 


on activated charcoal


Sorption agent coconut shell charcoal


Adsorption layer 300 mg


Backup layer 600 mg


Tube length 125 mm


Outside diameter 7 mm


Inside diameter 5 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector 


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


This construction is developed, for a high adsorption capacity of the


sampling layer.This tube is typically sufficient for sampling in the


range of limit value measurements. If higher concentrations of 


harmful substances are expected, the sampling tube must be in-


serted with the air flow opposite to the flow indicating arrow (long


layer in front; note in the sampling record!). After sampling the tube


should be sealed with the polyethylene supplied caps.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger. S
T-
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Activated Charcoal Tube Type G
Order No. 67 28 831
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Application Range


Adsorbate organic compounds which adsorb 


on activated charcoal


Sorption agent coconut shell charcoal


Adsorption layer 750 mg


Backup layer 250 mg


Tube length 125 mm


Outside diameter 7 mm


Inside diameter 5 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector 


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


Because of the large quantity of activated charcoal in the sampling


layer these activated charcoal tubes are specially suitable for the


sampling of organic compunds which are present in high 


concentrations in the air sample. For example, the analysis of 


exhaust air for the determination of the emission of a harmful 


substance.


After sampling the tube must be sealed with the polyethylene 


supplied caps 


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger. S
T-
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A


Activated Charcoal Tube Type NIOSH
Order No. 67 28 631


|375


Application Range


Adsorbate organic compounds which adsorb 


on activated charcoal


Sorption agent coconut shell charcoal


Adsorption layer 100 mg


Backup layer 50 mg


Tube length 70 mm


Outside diameter 6 mm


Inside diameter 4 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector 


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


The air to be analysed must be drawn through the tube at a 


constant flow rate between 0.01 and 0.2 L/min. During sampling


the activated charcoal tube should be in a vertical position. This


guarantees a constant flow of air through the activated charcoal.


NIOSH points out in its regulations that the absorption capacity of


activated charcoal is affected by high air humidity, which may result


in pre -mature breakthrough of the substance to be 


measured into the control layer. A special tube adapter (order no.


67 28639) is necessary in order to use Drager pumps for 


sampling. After sampling the tube should be sealed with the 


polyethylene supplied caps.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.
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Aldehyde Sampling Set
Order No. 64 00 271


376| Dräger Sampling Tubes and Systems


1 top
2 impregnated fiber glass filter
3 flat gasket
4 base
5 pump


Application Range


Measurable substances aldehydes, e.g.


acetaldehyde


acrolein


formaldehyde


glutardialdehyde


Reaction medium with 2,4-dinitrophenylhydrazine


impregnated fiberglass filter


Reaction product hydrazone derivate


Flow 0.1 to 1 L/min


Total volume 10 to 100 L


Storage before at 7 °C in a refrigerator,
Sampling max. 9 months


Advice for sample-taking


After sampling the loaded fiberglass filter must be stored in a tightly


closed container, stored in a cool place and analysed immediately


in the laboratory.


The analytical determination is by high performance liquid 


chromatography (HPLC) after extraction of the filter.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.
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S


Sampling Tube Amines
Order No. 81 01 271
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Application Range


Adsorbate primary, secondary and tertiary


aliphatic amines, dialkyl sulfates,


N-heterocyclene


Sorption agent special silicagel


Adsorption layer 300 mg


Backup layer 300 mg


Tube length 125 mm


Outside diameter 7 mm


Inside diameter 5 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


While sampling the air to be analysed should be sucked in the 


direction of the imprinted arrow through the tube with a constant


flow between approximately 0.3 and 1 L/min. The volume of air to


be sucked through is within the range of 1 to 100 L. After sampling


the tube has to be sealed with the polyethylene caps supplies.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.







Isocyanate-Sampling-Set
Order No. 64 00 131
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Application Range


Measurable substances isocyanates, e.g.


2,4-toluylene diisocyanate (TDI)


2,6-toluylene diisocyanate (TDI)


diphenylmethane-4,4' - diisocyanate 


(MDI)


hexamethylene diisocyanate (HDI)


Reaction medium with amine compound


impregnated fiberglass filter


Reaction productr urea derivate


Flow 1 to 2 L/min


Total volume 20 to 100 L


Storage before at 7 °C in a refrigerator,


Sampling max. 9 months


Advice for sample-taking


After sampling the loaded fiberglass filter must be stored in the


tightly closed container, stored in a cool place and analysed 


immediately in the laboratory.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.


1 top
2 impregnated fiber glass filter
3 flat gasket
4 base
5 pump
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S


Nitrous-Oxide Diffusion Sampler
Order No. 81 01 472
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Application Range


Adsorbate nitrous oxide (laughing gas)


Sorption agent molecular sieve


Adsorption layer 400 mg


Standard range 2.5 to 500 ppm
of measurement


Sampling period 15 min to 8 hours


Diffusion rate 0.03 μg/ppm x h


Sampling rate 0.27 mL/min


Adsorption capacity 120 μg


Tube length 115 mm


Outside diameter 7 mm


Inside diameter 5 mm


Permissible ambient conditions


Temperature 5 to 35°C


Moisture below 20 mg/L H2O


Atmospheric pressure below 1050 hPa


Air velocity at least 1 cm/s


Advice for sample-taking


The sampling time of nitrous-oxide diffusion sampler depends on the


expected oxide nitrous concentration in the air to be analysed. 


The following sampling times are recommended in the case of 


measurements in the range of 5 to 100 mL/m3 (ppm) nitrous oxide:


Nitrous oxide concentration Recommended sampling


time


5 ppm 4 to 8 h


25 ppm 1 to 8 h


50 ppm 30 min to 8 h


100 ppm 15 min to 8 h


After sampling the tube must be sealed with the polyethylene 


supplied caps.


Note concerning the analysis


The analysis is made according to DFG method No. 2"Dinitrogen


monoxide" via thermodesorption and infrared spectroscopy. For 


evaluation of the sampling tubes and systems please contact Dräger.
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Transportation bottle with 
diffusion sampler


Diffusion Sampler ORSA
Order No. 67 28 891 / 67 28 919 / 64 00 365
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Application Range


Adsorbate organic compounds which adsorb


on activated charcoal by diffusion


Sorption agent coconut shell coal


Adsorption layer 400 mg


Adsorption capacity max. 10 mg, depends on substance


Diffusion rate 1 to 4 μg/ppm x h, depends on 


substance


Sampling rate 5 to 10 mL/min, depends on 


substance


Response time approx. 2 s


Standard range 0.1- to 3-times the limit value for
of measurement most organic solvents for a 


sampling period of 8 h


Sampling period 0.5 to 8 h for measurement in


limit value range


Diffusion cross section 0.88 cm2


Diffusion distance 0.5 cm


Diffusion barrier acetate cellulose


Diffusion resistance
coefficient 0.8


Apparatus constant 0.71 cm–1


Permissible ambient conditions


Temperature 5 to 40°C


Moisture 5 to 80 % at 20°C


Atmospheric pressure below 1050 hPa


Air velocity at least 1 cm/s


Advice for sample-taking


Air sampling is carried out in the previously determined 


measuring period which should be documented. After sample-


taking the sampling tube is sent to the laboratory for analysis in the


tightly sealed glass bottle.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.
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Silica Gel Tubes Type BIA
Order No. 67 33 021
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Application Range


Adsorbate organic compounds which adsorb 


on silicagel


Sorption agent silicagel


Adsorption layer 500 mg


Backup layer 1 ,100 mg


Tube length 125 mm


Outside diameter 7 mm


Inside diameter 5 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector 


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


This construction is developed, for a high adsorption capacity of the


sampling layer.This tube is typically sufficient for sampling in the


range of limit value measurements. If higher concentrations of 


harmful substances are expected, the sampling tube must be 


inserted with the air flow opposite to the flow indicating arrow (long


layer in front; note in the sampling record!). After sampling the tube


must be sealed with the polyethylene supplied caps.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.







Silica Gel Tubes Type G
Order No. 67 28 851
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Application Range


Adsorbate organic compounds which adsorb 


on silicagel


Sorption agent silicagel


Adsorption layer 1 100 mg


Backup layer 450 mg


Tube length 125 mm


Outside diameter 7 mm


Inside diameter 5 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector 


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


Because of the large quantity of silicagel in the sampling layer these


silicagel tubes are specially suitable for the sampling of 


organic compunds which are present in high concentrations in the


air sample. For example the  analysis of exhaust air for the 


determination of the emission of a harmful substance. After 


sampling the tube must be sealed with the polyethylene supplied


caps.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.
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S


Silica Gel Tubes Type NIOSH
Order No. 67 28 811
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Application Range


Adsorbate organic compounds which adsorb 


on silicagel


Sorption agent silicagel


Adsorption layer 140 mg


Backup layer 70 mg


Tube length 70 mm


Outside diameter 6 mm


Inside diameter 4 mm


Gas detector pumps Dräger Gas Detector Pump accuro


Dräger Automatic Pump accuro 


2000 with the Dräger Gas Detector 


Pump accuro Dräger Quantimeter 


1000


Advice for sample-taking


The air to be analysed must be drawn through the tube at a 


constant flow rate between 0.01 and 0.2 L/min. During sampling


the silicagel tube should be in a vertical position. This guarantees


a constant flow through the silicagel.


NIOSH points out in its regulations that the absorption capacity of


silicagel is affected by high air humidity, which may result in 


premature breakthrough of the substance to be measured into the


control layer.


A special tube adapter (order no. 67 28639) is necessary in order


to use Drager pumps for sampling. After sampling the tube must be


sealed with the polyethylene supplied caps.


Note concerning the analysis


The enriched volatile organic compounds are analysed in 


accordance with the procedures recommended by BGIA, DFG,


NIOSH, OSHA and HSE.


For evaluation of the sampling tubes and systems please contact


Dräger.
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5.2 Dräger-Chips-Measurement-System


5.2.1 Explanation to the Data about Dräger-Chips


Measuring Range
The chip is calibrated at standard conditions 20 °C and 50 % r. h. In case of influences by
temperature or humidity, correction factors are stated. In general chips can be stored up to
two years.


Measuring Time
The typical measuring time for selected concentrations is given in minutes or seconds. The
speed of the measurement depends on the concentration to be measured. Therefore, 
the measuring time is not constant, e. g. the higher the concentration, the shorter the 
measuring time.


Ambient Operating Conditions
The measuring range of a chip is influenced by the ambient temperature and humidity. The
recommended temperature range is given in °C and the absolute humidity limits are given
in mg H2O/L.


In cases, where influences caused by temperature or humidity occur, correction factors are
stated in % of the measured value per °C or in % of the measured value per mg H2O/L. 


The Chip-Measurement-System can be used in the range of 700 to 1100 hPa air pressure.
A correction within this range is not necessary.


Standard Deviation
The standard deviation is a measure of the incidental deviations of the indicated values 
from their mean value. The standard deviation, which is actually a coefficient of variation 
(i. e. relative standard deviation), is given as a percentage and relates to the mean value. 
According to the first confidence interval 1σ, as it applies to Dräger-Chips, 68.3 % of all
measured values are within this standard deviation range.


Cross Sensitivity
The chips are calibrated for a specific contaminant, but under other than ideal conditions,
other interfering contaminants may also be present. Other contaminants that influence the
measurement are described as being cross sensitive. The information given under the cross
sensitivity section indicates which contaminants can influence the measurement and which
contaminants would not influence the measurement. However, this information does not
adress all possibilities.
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Measurement with Remote System
Please always refer to the Instructions for Use of the Remote System. Before each 
mea surement, the extension hose must be flushed with the air sample to be measured. The
flushing phase is necessary to minimize or elimiate effects associated with the use of an 
extension hose (e. g. memory effects, dead volume). The duration of the flushing phase 
depends on factors such as:


– type and concentration of the substance to be measured,
– material, length, diameter, and age of the extension hose.


There is no standard flushing time that can be stated that would be valid for all cases. All
possible factors affecting the measurement must be considered. 
The flushing times given in the Instruc tions for Use have been determined for the specified
gas concentrations only. The values refer to the extension hose supplied with the remote 
System (length: 3 m, inside diameter: 1.5 m, new, dry, clean).
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A


Measuring Range: 2 to 50 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 40 to 300 s


Rel. Standard deviation: ± 17%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 5 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Formic acid is indicated with the same sensitivity.


Acetic Acid 2 - 50 ppm
Order No. 64 06 330


Measuring Range: 40 to 600 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 60 to 600s


Rel. Standard deviation: ± 16%


Ambient Operating Conditions


Temperature: 5 to 40 °C


Humidity: 0 to 30 mg/L 


(corresp. 0 to 100% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


200 ppm Methylethylketon approx. 370 ppm


100 ppm Methylisobutylketon approx. 240 ppm


100 ppm Methanol approx. 200 ppm


500 ppm Ethanol approx. 500 ppm


250 ppm i-Propanol approx. 290 ppm


Acetone 40 - 600
Order No. 64 06 470
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Measuring Range: 0.2 to 5 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 100 to 600 s


Rel. Standard deviation: ± 14%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Acid gases can cause minus errors. Other basic substances such as organic amines


are indicated with differing sensitivity.


Ammonia 0.2 - 5 ppm
Order No. 64 06 550


Measuring Range: 2 to 50 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 15 to 140 s


Rel. Standard deviation: ± 12%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 10 ppm NH3 by


≤ 200 ppm hydrogen sulfide


≤ 200 ppm sulfur dioxide


Other basic substances such as organic amines are indicated with differing sensitivity.


Ammonia 2 - 50 ppm
Order No. 64 06 130
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A


Measuring Range: 10 to 150 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 15 to 50 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 25 ppm NH3 by


≤ 200 ppm hydrogen sulfide


≤ 200 ppm sulfur dioxide


Other basic substances such as organic amines are indicated with differing sensitivity.


Ammonia 10 - 150 ppm
Order No. 64 06 020


Measuring Range: 100 to 2000 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 15 to 120 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Acid gases can cause minus errors, basic substances such as organic amines are 


indicated with differing sensitivity. There is no indication due to 200 ppm  SO2 or 200


ppm H2S, cause however in presence of NH3 substantial minus errors. 


Ammonia 100 - 2000 ppm
Order No. 64 06 570







Measuring Range: 50 to 2500 ppb 


Measuring Time: approx. 80 to 600s


Rel. Standard deviation: ± 25%


Ambient Operating Conditions


Temperature: 0 to 30 °C


Humidity: 1 to 20 mg/L 


(corresp. 3 to 65% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 250 ppb benzene by


≤   10 ppm toluene


≤   10 ppm xylene


≤ 200 ppm n-octane


Benzene 50 - 2500 ppb
Order No. 64 06 600


Measuring Range: 0.2 to 10 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 35 to 300 s


Rel. Standard deviation: ± 25%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.2 ppm benzene by


≤   50 ppm toluene


≤   50 ppm xylene


≤ 800 ppm n-octane


Benzene 0.2 - 10 ppm
Order No. 64 06 030
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B


Measuring Range: 0.5 to 10 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 35 to 225 s


Rel. Standard deviation: ± 25%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.5 ppm benzene by


≤     50 ppm toluene


≤     50 ppm xylene


≤  1000 ppm n-octane


Benzene 0.5 - 10 ppm
Order No. 64 06 160


Measuring Range: 10 to 250 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 40 to 275s


Rel. Standard deviation: ± 18%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 10 ppm benzene by


≤    50 ppm toluene


≤    50 ppm xylene


≤ 1000 ppm n-octane


Benzene 10 - 250 ppm
Order No. 64 06 280







Measuring Range: 1 to 25 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 90 to 550 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 5 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


20 ppm styrene approx.  6 ppm


5 ppm 1-butene approx.  1 ppm


5 ppm chloroprene approx. 10 ppm


5 ppm propene approx.  2 ppm


Butadiene 1 - 25 ppm
Order No. 64 06 460


Measuring Range: 200 to 3000 ppm 


(20 °C, 50% r.h.)


Measuring Time: approx. 60 to 260 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 200 ppm CO2 by


≤    1 ppm hydrogen sulfide


≤ 0.2 ppm sulfur dioxide


Carbon Dioxide 200 - 3000 ppm
Order No. 64 06 190
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C


Measuring Range: 1000 to 25000 ppm 


(20 °C, 50% r.h.)


Measuring Time: approx. 25 to 100 s


Rel. Standard deviation: ± 7%


Ambient Operating Conditions


Temperature: 0 to 30 °C


Humidity: 1 to 30 mg/L 


(corresp. 3 to 98% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 5000 ppm CO2 by


≤ 10 ppm hydrogen sulfide


≤  2 ppm sulfur dioxide


Carbon Dioxide 1000 - 25000 ppm
Order No. 64 06 070


Measuring Range: 1 to 20 Vol% (20 °C, 50% r.h.)


Measuring Time: approx. 12 to 120 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 1 Vol% CO2 by


≤ 100 ppm hydrogen sulfide


≤ 100 ppm sulfur dioxide


Carbon Dioxide 1 - 20 Vol%
Order No. 64 06 210







Measuring Range: 5 to 150 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 80 to 300 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 50 mg/L 


(corresp. 2 to 98% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 25 ppm CO by


≤ 1000 ppm butane ≤ 300 ppm hydrogen sulfide


≤ 1000 ppm propane ≤ 100 ppm sulfur dioxide


≤  500 ppm n-octane ≤   15 ppm nitrogen dioxide


Carbon Monoxide 5 - 150 ppm
Order No. 64 06 080


Measuring Range: 0.2 to 10 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 30 to 400 s


Rel. Standard deviation: ± 12%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 5 to 12 mg/L 


(corresp. 30 to 70% r.h. at 20 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.5 ppm chlorine by 


≤ 10 ppm hydrochloric acid


Chlorine 0.2 - 10 ppm
Order No. 64 06 010
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C


Measuring Range: 100 to 2500 ppm 


(20 °C, 50% r.h.)


Measuring Time: approx. 60 to 340 s


Rel. Standard deviation: ± 14%


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: 5 to 25 mg/L 


(corresp. 16 to 82% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


250 ppm methanol approx. 225 ppm


500 ppm methanol approx. 450 ppm


200 ppm n-butanol approx. 150 ppm


100 ppm i-propanol approx. 100 ppm


Ethanol 100 - 2500 ppm
Order No. 64 06 370


Measuring Range: 0.4 to 5 ppm (20°C, 50% r.h.)


Measuring Time: approx. 160 to 600s


Rel. Standard deviation: ± 25%


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: 3 to 25 mg/L 


(corresp. 10 to 83% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Other organic substances are likewise indicated, however, with differing sensitivity.


Ethylene Oxide 0.4 - 5 ppm
Order No. 64 06 580







Measuring Range: 0.2 to 5 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 100 to 600 s


Rel. Standard deviation: ± 25% (0.2 to 0.9 ppm) 


± 15% (1.0 to 5.0 ppm)


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: 2 to 12 mg/L 


(corresp. 10 to 70% r.h. at 20 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No intiuence by ≤ 5 ppm NO2


(at 1 ppm HCHO) ≤ 5 ppm HCl 


Following substances are not indicated: 0.5 ppm acrolein, 500 ppm octane, 20 ppm


styrene, 10 ppm vinyl acetate. Acetaldehyde is indicated with approx. the factor 8


less than fomaldehyde.


Formaldehyde 0.2 - 5 ppm
Order No. 64 06 540


Measuring Range: 1 to 25 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 15 to 110 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 10 mg/L 


(corresp. 5 to 60% r.h. at 20 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 5 ppm HCl by


≤ 10 ppm hydrogen sulfide


≤  2 ppm sulfur dioxide


Hydrochloric Acid 1 - 25 ppm
Order No. 64 06 090
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F


Measuring Range: 20 to 500 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 6 to 80 s


Rel. Standard deviation: ± 8%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 10 mg/L 


(corresp. 5 to 60% r.h. at 20 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 20 ppm HCl by


≤ 100 ppm hydrogen sulfide


≤  20 ppm sulfur dioxide


Hydrochloric Acid 20 - 500 ppm
Order No. 64 06 140


Measuring Range: 2 to 50 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 30 to 260 s


Rel. Standard deviation: ± 16%


Ambient Operating Conditions


Temperature: 0 to 30 °C


Humidity: 1 to 20 mg/L 


(corresp. 3 to 65% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 10 ppm HCN by


≤  80 ppm hydrogen sulfide


≤ 200 ppm ammonia


≤  50 ppm sulfur dioxide


≤ 200 ppm hydrochloric acid


Hydrocyanic Acid 2 - 50 ppm
Order No. 64 06 100







Measuring Range: 0.2 to 2 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 180 to 600 s


Rel. Standard deviation: ± 30%


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: 1 to 20 mg/L 


(corresp. 3 to 65% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substances Display of Anlayzer indicates


0.1 ppm ozone approx.  0.3 ppm 


0.5 ppm ozone approx.    2 ppm


0.5 ppm chlorine approx. > 2 ppm


Hydrogen Peroxide 0.2 - 2 ppm
Order No. 64 06 440


Measuring Range: 0.2 to 5 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 40 to 450 s


Rel. Standard deviation: ± 15%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.2 ppm H2S by


≤   5 ppm nitrogen dioxide


≤   2 ppm sulfur dioxide


Mercaptan is also indicated, but with different sensitivity.


Hydrogen Sulfide 0.2 - 5 ppm
Order No. 64 06 520
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H


Measuring Range: 2 to 50 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 20 to 200 s


Rel. Standard deviation: ± 7%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 10 ppm H2S by


≤   50 ppm nitrogen dioxide


≤   20 ppm sulfur dioxide


≤ 200 ppm mercaptan


Hydrogen Sulfide 2 - 50 ppm
Order No. 64 06 050


Measuring Range: 20 to 500 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 4 to 60 s


Rel. Standard deviation: ± 13%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 100 ppm H2S by


≤   50 ppm nitrogen dioxide


≤   20 ppm sulfur dioxide


≤ 200 ppm mercaptan


Hydrogen Sulfide 20 - 500 ppm
Order No. 64 06 150
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Measuring Range: 100 to 2500 ppm 


(20 °C, 50% r.h.)


Measuring Time: approx. 10 to 70 s


Rel. Standard deviation: ± 9%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 100 ppm H2S by


≤   10 ppm nitrogen dioxide


≤   25 ppm sulfur dioxide


≤ 300 ppm mercaptan


Hydrogen Sulfide 100 - 2500 ppm
Order No. 64 06 220


Measuring Range: 0.25 to 6 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 70 to 480 s


Rel. Standard deviation: ± 15%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 1 ppm mercaptan by


≤   10 ppm hydrogen sulfide


Mercaptan 0.25 - 6 ppm
Order No. 64 06 360
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M


Measuring Range: 20 to 500 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 200 to 600 s


Rel. Standard deviation: ± 19%


Ambient Operating Conditions


Temperature: 15 to 30 °C


Humidity: 5 to 25 mg/L 


(corresp. 16 to 82% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


250 ppm i-propanol approx. 350 ppm 


250 ppm ethanol approx. 380 ppm


100 ppm n-butanol approx.   75 ppm


Methanol 20 - 500 ppm
Order No. 64 06 380


Measuring Range: 20 to 200 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 180 to 600 s


Rel. Standard deviation: ± 25%


Ambient Operating Conditions


Temperature: 10 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence by ≤ 5 ppm HCl


(at 10 ppm CH2CI2) ≤ 0,1 ppm Cl2
≤ 1 Vol% CO2


It is impossible to measure methylene chloride in the presence of other chlorinated


hydrocarbons


Methylene Chloride 20 - 200 ppm
Order No. 64 06 510







Measuring Range: 10 to 200 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 90 to 450 s


Rel. Standard deviation: ± 15%


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: 1 to 30 mg/L 


(corresp. 3 to 98% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Aromatics and petroleum hydrocarbons are also indicated, however, with 


different sensitivities.


MTBE (tert butyl methyl ether) 10 - 200 ppm
Order No. 64 06 530


Measuring Range: 0.5 to 25 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 20 to 330 s


Rel. Standard deviation: ± 8%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 3 to 98% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 3 ppm NO2 by


≤ 0.1 ppm ozone


≤ 50 ppm sulfur dioxide


Chlorine is indicated with differing sensitivity. Nitrogen monoxide is not indicated.


Nitrogen Dioxide 0.5 - 25 ppm
Order No. 64 06 120
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N


Measuring Range: 0.5 to 15 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 40 to 350 s


Rel. Standard deviation: ± 11%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 3 ppm NOx by


≤ 0.1 ppm ozone


≤ 50 ppm sulfur dioxide


Chlorine is indicated with differing sensitivity.


Nitrous Fumes 0.5 - 15 ppm
Order No. 64 06 060


Measuring Range: 10 to 200 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 20 to 100 s


Rel. Standard deviation: ± 14%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 20 ppm NOx by


≤ 0.2 ppm ozone


≤ 50 ppm sulfur dioxide


Chlorine is indicated with differing sensitivity.


Nitrous Fumes 10 - 200 ppm
Order No. 64 06 240







Measuring Range: 1 to 30 Vol% (20 °C, 50% r.h.)


Measuring Time: approx. 100 to 600 s


Rel. Standard deviation: ± 18%


Ambient Operating Conditions


Temperature: 1 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 1 Vol% O2 by <  60 ppm CO


< 0.5 Vol% CO2


< 200 ppm xylene


< 100 ppm tri- and perchloroethylene


< 1000 ppm acetone


< 850 ppm ethyl acetate


Oxygen 1 - 30 Vol%
Order No. 64 06 490


Measuring Range: 25 to 1000 ppb (20 °C, 50% r.h.)


Measuring Time: approx. 100 to 600 s


Rel. Standard deviation: ± 20%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 25 mg/L 


(corresp. 2 to 50% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


0.2 ppm hydrogen peroxide approx.     50 ppb


1.0 ppm hydrogen peroxide approx.   250 ppb


0.5 ppm chlorine approx.   500 ppb


2.5 ppm chlorine > 1000 ppb


Ozone 25 - 1000 ppb
Order No. 64 06 430
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O


Measuring Range: 5 to 150 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 40 to 200 s


Rel. Standard deviation: ± 12%


Ambient Operating Conditions


Temperature: 15 to 40 °C


Humidity: 5 to 30 mg/L 


(corresp. 10 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 5 ppm perchloroethylene by


≤ 10 ppm n-octane


Perchloroethylene 5 - 150 ppm
Order No. 64 06 040


Measuring Range: 20 to 500 ppm n-octane


(20 °C, 50% r.h.)


Measuring Time: approx. 50 to 330 s


Rel. Standard deviation: ± 15%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates
250 ppm n-hexane approx. 330 ppm
250 ppm n-heptane approx. 280 ppm
250 ppm n-nonane approx. 150 ppm
200 ppm toluene approx.  80 ppm


50 ppm o-xylene <  20 ppm


Petroleum Hydrocarbons 20 - 500 ppm
Order No. 64 06 200
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Measuring Range: 100 to 3000 ppm n-octane


(20 °C, 50% r.h.)


Measuring Time: approx. 30 to 110 s


Rel. Standard deviation: ± 13%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


250 ppm n-hexane approx. 330 ppm


250 ppm n-heptane approx. 280 ppm


250 ppm n-nonane approx. 150 ppm


200 ppm toluene <  100 ppm


200 ppm o-xylene <  100 ppm


Petroleum Hydrocarbons 100 - 3000 ppm
Order No. 64 06 270


Measuring Range: 0.05 to 2 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 90 to 420 s


Rel. Standard deviation: ± 12%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.05 ppm COCI2 by


≤ 100 ppm methyl chloride


≤   10 ppm hydrochloric acid


≤ 100 ppm carbon monoxide


Phosgene 0.05 - 2 ppm
Order No. 64 06 340
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P


Measuring Range: 0.1 to 2.5 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 30 to 400 s


Rel. Standard deviation: ± 14%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 1 ppm PH3 by 


≤ 10 ppm methyl bromide


Phosphine 0.1 - 2.5 ppm
Order No. 64 06 400


Measuring Range: 1 to 25 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 50 to 600 s


Rel. Standard deviation: ± 14%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 1 ppm PH3 by


≤10 ppm methyl bromide


Phosphine 1 - 25 ppm
Order No. 64 06 410







Measuring Range: 20 to 500 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 25 to 220 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 20 ppm PH3 by


≤ 50 ppm methyl bromide.


Phosphine 20 - 500 ppm
Order No. 64 06 420


Measuring Range: 200 to 5000 ppm 


(20 °C, 50% r.h.)


Measuring Time: approx. 20 to 200 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No infuence at 200 ppm PH3 by


< 50 ppm methyl bromide


Phosphine 200 - 5000 ppm
Order No. 64 06 500
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Measuring Range: 100 to 2000 ppm 


(20 °C, 50% r.h.)


Measuring Time: approx. 60 to 360 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 100 ppm propane by


≤ 2000 ppm methane


≤ 2000 ppm ethane


Other aliphatic hydrocarbons are also indicated, however, with differing sensitivity.


Propane 100 - 2000 ppm
Order No. 64 06 310


Measuring Range: 40 to 1000 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 100 to 550 s


Rel. Standard deviation: ± 16%


Ambient Operating Conditions


Temperature: 10 to 30 °C


Humidity: 5 to 25 mg/L 


(corresp. 16 to 82% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicate


250 ppm ethanol approx. 275 ppm


100 ppm methanol approx. 120 ppm


100 ppm n-butanol approx.  80 ppm


i-Propanol 40 - 1000 ppm
Order No. 64 06 390







Measuring Range: 2 to 40 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 100 to 550 s


Rel. Standard deviation: ± 19%


Ambient Operating Conditions


Temperature: 5 to 40 °C


Humidity: 5 to 30 mg/L 


(corresp. 10 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


100 ppm n-octane, 50 ppm toluene, 50 ppm o-xylene, 50 ppm methanol and 50 ppm


ethyl acetate are not indicated.


Styrene 2 - 40 ppm
Order No. 64 06 560


Measuring Range: 0.4 to 10 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 50 to 500 s


Rel. Standard deviation: ± 18%


Ambient Operating Conditions


Temperature: 5 to 30 °C


Humidity: 5 to 20 mg/L 


(corresp. 15 to 65% r.h. at 30 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.4 ppm SO2 by


≤ 150 ppm hydrogen sulfide


≤   10 ppm hydrochloric acid


Sulfur Dioxide 0.4 - 10 ppm
Order No. 64 06 110
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Measuring Range: 5 to 150 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 15 to 200 s


Rel. Standard deviation: ± 12%


Ambient Operating Conditions


Temperature: 5 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 2 to 80% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 5 ppm SO2 by


≤ 150 ppm hydrogen sulfide


≤   10 ppm hydrochloric acid


Sulfur Dioxide 5 - 150 ppm
Order No. 64 06 180


Measuring Range: 10 to 300 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 15 to 180 s


Rel. Standard deviation: ± 19%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


300 ppm n-octane < 10 ppm


10 ppm o-xylene < 10 ppm


100 ppm o-xylene approx. 70 ppm


100 ppm benzene approx. ≥ 120 ppm


Toluene 10 - 300 ppm
Order No. 64 06 250







Measuring Range: 5 to 100 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 40 to 300 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


No influence at 5 ppm trichloroethylene by


≤ 10 ppm n-octane


≤  2 ppm hydrochloric acid


Chlorine is indicated with identical sensitivity.


Trichloroethylene 5 - 100 ppm
Order No. 64 06 320


Measuring Range: 0.3 to 10 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 30 to 420 s


Rel. Standard deviation: ± 18%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 0.3 ppm vinyl chloride by


≤  20 ppm hydrochloric acid


≤   5 ppm chlorine


≤ 0.5 ppm trichloroethylene


Vinyl chloride 0.3 - 10 ppm
Order No. 64 06 170
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Measuring Range: 10 to 250 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 45 to 100 s


Rel. Standard deviation: ± 12%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


No influence at 10 ppm vinyl chloride by


≤ 50 ppm hydrochloric acid


≤ 25 ppm chlorine


≤ 2 ppm trichloroethylene


Vinyl chloride 10 - 250 ppm
Order No. 64 06 230


Measuring Range: 0.4 to 10 mg/L (20 °C, 50% r.h.)


Measuring Time: approx. 20 to 120 s


Rel. Standard deviation: ± 10%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Air Pressure: 700 to 1100hPa


Cross Sensivity


Acid and basic gases cause plus errors.


Water Vapor 0.4 - 10 mg/L
Order No. 64 06 450







Measuring Range: 10 to 300 ppm (20 °C, 50% r.h.)


Measuring Time: approx. 75 to 500 s


Rel. Standard deviation: ± 19%


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 30 mg/L 


(corresp. 2 to 60% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity


Substance Display of Analyzer indicates


300 ppm n-octane < 10 ppm


100 ppm m-xylene approx. 120 ppm


100 ppm p-xylene approx. 140 ppm


10 ppm toluene approx. 130 ppm


100 ppm benzene approx. 150 ppm


o-Xylene 10 - 300 ppm
Order No. 64 06 260
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Measuring Range: not applicable (20 °C, 50% r.h.)


Measuring Time: approx. 30 s


Rel. Standard deviation: not applicable


Ambient Operating Conditions


Temperature: 0 to 40 °C


Humidity: 1 to 40 mg/L 


(corresp. 5 to 100% r.h. at 40 °C)


Air Pressure: 700 to 1100hPa


Cross Sensivity not applicable


Training Chip
Order No. 64 06 290
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5.3 Physical, Chemical, and Toxicological Data 
for selected Substances


5.3.1 Explanation to the Physical, Chemical, 
and Toxicological Data 


The table lists physical, chemical and toxicological data for many of the airborne contaminants
that can be measured using direct reading Dräger detector tubes or Dräger-Chips. This table
is intended to serve as a convenient reference source. The information was compiled from 
relevant technical publications, however, Dräger is not responsible for any use or misuse 
of the information. The given data, especially the threshold limit values, are current as of the
editorial date of this handbook.


Chemical Name
The common names are given in alphabetical order. 


CAS-Number
The CAS-Number is an identification number of the Chemical Abstract Service (CAS).


Chemical Formula
The format is molecular, showing the actual number and kind of atoms.


Molecular Weight
The molecular weight listed in the table is given as Kg/Kmol.


Limit Values
The limit values listed for the gases, vapors and aerosols in the table are given in units 
of ml/m3 (ppm) or mg/m3. The ml/m3 units are given independent of temperature and 
pressure, but the mg/m3 values are based on 20 °C and 1013 hPa (mbar).


German AGW-values1) : In addition to the 8-hour average of the 40-hour workweek the 
limitation of the peak exposure (peak limit / factor of exceeding) is given in line with the
TRGS 900.


The TLV-values (Threshold Limit Values of the USA) and the WEL-values (Workplace Ex-
posure Limits of UK) are listed.
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For both limit values the TWA-value (Time-Weighted Average) and the STEL-value (Short-
Term Exposure Limit) have approximately the same meaning as the AGW average value and
the AGW peak exposure. Further means:


C = STEL-value given as a maximum concentration.


1) The listed AGW-values are in line with the TRGS 900. If in the TRGS 900 no limit values
are listed the limit values of the DFG-list are used.


Conversion Factors
These factors provide for quick conversion from ml/m3 (ppm) to mg/m3 and mg/m3 to ml/m3.


Vapor Pressure
The pressure at any given temperature of a vapor in equilibrium with its liquid or solid state.
The data in the table relates to 20 °C and is given in hPa (mbar).


Relative Vapor Density
The relative vapor density is the relationship of the weight of the vapor to air (air = 1).


Melting Point
The melting point is given in °C at 1013 hPa (mbar).


Boiling Point
The boiling point is given in °C at 1013 hPa (mbar). If the substance sublimes, the abbrevi-
ation "subl." is given. If the substance decomposes, the abbreviation "decom." is given.


UN-Number
This is a four digit international identification number assigned to a substance or substance
group by the United Nations for the transportation of dangerous goods.


Group and Hazard Class (VbF)
The groups and hazard classes are in accordance with the "Verordnung über brennbare
Fluessigkeiten-VbF" (Regulations on flammable liquids).


1. Group A: 
Liquids which have a flash point which do not exceed 100 °C and which do not 
have the properties of Group B with regard to water solubility.
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Hazard Class I:
Liquids with a flash point below 21 °C.


Hazard Class II:
Liquids with a flash point between 21 °C and 55 °C.


Hazard Class III:
Liquids with a flash point between 55 °C and 100 °C.   


2. Group B: 
Liquids with a flash point below 21 °C, which dissolve in water in any arbitrary 
ratio at 15 °C or the flammable liquid components of which dissolve in water 
in any ratio at 15 °C.


Ignition Temperature
The ignition temperature is the lowest temperature at which a flammable gas/air or vapor/air
mixture will just ignite. The temperature is given in °C at 1013 hPa (mbar).


Lower Ignition Limit and Upper Ignition Limit
Flammable gases or vapors, mixed with air, are explosive within a given concentration range.
In this table, the concentration range is given in percent by volume of the gas or vapor, 
mixed with air, in which ignition by an external ignition source is possible. The 
values are given at 20 °C and 1013 hPa (mbar).


Smelling Point
The smelling point concentration is given from informations out of different literature and
deviates sometimes. The concentrations in this table should be for orientation only.


Note
A dash signifies the information is not known or unavailable, it does not denote a zero.
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5.3.2 Table of Physical, Chemial, and 
Toxicological Data for selected 
Substances
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6. Directory of Synonyms


Acetaldehyde [Acetaldehyde]
Acetan [Ethylene]
Acetene [Ethylene]
Acetic Acid [Acetic Acid]
Acetic Acid of Ethyl Ester [Ethyl Acetate]
Acetic Aldehyde [Acetaldehyde]
Acetic Ester [Ethyl Acetate]
Acetic Ether [Ethyl Acetate]
Acetone [Acetone]
Acetoxyethane [Ethyl Acetate]
Acid [Acid Test]
Acryl Acid of Methyl Ester [Methyl Acrylate]
Acrylonitrile [Acrylonitrile]
Acrylonitrile Monomer [Acrylonitrile]
Alcohol [Alcohol]
Alcohol Spirits [Alcohol]
Aldehyde [Acetaldehyde]
alpha-Trichloroethane [Trichloroethane]
Amine [Amine Test]
Aminobenzene [Aniline]
Aminocyciohexane [Cyclohexylamine]
Ammonia [Ammonia]
Ammonium Hydrate [Ammonia]
Ammonium Hydroxide [Ammonia]
Anhydrous Ammonia [Ammonia]
Aniline [Aniline]
Aniline Oil [Aniline]
Aqua Ammonia [Ammonia]
Aqua Fortis [Nitric Acid]
Aqueous Ammonia [Ammonia]
Arsenic Hydride [Arsine]
Arsenic Trihydride [Arsine]
Arsenious Hydride [Arsine]
Arsine [Arsine]
Benzenamine [Aniline]


Chemical name /  Dräger-Tube / Dräger Chip
Trade name / Synonym


A


The first column is an alphabetical list of chemical names, trade names and synonyms. When
a synonym or trade name is given the appropriate Dräger-Tube or Dräger Chip is listed in the
second column with brackets.
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Benzene [Benzene]
Benzene Chloride [Chlorobenzene]
Benzol [Benzene]
Benzolphenol [Phenol]
beta-Chlorobutadiene [Chloroprene]
Biethylene [Butadiene]
Bivinyl [Butadiene]
Bromotrifluoromethane [Halogenated Hydrocarbons]
Brornomethane [Methyl Bromide]
BTX [Benzene]
BTX [Toluene]
BTX [Xylene]
Buta-1,3-diene [Butadiene]
1,3-Butadiene [Butadiene]
1-Butanethiol [Tertiary Butylmercaptan]
Butanethiol [Tertiary Butylmercaptan]
Butyl Mercaptan [Mercaptan]
Butylene [Olefine]
Carbinol [Alcohol]
Carbolic Acid [Phenol]
Carbon Bisulfide [Carbon Disulfide]
Carbon Dioxide [Carbon Dioxide]
Carbon Disulfide [Carbon Disulfide]
Carbon Monoxide [Carbon Monoxide]
Carbon Oxide [Carbon Monoxide]
Carbon Oxychloride [Phosgene]
Carbon Sulfide [Carbon Disulfide]
Carbon Tetrachloride [Carbon Tetrachloride]
Carbonic Acid Gas [Carbon Dioxide]
Carbonic Anhydride [Carbon Dioxide]
Carbonic Oxide [Carbon Monoxide]
Carbonyl Chloride [Phosgene]
Cecolene 1 [Trichloroethylene]
Cecolene 2 [Perchloroethylene]
Cellosolve Acetate [Ethyl Glycol Acetate]
CFC [Halogenated Hydrocarbons]
1-Chlore-2,3-epoxypropane [Vinyl Chloride]
Chlorine [Chlorine]
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Chlorine Cyanide [Cyanogen Chloride]
Chlorine Dioxide [Chlorine Dioxide]
2-Chloro-1,3-butadiene [Chloroprene]
Chlorobenzene [Chlorobenzene]
Chlorobenzol [Chlorobenzene]
Chloroethene [Vinyl Chloride]
Chloroform [Chloroform]
Chloroformyl Chloride [Phosgene]
Chloroforrnates [Chloroforrnates]
Chlorohydric Acid [Hydrochloric Acid]
Chloropicrine [Chloropicrine]
Chloroprene [Chloroprene]
2-Chloropropylene Oxide [Epichlorohydrin]
Chloropropylene Oxide [Epichlorohydrin]
Chromic Acid [Chromic Acid]
Cinnamene [Styrene]
Creosote Oil [Phenol]
Cyanide [Cyanide]
Cyanogen Chloride [Cyanogen Chloride]
Cyclohexane [Cyclohexane]
Cyclohexylamine [Cyclohexylamine]
DDVP [Phosphoric Acid Esters]
Desmodur H [Isocyanate Sampling Set]
Desmodur T [Toluene Diisocyanate]
Di~henvlmethane-4,.4'-diisocyanate [Isocyanate Sampling Set]
Dialkylsulfide [Thioether]
Diamine [Hydrazine]
Dichloromethane [Methylene Chloride]
1,3-Dichloropropene [Dichloropropene]
Dichloropropene [Dichloropropene]
Dichlorvos [Phosphoric Acid Esters]
Diethyl Ether [Diethyl Ether]
Diethyl Oxide [Diethyl Ether]
Diethylaminoethane [Triethylamine]
Difluorochlorobromomethane [Halogenated Hydrocarbonsl]
Difluorochloromethane [Halogenated Hydrocarbonsl]
Difluorodichloromethane [Halogenated Hydrocarbonsl]
Dihydrooxirene [Ethylene Oxide]
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1,2-Dihydroxyethane [Ethylene Glycol]
2,4-Diisocyanato-1-methylbenzene [Toluene Diisocyanate]
2,6-Diisocyanato-1-methylbenzene [Toluene Diisocyanate]
4,4-Diisocyanatodiphenylmethane [Isocyanate Sampling Set]
Dimethyl Dichlorovinyl Phosphate [Phosphoric Acid Esters]
Dimethyl Ester of Sulfuric Acid [Dimethyl Sulfate]
Dimethyl Formamide [Dimethyl Formamide]
Dimethyl Sulfate [Dimethyl Sulfate]
Dimethyl Sulfide [Dimethyl Sulfide]
Dimethylbenzene [Xylene]
Dimethylene Oxide [Ethylene Oxide]
Dimethylketone [Acetone]
Dimethylmethane [Propane]
Dinitrogen Tetroxide [Nitrogen Dioxide]
4,4-Diphenylmethane Diisocyanate [Isocyanate Sampling Set]
DMF [Dimethyl Formamide]
Dow-Per [Perchloroethylene]
Elayl [Ethylene]
EO [Ethylene Oxide]
Epichlorohydrin [Epichlorohydrin]
1,2-Epoxyethane [Ethylene Oxide]
Erythrene [Butadiene]
Ethanal [Acetaldehyde]
1,2-Ethanediol [Ethylene Glycol]
Ethanoic Acid [Acetic Acid]
Ethanol [Alcohol]
Ethene [Ethylene]
Ether [Diethyl Ether]
2-Ethoxyethyl Acetate [Ethyl Glycol Acetate]
Ethyl Acetate [Ethyl Acetate]
Ethyl Acetic Ester [Ethyl Acetate]
Ethyl Alcohol [Alcohol]
Ethyl Aldehyde [Acetaldehyde]
Ethyl Benzene [Ethyl Benzene]
Ethyl Chlorcarbonate [Chloroformates]
Ethyl Chloroformate [Chloroformates]
Ethyl Ester of Acetic Acid [Ethyl Acetale]
Ethyl Ether [Diethyl Ether]
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Ethyl Formate [Ethyl Formate]
Ethyl Glycol Acetate [Ethyl Glycol Acetate]
Ethyl Mercaptan [Mercaptan]
Ethyl Oxide [Diethyl Ether]
Ethylene [Ethylene]
Ethylene Alcohol [Ethylene Glycol]
Ethylene Glycol [Ethylene Glycol]
Ethylene Glycol Monoethyl Ether Acetate [Ethyl Glycol Acetate]
Ethylene Oxide [Ethylene Oxide]
Ethylene Tetrachloride [Perchloroethylene]
Ethylene Trichloride [Trichloroethylene]
Ethylic Acid [Acetic Acid]
F 113 [Halogenated Hydrocarbons]
F 114 [Halogenated Hydrocarbons]
F 12 [Halogenated Hydrocarbons]
F 12 B 1 [Halogenated Hydrocarbons]
F 13 B 1 [Halogenated Hydrocarbons]
F 22 [Halogenated Hydrocarbons]
F 11 [Halogenated Hydrocarbons]
Fluorine [Fluorine]
Fluorotrichloromethane [Halogenated Hydrocarbons]
Formaldehyde [Formaldehyde]
Formalin [Formaldehyde]
Formic Acid [Formic Acid]
Formic Aldehyde [Formaldehyde]
Formonitrile [Hydrocyanic Acid]
Formyl Trichloride [Chloroform]
Formylic Acid [Formic Acid]
Freon [Halogenated Hydrocarbons]
Genklene [Trichloroethane]
Glacial Acetic Acid [Acetic Acid]
Glycol [Ethylene Glycol]
Glysantin [Ethylene Glycol]
Halogenated Hydrocarbons [Halogenated Hydrocarbons]
Halon 1211 [Halogenated Hydrocarbons]
Halon 1301 [Halogenated Hydrocarbons]
HDI [Isocyanate Sampling Set]
Hexahydroaniline [Cyclohexylamine]
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Hexahydrobenzene [Cyclohexane]
Hexamethylene [Cyclohexane]
Hexamethylene Diisocyanate [Isocyanate Sampling Set]
Hexanaphthene [Cyclohexane]
Hydrazine [Hydrazine]
Hydrazine Base [Hydrazine]
Hydrazine, Anhydrous [Hydrazine]
Hydrocarbons [Hydrocarbons]
Hydrochloric Acid [Hydrochloric Acid]
Hydrocyanic Acid [Hydrochloric Acid]
Hydrogen [Hydrogen]
Hydrogen Carboxylic Acid [Formic Acid]
Hydrogen Chloride [Hydrochloric Acid]
Hydrogen Cyanide [Hydrocyanic Acid]
Hydrogen Fluoride [Hydrogen Fluoride]
Hydrogen Nitrate [Nitric Acid]
Hydrogen Peroxide [Hydrogen Peroxide]
Hydrogen Phosphide [Phosphine]
Hydrogen Sulfate [Sulfuric Acid]
Hydrogen Sulfide [Hydrogen Sulfide]
Hydroperoxide [Hydrogen Peroxide]
Hydrosulfuric Acid [Hydrogen Sulfide]
Iod [Iodine]
Iodine [Iodine]
i-Prapanol [i-Prapanol]
i-Propanol [Alcohol]
iso-Propanol [Alcohol]
iso-Propanol [i-Prapanol]
Isopropanol [Alcohol]
Isopropanol [i-Prapanol]
Ketone Propane [Acetone]
Krystallin [Aniline]
Kyanol  [Aniline]
March Gas [Natural Gas]  
MD1 [lsocyanate Sampling Set]  
MEG [Ethylene Glycol]  
Mercaptan [Mercaptan]
Mercury Vapor [Mercury Vapor]
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Methanal [Formaldehyde]  
Methane [Natural Gas]  
Methane Trichloride [Chloroform]  
Methanecarboxylic Acid [Acetic Acid]  
Methanoic Acid [Formic Acid]  
Methanol [Alcohol]
Methenyl Trichloride [Chloroform]  
Methyl Acrylate [Methyl Acrylate]  
Methyl Alcohol [Alcohol]
Methyl Bromide [Methyl Bromide]
Methyl Chlorocarbonate [Chloroformates]  
Methyl Chloroform [Trichloroethane]  
Methyl Chloroformate [Chloroformates]  
Methyl Ester of Acrylic Acid [Methyl Acrylate]  
Methyl Hydroxide [Alcohol]
Methyl Ketone [Acetone]  
Methyl Mercaptan [Mercaptan]  
Methyl Sulfate [Dimethyl Sulfate]
Methyl Sulfide [Dimethyl Sulfide]
Methyl Trichloride [Chloroform]
Methylbenzene [Toluene]  
Methylene Bisphenyl lsocyanate [Isocyanate Sampling Set]  
Methylene Chloride [Methylene Chloride]  
Methylene Dichloride [Methylene Chloride]  
4,4-Methylenediphenyl Diisocyanate [Isocyanate Sampling Set]  
Methylisothiocyanate [Methylisothiocyanate]
Methyltrichloromethane [Trichloroethane]
MITC [Methylisothiocyanate]
Monobromomethane [Methyl Bromide]
Monochlorobenzene [Chlorobenzene]
Monochloroethylene [Vinyl Chloride]
Monoethylene Glycol [Ethylene Glycol]
Monohvdroxy Benzene [Phenol]
Monohydroxymethane [Alcohol]
Mononitrogen Monoxide [Nitrous Fumes]
Mononitrotrichloromathane [Chloropicrine]
Monostyrene [Styrene]
MTBE [MTBE]
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m-Xylene [Xylene]
Natural Gas [Natural Gas]
n-Butanol [Alcohol]
N-Formyldimethylamine [Dimethyl Formamide]
n-Hexane [Hexane]
Nickel Carbonyl [Nickel Tetracarbonyl]
Nickel Tetracarbonyl [Nickel Tetracarbonyl]
Nitric Acid [Nitric Acid]
Nitric Oxide [Nitrous Fumes]
Nitrogen (11) Oxide [Nitrous Fumes]
Nitrogen Dioxide [Nitrogen Dioxide]
Nitrogen Peroxide [Nitrogen Dioxide]
Nitrous Fumes [Nitrous Fumes]
Normal-Hexane [Hexane]
Nox [Nitrous Furnes]
n-Pentane [Pentane]
Oil [Oil]
Oil Mist [Oil Mist]
Oil of Vitriol [Sulfuric Acid]
Olefine [Olefine]
Organic Arsenic Compounds [Organic Arsenic Compounds]
Organic Basic Nitrogen Compounds [Organic Basic Nitrogen Compounds]
o-Toluidine [Toluidine]
Oxirane [Ethylene Oxide]
Oxybenzene [Phenol]
Oxygen [Oxygen]
o-Xylene [Xylene]
Oxymethylene [Formaldehyde]
Ozone [Ozone]
Paraformaldehyde [Formaldehyde]
Perchloroethylene [Perchloroethylene]
Perchlorornethane [Carbon Tetrachloridel
Perclene [Perchloroethylene]
Perhydrol [Hydrogen Peroxide]
Perk [Perchloroethylene]
Perone [Hydrogen Peroxide]
Petroleum Hydrocarbons [Petroleum Hydrocarbons]
Phenol [Phenol]
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Phenol Alcohol [Phenol]
Phenyl Chloride [Chlorobenzene]
Phenyl Hydride [Benzene]
Phenyl Hydroxide [Phenol]
Phenylamine [Aniline]
Phenylethane [Ethyl Benzene]
Phenylethene [Styrene]
Phenylethylene [Styrene]
Phenylic Acid [Phenol]
Phenylmethane [Toluene]
Phosgene [Phosgene]
Phosphanes [Phosphine]
Phosphine [Phosphine]
Phosphoric Acid Esters [Phosphoric Acid Esters]
Phosphorus Hydride [Phosphine]
Phosphorus Trihydride [Phosphine]
Propan-2-ol [Alcohol]
Propan-2-ol [i-Prapanol]
Propane [Propane]
2-Propanol [Alcohol]
2-Propanol [i-Prapanol]
2-Propanone [Acetone]
Propanone-2 [Acetone]
Propenenitrile [Acrylonitrile]
Propyl Mercaptan [Mercaptan]
Propylene [Olefine]
Propylhydride [Propane]
Proxylic Spirit [Alcohol]
Prussic Acid [Hydrocyanic Acid]
p-Xylene [Xylene]
Pyrene [Carbon Tetrachloride]
Pyridine [Pyridine]
Pyroacetic Ether [Acetone]
Pyrrolylene [Butadiene]
R 11 [Halogenated Hydrocarbons]
R 113 [Halogenated Hydrocarbons]
R 114 [Halogenated Hydrocarbons]
R 12 [Halogenated Hydrocarbons]
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R 12 B 1 [Halogenated Hydrocarbons]
R 13 B 1 [Halogenated Hydrocarbons]
R 22 [Halogenated Hydrocarbons]
Retinaphtha [Toluene]
Solvent Ether [Diethyl Ether]
Styrene Monomer [Styrene]
Sufuric Acid [Sulfuric Acid]
Sulfur Dioxide [Sulfur Dioxide]
Sulfur Oxide [Sulfur Dioxide]
Sulfuric Ether [Diethyl Ether]
Sulfurous Acid Anhydride [Sulfur Dioxide]
Sulfurreted Hydrogen [Hydrogen Sulfide]
Sulfuryl Fluoride [Sulfuryl Fluoride]
TDI [Toluene Diisocyanate]
TEA [Triethylamine]
Tert. Butylmercaptan [Tertiary Butylmercaptan]
Tert. Butylmethylether [MTBE]
Tertiary Butylmercaptan [Tertiary Butylmercaptan]
Tetrachloroethene [Perchloroethylene]
Tetrachloroethylene [Perchloroethylene]
Tetrachloromethane [Carbon Tetrachloride]
Tetraform [Carbon Tetrachloride]
Tetrahydrothiophene [Tetrahydrothiophene]
1,1,2,2,-Tetratluoro-1,2-dichloroethane [Halogenated Hydrocarbons]
Thioether [Thioether]
Thiophane [Tetrahydrothiophene]
THT [Tetrahydrothiophene]
Toluene [Toluene]
2,4-Toluene Diisocyanate [Toluene Diisocyanate]
2,6-Toluene Diisocyanate [Toluene Diisocyanate]
Toluene Diisocyanate [Toluene Diisocyanate]
Toluene-2,4-diisocyanate [Toluene Diisocyanate]
Toluene-2,6-diisocyanate [Toluene Diisocyanate]
2,4-Tolylene Diisocyanate [Toluene Diisocyanate]
2,6-Tolylene Diisocyanate [Toluene Diisocyanate]
Tri [Trichloroethylene]
1,1,1-Trichloroethane [Trichloroethane]
Trichloroethane [Trichloroethane]
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Trichioroethene [Trichloroethylene]
Trichloroethylene [Trichloroethylene]
Trichlorofluoromethane [Halogenated Hydrocarbons]
Trichloromethane [Chloroform]
Trichloronitromathane [Chloropicrine]
Triclene [Trichloroethylene]
Trieline  [Trichloroethyiene]  
Triethylamine [Triethylamine]
1,1,2-Trifluoro-1,2,2-trichloroethane [Halogenated Hydrocarbons]  
Trioxane  [Formaldehyde]  
Vinegar Naphtha  [Ethyl Acetate]  
Vinyl Chloride [Vinyl Chloride]
Vinyl Cyanide [Acrylonitrile]  
Vinyl Ethylene  [Butadiene]  
Vinylbenzene  [Styrene]
Vinylbenzol  [Styrene]
Water Vapor [Water Vapor]
Wood Alcohol [Alcohol]
Xylene [Xylene]
Xylol [Xylene]
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Chapter1 
INTRODUCTION 


 
 


GENERAL DESCRIPTION 
 
The MIRAN SapphIRe family of lightweight portable ambient air analyzers consists of a 
group of infrared instruments that can monitor ambient air in workplace environments for 
the purpose of detecting the presence of gases (Figure 1-1).  The family includes three 
models, all of which are available in intrinsically safe versions.  Some of the major 
differences among models are shown in Table 1-1. 


 
 


 
 
 
 
 
 
 
 
 
 


 
Figure 1-1.  SapphIRe 


 
Table 1-1.  Feature Comparison of Various Models 


 
SapphIRe Analyzer Model Feature 


DL SL XL 
Factory calibrated for number of gases listed 0 50 120 
User library of 10 single gas and 10 multi-gas applications Yes Yes Yes 
Alternate measurement wavelengths No Yes Yes 
Fully upgradable to other models Yes Yes N/A 
Temperature/humidity/reference compensation Yes Yes Yes 
Field calibration by user Yes Yes Yes 
 
In addition to the features noted in Table 1-1, all instrument models may be configured 
with two options that must be installed at the factory.  These are intrinsic safety 
certification and spectral scanning using the ThermoMatch Spectrum Correlation 
Software.   
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Each SapphIRe analyzer contains a single-beam infrared spectrophotometer.  A 
microcontroller automatically controls the analysis, processes the measurement signal, 
and calculates the absorbance values.  Analysis results can be displayed in parts per 
billion (ppb), parts per million (ppm), percent (%), mg/m3 , or absorbance units (AU). 


 


Warning:  Intrinsically safe models require special actions with respect to the following 
section.  Refer to Appendix B for descriptions of these actions. 
 
A rechargeable internal battery pack provides power for up to four hours of continuous 
operation.  The system includes a separate charger/power supply (Figures 3-5 and 3-6) 
that allows the analyzer to be powered from an ac supply.  It is also used to recharge the 
battery pack either in an offline mode or while the analyzer is running in normal 
operating mode. 


SapphIRe-DL Analyzer 


The SapphIRe-DL Analyzer has the ability to measure any compound having an 
absorbance in the wavelength region from 7.7 microns to 14.1 microns or any of the 
available fixed band pass filters, such as carbon monoxide, carbon dioxide, 
formaldehyde, nitrous oxide, hydrocarbons, water, and reference.  The SapphIRe-DL 
Analyzer provides the ability to perform multicomponent analysis.  It can take 
absorbance measurements of up to 10 wavelengths, and display and log compensated 
concentrations for up to five individual gases.  In addition, its user library can be 
programmed to store up to 10 single gas applications and up to 10 multi-gas applications. 


SapphIRe-SL Analyzer 


The SapphIRe-SL Analyzer performs all the functions of the SapphIRe-DL Analyzer.  In 
addition, it has 50 single gas factory calibrations in its standard library, many employing 
an alternate wavelength (see Appendix H).  These calibrations allow the selection of a 
compound from its standard library of gases.  The analyzer then "pulls up" the 
application information, configures itself to measure the compound of choice, and 
delivers concentration readings for this compound without performing interference 
compensation.  This avoids interference from other gases by selecting a different 
measurement wavelength for a given gas instead of going through full multicomponent 
calibration.  This feature is beneficial when two different gases have spectra that both 
exhibit peaks at some wavelengths but not at others.  By selecting a measurement 
wavelength for the target gas that is not common to any other gas, the interference 
problem can be avoided. 


SapphIRe-XL Analyzer 


The SapphIRe-XL Analyzer performs all the functions of the SapphIRe-SL Analyzer, 
except it has more than 120 single gas factory calibrations in its standard library (see 
Appendix H). 
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Chapter 2 
SPECIFICATIONS 


 
Thermo Fisher Scientific reserves the right to change/modify specifications without prior 
notice. 
 
 


Table 2-1.  Standard Specifications 


 
Item Specification 


Measurement 
Range See Appendix H for each compound range. 


Concentration  Compound Dependent 
Absorbance 0.000 to 1.2 Au (practical upper limit) 


Measurable 
Gases 


SapphIRe-DL:  up to 5 gases in a background of 5 additional gases. 
Storage for up to 10 single gas and 10 multigas applications. 
SapphIRe-SL:  same as SapphIRe-DL, except factory calibrated for 50 
single gases.  
SapphIRe-XL:  same as SapphIRe-SL, except factory calibrated for 120 
single gases.  


Output 
Digital readout of concentration (ppb, ppm, %, mg/m 3 ) or absorbance 
units (AU). Also connections for analog output, relay contacts, parallel 
port (printer) and serial communication (RS232). 


Wavelength 


Seven fixed bandpass filters and one continuously linear variable filter 
(7.7 to 14.1 microns).  The seven fixed wavelengths are: 1.859 water 
vapor, 3.333 general hydrocarbons, 3.573 formaldehyde, 4.004 
reference, 4.250 carbon dioxide, 4.500 nitrous oxide, and 4.620 carbon 
monoxide. 


Pathlength Two user-selected settings: 0.5 and 12.5 meters nominal 


Battery Pack Type: Internal, rechargeable, sealed, intrinsically safe NiCd (Nickel-
Cadmium) battery pack. Voltage: 7.2 V nominal. Capacity: 5.7 Ah. 


Battery 
Operating Time Up to four hours of continuous operation at 23°C. 


Battery 
Recharge Time 


Four hours after complete discharge if analyzer is off.  Approximately 
two hour for each hour of discharge from full capacity if analyzer of off.  


Operator Error 
Alarm User definable: none, double beep, error screen.   
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Concentration Alarm Low, High, and STEL 
Power Requirements of  
ac/dc Converter 


95 to 260 V ac at 50/60 Hz, ±3% or 11 to 15 V dc, 5 A 
(from automobile battery with optional dc power cable)  


Measurement Cycle Time 
Single gas analysis screen updated each half-second. 
Dependent upon application in multigas mode or if 
compensations are enabled. 


Reference, Operating, and 
Storage Conditions See Table 2-2. 


Electromagnetic 
Compatibility (EMC) 


Complies with the requirements of the European EMC 
Directive 89/336/EEC. 


Sample Flow Rate 14 liters/minute (nominal) with sampling wand and 
particulate filter. 


Sample Cell Volume 2.23 liters 
Gas Purging 5 volumes of sample required to purge cell by 99%. 


 
 


Table 2-2.  Operating and Storage Conditions 


Influence 
Reference 
Operating 


Conditions (a) 


Normal 
Operating 


Conditions (b)  


Normal 
Operative  
Limits (c)  


Transportation
and 


Storage Limits 


(c)  
Ambient 
Temperature 


23 ±2°C 
(73 ±4°F) 


5 to 40°C  
(40 to 105°F) 


1 and 50°C  
(35 and 120°F) 


-20 and +60°C  
(-5 and 140°F) 


Relative 
Humidity  50 ±10% 5 to 95%  


(noncondensing) 
0 and 95%  
(noncondensing) 


0 and 100% 
(noncondensing)  


Ambient 
Pressure (d) 


101.3 ±1% kPa 
(14.7 ±1% psi)  


86 to 106 kPa 
(12.5 to 15.3 psi) 


80 and 110 kPa 
(11.6 and 15.9 
psi) 


80 and 110 kPa 
(11.6 and 15.9 
psi) 


(a) Range of operating conditions within which the influence is negligible. 
(b) Range of operating conditions within which a device is designed to operate and for which the 


specifications for the influence applies. 
(c) Range to which a device can be subjected without permanent impairment of operating 


characteristics. Device may require adjustment to restore specified performance upon returning 
within the limits of Normal Operating Conditions. Maximum temperature for intrinsically safe 
models is 40°C  


(d) Single pressure point within the range, pressure may not vary throughout the range. 
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Table 2-3.  Physical Specifications 


 
Item Specification 


Enclosure Material Estaloc 
Internal Sampling Lines Corrugated Teflon 
Detector Pyroelectric lithium tantalate 


Gas Cell Standard - Bare Aluminum 
Optional - Teflon Coated 


Lenses Silver Bromide 


Analyzer Dimensions 
21.8 in (55.3 cm) wide  
14.4 in (36.5 cm) high 
7.6 in (19.3 cm) deep 


Sampling Hose 
Corrugated Polyethylene,  
0.5 in (12.7 mm) O.D.,  
42 in (107 cm) long. 


Weight 24 lbs (10.9 kg) 
 
 


Table 2-4.  Optional Electrical Safety Certifications 


 
Testing Laboratory, Types of protection, and Area Classification Application Conditions
CENELEC intrinsically safe, EEx ib d IIB. Temperature Class T4. 
ETL-C (Canada) intrinsically safe, Class I, Division 1, Groups 
B, C, and D. Temperature Class T4. 


ETL intrinsically safe, Class I Division 1, Groups B, C, and D. Temperature Class T4. 
 
Note:  Intrinsically safe analyzers have been designed to meet the electrical safety 
descriptions listed in the table above. For detailed information or status or testing 
laboratory approvals/certifications, contact Thermo Environmental Instruments. 
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Chapter 3 
INSTRUMENT PREPARATION 


 


UNPACKING 
 
Remove the instrument from its shipping carton and/or transportation case and check it 
for visible damage.  If the instrument has been damaged, notify the carrier immediately 
and request an inspection report.  Obtain a signed copy of the report from the carrier.  
Check the contents of the shipping package against Table 3-1; there should be one of 
each item.  Immediately report any shortages. 
 
 


Table 3-1.  Packing List 
 


Item Description 
1 SapphIRe Ambient Air Analyzer  
2 Charger/Power Supply 
3 Power Cable* 
4 Battery Pack (shipped and installed in the analyzer battery compartment)  
5 Chassis Interface Cable* 
6 Battery Pack Interface Cable* 
7 Shoulder Strap 
8 Air Sampling Assembly  
10 Particulate Filter 
11 Zero Gas Filter 
12 Printer Cable* 
13 Serial Communication Cable* 
14 Battery Door Key 
15 Pathlength Change Tool  
16 Unit Specific Application Setup Disk 
17 Thermo Connect CD 
*For identification of cables, see Figure 3-1 


 


Note:  If the instrument is returned for any reason, use the original packing.  Package all 
components in the same manner as they were when shipped from the factory. 
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Figure 3-1.  Cable Identification 
 


Power Cord, 115V 
N0249XS Charger/Chassis Interface Cable 


TR101TN


Charger/Battery Pack 
Interface Cable 
TR101TK 


Printer Cable 
TR101QX Serial Communication Cable 


P0170QW 
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IDENTIFICATION 
 
A data plate (Figure 3-2) or a metal identification plate (Figure 3-3), are located on the 
back of the instrument.  The information contained on these plates may be required 
should the factory be contacted for technical information or repairs.  The metal 
identification plate is required for intrinsically safe models and contains additional 
information. 
 


 
 


Figure 3-2.  Data Plate  
 


 


 
Figure 3-3.  Metal Identification Plate 


 


Style 
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WAND (Optional) AND FILTERS 
 


Caution:  To prevent damage to the optics, never leave the inlet port uncovered.  
Always use a zero or particulate filter when pump is on, and cap both the inlet and outlet 
ports when not in use.  Remember to remove the caps before using the analyzer. 
 
The particulate and zero gas filters have been chosen for their low resistance to sample 
flow.  Do not use substitute filters as they can cause erroneous readings.  The particulate 
filter is used during gas analysis to remove dust and other particulates; the zero gas filter 
removes most infrared-absorbing components from the air and is used to set the analyzer 
zero before analysis. 
 
Some gases are not removed by the standard zero gas filter (see page 5-1, Caution 2 for 
examples).  These gases may absorb IR energy at the same wavelength being used for 
sample analysis.  When such gases are present, use a source of clean air other than 
filtered ambient air when zeroing the analyzer.  
 
To install the wand and filter, remove the protective covering from the analyzer inlet and 
outlet ports.  Connect one end of the flexible hose to the inlet port and the other end to the 
handle of the wand.  If the wand is used, first slide the leak probe ring over the hose, then 
attach the particulate filter to the end of the hose, and screw the wand onto the wand ring, 
making sure that the O-ring is properly seated. 
  


 
 


Figure 3-4.  Wand (Optional) and Filter Installation 
 
 


ADJUSTING SHOULDER STRAP 
 


The analyzer has an adjustable shoulder strap that is listed in Table 3-1.  To adjust the 
length of the strap, slide length adjustment until strap is desired length.  Slide shoulder 
pad along strap to desired position. 


To inlet port  
Wand  


Filter Wand ring 


Wand handle O-ring Hose 
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CHARGER/POWER SUPPLY 
 


Warning:  Intrinsically safe models require special actions with respect to the following 
section.  Refer to Appendix B for descriptions of these actions. 
 


Note:  The analyzer is shipped with a battery installed.  The battery should remain 
installed, even when the instrument is running on ac power. 
 


Model 5025A 
 
The Model 5025 Charger/Power Supply provides operating power to the analyzer and can 
simultaneously charge the analyzer's internal battery pack using the Chassis Interface 
Cable (see Figure 3-1).  When not connected to the analyzer, the Charger/Power Supply 
can be used to charge an external battery pack using the Battery Pack Interface Cable (see 
Figure 3-1).  The Model 5025 can operate from 95 to 260 V ac, 50/60 Hz.  The power 
connector is located on the rear of the unit (see Figure 3-7). 
  


 
 


Figure 3-5.  Model 5025A Charger/Power Supply 
 


Model 5100A 
 
The optional Model 5100A Charger Power Supply has the capabilities of the Model 
5025A plus an additional external battery charger subsystem.  Thus, it can either charge 
two external batteries or charge one external battery at the same time it is providing 
operating power and charging the internal battery.  The Model 5100 can operate from 95 
to 260 V ac, 50/60 Hz.  It can also operate from a 12 V dc auto battery.  The optional dc 
power cable plugs into a standard automobile cigarette lighter.  Both the ac and dc power 
connectors are located on the rear of the Charger/Power Supply (see Figure 3-7). 


Chassis interface or battery pack interface connection 
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Note:  When operating the analyzer with the Model 5100A, only plug the chassis 
interface cable into the left socket.  If the cable is plugged into the right socket, the 
internal battery pack is charged but the analyzer is not powered. 


 


Warning:  Do NOT use the 12 V dc automobile power option while vehicle is in motion.  
Operating any device from the lighter plug while vehicle is in motion creates a potential 
safety hazard. 


 
 


 
 


Figure 3-6.  Model 5100A Charger/Power Supply 
 


When an external battery pack or an analyzer with an internal battery installed is 
connected to either a Model 5025A or 5100A Charger/Power Supply, the ready (green) 
lamp goes out and the conditioning (red) lamp comes on briefly.  Then, the charging 
(amber) lamp comes on and remains on until the battery has reached full charge.  When 
the battery pack is fully charged, the charging lamp goes out and the Ready lamp comes 
on.  Charging time at reference conditions is approximately four hours for a fully 
discharged battery pack. 
 
If a fully charged external or internal battery pack is connected to the Charger/Power 
Supply, the above sequence occurs except that the charging lamp only remains on for a 
few minutes while the unit measures the battery charge.  The battery pack is not damaged 
by this operation. 
 


Chassis interface connection         Battery pack interface connection 
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Figure 3-7.  Rear of Charger/Power Supply (Model 5100A Shown) 
 
 


Battery Indicator Calibration 
 


The purpose of the battery indicator calibration is to recalibrate the battery's internal 
computer chip.  Since the battery's full run time is constantly diminishing by small 
amounts, the baseline must be constantly adjusted.  This calibration procedure 
compensates for this change and recalibrates the system to ensure that the battery 
indicator presents as accurate a run-time as possible.  A calibration should be performed: 
 
• If there is a prompt to calibrate.  This occurs after the analyzer has undergone 


64 charge cycles without discharging and fully charging the battery. 
• If the analyzer has gone unused for a period of 30 or more days. 


 


Note:  Not performing this calibration does not invalidate any of the concentration data. 
 


Warning:  Intrinsically safe models require special actions with respect to the following 
section.  Refer to Appendix B for descriptions of these actions. 


 
The calibration procedure is: 
 


1. Remove the battery from the analyzer and connect it to the Charger/Power 
Supply using the battery pack interface cable.  See Figure 4-3 for location of 
battery compartment.  Open compartment using special key (Part Number 
X0173QH).  Remove battery by partially turning each screw until the battery is 
loose. 
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Caution:  The conditioning procedure cannot be performed on a battery that is installed 
in the analyzer.  Do not press the Conditioning Start pushbutton while the battery is 
installed.  This could damage the battery. It causes the red conditioning lamp to flash and 
the charger to return to its previous state.  
 


2. Allow the battery to reach a fully charged state.  This condition is recognized by 
the illumination of the green Ready lamp. 


3. Press the Conditioning Start pushbutton.  The green Ready lamp goes out and 
the red Conditioning lamp comes on.  This indicates that the battery is being 
fully discharged, a process which takes up to five hours. 


4. At the end of the discharge cycle, the red Conditioning lamp goes out and the 
amber Charging lamp comes on.  This indicates that the battery is being brought 
to a full charge, a process that takes approximately four hours. 


5. At the end of the charge cycle, the amber Charging lamp goes out and the green 
Ready lamp comes on.  The battery is now fully charged and conditioned. 


 


Battery Conditioning 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix B for descriptions of these actions. 
 
Battery Conditioning is slightly different than Battery Indicator Calibration.  
Conditioning the battery ensures that the battery does not develop a "memory" and that 
the battery maintains its full run-time potential.  If the battery is typically run to complete 
or near complete discharge before recharging it, the conditioning procedure is not 
required.  If the battery is typically run to only a partial discharge before recharging, then 
the battery should be conditioned every 5 to 10 cycles.  The conditioning procedure is 
similar to the Battery Indicator Calibration procedure except delete Step 2. 
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ANALYZER OUTPUT CONNECTIONS 
 


Warning:  Intrinsically safe models require special actions with respect to the following 
section.  Refer to Appendix B for descriptions of these actions. 


 
The power and signal connection panel is located behind a hinged door on the analyzer.  
It contains a parallel port for output to a printer, a serial port for connections to a PC, and 
an output connection to provide 0 to 1 V dc analog and relay contact output.  See Figure 
3-8 for the location of each. 


  
 
 


 
 


Figure 3-8.  Location of Output Connections) 
 


Latch


Firmware  
Update 
Switch 
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Chapter 4 
OPERATION 


 
CONTROLS AND DISPLAY 


 
Operator controls and display are located on the front panel of the analyzer.  Figure 4-1 
shows the panel arrangement.  Table 4-1 identifies the function of each key on the panel. 
  


 
 


Figure 4-1.  Controls and Display 
  


Table 4-1.  Function of Control Keys 
Key Function 


MENU Key Steps through the choices in a menu. 


SELECT Key Enters a highlighted menu choice;  Duplicates the 
ENTER key.  


ESC Key (Both)  Cancels the current operation, clears the field, and 
acknowledges messages. 


CONTROL Key Toggles the Control menu (to set various analyzer 
features) on and off.  


ON/OFF Key Turns the analyzer power on or off. 


Alphanumeric Keys Used to select numbered menu items and to make 
alphanumeric entries.  


Arrow Keys  Moves up and down through a menu.  The Up arrow 
also is used as a backspace key. 


ENTER Key Accepts data entries, triggers actions, and 
acknowledges messages. 


 


—
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If the analyzer is running on battery power, the lower left corner of the display may 
indicate that the instrument is using battery power as well as the status of the battery.  See 
Chapter 7, “Preferences” to activate or deactivate this feature. 
 


PASSCODE ACCESS 
 
Most operations with the SapphIRe analyzer are not passcode protected.  However, the 
Analysis section of the Setup Menu can be secured with a passcode.  The initial passcode 
is blank.  The procedure to establish or change a passcode is described in Chapter 7, 
“Passcode”.  Contact the factory if the passcode is lost and assistance is needed,. 
 


CONTROL MENU 
 
The Control Menu can be accessed at any time by pressing the Control key.  The Control 
Menu screen, shown below, allows the user to: 
 


1. Turn display backlight on or off 
2. Turn pump on or off 
3. Turn sound (error beeps) on or off 
4. Turn analog output on or off 
5. Reset the alarms to inactive 
6. If not logging, reset analysis interval statistics 
7. View battery condition (time remaining, no battery, or invalid data) 
8. Set screen contrast using the                keys 


 
Warning:  Intrinsically safe models require special actions with respect to these features.  
Refer to Appendix B for descriptions of these actions. 
 
Note:  If Analog Output is turned on in a multi-gas application, the analyzer presents a 
second display to select a gas to be assigned to the output.  
 
Note:  The display does not show the present condition; it shows the condition caused by 
pressing a number key.  For example the Control Menu screen, below, shows that the 
backlight is presently off; pressing 1 turns it on. 


 
┌────────────────────────────────────────┐ 
│╔════════════CONTROL MENU══════════════╗│ 
│║ 1=Backlight on     4=Analog out on   ║│ 
│║ 2=Pump on          5=Alarm clear     ║│ 
│║ 3=Sound off        6=Analysis reset  ║│ 
│║                     =Contrast adjust ║│ 
│║ Battery: 3:55                        ║│ 
│║[███████      ]          Esc=Exit     ║│ 
│╚══════════════════════════════════════╝│ 
└────────────────────────────────────────┘ 


Control Menu Screen 
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ENTERING ALPHANUMERIC CHARACTERS 
 
Some setup and data entry fields use alphanumeric data. Entering alphanumeric 
characters is a two-step process. For example, to get the number "2" or the letters "D", 
"E", or "F", first press "2".  The display then prompts "0=2, 1=D, 2=E, 3=F".  To enter 
the letter "D", press "1".  Use the letters printed on each key as a guide.   
 
 


MAKING MENU SELECTIONS 
 
The usual method of entering a selection is with the number keys.  The three keys located 
above the screen provide an alternate selection method that is useful for gloved operation 
or for one-handed operation when the instrument is worn on the hip.  To use this method, 
press the Menu key until the desired selection is highlighted.  Then press the Select key 
to enter the selection or the escape key to exit from the operation (also see Table 4-1).   
 
 


MENU STRUCTURE 
 
All of the SapphIRe menus are accessed from the Main Menu.  Figure 4-2 shows the 
structure of the main menu and sub-menus.  The chapters describing the functions of each 
sub-menu are also noted. 
 
 


 
 


Figure 4-2.  Main and Sub-Menu Structure 


MAIN MENU


Analyzer
Information


(this chapter)


Change Gas
(chapter 6)


Analyze/Start
(chapter 5)


Configuration/
Setup


(chapter 8)


Report/Data
(chapter 9)


Site Information
(chapter 7)
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STARTUP PROCEDURE 
 
Press the ON/OFF button to activate the instrument.  The first menu to appear is the Main 
Menu, shown below.  
 
If the application shown on the Main Menu is the one that is wanted, press “1” or ENTER 
to display the Zero Menu, shown on page 4-6. 
 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕   MAIN MENU   │ 
││                       │     ─────     │ 
││                       │1=Analyze/Start│ 
││                       │     ─────     │ 
││ METHANE: ---- ppm     │2=Change gas   │ 
││                       │3=Site info    │ 
││                       │4=Config/Setup │ 
│└───────────────────────┘5=Report/Data  │ 
└────────────────────────────────────────┘ 


Main Menu 


 
If an application other than that on the Main Menu is desired, press 2 to display the Select 
Applications menu shown below.  This menu presents up to five of the most recently 
selected applications.  If one of the applications shown in this menu is selected, the 
display skips to the Zero menu, shown below. 
 
Note:  Any application in the Select Applications menu will be removed when a new 
application is downloaded from a PC.  These applications are not removed from the 
instrument, and can be accessed from the user libraries via the Applications menu, shown 
below. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Select applic: │ 
││                       │1=BUTANE       │ 
││                       │2=ETHANE       │ 
││                       │3=FULL-L-SCAN  │ 
││ METHANE: ---- ppm     │4=XYLENE-H-13.1│ 
││                       │5=XYLENE-L     │ 
││                       │               │ 
│└───────────────────────┘  Enter=More   │ 
└────────────────────────────────────────┘ 


 
Select Applications Menu 


 
The Select Applications menu will be omitted if no previous applications have been 
selected, and the Applications menu will be displayed.  If none of the applications 
appearing in the Select Applications menu are desired, press ENTER to view the 
Applications menu, shown on page 4-5. 
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┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕  APPLIC MENU  │ 
││                       │1=Standard lib │ 
││                       │     ─────     │ 
││                       │User libraries:│ 
││ METHANE: ---- ppm     │2=Single gas   │ 
││                       │3=Multi-gas    │ 
││                       │     ─────     │ 
│└───────────────────────┘4=Spectrum scan│ 
└────────────────────────────────────────┘ 


 
Applications Menu 


 
Select an application in the Primary Applications menu from the SL or XL standard 
library, or from the single or multi-gas user libraries.  The XL Standard Library menu is 
shown in this example.   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕ STANDARD LIB  │ 
││                       │1=111TRICL     │ 
││                       │2=11DICLOR     │ 
││                       │3=12DICLOR     │ 
││ METHANE: ---- ppm     │4=13BUTADI     │ 
││                       │5=2CLETH       │ 
││                       │      =More    │ 
│└───────────────────────┘ ENTER=Search  │ 
└────────────────────────────────────────┘ 


 
Primary Applications Menu 


 
Scroll the pages of the library with the arrow keys.  In the standard library, there is more 
than one screen of choices, which can be selected by pressing the arrow keys or pressing 
the ENTER key to use the search mode and follow the screen prompts.  If in the user 
library, there is more than one screen of choices, use the arrow keys. 
 
In either the standard library or in the user library, make a selection using the number 
keys or MENU and SELECT.  Upon selection, the display responds “ACCEPTED” and 
returns to the Main Menu, showing the selected application in the left window (Current 
Application). 







Chapter 4  Operation 


4-6 


If an application has more than one wavelength, a Secondary Application menu appears.  
An asterisk appears next to all secondary applications.  Make a selection using the 
number keys or MENU and SELECT.  Upon selection, the display responds 
“ACCEPTED” and returns to the Main Menu (see Chapter 6, “Secondary Applications” 
menu, for more information).  
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕  ACETONE      │ 
││                       │1=11.0 2000    │ 
││                       │2= 8.4 2000*   │ 
││                       │               │ 
││ METHANE: ---- ppm     │               │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


 
Secondary Applications Menu 


 
 
To start the analyzer and take measurements using the newly selected application, press 1 
from the Main Menu.  The Zero Menu screen, shown below, appears if a zero has 
previously been taken. 
 
Note:  If the analyzer has recently been zeroed, press ENTER and the display skips to 
the Analysis menu, shown below.  Thermo Fisher Scientific recommends zeroing before 
each analysis session.   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕   ZERO MENU   │ 
││                       │Last zero:     │ 
││                       │ 01Jan01 13:30 │ 
││                       │               │ 
││ METHANE: ---- ppm     │Status: Valid  │ 
││                       │               │ 
││                       │  1=New zero   │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 


 
Zero Menu 
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To establish a new zero, press “1”.  In the unlikely event that the instrument is 
experiencing problems, the display indicates “Please wait...” and/or “Please wait while 
system warms up...”.  To view the details on the Warm Up Status screen, Press “1”.  In 
the example screen, both the chopper is not locked at the proper frequency and the filter 
is not properly positioned.  In cases like this, contact the factory for assistance. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕WARM UP STATUS │ 
││                       │  Source: ok   │ 
││                       │ Chopper: Wait │ 
││                       │  Filter: Wait │ 
││ METHANE: ---- ppm     │Detector: ok   │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 


 


Warm Up Status Screen 


 
If the analyzer mode is not zero, or scan, and pressure compensation is configured ON, 
the display shows the previously entered pressure and allows accepting or changing it 
(see Chapter 7, “Pressure Compensation”, for configuration).  If a new pressure is 
entered, the display responds “ACCEPTED” or presents an “!INVALID VALUE!” 
message. 
 
Note:  SapphIRe does not measure pressure.  This must be determined from an external 
source, and entered by the user at the beginning of each analysis.   
 
Next, the analyzer checks its pathlength. The analyzer is set to one of two pathlengths; 
short (0.5 m) or long (12.5 m).  If the pathlength is not correct for the application, the 
display prompts to change the pathlength.  See “Changing the Pathlength”, in this 
chapter. 
 
The instrument then displays the Install Chemical Filter screen, shown below.  When the 
chemical (zero gas) filter is connected to the IN port, press ENTER. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕               │ 
││                       │               │ 
││                       │ Install       │ 
││                       │    chemical   │ 
││ METHANE: ---- ppm     │        filter │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 


 
Install Chemical Filter Screen 
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While the cell fills with zero air, the Zero Purge screen indicates the time remaining.  
Press ENTER to shortcut the purge. 
 
CAUTION:  The zero process requires five volumes of air (about 11 liters) to completely 
flush the cell.  Shortcutting this step will result in an incomplete purge and incorrect 
readings during analysis due to an invalid baseline value. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Wait for cell  │ 
││                       │  to fill with │ 
││                       │    zero air...│ 
││                       │               │ 
││ METHANE: ---- ppm     │    15 seconds │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=SkipPurge│ 
└────────────────────────────────────────┘ 


 
Zero Purge Display 


 
The instrument automatically begins the zeroing process.  Wait while the zero 
measurement is taken.  The screen displays the percent done.  Use the up and down arrow 
keys to toggle the measurement views.   
 


┌────────────────────────────────────────┐ 
│▐██CURRENT APPLICATION██▌               │ 
││                       │               │ 
││                       │ Wait while    │ 
││                       │     zeroing...│ 
││ METHANE: ---- ppm     │ [           ] │ 
││                       │      50%      │ 
││                       │               │ 
│└───────────────────────┘  Esc=Cancel   │ 
└────────────────────────────────────────┘ 


 


Zeroing Process Display 
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If the instrument is not set up for zero autosave mode, the display asks to save the new 
zero.  Press “1” to repeat the zeroing procedure or ENTER to save the zero.  The display 
responds “ZERO SAVED.”   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕               │ 
││                       │  Save this    │ 
││                       │        zero?  │ 
││                       │               │ 
││ METHANE: ---- ppm     │Status: Valid  │ 
││                       │               │ 
││                       │ 1=Repeat zero │ 
│└───────────────────────┘  Enter=Save   │ 
└────────────────────────────────────────┘ 


 
Zeroing Save Display 


 
The instrument then displays the Install Particulate Filter screen, shown below.  When the 
filter is connected to the IN port, press ENTER.  
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕               │ 
││                       │               │ 
││                       │ Install       │ 
││                       │   particulate │ 
││ METHANE: ---- ppm     │         filter│ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 


 


Install Particulate Filter Display 


 
Wait for the sample to fill the cell.  The filling progress is shown on the display.  Press 
ENTER to shortcut this procedure.  If the purge is skipped, wait about 10 seconds for the 
cell to reach equilibrium.  Press “1” to start logging as soon as the sample fill is complete. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Wait for cell  │ 
││                       │  to fill with │ 
││                       │     sample... │ 
││                       │               │ 
││ METHANE: ---- ppm     │    15 seconds │ 
││                       │               │ 
││                       │1=Start Logging│ 
│└───────────────────────┘Enter=SkipPurge│ 
└────────────────────────────────────────┘ 


 
Purge Process Display 
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When the purge is complete, the display changes to the Analysis menu.  The bands above 
and below the left portion of the display indicate that the analyzer is actively making 
measurements. 
 
Note:  The location on the bottom line of the Analysis Menu and choices 3, 4, and 5 do 
not appear unless the location mode is enabled. 
 
 


┌────────────────────────────────────────┐ 
│▐█CURRENT█CONCENTRATION█▌ ANALYSIS MENU │ 
││                       │    1=Log      │ 
││                       │    2=Zero     │ 
││                       │3=Location menu│ 
││ METHANE:          ppm │4=Prev         │ 
││                       │5=Next         │ 
││                       │               │ 
│▐████████LOCATION███████▌               │ 
└────────────────────────────────────────┘ 


 
Analysis Menu 


 
Note:  The black bands above and below the left portion of the screen indicate that the 
analyzer is actively making measurements.  
 


0.00 
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USING THE SEARCH FEATURE 
 
If searching for a chemical in the standard library or for a location in the location list, 
scroll through the list or alternatively use the search feature if the list has more than one 
screen of selections.  To use the search feature, access it via the Primary Applications 
Menu (See Primary Applications Menu) or the Location List Menu (See Location List 
Menu).  Then enter the first letters of the name that is being searched for. Press ENTER 
to accept. 
 


┌────────────────────────────────────────┐ 
│▐█CURRENT█CONCENTRATION█▌Add or search  │ 
││                       │  for location:│ 
││                       │               │ 
││                       │ B███████████  │ 
││ METHANE:         ppm  │   =Next match │ 
││                       │Press char key │ 
││                       │   =Backspace  │ 
│▐███████LOCATION████████▌ Enter=Accept  │ 
└────────────────────────────────────────┘ 


Add/Search Location 


 
Example: If searching for Bedroom 2, enter ‘B”. Display may show  
 


B AR
 


Press the down arrow for next match. Display may show  
 


B EDROOM
 


Press the down arrow for next match. Display may show  
 


B EDROOM1
 


Press the down arrow for next match. Display may show  
 


B EDROOM2
 


Press ENTER to accept. 
 
Note:  To bring up a more selective choice, enter the first few letters; for example "BE" 
to skip the location bar and begin the search at "bedroom". 
 
Note:  The up arrow clears the preceding character; it does not navigate upwards through 
the list.   


0.00 
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INFORMATION SCREENS 


 
The following information regarding the analyzer is presented on information screens.  
To access these screens, press "0" from the Main Menu.  Press  or  to access 
additional information screens.  Press “ESC” to return to the Main Menu. 
 


• Model 
• Serial Number 
• Software Version 
• Dates of Last and Next Service 
• Concentration Calculation (installed or not) 
• Spectrum Scan (installed or not) 
• Optional Temperature Sensor (installed or not) 
• Manufacture Date 
• Standard Library (installed or not) 
• Full Library (installed or not) 
• Enhanced Library (installed or not) 
• User Library (installed or not) 
• Gas Cell Material 
• Chopper (standard or custom) 
• Detector Material 
• Filter (standard or custom) 
• Intrinsically Safe (or not) 
• Pathlength Changer (installed or not) 
• Sample Temperature Sensor (installed or not) 
• Ambient Temperature Sensor (installed or not) 
• Analyzer Control Software Version 
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ERROR SCREENS 
 
The SapphIRe analyzer displays one of several error screens if certain problems occur.  
The message is identified as an ERROR, WARNING, or ALARM.  An error beep or 
continuous alarm also occurs.  Acknowledge these messages by pressing the ESC or 
ENTER key.  The acknowledgment returns the user to the previous screen layer. 
 


Table 4-3.  Error Messages 
 


Error Message Meaning Corrective Action 


Application 
processing error! 


This is a general error message that indicates 
there was an error during analysis or with an 
application that doesn't allow the analyzer to 
continue analysis.  The second line of this 
error message indicates specifically what 
caused the error. Numerous fault conditions 
could result in this error. 


If a message is not understood, 
make a note of the second line 
of the error screen, and call for 
assistance. 


Clock update has 
failed! 


This error message indicates that the real-time 
clock hardware could not be updated. Contact service for assistance. 


Measurement 
problem 
detected! 


If any of the measurement flags are generated 
during analysis (such as invalid purge, invalid 
zero, fault, calibration overflow, calculation 
overflow, A/D overflow/underflow), this error 
may appear.  


This error message may be 
disabled permanently by 
pressing 1 on this error screen or 
by shutting off the "Fault 
action" parameter in the 
preference menu from the 
Analysis Setup Menu #1. 


Spectrometer 
communication 
error! 


The data received from the spectrometer 
controller board is not valid.  This could be 
caused by a communications error with the 
spectrometer controller board. 


If this happens frequently, return 
the instrument for service. 


Spectrometer is 
not ready! 


This error message indicates that a component 
in the spectrometer is not ready.  This could be 
caused by the chopper motor not operating at 
the correct speed, or the IR source or detector 
not functioning correctly. 


If this error is displayed wait a 
few seconds and retry the 
operation.  Also check the 
battery level and attempt to plug 
into AC power if the level is 
low.  If the error persists, press 0 
(zero) to identify error, and call 
for assistance. 
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Table 4-4.  Warning Messages 
 


Warning Message Meaning Corrective Action 


Absorbance is too negative! 
Try rezeroing the analyzer 
and make sure zero gas is 
not contaminated. 


This message is generated if the measured 
absorbance falls below a negative 
absorbance threshold value set in the 
application.  Try rezeroing the analyzer to 
correct the problem 


Rezero the analyzer. If 
problem persists, 
replace the zero gas 
filter. 


Analyzer factory 
configuration is invalid! 


This message is displayed only during the 
power-on self-test if the factory 
configuration is not valid.  The analyzer can 
operate with a minimum feature set. 


Return analyzer for 
service. 


Analyzer memory is 
invalid. 


The data in the analyzer's battery-backed up 
RAM is invalid.  All settings are reset to 
factory default values if this message is 
displayed.  If the analyzer power is cycled 
again and this message persists, the backup 
battery may be dead. 


Contact service for 
assistance. 


Battery pack capacity 
getting low! 


This message indicate the battery pack has 
reached the end of its lifetime. 


Replace the battery 
pack with a new one. 


Battery pack charge is low! 
Not enough power to run 
analyzer. 


This message indicates the battery is too 
low to run the system.  The system is shut 
down shortly after this message is 
displayed.  


To continue operation, 
replace the battery with 
a fresh battery or 
connect the analyzer to 
a charger. 


Battery pack data is invalid! This message indicates the battery pack has 
not been initialized. 


Contact customer 
service for a new 
battery pack. 


Battery pack needs full 
charge, then discharge to 
update capacity data. 


This message is displayed if the battery has 
not been fully discharge before it has been 
recharged many times. 


Perform battery 
indicator calibration 
(see page 3-7).  
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Table 4-4.  Warning Messages (continued) 
 


Built-in clock's date/time is 
wrong! 


This message is only generated during the 
initial self-test on powerup.  It indicates that 
the time reported by the real time clock 
hardware is invalid.  When this message is 
displayed, the clock is set to a valid time. If 
the analyzer power is cycled again and this 
message still appears, the backup battery 
may be dead. 


Contact service for 
assistance. 


CHECK PRINTER! 


This message appears if a printer attached to 
the printer port is reporting an error 
condition such as: out of paper, offline, or 
error. 


Clear the status at the 
printer. 


Log data memory invalid! 
All sites cleared. Probable 
cause is turning power off 
during memory access. 


This message indicates that the analyzer 
found a problem in the data stored in 
logging memory.  This could be caused by 
the analyzer's power being interrupted 
during a memory write or by low backup 
battery.  If this message appears, all logged 
data is deleted.  Try logging the data again. 


Ensure the analyzer is 
properly powered.  If 
the problem persists, 
call service for 
assistance. 


Pathlength setting is wrong. 
This warning message appears if the 
pathlength setting is changed to an invalid 
position during analysis.  


Set the pathlength 
changer back to the 
correct position and 
restart analysis. 


RECOMMENDED 
SERVICE IS DUE! 


This message appears when the analyzer's 
next service date has passed.  Annual 
maintenance reduces field breakdowns.  
Note that normal operation is possible 
should this message appear. 


Contact service for a 
service update. 


Spectrometer startup has 
failed! Try powering off, 
then back on. 


This message is displayed only during 
power-on self-test if communications 
cannot be started with the spectrometer 
controller board.  As the message states, try 
powering off the analyzer and then turn it 
on again.  


Cycle power off/on. If 
the message persists, 
return the analyzer for 
service. 


Watchdog timer has reset 
the system! 


This warning message is displayed only 
during the power-on self-test if the system 
was reset by the watchdog.  As the message 
indicates, this error is most likely caused by 
a software problem. 


Note what the analyzer 
was doing before it shut 
off, and contact service 
for assistance 
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CHANGING THE PATHLENGTH 
 
The SapphIRe analyzer can be set to one of two pathlengths: short (0.5 m) and long (12.5 
m).  To change the pathlength from the short pathlength (0.5 m) to the long pathlength 
(12.5 m), turn the hex recess adjustment clockwise with the pathlength change tool or 
9/64 hex wrench.  The location of the pathlength adjustment is shown in Figure 4-3.  To 
change the pathlength from long to short, turn the adjustment counterclockwise.  See 
Location of Pathlength Adjustment for location of adjustment. 
 
Caution:  Do not overturn adjustment. 
 
The rotation angle is approximately 90 degrees but the actual short path position 
corresponds to the point at which a push pin engages a notch in a cam.  As the pin and 
cam are aligned, an indicator rod engages a microswitch which tells the microprocessor 
that the gas cell is now at short path. 
 
As the mechanism is being changed from the long to short position, there is a slight 
increase in resistance to turning the adjustment.  This is normal (caused by the 
compression of an internal spring) and should not be construed as a defect.  An audible 
"click" indicates when the mirror is in the proper position. 
  


 
 


Figure 4-3.  Location of Pathlength Adjustment and Battery Compartment 


Long Short 


Battery 
compartment 
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ANALOG OUTPUT 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section.  Refer to Appendix B for descriptions of these actions. 
 
The SapphIRe analyzer is equipped with a 0 to 1 V dc analog output jack (see See 
Analyzer Output Connections, Figure 3-8).  This output is linear with concentration and 
is assigned to a gas in a single gas application.  In a multi-gas application, the analog 
output must be assigned to the gas.  The output is linear with the High Range Limit 
(HRL) (see See Gas High Range Limit).  For example, if the HRL is set to 50 ppm and 
the analyzer is displaying 25 ppm, the analog output is 0.5 V dc. If the HRL is set to 100 
ppm and the analyzer is displaying 25 ppm, the analog output is 0.25 V dc. 
 
 


INSTRUMENT ORIENTATION  
 
The SapphIRe analyzer can be used in primarily two positions: (1) vertical with the 
handle facing up and (2) horizontal with the display facing up.  Either position is 
acceptable for analysis.  However, because of gravitational forces on the motor 
mechanism, which drives the wavelength system, the most stable position is horizontal. 
 
Furthermore, there can be differences in the displayed data when the analyzer is zeroed in 
the horizontal position and used for analysis in the vertical position or vice versa. 
 
When performing any (spot checking or long term) analysis, Thermo Fisher Scientific 
recommends that the unit be placed in the horizontal position.  Certain applications can 
cause problems when in the vertical position.  For example, if measuring very high 
concentration samples of dense gases, it is possible that sample may settle to one end of 
the cell.  High concentration anesthetic gas analysis can cause this phenomenon.  To 
solve the problem, place the analyzer in the horizontal position. 
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Chapter 5 
ANALYZE/START 


 
To start the analysis, press 1 (Analyze/Start) from the Main Menu.  The display presents 
the Zero Menu if a zero has been taken for all of the current application wavelengths.  
The date and time of the last zero and analyzer status are shown.  To re-zero the analyzer, 
press 1.  To continue with an analysis without taking a new zero value, press ENTER. 
 
Note:  If the analyzer has not been recently zeroed, the analyzer skips the Zero Menu 
and displays the Analysis menu.  See “To Begin Analysis” later in this chapter.   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕   ZERO MENU   │ 
││                       │Last zero:     │ 
││                       │ 04Jan01 13:30 │ 
││                       │               │ 
││ METHANE: ---- ppm     │Status: Valid  │ 
││                       │               │ 
││                       │  1=New zero   │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 


Zero Menu 
 


TO ZERO THE ANALYZER 
 
Caution: 
1. When zeroing the analyzer, it is important to zero the unit in the area where the 
analysis is to take place.  This assures that the analyzer is zeroed with air (scrubbed by 
the zero gas filter) at the same temperature and humidity as the sample to be analyzed. 
 
2. However, for chemicals such as Butane, Carbon Dioxide, Carbon Monoxide, Ethane, 
Methane, Nitrous Oxide, Propane, and Water Vapor, that can not be scrubbed by the zero 
gas filter, it is important zero the unit in an area free of the chemical.  For example, if 
methane is being measured, zero the analyzer in a Methane free area. (Note: typical 
atmospheric conditions are 2-3 ppm.)  If the analyzer is zeroed in an area containing 7 
ppm of Methane, the zero value is set at 7 ppm. All subsequent readings are then 
referenced to the 7 ppm baseline value.  Thus, if Methane rises to 15 ppm, the analyzer 
displays a reading of 8 ppm; if it drops to 3 ppm, the display reads -4 ppm. 
 
3. Thermo Fisher Scientific recommends that the zero gas filter be replaced after 30 zero 
cycles. 
 
4. The purging of the gas cell during the zero process requires five volumes of air (about 
11 liters).  The timing supplied in the analyzer's zero routine is ample to allow for this to 
happen.  However, if there is a restriction in flow that reduces the sample flow rate below 
approximately 11 liters/minute or if the sample hose is lengthened, it is possible that the 
cell may not be satisfactorily purged under these conditions.  If so, repeat the zero 
process until sufficient sample has been drawn through the zero filter. 
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To re-zero the analyzer, press 1 (New zero) from the Zero Menu.  The display responds 
with "Please wait..." and/or "Please wait while system warms up...".  When all areas are 
indicated "ok", press ENTER to continue.  If the Analyzer mode is not zero, or scan and 
pressure compensation is configured On, the display shows the current pressure 
compensation and gives the user the opportunity to accept or change it.  If a new pressure 
is entered, the display responds "-ACCEPTED-" or presents an "!INVALID VALUE!" 
message.  Next, the analyzer checks its pathlength.  The analyzer is set to one of two 
pathlengths; short (0.5 m) or long (12.5 m).  If the pathlength is not correct for the 
application, the display prompts the user to change the pathlength (see Chapter 4, 
“Changing the Pathlength”).   


  
┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕               │ 
││                       │               │ 
││                       │ Install       │ 
││                       │    chemical   │ 
││ METHANE: ---- ppm     │        filter │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 
 


Install Chemical Filter Display 
 
 
┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Wait for cell  │ 
││                       │  to fill with │ 
││                       │     sample... │ 
││                       │               │ 
││ METHANE: ---- ppm     │    15 seconds │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=SkipPurge│ 
└────────────────────────────────────────┘ 
 


Zeroing Process Display 
 
 
Caution:  The zero process requires five volumes of air (about 11 liters) to completely 
purge the cell.  Shortcutting this step can result in an incomplete purge and a faulty 
baseline value.  If ENTER is pressed to skip the purge, a message is displayed citing the 
need to completely flush the cell.  If the purge continues to be skipped, an error flag ("Z") 
appears next to the displayed data because the automatic routine has been overridden. 
Any measurement data is flagged with a "Z" for invalid data.  Yet, it is possible that the 
data is perfectly acceptable. 
 
  


The display next prompts for the 
installation of the chemical (zero) 
filter on the connector as shown in 
Figure 3-4.  When this is done , 
press ENTER. 


Wait for the cell to fill with zero 
air and for the zeroing process to 
occur.  Press ENTER to shortcut 
the purge. 
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┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕               │ 
││                       │  Save this    │ 
││                       │        zero?  │ 
││                       │               │ 
││ METHANE: ---- ppm     │Status: Valid  │ 
││                       │               │ 
││                       │ 1=Repeat zero │ 
│└───────────────────────┘  Enter=Save   │ 
└────────────────────────────────────────┘ 
 


Save Zero Display 
  
 
┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕               │ 
││                       │               │ 
││                       │ Install       │ 
││                       │   particulate │ 
││ METHANE: ---- ppm     │         filter│ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘Enter=Continue │ 
└────────────────────────────────────────┘ 
 


Install Particulate Filter Display 
 
┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Wait for cell  │ 
││                       │  to fill with │ 
││                       │     sample... │ 
││                       │               │ 
││ METHANE: ---- ppm     │    15 seconds │ 
││                       │               │ 
││                       │1=Start Logging│ 
│└───────────────────────┘Enter=SkipPurge│ 
└────────────────────────────────────────┘ 
 
 
 
 
 
 
 
 


Purge Process Display 
 


If zero autosave is not enabled, the 
display asks to save this zero.  
Press “1” to repeat the zeroing 
procedure or ENTER to save the 
zero.  The display responds 
“ZERO SAVED.” 


The display then prompts the user 
to replace the chemical filter with 
the particulate filter.  When this is 
done, press ENTER.   


Wait fo the cell to fill with sample.  
The filling progress is shown on the 
display.  When completed, the 
display changes to the Analysis 
menu.  Press ENTER to shortcut this 
procedure.  If the fill cycle is 
skipped, wait for the cell to reach 
equilibrium, which takes about 10 
seconds.  If logging is configured, 
and a site has been created, 
“1=START LOGGING” is 
displayed.  Pressing “1” will start 
logging as soon as the purge cycle 
has been completed. 
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Caution:  If ENTER is pressed to skip the purge cycle, a message is displayed citing the 
need to completely fill the cell. If the purge cycle is skipped, an error flag, "P", appears 
next to the displayed data.  Any logged data is also flagged with a “P” for insufficient 
purge.  This indicates that the sample fill cycle has been overridden and that the cell may 
not have been completely filled with sample.  The first few displayed data points may be 
lower than expected.  However, after the application’s purge time has expired (typically 
60 seconds), the analyzer should be displaying the concentration of the external sample 
and the error flag is erased.  
 
┌────────────────────────────────────────┐ 
│▐█CURRENT█CONCENTRATION█▌ ANALYSIS MENU │ 
││                       │    1=Log      │ 
││                       │    2=Zero     │ 
││                       │3=Location menu│ 
││ METHANE:          ppm │4=Prev         │ 
││                       │5=Next         │ 
││                       │               │ 
│▐███████LOCATION████████▌               │ 
└────────────────────────────────────────┘ 
 


Analysis Menu 
 
 


TO BEGIN ANALYSIS 
 
If the user chooses not to rezero the analyzer, or when the rezero procedure has been 
completed, the display presents the Analysis Menu (see Analysis menu, above).  The 
active measurement is displayed on the left and the menu of selections on the right.  
 
Note:  The black bands above and below the left portion of the screen indicate that the 
analyzer is actively making measurements.  
 
In addition to reading Current Concentration, the user can view data of the following on 
the left side of the display by using the up or down arrow key if so configured (see 
Chapter 7, “View Enable”).   
 


Absorbance 
Average Concentration 
Maximum Concentration 
Maximum Concentration Time 
Minimum Concentration 
Minimum Concentration Time 
STEL Concentration 
STEL Maximum Concentration 
STEL Maximum Concentration Time 
Intensity 


 


The heavy bands above and below 
the  left portion of the display 
indicate that the analyzer is actively 
taking measurements. 0.00 
Note:  Location and selections 3, 4, 
and 5 do not appear unless the 
location mode is enabled.   
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LOG 


 
The Log function saves measurement values for later downloading to a PC or printer.  To 
begin the log function press 1 (Log) from the Analysis Menu.  
 
If a site has not been created, the display reads “Must start site before logging!”  If 
logging was not set up, the display reads "Logging is not configured!" 
 
If the timed log feature is active but not started, the display reads "Wait for start of timed 
log..."  Wait for the timer to time out or press ENTER to start logging now. 
 
When logging begins, the display reads "Log in progress" and the time or samples 
remaining.  When logging is completed and if save is manual, the display asks "Save this 
log?"  Press 1 to repeat the logging procedure or ENTER to save the log.  If saved, the 
display reads "-STORED-." 
 
To stop logging, press the ESCAPE key.  This has no impact on the current analysis.   
 
 


ZERO 
The Zero function gives the user another opportunity to zero the analyzer.  To begin this 
function, Press 2 (Zero) from the Analysis Menu.  The remainder of the procedure is the 
same as that explained earlier in this chapter in “To Zero the Analyzer.” 
 
 


LOCATION NAME  
 
The Location Name function enables the user to identify the location of the analysis.  The 
present location Name appears on the bottom left of the Analysis Menu screen if the 
Location mode is enabled.  If the user wants to change the location, press 3 (Location 
name).  The display presents the Location List Menu (see Location List menu, below).  If 
the previous or next location is desired, press 4 (Previous) or 5 (Next) respectively. 
  


┌────────────────────────────────────────┐ 
│▐█CURRENT█CONCENTRATION█▌Current list:  │ 
││                       │   1=Browse    │ 
││                       │2=Add or search│ 
││                       │     ─────     │ 
││ METHANE:         ppm  │Locations for  │ 
││                       │adding to list:│ 
││                       │   3=Browse    │ 
│▐████████KITCHEN████████▌   4=Search    │ 
└────────────────────────────────────────┘ 


 
Location List Menu 


 


0.00 
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To review the Location List or to select a location name, press 1 (Browse).  If no 
locations are in the current list, the display reads "Location list is empty."  If locations are 
listed, select the location name using the MENU and SELECT keys or the number keys.  
The display responds "-ACCEPTED-". 
 
To search for a location name, press 2 (Add or search).  The Add or Search screen is 
displayed (see Add/Search screen, below).  Enter the first letters of the location name, 
and Press ENTER to accept.  
 
Example: If searching for Bedroom 2, enter “B’. Display may show  
 


B AR
 


Press the down arrow for next match. Display may show  
 


B EDROOM
 


Press the down arrow for next match. Display may show  
 


B EDROOM1
 


Press the down arrow for next match. Display may show  
 


B EDROOM2
 


Press ENTER to accept. 
 
Note:  To bring up a more selective choice, enter the first few letters; for example "BE" 
to skip the location bar and begin the search at "bedroom". 
 
To add a new location, key in the entire new location name and press ENTER.  The new 
location appears in the shaded band below the concentration value.  There can be up to 
200 locations per site.  Locations can also be kept in a supplemental list.  To browse this 
list, press 3 (Browse) from the Location List Menu. To search for a name on this list, 
press 4 (Search).  For more details, refer to Chapter 8. 
 


┌────────────────────────────────────────┐ 
│▐█CURRENT█CONCENTRATION█▌Add or search  │ 
││                       │  for location:│ 
││                       │               │ 
││                       │ ████████████  │ 
││ METHANE:         ppm  │   =Next match │ 
││                       │Press char key │ 
││                       │   =Backspace  │ 
│▐███████LOCATION████████▌ Enter=Accept  │ 
└────────────────────────────────────────┘ 


Add/Search Screen 


0.00 
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ERROR/FAULT MESSAGES 
 
The instrument displays error/fault messages relating to analysis by indicators on the 
display or by flag screens.   
 


Display Indicators 


 
A letter or symbol at the end of the analyzer reading indicates the following: 
 


Table 4-2.  Display Indicators 
 


Symbol Description 
H High alarm level exceeded 
L Low alarm level exceeded 
S  Short Term Exposure Limit alarm level exceeded 
X Fault/error 
P Purge not done 
Z Zero invalid 
> Concentration exceeds full scale value (HRL). 


 Measurements are below the range of the measurement electronics.  Possible 
corrective action is to rezero the analyzer or change the pathlength. 


 Measurements exceed the range of the measurement electronics.  Possible 
corrective action is to rezero the analyzer or change the pathlength. 


} Calculation overflow where range has been exceeded for processing a 
measurement value.  Possible corrective action is to repeat the measurement. 
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Flag Screens 


 
In the analysis mode, the SapphIRe analyzer displays flag screens if other problems 
occur. Acknowledgment is not required for flag screens.  A summary of active flags and 
corrective action recommendations can be viewed by pressing the "0" key from the 
Analysis Menu. 
 


Table 4-5.  Flag Messages 
 


Flag Corrective Action Recommendation
Light source unstable or invalid Make sure warm-up is complete. 
Pathlength unstable or wrong setting Check pathlength position. 
Light chopper unstable or failed Service may be required. 
Optical filter unstable or failed Service may be required. 
Detector unstable or not ready Make sure warm-up is complete. 
Electronic Gain unstable or invalid May need to zero analyzer. 
A/D converter processing error Try again and notify service. 
Digital signal processing error Try again and notify service. 
Internal spectrometer related error Notify service. 
Detector signal is below A/D converter range May need to zero analyzer. 
Detector signal is above A/D converter range May need to zero analyzer. 
High range of calibration exceeded Change application or recalibrate. 
Software variable range exceeded Try again and notify service. 
Error during concentration calculation Try again and notify service. 
Measurement using an invalid zero Rezero analyzer. 
Zero and measurement gains bad or inconsistentRezero analyzer. 
Ref wavelength intensity invalid Notify service. 
Ref wavelength intensity drift too large Rezero analyzer. 
Ref drift from factory value too large Seek service. 
Zero intensity levels out of nominal range Try rezero, may need service. 
Measurement made before purge complete Wait for purge to complete. 
Undefined  Notify service. 
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Chapter 6 
CHANGE GAS 


 
 


To change an application, press 2 (Change application) from the Main Menu.  If one 
or more applications have previously been selected, the display presents the Recent 
Applications Menu in alphabetical order (see Recent Applications menu, below).  The 
current application is shown on the left and up to five other recent applications on the 
right.  Select one of the applications shown or press ENTER to view the Applications 
Menu to access the standard (fixed) library, single gas or multi-gas user library, or 
spectrum scan (see Applications menu, below). 


 
Note:  If the Recent Applications Menu is empty due to a firmware update or a factory 
reset, the analyzer proceeds directly to the Applications Menu. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Select applic: │ 
││                       │1=BUTANE       │ 
││                       │2=ETHANE       │ 
││                       │3=FULL-L-SCAN  │ 
││ METHANE: ---- ppm     │4=XYLENE-H-13.1│ 
││                       │5=XYLENE-L     │ 
││                       │               │ 
│└───────────────────────┘  Enter=More   │ 
└────────────────────────────────────────┘ 


 
Recent Applications Menu 


 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕  APPLIC MENU  │ 
││                       │1=Standard lib │ 
││                       │     ─────     │ 
││                       │User libraries:│ 
││ METHANE: ---- ppm     │2=Single gas   │ 
││                       │3=Multi-gas    │ 
││                       │     ─────     │ 
│└───────────────────────┘4=Spectrum scan│ 
└────────────────────────────────────────┘ 


 
Applications Menu 


 
Once a selection has made from the Applications Menu, scroll the pages with the arrow 
keys if the choice contains more than one page of selections.  Make a selection using the 
MENU and SELECT or the number keys. The display responds "-ACCEPTED-."  If 
there is more than one page of selections and the analyzer is not in the User Library, the 
analyzer can alternatively go to a search mode by pressing the ENTER key.  See Primary 
Application menu, below. 







Chapter 6  Change Application 


6-2 


 
┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕ STANDARD LIB  │ 
││                       │1=111TRICL     │ 
││                       │2=11DICLOR     │ 
││                       │3=12DICLOR     │ 
││ METHANE: ---- ppm     │4=13BUTADI     │ 
││                       │5=2CLETH       │ 
││                       │      =More    │ 
│└───────────────────────┘ ENTER=Search  │ 
└────────────────────────────────────────┘ 


 
Primary Applications Menu 


 
If the instrument is a SapphIRe-SL or SapphIRe-XL, a Secondary Applications menu 
might appear, providing alternate application wavelengths.  For example, if Acetone is 
chosen from the Primary Applications Menu, the Secondary Applications Menu appears, 
as shown below, in the Secondary Applications menu.  The chemical names are 
interpreted as follows: The 11.0 refers to the analytical wavelength and the 2000 refers to 
the full scale value. The asterisk (*) next to the 2000 indicates the alternate choice for 
application.  For more information on the SapphIRe-SL and SapphIRe-XL analyzers, 
refer to Chapter 1, “Introduction.” 
 
  


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕  ACETONE      │ 
││                       │1=11.0 2000    │ 
││                       │2= 8.4 2000*   │ 
││                       │               │ 
││ ACETONE: ---- ppm     │               │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


 
Secondary Applications Menu 


 
Once a selection is made from the Secondary Applications Menu, the display responds "-
ACCEPTED-." 
 
In the above example, Acetone can be analyzed at either 8.4 microns or 11.0 microns. 
Both calibration ranges are 0 to 2000 ppm. In Figure 6-1, Acetone is present with Methyl 
Acrylate.  The figure shows that Methyl Acrylate has a strong absorbance peak at 8.4 
microns.  In order to avoid interference from Methyl Acrylate when analyzing Acetone, 
the analysis should be performed at 11.0 microns.  Note that Methyl Acrylate does not 
absorb at 11.0 microns.  
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Figure 6-1.  Alternate Wave


 
To effectively use the alternate wavelengths, refer 
an internet web site such as http://webbook.nist.go
ThermoMatch Spectrum Correlation Software may


Acetone 

Methyl Acrylate

12 13 14


crons
 


length Example 


to a book of infrared spectra or access 
v/chemistry).  Alternately, the optional 
 be used to graph spectra.   



http://webbook.nist.gov/chemistry
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SPECTRUM SCAN 
 
This feature invokes the screen shown below.  It allows scanning of all measurable 
wavelengths.  Before starting this analysis, configure a site and set the logging 
parameters. 
 
NOTE:  If the unit is not configured for scanning with the ThermoMatch Spectrum 
Correlation Software, menu items 3 – 6 will not appear on the Scanning Lib menu.  
 
Press “1” to scan a user-defined 2 µm section of the filter (from 8.000 µm to 14.000 µm) 
at long pathlength.  This is a peak picker routine that allows the identification of the 
absorbance characteristics within the defined region.  This aids in the development of 
user calibrations. 
 
Press “2” to perform a peak pick at short pathlength.   
 
Press “3” through “6” to invoke a scan routine.  They all scan the fixed bandpass filters 
and the entire linear variable filter region.  Full scan runs a slightly higher quality scan by 
more signal averaging, and it takes more time.  Fast scan provides quicker results at the 
expense of a slightly noisier signal.  These features are optional and can assist in 
identifying unknown compounds using the ThermoMatch Spectrum Correlation  
Software, or to establish a spectral profile for future reference.  The “L” and the “S” 
denote the pathlength to be used in the application.   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕ SCANNING LIB  │ 
││                       │1=Peak-L       │ 
││                       │2=Peak-S       │ 
││                       │3=Fast-L       │ 
││ METHANE: ---- ppm     │4=Fast-S       │ 
││                       │5=Full-L       │ 
││                       │6=Full-S       │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Spectrum Scan Screen 


 
If there was no previous application or if the previous application was not colnfigured for 
scan, the Choose Log Defaults screen appears.  Press “1” to optimize the logging 
parameters (Log Mode = Single Sample, Log Interval = 1 cycle, and Log Start = Auto), 
or press “2” to keep the present logging parameters. 
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┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Auto configure │ 
││                       │ logging with  │ 
││                       │auto start and │ 
││                       │   one cycle   │ 
││ METHANE: ---- ppm     │   interval?   │ 
││                       │               │ 
││                       │1=Yes, reconfig│ 
│└───────────────────────┘2=Keep current │ 
└────────────────────────────────────────┘ 


Choose Log Defaults Screen 


The report format provides wavelength position and associated absorbance values.  For 
ease of analysis, these may be graphed using commercial software. 
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Chapter 7 
CONFIGURATION and SETUP 


 
 
Setup mode customizes the analyzer as shown in Table 7-1. 
 
To access the Setup mode, press 4 (Config/Setup) from the Main Menu.  The display 
presents the Setup Menu, shown below.  A summary of the current site, measurement 
units, and clock reading is shown on the left and the menu of selections on the right. 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕  SETUP MENU   │ 
││                       │1=Calibration  │ 
││     Unit: Default     │               │ 
││                       │2=Preferences  │ 
││    Clock: 01Jan01     │3=Gas unit     │ 
││           13:30:45    │4=Set clock    │ 
││                       │               │ 
│└───────────────────────┘5=Analysis     │ 
└────────────────────────────────────────┘ 


Setup Menu 


The contents of each of the five setup menu choices are shown in Table 7-1.   
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Set Up Menu


Calibration Preferences Gas Unit Clock Analysis
Setup


Zero
Temperature
Sensor
Performance
Verification


Key Click
  On
  Off
Screen Delay
  Short
  Medium
  Long
Power Graphic
  On
  Off
Battery Status
  Always
  When Low
Text Type
  Regular
  All Capitals
Language
  English
  Francais
  Espanol
  Deutsche


Decimal Point
  Period
  Comma
Temperature Unit
  Degrees C
  Degrees F
Pressure Unit
  mmHg
  inHg
  kPa
  bar
  psi
  A (atmospheres)
Concentration Unit
  ppb/ppm/%
  mg/m3


Volume Unit
  ml
  cc


ppb
ppm
percent
mg/m3


Date
Time    Logging


     Log Mode
     Log Interval
     Log Start
     Log Store
     Other Parameters
  Alarms
     High Alarm
     Low Alarm
     STEL Alarm
     Alarm Trigger
     Relay Output
       Relay 1
       Relay 2


PAGE 1


   Compensations
     Temperature
     Pressure
     Reference
     Humidity
   Preferences
     Zero Save
     Arrow Keys
     Log Warning
     Meas. Fault
     Alarm Action
     Purge Flag


PAGE 2


   Batch Sample
     Off
     Enabled
   Zero Warning
     Time Warning
     Ref. Deviation


Autozero
   View Enable
     Conc. Times
     Concentration
     Maximum
     Minimum
     Average
     Absorbance
     Intensity
     Gain
     STEL
     STEL Maximum


PAGE 3


   Passcode
     Off
     Enable
     Change
     Change Code
        Log Capacity
     Max Sites
     Max Locations


     
   Locations
     Mode
     Order of List
     New Locations
        Report Output
     Mode
     Location Order
     Locations Reported
     Duplicates


PAGE 4
Choose Application
User Settings
Applic. View & Edit  


Table 7-1.  Setup Menu Content 
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CALIBRATION 
 
The Calibration mode can be used to check zero, to calibrate the temperature sensor, or 
load the performance verification application.  To access the Calibration mode, press 1 
from the Setup Menu.  The display presents the Calibration Menu (see Calibration Menu, 
below).  The current application is shown on the left and the menu of selections on the 
right. 
  


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕  CALIB MENU   │ 
││                       │1=Zero         │ 
││                       │               │ 
││                       │2=Temperature  │ 
││ METHANE: ---- ppm     │  sensor calib │ 
││                       │               │ 
││                       │3=Performance  │ 
│└───────────────────────┘  verification │ 
└────────────────────────────────────────┘ 


Calibration Menu 
 
 
Zero 
 
The Zero function allows another opportunity to zero the analyzer.  To begin this 
function, press 1 (Zero).  The remainder of the procedure is the same as that explained in 
Chapter 5, “To Zero the Analyzer.” 
 
 
Temperature Sensor Calibration 
 
This allows the user to perform an offset calibration should the temperature sensor drift 
over time.  The user should measure the ambient temperature using an external 
thermometer and enter the value on the screen.   
 
 
Performance Verification 
 
This loads a multi-gas application that may be used to verify proper performance.  Refer 
to Appendix E for details.   
 
 


PREFERENCES 
 
The Preference Menus configure various operational features of the analyzer and makes 
various display selections.  To access the Setup Preference Menu, press 2 (Preferences) 
from the Setup Menu.  The current preferences are displayed on the left and the menu of 
selections on the right (see Setup Preference Menu Page 1, below). 
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┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕PREFERENCE MENU│ 
││     Key click: On     │1=Key click    │ 
││  Screen delay: Medium │2=Screen delay │ 
││ Power graphic: On     │3=Power graphic│ 
││Battery status: Always │4=Battry status│ 
││     Text type: Regular│5=Text type    │ 
││                       │               │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Setup Preference Menu Page 1 
 
Menu Item Selections 


1 = Key click  Turns on or off a feature which produces a beep with each key press: 
1 = On and 2 = Off. 


2 = Screen delay 
Selects the length of time an acknowledgment message appears on 
the screen: 1 = Short (0.5 seconds), 2 = Medium (1 second), and 3 = 
Long (2 seconds). 


3 = Power graphic Displays a startup screen graphic when turning the analyzer on: 1 = 
On and 2 = Off. 


4 = Battery status Selects when to show the battery status symbol on the display: 1 = 
Always and 2 = When battery is low. 


5 = Text type Selects the text type: 1 = Regular (both upper and lower case) and 2 = 
All Capitals. 


 
 
To access the second page of the Setup Preference menu, press the down arrow key.  See 
(see Setup Preference Menu Page 2, below). 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕PREFERENCE MENU│ 
││   Language: English   │1=Language     │ 
││ Decimal pt: Period    │2=Decimal point│ 
││  Temp unit: ºC        │3=Temp unit    │ 
││ Press unit: mmHg      │4=Press unit   │ 
││  Conc unit: ppb/ppm/% │5=Conc unit    │ 
││Volume unit: ml        │6=Volume unit  │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Setup Preference Menu Page 2 
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Menu Item Selections 


1 = Language Selects the language of the display: 1 = English, 2 = Francais, 3 = 
Espanol, and 4 = Deutsche 


2 = Decimal Selects the type of decimal point character: 1 = a period (.) and 2 = a 
comma (,).  


3 = Temp unit Selects the temperature unit: 1 = °C and 2 = °F. 


4 = Press unit Selects the pressure unit: 1 = mmHg, 2 = inHg, 3 = kPa, 4 = bar, 5 = 
psi, and 6 = A (atmospheres) 


5 = Conc unit Selects the concentration default unit: 1 = ppb/ppm/% and 2 = mg/m 3 .
6 = Vol unit Selects the liquid volume unit: 1 = ml and 2 = cc.  
  
 


GAS UNIT 
 
Pressing 3 (Gas unit) from the Setup Menu causes the Unit Gas Selection Menu to be 
displayed (see Unit Gas Selection menu, below). The current application is displayed on 
the left and the menu of selections on the right.  Choose the gas for which the units are 
specified. (If there is a single gas application, this display is omitted and the display 
shown in the right side of Gas Unit menu, shown below, is displayed instead.)  
 
Note:  Changing the gas unit from ppm to ppb does not increase the analyzer’s 
sensitivity.   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Select gas:    │ 
││ METHANE: ---- ppm     │1=METHANE      │ 
││  ETHANE: ---- ppm     │2=ETHANE       │ 
││  BUTANE: ---- ppb     │3=BUTANE       │ 
││ PROPANE: ---- ppm     │4=PROPANE      │ 
││  HEXANE: ---- ppm     │5=HEXANE       │ 
││GROUPTWA: ---- %       │6=GROUPTWA     │ 
│└───────────────────────┘   Enter=All   │ 
└────────────────────────────────────────┘ 


Unit Gas Selection Menu 
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Next, the Gas Unit Menu is displayed (see Gas Unit menu, below).  The current 
application is displayed on the left and the menu of selections on the right.  Choose Select 
the unit from the menu. Press ENTER to set all gases to their default unit. 
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕Select unit:   │ 
││ METHANE: ---- ppm     │               │ 
││  ETHANE: ---- ppm     │1=ppb          │ 
││  BUTANE: ---- ppb     │2=ppm          │ 
││ PROPANE: ---- ppm     │3=percent      │ 
││  HEXANE: ---- ppm     │4=mg/m^3       │ 
││GROUPTWA: ---- %       │               │ 
│└───────────────────────┘ Enter=Default │ 
└────────────────────────────────────────┘ 


Gas Unit Menu 
 
If one of the above units is selected the user is asked to further specify how long the 
selected units should be used. 1 = Always and 2 = Until another application is selected.  
The display then summarizes the selections and indicates ACCEPTED. 
 
 


CLOCK 
 
Selecting 4 = Clock from the Setup Menu causes the Clock Menu to be displayed (see 
Clock Menu, below).  The current clock reading is displayed on the left and a place to 
enter the new date on the right. See Chapter 4, “Entering Alpha Characters” for entering 
the letters of the month. Pressing ENTER to accept the new date changes the screen to a 
similar display to change the time.  After setting the time and pressing ENTER, the 
display responds "-ACCEPTED-." 
 


┌────────────────────────────────────────┐ 
│╒═════════CLOCK═════════╕Enter new date:│ 
││                       │               │ 
││                       │    11Jan01    │ 
││Clock: 04Jan01 13:30:46│               │ 
││                       │               │ 
││                       │               │ 
││                       │ =Backsp  =Next│ 
│└───────────────────────┘ Enter=Accept  │ 
└────────────────────────────────────────┘ 


Clock Menu 
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ANALYSIS 
 
Analysis Setup is done from four menus.  The menus are shown here and are discussed in 
depth in the following sections. 
  


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ANALYSIS SETUP │ 
││Logging──Single Sample │1=Logging      │ 
││        └─ 10 Seconds  │2=Alarms       │ 
││ Alarms──_High _STEL   │3=Compensations│ 
││        └─_Low         │     ─────     │ 
││┌────Compensations────┐│4=Preferences  │ 
││_Temp _Pres _Ref  _H2O │               │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Analysis Setup Menu Page 1 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ANALYSIS SETUP │ 
││    _Batch sampling    │1=Batch sample │ 
││    _Zero warning      │2=Zero warning │ 
││    _Autozero          │3=Autozero     │ 
││┌─────Data Views──────┐│     ─────     │ 
││_Conc _Max  _Min  _Avg │4=View enable  │ 
││_STEL _Absb _Intn _Gain│               │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Analysis Setup Menu Page 2 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ANALYSIS SETUP │ 
││ Passcode: Off         │1=Passcode     │ 
││         ─────         │     ─────     │ 
││ Capacity: 50/200      │2=Log capacity │ 
││Locations: Off         │3=Location list│ 
││Reprt Out: As logged   │4=Report output│ 
││                       │               │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Analysis Setup Menu Page 3 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ APPLIC SETUP  │ 
││                       │1=Choose applic│ 
││                       │     ─────     │ 
││ Applic: METHANE       │2=Applic view  │ 
││                       │       and edit│ 
││                       │3=User settings│ 
││                       │               │ 
│└───────────────────────┘     =More     │ 
└────────────────────────────────────────┘ 


Analysis Setup Menu Page 4 


√ 


√ 
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ANALYSIS SETUP PAGE 1 
 
Pressing 5 (Analysis) from the Setup Menu causes the display to ask for the passcode if 
the analyzer is configured to be passcode-protected.  If the passcode is correct, the first of 
four Analysis Setup Menus is displayed (see Analysis Setup Menu Page 1, above).  The 
current application setup summary is displayed on the left and the menu of selections on 
the right.  In the summary, the Logging mode is described as: Off, Single sample (single 
sample per logging trigger), Continuous (continuous sampling per logging trigger), or 
Custom (customized logging configuration); the Alarm state is indicated as High, Low, or 
STEL; and the compensations indicated as Temperature, Pressure, Reference, and 
Humidity. 
 
To move to one of the other three Analysis Setup menus, press the up or down arrow 
keys one or more times. Press ESC to return to the Setup Menu. 
 
In the summary shown in the Analysis Setup Menu Page 1, the Logging mode is shown 
as Single Sample and the Logging interval is set at 10 seconds (the unit counts down 10 
seconds after the trigger).  The Alarm setpoint is triggered on the High level. All 
Compensations are turned off. 
 
 
Logging 
 
To change the logging characteristics, press 1 (Logging) from the Analysis Setup Menu 
Page 1. The Log Menu is displayed. 
 


┌────────────────────────────────────────┐ 
│╒══════LOG SUMMARY══════╕   LOG MENU    │ 
││    Mode: Single Sample│1=Log mode     │ 
││Interval: 5 seconds    │2=Log interval │ 
││   Start: Manual       │3=Log start    │ 
││                       │4=Log store    │ 
││Store:_OnAlrmOnly _STEL│5=Other parms  │ 
││√Mx _Min _Avg _Abs _Tmp│               │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Log Menu 
 
The summary of the present log configuration is shown on the left.  The selections at the 
bottom of the display indicate the type of log: Mx = maximum, Min = minimum, Avg = 
average, Abs = absorbance, and Tmp = temperature.  In the example given in Log Menu, 
above, the log will only store the Maximum value concentration in the 5-second 
countdown interval. 
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Log Mode 
 
To set the Log Mode, press 1 (Log mode) from the Log Menu.  Then press 1 to turn off 
the logging feature, 2 to specify a single sample per logging trigger, or 3 to specify 
continuous sampling per logging trigger.  The display responds "-ACCEPTED-." 
 
Single Sample Logging 
 
Use this mode to log the same gas(es) at a variety of locations.  For example, use single 
sample logging if performing leak detection at a variety of locations.  This setting only 
logs one point.  Additional points are logged by pressing the “1=Log” during analysis.   
 
Continuous Sample Logging 
 
Use this mode to monitor one location for an extended period of time.  For example, use 
continuous sample logging if monitoring an area where technicians are working for a 
period of four hours.  
 
It is highly recommended that the reference, temperature, and humidity compensations 
should be enabled if continuous sample logging is used.  This is because the analyzer can 
experience drift from internal and environmental factors.  The above compensations 
minimize those drift sources to produce a more stable baseline.  
 
Finally, since the SapphIRe analyzer is a portable unit, it is not designed to operate 
continuously for long periods of time.  Periods of analysis beyond 24 hours can result in 
premature replacement of some components. 
 
Log Interval 
 
In single sample mode, the log interval is the countdown time after the logging trigger; in 
continuous mode, it is the frequency of logging.  To enter Log Interval, press 2 (Log 
interval) from the Log Menu.  It can be entered as 1 to 999 seconds, 1 to 999 minutes, or 
1 to 999 cycles.  The numeric field entry is keyed in; the units are selected with the down 
arrow key.  If the Log Mode is continuous there are three other alternatives. To view 
these, press the period (.) key.  Then in the next menu, select 1 to use the factory set 
interval, 2 to log a value at the end of each measurement cycle, or 3 to use the smallest 
interval in seconds that does not over flow the logging memory within eight hours.  The 
display responds "-ACCEPTED-." 







Chapter 7  Configuration and Setup 


7-10 


 
Note:  Too small an interval is chosen if in a multi-gas analysis mode or compensations 
enabled (for example, 10 seconds) the analyzer displays an error message.  This is 
because the analyzer only provides one new set of concentration readings at the end of 
the cycle which, depending on the number of wavelengths in the application and the 
sampling duration, could be anywhere from approximately 30 seconds to a maximum of 
approximately 120 seconds. 
 
Log Start 
 
Log Start chooses the trigger mechanism to begin logging data.  Use the Manual start, the 
Auto start to have logging start automatically upon entering Analysis, or set the start time 
and the duration for a Timed start.  To access this parameter, press 3 (Log start) from the 
Log Menu. Then press 1 to specify a Manual start, 2 to specify an Auto start. or 3 to 
specify a Timed log start.  If a Timed log start is selected, the next display prompts 
entering the time to start logging.  Enter the time in a HH:MM format. Specify the hours 
from 00 to 23 (24 hour clock) and the minutes from 00 to 59.  Upon a valid entry, the 
next display prompts entering a timed log duration.  It can be entered as 1 to 999 seconds 
or minutes.  The numeric field entry is keyed in; the units are selected with the down 
arrow key.  The display responds "-ACCEPTED-." 
 
Log Store 
 
Log Store selects the data to store for the log.  To access this parameter, press 4 (Log 
store) from the Log Menu.  Then press 1 to specify maximum value, 2 for minimum, 3 for 
average, 4 for absorbance, 5 for STEL, 6 for temperature, and 7 for on alarm only.  
 
Note:  Option 7 only stores data when an alarm is activated. 
 
When finished, press ENTER to set these selections.  The display indicates that the entries 
are ACCEPTED. 
 
When in the single sample mode or in the continuous sample mode for a single gas 
analysis, the interval can be set, for example, at 10 seconds.  The analyzer measures data 
at a rate of two points per second.  Thus, in the 10 second period of this example, there 
will be 20 data points from which to choose.  It may be useful to store the Mx, Min, and 
Avg of those 20 values.  At the end of the interval, the analyzer discards all other data 
points.  Memory space is impacted only by those entries that are stored.  
 
Note:  If data is stored for absorbance, STEL or temperature modifications to the 
standard report definition are required (refer to Chapter 14, “Custom Report Formatting”) 
to retrieve the data.   
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Other Parameters 
 
In the Continuous Sample Mode, the analyzer is placed in Auto Save and Auto Repeat 
Mode.  This means that the analyzer automatically stores the log without user 
intervention and continue logging at the defined logging interval. 
 
In Single Sample Mode, the Auto Save and Auto Report parameters are disabled.  This 
means that in order to save a log and then continue logging, it must be acknowledged.  
The Auto Save and Auto Repeat in Single Sample Mode can be changed to the default 
log options.  To do this, press 5 (Other parms) from the Log Menu.  Then press 1 to 
enable Auto Repeat and 2 to enable Auto Save.  When finished, press ENTER to set these 
selections.  The display responds "-ACCEPTED-." 
 


┌────────────────────────────────────────┐ 
│╒══════LOG SUMMARY══════╕               │ 
││    Mode: Single sample│               │ 
││Interval: 10 seconds   │               │ 
││   Start: Manual       │  _Auto repeat │ 
││                       │  √Auto save   │ 
││Store:_OnAlrmOnly _STEL│               │ 
││√Mx √Min √Avg _Abs _Tmp│  -ACCEPTED-   │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Other Parameters Menu 
 
Alarms 
 
To configure the state of the alarms, press 2 (Alarms) from the Analysis Setup Menu 
Page 1.  The Alarm Menu is displayed (see Alarm menu, below).  The current alarm 
summary is displayed on the left and the menu of selections on the right. In the summary, 
the alarms may be described as Off, Enabled, or Latched.  
 
Note:   
1. A Low alarm is activated by a reading above the lower of two alarm setpoints; a high 
alarm is activated by a reading above the higher of the two alarm setpoints. 
2. To configure the High, Low, and STEL alarm setpoints, see Alarms, below. 
 


┌────────────────────────────────────────┐ 
│╒═════ALARM SUMMARY═════╕  ALARM MENU   │ 
││  High alarm: Enabled  │1=High alarm   │ 
││   Low alarm: Enabled  │2=Low alarm    │ 
││  STEL alarm: Latched  │3=STEL alarm   │ 
││                       │     ─────     │ 
││ √Conc Trig   √Relay 1 │4=Alarm trigger│ 
││ √Avg Trig    √Relay 2 │5=Relay output │ 
│└───────────────────────┘6=Geiger countr│ 
└────────────────────────────────────────┘ 


Alarm Menu 
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Note:  The “Latched” alarm state only applies to the alarm relay.  To make the audible 
alarm work as a latching alarm, set the Alarm action to ErrScrn in Analysis Preferences 
(see page 7-15).   
 
Press 1 from the Alarm Menu to set the state of the High alarm, 2 for the Low alarm and 
3 for the STEL alarm.  At the next display, specify the state of that alarm by pressing 1 
for Off, 2 for Enabled, or 3 for Latched. The display responds "-ACCEPTED-." 
 


┌────────────────────────────────────────┐ 
│╒═════ALARM SUMMARY═════╕Select high    │ 
││  High alarm: Off      │   alarm state:│ 
││   Low alarm: Off      │               │ 
││  STEL alarm: Off      │      Off      │ 
││                       │               │ 
││ _Conc Trig   _Relay 1 │     1=Off     │ 
││ _Avg Trig    _Relay 2 │   2=Enabled   │ 
│└───────────────────────┘   3=Latched   │ 
└────────────────────────────────────────┘ 


Alarm State Menu 
 
An Enabled alarm is triggered when the measurement exceeds a preset value.  When the 
measurement falls below the setpoint, the alarm is extinguished.  A Latched alarm also is 
triggered when the measurement exceeds a preset value.  However, the alarm is only 
extinguished when acknowledged via the Control Menu. 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section.  Refer to Appendix B for descriptions of these actions. 
 
Press 4 from the Alarm Menu to specify the error and relay triggers.  At the Alarm 
Trigger display, press 1 to specify alarms related to current concentration and 2 to specify 
alarms related to average concentration. 
 
Press 5 from the Alarm Menu to select an alarm relay. At the Alarm Relay display, press 
1 to specify Relay 1, 2 to specify Relay 2, and ENTER to specify All relays.  If the current 
application is multi-gas, a Select Gas display selects the gas that is associated with the 
selection.  If the relay setting is associated with more than one gas, select all gases by 
pressing ENTER. The next display asks specifies how to activate the relay.  Press 1 to 
activate it on a High alarm, 2 for a Low alarm, 3 for a STEL alarm, 4 for No alarm 
(deactivate the relay), and 5 for All alarms.  The display responds "-ACCEPTED-."   
The relays are Form C, SPDT rated at 24 V dc, 0.25 A. 
 
Note:  The relays must be turned on in the Control menu 
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Compensation 
 
To specify analysis compensations, press 3 (Compensations) from the Analysis Setup 
Menu 1.  The Analysis Compensations Menu is displayed. Press 1 to specify Temperature 
compensation, 2 for Pressure, 3 for Reference, and 4 for Humidity. When finished, press 
ENTER to accept these selections.  The display responds "-ACCEPTED-." 
 
Invoking the reference and/or humidity compensation will increase the cycle time.  Batch 
sampling mode should be used for these compensations.   
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕Select analysis│ 
││Logging─-─Single sample│ compensations:│ 
││        └─10 seconds   │               │ 
││ Alarms─-─√High _STEL  │1=√Temperature │ 
││        └─√Low         │2=_Pressure    │ 
││┌────Compensations────┐│3=√Reference   │ 
││√Temp _Pres √Ref  _H2O │4=_Humidity    │ 
│└───────────────────────┘ Enter=Accept  │ 
└────────────────────────────────────────┘ 


Analysis Compensations Menu 
 
Temperature Compensation 
 
All measurements are susceptible to changes in ambient temperature.  In order to 
minimize these changes, a temperature sensor has been installed in the analyzer to 
measure the temperature.  The temperature is then compared to the temperature at the 
zero point and a correction in the concentration value is made. 
 
Pressure Compensation 
 
At higher elevations, the ambient pressure is lower that at sea level.  These changes can 
effect the concentration value.  Thus, at higher altitudes, the analyzer displays lower 
readings than at sea level.  To correct for this difference, measure the ambient pressure 
with an external device and enter this pressure value into the analyzer.  Do this during the 
zero procedure or as part of Application setup.  The SapphIRe analyzer then corrects for 
this difference by applying a correction factor. 
 
Reference Compensation 
 
All electronic systems experience drift due to a variety of factors including degradation 
of parts, ambient conditions, and inherent electronic noise.  To minimize these factors, 
the SapphIRe analyzer can apply reference wavelength compensation.  Reference 
Compensation is performed automatically when enabled and when supported by the 
application (all standard library applications are supported).  The analyzer makes a 
measurement of a gas as its analytical wavelength and then moves to a reference 
wavelength specified by Thermo Fisher Scientific or by the user (see Reference 
Wavelength, below).  
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The reference wavelength is chosen based on the analytical wavelength and must be 
chosen at a wavelength where other gases do not absorb IR energy.  The default 
wavelength of 4.004 microns should be used if the presence of other gases is not certain. 
 
Once the analyzer has measured the signal at the reference wavelength, the value is 
applied to the analytical wavelength and a correction in its value is made.  The process of 
switching between the analytical wavelength and reference wavelength is continuously 
repeated. 
 
Use of the reference wavelength compensation can greatly improve the stability of the 
SapphIRe analyzer in long term and short term monitoring applications.  Choosing 
reference wavelength compensation slows down the cycle time of the analyzer. 
 
Figure 7-1 shows that reference compensation greatly improves the ability of the analyzer 
to remain stable over extended periods of time.  It is still important, however, to let the 
instrument warm up for at least 10 minutes prior to beginning an analysis. 
 
The information in Figure 7-1 was generated by enabling a reference compensation at the 
default wavelength setting of 4.004 microns.  The data was logged at one minute intervals 
in the continuous mode.  For graphing purposes, the text data was converted into an 
Excel spread sheet using the Data Parse option. 


 
Figure 7-1.  Effect of Reference Compensation 


 
Humidity Compensation 
 
Changes in ambient humidity can significantly affect the accuracy of the gas 
concentration. When humidity levels change from the zero time, the gas concentration 
can either rise or fall as those ambient levels rise and fall, respectively.  For example, if 
the analyzer is zeroed in a 30% RH area and then taken to an 80% RH area, the reading 
for the gas will most likely rise.  The level of fluctuation is gas and wavelength 
dependent.  Optimal compensation is accomplished if the change in relative humidity is 
±20%.  If there is a larger change, rezeroing the instrument is recommended.  To 
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compensate for this effect, the analyzer employs an analysis wavelength which is 
responsive mainly to water vapor.  Intensity changes at this and the reference wavelength 
may be used to correct for changes in sample absorbance due to variable water vapor 
levels after zeroing.  The humidity compensation routine should be applied when the 
analyzer is being used as a continuous monitor since humidity levels can vary over the 
duration of the sampling period.  As with reference compensation, utilizing the humidity 
compensation algorithm increases the cycle time since water vapor is an additional 
wavelength point to be collected.  The humidity compensation must be enabled for the 
correction to take place.  When humidity is activated, the batch mode should be enabled.  
This insures that the compensation of the analytical wavelengths is properly performed as 
the sample remains consistent.   
 
This compensation should not be invoked if it is known in advance that the sample air is 
very, very dry (<10% RH at reference conditions).  
 
 
Analysis Preferences 
 
The Analysis Preference menu configures various operational features of the analyzer.  
To access the Preference Menu, press 4 (Preferences) from the Analysis Setup Menu 1.  
The current preferences are displayed on the left and the menu of selection on the right.  
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕PREFERENCE MENU│ 
││    Zero save: Manual  │1=Zero save    │ 
││   Arrow keys: Location│2=Arrow keys   │ 
││  Log warning: Off     │3=Log warning  │ 
││ Fault action: Beep    │4=Fault action │ 
││ Alarm action: ErrScrn │5=Alarm action │ 
││   Purge flag: Enabled │6=Purge flag   │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Analysis Preference Menu 
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Menu Item Selections 


1 = Zero save 


Selects the zero save mode: 1 = Auto and 2 = Manual. In Auto Mode, 
when a zero has been performed, a valid zero is automatically saved 
and the next prompt displayed.  In Manual Mode, when a zero has 
been performed, there is a prompt that the zero is valid and instructed 
to Save or Repeat Zero (see Chapter 5, Save Zero Display screen). 


2 = Arrow keys 


Data View enables viewing the data, described in Chapter 5, “To 
Begin Analysis”. by using the arrow keys.  Pressing 1 = Data View, 
Pressing 2 = Locations.  If this is chosen, the various data can still be 
viewed by using the 6 and 9 keys as arrow keys. 


3 = Log Warning 


Automatically logs if and when an alarm or fault or both occurs. Press 
1 (Off) to turn off this feature, 2 (On) to log at an alarm or a fault, 3 
(On alarm only) to log at an alarm, and 4 (On fault only) to log at a 
fault. 


4 = Fault action 


Specifies the type of notification received if a fault occurs. Press 1 
(None) if only a symbol should be displayed, 2 (Beep) if an audible 
signal is also desired, and 3 (Error Screen) if an error screen is desired 
in addition to the symbol and beep. 


5 = Alarm 
action 


Specifies the type of notification received, provide a concentration 
alarm occurs.  Selections are the same as “Fault Action.” 


6 = Purge flag Enables receiving a "P" display indicator if a purge is not completed. 
Press 1 (Off) to turn off this feature and 2 (Enabled) to enable it. 
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ANALYSIS SETUP PAGE 2 
 
To continue with the analysis setup, press the down arrow key in the Analysis Setup 
Menu Page 1.  The Analysis Setup Menu Page 2, shown below, is displayed. 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ANALYSIS SETUP │ 
││    _Batch sampling    │1=Batch sample │ 
││    _Zero warning      │2=Zero warning │ 
││    _Autozero          │3=Autozero     │ 
││┌─────Data Views──────┐│     ─────     │ 
││√Conc √Max  √Min  √Avg │4=View enable  │ 
││√STEL √Absb √Intn √Gain│               │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Analysis Setup Page 2 Menu 
 
The current application setup summary is displayed on the left and the menu of selections 
on the right.  
 
Batch Sample 
 
Batch sampling is typically employed in multi-gas applications or spectral scanning 
because the sample should be static when measuring each wavelength.  That is, the 
concentration in the gas cell should not change when measuring the first wavelength 
compared to the last wavelength.  This is critical because the concentration of the first gas 
can be related to the compensation factor of the last gas.  If those ratios change because 
the sample has changed, the results can be incorrect.  
 
In the batch sampling process, the analyzer internal pump pulls a sample into the gas cell 
for the application defined batch purge time (typically 20 seconds), the pump is shut 
down, and each component is analyzed at its defined wavelength.  After the data is 
displayed, the cycle is repeated. 
 
To turn the batch sampling feature on or off, press 3 (Batch sample) from the second 
Analysis Setup Menu.  Upon presentation of the next display, press 1 to turn the batch 
sampling feature off or 2 to enable the feature.  The display responds "-ACCEPTED-."   
When using Reference Compensation in Single Sample Mode, Batch Sample may be 
turned off. 
 
 
Zero Warning 
 
The Zero Warning feature reminds about rezeroing the analyzer in a set length of time or 
when the absorbance drifts from the reference by an established amount.  To access this 
feature, press 2 (Zero warning) from the Analysis Setup Menu Page 2.  Upon presentation 
of the next display, press 1 to set a time warning or 2 to select a reference deviation 
warning. 
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If 1 is pressed, the next display requires entering the zero warning time interval.  This can 
be set from 0 to 999 minutes or hours.  The numeric field entry is keyed in; the units are 
selected with the down arrow key.  The display responds "-ACCEPTED-." 
 
If 2 is pressed, the next display requires entering the reference absorbance drift.  This can 
be a number from 0 to 9.9999. The display responds "-ACCEPTED-."  A typical 
deviation is 0.015 absorbance units. 
 
Note:  If drift level is not zero and the reference wavelength is not measured, there is a 
warning that the reference wavelength must be measured. 
 
 
Autozero 
 
This feature is not available at the present time.   
 
 
View Enable 
 
The View Enable parameter enables specifying which types of analysis data may be 
viewed.  To access this parameter, press 4 (View Enable) from the Analysis Setup Menu 
Page 2.  Upon presentation of the next display, press 0 to specify time, 1 for 
Concentration, 2 for Maximum, 3 for Minimum, 4 for Average, 5 for Absorbance, 6 for 
Intensity, 7 for Intensity gain, 8 for STEL, and 9 for STEL maximum.  When finished, 
press ENTER to set these selections.  The display responds "-ACCEPTED-." 
 
In the summary, data views are marked active (√) as follows: 
 
Conc: Concentration view enabled 
Max: Concentration maximum view enabled 
Min: Concentration minimum view enabled 
Avg: Concentration average view enabled 
STEL: Concentration STEL view enabled 
Absb: Absorbance view enabled 
Intn: Intensity view enabled 
Gain: Intensity gain view enabled 
STEL Max: Concentration STEL maximum view enabled* 
Time: Maximum, Minimum, and/or STEL Maximum time views enabled* 
*STEL Max and Time data views are not shown in the above screen.  However, they are 
displayed when View Enable is accessed.   
 
Note:  Absorbance, Intensity, and Intensity Gain views are primarily used by factory 
personnel. 
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ANALYSIS SETUP PAGE 3 
 
To continue with the analysis setup, press the down arrow key from the second Analysis 
Setup Menu.  The third Analysis Setup Menu, shown below, is displayed.  
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ANALYSIS SETUP │ 
││ Passcode: Off         │1=Passcode     │ 
││         ─────         │     ─────     │ 
││ Capacity: 50/200      │2=Log capacity │ 
││Locations: Off         │3=Location list│ 
││Reprt Out: As logged   │4=Report output│ 
││                       │               │ 
│└───────────────────────┘      =More    │ 
└────────────────────────────────────────┘ 


Analysis Setup Page 3 Menu  
 


The current application setup summary is displayed on the left and the menu of selections 
on the right. 
 
 
Passcode 
 
To turn the passcode on or off or to change the passcode, press 1 (Passcode) from the 
third Analysis Setup Menu.  The Passcode Menu is displayed.  Press 1 to turn the 
passcode feature off, 2 to enable the feature, or 3 to change the code.  
 
If 3 is pressed, the display requires entering the new passcode.  The passcode can contain 
from 1 to 10 digits. After entering the new passcode, press the ENTER key.  If the 
password is accepted, enter the password again to verify it.  If this is also valid, the 
display responds "-ACCEPTED-." 
 
 
Log Capacity 
 
To configure the log capacity, press 2 (Log capacity) from the third Analysis Setup 
Menu.  The Log Capacity Menu is displayed. Press 1 to specify the maximum number of 
sites and 2 to specify the maximum number of locations per site.  The maximum number 
of sites can be from 1 to 50 and the maximum number of locations per site, from 1 to 
200. 
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Locations 
 
To configure the locations, press 3 (Location List) from the Analysis Setup Page 3.  The 
Location Menu, shown below, is displayed.  
 


┌────────────────────────────────────────┐ 
│╒═══LOCATION SUMMARY════╕ LOCATION MENU │ 
││    Mode: Enabled      │1=Mode         │ 
││                       │               │ 
││Ordering: As entered   │2=Order of list│ 
││                       │               │ 
││  Insert: Alphabetical │3=How to insert│ 
││                       │  new locations│ 
│└───────────────────────┘  into list    │ 
└────────────────────────────────────────┘ 


Location Menu 
 
Press 1 to select the location mode.  At the next display, press 1 to turn the location 
function Off or press 2 to Enable the function.  The display responds "-ACCEPTED-."   
To gain access to the list of stored locations or to add locations during logging, enable the 
Location Mode.  Enabling the Location Mode results in item 3, 4, and 5 being added to 
the analysis menu during run mode. 
 
Press 2 to configure how the location list is sorted.  At the next display, press 1 to sort as 
entered or press 2 to sort alphabetically.  The display responds "-ACCEPTED-." 
 
Press 3 to specify where to insert a new location.  At the next display, press 1 to select 
Not allowed, 2 to insert alphabetically, 3 to insert at list end, or 4 to insert above current 
location.  The display responds "-ACCEPTED-."  Refer to Chapter 8, “Site Info” for 
more information about sites and locations.   
 
 
Report Output 
 
The Report Output parameter configures certain features of the report output.  To access 
this feature, press 4 from the third Analysis Setup Menu.  Upon presentation of the report 
output display, press 1 to select the report output mode, 2 to select the report location 
order, 3 to select the locations reported, or 4 to select if duplicates are to be reported. 
 
If 1 is pressed to select the report output mode, press 1 again to choose the “As Logged” 
mode or 2 to choose the “By Location” mode. 
 
Note:  If 1 is selected and data was not logged to locations, no site report data will be 
output.   
 
If 2 is pressed to select the report location order, press 1 to choose “As Entered” or 2 to 
choose “Alphabetical.” 
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If 3 is pressed to select the locations reported, press 1 to choose “All Locations” or 2 to 
choose “Only Logged” locations. 
 
If 4 is pressed to select if duplicates are to be reported, press 1 to choose “Duplicates” or 
2 to choose “No Duplicates.” 
 
 


ANALYSIS SETUP PAGE 4 
 
This menu, shown below, differs from the three other Analysis Setup Menus in that it is 
used to set up a specific application.  It is accessed by pressing the down arrow key from 
Analysis Setup Page 3 menu or the up arrow key from Analysis Setup Page 1 menu. 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕ ANALYSIS SETUP│ 
││                       │1=Choose applic│ 
││                       │     ─────     │ 
││Applic: SF6            │2=User Settings│ 
││                       │3=Applic view  │ 
││                       │      and edit │ 
││                       │               │ 
│└───────────────────────┘     =More     │ 
└────────────────────────────────────────┘ 


Analysis Setup Menu Page 4  
 
Choose Application 
 
If the application shown on the left side of the display is not the application that is to be 
set up, press 1 (Choose applic).  Refer to changing applications at the beginning of this 
chapter for instructions on how to choose an application. 
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User Settings 
 
User Settings modify the parameters of the selected application that do not impact 
application performance.  This involves selecting the gas if it is a multi-gas application 
and then configuring the gas unit, high alarm, low alarm, STEL alarm, and STEL time for 
any application.  A flow chart of the configuration is shown in the User Settings flow 
chart, below.   


 
 


Figure 7-2.  User Settings Flow Chart 
 
Note:  These are the only parameters that may be changed in standard library 
applications. 
 
To access this function, press 2 (User settings) from the Application Setup Menu.  If it is 
a multi-gas application, the Select Gas Menu is displayed (see Select Gas menu, below).  
If it is a single gas application, the Set Parameters Menu is displayed (see Set Parameters 
menu, below).  If it is a multi-gas application, when one of the gases listed in the Select 
Gas Menu is selected, the display proceeds to the Set Parameters Menu. 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕Select gas:    │ 
││                       │1=METHANE      │ 
││                       │2=ETHANE       │ 
││ Applic: METHANE       │3=BUTANE       │ 
││                       │4=PROPANE      │ 
││                       │5=HEXANE       │ 
││                       │6=GROUPTWA     │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Select Gas Menu 
 


┌────────────────────────────────────────┐ 
│╒════METHANE SUMMARY════╕    METHANE    │ 
││ HRL:  100.0ppm        │1=Unit         │ 
││High:  100.0ppm        │     ─────     │ 
││ Low:  50.00ppm        │2=High alarm   │ 
││STEL:   5.00ppm @ 15min│3=Low alarm    │ 
││TwaWt:   Off           │4=STEL alarm   │ 
││MolWt: 16.0     D: Off │     ─────     │ 
│└─────────Gas1──────────┘5=STEL time    │ 
└────────────────────────────────────────┘ 


Set Parameters Menu 
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Unit 
 
To select a unit for the application, press 1 from the Set Parameters Menu.  The Gas Unit 
Selection Menu is displayed.  The last unit configured is shown on the display. If this is 
the unit of the present application, press ESC.  The display returns to the Application 
Setup Menu.  To change the unit, press 1. The Gas Unit Selection Menu is displayed.  
Select the unit for the application.  The display responds "-ACCEPTED-" and then 
returns to the Analysis Setup Menu Page 4. 


 
┌────────────────────────────────────────┐ 
│╒════METHANE SUMMARY════╕Select         │ 
││ HRL:  100.0ppm        │      gas unit:│ 
││High:  100.0ppm        │               │ 
││ Low:  50.00ppm        │      ppm      │ 
││STEL:   5.00ppm @ 15min│               │ 
││TwaWt:   Off           │     1=ppb     │ 
││MolWt: 16.0     D: Off │     2=ppm     │ 
│└─────────Gas1──────────┘   3=Percent   │ 
└────────────────────────────────────────┘ 


Gas Unit Menu 
 
The following definitions apply to the Gas Unit menu, Alarm Level menu, Alarm Level 
Enter menu, and the STEL Time Select menu: 
 


• HRL is the high range limit. 
• High is the high level alarm setpoint. 
• Low is the low level alarm setpoint. 
• STEL is the Short Term Exposure Limit setpoint. 
• TwaWt is the group time weighted average factor.  Many times when several 


compounds are present in an area, the combined effect of the gases needs to be 
considered for industrial hygiene purposes.  For example, two gases (Gas A with 
a TWA of 5 ppm and Gas B with a TWA of 10 ppm), are each below the TWA 
value for the 8-hour period.  However, when both gases are present, it is 
important to report the combined effect.  This is sometimes referred to as a 
synergistic TWA.  The factor that is typically applied to each gas is 1/TWA. So 
for this example, the factor for Gas A is 1/5 and for Gas B is 1/10.  In the 
calculation of the Group TWA, the instantaneous concentration is multiplied by 
the factor.  Therefore, if Gas A has a concentration of 3 and Gas B, a 
concentration of 7, the Group TWA is: 
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• MOLWT is the molecular weight of the gas, and is used for conversion to mg/m3. 
• D is the density.  
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Alarms 
 
To set a high, low, or STEL alarm level for the application, press 2, 3, or 4 respectively 
from the Set Parameters Menu.  The appropriate Alarm Level Menu is displayed (see 
Alarm Level menu, below).  The last alarm level configured for that alarm is shown on 
the display.  If this is the alarm level for the present application, press ESC.  The display 
returns to the Application Setup Menu.  
 


┌────────────────────────────────────────┐ 
│╒════METHANE SUMMARY════╕Application    │ 
││ HRL:  100.0ppm        │gas high alarm:│ 
││High:  100.0ppm        │               │ 
││ Low:  50.00ppm        │    500.0ppm   │ 
││STEL:   5.00ppm @ 15min│               │ 
││TwaWt:   Off           │               │ 
││MolWt: 16.0     D: Off │   1=Change    │ 
│└─────────Gas1──────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Alarm Level Menu 
 
To change the alarm level, press 1.  The Alarm Level Enter Menu is displayed (see Alarm 
Level Enter menu, below).  Key in the desired value and press ENTER.  If the entry was a 
valid one, the display responds "-ACCEPTED-" and then return to the Application Setup 
Menu. 
 
Note:  A Low alarm is an alarm activated by a reading above the lower of two alarm 
setpoints; a high alarm is an alarm activated by a reading above the higher of the two 
alarm setpoints.  Either, or both, alarms may be selected.  
 


┌────────────────────────────────────────┐ 
│╒════METHANE SUMMARY════╕Enter value for│ 
││ HRL:  100.0ppm        │gas high alarm:│ 
││High:  100.0ppm        │               │ 
││ Low:  50.00ppm        │    25████ppm  │ 
││STEL:   5.00ppm @ 15min│  (Zero=Off)   │ 
││TwaWt:   Off           │               │ 
││MolWt: 16.0     D: Off │   =Backspace  │ 
│└─────────Gas1──────────┘ Enter=Accept  │ 
└────────────────────────────────────────┘ 


Alarm Level Enter Menu 
STEL Time 
 
To set a time interval for the application STEL alarm, press 5 from the Set Parameters 
Menu.  The STEL Time Menu is displayed.  The last time interval configured is shown 
on the display.  If this is the time interval for the present application, press ESC.  The 
display returns to the Application Setup Menu.  To change the time interval, press 1.  The 
STEL Time Select Menu is displayed (see STEL Time Select menu, below) Select the 
time interval for the application (Off, 5, 10, or 15 minutes).  The display responds "-
ACCEPTED-" and then return to the Application Setup Menu. 
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┌────────────────────────────┐ 
│╒════METHANE SUMMARY════╕Select         │ 
││ HRL:  100.0ppm        │ gas STEL time:│ 
││High:  100.0ppm        │               │ 
││ Low:  50.00ppm        │  15 minutes   │ 
││STEL:   5.00ppm @ 15min│               │ 
││TwaWt:   Off           │ 1=Off  2=5 min│ 
││MolWt: 16.0     D: Off │ 3=10 minutes  │ 
│└─────────Gas1──────────┘ 4=15 minutes  │ 
└────────────────────────────────────────┘ 


STEL Time Select Menu 
 
 


APPLICATION VIEW AND EDIT 
 
Application View and Edit allows a more extensive view and edit procedure for the 
currently selected application.  A flow chart of the configuration is shown in the 
Application View and Edit Flow Chart, below.   
 
Note:  Fixed library applications cannot be modified. 
 


Application Type
Primary Name
Secondary Name
Gas Number
GTWA Mode


Gas Summary
Gas Name
Gas Unit
Gas High Range Limit
Gas High Alarm Level
Gas Low Alarm Level
Gas STEL Alarm Level
Gas STEL Time Interval
Gas Molecular Weight
Gas Density


Number of Wavelengths


Wavelength Summary
Wave Position
Gas TWA Weighting


Application View and Edit


Temperature Comp


Pressure Comp


Ref Comp Summary
Ref Comp Mode
Ref Wavelength
Ref Measured Drift


Humidity Comp Sum.
Humidity Comp Mode
Humidity Wavelength
Humidity Absorbance


Pathlength
Dwell Time
Batch Sampling Mode
Meas Absorb-->Conc
Wavelength Absorbance
Matrix Parameters


 
 


Figure 7-3.  Application View and Edit Flow Chart 
 
Caution:  Only Gas Unit, Gas High Alarm Level, Gas Low Alarm Level, Gas STEL 
Alarm Level, and Gas STEL Time Interval can be changed for compounds in the 
standard library. 
 
To access this function, press 3 (Applic view and edit) from the Analysis Setup Menu  
Page 4, above. The Primary Name Display, the first of many parameter displays, appears. 
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Application Type 
 
The Type is the type of the application (single gas, multi-gas, or scanning).  The 
Application Type cannot be changed. 
 
Primary Name 
 
The Primary Name is the name of the application being monitored.  The last application 
configured is shown on the display. If this is the present application, press ENTER.  The 
display changes to the next parameter to be configured, Secondary name.   To change the 
name, press 1.  The Primary Name Enter Display appears. Key in the desired name and 
press ENTER.  If the entry is valid, the display responds "-ACCEPTED-" and then 
changes to the next parameter to be configured, Secondary name. 
 
 
Secondary Name 
 
The Secondary Name is the name defined for enhanced version applications.  The last 
name configured is shown on the display.  If this is the name wanted for the present 
application, press ENTER. The display changes to the next parameter to be configured. 
Press 1 to change the name.  The Secondary Name Enter Display appears.  Key in the 
desired name and press ENTER. If the entry is valid, the display responds "-ACCEPTED-
" and then changes to the next parameter to be configured. 
 
 
Gas Count 
 
The Gas Count is the number of gases (1 through 10) for the application.  The last 
number configured is shown on the display.  If this is the desired number for the present 
application, press ENTER.  The display changes to the next parameter to be configured.  
To change the number, press 1. The Gas Count Enter Display appears.  Key in the desired 
number (1 through 10) and press ENTER.  If the entry is valid, the display responds "-
ACCEPTED" and then changes to the next parameter to be configured. 
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Group TWA 
 
Group TWA enables setting the multi-gas group TWA mode off or on.  The last mode 
condition configured is shown on the display.  If this is the type of the present 
application, press ENTER. The display changes to the Gas Summary.  To change the 
mode condition, press 1. The Group TWA Selection Display appears.  Select the mode 
for the application.  The display responds "-ACCEPTED-" and then changes to the Gas 
Summary. 
 
 
Gas Summary 
 
The Gas Summary allows reviewing the values of the gas parameters for each gas in the 
application (see Gas Summary Display, below).  Move from one gas to the next with the 
arrow keys.  To accept the parameters for each gas, press ENTER.  When the last gas is 
reached, the display jumps to the Wave Number Display. To change the parameters in the 
Gas Summary for a gas, press 1.  The Gas Name Display is presented. 
 


┌────────────────────────────────────────┐ 
│╒════METHANE SUMMARY════╕               │ 
││ HRL:  100.0ppm        │     ─────     │ 
││High:  100.0ppm        │      Gas      │ 
││ Low:  50.00ppm        │    Summary    │ 
││STEL:   5.00ppm @ 15min│     ─────     │ 
││TwaWt:   Off           │               │ 
││MolWt: 16.0     D: Off │   1=Change    │ 
│└─────────Gas1──────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Gas Summary Display 
 


Gas Name 
 
The Gas Name is the name of the gas for the application.  This name is displayed during 
analysis.  The last name configured is shown on the display.  If this is the desired gas for 
the present application, press ENTER.  The display changes to the next parameter to be 
configured.  To change the name, press 1.  The Gas Name Enter Display appears.  Key in 
the desired name and press ENTER.  If the entry is valid, the display responds "-
ACCEPTED-" and then changes to the next parameter to be configured. 
 
 
Gas Unit 
 
The Gas Unit is the concentration unit for the application (ppb, ppm, percent, or mg/m3).  
The last unit configured is shown on the display.  If this is the unit of the present 
application, press ENTER.  The display changes to the next parameter to be configured.  
To change the unit, press 1.  The Unit Selection Display appears.  Select the unit for the 
application.  The display responds "-ACCEPTED-" and then changes to the next 
parameter to be configured. 
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Gas High Range Limit 
 
The Gas High Range Limit (HRL) is the high range limit of the gas for the application.  
The last limit configured is shown on the display.  If this is the limit for the present 
application, press ENTER.  The display changes to the next parameter to be configured.  
Press 1 to change the limit.  The High Range Limit Enter Display appears.  Key in the 
desired limit and press ENTER.  If the entry is valid, the display responds "-ACCEPTED-
" and then changes to the next parameter to be configured. 
 
Note:  The instrument continues to display readings above this high range value, but 
these readings will not be accurate, and a high range limit error flag will be displayed.  
Changing this value might require changes to the application’s linear and quadratic terms.   
This value also represents the 1.0V level for the analog output. 
 
 
Gas Decimal Point Maximum 
 
Gas Decimal Point Maximum selects the number of digits to the right of the decimal 
point that are to be displayed.  For example, if the expected readings are in the vicinity of 
500 ppm, select whole numbers (zero digits).  If the expected readings are in the 1 to 10 
ppm range, select display readings to a tenth of a ppm (one digit).  The following are 
suggested: select 2 places for values of 0 to 1, 1 place for values of 1 to 10, and 0 places 
for values >10.  Remember that there is the option of changing units to ppb or percent 
levels. 
 
 
Gas High Alarm Level 
 
Gas High Alarm Level enables setting the high alarm level for the application.  The last 
level configured is shown on the display.  If this is the level for the present application, 
press ENTER.  The display changes to the next parameter to be configured. Press 1 to 
change the level.  The High Alarm Level Enter Display appears.  Key in the desired level 
and press ENTER.  If the entry is valid, the display responds "-ACCEPTED-" and then 
changes to the next parameter to be configured. 
 
 
Gas Low Alarm Level 
 
This parameter is similar to Gas High Alarm Level. 
 
 
Gas STEL Alarm Level 
 
This parameter is similar to Gas High Alarm Level. 
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Gas STEL Time Interval 
 
The Gas STEL Time Interval is the interval for the STEL alarm for the application.  The 
last interval configured is shown on the display.  If this is the interval for the present 
application, press ENTER.  The display changes to the next parameter to be configured.  
Press 1 to change the interval.  The STEL Time Interval Selection Display appears. Select 
the interval for the application (Off, 5, 10, or 15 minutes).  The display responds 
"-ACCEPTED-" and then changes to the next parameter to be configured. 
 
 
Gas Molecular Weight 
 
Gas Molecular Weight sets the molecular weight of the gas for the application.  The last 
weight configured is shown on the display.  If this is the weight for the present 
application, press ENTER.  The display changes to the next parameter to be configured.  
Press 1 to change the weight.  The Molecular Weight Enter Display appears.  Key in the 
desired weight (000.0 to 999.9) and press ENTER.  If the entry is valid, the display 
responds "-ACCEPTED-" and then changes to the next parameter to be configured.  This 
value converts concentrations unit of measure to mg/m3.   
 
 
Gas Liquid Density 
 


Gas Liquid Density sets the density of the vapor for the application.  The last density 
configured is shown on the display.  If this is the density for the present application, press 
ENTER.  The display changes to the next parameter to be configured. Press 1 to change 
the density.  The Density Enter Display appears.  Key in the desired density (0.00 to 9.99) 
and press ENTER.  If the entry is valid, the display responds "-ACCEPTED-" and then 
changes to the next parameter to be configured.  This value is for reference only, and is 
not used in any calculation.   
 
 
Gas TWA Weighting 
 
Gas TWA Weighting specifies the gas group TWA weighting of the gas for a multi-gas 
application.  The last weight configured is shown on the display.  If this is the weight of 
the present application, press ENTER.  The display changes to the next parameter to be 
configured.  Press 1 to change the weight.  The TWA Weight Enter Display appears.  Key 
in the desired weight (from 0 to 10000) and press ENTER.  If the entry is valid, the 
display responds "-ACCEPTED-."  If this is not the last gas in the application, the display 
returns to Gas Summary for the next gas.  If this is the last gas in the application, the 
display changes to the next parameter to be configured, Wave Count. 
 
The group TWA is calculated by dividing the instantaneous concentration for each gas by 
their respective GTWA weighting value, and then adding up all of the results.  Time is 
factored into this value by logging the average concentration over the user-defined 
logging interval.   
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Wave Count 
 
Wave Count sets the number of analytical wavelengths for the application.  The last 
number configured is shown on the display.  If this is the number for the present 
application, press ENTER.  The display changes to the next parameter to be configured. 
Press 1 to change the number.  The Wave Count Enter Display appears.  Key in the 
desired number (1 to 10) and press ENTER. If the entry is valid, the display responds 
"-ACCEPTED-" and then changes to the Wavelength Summary. 
 
 
Wavelength Summary 
 
The Wavelength Summary reviews the wavelength position for each wave in the 
application.  The display also indicates whether all humidity compensation parameters 
are zero or not (see Wavelength Summary Display, below).  Move from one wave to the 
next with the arrow keys. To accept this data for each wave, press ENTER.  When the last 
wave is reached, the display jumps to the Temperature Compensation Display.  To 
change the data in the Wavelength Summary for a wave, press 1.  The Wavelength 
Position Display is presented. 
 


┌────────────────────────────────────────┐ 
│╒══WAVELENGTH SUMMARY═══╕               │ 
││                       │     ─────     │ 
││        : 3.333um      │   Wavelength  │ 
││                       │    Summary    │ 
││ _Humidity compensation│     ─────     │ 
││  parameters installed │               │ 
││                       │   1=Change    │ 
│└─────────Wave1─────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Wavelength Summary Display 
 
 


Application Wavelength 
 
Application Wavelength is the wavelength position defined for the installed application. 
This parameter enables the position to be changed.  
 
Note:  If this is a standard library application, the value cannot be changed. 
 
The last wavelength position configured is shown on the display.  If this is correct, press 
ENTER.  The display changes to the next parameter to be configured.  Press 1 to change 
the wavelength position.  The Wavelength Position Enter Display appears.  Key in the 
desired wavelength position (in μm) and press ENTER. If the entry is valid, the display 
responds "- ACCEPTED-" and then changes to the next parameter to be configured. 
 
Correction for humidity may be necessary as water vapor is a strong absorber in the 
infrared, with frequently overlapping absorption bands of  


λ 
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Humidity to Absorbance Correction 
 
Correction for humidity may be necessary as water vapor is a strong absorber in the 
infrared, with frequently overlapping absorption bands of many compounds of interest.  
The relationship between humidity level and absorption is often nonlinear.  Humidity to 
Absorbance Correction specifies the coefficient for a P, Q, and R parameter, any of 
which may be assigned to Range 1, 2, or 3 for each wave for the application.  The last 
wavelength absorbance for each range configured for a wave is shown on the display.  To 
accept this data, press ENTER.  When the last wave is reached, the display goes to the 
Temperature Compensation Display.  To change absorbance values, press 1.  The 
Wavelength Range Select Display appears (see Wavelength Range Select Display, 
below) 


┌────────────────────────────────────────┐ 
│╒═HUMIDITY ABSORB->H20══╕Select         │ 
││                       │wave H2O range:│ 
││       : 12.345um      │               │ 
││                       │               │ 
││Range 1: -> 0.5000AU   │               │ 
││Range 2: -> 0.7500AU   │   1=Range 1   │ 
││Range 3: ---           │   2=Range 2   │ 
│└───────────────────────┘   3=Range 3   │ 
└────────────────────────────────────────┘ 


Wavelength Range Select Display 
 
Select the desired range (1, 2, or 3).  The Parameter Select Display appears (see 
Parameter Select Display, below).   


┌────────────────────────────────────────┐ 
│╒═HUMIDITY ABSORB->H20══╕Select         │ 
││                       │wave H2O parms:│ 
││Range 1:4.8%           │               │ 
││                       │               │ 
││    Q= 0.000000E-00    │      1=Q      │ 
││    P=-7.890234E-01    │      2=P      │ 
││    R= 0.000000E+00    │      3=R      │ 
│└───────────────────────┘4=Absorb range │ 
└────────────────────────────────────────┘ 


Parameter Select Display 
 
Select the desired parameter (P, Q, R, or Absorb range).  The Parameter Enter Display 
appears.  Key in the desired parameter coefficient (in the form 1.123456E-07) and press 
ENTER.  
 
Note:  Use the down arrow key for a minus sign. 
 
If the entry is valid, the display indicates that the entry is ACCEPTED and then changes 
to the next parameter to be configured. 
 
Water absorbance at the analytical wavelengths is a percentage of the absorbance at the 
water wavelengths.  A general relationship for all analytical wavelengths is defined in 
Appendix D.  The appropriate values are used for each analytical wavelength.   
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Note:  This table only contains P term values because this is all that is required for 
humidity compensation. 
 
Temperature Compensation 
 
Temperature Compensation sets the temperature compensation off or on.  The last 
compensation condition configured is shown on the display.  If this is the compensation 
condition for the present application, press ENTER.  The display changes to the next 
parameter to be configured.  Press 1 to change the compensation condition.  The 
Temperature Compensation Select Display appears (see Temperature Compensation 
Display, below).  Select the condition for the application (Off or On).  The display 
responds "-ACCEPTED-" and then changes to the next parameter to be configured. 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕Application    │ 
││                       │ temp comp ref:│ 
││                       │               │ 
││ Applic: METHANE       │      Off      │ 
││                       │               │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Temperature Compensation Display 
 
Pressure Compensation 
 
Pressure Compensation sets the pressure compensation off or on.  The last compensation 
condition configured is shown on the display.  If this is the compensation condition for 
the present application, press ENTER. The display changes to the next parameter to be 
configured.  Press 1 to change the compensation condition.  The Pressure Compensation 
Select Display appears (see Pressure Compensation Display, below).  Select the condition 
for the application (Off or On).  The display responds "-ACCEPTED-" and then changes 
to the Reference Compensation Summary. 
 
Note:  There is no pressure sensor in the instrument.  If pressure compensation is 
enabled the user is prompted to enter the ambient pressure prior to running any 
application.   
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕Application    │ 
││                       │ pres comp ref:│ 
││                       │               │ 
││ Applic: METHANE       │      Off      │ 
││                       │               │ 
││                       │               │ 
││                       │               │ 
│└───────────────────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Pressure Compensation Display 







Chapter 7  Configuration and Setup 
 


7-33 


Reference Compensation Summary 
 
Since the SapphIRe analyzer is a single beam infrared spectrophotometer, any changes to 
the analyzer which may cause drift are associated as changes to the detector signal 
compared to the zero signal.  As the analyzer warms up, changes to the electronics, the 
infrared filter, and the gas cell affect the data.  To overcome these subtle changes, rezero 
the analyzer more often. 
 
Another way to mitigate these effects and to increase the stability of the data is to employ 
reference compensation.  Reference compensation repeatedly compares the detector 
signal at an non-absorbing wavelength to the signal at the analytical wavelength.  The 
processor then compares these two signals to the associated signal during the zero cycle.  
The analytical wavelength signal is then adjusted, if necessary, to compensate for any 
shift. 
 
Choosing the correct reference wavelength is very important.  All the calibrations in the 
fixed library have a reference wavelength of 4.004 microns associated with the 
calibration.  By enabling reference compensation, the analyzer uses 4.004 microns as the 
wavelength.  This wavelength filter was chosen because there are virtually no gases that 
absorb at this wavelength.  The problem with this wavelength is that it is not completely 
similar to other analytical wavelengths.  However, using this reference wavelength 
provides suitable compensation for most applications.  If this compensation is inadequate, 
it may be necessary to use a different reference wavelength.  Ideally, the wavelength 
should be close to the analytical wavelength.  For example, if ETO is measured at 11.6 
microns, then a wavelength in the 10 to 12 micron range should be chosen.  However, the 
wavelength that is chosen must be a non-absorbing wavelength for the primary gas and 
any interfering gases.  Choosing a wavelength that is affected by another gas can cause 
significant errors in the displayed data if that gas is present.  The goal is to factor out 
wavelength neutral changes due to the analyzer.  If the signal for the reference 
wavelength is increased by a gas, the correction by the processor will most likely be 
overstated. 
 
Before choosing a different wavelength, the parameters in the Fixed Library must be 
transferred to a User Library entry.  This is the only way to edit any parameter in fixed 
library calibrations. 
 
The Reference Compensation Summary allows reviewing the reference compensation 
data for the application (see Reference Compensation Summary Display, below).  To 
accept this data, press ENTER.  The display jumps to the Humidity Compensation 
Display.  To change the data in the Reference Compensation Summary, press 1.  The 
Reference Compensation Mode Display is presented. 
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┌────────────────────────────────────────┐ 
│╒REFERENCE COMPENSATION═╕               │ 
││       Mode: Enabled   │     ─────     │ 
││                       │   Reference   │ 
││Reference  :  4.004um  │ Compensation  │ 
││                       │     ─────     │ 
││ Meas Drift:  5.0%     │               │ 
││                       │   1=Change    │ 
│└───────────────────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Reference Compensation Summary Display 
 
 
Reference Compensation Mode 
 
Reference Compensation Mode sets this mode as Off or Enable.  The last mode condition 
configured is shown on the display.  If this is the mode condition for the present 
application, press ENTER.  The display changes to the next parameter to be configured. 
Press 1 to change the mode condition.  The Mode Select Display appears. Select the 
condition for the application (Off or Enable).  The display responds "-ACCEPTED-" and 
then changes to the next parameter to be configured. 
 
 
Reference Wavelength 
 
Reference Wavelength specifies the reference wavelength.  The last reference wavelength 
configured is shown on the display.  If this is the desired wavelength, press ENTER.  The 
display changes to the next parameter to be configured.  Press 1 to change the 
wavelength.  The Wavelength Enter Display appears.  Key in the desired wavelength (in 
μm) and press ENTER.  If the entry is valid, the display responds "-ACCEPTED-" and 
then changes to the next parameter to be configured. 
 
 
Reference Measured Drift 
 
Reference Measured Drift specifies the percent change of intensity at the reference 
wavelength between the zero and the measurement cycles prior to displaying a reference 
drift error.  The last reference measured drift configured is shown on the display.  If this 
is the correct allowed drift, press ENTER.  
 
The display changes to the Humidity Compensation Summary. Press 1 to change the 
allowed drift.  The Reference Measured Drift Enter Display appears. Key in the desired 
allowed drift (0.0 to 100.0) and press ENTER.  If the entry is valid, the display responds "-
ACCEPTED-" and then changes to the Humidity Compensation Summary. 
 


λ 
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To convert percent to an absorbance limit value, use the following formula: 
 


⎟
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⎞


⎜
⎝
⎛


±
=


drift100
100logLimit Aborbance


10


 


 
For example, if the drift value was set to 25 percent, a drift flag is generated if the 
absorbance at the reference wavelength is over 0.1245 AU or under –0.0969 AU. 
 
 
Humidity Compensation Summary 
 
The Humidity Compensation Summary allows reviewing the humidity compensation data 
for the application.  To accept this data, press ENTER.  The display jumps to the 
Pathlength Display.  Press 1 to change the data in the Humidity Compensation Summary. 
The Humidity Compensation Mode Display is presented (see Humidity Compensation 
Summary Display, below). 
 


┌────────────────────────────────────────┐ 
│╒═HUMIDITY COMPENSATION═╕               │ 
││       Mode: Enabled   │     ─────     │ 
││                       │   Humidity    │ 
││ Humidity  :  1.859um  │ Compensation  │ 
││                       │     ─────     │ 
││ _Absorbance->Humidity │               │ 
││  parameters installed │   1=Change    │ 
│└───────────────────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Humidity Compensation Summary Display 
 
 


Humidity Compensation Mode 
 
Humidity Compensation Mode sets this mode off or on.  The last mode condition 
configured is shown on the display.  If this is the mode condition for the present 
application, press ENTER.  The display changes to the next parameter to be configured.  
Press 1 to change the mode condition.  The Mode Select Display appears.  Select the 
condition for the application (Off or On).  The display responds "-ACCEPTED-" and 
then changes to the next parameter to be configured. 
 
 
Humidity Wavelength 
 
Humidity Wavelength enables specifies the humidity wavelength (usually the humidity 
filter wavelength of 1.859 μm).  The last humidity wavelength configured is shown on 
the display.  If this is the desired wavelength, press ENTER.  The display changes to the 
next parameter.  Press 1 to change the wavelength.  The Wavelength Enter Display 
appears. Key in the desired wavelength (in μm) and press ENTER. If the entry is valid, the 
display responds "-ACCEPTED-" and changes to the next parameter to be configured. 


λ 


√ 
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Humidity Absorbance 
 
Humidity Absorbance specifies the coefficient for a P, Q, and R parameter or the 
maximum absorbance value, any of which may be assigned to Range 1, 2, or 3 for the 
application.  The last humidity absorbance value for each range configured is shown on 
the display.  To accept this data, press ENTER.  The display jumps to the Pathlength 
Display.  To change the absorbance values, press 1.  The Humidity Range Select Display 
appears (see Humidity Range Select Display, below). 
 


┌────────────────────────────────────────┐ 
│╒═HUMIDITY ABSORB->H20══╕Select         │ 
││                       │wave H2O range:│ 
││       : 1.859 um      │               │ 
││                       │               │ 
││Range 1: to 4.8000AU   │               │ 
││Range 2: ---           │   1=Range 1   │ 
││Range 3: ---           │   2=Range 2   │ 
│└───────────────────────┘   3=Range 3   │ 
└────────────────────────────────────────┘ 


Humidity Range Select Display 
 


Select the desired range (1, 2, or 3).  The Humidity Parameter Select Display appears (see 
Humidity Parameter Select Display, below).   
 


┌────────────────────────────────────────┐ 
│╒═HUMIDITY ABSORB->H20══╕Select         │ 
││                       │wave H2O parms:│ 
││Range 1: to 4.8000AU   │               │ 
││                       │               │ 
││    Q= 0.000000E+00    │      1=Q      │ 
││    P=-1.000000E+00    │      2=P      │ 
││    R= 0.000000E+00    │      3=R      │ 
│└───────────────────────┘4=Absorb range │ 
└────────────────────────────────────────┘ 


Humidity Parameter Select Display 
 
Select the desired parameter (P, Q, R, or Absorb Range).  The Humidity Parameter Enter 
Display appears.  Key in the desired parameter coefficient (in the form 1.123456E-07) 
and press ENTER.  
 
Note:  Use the down arrow key for a minus sign. 
 
If the entry is valid, the display responds "-ACCEPTED-" and then changes to the 
Humidity Parameter Range Select Display.  Another parameter can be selected, or press 
ESC to return to Humidity Range Select and ESC again to return to Humidity 
Absorbance.  Pressing the down arrow key at this point, goes to the next parameter, 
Pathlength.   
 
Normal practice is to set absorbance range 1 to 4.8000 AU, and to set its P value to 1.0  
During analysis, this copies the absorbance data to the humidity data for later use.  


λ 
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Pathlength 
 
Pathlength specifies a long or short pathlength.  The last pathlength condition configured 
is shown on the display.  If this is the pathlength condition for the present application, 
press ENTER.  The display changes to the next parameter to be configured. Press 1 to 
change the pathlength condition.  The Pathlength Select Display appears. Select the 
condition for the application (Long or Short).  The display responds "-ACCEPTED-" and 
then changes to the next parameter to be configured. 
 
 
Dwell Time 
 
Dwell Time specifies the time analysis stays on a wavelength and averages measurement 
data.  The last dwell time configured is shown on the display.  If this is the desired dwell 
time, press ENTER.  The display changes to the next parameter to be configured.  Press 1 
to change the dwell time.  The Dwell Time Enter Display appears. Key in the desired 
dwell time (0 to 65535) and press ENTER.  If the entry is valid, the display responds 
"-ACCEPTED-" and then changes to the next parameter to be configured.  Typical dwell 
time is 275 (5 second analysis time).  Consult a Thermo Fisher Scientific applications 
chemist for any dwell time change. 
 
 
Purge % of Max 
 
Purge % of Max specifies the percent of maximum sample cell purge to perform.  For 
most gases, 60 seconds or 100% provides enough flushing of the gas cell to clear the 
previous sample.  At a flow rate of approximately 14 liters/minute and a cell volume of 
approximately 2.2 liters, the SapphIRe analyzer has provided about six volumes of air.  
Typically, 5 volumes of air will purge the cell by 99%. Although certain gases can be 
flushed faster, setting percent of purge parameter to 100% is recommended. 
 
The last percent of purge configured is shown on the display. If this is the desired percent 
of purge, press ENTER. The display changes to the next parameter to be configured. Press 
1 to change the percent of purge. The Percent of Purge Enter Display appears. Key in the 
desired percent of purge (0 to 100) and press ENTER. If the entry is valid, the display 
responds "-ACCEPTED-" and then changes to the next parameter to be configured. 
 
 
Batch Mode 
 
Batch Mode enables or turns off this mode. The last mode condition configured is shown 
on the display. If this is the desired mode condition for the present application, press 
ENTER. The display changes to the next parameter to be configured. Press 1 to change the 
mode condition. The Mode Select Display appears. Select the condition for the 
application (Enabled or Off). The display responds "-ACCEPTED-" and then changes to 
the next parameter to be configured. 
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If Batch Mode is enabled, the analyzer performs a trap and purge routine.  This turns the 
pump off during the measurement of all analytical wavelengths.  This ensures the sample 
is measured at all analytical wavelengths, allowing for proper compensations if 
necessary.  Once the analysis is completed, the pump is turned back on to draw in a new 
sample, and the process is repeated.   
 
 
Batch Purge % 
 
Batch Percent of Purge specifies the percent of maximum gas cell purge to perform 
during a batch sampling mode. As described in “Batch Sample”, above, Batch Percent of 
Purge can be changed when faster updates of the data are required. The batch cycle 
consists of three portions. In the first portion, batch purge, the pump draws in a new 
sample or batch of gas. This lasts 20 seconds if Batch Percent of Purge is set to 33%. In 
those 20 seconds about 4.5 liters (2 volumes) of gas are drawn into the cell. By entering 
25%, this portion of the cycle lasts 15 seconds and draws about 3.5 liters (1.5 volumes) of 
gas. 
 
The second portion of the cycle is the measurement of the gas at each of the wavelengths. 
To see the analyzer measuring the wavelengths, press the up arrow key to view the 
Intensity or Absorbance screen (if enabled). The third portion of the cycle is the display 
of the data. 
 
By changing the Batch Percent of Purge to a lower value, reduce the cycle time. 
However, by doing this, each successive sample measurement shows a smaller step 
change since the gas cell is not being refreshed as quickly. In a static or constant 
concentration location, this may not be a problem. 
 
In the Batch Percent of Purge parameter, the last batch percent of purge configured is 
shown on the display. If this is the desired percent of purge, press ENTER. The display 
changes to the next parameter to be configured. To change the batch percent of purge, 
press 1. The Batch Percent of Purge Enter Display appears. Key in the desired percent of 
purge (0 to 100) and press ENTER. If the entry is valid, the display responds "-
ACCEPTED-" and then changes to the next parameter to be configured. 
 
 
Measurement Absorbance → Concentration  
 
Measurement Absorbance → Concentration specifies the coefficient for a P, Q, and R 
parameter or the maximum absorbance value, any of which may be assigned to Range 1, 
2, or 3 for the application. The last measurement Absorbance → Concentration value for 
each range configured is shown on the display. To accept this data, press ENTER. The 
display returns to the Primary Name Display (see above). Press 1 to change the 
absorbance values,. The Meas Absorb → Conc Range Select Display appears (see Meas 
Absorb → Conc Range Display, below).  
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┌────────────────────────────────────────┐ 
│╒═══MEAS ABSORB->CONC═══╕Select         │ 
││                       │  PQ cal range:│ 
││Range 1: -> 0.5000AU   │               │ 
││Range 2: -> 0.7500AU   │               │ 
││Range 3: ---           │               │ 
││                       │   1=Range 1   │ 
││                       │   2=Range 2   │ 
│└───────────────────────┘   3=Range 3   │ 
└────────────────────────────────────────┘ 


Meas Absorb → Conc Range Select Display 
 
In the above example, the calibration range from 0 to 0.1700 AU has one set of 
calibration curve data (P,Q values) and the range from 0.1701 to 0.4000 AU has a second 
set of calibration values. The reason for more than one set of calibration values is that the 
first range may be relatively linear whereas the second range may be less linear. By 
creating two separate ranges, the accuracy is significantly enhanced. 
 
Select the desired range (1, 2, or 3). The Meas Absorb->Conc Parameter Select Display 
appears (see. Meas Absorb → Conc Parameter Select Display, below).  
 


┌────────────────────────────────────────┐ 
│╒═══MEAS ABSORB->CONC═══╕               │ 
││                       │               │ 
││Range 1: -> 0.1700AU   │               │ 
││                       │               │ 
││    Q= 2.043480E+06    │               │ 
││    P=-2.384240E+05    │               │ 
││    R= 0.000000E+00    │               │ 
│└───────────────────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Meas Absorb → Conc Parameter Select Display 
 
The analyzer functions by measuring absorbance of light at the detector. Once the 
absorbance is generated by the analyzer, it needs to be converted in concentration. To 
accomplish this, the absorbance value is fitted into the following formula: 
 


C = QA2  + PA + R 
where:  
C = Concentration of the chemical 
Q = Quadratic parameter 
P = Linear Parameter 
R = Y-intercept (typically zero or very close to zero) 
A = Absorbance 
 
If in this example, the analyzer generates an absorbance value or 1.00, the following 
concentration value is generated: 
 
C = 2,043,480 (0.100)2 + 239,424 ((0.1) + 0.00 
C = 20,434.80 + 23,942.40 = 44,377.20 ppb 
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The value is always expressed in ppb. The conversion results in a displayed value 
determined by the application. If the absorbance value generated by the analyzer had 
been greater than 0.1700, range 2 P, Q, and R values would be used. 
 
Select the desired parameter (P, Q, R, or Absorb Range). The Meas Absorb->Conc 
Parameter Enter Display appears. Key in the desired parameter coefficient (in the form 
1.123456E-07) and press ENTER.  
 
Note:  Use the down arrow key for a minus sign. 
 
If the entry is valid, the display responds "-ACCEPTED-" and then changes to the Meas 
Absorb->Conc Parameter Range Select Display. Another parameter can be selected or 
press ESC to return to Meas Absorb → Conc Range Select and ESC again to return to 
Meas Absorb->Conc. Pressing the down arrow key at this point, returns to the Primary 
Name Display (see Primary Name Display, above). 
 
 
Matrix Parameters 
 
Matrix Parameters is used for multigas applications. It specifies the coefficient for a P 
and Q parameter for each part of the matrix. The last coefficients configured are shown 
on the display.  
 


┌────────────────────────────────────────┐ 
│╒═══MATRIX PARAMETERS═══╕               │ 
││                       │     ─────     │ 
││     Gas   Wavelength  │    Matrix     │ 
││      3         2      │absorb->concent│ 
││                       │     ─────     │ 
││    Q= 1.123456E-07    │               │ 
││    P=-7.890234E+05    │               │ 
│└───────────────────────┘ =Prev    =Next│ 
└────────────────────────────────────────┘ 


Matrix Parameters Display 
 
To accept this data for the column and row indicated, press ENTER. The display for the 
next row in the matrix appears; or if the current matrix is in the last row, the display for 
the next column, first row appears; or if the current matrix is in the last column, last row, 
the display returns to the Primary Name Display (see Primary Name Display, above). To 
change the coefficients, press 1. The Matrix Parameter Select Display appears. Select the 
desired parameter (P or Q). The Matrix Parameter Enter Display appears. Key in the 
desired parameter coefficient (in the form 1.123456E-07) and press ENTER.  
 
Note:  Use the down arrow key for a minus sign. 
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If the entry is valid, the display responds "-ACCEPTED-" and then returns to the Matrix 
Parameters Display. The next position in the matrix can then be configured. When done, 
press the ESC key. For more information on calibration parameters of multicomponent 
applications, see LAD 001-036. 
 
 
Save Changes to Library 
 
If the current application has been changed from the library, the display prompts 
"Application is changed!" and asks "Save changes to library?" Press ENTER to Save, ESC 
to not save. 
 
Note:  For step-by-step calibration procedures see Appendix E, “Scan/Calibration 
Procedure.” 
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Chapter 8 
SITE INFO 


 
Sites and locations are storage locations for logged data within the SapphIRe memory. A 
site is the collection point for logged data - concentration, date, time, absorbance data, 
and possibly locations. A location is specific identity assigned to logged data.  
 
Note:  PCIP is a DOS program. If there is a communication problems in a Windows 
environment, it may be necessary to restart the computer in DOS mode. Contact the local 
MIS staff or Thermo Fisher Scientific if problems persist.  
 
 


SITES 
 
Before any data can be logged, a site must be created through the keypad of the SapphIRe 
(see steps that follow) and the logging parameters must be configured. This site holds all 
of the data that has been logged until a new site is created or the existing is site is erased. 
When a new site is created, the current site (and logged data) is not lost, only closed. The 
analyzer warns of this when a new site is created. The data may be still be accessed by 
downloading to the computer through Thermo Match, or printed through the printer port. 


 


Creating a New Site  
1. From the main menu, select #3, Site Info, to access the Site Menu Display, shown 


below.   
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕   SITE MENU   │ 
││     Site: <all>       │1=New site     │ 
││                       │               │ 
││Locations: ---         │2=Enter site   │ 
││                       │  information  │ 
││                       │               │ 
││   Memory: 94%  free   │3=Erase site   │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Site Menu Display 
 


2. From the site menu - select # 1 (new site) 
3. The warning "Starting a site closes the old site data" may appear. Press ENTER. 
4. Enter the name of the site through the keypad. The site name may be up to twelve 


characters long. Press ENTER. 
5. The new site name is displayed on the left and the site menu is returned. Press 


ESC to return to the main menu. 
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General Comments 
1. There may have up to 50 sites in the analyzer memory at one time.  
2. When downloading or printing site data, select either a single site, all sites, or 


current site. 
3. Selection # 2 (enter site information) under the site menu allows the entering of  


notes about the data to be logged. For example, notes could indicate the 
conditions at the time of monitoring ("cloudy"), or who requested that the 
monitoring the be done ("I.H. survey"). This information will appear at the end of 
the standard logging report. The default setup provides 20 note locations, each of 
which may be up to 12 characters long. 


4. To clear all sites and logged data, select # 5 (Report/Data) from the main menu, 
then select # 4 (Memory Clear). Select # 1 from the memory menu to clear the 
sites and logged data (see Memory Clear Display, below). See "Locations" for 
clearing all locations. 


 
┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕  MEMORY MENU  │ 
││     Site: <all>       │1=Clear logged │ 
││                       │   sites & data│ 
││Locations: ---         │               │ 
││                       │2=Clear all:   │ 
││                       │  -logged data │ 
││   Memory: 94% free    │  -locations   │ 
│└───────────────────────┘  -report defin│ 
└────────────────────────────────────────┘ 


Memory Menu Display 
 


LOCATIONS 
 
Locations are reusable identifiers that may be used to identify data within a site. For 
example, if monitoring homes, the locations "kitchen", "hall", "bedroom", "living" and 
"dining" can be established. When entering the first home, an appropriate site name (i.e., 
"123 Main St") and the logging parameters can be established. Then scroll through the 
five locations and log the data for the appropriate room(s). When moving to the next 
home, a new site ("987 Oak Lane") would be established, and the process would be 
repeated. There are three types of locations: 
 


1. Standard Locations - These are "permanent" locations that are entered into the 
analyzer's memory and may be used in all sites. The locations in this list become 
the active location list when the location feature is activated and a new site is 
created. The location list is created on a PC and sent to the analyzer. To create a 
location file, download the blank location list from the analyzer to be used as a 
template. The spacing in the file is critical; if improperly formatted, an error 
message will appear during the data transfer to the analyzer. To ensure correct 
spacing, position the cursor after the placeholder "<none>", backspace to the "=" 
sign, and enter the desired location (up to 12 characters long). To enter a second 
location, copy the current line and paste it to a new line. Modify this new line as 
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noted above. Repeat this process for as many locations as needed. There should 
be one blank line after the version line and another blank line prior to the end line. 
These locations will be available in all sites, and will reside even after the 
memory is cleared of sites and logged data. Examples of standard locations are 
shown below: 


 
STANDARD LOCATIONS 
VERSION=1 
 
      LOCATION=DINING ROOM 
      LOCATION=CLOSET-KIT 
      LOCATION=CABINETS  
 
END 
 


2. Supplemental Locations - This is a secondary list of "permanent" locations that 
may be loaded into the SapphIRe in the same manner as the standard locations (in 
the setup file under the heading "supplemental locations") - see above for the 
process. The supplemental location could be used if an infrequent location exists 
(i.e., garage) that is not used every monitoring session, but may be needed on 
occasion. To use these supplemental locations, add them to the active location list. 
These supplemental locations are available only in the site currently open. Once 
the site is closed, add these locations once again in the newly created site 
(however, the data logged to the supplement locations in the closed site will be 
visible when the data is downloaded or printed). Examples of supplemental 
locations are shown below: 


 
SUPPLEMENTAL LOCATIONS 
VERSION=1 
 
      LOCATION=BOILER RM 
      LOCATION=COOLER 
      LOCATION=COUNTER 
 
END 


 
3. Added Locations - Add "temporary" locations to the current location list as 


needed at any time. These locations are entered through the keypad, exist only for 
the open site, can be logged but can not be saved. Typical uses of this type of 
location are if an unusual tag is needed (i.e., doghouse) that would be of very little 
use in the future. These locations could be used if a unique identifier is needed for 
a specific data point. Once the site is closed, these locations need to be added 
once again in the newly created site (however, the data logged to the supplement 
locations in the closed site will be visible when the data is downloaded or 
printed). 
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How to Use Locations 


 
1. Create standard (and supplemental if desired) locations by downloading the 


location template from the analyzer to a PC.  
2. Modify the location list and load into the analyzer.  
3. Scroll to next page by pressing ↓. Activate selection # 2 (location) on the analysis 


setup preference menu. 
4. Activate selection # 3 (location list) on the analysis setup menu #3. Change the 


order of the location and establish how locations are inserted into the list in this 
menu.  


5. When in the analysis mode, the first location in the active location list will appear 
in the bottom solid bar on the left of the display. Scroll through the current 
locations by pressing the “6” and “9” buttons or, if configured, the up and down 
arrows.  


6. Selection # 3 (location menu) provides access to the current list menu. This 
provides the following options:  
• Selection # 1(Browse) allows scrolling through the current locations. 


Selecting one of the listed locations makes that location active.  
• Selection # 2 (Add or search) allows searching for a specific current location 


or to add a temporary location to the active location list. Pressing enter makes 
that location active. 


• Selection # 3 allows scrolling through the supplemental location list. It 
performs the same functions as selection # 1 (above), except it makes that 
supplemental location active and loads the supplemental location to the active 
location list as long as that site is open.  


• Selection # 4 allows searching for a specific supplemental location. Pressing 
enter make that makes that supplemental location active and loads the 
supplemental location to the active location list as long as that site is open.  


 
 
General Comments 
 


1. There may be up to 200 total locations (standard, supplemental, and added) 
loaded per site. 


2. Locations are a valuable tool if the same area is continually monitored. For many 
applications a descriptive site name (and perhaps a note) may suffice. 


3. If a single sample as the log mode is selected, the left hand side of the main menu 
will display the number of locations that are logged and the total number of active 
locations. When in the analysis mode, this allows logging a single location and 
then prompts to save or repeat the log. If the log is saved, it steps to the next 
location and the process is repeated. If the analysis is stopped prior to logging all 
locations and restart the analysis, the locations list begins at the start of the list, 
but a check mark is placed next to those locations that were already logged. 
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4. Since standard locations and supplemental locations are loaded from a PC and are 
"permanent", the only way to remove these is to clear the entire memory. To clear 
all memory, press 5 (Report / Data), then select 4 (memory clear) from the 
Report/Data menu. At the Memory Menu, press 2 (clear all: -logged data, -
locations, -report defin). Please note that performing this function does not 
remove the report format from the analyzer, it loads the default report format from 
flash memory.  If a custom report format was used, it must be reloaded. 


5. It is possible to create several location files and send them into the analyzer as 
needed (the one being sent into memory overwrites the exiting one). This may be 
helpful if the monitor patterns include homes (examples provided earlier), 
hospitals (locations may be OR1, OR2, Recovery1, Sterilizer1) or painting 
operations (spray booth1, vent hood1, drying area, storage room). 


 
 


SITES and LOCATIONS SUMMARY 
 
A site is a memory location that holds logged data and has a limited life. It must be 
created to log data and take a few seconds to establish. Locations come in various types, 
and may be either permanent or temporary. It takes a more substantial effort to develop 
them, but the standard and supplemental locations are reusable. Below is a block diagram 
that represents how they interact. 
 


PERSONAL COMPUTER


LEGEND


SapphIRe ANALYZER


MEMORY


 
 


Figure 8-1.  Sites and Locations Block Diagram 
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Chapter 9 
Report/Data Transfer 


 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix C for descriptions of these actions. 
 
From the Main Menu, press 5 (Report/Data) to access the Report/Data Menu (see 
Report/Data Menu, below). The current status is shown on the left and the menu of 
selections on the right. 
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕  REPORT/DATA  │ 
││     Site: 1234 MY ST  │1=Select site  │ 
││                       │     ─────     │ 
││Locations: 30 of 35    │2=Print        │ 
││           logged      │3=Data transfer│ 
││                       │     ─────     │ 
││   Memory: 85% free    │4=Memory clear │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Report/Data Menu 
 
 


SELECT SITE 
 
To select a site, press 1 (Select site) from the Report/Data Menu. If no sites are available, 
the display reads "No sites are logged." If sites are available, the Site List Menu is 
displayed (see Site List Menu, below). The current status continues to be shown on the 
left and the menu of selections on the right. Select the site by its number. The display 
responds "-ACCEPTED-." 
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕   SITE LIST   │ 
││     Site: 1234 MY ST  │0=All sites    │ 
││                       │.=Current Site │ 
││Locations: 30 of 35    │2=24 OAK ST    │ 
││           logged      │2=24 OAK ST    │ 
││                       │3=678 MAPLE ST │ 
││   Memory: 85% free    │4=9 MAPLE ST   │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Site List Menu 







Chapter 9  Report/Data 


9-2 


PRINT MENU 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix B for descriptions of these actions. 
 
To print a report, connect the analyzer to any printer that can accept ASCII text format by 
connecting the printer cable (see Figure 3-1) to the analyzer parallel port (see Figure 3-8).  
 
Then, press 2 (Print) from the Report/Data Menu. The Print Menu is displayed (see Print 
Menu, below). The current status continues to be shown on the left and the menu of 
selections on the right. 
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕  PRINT MENU   │ 
││     Site: <all>       │1=Site         │ 
││                       │     ─────     │ 
││Locations: ---         │2=Full setup   │ 
││                       │3=Partial setup│ 
││                       │     ─────     │ 
││   Memory: 94% free    │4=Library names│ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Print Menu 
 
Press 1 (Site) from the Print Menu, to send data on the site selected in Setup mode to the 
printer. If no site was selected, the display reads "No site is selected."  
Press 2 (Full setup), to send all data as specified in the Setup mode to the printer. 
Press 3 (Partial setup), to access the Partial Setup Menu (see Partial Setup Menu, below). 
From this secondary menu, the information can be printed only for the parameter 
specified (general setup, single gas user library, report format definition, location list, or 
supplemental location list). The current status continues to be shown on the left and the 
menu of selections on the right. Select the report by its number. Press 4 (Library names), 
to send the primary and secondary names of all applications to the printer.  
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕ PARTIAL SETUP │ 
││     Site: <all>       │1=General setup│ 
││                       │2=User library │ 
││Locations: ---         │3=Report format│ 
││                       │4=Location list│ 
││                       │5=Supplemental │ 
││   Memory: 94% free    │  locations    │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Partial Setup Menu 
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While printing, an indicator shows the percentage complete. When complete, the message 
"Print Transfer Okay" is displayed. If unable to print the report, the analyzer displays the 
message "Printing Failed."  
 
 


DATA TRANSFER 
 
To transfer data, connect the analyzer to a computer with an RS-232 cable and press 3 
(Data transfer) from the Report/Data Menu. One of two Data Transfer Menus (one for 
auto data transfer mode and one for manual data transfer mode) is displayed (see Data 
Transfer Menus, below). The current status is shown on the left. The current mode and 
baud rate is shown on the right as well as the opportunity to change the mode or baud rate 
and to send or receive data. 
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕ DATA TRANSFER │ 
││     Site: <all>       │   Mode=Auto   │ 
││                       │   Baud=9600   │ 
││Locations: ---         │               │ 
││                       │               │ 
││                       │1=Change mode  │ 
││   Memory: 94% free    │2=Change baud  │ 
│└───────────────────────┘3=Send/receive │ 
└────────────────────────────────────────┘ 


 
┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕ DATA TRANSFER │ 
││     Site: <all>       │   Mode=Manual │ 
││                       │   Baud=38400  │ 
││ Locations: ---        │               │ 
││                       │1=Change mode  │ 
││                       │2=Change baud  │ 
││   Memory: 94% free    │   3=Send      │ 
│└───────────────────────┘   4=Receive   │ 
└────────────────────────────────────────┘ 


Data Transfer Menus 
 


Change Mode 


To change mode, press 1 (Change mode) from the Data Transfer Menu. Select 1 = Auto 
or 2 = Manual.  
 


Change Baud Rate 


To change baud rate, press 2 (Change baud) from the Data Transfer Menu. Select 
1 = 19200, 2 = 9600, 3 = 4800, 4 = 2400, or 5 = 1200. 
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Send Data 
 
To send data, press 3 (Send) from the Data Transfer Menu. If mode is Auto, the display 
shows the percent transfer complete as the data is sent. If mode is Manual, the Send 
Menu is displayed (see Send Menu, below). The current status continues to be shown on 
the left and the menu of selections on the right. 
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕   SEND MENU   │ 
││     Site: <all>       │1=Site         │ 
││                       │     ─────     │ 
││Locations: ---         │2=Full setup   │ 
││                       │3=Partial setup│ 
││                       │     ─────     │ 
││   Memory: 94% free    │4=Library names│ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Send Menu 
 


Press 1 (Site) from the Send Menu, to send data on the site selected in Setup mode to the 
printer. If no site was selected, the display reads "No site is selected."  
Press 2 (Full setup), to send all data as specified in the Setup mode. 
Press 3 (Partial setup), to access the Partial Setup Menu (see Partial Setup Menu, above). 
From this secondary menu information can be sent only on the parameter specified 
(general setup, single gas user library, multi-gas user library, report format definition, 
location list, or supplemental location list). The current status continues to be shown on 
the left and the menu of selections on the right. Select the information by its number.  
Press 4 (Library names), to send the primary and secondary names of all applications.  
 
 
Receive Data 
 
To receive data, press 3 (Send/receive) from the Data Transfer Menu if in Auto mode or 4 
(Receive) if in Manual mode. 
While sending or receiving, an indicator shows the percentage complete. When complete, 
the message "Transfer Complete" is displayed. If unable to transfer the information, the 
analyzer displays the message "Transfer Failed."  
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MEMORY CLEAR 
 
To clear memory, press 4 (Memory clear) from the Report/Data Menu. The Memory 
Menu is displayed (see Memory Menu, below). The current status continues to be shown 
on the left and the menu of selections on the right. Press 1 to clear logged data and sites. 
Press 2 to clear all data. This also removes all locations and replaces the report format 
with the default report format. The warning message "Clearing will erase stored data" is 
displayed. Press ESC to cancel request or ENTER to continue. The instrument responds: 
"Please wait while clearing memory." When finished, the display responds "CLEARED." 
 


┌────────────────────────────────────────┐ 
│╒════════SUMMARY════════╕  MEMORY MENU  │ 
││     Site: <all>       │1=Clear logged │ 
││                       │   sites & data│ 
││Locations: ---         │               │ 
││                       │2=Clear all:   │ 
││                       │  -logged data │ 
││   Memory: 94% free    │  -locations   │ 
│└───────────────────────┘  -report defin│ 
└────────────────────────────────────────┘ 


Memory Menu 
 
Caution:  Press 2 only if the report definition or location list are being changed. 
 
 


HYPERTERMINAL 
 
To transfer data between the analyzer and a PC, the MIRAN SapphIRe is shipped with 
the Thermo Match program.  Although any terminal program that works under the PC’s 
operating system may be used to communicate with the analyzer, Hyperterminal is a 
widely available program that ships with Windows 95/98/ME, and Windows NT/2000. 
Appendix E describes the use of this program.   


 







 


 


 







 


10-1 


Chapter 10 
Maintenance and Service 


 
The SapphIRe analyzer has no user-serviceable parts and requires no lubrication or 
routine cleaning. With the exception of the battery pack, all parts have an infinite storage 
life. 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix C for descriptions of these actions. 
 
 


ZERO GAS FILTER 
 
The zero gas filter contains activated charcoal and should be stored in a sealed plastic bag 
when not in use. Saturation of the filter depends on the nature and concentration of 
contaminants. If a new cartridge produces an appreciably lower analyzer reading, the old 
cartridge should be discarded. Replace the cartridge after no more than 30 zero cycles 
and at least once a year. It is important to realize that this replacement frequency may be 
inadequate for some gases. 
 
 


PARTICULATE FILTER 
 
The useful life of the particulate filter depends upon the amount of particulate matter at 
the sampling point. If the filter becomes clogged, the sampling flow rate decreases 
resulting in a slow response. The particulate filter can also become contaminated with 
background gases, leading to faulty results. Replace the filter when the response time has 
increased noticeably, if the filter is suspect, or after 400 operating hours. 
 
 


BATTERY PACK 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix C for descriptions of these actions. 
 
The battery pack supplied with the analyzer consists of six NiCd cells and requires no 
maintenance other than recharging. The battery pack can be operated and charged in any 
position. Both the Model 5025A and 5100A Charger/Power Supplies are designed to 
provide safe levels of charging current under all conditions without adversely affecting 
cell life. A fully discharged battery pack can be recharged in approximately four hours. 
 
Note:  Intrinsically safe models use a different battery pack from earlier models. The 
older battery packs cannot power the intrinsically safe model. 
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Long Term Storage 


NiCd batteries discharge at the rate of 30% per month at room temperature. Be sure to 
fully charge any battery pack retrieved from storage prior to using it in the analyzer. 
 


Recharging 


For a complete description of battery pack operations with either the Model 5025A or 
Model 5100A Charger/Power Supply (see Chapter 3, “Charger/Power Supply”).   
 
 


CARE OF OPTICS 
 
High concentrations of some compounds, examples of which are listed in Table 10-1, 
may cause incorrect readings or degrade the analyzer's cell windows. This could lead to 
an error message and require replacement of the windows. The problem may be 
minimized by: 
 


• Avoiding repeated exposure to such concentrations. 
• Purging the analyzer thoroughly with clean dry air after exposure to such 


concentrations. 
 


Table 10-1.  Compounds That May Degrade Cell Windows 
 


Compound Concentration 
Ammonia 250 ppm 
Diethylamine 100 ppm 
Dimethylamine 100 ppm 
Ethanolamine 100 ppm 
Hydrogen Cyanide 100 ppm 
Hydrogen Fluoride 100ppm 
Methylamine 100 ppm 
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SERVICE LOCATIONS 
 
For additional assistance, service is available from exclusive distributors worldwide.  
Contact one of the phone numbers below for product support and technical information 
or visit us on the web at thermo.com/aqi. 
 
 
 


1-866-282-0430 Toll Free 
1-508-520-0430 International 
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Chapter 11 
Firmware Update 


 
INTRODUCTION 


 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix C for descriptions of these actions. 
 
Thermo Fisher Scientific updates the SapphIRE software, and periodically provides 
firmware feature enhancements/modifications to the analyzer. These enhancements can 
be upload to the analyzer via a personal computer and the serial port on the analyzer. 
 
A communication link between the PC and the SapphIRe analyzer is required to install 
the updates. This link is provided by the Personal Computer Interface Program (PCIP) 
software. This program is contained on a 3-1/2-inch diskette that is supplied with each 
instrument. To use the program, create a subdirectory called PCIP205 on the PC and copy 
the files from the diskette into this new subdirectory. To execute the program, access this 
directory and run the file Thermo Match. 
 
The enhanced firmware is provided as self-extracting zipped files on diskette at the time 
of the firmware release.  It may also be obtained by accessing the Thermo Fisher 
Scientific web site (http://www.thermo.com/ih), and selecting the software button. 
 
Create a new subdirectory and save the download into this new directory (typically this 
file is named "Svvvvvv.exe", where the “S” denotes Sapphire and the v's denote the 
version release number).  
 
Note:  Thermo Fisher Scientific suggests that the new directory be created under the 
PCIP directory.   
 
This file provides the four files necessary to upgrade the firmware. To execute, run the 
file and the four new files ("readme.txt", "changes.txt", “report.txt”, and "M205.prm") 
will be extracted and reside in the same directory as the original file. Print the readme.txt 
file and follow the steps exactly as printed. The entire process, including reloading the 
full set-up should take approximately 35 minutes. 
 
Caution:  Remember to backup the full set-up file prior to uploading the new operating 
firmware. 
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Notes: 
1. Thermo Fisher Scientific supplies two disks with each SapphIRE. One contains the 
Thermo Match software and should be loaded as indicated above. The second contains 
instrument specific application files ("applic.txt"), a generic read me file ("readme.txt"), 
and a setup file ("setup.txt"). Thermo Fisher Scientific recommends copying these files to 
the same directory as the Thermo Match files. Thermo Fisher Scientific also suggests 
copying the full setup from the analyzer to the PC prior to the first use (see the following 
procedure). This provides a backup of the general setup, application file, report format, 
locations and supplemental locations in one file in case the data needs to be restored at a 
later time. 
 
2. Specific software version related files are included with each software release. Read 
the "readme.txt" and "changes.txt" files prior to proceeding. 
 
 


PROCEDURE 
 
Downloading Setup Information 
 
When the new firmware is loaded to the SapphIRe analyzer, all setup and application 
information will be erased. This information can be manually re-entered. However, this 
process can be time consuming, especially if there are lengthy location lists stored. 
Therefore, prior to uploading the new firmware, download the present setup 
configuration for later uploading. To download this data:  
  
From the analyzer’s Main Menu, press 5 to access the Report/Data Menu, shown below.   
 


┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕  REPORT/DATA  │ 
││     Site:<all>        │1=Select site  │ 
││                       │     ─────     │ 
││Locations: ---         │2=Print        │ 
││                       │3=Data transfer│ 
││                       │     ─────     │ 
││   Memory: 94% free    │4=Memory clear │ 
│└───────────────────────┘               │ 
└────────────────────────────────────────┘ 


Report/Data Menu 
 
From the Report/Data Menu, press 3 to access the Data Transfer Menu.  There are two 
different Data Transfer Menus, depending on whether the mode is automatic for use with 
Thermo Match, or manual for use with a third-party communication software. 
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┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕ DATA TRANSFER │ 
││     Site: <all>       │   Mode=Auto   │ 
││                       │   Baud=9600   │ 
││Locations: ---         │               │ 
││                       │               │ 
││                       │1=Change mode  │ 
││   Memory: 94% free    │2=Change baud  │ 
│└───────────────────────┘3=Send/receive │ 
└────────────────────────────────────────┘ 


 
┌────────────────────────────────────────┐ 
│╒════════STATUS═════════╕ DATA TRANSFER │ 
││     Site: <all>       │   Mode=Manual │ 
││                       │   Baud=38400  │ 
││Locations: ---         │               │ 
││                       │1=Change mode  │ 
││                       │2=Change baud  │ 
││   Memory: 94% free    │   3=Send      │ 
│└───────────────────────┘   4=Receive   │ 
└────────────────────────────────────────┘ 


Automatic and Manual Data Transfer Menus 
 
Connect the analyzer to the computer with a serial communication cable.  Verify that the 
baud rate on the analyzer and that on the computer match.  A baud rate of 19200 is 
considered standard.  In PCIP, press F2 for file, and select the directory to store the file.  
Type a file name (for example, “MYSETUP.TXT”).  As it is being typed, the file name 
appears at the bottom of the screen.  Press ENTER to end the file name.  If Thermo Match 
is being used, press F5=Receive, and then F6=Full Setup.   
 
 
Uploading New Firmware 
 
With the analyzer running, press the Firmware Update Switch on the analyzer with a thin 
rod such as a paper clip (see Figure 3-8 for location). The Firmware Update menu is 
displayed.  Press the applicable number to select a language.   


 
╔════════════════════════════════════════╗ 
║─────────────FIRMWARE UPDATE────────────║ 
║                                    1.00║ 
║                                        ║ 
║  Select language: 1=English 2=Francais ║ 
║                   3=Espanol 4=Deutsche ║ 
║                                        ║ 
║                                        ║ 
║            Enter=Continue              ║ 
╚════════════════════════════════════════╝ 


Firmware Update Menu 
 
Press ENTER to continue to the Firmware Main Menu.   
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╔════════════════════════════════════════╗ 
║───────────────MAIN MENU────────────────║ 
║    Firmware version: 205  050000P      ║ 
║   Firmware validity: Valid             ║ 
║                                        ║ 
║                                        ║ 
║           1=Update firmware            ║ 
║  2=Validate firmware   3=Serial setup  ║ 
║       4=Details     5=Exit update mode ║ 
╚════════════════════════════════════════╝ 


Firmware Main Menu 
 
In the Firmware Main Menu, press 3 to display the Serial Menu.   
 
In the Serial Menu, press 1 to select 19200 baud.  The display briefly read “19200 
ACCEPTED” and returns to the Serial Menu.  Press ESC to return to the Firmware Main 
Menu.  Then press ENTER or 1 to erase the present firmware.  The display warns that the 
firmware is about to be erase.  Press ENTER to continue.   
 


╔════════════════════════════════════════╗ 
║──────────────SERIAL MENU───────────────║ 
║                                        ║ 
║               Baud Rate                ║ 
║                 19200                  ║ 
║                                        ║ 
║                                        ║ 
║                                        ║ 
║   1=Verify serial link   2=Baud rate   ║ 
╚════════════════════════════════════════╝ 


Serial Menu 
 
 
The Loading Firmware screen is displayed.  In Thermo Match, highlight the M205.prm 
file and press F6 to send the new software to the analyzer.  This process takes about 25 
minutes.   
 


╔════════════════════════════════════════╗ 
║────────────LOADING FIRMWARE────────────║ 
║                                        ║ 
║  Loading firmware using serial port... ║ 
║                                        ║ 
║             Waiting...                 ║ 
║                                        ║ 
║                                        ║ 
║                             Esc=Cancel ║ 
╚════════════════════════════════════════╝ 


Loading Firmware Screen 
 
When complete, the Firmware Main Menu is displayed (see Firmware Main Menu, 
above). Verify that firmware revision is correct and validity states are valid. Press 5 to 
exit. The analyzer restarts at this point and error messages related to the application are 
displayed. Proceed to the next section to reload the specific application. 
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Uploading Setup Information 
 
Next, reload the file saved earlier into back to the computer.  To do this, press 5 from the 
Analyzer Main Menu (see below).  Then Press 3 from the Report/Data Menu to select 
Data Transfer (see Data Transfer Menus, above).  The display indicates that it is waiting 
for a request.  From the computer, highlight MYSETUP.TXT, and press F6.  After the 
transfer is complete, select an application (or single gas) and begin analysis.   
 


┌────────────────────────────────────────┐ 
│╒══CURRENT APPLICATION══╕   MAIN MENU   │ 
││                       │     ─────     │ 
││                       │1=Analyze/Start│ 
││                       │     ─────     │ 
││ METHANE: ---- ppm     │2=Change gas   │ 
││                       │3=Site info    │ 
││                       │4=Config/Setup │ 
│└───────────────────────┘5=Report/Data  │ 
└────────────────────────────────────────┘ 


Analyzer Main Menu 
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Chapter 12 
USER PERFORMANCE VERIFICATION 
 
INTRODUCTION 


 
Performance verification can be done by introducing a pure sample of the compound 
through a septum into a closed loop circulating pump which is connected to the analyzer. 
The closed loop calibration system, consisting of the septum, pump, and tubing is 
available from Thermo Fisher Scientific. 
 
 


PROCEDURE 
 
Warning:  Intrinsically safe models require special actions with respect to the following 
section. Refer to Appendix C for descriptions of these actions. 
 
1. Before connecting the closed loop calibration system to the analyzer, it must be 


free of all contaminants. Therefore, zero the analyzer (see Chapter 5, “To Zero the 
Analyzer”). When display says to install the particulate filter, go to next step of 
this procedure instead. 


 
2. Connect tubing from the OUT connector of the closed loop pump to the IN port 


on the analyzer. Also connect tubing from the IN connector of the closed loop 
pump to the OUT port of the analyzer (see Figure 12-1).   
  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 12-1.  Closed Loop Calibration Setup 
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3. Determine the required injection volume for the calibration. 
For Liquids: 


 


d
Mx


R
Px 


10
Vx CVI 3


T=  


 
For Gases: 


 
TVx  CVI =  


 
Where: 
VI =  Injection volume in microliters (μL) 
C  =  Concentration in parts per million (ppm) 
V T =  Total volume of cell and calibration system in liters (2.24 L) 
d =  Liquid density (g/cm 3) 
M =  Molecular weight of sample 
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4. Press ENTER on the analyzer to continue. After a few seconds press ENTE-R again 


to skip purge. The current concentration (of approximately 0) is displayed. 
 
5. Make the injection of sample into the septum. 
 
6. The analyzer should read the concentration expected from the injection. 
 
 
 
Note:  Thermo Fisher Scientific offers a calibration kit (see Appendix E) that provides 
an alternative method of verification. Contact Thermo Fisher Scientific for more details. 
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Chapter 13 
Infrared Spectroscopy Tutorial 


 
OVERVIEW 


 
The MIRAN SapphIRe Infrared Analyzer quickly measures concentrations of a wide 
range of chemical substances present in the air. In identifying and measuring various 
gases in the air, it uses fundamental principles of how molecules composing these 
substances absorb infrared energy. 
 
Infrared energy is but one type of energy composing the electromagnetic spectrum. Other 
familiar types of electromagnetic energy are radio frequencies, microwaves, and visible 
light. 
 
 


ELECTROMAGNETIC ENERGY 
 
Figure 13-1 is a chart of the entire electromagnetic spectrum from electric power 
radiation to x-rays. 
 
Electromagnetic waves can exist at virtually any frequency. Electromagnetic energy at 
the top of the spectrum (television and radio waves) have much longer wavelengths and 
correspondingly lower frequencies and energy than wavelengths towards the top of the 
chart (x-rays, gamma rays, and cosmic rays). The wavelengths of radio can be measured 
in dozens of feet whereas the wavelengths of x-rays can be measured in billionths of an 
inch. 
 
Infrared energy is located toward the middle of the electromagnetic spectrum. It is in the 
same area as the only visible portion of the spectrum - light. The visible portion of the 
spectrum includes wavelengths from 0.4 to 0.7 μm (microns) or a slightly broader region 
under appropriate conditions. Thus the naked eye can only perceive a very small part of 
the electromagnetic spectrum. 
 
At either end of the visible spectrum are invisible wavelengths. At longer wavelengths, 
just beyond the red end of the visible spectrum, is the infrared region (infra meaning 
frequencies below those of red light). Radiation in this region was demonstrated in 1800 
by William Herschel, the English astronomer (Figure 13-2). Herschel placed a blackened 
thermometer just outside the red end of the spectrum of sunlight formed by a prism. He 
found that the temperature rose even though no visible light was hitting the thermometer. 
As this suggests, infrared radiation, like light, is a portion of the electromagnetic 
spectrum. But just as the pitch of sound can get too high or too low to hear, the 
wavelengths of light can get too long or too short to see. Although people cannot see 
infrared energy, they can feel it as heat. Radiated heat is infrared energy. 
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Figure 13-1.  Electromagnetic Spectrum 
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Figure 13-2.  Herschel Experiment 
 
People can see visible wavelengths as light and color but usually cannot feel them, 
whereas people can feel infrared wavelengths, but cannot see them. 
 
Certain analytical instruments, however, such as the SapphIRe Analyzer, use infrared 
wavelengths from about 1.8 to 14.1 μm. This range was chosen because most chemical 
compounds show strong absorption of infrared energy in this region. 
 
 


BASIC PROPERTIES OF WAVES 
 
Wavelength 
 
Figure 13-3 shows a cross-section of a typical wave, showing that the wave crests are 
evenly spaced. The distance from a point on one crest to the equivalent point on the next 
is called the wavelength, and is represented by the Greek letter lambda (λ). Infrared 
wavelengths are usually measured in micrometers (μm). 
 


 
 


Figure 13-3.  Explanation of a Wavelength 
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Speed and Frequency of the Wave 
 
Velocity, V, of infrared waves in air is approximately the speed of light in a vacuum (c or 
3 x 108 m/s). Whereas the velocity is expressed in distance travelled per unit of time, 
frequency measures how many waves pass a given point in a period of time. It is 
represented by the Greek letter Nu (ν) and expressed in cycles per second or Hertz (Hz). 
Thus the frequency equals the velocity divided by the wavelength or ν = c/λ. 
 
 
Wavenumber 
 
A second unit of frequency used particularly in the optical regions of the spectrum 
(ultraviolet, visible, infrared) is the wavenumber in cm-1, or cycles per centimeter. 
Wavenumber is represented by the barred Greek letter Sigma (σ). This unit is the 
reciprocal of wavelength, but unlike wavelength, it has the advantage of being linear with 
values measuring the energy of waves. 
 
The following relationship simplifies conversions: σ (cm-1 ) = 104 /λ (μm). That is, divide 
the wavelength ( μm) into 10,000 to get the corresponding wave number or divide the 
wavenumber into 10,000 to get the wavelength. 
 
 


ATOMS AND MOLECULES IN MOTION 
 
The analysis of chemical compounds involves identifying both the type of molecules that 
comprise these substances (qualitative analysis) and the quantity of molecules present in 
a given sample (quantitative analysis). The SapphIRe Analyzer does both. It identifies 
quantities of known gases in the atmosphere and determines how much of those 
substances (their concentration) is in the sample. It does this by sending a beam of 
infrared energy at a selected wavelength through a sample of the substance and by 
measuring how much infrared energy gets through the sample. This section explains why 
this technique works by examining how atoms move and absorb energy. 
 
 
Molecular Vibration 
 
All substances are made up of atoms and molecules. Molecules are made up of two or 
more atoms held together by electrical forces to form chemical bonds. All molecules are 
dynamic, which means they are always in motion. One type of molecular motion is 
caused by the vibration of the atoms where they are bonded. These bonds can stretch or 
wag back and forth. The degree of molecular vibration or movement depends on the 
atoms, their bonds, and the amount of energy available. This motion is natural and occurs 
all the time. When a group of molecular atoms stretches or wags back and forth, it does 
so at a particular frequency. 
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Vibrational Bending and Stretching 
 
Vibrations can involve either a change of bond length, stretching, or bond angle, bending 
(Figure 13-4).   
 


 
 


Figure 13-4.  Molecular Bending and Stretching 
 


Stretching can be either asymmetrical or symmetrical (Figure 13-5).   


 
 


Figure 13-5.  Asymmetrical vs Symmetrical Stretching 
 
Bending can be described in four separate modes (Figure 13-6).  
 


 
Figure 13-6.  Molecular Bending 


 
Three important facts follow from the above: 


1. Only the vibrations of a molecule's bonds can absorb infrared energy. 
2. There are many possible modes of vibration. 
3. Each vibrational mode may correspond to a distinct absorption peak in the 


infrared spectrum of that molecule. 
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Resonance 
 
Every object has a natural frequency at which it vibrates. As a sound wave travels 
through the air, it carries energy with it. This energy is what causes eardrums to vibrate 
when struck by the wave. In the same manner, a larger, less sensitive object also bends 
slightly with each compression or rarefaction which hits it. Normally this deformation is 
so slight that it is not noticeable, but if the frequency of the sound wave just matches the 
natural frequency of the object struck, the object absorbs part of the sound wave's energy 
and resonates. 
 
Many people have heard the story of an opera singer's voice shattering a crystal glass. 
Like molecular bonds, the crystal has tones or harmonics at which it naturally vibrates. At 
other frequencies it does not vibrate. When an opera singer's voice rises, it eventually hits 
one of the harmonics of the crystal glass. When it does so, it begins to vibrate (resonate) 
with the note. It is only at that fundamental tone that it can fully absorb the sound energy. 
At lower notes the sound energy just passed through the glass without much effect. 
Similarly, each molecular bond has a characteristic harmonic infrared frequency at which 
it vibrates. It is only at that particular frequency that the molecular bond can absorb IR 
energy. 
 
Thus resonance is the key to infrared analysis: If a molecule's bonds vibrate at a 
particular frequency, wavelengths of infrared radiation are absorbed by those bonds if 
they are at the same frequency. 
 
For example, if carbon is double bonded to oxygen, it vibrates at a frequency that 
matches the frequency of infrared energy at a wavelength of 5.8 μm. Whenever molecular 
frequency matches infrared energy's frequency, that infrared energy is absorbed by the 
molecules. Molecules of different substances vibrate at different frequencies, and 
therefore, are responsive to different wavelengths. Because some molecules can be 
composed of several different atoms, it is also possible that one part of a molecule would 
absorb at one wavelength, and another part of that molecule at another wavelength. So 
the total molecule might absorb at multiple wavelengths, because of the many different 
bond groups on that molecule. One way to tell one molecule from another is by analyzing 
at different wavelengths of infrared energy. 
 
Chemical bonds can be thought of as tuning forks, each bond naturally tuned to a 
different pitch or vibrational frequency. If the tuning fork is struck softly, it sounds a 
particular note. Striking the fork harder does not change the fundamental pitch of the 
fork. It only vibrates more forcefully and consequently sounds louder. It does not change 
to a different note. Chemical bonds are like nature's molecular tuning forks. 
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Summary 
 


• At the atomic and molecular level, all matter, regardless of size or composition, is 
in constant motion. 


• The bonds holding atoms together in molecules can be thought to behave much 
like a "Slinky" spring. The spring-like wagging, stretching, and bending motions 
of the bonds are forms of molecular vibration. 


• Each molecular bond has a natural frequency associated with each type of 
vibration. 


• Energy can be absorbed by the molecule if the frequency or wavelength of the 
incident energy matches (resonates with) the natural frequency of one or more of 
the molecule's bonds. 


 
The whole classification of normal vibrations is quite complex and would require a 
detailed mathematical treatment that is beyond this document. The main point is that 
vibrational characteristics of molecules allow us to determine what kind and how much 
of a molecule is present. 
 
 


QUALITATIVE ANALYSIS: IDENTIFYING COMPOUNDS 
 
Spectroscopy is the study of how energy (typical electromagnetic energy) interacts with 
matter. We use selected areas between 1.8 to 14.1 μm band of the electromagnetic 
spectrum because higher energy levels, such as those used in mass spectrometry, break 
the molecules down to the atomic or subatomic particle level. While nuclear magnetic 
resonance and other techniques are useful for determining the atomic properties of 
molecules, they are not designed for "fingerprinting" molecules and identifying them. 
 
A spectrophotometer is an instrument for recording variations in intensity of 
electromagnetic radiation at various frequencies. A simple diagram of the functional parts 
of an infrared spectrophotometer, such as the SapphIRe Analyzer, is shown in Figure 
13-7. 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 13-7.  Diagram of a Spectrophotometer 
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In this figure, note the following: 


• Source of IR radiation - Heated wire in the SapphIRe Analyzer 
• Sample Cell – 0.5 or 12.5 m pathlength cell in the SapphIRe Analyzer 
• Optical Filter - permits selection of a single, specific wavelength of IR radiation 


to reach the detector 
• Detector - The pyroelectric, heat-sensitive element used to measure IR energy 


emerging from the sample cell 
 
In a typical infrared spectrophotometer, a source simultaneously emits all the infrared 
wavelengths. These wavelengths cover nearly all the natural vibrational frequencies of 
organic compounds. One of the natural vibrational frequencies of the Tetrahydrofuran 
(THF) molecule, for example, occurs at about 1064 cm-1 (9.40 microns). If all the 
infrared frequencies are beamed through a sample of THF in the sample cell, some of the 
radiation at the wavenumber 1064 are absorbed by the THF molecules, whereas most of 
the other frequencies are transmitted. This absorption can be plotted using a common 
strip chart recorder to produce an air-referenced spectrum similar to that in (Figure 13-8).  
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Figure 13-8.  Scan of Tetrahydrofuran (THF) 
 
Infrared spectra are specific for the compound analyzed. Like fingerprints, no two are the 
same. This provides a means for identifying an organic substance. 
 
A typical spectrum is a plot of absorption (or transmission) of infrared energy (radiation) 
against its wavelength (λ) or wavenumber (ν). As indicated in Figure 13-7, the drive of 
the optical filter is synchronized with the x-axis of the chart recorder so that the latter 
indicates the wavelength of radiation reaching the detector via the slit. It is important to 
note that the SapphIRe Analyzer operates continuous wavelengths from 7.7 to 14.1 
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microns. The signal from the detector is transmitted to the y-axis of the recorder, 
indicating how much radiation is absorbed by the sample at a particular wavelength. 
 
Thus, any point on the curve of an absorption spectrum can characterized by two factors: 
wavelength and the intensity of IR energy absorption. 
 
Absorption Peaks 
 
The wavelength at which maximum energy absorption occurs is called an absorption 
peak. It is a narrow band of frequencies of energy strongly absorbed by compounds in a 
sample cell. The absorption peak's wavelength value is a qualitative measurement. While 
frequency or wavenumber is often used to indicate this information, wavelength in μ m 
units is also used to identify absorption peaks.  
 
Note:  Viewing absorption peak values on spectral charts gives only a rough 
approximation of the specific values of absorption peaks. Much greater accuracy can be 
achieved with computer-aided analyzers such as the SapphIRe Analyzer. 
 
If the sample cell were completely clean of any absorbing gases (including air), the 
absorption spectrum would look like that shown in Figure 13-9).   
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Figure 13-9.  Blank Air Reference Scan 
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Not all absorption spectra are so simple. Most contain multiple peaks. Figure 13-10 is an 
absorption spectrum of a single organic compound, Isopropanol in air. There are a 
number of distinct absorption peaks (shown circled). Some peaks contain "shoulders", 
less intense peaks leading up to the main peak. From this figure, it is obvious that infrared 
spectra of multiple compounds have many overlapping peaks. 
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Figure 13-10.  Isopropanol in Air With Absorption Peaks Indicated 
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For example, in the following 10 ppm scan of methylene chloride in ambient air, its 
characteristic absorption peak at around 13.5 microns is practically obscured at low 
concentrations by other components in the air (Figure 13-11, upper). Only at higher 
concentrations or by compensating for other compounds (see second scan at 100 ppm 
compensated for air) can certain peaks be easily identified (Figure 13-11, lower).   
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Figure 13-11.  Scans of Methylene Chloride 
 
 


Methylene Chloride at 10 ppm 
     (uncompensated for air) 


Methylene Chloride at 100 ppm 
       (compensated for air) 
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Choosing Analytical Wavelengths of Gas Compounds 
 
From the "fingerprint" or IR spectrum by which a compound is identified, we must 
choose a good analytical wavelength for a measurement. This is a critical step in 
performing a gas calibration. By identifying characteristic main and secondary absorption 
peaks unique for that particular compound and recording them for future reference, a 
library of analytical wavelengths for a large number of gases can be maintained. The 
specific analytical wavelength chosen for each organic compound depends upon two 
factors: specificity and intensity. 
 
 
Specificity 
 
The wavelength chosen for a particular compound must be characteristic of that 
compound; it should serve to easily identify and distinguish the compound from other 
similar compounds. For example, Figure 13-12 shows spectra of two distinctly different 
hydrocarbons: isopropanol (2-propanol) and methyl ethyl ketone. Absorption peaks in the 
isopropanol spectrum are present at 8.2, 8.9, and 10.6 microns. Also note that methyl 
ethyl ketone has peaks close to 8.9 and 10.6 microns but not close to 8.2 microns. 
Therefore, the 8.2 micron peak serves best at distinguishing isopropanol from methyl 
ethyl ketone. 
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Figure 13-12.  Selecting a Distinguishing Peak of a Compound 
 
 
Intensity 
 
A second important criterion in selecting a wavelength for analysis is that the absorption 
level must be sufficiently intense to be measurable in the concentration range desired. 
Figure 13-13 shows two spectra for R-142b at 10 and 120 ppm. Two distinct absorption 
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peaks present themselves at 8.5 and 10.5 microns . Note that the one at 8.5 microns is 
strong at both concentrations and that the one at 10.5 microns practically disappears at 
the concentration of 10 ppm. 
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Figure 13-13.  Selecting the Peak of High Intensity at Varying Concentrations 
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QUANTITATIVE ANALYSIS: MEASURING ABSORPTION LEVELS 
 


The previous section showed that the second major characteristic of an absorption peak is 
the intensity of energy absorption and that the presence and intensity of IR absorption of 
any given peak varies with the identity of the specific organic compound being analyzed. 
Absorption also varies with the concentration of gases in the sample cell and with the 
effective length of the path the infrared beam travels through the sample cell. Generally 
speaking, the greater the concentration of gases and the longer the pathlength, the greater 
the absorption of IR energy. Intensity of absorption is typically measured in % 
Transmittance or in Absorbance Units (AU).  
 
 
% Transmittance 
 
Almost all chart recorders represent spectra as a plot of % Transmittance on the y-axis vs 
Frequency and Wavelength on the x-axis. The resulting plot, Figure 13-14, is a measure 
of how much IR energy has passed through the sample and reached the detector.  
  


 
 


Figure 13-14.  Definition of Transmittance and Absorbance 
 
Transmittance is a measure of the difference between incident radiation, I0 (the intensity 
of IR energy entering a sample cell) and the transmitted radiation, I (the intensity of IR 
energy leaving the sample cell and reaching the detector) or T = I/I0. We can therefore 
express % Transmittance as: %T = (I/I0) x 100. 
 
 
Absorbance Units (AU) 
 
Another convenient way of representing the intensity of absorbance of infrared energy is 
in Absorbance Units (AU). Like transmittance, absorbance can also be expressed as a 
ratio in terms of the intensity of incident vs. transmitted IR energy: A = log10 I0/I. Since 
%T varies exponentially with intensity of transmitted light, a plot of absorbance vs. 
concentration is linear (Figure 13-15). 
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Figure 13-15.  Concentration vs. Absorbance 
 
 
Relation of Transmittance to Absorbance Units 
 
Since both transmittance (T = I0/I) and Absorbance (A = log10 I0/I) are derived from the 
same proportion of intensity of incident vs. transmitted energy, we can substitute to solve 
for the value of A in terms of T. This relationship is A = log10 (1 / T). Therefore the 
absorbance value at 100 % Transmittance is 0. 
 
 
Summary 
 


• % Transmittance and Absorbance Units are the standard measures for 
representing the intensity of absorption of IR energy. 


• The most accurate calibration readings with the SapphIRe Analyzer are obtained 
at full scale between 0.2 and 0.6 AU, which represents a 67% - 25% transmittance 
of IR energy. 


• AUs are derived from % Transmittance, a ratio of intensity of IR radiation 
entering and leaving the sample cell.  


 
 


THE BEER-LAMBERT LAW 
 
The Beer-Lambert Law (usually referred to as Beer's Law) describes the relationship 
between absorption and concentration. It states that the amount of energy absorbed at a 
certain wavelength is directly proportional to the concentration of the sample and to the 
pathlength over which the energy travels through the sample. A = kCL where: 
 


A is the absorbance of the sample gas. This number represents the amount of IR 
energy absorbed by the gas molecules in the sample cell. 
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k is a proportionality constant often known as the absorptivity. It is related to 
wavelengths absorbed by particular chemicals. At a given wavelength it does not 
change. 
 
C is a measure of concentration. It represents the quantity of the gas in the sample 
cell. 
 
L is the pathlength. This is a measure of the distance that the infrared beam must 
travel in order to pass through the gas in the sample chamber. 


 
 
Linearity of Absorbance vs. Concentration 
 
At low concentrations, the absorbance of a compound is typically directly proportional to 
the concentration over the distance the light is allowed to travel through the sample. 
Therefore, if a sample of HCl at 100 ppm yielded an absorbance of 0.14 AU and the 
concentration was doubled to 200 ppm, the absorbance value (at the same pathlength) 
theoretically doubles to 0.28 AU. Also, a plot of absorbance vs. concentration should 
produce a straight line (Figure 13-16). 
 


 
 


Figure 13-16.  Absorbance - Theoretical Concentration Linearity 
 
 
Deviations from Beer's Law 
 
The previous section discussed Beer's Law in a general way. Figure 13-17, plotting five 
concentrations of the gas shows that linearity is quite good up to 20 ppm but that above 
this point the curvature becomes more pronounced. 
 







Chapter 13  Infrared Spectroscopy Tutorial 


13-18 


 
 


Figure 13-17.  Absorbance - Actual Concentration Linearity 
 
 
The apparent failure of Beer's Law at higher concentrations is most likely due to the 
interaction of gas molecules with one another in the sample cell. Collisions between 
molecules as well as polymerization are two phenomena thought to account for 
deviations from linearity. 
 
The SapphIRe Analyzer is programmed to make appropriate adjustments to Beer's Law at 
high concentrations of gases in order to compensate for the nonlinear relationship. It does 
this by including a quadratic term in the formula it uses for deriving concentration levels 
from absorbance values. For certain gases, it has also been preprogrammed for two 
ranges of concentration, a high and a low range. 
 
Knowing this about the nonlinearity of Beer's Law at high concentrations, it is important 
to limit analytical work to the 0 - 1 AU range in order to achieve the highest degree of 
accuracy using the SapphIRe Analyzer. The ability to alter the pathlength, the effective 
distance IR radiation travels through the sample cell, provides a convenient method for 
keeping absorbance values within these recommended limits. 
 
 


INFRARED SPECTROSCOPY SUMMARY 
 
While there is much more to interpreting IR absorption spectra than presented in this 
chapter of this instruction, the essential features of IR absorption spectroscopy are as 
follows: 
 


1. Chemical substances absorb IR radiation selectively at specific frequencies 
characteristic of the natural vibration of the bonds and the molecular groups 
comprising the substance. IR radiation at other frequencies is not absorbed. Each 
compound's pattern of absorption frequencies, its IR spectrum, is unique. Like 
fingerprints, no two are alike, and thus can be used to identify the molecules in an 
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unknown sample. By knowing at what wavelengths energy is absorbed, the types 
of molecules in a compound can be identified. 


 
2. Selecting a good fingerprint for a compound involves finding an intense 


absorption peak in its IR spectrum at a wavelength where: 
 


a.  it can easily be identified from among other similar compounds, and  
b. interference from water and carbon dioxide is minimal. 
 


These practical considerations often mean selecting an alternate analytical wavelength for 
identifying and measuring the target compound. 
 


3. We can also determine how much of the chemical compound is present using 
quantitative techniques based on Beer's Law. 


 
When a certain quantity of IR energy is beamed through the sample cell containing 
molecules of a chemical compound, the molecules absorb a certain percentage of that 
energy. The amount of energy absorbed can be expressed in % Transmittance or in 
Absorbance Units. 
 
By knowing how much IR energy is absorbed, we can figure out how many molecules 
are in the chamber. Very low concentration levels of gases can thus be measured and 
expressed in parts per million (ppm). 
 
 


HOW THE SAPPHIRE ANALYZER WORKS 
 
The SapphIRe Analyzer is a single-beam, microprocessor-controlled, infrared analyzer 
with a variable pathlength gas cell and an optical filter (Figure 13-18). In the analyzer, 
infrared light is generated by a glowing metal alloy filament (a) heated to a dull orange 
glow. A rotating chopper blade (b) interrupts and synchronizes the beam so that the 
intensity of the signal reaching the detector is modulated. The beam then passes through a 
variable filter (c), to remove extraneous wavelengths of light, into the sample cell (d) 
containing the gas sample.  
 
 
 
 
 
 
 
 
 
 


Figure 13-18.  Internal Components of the SapphIRe Analyzer 
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In the cell, the infrared light is reflected back and forth through the sample by 
gold-coated mirrors(s). This folded-pathlength design allows for adjustment of pathlength 
between 0.5 and 12.5 meters. The greater number of reflections, the more energy is 
absorbed by the sample before the infrared radiation reaches the detector (e). When the 
infrared radiation finally impinges on the detector, the energy is converted to an electric 
signal, which, after amplification and translation into a digital form, appears on the 
readout display. Concentration values can be presented in concentration or absorbance 
units. 
 
Gases are brought into the analyzer by means of an air sampling pump at the rate of 14 
liters per minute. The need to change the pathlength is prompted by the microprocessor 
and then the pathlength mechanism must be adjusted manually to 0.5 or 12.5 meters. The 
adjustment mechanism causes a small rod to press on a mirror inside the cell. By pivoting 
the angle of the mirror, the number of reflections of light is increased or decreased 
depending on the direction the mirror is moved. 
 
All analyzers must have a source of infrared radiation. The source in the SapphIRe 
Analyzer is a metal alloy filament, which, when heated to 825°C, emits a broad spectrum 
of radiation. The filament's operation is similar to the one used in a regular light bulb 
except that it produces primarily wavelengths of infrared energy or heat instead of light. 
 
Radiation from the filament passes through revolving blades which interrupt (or chop) the 
beam and synchronize the electronic circuits with the IR energy reaching the 
photodetector cell. The beam of energy must be interrupted so that the intensity of IR 
energy reaching the photodetector constantly varies. Otherwise the detector would 
rapidly become saturated and insensitive to the IR radiation. 
 
Next, the modulated beam passes through a monochromatic filter made of special glass 
that allows a narrow band of IR radiation to pass through at any one moment. This 
infrared linear variable filter is capable of selecting one of seven fixed bandpass filters or 
individual wavelengths in the range of 7.7 to 14.1 microns (Figure 13-19). This is 
accomplished by a servo mechanism automatically moving the filter to the correct 
position. The filter moves between fixed and variable wavelength positions. 
 


 
Figure 13-19.  Linear Variable Filter 


 
Resolution is the ability of the analyzer to use only that wavelength called for by the 
analysis. The variable filter used in the SapphIRe Analyzer has varying resolution 
depending on the wavelength range selected (Table 13-1). 
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Table 13-1.  Wavelength Ranges 


 
Wavelength 


(μm) 
Bandwidth


(%) 
Bandwidth 


(μm) 
General Hydrocarbons 
3.333 3.3 0.11 


Other Fixed Filters 
1.859, 3.573, 4.004, 4.250, 4.500, 4.620 1.5 0.06 at wavelength of 4.0 


μm 
8.000 2.7 0.22 
11.000 2.3 0.25 
14.000 2.0 0.28 


 
Resolution becomes very important if two compounds have absorbance close together in 
the infrared spectrum. When monitoring for one compound, it is important that the peak 
for the other compound not interfere in the analysis. 
 
The fundamental concepts are the same, whether it is a single beam infrared analyzer 
such as the SapphIRe Analyzer, or a double-beam laboratory instrument. The major 
differences between the two types of instruments are portability and resolution. The 
SapphIRe Analyzer is designed as a portable unit to be used in the field for quantitative 
work. The design is geared towards a high energy through-put to enable detection of 
gases and vapors at very low concentration levels (often below 1 ppm). 
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Chapter 14 
Custom Report Formatting 


 
GENERAL 


 
The standard report format for the analyzer includes (Figure 14-1): 
 


• A header containing the product name and model, the date and time of the site 
report, and the site being reported. 


 
• The gas data 


For single sample log: contains the name of the gas, its HRL and 
concentration unit, the location of the readings, the maximum, minimum, 
average readings at each date and time along with any alarm flags. 


 
For a continuous type log: contains general statistics and statistics for each gas 
followed by the information stated immediately above for a single sample log. 
 
For a spectrum scanning log: contains wavelength and absorbance data for 
region scanned 
 


• A footer containing user entered data (if any).  
 


MIRAN SapphIRe - XL                        04Jan01  10:15 
 


SITE: PLANT A 
 
 
ETO 


                                HRL: 100.00  ppm 
 LOCATION     DATE/TIME        MAX     MIN     AVG   FLAGS 
 --------   ----------------  ------  ------  ------ ----- 
 AREA1      04Jan01 07:35:17  -0.06   -0.06   -0.06  ...  
 AREA2      04Jan01 07:36:09  -0.06   -0.07   -0.06  ...  
 AREA3      04Jan01 07:37:02  -0.07   -0.16   -0.11  ... 


 
Figure 14-1. Sample Standard Report Format 


 


OBTAINING A CUSTOM REPORT 
 


To produce a report with a different format: 
 
1. Create a format with a personal computer by downloading the report format 


from the analyzer to the PC and modifying it to meet specific needs per this 
section of the manual. 


2. Sketch out the desired format and Thermo Fisher Scientific will create and sell 
a customized format disk. 
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HEADER 
 
The header appears one time per site. In the coded format, it begins with the words 
REPORT-HEADER and ends with the word END. The standard entry begins: 
 
\*00]~~~~~~~~~-\01]~~~~~~~~~~ SITE REPORT\_60~~~~~~~~~~~~~\!20~~~ \!31~ 
 
This prints out as MIRAN SapphIRe - (model number) and, after tabbing to column 60, 
the date, two spaces, and the time. 
 
The easiest way to customize the header is to type the \ and whatever title required in the 
header. To place other items in the header, tab to a specific column by entering \_ and a 
number (for example, \_60) or space to the column to locate the next item. To center 
something in a field, enter a vertical bar | at the beginning and end of the field. To print 
the current date and time, enter a code as follows: 
 


Table 14-1.  Date and Time Codes 
 


Format Code
DDMMMYY \!20 
DDMMMYYYY \!21 
MM/DD/YY \!22 
MM/DD/YYYY \!23 
DD/MM/YY \!24 
DD/MM/YYYYY \!25 
HH:MM:SS \!30 
HH:MM \!31 


 
Thus, the first line of the header might read: 
 
\ABC Widget Company\_30Toxic Gas Monitor Report\_60\!20 \!31 
 
This would print: 
 
ABC Widget Company Toxic Gas Monitor Report 13MAR98 13:45 
 
To print the designation of the site configured into the analyzer, enter SITE: \*04 
 
If Laboratory C were tested, this would print SITE: Laboratory C 
 
Type END on the next line when the header formatting has been finished.  
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GAS DATA 
 
The main part of the report is the gas data section. It reports data for each location. In the 
coded format, it begins with the words GAS DATA and ends with the word END. The 
standard printed format is shown in Figure 14-1 and the same format as coded in Figure 
14-2. 
 


REPORT-GAS DATA-SINGLE SAMPLE LOG 
~~~~ 


~~~~ 


~~~~ 


~~~~ 


~~~~                               {G |        \@30|~~~        |~~~~~~~~~} 
~~~~                               {G |     HRL: \@31~~ \#24    |~~~~~~~} 


~~~~  LOCATION        DATE/TIME    {G | MAX    MIN    AVG FLAGS|~~~~~~~~} 


~~~~------------   ----------------{G ------ ------ ------ ------~~~~~~~} 


{H{D\#15~~~~~~~~   \#00~~~ \#10~~~~{G \#20~~ \#21~~ \#22~~ \#45\#46\#47 } 


}}\ 


END 


 
Figure 14-2.  Gas Data Standard Coded Format 


 
The coding in Figure 14-2 is explained as follows:  
 


Table 14-2.  Codes Used in Standard Format 
Code Meaning 
{D} Repeat for all logged data for a location. 
{G} Repeat for each gas for one location. 


{H} Repeat for all logged locations that are sequential and exactly the same except for 
the location and data logged. 


| Center data within field with leading and trailing spaces. 
~ May be ignored; for definition readability/layout only 
\@30 Gas name 
\@31 Gas High Range Limit 
\#00 Date in format DDMMMYY 
\#10 Time in format HH:MM:SS 
\#15 Location 
\#20 Maximum Concentration 
\#21 Minimum Concentration 
\#22 Average Concentration 
\#24 Concentration Unit 
\#45 Fault Flag 
\#46 High Alarm Flag 
\#47 Low Alarm Flag 
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FOOTER 
 
The footer, like the header, appears one time per site. In the coded format, it begins with 
the words REPORT-FOOTER and ends with the word END. A footer is optional. If it is 
used, it may be just typed in or coded to insert the notes entered in the REPORT-ENTRY 
FIELDS section. 
 
 


REPORT-ENTRY FIELDS 
 
This section of report entry defines the user entered information. It begins with the words 
REPORT-ENTRY FIELDS and ends with the word END. The report entry fields is in the 
format:  nn t sz r ppppppppp« where: 
 
nn =Field number, valid range 01-30, 2 digits, right justified, leading zeros, duplicate 
values result in error, entries beyond the maximum entry defined in list are not presented 
for entry. 
t = Type of entry field 
  A = Alphanumeric value, initial value is none 
  # = Numeric value (numbers, period, and minus sign only), initial value is none 
  D = Date value, DDMMMYY format, numbers for DD and YY, letters for MMM, 
initial value is current date 
  d =  Date value, nn/nn/nnnn format, numbers only, initial value is current date 
  T = Time value, hh:mm:ss format, numbers only, initial value is current time 
  t = Time value, hh:mm format, numbers only, initial value is current time 
  - = Not used (for formatting entry screens) 
sz = Number of characters in entry, valid range 00-12, 2 digits, right justified, leading 
zeros, size must be 00 for unused entry types, size must be ≥ 00 for all other types 
r = Field reset on new type switch 
  0 = Field is reset when starting new site 
  1 = Field is not changed when entering a new site 
p =  Prompt name, 1 to 9 characters, for names less than the maximum allowed characters 
terminate with an early «, field ignored for undefined entry type 
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Example: 
REPORT-ENTRY FIELDS 
 


01 # 10 0 SITE NAME« 
02 A 12 0 LAST NAME« 
03 A 12 0 1ST NAME« 
04 A 12 0 ADDRESS 1« 
05 A 12 0 ADDRESS 2« 
06 A 12 0 ADDRESS 3« 
07 # 05 0 SQ FEET« 
08 d 08 0 DATE« 
09 t 05 0 TIME« 
10 - 00 0«   
11 - 00 0«   
12 - 00 0«   
13 A 01 0 SUNNY« 
14 A 01 0 CLOUDY« 
15 A 01 0 RAINING« 
16 A 02 0 WIND DIR« 
17 - 00 0«   
18 - 00 0«   
19 A 12 1 USER NAME« 
20 A 12 1 UNIT NAME« 
21 - 00 0«   
22 - 00 0«   
23 - 00 0«   
24 - 00 0«   
 
 


CODING GUIDE 
 
This guide specifies the selection and designation of the various entry and data fields 
available for insertion in the report. Report generation replaces each field designator with 
the associated characters as defined herein. 
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Field Designator Specification Overview 
 


The field designator is in the format \ANNF where: 
 


\ = Start of field designator 
A = the type of field 
  ! = Special functions 
  + = Set general purpose index 
  _ = Tab to column 
  $ = User entries 
  * = General configuration information 
  @ = Application data 
  # = Measurement data 
  S = Measurement statistics 
NN = the field number (2 digits, right justified, leading zeros) 
F = an optional format modifier 
  . = Normal formatting 
  < = Left justify data within field with trailing spaces 
  > = Right justify data within field with trailing spaces 
  | = Center data within field with leading and trailing spaces 
  [ = Do not output spaces from the last nonspace character in the field 


to the end ofthe field (shorten unused field characters) 
  ] = Do not output spaces from the first field character to the first 


nonspace character in the field 
  = = Same as both < and > 


 
Looping Indicators 
 
Certain data within the report output may be repeated by surrounding the repeated 
characters in the definition with braces "{}" and indicating a looping type. The looping 
type is specified by the letter D, G, H, or W immediately following the starting brace "{." 
The braces and looping type are not output in the report. Loop nesting is allowed to a 
depth of at least 3. The following repeat loops are provided. 
 


{D Repeat all the logged data for a location 
{G Reset the General Purpose Index, increment and repeat for all gases 
{H Repeat for all logged locations that are sequential and exactly the same except 


for the location and the data logged. 
{W Reset the General Purpose Index, increment and repeat for all wavelengths 
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Special Characters 
 
Certain characters have a special meaning: 
 


~ For definition readability/layout only; may be ignored 
\« Terminate format definition line processing, move to next line 


 
 
Field Designator Specification Details 
 
Field Designator ! (Special Functions) 
 
00: Form Feed 


Description: Form feed character 
When Valid: Always 
Character size: 1 
Format: Not applicable 
 


01: General Purpose Index 
Description: Value of the general purpose index 
When Valid: Always 
Character size: 2 
Format: NN, right justified, leading spaces 


 
02 to 19: Reserved 


Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
20: Current Date - DDMMMYYDescription: Current date 


When Valid: Always 
Character size: 7 
Format: DDMMMYY 
 " - - - ", Undefined 


 
21: Current Date - DDMMMYYYY 


Description: Current date 
When Valid: Always 
Character size: 9 
Format: DDMMMYYYY 
 " - - - ", Undefined 
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22: Current Date - MM/DD/YY 
Description: Current date 
When Valid: Always 
Character size: 8 
Format: MM/DD/YY 
 " - - - ", Undefined 


 
23: Current Date - MM/DD/YYYY 


Description: Current date 
When Valid: Always 
Character size: 10 
Format: MM/DD/YYYY 
 " - - - ", Undefined 


 
24: Current Date -DD/MM/YY 


Description: Current date 
When Valid: Always 
Character size: 8 
Format: DD/MM/YY 
  " - - - ", Undefined 


 
25: Current Date - DD/MM/YYYY 


Description: Current date 
When Valid: Always 
Character size: 10 
Format: DD/MM/YYYY 
 " - - - ", Undefined 


 
26 to 29: Reserved 


Description: Reserved for future use 
When Valid Never 
Character size: Not applicable 
Format: Not applicable 


 
30: Current Time-Seconds 


Description: Current time 
When Valid: Always 
Character size: 8 
Format: HH:MM:SS 
 " - - - ", Undefined 
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31: Current Time-Minutes 
Description: Current time 
When Valid: Always 
Character size: 5 
Format: HH:MM 
 " - - - ", Undefined 


 
32 to 99: Reserved 


Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
Field Designator + (Set General Purpose Index) 
 
00 to 99: Index Set 


Description: Set the index used by various other field designators, such as gas 
index and wavelength index 


When Valid: Always 
Character size: 0, does not generate output characters 
Format: Not applicable 


 
Field Designator _ (Tab) 
 
00 to 99: Tab 


Description: Output spaces until reaching or exceeding the column number 
specified 


When Valid: Always 
Character size: 0 to 99 
Format: Not applicable 


 
Field Designator $ (User Entries) 
 
00 to 99: User Entered Characters 


Description: Alphanumeric characters entered by the user 
When Valid: Always 
Character size: 12 max but may be decreased to 1 by users report 
Format: Left justified, trailing spaces 


All "-" if entry undefined 
'-', Entry size = 0 
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Field Designator * (General Information) 
 
00: Product Name 


Description: Product name from configuration, alphanumeric 
When Valid: Always 
Character size: 15 
Format: Left justified, trailing spaces 
 


01: Product Model 
Description: Product model from configuration, alphanumeric 
When Valid: Always 
Character size: 15 
Format: Left justified, trailing spaces 


 
02: Serial Number 


Description: Serial number, alphanumeric 
When Valid: Always 
Character size: 15 
Format: Left justified, trailing spaces 
 


03: Firmware Version 
Description: Firmware version, alphanumeric 
When Valid: Always 
Character size: 15 
Format: Left justified, trailing spaces 


 
04: Site Name 


Description: User entered site name 
When Valid: Always 
Character size: 12 
Format: Left justified, trailing spaces 
 "<none>      ", No site name entered 


 
05: Logging Mode 


Description: Logging Mode 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 13 
Format: "Off          ", No logging 
 "Single sample", One sample per location 
 "Continuous   ", Continuous sampling of a location 
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06: Logging Interval 
Description: The time interval sampled for one logged data point 
When Valid: Always, but may change if value changed during site,  


initially value when reset for new site 
Character size: 11 
Format: "N DDDDDDD  ", Duration, N=0-9 
 "NN DDDDDDD ", Duration, NN=10-99 
 "NNN DDDDDDD", Duration NNN=100-999 
  DDDDDDD = Duration unit 
 "cycles " 
 "seconds" 
 "minutes" 
 "hours  " 


 
07: Reference Compensation Enable 
Description: Indicates whether reference compensation is enabled for 


applications supporting the compensations 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
08: Humidity Compensation Enable 
Description: Indicates whether humidity compensation is enabled for 


applications supporting the compensations 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
09: Temperature Compensation Enable 
Description: Indicates whether temperature compensation is enabled for 


applications supporting the compensations 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 
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10: Pressure Compensation Enable 
Description: Indicates whether pressure compensation is enabled for 


applications supporting the compensations 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
11: High Concentration Alarm Enable 
Description: Indicates whether the high concentration alarm is enabled for 


applications supporting the alarm 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
12: Low Concentration Alarm Enable 
Description: Indicates whether the low concentration alarm is enabled for 


applications supporting the alarm 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
13: STEL Concentration Alarm Enable 
Description: Indicates whether the STEL concentration alarm is enabled for 


applications supporting the alarm 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
14: High Concentration Alarm Latched 
Description: Indicates whether the high concentration alarm is enabled and 


latched for applications supporting the alarm 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 







Chapter 14  Custom Report Formatting 


14-13 


15: Low Concentration Alarm Latched 
Description: Indicates whether the low concentration alarm is enabled and 


latched for applications supporting the alarm 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
16: STEL Concentration Alarm Latched 
Description: Indicates whether the STEL concentration alarm is enabled and 


latched for applications supporting the alarm 
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 


 
17: Log On Alarm Only 
Description: Indicates whether the logging on alarm only is active  
When Valid: Always, but may change if value changed during site, initially 


value when reset for new site 
Character size: 1 
Format: "X", Enabled 
 "-", Disabled 
 
18 to 99: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
Field Designator @ (Application Data) 
 
00: Application Primary Name 


Description: Primary name of application 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 12 
Format: Left justified, trailing spaces 
 " - - - ", undefined 
 







Chapter 14  Custom Report Formatting 


14-14 


01: Application Secondary Name 
Description: Secondary name of application 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 12 
Format: Left justified, trailing spaces 
 " - - - ", undefined 
 


02: Application Type 
Description: Type of application 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 10 
Format: Left justified, trailing spaces 
 "Single Gas", Single gas, single analytical wavelength 
 "Multi-gas ", Multi-gas, multi-analytical wavelength 
 "Scan      ", Spectrum scan 
 " - - -    ", Undefined 
 


03 to 29: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 
 


30: Application Gas Name 
Description: Application gas name of gas specified by the current General 


Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 8 
Format: Left justified, trailing spaces 
 " - - - ", Undefined or 0 length 
 


31: Application Gas High Range Limit 
Description: Application gas high range limit of gas specified by the current 


General Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 6 
Format: Concentration based on active unit, right justified, leading spaces 
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32: Application Gas High Alarm Limit 
Description: Application gas high alarm limit of gas specified by the current 


General Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 6 
Format: Concentration based on active unit, right justified, leading spaces 
 


33: Application Gas Low Alarm Limit 
Description: Application gas low alarm limit of gas specified by the current 


General Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 6 
Format: Concentration based on active unit, right justified, leading spaces 
 


34: Application Gas STEL Alarm Limit 
Description: Application gas STEL alarm limit of gas specified by the current 


General Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 6 
Format: Concentration based on active unit, right justified, leading spaces 
 


35: Application Gas STEL Time 
Description: Application gas STEL time of gas specified by the current General 


Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 10 
Format: Left justified, trailing spaces 
 "Off        ", STEL off 
 "5 minutes  ", 5 minute STEL 
 "10 minutes ", 10 minute STEL 
 "15 minutes ", 15 minute STEL 
 


36: Application Gas Group TWA Weight 
Description: Application gas group TWA weight of gas specified by the current 


General Purpose Index (see previous section) 
When Valid: Always, but may change if application changed during site, 


initially value when reset for new site 
Character size: 6 
Format: Integer, right justified, leading spaces 
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03 to 29: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
Field Designator # (Measurement Data) 
 
00: Measurement Data - Date-DDMMMYY 


Description: Date measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 7 
Format: DDMMMYY 


 " - - - ", undefined 
 
01: Measurement Data - Date-DDMMMYYYY 


Description: Date measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 9 
Format: DDMMMYYYY 


 " - - - ", undefined 
 


02: Measurement Data - Date-MM/DD/YY 
Description: Date measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 8 
Format: MM/DD/YY 
 " - - - ", undefined 
 


03: Measurement Data - Date-MM/DD/YYYY 
Description: Date measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 10 
Format: MM/DD/YYYY 
 " - - - ", undefined 
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04: Measurement Data - Date-DD/MM/YY 
Description: Date measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 8 
Format: DD/MM/YY 
 " - - - ", undefined 
 


05: Measurement Data - Date-DD/MM/YYYY 
Description: Date measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 10 
Format: DD/MM/YYYY 
 " - - - ", undefined 
 


06 to 09: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 
 


10: Measurement Data - Time-Seconds 
Description: Time measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 8 
Format: HH:MM:SS 
 " - - - ", undefined 
 


11: Measurement Data - Time-Minutes 
Description: Time measurement logged 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 5 
Format: HH:MM 
 " - - - ", undefined 
 


12 to 14: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 
 


15: Measurement Data - Location 
Description: Location of logged data 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 12 
Format: Left justified, trailing spaces 
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16: Measurement Data - Temperature-Degrees C 


Description: Logged sample temperature 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: XXX.XC, right justified, leading spaces 
 " - - - ", undefined 
 


17: Measurement Data - Temperature-Degrees F 
Description: Logged sample temperature 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: XXX.XF, right justified, leading spaces 
 " - - - ", undefined 
 


18: Measurement Data - Wavelength Position 
Description: Wavelength in micrometers for the wavelength specified by the 


current General Purpose Index (see previous section) 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: Wavelength, floating point format=XX.XXX 
 Right justified, leading spaces 
 " - - - ", undefined 
 


19: Measurement Data - Wavelength Absorbance 
Description: Absorbance for the wavelength specified by the current General 


Purpose Index (see previous section) 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 7 
Format: Right justified, leading spaces 
 " - - - ", undefined 
 


20: Measurement Data - Concentration Max 
Description: Maximum concentration measured during the data logging interval 


for the gas specified by the current General Purpose Index (see 
previous section) 


When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: Right justified, leading spaces 
 " - - - ", undefined 
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21: Measurement Data - Concentration Min 
Description: Minimum concentration measured during the data logging interval 


for the gas specified by the current General Purpose Index (see 
previous section) 


When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: Right justified, leading spaces 
 " - - - ", undefined 
 


22: Measurement Data - Concentration Avg 
Description: Average concentration measured during the data logging interval 


for the gas specified by the current General Purpose Index (see 
previous section) 


When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: Right justified, leading spaces 
 " - - - ", undefined 
 


23: Measurement Data - Concentration STEL 
Description: Maximum STEL concentration measured during the data logging 


interval for the gas specified by the current General Purpose Index 
(see previous section) 


When Valid: When data logged for site, initially first value logged for a site 
Character size: 6 
Format: Right justified, leading spaces 
 " - - - ", undefined 
 


24: Measurement Data - Concentration Unit 
Description: Concentration units active during the data logging interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 3 
Format: Left justified, trailing spaces 
 " - - - ", undefined 


"ppb", ppb 
"ppm", ppm 
"%  ", Percent 
"mgm", mg/m^3 


 
25 to 39: Reserved 


Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 
 







Chapter 14  Custom Report Formatting 


14-20 


40: Measurement Data - Validity Flags-Okay/Fault/Alarm 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 15 
Format: Left justified, trailing spaces 
 " - - -         ", undefined 


"OKAY           ", No fault or alarm detected 
"FAULT          ", Fault detected, but no alarm 
"HIGH_ALARM     ", High alarm only detected, no fault 
"LOW_ALARM      ", Low alarm only detected, no fault 
"STEL_ALARM     ", STEL alarm only detected, no fault 
"HIGH&STEL_ALARM", High and STEL alarm detected, no fault 
"LOW&STEL_ALARM ", Low and STEL alarm detected, no fault 
"FAULT&HIGH_ALRM", Fault and high alarm detected 
"FAULT&LOW_ALARM", Fault and low alarm detected 
"FAULT&STEL_ALRM", Fault and STEL alarm detected 
"FAULT&HIGH&STEL", Fault and high and STEL alarm detected 
"FAULT&LOW&STEL ", Fault and low and STEL alarm detected 


 
41: Measurement Data - Validity Flags-Clear/Fault/Alarm 


Description: Concentration validity flags measured during the data logging 
interval 


When Valid: When data logged for site, initially first value logged for a site 
Character size: 15 
Format: Same as Okay/Fault/Alarm but replace with following: 


"CLEAR          ", No fault or alarm detected 
 


42: Measurement Data - Validity Flags-Okay/First Flag 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 15 
Format: Left justified, trailing spaces 


FFFFFFFFFFFFMMM, where: 
FFFFFFFFFFFF = Flag: 


 " - - -         ", undefined 
"OKAY           ", No fault or alarm detected 
"NNNNNNNNNNNNNNN", First active flag name, left justified, 
trailing spaces suppressed 
MMM = More flags indicator 
"      ", <=1 flag active 
"- - - ", >1 flag active 
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43: Measurement Data - Validity Flags-Okay/All Flags Without CrLf 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 12 to 416 max 
Format: Outputs all active flags separated by a `+' (note no separation 


character after last flag), each flag name is left justified, trailing 
spaces suppressed, or: 


 " - - - ", undefined 
"OKAY   ", No flags active 


 
44: Measurement Data - Validity Flags-./Fault 


Description: Concentration validity flags measured during the data logging 
interval 


When Valid: When data logged for site, initially first value logged for a site 
Character size: 12 to 448 max 
Format: Same as "Validity Flags-Okay/All Flags Without CrLf" but a 


<CR><LF> separates each flag (note no <CR><LF> after last flag) 
 


45: Measurement Data - Validity Flags-Okay/All Flags Without CrLf 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 1 
Format: Measurement fault flags in order of display precedence: 
 ".", no measurement fault 
 "X", Fault 
 " ", A/D overflow 
 "}", Calculation overflow 
 "{", Calculation underflow 
 ">", HRL overflow 
 "v", A/D underflow 
 "Z", Zero invalid 
 "P", Purge invalid 
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46: Measurement Data - Validity Flags-./Alarm High 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 1 
Format: Measurement high alarm flag 
 "-", Undefined 
 ".", No measurement alarm 
 "H", High alarm active 
 


47: Measurement Data - Validity Flags-./Alarm Low 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 1 
Format: Measurement low alarm flag 
 "-", Undefined 
 ".", No measurement alarm 
 "L", High alarm active 
 


48: Measurement Data - Validity Flags-./Alarm High & Low 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 1 
Format: Measurement high and low alarm flag 
 "-", Undefined 
 ".", No measurement alarm 
 "H", High alarm active 
 "L", Low alarm active 
 


49: Measurement Data - Validity Flags-./Alarm STEL 
Description: Concentration validity flags measured during the data logging 


interval 
When Valid: When data logged for site, initially first value logged for a site 
Character size: 1 
Format: Measurement STEL alarm flag 
 "-", Undefined 
 " ", No measurement alarm 
 "S", High alarm active 
 


50 to 99: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 
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Field Designator S (Measurement Statistics) 
 
Measurement Statistics Format 
 
1         2         3         4         5          6         7 
 
01234567890123456789012345678901234567890123456789012345678901234567890 
00: LOG RUN STATISTICS« 
01: ------------------« 
02: START: DDDDDDDDDD TTTTTTTT« 
03: STOP: DDDDDDDDDD TTTTTTTT« 
04: « 
05: « 
06: GGGGGGGG: 
07:                CONCENTRATION    DATE/TIME              VALIDITY« 
08:                -------------    ---------              --------« 
09: STEL MAXIMUM:   XXXXXX UUU       DDDDDDDDDD TTTTTTTT    VVV...« 
10: MAXIMUM:        XXXXXX UUU       DDDDDDDDDD TTTTTTTT    VVV...« 
11: MINIMUM         XXXXXX UUU       DDDDDDDDDD TTTTTTTT    VVV...« 
12: AVERAGE:        XXXXXX UUU       DDDDDDDDDD TTTTTTTT    VVV...« 
Lines 4 through 12 repeated for each gas. 
where: 
GGGGGGGG = Gas name, left justified, trailing suppressed 
DDDDDDDDDD = Date format as controlled by designators, default DDMMMYY, 
left justified trailing spaces 
TTTTTTTT = Time format as controlled by designators, default HH:MM:SS, 
left justified trailing spaces 
XXXXXX = Concentration 
UUU = Concentration units 


"ppb" 
"ppm" 
"%  " 
"mgm" 
VVV = Validity format as controlled by designators, default 
Okay/Fault/Alarm 


 
00 to 19: Measurement Statistics - Line 0 to 19 
 
Description: Generate measurement statistics line as specified by field 


designator index 
When Valid: When continuous data logged for site location, initially first value 


logged for a site, either valid or invalid depending on logging 
mode 


Character size: 0 to 256 as required 
Format: See above 
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20: Measurement Statistics - Date-DDMMMYY 
Description: Select format for date in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: DDMMMYY 


 " - - - ", undefined 
 
21: Measurement Statistics - Date-DDMMMYYYY 
Description: Select format for date in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: DDMMMYYYY 


 " - - - ", undefined 
 
22: Measurement Statistics - Date-MM/DD/YY 
Description: Select format for date in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: MM/DD/YY 


 " - - - ", undefined 
 
23: Measurement Statistics - Date-MM/DD/YYYY 
Description: Select format for date in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: MM/DD/YYYY 


 " - - - ", undefined 
 
24: Measurement Statistics - Date-DD/MM/YY 
Description: Select format for date in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: DD/MM/YY 


 " - - - ", undefined 
 
25: Measurement Statistics - Date-DD/MM/YYYY 
Description: Select format for date in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: DD/MM/YYYY 


 " - - - ", undefined 
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26 to 29: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
30: Measurement Statistics - Time Format Seconds Switch 
Description: Select format for time in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: HH:MM:SS 


 " - - - ", undefined 
 
31: Measurement Data - Time Format Seconds Switch 
Description: Select format for time in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: HH:MM 


 " - - - ", undefined 
 
32 to 39: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
40: Measurement Statistics - Validity Flags Format-Okay/Fault/Alarm 
Description: Select format for validity flags in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: See Measurement Data - Validity Flags-Okay/Fault Alarm in 


previous section 
 


41: Measurement Statistics - Validity Flags Format-Clear/Fault/Alarm 
Description: Select format for validity flags in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: See Measurement Data - Validity Flags-Clear/Fault Alarm in 


previous section 
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42: Measurement Statistics - Validity Flags Format-Okay/First Flag 
Description: Select format for validity flags in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: See Measurement Data - Validity Flags-Okay/First Flag in 


previous section 
 


43: Measurement Statistics - Validity Flags Format-Okay/All Flags Without 
CrLf 
Description: Select format for validity flags in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: See Measurement Data - Validity Flags-Okay/All Flags Without 


CrLf in previous section 
 


44: Measurement Statistics - Validity Flags Format-Okay/All Flags With CrLf 
Description: Select format for validity flags in statistics 
When Valid: Last designator encountered is used 
Character size: 0 
Format: See Measurement Data - Validity Flags-Okay/All Flags With CrLf 


in previous section 
 


45 to 49: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 


 
 


50: Measurement Statistics - Start and Stop Date/Time Off 
Description: Turns off lines displaying start and stop date/times 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
51: Measurement Statistics - Measurement Date Off 
Description: Suppresses columns and trailing separated spaces associated with 


concentration dates, including header lines 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 
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52: Measurement Statistics - Measurement Time Off 
Description: Suppresses columns and trailing separated spaces associated with 


concentration times, including header lines 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
53: Measurement Statistics - Measurement Validity Off 
Description: Suppresses columns and trailing separated spaces associated with 


concentration validity, including header lines 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
54: Measurement Statistics - STEL Max Off 
Description: Suppresses line for STEL max 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
55: Measurement Statistics - Maximum Off 
Description: Suppresses line for maximum concentration 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
56: Measurement Statistics - Minimum Off 
Description: Suppresses line for minimum concentration 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
57: Measurement Statistics - Average Off 
Description: Suppresses line for average concentration 
When Valid: Last designator encountered is used 
Character size: 0 
Format: Not applicable 


 
58 to 99: Reserved 
Description: Reserved for future use 
When Valid: Never 
Character size: Not applicable 
Format: Not applicable 
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Appendix A  
Warranty 


Seller warrants that the Products will operate or perform substantially in 
conformance with Seller's published specifications and be free from defects 
in material and workmanship, when subjected to normal, proper and 
intended usage by properly trained personnel, for the period of time set 
forth in the product documentation, published specifications or package 
inserts.  If a period of time is not specified in Seller’s product 
documentation, published specifications or package inserts, the warranty 
period shall be one (1) year from the date of shipment to Buyer for 
equipment and ninety (90) days for all other products (the "Warranty 
Period").  Seller agrees during the Warranty Period, to repair or replace, at 
Seller's option, defective Products so as to cause the same to operate in 
substantial conformance with said published specifications; provided that 
(a) Buyer shall promptly notify Seller in writing upon the discovery of any 
defect, which notice shall include the product model and serial number (if 
applicable) and details of the warranty claim; (b) after Seller’s review, Seller 
will provide Buyer with service data and/or a Return Material 
Authorization (“RMA”), which may include biohazard decontamination 
procedures and other product-specific handling instructions; and (c) then, 
if applicable, Buyer may return the defective Products to Seller with all 
costs prepaid by Buyer.  Replacement parts may be new or refurbished, at 
the election of Seller.  All replaced parts shall become the property of Seller.  
Shipment to Buyer of repaired or replacement Products shall be made in 
accordance with the Delivery provisions of the Seller’s Terms and 
Conditions of Sale.  Consumables, including but not limited to lamps, 
fuses, batteries, bulbs and other such expendable items, are expressly 
excluded from the warranty under this warranty.    


Notwithstanding the foregoing, Products supplied by Seller that are 
obtained by Seller from an original manufacturer or third party supplier are 
not warranted by Seller, but Seller agrees to assign to Buyer any warranty 
rights in such Product that Seller may have from the original manufacturer 
or third party supplier, to the extent such assignment is allowed by such 
original manufacturer or third party supplier.   


In no event shall Seller have any obligation to make repairs, replacements 
or corrections required, in whole or in part, as the result of (i) normal wear 
and tear, (ii) accident, disaster or event of force majeure, (iii) misuse, fault 
or negligence of or by Buyer, (iv) use of the Products in a manner for which 
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they were not designed, (v) causes external to the Products such as, but not 
limited to, power failure or electrical power surges, (vi) improper storage 
and handling of the Products or (vii) use of the Products in combination 
with equipment or software not supplied by Seller.  If Seller determines 
that Products for which Buyer has requested warranty services are not 
covered by the warranty hereunder, Buyer shall pay or reimburse Seller for 
all costs of investigating and responding to such request at Seller's then 
prevailing time and materials rates.  If Seller provides repair services or 
replacement parts that are not covered by the warranty provided in this 
warranty, Buyer shall pay Seller therefor at Seller's then prevailing time and 
materials rates.  ANY INSTALLATION, MAINTENANCE, REPAIR, 
SERVICE, RELOCATION OR ALTERATION TO OR OF, OR 
OTHER TAMPERING WITH, THE PRODUCTS PERFORMED BY 
ANY PERSON OR ENTITY OTHER THAN SELLER WITHOUT 
SELLER'S PRIOR WRITTEN APPROVAL, OR ANY USE OF 
REPLACEMENT PARTS NOT SUPPLIED BY SELLER, SHALL 
IMMEDIATELY VOID AND CANCEL ALL WARRANTIES WITH 
RESPECT TO THE AFFECTED PRODUCTS. 


THE OBLIGATIONS CREATED BY THIS WARRANTY 
STATEMENT TO REPAIR OR REPLACE A DEFECTIVE PRODUCT 
SHALL BE THE SOLE REMEDY OF BUYER IN THE EVENT OF A 
DEFECTIVE PRODUCT.  EXCEPT AS EXPRESSLY PROVIDED IN 
THIS  WARRANTY STATEMENT, SELLER DISCLAIMS ALL 
OTHER WARRANTIES, WHETHER EXPRESS OR IMPLIED, ORAL 
OR WRITTEN, WITH RESPECT TO THE PRODUCTS, 
INCLUDING WITHOUT LIMITATION ALL IMPLIED 
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR ANY 
PARTICULAR PURPOSE.  SELLER DOES NOT WARRANT THAT 
THE PRODUCTS ARE ERROR-FREE OR WILL ACCOMPLISH 
ANY PARTICULAR RESULT. 
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Appendix B 
Intrinsic Safety 


 
The SapphIRe analyzer is available in an intrinsically safe model. Intrinsically safe 
apparatus is apparatus in which any spark or thermal effect, produced either normally or 
in specified fault conditions, is incapable, under test conditions prescribed in NFPA 
Standard Number 493 (entitled "Intrinsically Safe Apparatus for use in Division 1 
Hazardous Locations 1978"), of causing ignition of a mixture of flammable or 
combustible material in air in its most easily ignitable concentration. This apparatus is 
suitable for use in Division 1 locations.  
 
An intrinsically safe unit is restricted with respect to the devices that may be attached 
when in an area classified as hazardous. Following is a block diagram of what may be 
attached in hazardous locations. Also listed are several warnings that apply to operation 
in hazardous areas. To ensure safe operation, please observe these warnings carefully. 
 
 


I/O CONFIGURATION VS. LOCATION FOR MIRAN SAPPHIRE M205B 
 
Hazardous Locations 
 
 


Table B-1.  Electrical Safety Specifications 
 


Testing Laboratory, Types of Protection, 


 and Area Classification 


Application 
Conditions 


CENELEC flameproof, EEx ib d IIB. Temperature Class T4.
ETL and ETL-C Certified, Class I, Division 1, Groups B, C, and D. Temperature Class T4.
 
 


 
 


Figure B-1.  I/O Configuration in Hazardous Locations 
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Warning:  When operating in hazardous areas: 
1. Static discharge hazard. Wipe case with moist cloth before use and avoid rubbing the 
case against clothing. 
2. Do not remove or replace the battery cassette. 
3. Keep the I/O panel door closed. No electrical connections are allowed. 
 
 
In a non-hazardous location, the devices shown in Figure B-2 may be safely attached to 
the SapphIRe analyzer. 
 
Non-Hazardous Locations 
 


 
 


Figure B-2.  I/O Configuration in Non-Hazardous Locations 
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Appendix C 
Scan/Calibration Procedure 


 


Note:  Creation of custom calibrations should only be attempted by personnel familiar 
with laboratory procedures, especially the preparation of chemical samples. A working 
knowledge of infrared spectra is also recommended as the results of the scanning need to 
be interpreted to yield the best results. Thermo Fisher Scientific strongly suggests that a 
single gas application and validation for proper performance is attempted before 
attempting a multi-gas application. Please contact Thermo Fisher Scientific if problems 
are experienced. 
 
 
Requirements:  The following requirements are necessary before attempting 
calibration: 
• Knowledge of correct procedures for handling chemicals 
• Knowledge of Microsoft Excel or other suitable spreadsheet program 
• Closed Loop Calibration System 
• Suitably sized gas and/or liquid syringe(s) 
 
 


INTRODUCTION 
 
Before calibrating an application, the analyzing wavelength of the compound of interest 
must be established.  If the wavelength for the compound of interest is known, a scan for 
the analyzing wavelength is not necessary.  However, a more precise analysis is 
accomplished if the calibration is adjusted for the specific instrument.  If the wavelength 
is unknown, a scan can determine the best analyzing wavelength.   
 
The SapphIRe can do either a peak pick, fast scan, or full scan.  A Peak Pick scan should 
be used when the approximate wavelength of the compound of interest is known. Peak 
Pick provides a 2.0 micron window (user selectable) of the linear variable filter (LVF) 
between 8.0 and 14.1 microns to be scanned. All analyzers operating at software version 
4.00 or higher possess this feature. 
 
The Fast Scan or Full Scan allows the entire LVF region between 7.7 to 14.1 microns, as 
well as the seven fixed band pass filters, to be scanned. This is especially valuable when 
the region of strongest absorbance is unknown. It also may be used to record the spectral 
characteristics of a gas. The fast scan takes slightly less time while still providing a good 
spectral representation of the gas. The full scan take slightly longer, but provides higher 
quality spectral identification through better signal to noise averaging.  
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The following steps are required to optimize the calibration or to calibrate for an 
unknown wavelength: 
A. Create a logging site 
B. Perform a peak pick or full-spectrum scan 
C. Download data from the analyzer to a PC  
D. Analyze the spectrum 
E. Create a single- or multi-gas library application 
F. Calibration 
G. Generate a P-Matrix 
H. Enter P-Matrix into analyzer and verify calibration accuracy 


 
 


A. CREATE A LOGGING SITE 
 


1. From the Main Menu select "3=Site Info" 


2. Select "1=New site"  


Analyzer displays message, "Warning, starting a site closes the old site 
data".  If an old site does not exist, the instrument skips to step 3. 


Select "Enter=Continue"  


3. Using the on-screen instructions, input a new site name  


Select "Enter=Accept" 


4. Select "Escape (ESC)" to return to the Main Menu" 


5. From the Main Menu, select "4=Config/Setup" 


6. Select "5=Analysis" 


7. Select "1=Logging" 


8. Select "1=Log mode"  


9. Select "2=Single sample"  


10. Select "2=Log interval"  


The logging interval allows inputting a number and then, by using the 
down arrow, selecting either seconds, minutes or cycles. For this 
procedure, input "1" 


Press the down arrow ( =Unit) until the display reads "1 cycles" 


Select "Enter=Accept" 


11. Select "3=Log Start" 


12. Select "1=Manual" 


13. Press "Escape (ESC)" three times to return to Main Menu 
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B. PERFORM A PEAK PICK OR FULL SPECTRUM SCAN  
 
To perform a Peak Pick 
 


1 Calculate the injection volume of the compound to be injected into a closed loop 
system (CLS), using the equations provided in Chapter 12 “User Performance 
Verification.” 


2 From the Main Menu, select "2=Change gas" 


3 Select "Enter=Other". (If no application has been selected previously, it 
skips to Step 4.) 


4 Select "4=Spectrum scan" 


5 Select either "5=Full-L" for long path scanning (used for lowest detectable 
levels) or "6=Full-S" for short path scanning (used for higher concentration 
scans). Note that higher quality results are obtained using a full scan. The 
Main Menu returns. 


6 From the Main Menu select "1=Analyze/Start" 


7 If the Peak pick range is correct, input "Enter=Continue", skip to step 11 


8 Select "1=Change" 


9 Input beginning wavelength and select "Enter" 


10 Input ending wavelength and select "Enter" (must be 2.0 microns or less) 


11 Select "1=New zero".  This step is omitted if no zero was saved from a 
previous analysis, and the instrument skips to step 12.   


12 Attach the closed loop system to the analyzer (“in” port on pump attaches to 
“out” port on analyzer, “out” port on pump attaches to “in” port on 
analyzer). Note that the instruction to “Install chemical filter” does not apply 
to a spectrum scan, and the closed loop system should be installed. 


13 Turn closed loop system pump ON for approximately 15 seconds.  Select 
“Enter=Continue” and wait for zero scan (approximately 1 minute) 


14 If "Zero Save” is on automatic (see Analysis Preferences screen), there is no 
option either to repeat zero or save zero. If “Zero Save” is not on automatic, 
there will be a prompt to select "1=Repeat Zero" or "Enter=Save".  After the 
zero is saved, the prompt is to install the particulate filter.  Do not do this.  
Instead make an injection and press "Enter=Continue." 
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15 Use a suitably sized syringe to introduce 
the compound to be scanned into the 
injection port of the closed loop system.1. 
The injection volume was calculated in 
step 1. Turn pump ON for approximately 
30 seconds.  Press "Enter=Continue".   


 


16 The analysis menu on the right displays an option for "1=Start Logging". 
Select this option. After a short period where the pump circulates the 
compound, the analyzer displays "Log in progress" after the countdown. 


17 At the end of the Peak pick, select “Enter=Save”.  


18 Press “Esc”  until Main menu appears.  


19 Use pump to remove compound from analyzer (approximately 5 minutes). 


 
To perform a Full Spectrum Scan 
 


1. Calculate the injection volume of the injected compound into a Closed Loop 
System (CLS) using the equations provided in Chapter 12 “User Performance 
Verification.”  


3. From the Main Menu, select "2=Change gas" 


4. Select "Enter=Other". (If no application has been selected previously, it skips 
to Step 3.) 


5. Select "4=Spectrum scan" 
6. Select either "5=Full-L" for long path scanning (used for lowest detectable 


levels) or "6=Full-S" for short path scanning (used for higher concentration 
scans). Note that higher quality results are obtained using a full scan. The 
Main Menu returns.  


7. From the Main Menu select "1=Analyze/Start"   
8. Attach the closed loop system to the analyzer (“in” port on pump attaches to 


“out” port on analyzer, “out” port on pump attaches to “in” port on analyzer). 
Note that the instruction to “Install chemical filter” does not apply to a 
spectrum scan, and the closed loop system should be installed.   


9. Turn closed loop system pump ON for approximately 15 seconds.  Select 
“Enter=Continue” and wait for zero scan (approximately 5 minutes) 


 


                                                 
1 A gas or liquid syringe is required, depending upon the compound.  Many compounds (e.g., benzene) are 
more expensive and only available in larger quantities in gaseous form, and are therefore usually inserted 
into the pump as a liquid.  The pump evaporates the liquid before it is introduced to the analyzer.  Syringes 
can be obtained from chemical or scientific supply houses.   


Injection Port
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10. If "Zero Save” is on automatic (see Analysis Preferences screen), there is no 
option either to repeat zero or save zero. If “Zero Save” is not on automatic, 
there will be a prompt to select "1=Repeat Zero" or "Enter=Save".  After the 
zero is saved, the prompt is to install the particulate filter.  Do not do this.  
Instead make an injection and press "Enter=Continue." 


11.  Use a suitably sized syringe to introduce 
the compound to be scanned into the 
injection port of the closed loop system 2 
The injection volume was calculated in 
step 1.  Turn pump ON for approximately 
30 seconds. Press "Enter=Continue".   


12. The analysis menu on the right displays an option for "1=Start Logging". 
Select this option. After a short period where the pump circulates the 
compound, the analyzer displays "Log in progress" after the countdown. 


13. At the end of the full spectrum scan, select “Enter=Save”.  
14. Press “Esc”  until Main menu appears. 
15. Use pump to remove compound from analyzer (approximately 5 minutes).  


 
 


C. DOWNLOAD DATA FROM THE ANALYZER TO A PC 
 


1. Connect 9-pin cable from SapphIRe’s serial output to PC’s serial port. 
2. On the PC open the Thermo Match program. 
3. From the SapphIRe’s Main Menu select "5=Report/Data". 
4. Choose "1=Select site" and select the site with the logged data. 
5. Select "3=Data transfer". 
6. Select "3=Send/receive". 
7. On PC choose "F2=File". 
8. Highlight a file to receive the logged data. To create a new file, type in the 


name of the file (8 character maximum). It is suggested that the extension 
".txt" be used (i.e., testfile.txt) to allow ease of importing into other 
applications. If a new file was created, press “Enter” on the PC keyboard. 


9. On the PC choose "F5=Receive". 
10. On the PC choose "F5=Site". 
11. If the file selected in Step 8 exists, it will be overwritten by pressing "Y". 
12. When the operation is complete, the PC screen displays “Transfer Complete”.  


Press any key. 
13. On the instrument, press "ESC" to return to the Main Menu 


                                                 
2 A gas or liquid syringe is required, depending upon the compound.  Many compounds (e.g., benzene) are 
more expensive and only available in larger quantities in gaseous form, and are therefore usually inserted 
into the pump as a liquid.  The pump evaporates the liquid before it is introduced to the analyzer.  Syringes 
can be obtained from chemical or scientific supply houses.   


Injection Port 
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D. ANALYZE THE SPECTRUM 
 


1. In PCIP, highlight the file containing the logged scan data and press 
"F2=Edit". The file should contains a header and two columns. The first 
column contains the wavelength data and the second column is the 
corresponding absorbance. 


2. The wavelength typically chosen corresponds to the maximum absorbance in 
the scanned range.  Record this wavelength.   


3. At this point data may be imported into a program capable of graphing the 
data (e.g., ThermoMatch, Excel, Lotus, MatLab). This will visually represent 
the raw spectra and aid in the selection of the best spectral peak. 


 
E. CREATE A NEW SINGLE GAS OR MULTI-GAS LIBRARY 


APPLICATION 
 
In many cases, more than one gas exists in an atmosphere. It may be necessary to 
measure these gases simultaneously.  One reason for this is that several spectra may 
overlap at the analyzing wavelengths, resulting in interference that requires 
compensation.  Another reason for simultaneous measurement is to expedite the 
measurement process. 
 
In order to determine whether interference exists it is necessary to compare the infrared 
spectra of the gases. Spectra may be obtained from internet web sites such as the NIST 
Chemistry Webbook (http://webbook.nist.gov/chemistry/).  It will be necessary to print 
out the appropriate spectra and overlay them to determine if interference exists. 
Reference books such as Brian Thompson’s “Hazardous Gases and Vapors: Infrared 
Spectra and Physical Constants”, Beckman Instruments, Inc. Industrial Technical Report 
TR-595, 1974 can also be used. Alternately, the SapphIRe can be used to generate spectra 
of known gases.  
 
The following procedure is used to create a library application once it has been 
determined whether a single or multi-gas application is appropriate.  
 
Note:  Many of the steps used to create a single or multi-gas library are identical. They 
are clearly identified where they differ. 
 


1. From the Main Menu select "2=Change gas". 
2. From Select Applic menu select "Enter=Other". If no application has been 


previously selected, this step is omitted and the instrument skips to step 3.   
3. From Applic menu select "2=Single gas" or "3=Multi-gas" 
4. Choose the first empty position number (e.g., “2=<empty 2>”). The analyzer 


will beep and an error message will state that an application processing error 
has occurred and the application is invalid. Ignore this message and select 
"Enter=Continue". 
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5. The main menu reappears.  From it, select "4=Config/Setup" 
6. Select "5=Analysis" 
7. Press the UP ( ) arrow key 
8. Select "3=Application view and edit". 
9. The “Application type” screen should indicate "Single gas" or "Multi-gas", 


depending upon which was selected in step 3. Press " =Next". 
10. The “Application primary name” should indicate "????????". Select 


"1=Change". 
11. Follow the on-screen instructions to enter a primary name (e.g., CO2) 
12. The Application secondary name can be left blank. Select " =Next". 
13. The Application gas count should be 1 if the application is for a single gas. If 


it is a multi-gas application, chnge the number to the amount of gases being 
monitored. Select " =Next". 


14. The Application group TWA mode default is Off. Select " =Next". 
15. In the Gas summary select "1=Change". 
16. Select "1=Change" in the Application gas name screen. Follow the on-screen 


instructions to enter a name to be displayed during the application analysis 
(e.g., CO2). After entering a name select  "Enter=Accept". 


17. The Application gas unit default is ppm.  Press" =Next". 
18. The Application gas HRL is a set value that tells the instrument what 


concentration range the application is calibrated for. Select "1=Change" to set 
the upper calibrated range (this value MUST be entered!). When the upper 
concentration value is entered, select “Enter=Accept” 


19. This screen allows choosing the number of digits to the right of the decimal 
point that will be displayed during the application analysis. The Application 
gas decimal point max default is 0. The maximum number is 2.  Press 
" =Next" to accept the default value or “1=Change” (typically higher upper 
concentration values require fewer digits to the right of the decimal point). 


20. The Application gas high alarm default is "---- ppm". Select "1=Change"to set 
a value. Typically, the gas high alarm is the same value as the HRL. Enter a 
value and select "Enter=Accept". 


21. The Application gas low alarm default is "---- ppm". Select "1=Change" to set 
a value , or " =Next". Enter a value and select "Enter=Accept". 


22. The Application gas STEL alarm default is "---- ppm". Select "1=Change" to 
set a value , or " =Next". Enter a value and select "Enter=Accept". 


23. The Application gas STEL time default is "Off". Select "1=Change" to set a 
value , or " =Next". Enter a value and select "Enter=Accept". 


24. The Application gas molecular weight default is "Off". Select "1=Change" to 
set a value , or " =Next" (this value MUST be entered if the gas units are 
mg/m3). 
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25. The Application gas liquid density default is "Off". Select "1=Change" to set a 


value , or " =Next". 
26. For Multi Gas Library Application Only:  The Application gas GTWA weight 


default is "Off". Select "1=Change" to set a value , or " =Next". 
27. For Multi Gas Library Application Only:  The instrument returns to the Gas 


Summary screen for the second gas.  Repeat steps 15-26 for each gas.  
28. For Single Gas Library Application Only:  The Application wave count 


default is 1. Select " =Next".  
For Multi Gas Library Application Only:  Enter the number of wavelengths to 
be analyzed. 


29. The Wavelength Summary screen shows the wavelength that the analyzer will 
measure at. Select "1=Change". 


30. Again select "1=Change". 
31. Enter the wavelength recorded in step D-2, and select "Enter=Accept" (this 


value MUST be entered!). 
32. The Wavelength H 2 O absorbance should be left at the default value to disable 


humidity compensation. Select " =Next". 
33. For Multi Gas Library Application Only:  The instrument returns to the 


Wavelength Summary screen for the second wavelength.  Repeat steps 29-32 
for each wavelength.  


34. The Application temperature compensation reference default value is "Off". 
Select " =Next". 


 
Note:  To support temperature compensation, set this value to reference temperature 
instead. 
 


35. The Application pressure compensation reference default value is "Off". 
Select " =Next". 


 
Note:  To support pressure compensation, set this value to reference pressure instead. 
 


36. The Reference Compensation default is "Off". If the application requires a 
reference wavelength, (4.004 is recommended), select "1=Change", 
"1=Change", "2=Enabled" and "1=Change". Enter the reference wavelength 
and "1=Change" to edit the application measurement drift (typically 2.0%). 
" =Next" (see “Reference Compensation” in Chapter 7 for an explanation of 
this function).  Select "Enter=Accept". 


37. The Humidity compensation default is "Off". Select " =Next". Contact 
Thermo Fisher Scientific before enabling humidity compensation for humidity 
compensation coefficients.   
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38. The Application pathlength can be set for "Long" or "Short". Press 
"1=Change" to select the appropriate pathlength and then " =Next". For 
optimum sensitivity the long pathlength should be used. The short pathlength 
is recommended for very high concentration measurements.  


39. The Application dwell time default is "275". Select " =Next". 
40. The Application purge % of max default is "100%". Select " =Next". 
41. The Application batch mode default is "Enabled". Select " =Next". 
42. The Application batch purge % default is "100%". Select " =Next". 
43. For Single Gas Library Application:  From the Meas Absorb  Conc screen, 


enter the measurement absorbance concentration.  These values MUST BE 
ENTERED. Select each parameter and "1=Change".  
For Multi Gas Library Application:  From the “Matrix Parameters” screen, 
select “1=Change”. 


44. For Single Gas Library Application Only:  In the PQ Cal Range screen, select 
"1=Range". 


45. For Both Single and Multi-gas Library Application: Select "1=Q" and, since 
the quadratic term is unknown at this point because the P-matrix has not been 
generated yet, enter “0” and then “Enter=Accept”.  


46. For Both Single and Multi-gas Library Application: Select "2=P" and, since 
the linear term is unknown at this point because the P-matrix has not been 
generated yet, enter “1” and then “Enter=Accept”. Note that for multi gas 
library applications, steps 43 and 44 must be repeated for each gas at each 
wavelength.   


47. For Single Gas Library Application: From the “PQ cal params” screen, select 
"4=Absorb range" and enter "1.2". Select “Enter=Accept”.  


48. For Both Single and Multi-gas Library Application: Press "ESC" until 
analyzer asks to save changes. Select “Enter=Save”. 


49. For Both Single and Multi-gas Library Application: Press "ESC" 2 times to 
return to the main menu. At this point the application is valid for use. 
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F. CALIBRATION 
 
1. Calculate five injection volumes that cover the complete concentration range 


(also see Chapter 12). E.g., if the concentration is 0 to 1000 ppm, the 
concentrations should be approximately 200, 400, 600, 800, and 1000 ppm.  


For liquid injection volumes3, use the formula:  ( ) ⎟
⎠
⎞


⎜
⎝
⎛
⎟
⎠
⎞


⎜
⎝
⎛
⎟
⎠
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⎜
⎝
⎛=


d
M


R
P


10
VC  VI 3


T   


For gas injection volumes3, use the formula:  VI = (C) (VT).   
 
Where: 
VI = injection volume in microliters (μL) 
C = concentration volume in parts per million (ppm)’ 
VT = total volume of cell and calibration system in liters (2.24L) 
d =  Liquid density (g/cm 3) 
M =  Molecular weight of sample 


⎟
⎠
⎞


⎜
⎝
⎛ °= C25at 


24.4
1 gas of meMolar volu


R
P  


 
Note: In the above example, 200 (the lowest concentration ) x 2.24 (the cell 
volume) = an injection volume of 448 μL. Since most syringes are not precise 
enough to measure an injection volume of 448 μL, select an injection volume 
that can be accurately measured by the syringe. In the above example it will 
be 450 μL. Transpose the formula to C = Vi/VT, and solve for the 
concentration (C). In this example, C = 450/2.24 = 200.1.  Record both the 
concentrations and injection volumes. 
 


2. From the Main Menu select "1=Analyze/Start" 
3. Select "1=New Zero" 
4. At the prompt “Install chemical filter”, attach the Closed Loop Calibration 


System and turn the pump on. Select "Enter=Continue" 
5. Allow instrument to purge with "Zero Air" or clean air.. The instrument will 


purge for 1 minute then proceed to set the Zero.  
6. At the prompt for "Install Particulate filter", keep the Closed Loop Calibration 


System attached. Press "Enter=Continue" and allow the instrument to purge 
the Zero Air sample.  When the purge is complete, select  or  until the 
Absorbance screen appears. Verify that the absorbance equals zero(+/- .0010). 


                                                 
3 Depending upon the compound, either a gas or liquid may be injected,.  Many compounds (e.g., benzene) 
are not readily available in gaseous form, and are therefore inserted into the pump as a liquid.  The pump 
evaporates the liquid before it is introduced to the analyzer.   
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7. For Single Gas Library Application: Inject first volume and wait for 


absorbance to stabilize.  Record absorbance value. Air out the instrument and 
repeat until the absorbance returns to zero (±0.0010 AU).  Reconnect the 
pump and repeat for each injection volume.  Rezero the instrument if the 
absorbance is outside of the allowable ±0.0010 AU.  
For Multi Gas Library Application: Inject first volume and select “Enter=new 
sample”.  Wait for absorbance reading to appear. Record absorbance value at 
all wavelengths, and repeat for all concentrations and compounds. Flush the 
system until absorbance returns to zero by disconnecting the pump and 
exhausting the system (e.g., by attaching an exhaust line to the out port of the 
instrument).  Attach the closed loop pump and select "2=Zero".  Repeat steps 
3-7. 


Note: Depending upon the compound it may not be necessary to flush the system 
after each injection. For example, if the absorbance value stabilizes, introduce the 
difference between injection values. This will save time.  If, however, the absorbance 
value continues to fall, it will be necessary to flush the system, and introduce the new 
injection volume value (e.g., by attaching an exhaust line to the out port on the 
instrument.   


 
 


G. GENERATE THE P-MATRIX 
 
Note:  The following assumes Microsoft Excel is used to generate the P-Matrix.  The 
procedure may differ if other programs or instruments, such as a calculator, are used. 
 


1. For Single Gas Library Application: Enter absorbancies from the individual 
compound injections made during the calibration in one column starting at 
cell B2.  Absorbancies should be entered to four decimal places.  
For Multi Gas Library Application: Enter absorbancies starting at cell B2. 
Enter absorbancies for each wavelength in adjacent columns. Absorbancies 
should be entered to four decimal places. Enter the next compound directly 
below the first compound (see example, below).   
 


 Wavelength 


  1  2 
  0.0058  0 


Compound 1  0.0128  0 


  0.0217  1 


  0.0001  100 


Compound 2  0.0002  214 


  0.0002  355 
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2. For Single Gas Library Application: Click first cell adjacent to the absorbance 


matrix (C2 if application is single gas) and type "=B2^2" (without the 
quotation marks), and press the Enter key. Return the mouse to the lower 
corner of cell C2 (if single gas application) until the mouse character turns 
into an "+". Press the left mouse button and drag the cell to the same length as 
the absorbance matrix. Label this the “A” matrix in the column to the left. 
For Multi Gas Library Application: Click first cell adjacent to the upper right-
hand cell of the absorbance matrix and type "=B2^2" (without the quotation 
marks), and press the Enter key. Return the mouse to the cell with the 
equation and drag the column to the right to match the width of absorbance 
matrix, then drag this row down to match the length of the absorbance matrix. 
The absorbance matrix should be adjacent to the absorbance squared matrix. 
Label this the A matrix in the column to the left. 


3. For Single Gas Library Application: Skip one column and enter the 
corresponding concentration values in PPB units. The PPB units are the 
injected concentration values that resulted in each absorbance row in the A 
matrix. The resulting area should have the same number of rows and half the 
number of columns as the A matrix. Label this the C matrix in an adjacent 
column.  
For Multi Gas Library Application: Skip one column and enter the 
corresponding concentration values in PPB units. The PPB units are the 
injected concentration values that resulted in each absorbance row in the A 
matrix. The rows should be entered by grouped compound injections and the 
columns should display the compound concentration in the order that the 
compounds are read on the instrument display. The resulting area should have 
the same number of rows and half the number of columns as the A matrix. 
Label this the C matrix in an adjacent column. 


4. Highlight the A matrix and click Edit/Copy. Skip one row from the matrix and 
click the cell. Click Edit/Paste Special, check the transpose box, then click 
"OK". Label this the A' matrix.  


5. Skip one row and highlight an area with the same number of columns as the A 
matrix and the same number of rows as the A' matrix. Type " =MMULT(". 
With the mouse, highlight the A' matrix and type ",". With the mouse 
highlight the A matrix and type ")". Simultaneously press Control, Shift and 
Enter. Label this the A'A matrix. 


6. Skip one row and highlight an area having the same number of columns and 
rows as the (A'A) matrix. Type " =MINVERSE (". With the mouse highlight 
the (A'A) matrix, and type ")". Simultaneously press Control, Shift and Enter. 
Label this the INV(A'A) matrix. 


7. Skip one row and highlight an area having the same number of columns as the 
A' matrix and the same number of rows as the INV(A'A) matrix. Type 
“=MMULT(". With the mouse highlight the INV(A'A) matrix and type ",". 
With the mouse highlight the A' matrix and type ")". Simultaneously press 
Control, Shift and Enter. Label this the INV(A'A)*A' matrix. 
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8. Skip one row and highlight an area having the same number of columns as the 


C matrix and the same number of rows as the INV(A'A)*A' matrix. Type 
"=MMULT(". With the mouse highlight the INV(A'A)*A' matrix and type ",". 
With the mouse highlight the C matrix and type ")". Simultaneously press 
Control, Shift and Enter. Label this the P matrix. 


9. For Single Gas Library Application: The first number is the P term and the 
second number is the Q term 
For Multi Gas Library Application: Each column of the P matrix contains the 
P (linear) and Q (quadratic) terms for each compound. The first half of the 
numbers in each column are the P terms and the second half are their 
associated Q terms (see table, below). 


 
 


H. ENTER P-MATRIX INTO THE ANALYZER AND VERIFY CALIBRATION 
ACCURACY 
 


1. The P matrix for a single compound application consists of two numbers; the 
`P', linear term and the `Q' Quadratic term.  


2. From the Main Menu, select "4=Config/Setup " 
3. Select "5= Analysis" 
4. Press “ =More” 
5.  Select "3=Applic View and edit" 
6. If entering a P Matrix for a multi compound application, go to step 14.  
7. For Single Gas Library Application: Press " =Prev" to view the "Meas 


Absorb --> Conc" screen 
8. For Single Gas Library Application: In the "Meas Absorb --> Conc" screen, 


select "1=change", and "1=Range 1".  
9. For Single Gas Library Application: Select "1=Q" and enter the Q term. Select 


“Enter” to accept. 
10. For Single Gas Library Application: Select "2=P" and enter the P term. Select 


“Enter” to accept. 
11. For Single Gas Library Application: The "R" term is left at Zero.  
12. For Single Gas Library Application: Select "4=Absorb range" and enter the 


absorbance value x 1.2 of the maximum concentration of application. 
13. For Single Gas Library Application: If entering a P Matrix for a single 


compound application, go to step 19. 
14. For Multi Gas Library Application: A multi compound P-matrix consists of 


one column for each compound. The upper half of the rows are the `P', linear 
terms for each wavelength, and the lower half are the corresponding `Q', 
quadratic terms for each wavelength (see example, below). 
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 Gas 1 Gas 2 Gas 3 


Wave 1 P 11 P 21 P 31 
Wave 2 P 12 P 22 P 32 
Wave 3 P 13 P 23 P 33 
Wave 1 Q 11 Q 21 Q 31 
Wave 2 Q 12 Q 22 Q 32 
Wave 3 Q 13 Q 23 Q 33 


 
15. For Multi Gas Library Application: Press " =Prev" to get to the Matrix 


Parameters screen. From the Matrix Parameters screen enter the P and Q 
values. To enter the Q value for the first compound at the first wavelength, 
select "1=Change", and “1=Q”  Enter the Q value and select “Enter=Accept”. 
To enter the P value for the first compound at the first wavelength, select 
"1=Change", and “2=P”  Enter the P value and select “Enter=Accept”.   


16. For Multi Gas Library Application: Press “ =Next” to enter the Q value for 
the first compound at the second wavelength. Select "1=Change", and “1=Q”  
Enter the Q value and select “Enter=Accept”. To enter the P value for the first 
compound at the second wavelength, select "1=Change", and “2=P”  Enter the 
P value and select “Enter=Accept”.   


17. For Multi Gas Library Application: Continue with the procedures described in 
steps 15 and 16 until the P and Q terms have been entered for all compounds 
at all wavelengths. 


18. For Both Single and Multi Gas Library Applications: For both single and 
multigas library applications, press "ESC" until the analyzer prompts to save 
the changes made. If the changes are correct, select "Enter=Save". 


19. For Both Single and Multi Gas Library Applications: Press "ESC" until the 
Main Menu appears. The specific SapphIRe instrument is now calibrated for 
the compound(s) of interest.   


20. For Both Single and Multi Gas Library Applications: Verify the calibration by 
entering known concentrations of the target compound. To do this, insert an 
injection volume that is in the middle of the concentration range and verify 
that the concentration reading is within ±10% of the reading obtained during 
calibration.   







 


D-1 


Appendix D 
HUMIDITY COMPENSATION TABLE 


 
Wavelength P  Wavelength P  Wavelength P 
3.333 0.1421  8.725 0.0625  9.900 0.0000 
3.573 0.0000  8.750 0.0576  9.925 0.0135 
4.004 0.0000  8.775 0.0527  9.950 0.0138 
4.250 0.0000  8.800 0.0484  9.975 0.0137 
4.500 0.0076  8.825 0.0441  10.000 0.0138 
4.620 0.0173  8.850 0.0410  10.025 0.0138 
7.700 0.3414  8.875 0.0383  10.050 0.0132 
7.725 0.3754  8.900 0.0364  10.075 0.0131 
7.750 0.4182  8.925 0.0345  10.100 0.0131 
7.775 0.4014  8.950 0.0333  10.125 0.0126 
7.800 0.3674  8.975 0.0317  10.150 0.0121 
7.825 0.3320  9.000 0.0302  10.175 0.0122 
7.850 0.2976  9.025 0.0299  10.200 0.0123 
7.875 0.2685  9.050 0.0297  10.225 0.0125 
7.900 0.2467  9.075 0.0298  10.250 0.0129 
7.925 0.2311  9.100 0.0309  10.275 0.0131 
7.950 0.2222  9.125 0.0330  10.300 0.0137 
7.975 0.2192  9.150 0.0351  10.325 0.0143 
8.000 0.2184  9.175 0.0381  10.350 0.0147 
8.025 0.2172  9.200 0.0403  10.375 0.0157 
8.050 0.2123  9.225 0.0423  10.400 0.0160 
8.075 0.2011  9.250 0.0441  10.425 0.0168 
8.100 0.1830  9.275 0.0450  10.450 0.0174 
8.125 0.1641  9.300 0.0459  10.475 0.0188 
8.150 0.1427  9.325 0.0464  10.500 0.0194 
8.175 0.1229  9.350 0.0465  10.525 0.0205 
8.200 0.1044  9.375 0.0454  10.550 0.0215 
8.225 0.0900  9.400 0.0449  10.575 0.0221 
8.250 0.0818  9.425 0.0430  10.600 0.0232 
8.275 0.0775  9.450 0.0408  10.625 0.0241 
8.300 0.0760  9.475 0.0378  10.650 0.0255 
8.325 0.0759  9.500 0.0347  10.675 0.0257 
8.350 0.0753  9.525 0.0315  10.700 0.0266 
8.375 0.0744  9.550 0.0283  10.725 0.0276 
8.400 0.0730  9.575 0.0249  10.750 0.0284 
8.425 0.0718  9.600 0.0220  10.775 0.0298 
8.450 0.0699  9.625 0.0190  10.800 0.0306 
8.475 0.0681  9.650 0.0174  10.825 0.0315 
8.500 0.0674  9.675 0.0156  10.850 0.0323 
8.525 0.0672  9.700 0.0144  10.875 0.0333 
8.550 0.0677  9.725 0.0136  10.900 0.0339 
8.575 0.0690  9.750 0.0000  10.925 0.0346 
8.600 0.0702  9.775 0.0000  10.950 0.0344 
8.625 0.0711  9.800 0.0000  10.975 0.0341 
8.650 0.0710  9.825 0.0000  11.000 0.0343 
8.675 0.0697  9.850 0.0000  11.025 0.0340 
8.700 0.0665  9.875 0.0000  11.050 0.0332 
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Wavelength P  Wavelength P  Wavelength P 
11.075 0.0324  12.125 0.0271  13.175 0.0517 
11.100 0.0317  12.150 0.0272  13.200 0.0532 
11.125 0.0307  12.175 0.0279  13.225 0.0569 
11.150 0.0298  12.200 0.0285  13.250 0.0598 
11.175 0.0287  12.225 0.0296  13.275 0.0645 
11.200 0.0281  12.250 0.0304  13.300 0.0701 
11.225 0.0274  12.275 0.0321  13.325 0.0735 
11.250 0.0268  12.300 0.0333  13.350 0.0802 
11.275 0.0262  12.325 0.0353  13.375 0.0839 
11.300 0.0258  12.350 0.0385  13.400 0.0896 
11.325 0.0256  12.375 0.0419  13.425 0.0930 
11.350 0.0258  12.400 0.0462  13.450 0.0944 
11.375 0.0257  12.425 0.0513  13.475 0.0963 
11.400 0.0259  12.450 0.0562  13.500 0.0973 
11.425 0.0259  12.475 0.0599  13.525 0.0963 
11.450 0.0254  12.500 0.0647  13.550 0.0959 
11.475 0.0249  12.525 0.0687  13.575 0.0972 
11.500 0.0250  12.550 0.0702  13.600 0.0894 
11.525 0.0253  12.575 0.0721  13.625 0.0884 
11.550 0.0253  12.600 0.0729  13.650 0.0834 
11.575 0.0256  12.625 0.0723  13.675 0.0815 
11.600 0.0265  12.650 0.0703  13.700 0.0776 
11.625 0.0274  12.675 0.0688  13.725 0.0748 
11.650 0.0289  12.700 0.0667  13.750 0.0711 
11.675 0.0300  12.725 0.0640  13.775 0.0691 
11.700 0.0312  12.750 0.0616  13.800 0.0672 
11.725 0.0322  12.775 0.0584  13.825 0.0651 
11.750 0.0331  12.800 0.0573  13.850 0.0654 
11.775 0.0329  12.825 0.0572  13.875 0.0646 
11.800 0.0342  12.850 0.0568  13.900 0.0645 
11.825 0.0337  12.875 0.0558  13.925 0.0654 
11.850 0.0334  12.900 0.0558  13.950 0.0666 
11.875 0.0324  12.925 0.0552  13.975 0.0691 
11.900 0.0319  12.950 0.0545  14.000 0.0718 
11.925 0.0305  12.975 0.0528  14.025 0.0779 
11.950 0.0293  13.000 0.0519  14.050 0.0847 
11.975 0.0288  13.025 0.0498  14.075 0.0924 
12.000 0.0274  13.050 0.0488  14.100 0.1012 
12.025 0.0268  13.075 0.0476  
12.050 0.0269  13.100 0.0471  
12.075 0.0272  13.125 0.0468  
12.100 0.0268  13.150 0.0493  
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Appendix E 
MIRAN ® SapphIRe Field Performance Verification Kit 


 
The SapphIRe Field Performance Verification Kit (Kit Part Number: CR014LG) includes 
the following items: 


 
Quantity Part No. Item 


1 CR014MA Gas Delivery System 
1 CR014LN Cylinder of N 2 O and SF 6 mixture in air 


1 NA Material Safety Data Sheets (N 2 O and 
SF 6 ) 


1 MI 611-035 Instruction Manual  
 
Replacement parts for this kit must be ordered directly from Thermo Fisher Scientific. To 
order parts, call:  1-508-520-0430 
 


GENERAL  
 
This kit contains the necessary parts and instructions to verify the performance of the 
MIRAN SapphIRe Analyzer. The stated accuracies of the gas concentrations are not valid 
beyond the expiration date appearing on the gas tank label. The gas concentrations have 
been deliberately chosen to permit safe operation; the levels are at or below the 
corresponding action levels and are further diluted immediately upon release to the 
atmosphere. 
 
 


INTRODUCTION 
 
The field performance check kit consists of a gas mixture containing nitrous oxide, sulfur 
hexafluoride and balance zero air. The nominal concentrations and their tolerances are:  
 


Nitrous Oxide (N 2 O):  
Sulfur Hexafluoride (SF 6 ):  


25 parts per million (ppm), ± 0.5 ppm.  
1.0 parts per million (ppm), ± 0.02 ppm. 


 
The mixture is contained within a small gas cylinder of approximately 1 liter in volume at 
a total pressure of approximately 150 psig (compresses 11 liters of gas at atmospheric 
conditions to 1 liter at 150 psig). At this pressure there is sufficient gas to perform at least 
one complete calibration check.  
 
Caution:  Observe the caution printed on the tank label concerning storage temperature 
(maximum = 130°F). Always orient the tank discharge point away from the face and 
body. Wear safety goggles or safety glasses when using this accessory. 
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The steps involved in kit use are discussed in the sections that follow. The three steps are: 
1. Configure the analyzer for "Performance Verification".  
2. Configure the gas cylinder with the sample delivery system.  
3. Run the challenge gas. 


 
 


INSTRUMENT CONFIGURATION 
 
Each instrument is configured with the "Performance verification application" titled 
"CALCHECK". From the Main Menu, select 4 = Config/Setup. From the Setup Menu, 
select 1 = Calibration. From the Calibration Menu, select 3 = Performance Verification. 
The left side of the screen changes to show N2O and SF6. 
 
If the ambient pressure differs significantly and log the actual response data is to be 
logged, select a logging interval of one cycle. This sets up the application to produce the 
most rapid updating of displayed concentrations. If the normal logging configuration for 
this application is changed, remember to reconfigure the instrument to the original 
parameters following this test. 
 
It is assumed that the instrument has already been powered and warmed up for a period of 
at least 30 minutes. 
 
 


CONFIGURING THE GAS SAMPLING ACCESSORY 
 
The gas sampling accessory consists of a coiled length of tubing and associated hardware 
(Figure E-1). One end is terminated with a tubing sleeve designed to fit snugly over the 
INLET port of the analyzer. A small piece of capillary tubing, which is inserted into the 
gas tank (trigger) nozzle, is found at the other end. This assembly should always be 
inspected before use to make sure there are no obvious loose connections, punctured 
tubing, or debris that may have found its way into the tubing sleeve. 
 


 
 


Figure E-1.  Gas Sampling Accessory (shown assembled to gas tank) 
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Warning:  The gas tank is shipped with a trigger valve safety tab. DO NOT REMOVE 
THIS TAB UNTIL AFTER THE GAS SAMPLING LINE HAS BEEN FULLY 
INSTALLED. 
 
Grasp the capillary tubing end of the sampling line at the location indicated in Figure E-2, 
and slowly push it into the nozzle opening on the gas tank. When the tubing is fully 
inserted, only about 1/8 inch of the capillary remains exposed. Use the other hand to hold 
the gas tank valve mechanism proper. 
 


 
 


Figure E-2.  Inserting the Capillary into the Gas Tank 
 


GAS CHALLENGE 
 
Zero Analyzer 
 
The next step is to zero the analyzer as directed by the menu prompts. Once the analyzer 
is zeroed, the displayed concentrations for both gases should be substantially zero; if the 
data is to be logged, select the option from the displayed menu.  
 
At this point, do not remove the zero filter. Instead, perform several more complete 
measurement cycles to confirm a stable zero. Typically, another minute of operation in 
this condition is sufficient. 
 
Attaching the Sampling Accessory 
 
After several measurement cycles have elapsed, turn off the pump by pressing the 
CONTROL key and selecting 2=PUMP OFF.  
 
Note:  The pump must be off during delivery of the calibration gas.  
 
With the pump off, proceed as follows: 


1. Attach the tubing sleeve to the INLET port of the analyzer.  
2. Remove the trigger valve safety tab from the gas tank delivery nozzle.  
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3. Slowly squeeze the trigger. When the trigger is fully depressed, insert the 
trigger holder as shown in Figure E-3. This holder keeps the gas tank valve 
open while the test proceeds. Once the gas sampling accessory is installed, lay 
the complete assembly down with no further intervention. Watch the gas 
readings climb. 


  


 
 


Figure E-3.  Inserting the Trigger Holder 
 
Caution:  If, during this operation, the small capillary tubing is ejected from the nozzle, 
remove the trigger holder to shut off gas flow. Then reinsert the tubing, making sure to 
slide the tubing in far enough. It should remain in place even if slight rearward tugs are 
applied to it. Always firmly grasp a portion of the capillary tubing as it is removed. 
 


4. The displayed gas readings should first rise and then, after approximately 3-4 
minutes, level off and stabilize. Note these readings. 


 
Disconnecting the Sampling Accessory 
 
After the readings have stabilized and have been recorded: 


1. Remove the trigger holder from the gas tank. This normally shuts off the flow 
of any gas remaining in the tank, but a slight upward nudge on the trigger 
itself ensures that the tank valve is fully closed.  


2. Remove the tubing sleeve from the INLET port and reattach the zero filter.  
3. Restart the pump by selecting Option 2 from the CONTROL menu; the 


concentration readings should now begin to drop. Continue until the readings 
have returned to substantially zero. At this point, the analysis may be 
terminated to stop logging. Remember to upload the file for subsequent 
analysis.  


4. Remove the capillary tubing end from the tank trigger nozzle and return the 
sampling accessory to its storage bag. Observe the caution note above when 
removing the capillary tubing. 
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5. Mark the gas tank in large letters "MT" to denote that it has been used to 


perform a gas check. 
6. Dispose of the tank properly. The tank should never be refilled. 
 


Assessing the Results 
 
Provided there are no significant deviations from the pressure or temperature at which the 
original calibrations were performed, the displayed readings should fall within the 
following ranges of values: 
 


Calibration 
Gas 


Expected 
Result 


Allowed Calibration 
Tolerance 


Allowed Sample 
Tolerance 


Overall 
Tolerance 


Nitrous Oxide 25.0 ppm ±2.5 ppm ±0.5 ppm ±3.0 ppm 
Sulfur 
Hexafluoride 1.0 ppm ±0.2 ppm ±0.02 ppm ±0.22 ppm 


 
Call the factory if the actual readings recorded during this test are outside these limits. 
There are several reasons why this may occur: 


1. Readings a few percent outside the overall tolerance should not be cause for 
alarm as these can often be accounted for by pressure or temperature deviation 
from the original calibration point. Of course, if atmospheric pressure is quite 
different, (usually lower) then this should be factored into the review.  


2. Readings substantially lower may indicate an alteration in the internal optical 
alignment of the gas cell. Again, consult the factory for assistance. 


3. Discordant readings are generally not caused by deterioration in the absolute 
signal levels within the instrument, such as may be caused by dirty optical 
components. Normally, this only affects the reading noise and not the actual 
instrument span. 


 
Once the analysis is completed, secure the sampling accessory in a safe place and 
properly dispose of the gas cylinder. Do not dispose of the cylinder in a fire or 
incinerator. Tanks are not to be refilled. There may be some slight positive pressure 
remaining in the tank. If so, discharge the remaining contents until there is no further 
audible evidence of gas flow out of the tank, remembering always to have the tank nozzle 
pointed away from the face and body as it is released to atmospheric conditions. 
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Appendix F 
PARTS and ACCESSORIES 
 
 
The following parts and accessories are used with the 205B Series MIRAN SapphIRe Portable 
Ambient Air Analyzer, Style A 
 
Note:  This product may be configured and supplied as an intrinsically safe device. Any 
disassembly of the product, or tampering within the analyzer enclosure will negate the 
intrinsically safe certification. 
 


Summary of Parts used with this Product 


Item Part No. Part Name 
*1 CR015AB Air Sampling Hose Assembly (1) 
*2 CR014GZ Battery Pack (1) 
3 P0170QW Serial Communication Cable, RS-232-C 
4 CR013UJ Shoulder Strap 
5 TR101TL Power Supply/Single Battery Charger 
6 TR101TM Power Supply/Dual Battery Charger 
7 TR101TN Charger/Chassis Interface Cable 
8 TR101TK Charger/Battery Pack Interface Cable 
*9 TR101RV Pathlength Changing Tool (1) 
*10 X0173QH Battery Compartment Key 
*11 TR101ZU Particulate Filters (2) 
*12 TR101PU Zero Gas Filter (4) 
13 TR101QX Parallel Printer Cable 
14 N0249XS Power Cord, 115V 
15 TR101RW Phillips Screwdriver 
16 BK3538 Instruction Manual 


 
Legend:  * = recommended, (  ) = number recommended 
 


Summary of Accessories used with this Product 


 Item Part No. Part Name 
17 CR014QC Leak Detection and Sampling Wand 
18 CR013XM Transportation/Carrying Case 
19 071-5707 Closed Loop Calibration System, 120V, 50/60 Hz 
20 071-5752 Closed Loop Calibration System, 220V, 50/60 Hz 
21 CR014LG Field Performance Verification Kit 
22 CR014MA Gas Delivery System (replacement part for CR014LG) 
23 CR014LN Cylinder of N2O and SF6 mixture in air (replacement part for CR014LG) 
24 CR013VQ Analog Output Cable 
25 TR101TP 12V Charger Adapter Cable 
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Parts used with the 205B Series 
Analyzer, Style A 


  
*Air Sampling Hose Assembly 
Part No. CR015AB 


 
___________________________________ 
  
*Battery Pack 
Part No. CR014GZ 


 
  __________________________________ 
  
Serial Communication Cable (RS-232-C) 
Part No. P0170QW 
 


 
 ___________________________________ 
  
*Shoulder Strap 
Part No. CR013UJ 
 


 
 


  
Power Supply/Single Battery Charger 
Part No. TR101TL 
 


 
 ___________________________________ 
  
Power Supply/Dual Battery Charger 
Part No. TR101TM 
 


  
___________________________________ 
  
Charger/Chassis Interface Cable 
Part No. TR101TN 


 
___________________________________ 
 
Charger/Battery Pack Interface Cable 
Part No. TR101TK 
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Parts used with the 205B Series 


Analyzer, Style A 
  
*Pathlength Changing Tool 
Part No. TR101RV 


 
  
___________________________________ 
  
*Battery Compartment Key 
Part No. X0173QH 
 


 
 
___________________________________ 
 
*Particulate Filter 
Part No. TR101ZU (Individual Filters) 
 


  
 ___________________________________ 
 
*Zero Gas Filter 
Part No. TR101PU 


  
 


 
Printer Cable 
Part No. TR101QX 


 
 ___________________________________ 
 
Power Cord, 115V 
Part No. N0249XS 


  
 ___________________________________ 
 
Phillips Screwdriver 
Part No. TR101RW 
 


  
 







Appendix F  Parts and Accessories 


F-4 


Accessories used with the 205B Series 
Analyzer, Style A 


  
Leak Detection and Sampling Wand 
Part No. CR014QC 


 ___________________________________ 
 
Transportation/Carrying Case 
Part No. CR013XM 


  
 ___________________________________ 
 
Closed Loop Calibration System 
120V, 50/60 Hz Part No. 071-5707 
220V, 50/60 Hz Part No. 071-5752 
 


 


*Field Performance Verification Kit 
Part No. CR014LG 


 
 ___________________________________ 
 
Gas Delivery System 
Part No. CR014MA 
 


 
 ___________________________________ 
 
Cylinder to N2O and SF6 Mixture in Air 
Part No. CR014LN 
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Analog Output Cable 
Part No. CR013VQ 


 
 ___________________________________ 
 
12V Charger Adapter Cable 
Part No. TR101TP 
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Appendix G 
USING HYPERTERMINAL with the MIRAN 
SAPPHIRE 
 
The MIRAN SapphIRe is shipped with a Windows-based Thermo Match program, which 
is the primary program, used to transfer data between the analyzer and a PC using an RS-
232 connection.  Thermo Match does not work on some newer PCs running the Windows 
operating system.  As an alternative, a 3rd party terminal program may be used instead of 
Thermo Match.  Any terminal program that is known to work under the operating system 
may be used to communicate with the analyzer.  The SapphIRe supports communications 
with a 3rd party terminal using the TEXT-MANUAL transfer protocol. 
 
Hyperterminal is the most widely available terminal program (it ships with Windows 
95/98/ME, and Windows NT/2000).  To start up Hyperterminal, choose Start… 
Programs… Accessories… HyperTerminal, then double-click on the Hypertrm.exe icon.  
If the Hyperterminal folder doesn’t exist, it’s because the communications package was 
not installed when Windows was installed.  Hyperterminal may be installed by going into 
Windows Setup and selecting the Communications package to install it.  Once running, 
type a name for the new connection (any name is acceptable), then click OK.  Under the 
Phone Number window, set the Connect Using field to “Direct to Com X” (set X to 
whatever COM port the SapphIRe is connected to), then click OK: 


 


Next, the port settings must be set on the properties screen.  Hyperterminal must be set up 
with the proper settings to be able to talk to the analyzer: 
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Note:  The SapphIRe baud rate is user-selectable.  While 19,200 baud is optimum, it 
may not be correct.  The terminal program should be set to match the analyzer under 
5=Report/Data, 3=Data transfer, 2=Change baud.   
 
The analyzer must be configured for TEXT-MANUAL transfer protocol before using a 
3rd party terminal application.  From the main menu, this is done as follows:  
5=Report/Data, 3=Data transfer, 1=Chnge mode, 2=Manual. 
 
Once the SapphIRe is set up for TEXT-MANUAL and the terminal program is running, 
data may be sent from the analyzer to the PC.  First, the terminal program should be set to 
write all incoming data to a file (capture the data).  This is done in Hyperterminal by 
selecting the menu item Transfer… Capture Text, then setting the file name.  Next, the 
transfer is originated at the SapphIRe by selecting 3=Send, then selecting the appropriate 
data from the SEND MENU:  1=Site, 2=Full setup, 3=Partial setup, 4=Library names. 
 
To receive data on the SapphIRe from the PC, choose 4=Receive from the DATA 
TRANSFER menu on the SapphIRe then use the menu item Transfer… Send Text in 
Hyperterminal. 
 
The type of data is included inside each of the text files, so the file type does not have to 
be selected before receiving data on the SapphIRe. 
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Appendix H 
STANDARD LIBRARIES 


 


Compound Name Acronym 
Library 


(see key)
HRL


(ppm)
HRL 


(mg/m3)


Detection 
Limit  
(ppm) 


Detection 
Limit  


 (mg/m3) Wavelength Pathlength


Accuracy 
(+/-% of  
reading) 


          


ACETALDEHYDE ACETALD XL 400 722 0.8 1.44 9.140 Long 10 


ACETIC ACID ACETCACD SL 100 246 0.5 1.23 10.196 Long 15 


ACETIC ACID ACETCACD SL 30 74 0.15 0.37 8.636 Long 20 


ACETONE ACETONE SL 2000 4760 5 11.90 8.400 Short 5 


ACETONE ACETONE SL 2000 4760 5 11.90 11.036 Long 5 


ACETONITRILE ACETONIT XL 500 841 11 18.50 9.692 Long 10 


ACETOPHENONE ACETOPHE XL 100 492 0.4 1.97 8.108 Long 25 


ACETYLENE ACETYLEN XL 200 213 0.5 0.53 13.724 Long 10 


ACRYLONITRILE ACRYLONI XL 50 109 0.6 1.30 10.470 Long 10 


AMMONIA NH3 SL 500 349 0.7 0.49 10.868 Long 20 


AMMONIA NH3 SL 500 349 0.7 0.49 10.484 Long 20 


ANILINE ANILINE XL 50 191 0.5 1.91 8.045 Long 10 


BENZALDEHYDE BENZALD XL 500 2174 0.9 3.91 12.188 Long 15 


BENZENE BENZENE SL 200 640 2 6.40 9.796 Long 10 


1,3-BUTADIENE 13BUTADI SL 100 222 0.7 1.55 10.028 Long 10 


1,3-BUTADIENE 13BUTADI SL 50 111 0.35 0.78 11.060 Long 15 


BUTANE BUTANE XL 2000 4764 5 11.91 10.436 Long 10 


n-BUTYL ACETATE BUTLACET XL 300 1428 0.18 0.86 9.668 Long 15 


n-BUTYL ALCOHOL BUOH n- XL 200 607 0.25 0.76 9.572 Long 15 


t-BUTYL ALCOHOL BUOH t- XL 100 304 0.3 0.91 8.444 Long 15 


BUTYL CELLOSOLVE BUTLCELL SL 100 484 0.25 1.21 9.008 Long 15 


t-BUTYL METHYL ETHER MTBE XL 50 280 0.15 0.84 9.284 Long 10 


CARBON DIOXIDE, absolute (a) CO2ABS SL 1000 1804 1 1.80 4.250 Short 15 


CARBON DIOXIDE, absolute (a) CO2ABS SL 1000 1804 30 54.11 14.000 Long 25 


CARBON DIOXIDE, differential (b) CO2DIFF SL 2000 3607 1.5 2.71 4.250 Short 15 


CARBON DIOXIDE, differential (b) CO2DIFF SL 2000 3607 40 72.14 14.000 Long 25 


CARBON DISULFIDE CS2 XL 50 156 1 3.12 4.620 Long 15 


CARBON MONOXIDE CO SL 250 287 0.9 1.03 4.620 Long 10 


CARBON TETRACHLORIDE CCL4-H  SL 100 630 1.2 7.565 12.660 Short 10 


CARBON TETRACHLORIDE CCL4-L  SL 5 32 0.05 0.32 12.660 Long 10 


CELLOSOLVE CELOSV-H SL 500 1847 2.3 8.49 8.980 Short 10 


CELLOSOLVE CELOSV-L SL 50 185 0.1 0.37 8.980 Long 10 


CELLOSOLVE ACETATE CLSLVAC SL 200 1083 0.15 0.81 9.524 Long 25 


CHLOROBENZENE CLOROBEN XL 150 692 0.4 1.85 9.332 Long 10 


CHLOROBROMOMETHANE CLBRMETH XL 500 2651 0.4 2.12 8.324 Long 25 


CHLOROFORM CHCL3-H SL 100 489 1.7 8.32 13.058 Short 15 


CHLOROFORM CHCL3-H SL 100 489 0.5 2.45 8.372 Long 15 







 


H-2 


Compound Name Acronym 
Library 


(see key)
HRL


(ppm)
HRL  


(mg/m3)


Detection 
Limit  
(ppm) 


Detection 
Limit  


 (mg/m3) Wavelength Pathlength


Accuracy 
(+/-% of  
reading) 


          


CHLOROFORM CHCL3-L SL 10 49 0.07 0.34 13.058 Long 15 


CHLOROFORM CHCL3-L SL 10 49 0.5 2.45 8.372 Long 15 


m-CRESOL MCRESOL SL 10 44 0.4 1.77 8.756 Long 20 


CUMENE CUMENE XL 100 493 1 4.93 13.256 Long 10 


CYCLOHEXANE CYCLHEX SL 500 1724 6 20.69 11.156 Long 10 


CYCLOHEXANE CYCLHEX SL 500 1724 6 20.69 8.108 Long 10 


CYCLOPENTANE CYCLPENT XL 500 1437 6 17.25 11.252 Long 10 


DESFLURANE DESFLR-H SL 100 689 0.7 4.82 8.588 Short 10 


DESFLURANE DESFLR-H SL 100 689 0.7 4.82 9.092 Short 10 


DESFLURANE DESFLR-L SL 10 69 0.04 0.28 8.588 Long 10 


DESFLURANE DESFLR-L SL 10 69 0.04 0.28 9.092 Long 10 


m-DICHLOROBENZENE MDICLBNZ XL 150 904 0.35 2.11 12.836 Long 15 


o-DICHLOROBENZENE ODICLBNZ XL 100 602 0.6 3.61 8.992 Long 25 


p-DICHLOROBENZENE PDICLBNZ XL 150 904 0.25 1.51 9.284 Long 15 


1,1-DICHLOROETHANE 11DICLOR XL 200 811 0.4 1.62 9.548 Long 20 


1,2-DICHLOROETHYLENE 12DICLOR XL 500 1986 0.6 2.38 11.204 Long 15 


DICHLOROETHYLETHER 2CLETH XL 50 293 0.12 0.70 8.970 Long 25 


DIETHYLAMINE DIETHLAM XL 50 150 0.35 1.05 8.900 Long 10 


DIMETHYLACETAMIDE DMAC XL 30 107 0.4 1.43 8.588 Long 15 


DIMETHYLAMINE DIMETHAM XL 50 92 0.6 1.11 8.828 Long 10 


N,N-DIMETHYLFORMAMIDE DMF XL 20 60 0.2 0.60 9.404 Long 10 


DIOXANE DIOXANE XL 100 361 0.08 0.29 8.996 Long 15 


ENFLURANE ENFLRN-H SL 100 756 0.6 4.54 8.900 Short 10 


ENFLURANE ENFLRN-H SL 100 756 0.2 1.51 12.116 Long 10 


ENFLURANE ENFLRN-L SL 10 76 0.03 0.23 8.900 Long 10 


ENFLURANE ENFLRN-L SL 10 76 0.2 1.51 12.116 Long 10 


ETHANE ETHANE XL 1000 1232 0.3 0.37 3.333 Long 20 


ETHANOLAMINE ETHNOLAM XL 50 125 0.7 1.75 8.900 Long 20 


ETHYL ACETATE ETHYLACT XL 500 1805 1.1 3.97 8.290 Short 10 


ETHYL ALCOHOL ETOH XL 2000 3776 5 9.44 9.596 Short 10 


ETHYL BENZENE ETHYLBNZ XL 200 870 1.2 5.22 13.520 Long 15 


ETHYL CHLORIDE ETHLCLOR XL 1500 3966 1 2.64 10.388 Long 10 


ETHYL ETHER ETHYLETH XL 500 1519 1.8 5.47 8.972 Long 10 


ETHYL LACTATE ETHLAC SL 100 484 0.08 0.39 8.348 Long 15 


ETHYLENE ETHYLENE XL 100 115 0.4 0.46 10.628 Long 10 


ETHYLENE DICHLORIDE ETHDICHL XL 100 406 0.7 2.84 8.300 Long 10 


ETHYLENE OXIDE ETO SL 100 181 0.35 0.63 11.652 Long 10 


ETHYLENE OXIDE ETO SL 100 181 0.6 1.08 3.333 Long 10 


FORMALDEHYDE FORMALD SL 10 12 0.5 0.14 3.573 Long 10 


FORMIC ACID FORMIC XL 30 57 0.12 0.23 9.165 Long 20 
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Compound Name Acronym 
Library 


(see key)
HRL


(ppm)
HRL  


(mg/m3)


Detection 
Limit  
(ppm) 


Detection 
Limit  


 (mg/m3) Wavelength Pathlength


Accuracy 
(+/-% of  
reading) 


          


GEN HALOCARBONS (Chloroform) GENHAL-H SL 100 489 1.7 0.34 13.058 Short 15 


GEN HALOCARBONS (Chloroform) GENHAL-L SL 10 49 0.07 8.32 13.058 Long 15 


GEN HYDROCARBONS (Hexane) THCHEX SL 500 1766 0.25 1.02 3.333 Long 25 


GEN HYDROCARBONS (Methane) THCMETH SL 20 13 1.5 0.99 3.333 Long 15 


HALOTHANE HALTHN-H SL 100 809 1.5 12.13 12.372 Short 10 


HALOTHANE HALTHN-H SL 100 809 0.09 0.73 8.972 Long 15 


HALOTHANE HALTHN-L SL 10 81 0.25 2.02 12.372 Long 10 


HALOTHANE HALTHN-L SL 10 81 0.09 0.73 8.972 Long 15 


HEPTANE HEPTANE XL 1000 4107 10 41.07 10.772 Long 10 


n-HEXANE HEXANE XL 500 1766 0.25 0.88 3.333 Long 25 


HYDRAZINE HYDRAZIN XL 50 66 0.8 1.05 10.844 Long 10 


ISOBUTANE ISOBUTAN XL 250 595 2.5 5.95 8.684 Long 10 


ISOFLURANE ISOFLR-H SL 100 756 0.7 5.29 8.804 Short 10 


ISOFLURANE ISOFLR-H SL 100 756 0.5 3.78 11.372 Long 10 


ISOFLURANE ISOFLR-L SL 10 76 0.04 0.30 8.804 Long 10 


ISOFLURANE ISOFLR-L SL 10 76 0.5 3.78 11.372 Long 10 


ISOPROPYL ALCOHOL IPA-H SL 1000 2463 10 24.63 10.586 Short 10 


ISOPROPYL ALCOHOL IPA-H SL 1000 2463 4 9.85 12.303 Long 10 


ISOPROPYL ALCOHOL IPA-L SL 100 246 0.5 1.23 10.586 Long 10 


ISOPROPYL ALCOHOL IPA-L SL 100 246 0.3 0.739 8.852 Long 10 


ISOPROPYL ETHER IPETHER XL 1000 4187 3 12.56 9.044 Short 10 


METHANE METHANE SL 100 66 1.5 0.99 3.333 Long 15 


METHYL ACETATE METHACET SL 500 1518 1.3 3.95 8.204 Short 10 


METHYL ACETATE METHACET SL 500 1518 6 18.21 9.644 Short 10 


METHYL ACRYLATE METHACRY XL 20 71 0.07 0.25 8.492 Long 15 


METHYL ALCOHOL MEOH XL 500 656 0.7 0.92 10.220 Long 15 


METHYL CELLOSOLVE MCELLO SL 100 312 0.15 0.47 9.500 Long 15 


METHYL CELLOSOLVE ACETATE MCELOA SL 100 484 0.14 0.68 8.924 Long 15 


METHYL CELLOSOLVE ACETATE MCELOA SL 100 484 0.15 0.73 9.524 Long 15 


METHYL CHLORIDE MECL XL 200 414 1.7 3.52 13.508 Long 10 


METHYL CHLOROFORM 111TRICL XL 500 2734 0.15 0.82 9.380 Long 25 


METHYL ETHYL KETONE MEK SL 1000 2955 7 20.69 8.692 Short 15 


METHYL ETHYL KETONE MEK SL 1000 2955 1.6 4.73 10.676 Long 20 


METHYL ISOBUTYL KETONE MIBK XL 100 410 0.35 1.44 8.708 Long 10 


METHYL METHACRYLATE METHMACR SL 250 1026 0.4 1.64 10.748 Long 10 


METHYL METHACRYLATE METHMACR SL 250 1026 0.7 2.87 12.284 Long 15 


METHYLACETYLENE MACETYLN XL 1000 1643 1.2 1.97 8.156 Long 10 


METHYLAMINE METHAMIN XL 50 64 0.6 0.76 12.908 Long 10 


METHYLENE CHLORIDE MECL2 SL 200 696 4 13.92 13.316 Short 10 


NITROGEN TRIFLUORIDE NF3 XL 50 145 0.04 0.12 11.108 Long 10 
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Compound Name Acronym 
Library 


(see key)
HRL


(ppm)
HRL  


(mg/m3)


Detection 
Limit  
(ppm) 


Detection 
Limit  


 (mg/m3) Wavelength Pathlength


Accuracy 
(+/-% of  
reading) 


          


NITROUS OXIDE N20 SL 100 180 0.04 0.072 4.500 Long 10 


OCTANE OCTANE-H XL 1000 4681 5 23.41 3.333 Short 25 


OCTANE OCTANE-L XL 100 468 0.35 1.64 3.333 Long 25 


PENTANE PENTANE XL 2000 5913 6 17.74 11.060 Long 10 


PERCHLOROETHYLENE PERC-H SL 500 3398 2 13.59 11.010 Short 10 


PERCHLOROETHYLENE PERC-L SL 50 340 0.09 0.612 11.010 Long 20 


PERCHLOROETHYLENE PERC-L SL 50 340 0.4 2.72 12.884 Long 10 


PGMEA PGMEA XL 50 271 0.07 0.38 8.204 Long 20 


PHOSGENE PHOSGENE XL 5 20 0.05 0.20 11.876 Long 10 


PROPANE PROPANE XL 2000 3614 20 36.14 13.436 Long 10 


n-PROPANOL PROPOH XL 500 1231 0.6 1.48 10.388 Long 10 


PROPYLENE OXIDE PROPOXID XL 200 476 0.7 1.67 12.044 Long 15 


PYRIDINE PYRIDINE XL 100 324 1.5 4.86 9.812 Long 10 


TRICHLOROMONOFLUOROMETHANE R11 XL 1000 5630 1 5.63 10.796 Long 15 


TRICHLOROTRIFLUOROETHANE R113 SL 1000 7679 1.7 13.05 11.108 Short 15 


TRICHLOROTRIFLUOROETHANE R113 SL 1000 7679 2.5 19.20 9.716 Short 10 


1.2-DICHLOROTETRAFLUOROETHANE R114 SL 1000 7005 2 14.01 9.668 Short 10 


1.2-DICHLOROTETRAFLUOROETHANE R114 SL 1000 7005 1.5 10.51 11.900 Short 10 


DICHLORODIFLUOROMETHANE R12 SL 1000 4955 1.4 6.94 10.940 Short 15 


DICHLORODIFLUOROMETHANE R12 SL 1000 4955 1.5 7.43 9.212 Short 15 


DICHLOROTRIFLUOROETHANE R123-H SL 200 1253 1.3 8.15 8.548 Short 15 


DICHLOROTRIFLUOROETHANE R123-H SL 200 1253 1.5 9.40 13.124 Long 15 


DICHLOROTRIFLUOROETHANE R123-L SL 10 63 0.07 0.44 8.548 Long 15 


DICHLOROTRIFLUOROETHANE R123-L SL 10 63 0.09 0.56 8.876 Long 15 


1-CHLORO-1.1.2.2-TETRAFLUOROETHANE R124-H SL 500 2797 1.4 7.83 8.468 Short 15 


1-CHLORO-1.1.2.2-TETRAFLUOROETHANE R124-H SL 500 2797 3 16.78 11.396 Short 15 


1-CHLORO-1.1.2.2-TETRAFLUOROETHANE R124-L SL 100 559 0.05 0.28 8.468 Long 15 


1-CHLORO-1.1.2.2-TETRAFLUOROETHANE R124-L SL 100 559 0.2 1.12 11.396 Long 15 


1.1.1.2-TETRAFLUOROETHANE R134A XL 200 836 0.17 0.71 9.236 Long 10 


BROMOTRIFLUOROMETHANE R13B1 XL 1000 6102 1 6.10 9.404 Short 15 


1.1-DICHLORO-1-FLUOROETHANE  R141B XL 200 959 0.17 0.81 10.892 Long 15 


1.1.1–TRIFLUOROETHANE R143a XL 25 87 0.05 0.17 8.312 Long 15 


1.1-DIFLUOROETHANE R152a XL 25 68 0.06 0.16 8.972 Long 15 


DICHLOROFLUOROMETHANE R21 SL 1000 4218 2 8.44 9.452 Short 10 


DICHLOROFLUOROMETHANE R21 SL 1000 4218 1.5 6.33 12.524 Short 10 


CHLORODIFLUOROMETHANE R22 SL 1000 3544 1 3.54 9.140 Short 10 


CHLORODIFLUOROMETHANE R22 SL 1000 3544 2.5 8.86 12.452 Short 10 


DICHLOROPENTAFLUOROPROPANE R225 XL 100 404 0.1 0.40 9.188 Long 10 


SEVOFLURANE SEVFLN-H SL 100 820 0.7 5.74 8.308 Short 10 


SEVOFLURANE SEVFLN-L SL 10 82 0.03 0.25 8.308 Long 10 
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Compound Name Acronym 
Library 


(see key)
HRL


(ppm)
HRL  


(mg/m3)


Detection 
Limit  
(ppm) 


Detection 
Limit  


 (mg/m3) Wavelength Pathlength


Accuracy 
(+/-% of  
reading) 


          


STYRENE STYRNE-H SL 1000 4268 15 64.02 11.076 Short 15 


STYRENE STYRNE-L SL 200 854 0.6 2.56 11.076 Long 15 


STYRENE STYRNE-L SL 200 854 0.7 2.99 12.980 Long 15 


SULFUR DIOXIDE SO2 SL 30 79 1.2 3.15 8.780 Long 10 


SULFUR HEXAFLUORIDE (c) SF6 SL 4 24 0.01 0.06 10.708 Long 1(10). 4(20)*


SULFURYL FLUORIDE SULFRYLF XL 30 125 0.1 0.418 11.550 Long 10 


TETRAHYDROFURAN THF XL 500 1478 0.5 1.48 8.660 Long 10 


TOLUENE TOLUEN-H SL 1000 3776 18 67.97 13.836 Short 10 


TOLUENE TOLUEN-H SL 1000 3776 4 15.10 9.404 Long 10 


TOLUENE TOLUEN-L SL 200 755 1 3.78 13.836 Long 15 


1.1.2-TRICHLORETHANE 3CLETHAN XL 30 164 0.25 1.37 13.580 Long 10 


1.1.2.2-TETRACHLOROETHANE 4CLETHAN XL 20 138 0.25 1.72 12.452 Long 10 


TRICHLOROETHYLENE TCE SL 1000 5384 4 21.54 10.764 Short 10 


TRICHLOROETHYLENE TCE SL 1000 5384 4 21.54 11.876 Short 15 


VINYL ACETATE VINLACET XL 10 35 0.04 0.14 8.348 Long 15 


VINYL CHLORIDE VINLCLOR SL 20 51 0.6 1.545 10.724 Long 10 


VINYL CHLORIDE VINLCLOR SL 20 51 1.6 4.10 9.788 Long 10 


VINYLIDENE CHLORIDE VINLIDCL XL 20 79 0.2 0.79 12.692 Long 10 


XYLENE XYLENE-H SL 2000 8702 30 130.53 13.132 Short 10 


XYLENE XYLENE-H SL 2000 8702 7 30.46 12.600 Long 15 


XYLENE XYLENE-L SL 200 870 1.3 5.66 13.132 Long 15 
 


Note:  The SapphIRe-SL contains those compounds with and “SL” in the library column.  The 
SapphIRe-XL contains all compounds in this list. 
 
Accuracy is defined as +/- the average value displayed from five times the detection limit to the 
full scale reading (e.g.. Acetaldehyde from 4.0 to 400 ppm: accuracy is +/- 10% of reading.   
 
Detection limit is the point at which the analyzer will consistently and repeatably detect the 
presence of the subject gas.   
 
(a) Carbon dioxide (absolute) refers to the measurement of CO2 where the SapphIRe analyzer 


has been purged with CO2 free air such as nitrogen.  Since CO2 is present in the air at levels 
of approximately 350 ppm and since the zero gas filter cannot scrub the CO2, the only way to 
generate a true level of CO2 is to flush or zero the analyzer with CO2 free air.  The factory 
calibration for CO2 was zeroed with nitrogen.  Likewise, when using the CO2 (absolute) 
calibration, the analyzer must be zeroed with CO2 free air.   


 
(b) Carbon dioxide (differential) refers to a measurement of CO2 when the SapphIRe analyzer is 


zeroed in a level of normal ambient air (350 ppm of CO2).  When this calibration is used, a 
background level of CO2 must be added at the zero area to the analyzer’s display value.   


 
(c) 0 to 1 ppm (±10%); 1 to 4 ppm (±20%)
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1. KITAGAWA GAS DETECTOR TUBE SYSTEM 
1.1 HISTORY OF KITAGAWA GAS DETECTOR TUBES 


The history of Kitagawa gas detector tubes goes back to 1946, when a study was undertaken to
determine the efficiencies of desulfurisers in the production of ammonium sulphate, then used as a
fertilizer. While ammonia, a raw material of ammonium sulphate,was produced by synthesizing
hydrogen and nitrogen with the aid of a catalyst under high pressure, the catalyst was deteriorated
by hydrogen sulphide mixed in the hydrogen as an impurity.
It was determined that a new method of gas detection was needed for a process control
environment.This new method would need to meet the following requirements :
（1）Hydrogen sulphide can be measured with high accuracy.
（2）The detector must be small and light enough to carry. 
（3）The detector must be easy to operate, requiring no special skills.
（4）Measurement results should be obtained fast, with no calculation required. 
（5）No liquid reagents were to be used.
（6）The detector could not use electrical power to prevent possible gas/vapour explosion.
In solving these strict requirements, the basic concept of the Kitagawa gas detector tube, using a
dry chemical reaction, was born. The detector tube made use of the discolouration reaction of a
detecting reagent（lead acetate）adsorbed on the surface of solid granules（such as silica gel）. Gas
measurement was made by the colour change of the detecting reagent. As the hydrogen sulphide
was passed through the thin glass detector tube filled with the white detecting reagent, the tube
turned black, and the degree of the discolouration increased in proportion to the hydrogen sulphide
concentration. This new method was quickly adopted by a number of ammonia synthesis plants,
where its performance was confirmed with as accuracy of plus or minus 5 per cent.
The highly successful development of the hydrogen sulphide detector tube suggested the
possibility of detecting other gases. There quickly followed the development of a phosphide
detector tube for quality control of acetylene production, and an ammonia detector tube for quality
control of ammonium sulphide production. In this way the Kitagawa gas detector tube was
established as a new gas detection method enabling anyone to quickly, and with a high degree of
accuracy detect and measure concentrations of gases in different process environments.
Kitagawa detector tubes, first used for process and quality control, quickly penetrated into the field
of industrial hygiene in the 1950’s when detector tubes were developed for the measurement of
chlorine leakage in electrolytic soda plants and for carbon monoxide build-up in coal mines. 
Today, the Kitagawa Toxic Gas Detector System represents well over 200 different kinds of
detector tubes, as part of a complete sampling and analysis system to detect and measure toxic
gases and materials. Each production lot of tubes undergoes strict quality control and testing to
ensure their performance. 


1.2 GAS DETECTOR TUBE METHOD
1.2.1 PRINCIPLE


Kitagawa gas detector tubes are made from high-quality borosilicate glass tubes with a uniform
inside diameter. Inside, each tube is packed with a gas detecting reagent.When both ends of a
detector tube are broken, inserted into the Model AP-20 Kitagawa Gas Aspirating Pump, and an
air sample is pulled through the tube by means of pulling back on the pump handle, the detecting
reagent changes colour. The length of the discoloured layer is proportional to the concentration of
the gas or vapour in the sample because of the fixed volume of sample, which is always 100 ml.
The relationship between the length of the discoloured layer and the concentration of gas is shown
in FIG. 1.1. Graduations printed on the tube showing the gas concentration make it fast and easy to
take a reading with Kitagawa detector tubes. 
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1.2.2 DETECTING REAGENT 
The detecting reagent is a reactive chemical adsorbed by granules（the carrier）of a highly purified
silica gel, activated alumina, silica sand or silica glass. This packing changes colour by the
chemical reaction with the target gas. Because of this, it is important to select the reactive reagent
that meets the following criteria :
（1）The colour-developing reagent must be stable when absorbed on the carrier and have a long


shelf life. 
（2）The reagent must show a sharp colour change reaction with the target gas and be acceptable 


in selectivity 
（3）The detecting reagent must give a strong colour contrast both before and after the colour 


change reaction. 
（4）The detecting reagent must react with the target gas in the sample quickly and develop a 


discoloured length with a clear end point.


1.3 ADVANTAGES OF THE GAS DETECTOR TUBE METHOD 
The Kitagawa gas detector tube method has several advantages over other methods of gas
detection：
（1）As the gas detector tube method requires no chemical analyzers, reagents, etc., advance 


preparations are not needed ; detector tubes are always ready for use 
（2）The gas detector tube method is well-suited for use at the work site because it is small, light 


weight, and needs only a small sample volume to determine the concentration of gas or vapour
in a sample. 


（3）The operating procedures are simple, allowing anyone to make measurements without the 
need for individual sampling technique. 


（4）The results of measurements are available in just minutes, so fast action can be taken when 
needed. 


（5）Since no electrical power source is required, detector tubes can be used even when 
flammable gases are present. 


（6）Different types of detector tubes are available for different gases and measuring ranges, from 
0.1 ppm to more than 10 ％, making the system flexible tor different sampling situations. 


FIG. 1.1 DISCOLOURED LENGTH VS. GAS
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1.4 CONDITIONS THAT AFFECT GAS DETECTOR TUBE RESULTS 
1.4.1 SAMPLE VOLUME 


Graduations on the detector tube showing the concentration of gas are generally calibrated to 100
mr/（100 cc）, the quantity of gas passed through the detector tube in one pump stroke. Some
detector tube graduations are calibrated to 200 mror 300 mr（two or three pump strokes）. The
term pump "stroke" simply means the number of times the sample pump is operated（pump handle
pulled back all the way and allowed to automatically lock）.
The discoloured layer generally lengthens in proportion to the quantity of gas passed through the
detector tube. When a gas or vapor is present in concentrations lower than the lowest graduation
on the detector tube, the approximate concentration value can be found by increasing the sample
volume to several hundred millilitres（several pump strokes）and dividing the concentration value
read on the detector tube by the number of pump strokes. It should be noted, however, that the
quantity of gas or vapour detected may not be exactly proportional to the length of the discoloured
layer obtained due to the effects of moisture（RH）and a depleted oxidizer. 


1.4.2 TEMPERATURE 
The temperature of the gas detector tube（normally the same temperature in the sampling
environment）can also affect the measured concentration of gas or vapour for the following reasons：
（1）An increase or decrease in the sample volume caused by a temperature change 
（2）A change in the quantity of gas adsorbed by the detecting reagent 
（3）A change in the rate in which the detecting reagent reacts with the gas or vapour 
These effects can overlap one another, causing the length of the stain in the detector tube to
increase or decrease. Or they can offset one another, having no effect on the measured value.
Those Kitagawa gas detector tubes that can be affected by temperature changes are provided with
a temperature correction table as part of the instruction sheet packed with each box of detector
tubes. 


1.4.3 HUMIDITY 
While nearly all Kitagawa gas detector tubes are not affected by unsaturated water vapour, some
detector tubes are formulated with（a）both a dehumidifying reagent and detection reagent
together in tube, or（b）a separate dehumidifying tube that is connected to the detector tube with a
connector supplied in each box of tubes. However, water droplets can enter a detector tube ; water
can even condense inside the detector tube due to temperature changes. Both these situations can
have a serious effect on both the gas or vapour readings obtained and the actual colour change of
the detector tube. For these reasons, taking readings with Kitagawa Water Vapour tubes prior to
gas or vapour sampling is recommended. 


1.4.4 COEXISTING GASES OR VAPOURS 
While the detecting reagents in Kitagawa gas detector tubes are formulated to react uniquely with
the gas or vapour to be measured, it can also show a similar reaction（colour change）with another
gas or gases having similar chemical properties. It is necessary to carefully consider this when
taking gas or vapour readings with any gas detector tube.
A coexisting gas or vapour can have the following effects on gas detector tubes : 
（1）It may not discolour the detecting reagent, but can give a higher or lower reading. 
（2）It can discolour the detecting reagent in a similar way, giving a higher reading than the actual 


concentration. 
（3）It can give an entirely different colour change in the tube. 
（4）It can give the discoloured length with an indistinct end point. 


1.4.5 SHELF LIFE 
Gas detector tubes use chemical reagents that inevitably deteriorate over time. Because of this, if
detector tubes are used after the stated shelf life expiration date（stamped on each box of tubes）,
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they may not show an accurate gas or vapour concentraton. While the highest purity reagents are
used in formulating Kitagawa detector tubes to ensure the longest shelf life possible, complex
chemistries used to detect some gases and vapours make it important to use tubes within the
stamped expiration date. 


1.4.6 DETECTOR TUBE STORAGE 
All Kitagawa detector tubes should be stored in a cool, dark place to ensure adequate shelf life.
Store tubes at a temperature of 25℃（77°F）or less out of direct sunshine in case a specific
temperature is not shown on a box. Some detector tubes are required to store in a refrigerated place
at a temperature between 0℃ and 10℃（32-50°F）as stated on the detector tube box. Detector
tubes stored at high temperatures or in direct sunlight may show a performance deterioration even
if they are within the stated shelf life.
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2. COMPONENTS AND OPERATION 
2.1 KITAGAWA GAS DETECTOR TUBES 
2.1.1 TYPES OF GAS DETECTOR TUBES 


Kitagawa precision gas detector tubes vary in type according to the gas or vapour to be detected
and the required detection range. They are used for measuring gases in different concentration
ranges. As gas or vapour concentrations can vary from high to low, Kitagawa gas detector tubes
vary in detectable concentration from high to low. 
Detector tube Models vary from “H”, “A”, “B”, “C”, “D”, and “U” according to concentration
ranges detectable, with “H” tubes detecting the highest ranges and the “U” tubes detecting ultra-
low ranges of gases and vapours. Some detector tubes employ a multi-tube arrangement, two tubes
connected in tandem（a pretreat or “scrubbing” tube. and a detector tube）in order to detect the gas
or vapour of interest. 
All Kitagawa gas detector tubes are of three basic types :
（1）Direct Reading 
（2）Concentration Chart 
（3）Colour Intensity 


2.1.2 LENGTH OF STAIN DETECTOR TUBES
（1）DIRECT READING TUBES 


Kitagawa direct reading detector tubes have gas concentration scales printed directly on the tubes
themselves. This makes it convenient for taking gas or vapour measurements on-site because the
tube is read just like a thermometer. 


（2）CONCENTRATION CHART TUBES 
As the concentration chart shown in FIG. 2.2 can be drawn with calibration lines at close intervals,
the resolution is improved over printed scale tubes. The chart, through the use of its slanted top
and bottom lines, corrects for any difference in packing length.


2.1.3 COLOUR INTENSITY TUBES 
When a gas or vapour with little reactivity or a low reaction rate is detected, tube discolouration is
nearly uniform throughout the tube’s length, with no clear end-stain border line. As this tube
colour change shows a colour intensity proportional to concentration of the gas, that concentration
can be measured by comparing the tube’s colour stain to a colour standard chart.（see FIG. 2. 3）.
This is the basis of the Colour intensity method for detector tubes. The Length of Stain detector
tube method exceeds the Colour Intensity method in measurement accuracy. However, trace gas
concentrations below the minimum detectable concentration of Length of Stain detector tubes can
be measured by Colour Intensity tubes by passing a large quantity of sample through the detector
tube. 


2.1.4 DETECTOR TUBES AND PRETREAT TUBES 
Two types of pretreat tubes are provided for sampling convenience :
（1）pretreat tubes filled with an eliminating reagent or dehumidifying reagent for eliminating


interfering gases or moisture in the sample, and（2）pretreat tubes filled with an oxidizing reagent
for breaking down the sample gas before it enters the detector tube. For example : when a
trichloroethylene detector tube is used, trichloroethylene is broken down in the pretreat tube to
generate chlorine gas ; the chlorine gas is passed through and detected by the chlorine-detecting
reagent in the detector tube. The tube’s scale graduations are calibrated by trichloroethylene in
parts per million（ppm）. All pretreat tubes are connected to their detector tubes as shown in
FIG.2.4.
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2.2 MODEL AP-20 SAMPLING PUMP KIT 
The Kitagawa Model AP-20 consists of an aspirating pump, accessories, and a compact,
lightweight carrying case（FIG.2.5, Tubes are optional.）. 


The Model AP-20 is provided with a sample flow indicator, detector tube tip cutter and storage,
and a two-stage locking mechanism on the pump handle that allows sampling of either 50 mr or
100 mr sample volumes. The carrying case can be used as a portable type. 


2.2.1 MODEL AP-20 ASPIRATING PUMP CONSTRUCTION 
（1）SAMPLE FLOW INDICATOR 


The Model AP-20 pump includes an exclusive sample flow finish indicator as an aid in sampling.
Before sampling, the red flow indicator is sticking out from the indicator base. As a sample is
drawn through a detector tube, the red flow indicator will be sticking out from the indicator base.
As sampling progresses, this red flow indicator sticks out fully. Sampling cycle is completed when
the red flow indicator sticks out fully from the indicator base. With this handy sampling aid, it is
not necessary to always time each sample, allowing multiple tasks to be performed.（See FIG. 2.7）


FIG.2.6 CONSTRUCTION AND PART NAMES
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FIG.2.5 MODEL AP-20
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（2）DETECTOR TUBE TIP STORAGE 
Glass ends of detector tubes broken off in the tip cutter collect in the tip storage compartment. This
reduces the possibility of glass cuts scatter.（See FIG. 2.8）


（3）TWO-STAGE PUMP MECHANISM 
Model AP-20 Aspirating Pump is provided with convenient grooves on the pump shaft at the 50
ml and 100 ml mark. When the red line on the pump shaft and bottom case are lined up and the
handle is pulled straight out, the pump will automatically lock at either the 50 ml or 100 ml mark.
To unlock the pump after sampling, simply turn the handle 90 degrees. 


2.2.2 CHECKING PRIOR TO USE（Leakage Test）
If there is leakage in the aspirating pump,（a）a lower reading can be obtained, or（b）the detecting
reagent in the tube may not change colour. The Kitagawa Aspirating Pump should always be
checked for sample leakage into the pump（"inboard" leakage）prior to use. If there is leakage into
the pump, the full 100 mr sample volume required will not pass through the detector tube during
sampling. This could result in possible low readings on the tube which could lead to injury by
understating a hazardous condition. The procedure is as follows :


q Insert a sealed, unbroken detector tube into the rubber tube connector. Align the red line on the
bottom case and that of shaft, and pull the handle to full stroke locked position.


w Wait one minute.  Unlock the handle by turning it 1/4 turn (90 degrees), and check to see if the
handle returns to the initial position.  When the lock is released under full vacuum, the handle
tends to snap back quickly.  To prevent possible damage to the locking device allow the handle
to return slowly by holding the cylinder and handle securely.  If the handle returns completely
to the original position, the performance is satisfactory.


e If the pump fails the leak test, the following are possible causes.
A）A loose inlet connector holder.
B）Cracks and deterioration of the rubber tube connector.
C）Deterioration of the grease.


To correct a leaking pump, consult the "MAINTENANCE" section.


2.2.3 MAINTENANCE
（1）RUBBER TUBE CONNECTOR 


When the rubber tube connector is sufficiently worn to make tube insertion difficult, or does not
hold detector tubes properly, replace the rubber tube connector. 


FIG.2.7 SAMPLE FLOW INDICATOR FIG.2.8 TIP STORAGE
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（2）APPLICATION OF NEW VACUUM GREASE 
q Pull the handle part way and turn the bottom case counterclockwise to remove it.
w Pull the piston out from the cylinder.
e Wipe off the old grease and dirt from the piston and inside the cylinder using a clean paper


towel.  Apply a thin coat of vacuum grease to the rubber gasket of the piston.  When wiping off
the old grease, be careful not to scratch the inside walls of the cylinder.  Reassemble pump.


2.3 GAS CONCENTRATION MEASUREMENT


2.3.1 KITAGAWA DETECTOR TUBE BOXES
Always confirm before sampling that the gas detector tube chosen is suitable for the type of
sampling and environment. Be sure to read the necessary items for measurement printed on each
tube box. An instruction sheet is enclosed in each tube box. Read the instruction sheet before
sampling, as new improvement in chemical reactions and sampling methods will always be
described there. 


（1）On the tube box（See FIG. 2.12）
q Expiration date of shelf life
w Tube number（catalogue number）
e Gas or vapour to be detected
r Measuring range
t Quantity of tubes in the box
y Storage instructions（Refer to 1.4.6）
u Manufacturing lot number 


（2）In the instruction sheet（See FIG. 2.13）
q Performance of the tube
w Sampling and measurement procedures
e Correction for ambient conditions 
r Interferences by single existence and coexistence
t Chemical reaction in the detector tube
y Disposal of used tubes
u Properties of the measuring gas
i Inspection of the aspirating pump
o Users responsibility


FIG. 2.10 RUBBER TUBE CONNECTOR FIG. 2.11 TO REMOVE THE PISTON 
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FIG. 2.12 DETECTOR TUBE BOX
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INSTRUCTION MANUAL No.126SA
Kitagawa CARBON DIOXIDE DETECTOR TUBES 


★READ CAREFULLY THIS INSTRUCTION MANUAL AND THE INSTRUCTIONS OF
THE ASPIRATING PUMP PRIOR TO USING THIS PRODUCT.


★DON'T DISCARD THIS INSTRUCTION MANUAL UNTIL ALL THE TUBES IN THIS
BOX ARE USED UP.


1. PERFORMANCE：
Measuring Range 0.1 - 2.6％ 0.2 - 5.2％
and Sampling Time: （1 pump stroke） （1/2 pump strokes）


（5 minutrs） （2.5 minutrs）
Graduations on the detector tube are based on 1 pump stroke.
Colour Change: Purple blue→ Pale pink
Detectable Limit: 0.01％（100 ppm）
Operating temperature: 0-40℃（32-104°F）（Temperature correction is necessary. )
Aspirating Pump Model AP-20, AP-1, AP-1S or 400A


NOTICE 
1. USE ONLY WITH PUMP MODELS AP-20, AP-1, AP-1S OR 400A.


OTHERWISE,CONSIDERABLE ERROR IN INDICATION MAY OCCUR.
2. DON'T USE FLOW CONTROL ORIFICE WITH THIS TUBE. (FOR MORE DETAIL,


REFER TO THE INSTRUCTIONS OF THE ASPIRATING PUMP.)
3. BEFORE TESTING, CHECK THE ASPIRATING PUMP FOR LEAKS (REF. ITEM


8).ANY PUMPS SHOWING SIGNS OF LEAKAGE SHOULD BE CORRECTED
BEFORE USE.


4. DON'T USE THIS TUBE OUTSIDE THE STATED OPERATING TEMPERATURE
RANGE.


5. STORE TUBES IN A COOL AND DARK PLACE (0-25℃/32-77°F), AND USE BEFORE
EXPIRATION DATE PRINTED ON TOP OF THE BOX.


6. PRIOR TO USE, READ CAREFULLY ITEM 9 "USER RESPONSIBILITY".


2. SAMPLING AND MEASUREMENT：


CAUTION ! 
1. DETECTOR TUBE CONTAINS REAGENTS.


2. DON'T TOUCH THESE REAGENTS DIRECTLY ONCE TUBES ARE BROKEN.


3. KEEP THE TUBES OUT OF THE REACH OF CHILDREN.
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q Break both ends of detector tube.


w Insert the detector tube into aspirating pump securely as shown in Fig.1.（Arrow mark shall
point to the pump.)


e Align the guide marks on the shaft and stopper of the aspirating pump.
r Pull the pump handle at full stroke until it locks and wait for 5 minutes or until the completion


of sampling is confirmed with the flow indicator of the pump（See descriptions about the flow
indicator in the instructions of the pump).


t On completion of sampling, read the scale at the maximum point of the stained layer.
y If the discolouration is over the full scale（2.6％), 1 /2（50ml) pump strokes sampling is


available. Insert the new detector tube into the pump inlet and pull the pump handle at 1/2
pump strokes（to 50ml line), it will be automatically locked. Leave it for 1.5 minutes as it is.


u Remove the detector tube from the pump and read the concentration.
i Then multiply the reading value by 2.


SPECIAL NOTE：
I. The scale is calibrated at 20℃（68°F）and 1013hPa. Readings obtained in other


circumstances should be corrected（REF. ITEM 3）.
II. When the maximum point of the stained layer is unclear, read the scale at the centre between


the longest and shortest points.


3. CORRECTION FOR AMBIENT CONDITIONS：
q Temperature; Correct the tube reading by following temperature correction table.


CAUTION  SAFETY GLASSES AND GLOVES SHOULD BE WORN TO PREVENT 
INJURY FROM SPLINTERING GLASS.


Temperature Correction Table


Tube Corrected Concentration（％）
Readings 0℃ 10℃ 20℃ 30℃ 40℃
（％） （32°F） （50°F） （68°F） （86°F） （104°F）


2.6 2.85 2.75 2.6 2.5 2.4
2.4 2.6 2.5 2.4 2.3 2.2
2.2 2.4 2.3 2.2 2.1 2.0
2.0 2.2 2.1 2.0 1.9 1.8
1.8 2.0 1.9 1.8 1.7 1.6
1.6 1.75 1.7 1.6 1.5 1.4
1.4 1.55 1.5 1.4 1.35 1.3
1.2 1.3 1.25 1.2 1.15 1.1
1.0 1.1 1.05 1.0 0.95 0.9
0.8 0.9 0.85 0.8 0.75 0.7
0.6 0.65 0.6 0.6 0.6 0.55
0.5 0.55 0.5 0.5 0.5 0.45
0.4 0.45 0.4 0.4 0.4 0.35


e
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w Humidity; No corrections are necessary.
e Atmospheric Pressure;


True concentration＝　　　　　　　　　　×


4. INTERFERENCES：
Coexistence of Nitrogen, Oxygen, Carbon Monoxide, and/or Ethylene does not affect the
accuracy of readings.
Coexistence of less than 500ppm of Sulphur Dioxide,100ppm of Hydrogen Sulphide, 200ppm
of Hydrogen Cyanide,100ppm of Chlorine or 500ppm of Ammonia does not affect the
accuracy of readings. Coexistence of more than 10ppm of Nitrogen Dioxide will give lower
readings.


5. CHEMICAL REACTION IN THE DETECTOR TUBE：
By reacting with alkali, pH  indicator is discolouerd.
CO2+ 2NaOH→Na2CO3+H2O


6. DISPOSAL OF TUBE：
USED TUBES SHOULD BE DISCARDED CAREFULLY ACCORDING TO RELEVANT
REGULATIONS, IF ANY.


7. HAZARDOUS AND DANGEROUS PROPERTIES OF CARBON DIOXIDE：
T.L.V.◆： 5000 ppm
Explosive range in air：－
◆Threshold Limit Value established by the American Conference of Governmental Industrial


Hygienists, 2000.


8. INSPECTION OF ASPIRATING PUMP：
Checking for leaks: 


q Insert sealed, unbroken detector tube into the pump. 
w Align the guide marks on the shaft and stopper of the pump. 
e Pull the handle to full stroke and wait for 3 minutes. 
r Unlock the handle and allow it to return slowly into the pump by holding the cylinder and


handle securely.
t If the handle returns completely to the original position, the performance is satisfactory.


Otherwise, refer to maintenance procedure in the pump instructions to correct the fault. 


9. USER RESPONSIBILITY：
It is the sole responsibility of the user of this equipment to ensure that the equipment is
operated, maintained, and repaired in strict accordance with these instructions and the
instructions provided with each Model AP-20, AP-1, AP-1S or 400A aspirating pump, and that
detector tubes are not used which  are either beyond their expiration date or have a colour
change different to that stated in the Per-   formance specifications.
The Manufacturer and Manufacturer's Distributor shall not be otherwise liable for any incorrect
measurement or any damages, whether damages result from negligence or otherwise.


Printed in Japan
IME1260


r


t


y


u


i


CAUTION! HANDLE WILL TEND TO SNAP BACK INTO THE PUMP QUICKLY


Temperature corrected
concentration Atmospheric pressure（in hPa）


1013


FIG. 2.13 INSTRUCTION SHEET


o
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2.3.2 OPERATION FOR MEASUREMENT 
As the method of operating the Kitagawa gas detector tube varies somewhat according to the kind
of tubes to be used, read the instruction sheet for the gas detector tube carefully and follow the
instructions.


（1）Prepare Aspirating pump. 
Check the pump for leaks in accordance with “CHECKING PRIOR TO USE”.（Refer to page 8）


（2）Cut both ends of the gas detector tube.
Insert the tip of the gas detector tube into the tip cutter and scratch
the tip of tube by rotating it for one revolution, then pull it toward
you.（The glass tip can be thrown away by removing the tip cutter
cap.）


（3）Connect the gas detector tube to the aspirating
pump.
The sample gas must be drawn through the gas detector tube in the
correct direction.  Insert the gas detector tube into the rubber tube
connector with the tube's directional arrow pointing toward the
pump. 


（4）Pull the handle. 
Align the red line on the bottom case and that on the shaft and pull
the pump handle to its full 100cc locking position.  If the sample
calls for a half stroke, pull out the pump handle until 50cc line
appears, and shaft will be locked at 50cc. 


（5）Draw the sample gas. 
Draw the sample gas for the specified time at the desired sampling
point, and confirm with the flow indicator that the sample is
completed.  The sample time required for each detector tube is
stated clearly in the instruction sheet. 


ON SAMPLING


COMPLETION OF
SAMPLING
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FIG. 2.19 READOUT OF DIRECT READING TUBE


FIG. 2.20
READOUT OF CONCENTRATION
CHART TUBE


（6）Return the handle. 
When the sample is completed, turn the handle 1/4 turn (90
degrees) clockwise or counterclockwise to unlock the handle.
Confirm that the handle remains extended. (If the handle returns
part way, the sample is incomplete, and this will cause a low
reading).  Some detector tubes require extra pump strokes (i.e.,
more than 100cc of air).  In this case, push back the handle and
repeat the operation.


（7）Read the concentration. 
Remove the gas detector tube from the aspirating pump after a prescribed quantity of gas is
aspirated and read the concentration of gas at the maximum end of the discolored layer against
graduations on the direct reading detector tube or by using the concentration chart for the
concentration chart method tube,
Read the concentration chart in the following way. Bring the end of the detecting reagent on the
gas inlet side in line with the 0-0 line on the concentration chart and the other end in line with the
X-X line respectively to read out gas concentration at the end of the discoloured layer. When the
end is oblique, read at the middle point of the oblique discoloured layer.


2.3.3 CORRECTION
（1）Temperature correction


As graduations showing the concentration of gas on the gas detector tube are generally calibrated
at 20℃, the reading value may have to be corrected according to the kind of the gas detector tube
and the measuring range.（Refer to examples shown in FIG. 2.21 and 2.22.）
The temperature at which the gas detector tube is used generally ranges from 0 to 40℃and it is
impossible to obtain an accurate measured value at temperatures outside of the range. The
temperature means that of the gas detector tube（usually the temperature of the sampled gas.）, and
even if the temperature of sample gas varies somewhat, it will not affect the measured value
because of a small thermal capacity of gas. Temperature correction need not be applied to the gas
detector tube to which the temperature correction chart is not attached.


×� ×�


×�


×�


00


○�







Scale
Readings 20℃ （25℃） 30℃


600 600 （610） 620
（550） （550） （560） （570）


500 500 （510） 520
（450） （450） （457.5） （465）


400 400 （405） 410
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Example 1：When the reading value is 500 ppm at 10 ℃, the true concentration is 470 ppm.


Example 2：When the reading value is 550 ppm at 25℃, the true concentration is 560 ppm which is
found by proportional allotment of each concentration and temperature as shown in
FIG. 2.22.


Numerals in parentheses
are determined by proportional
allotment.


Scale True Concentration (ppm)
Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


1,000 870 930 1,000 1,030 1,060
900 780 840 900 930 960
700 610 660 700 720 740
600 520 560 600 620 640
500 430 470 500 520 540
400 350 370 400 410 430
300 260 280 300 310 320
200 180 190 200 210 220
100 90 100 100 100 110


FIG. 2.21 TEMPERATURE CORRECTION


Scale True Concentration (ppm）
Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm） (32°F） (50°F） (68°F） (86°F） (104°F）


1,000 870 930 1,000 1,030 1,060
900 780 840 900 930 960
700 610 660 700 720 740
600 520 560 600 620 640
500 430 470 500 520 540
400 350 370 400 410 430
300 260 280 300 310 320
200 180 190 200 210 220
100 90 100 100 100 110


FIG. 2.22 CORRECTION UNDER EXPANSION
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（2）Pressure correction 
When gas is measured in an atmosphere under pressure or reduced pressure, a true concentration
can be obtained by following equation.
True concentration＝Reading value X 101.3/Atmospheric pressure（in kpa）
True concentration＝Reading value X 760 / Atmospheric pressure（in mmHg）
P（mmHg）：Atmospheric pressure in the place where gas is measured.


2.3.4 SPECIAL PRECAUTIONS
（1）When the concentration chart tube is used, be sure to use the concentration chart found in the box.
（2）It is desirable to read the concentration immediately after measurement because the discoloured


layer gets longer gradually or fades after measurement in some gas detector tubes. It is
recommended to mark the end of the discoloured layer by a soft pen for keeping a record of the
concentration.


（3）If the end of the discoloured layer is slanted, read the numerical value at the middle of the oblique
layer. 


2.4 SPECIAL DETECTOR TUBES FOR lONS AND TWA
2.4.1 lON DETECTOR TUBES 
(1) The ion detector tubes, used for measuring the concentration of ions in the water, include tubes for


sulphide, chloride, iron, cyanide, residual chlorine and salinity detector tubes. The concentration of
an ion is measured by three different method as follows：（1）Injection method（see FIG. 2.24）：
Sample solution taken by a syringe is injected into the detector tube. 


(2) Immersion method（see FIG.2.25）：One end of the detector tube is immersed in the sample
solution to draw it up by capillarity action.


(3) Direct sampling method（see FIG. 2.26）：Sample solution is drawn into the tube end by a rubber
bulb（an extra option）.The concentration of the ion is read by the direct reading method or the
concentration chart method as in case of the gas detector tubes.


10 20 30 40 50 60 pp
m


FIG. 2.23 OBLIQUE LAYER（Channeling）


Direction of injection


Rubber tube
Syringe


Detector tube
Sample solution


Detector tube


Detector tube
Rubber bulb


Sample solution


FIG. 2.26 DIRECT SAMPLING METHOD 


FIG. 2.24 INJECTION METHOD


FIG. 2.25 IMMERSION METHOD







18


2.4.2 TWA DETECTOR TUBES 
The TWA detector tube is designed to produce a stain corresponding to a time-concentration
relationship. For instance, when 200 ppm of gas is passed through the detector tube for one hour
and when 100 ppm of gas is passed through the detector tube at the same flow rate for two hours
the two conditions will produce equal stain lengths. Therefore, the length of the discoloured layer
is given in terms of integrated value of gas measured, making it possible to derive the TWA
concentration for the time during which gas is passed through the detector tube from the length of
the discoloured layer. This detector tube is most suited for measuring the concentration of gas to
which a person is exposed.
All the examples in which gas is passed through the detector tube as shown on the upper tier in
FIG. 2.27-2.30 give a TWA concentration of 50 ppm after the lapse of 8 hours. When gas is passed
through the TWA detector tube in these examples, the same reading value（X）is given by the
detector tube after 8 hours in all the cases, though the reading value varies with the lapse of time as
shown on lower tier. 


（1）How to use 
q Connect the detector tube to the personal sampler or an equivalent, sampler and set the flow using


a soap film flow meter to the specified flow rate（6 to 10 mr/min）.
w Place the detector tube and sampler in the sample area and draw the sample gas for the required 


time. 
e Since graduations on the detector tube are calibrated in the value obtained for eight hours（480


minutes）, convert the reading value obtained for a shorter time by the following equation. 


TWA value＝Reading value on detector tube× 480
Sampling time (minutes)
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FIG. 2.27 SAMPLE DELIVERY MODE A


TWA value＝　　　　　　　　　＝50 ppm


FIG. 2.28 SAMPLE DELIVERY MODE B


FIG. 2.29 SAMPLE DELIVERY MODE C FIG. 2.30 SAMPLE DELIVERY MODE D
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3. DATA OF KITAGAWA GAS DETECTOR TUBES 
3.1 EXPLANATION OF THE TUBE TABLE
3.1.1 PERFORMANCE 


An external view with printed graduations and specifications are described. 


3.1.2 RELATIVE STANDARD DEVIATION 
Errors which affect the measuring value are composed of a systematic error and an incidental error.
The incidental error, however, originates in quality control throughout gas detector tube
manufacturing process and it cannot be decreased by any caution in operation and handling by the
user. 
The incidental error of the Kitagawa gas detector tube is controlled as the relative standard
deviation, shown in every tube table. The relative standard deviation is defined as a percentage in
which a standard deviation is divided by a mean value of readings. Further, the Kitagawa gas
detector tube is being controlled by dividing the full measuring range into three ranges, low,
middle and high ranges, and giving quality control for the every range.（Some kinds of tubes are
controlled with four divided ranges.）These controlled values are set forth as “RSD-low” for the
low measuring range, “RSD-mid.” for the middle range and “RSD.-high” for the high range. 


3.1.3 CHEMICAL REACTION 
Chemical reaction for the measuring gas and reagents are shown. 


3.1.4 CALIBRATION OF THE TUBE 
The analytical method of gas, which is used for calibration and final accuracy testing of the tube, is
set forth. 


3.1.5 INTERFERENCE & CROSS SENSITIVITY 
Coexistent gases, which give interferences to the measurement, are described. On the other hand,
some of listed gases herein may be possible to detect in quantitatvie or qualitative analysis. 


MARK
In cases where gas concentration is read using a conversion chart as shown in the tube instruction
sheet, a mark is affixed after the tube number in this brochure. For example : 190U .
However, this mark is shown only in the brochure and does not appear on the printed tube
box or in the instrustion sheet. When ordering such tubes, it is unnecessary to include the
mark on your purchase orders.







21


            SHORT-TERM
DETECTOR  TUBES
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Tube No.


To pumpGAS


1. PERFORMANCE
1) Measuring range ：0.004-1.0％


Number of pump stroke 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Concentration chart method
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Hydroxylamine hydrochloride, Hydrogen chloride is liberated and PH indicator discoloured.


CH3CHO＋NH2OH・HCI→HCI＋CH3CH：NOH＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


Tube No.


133A ACETALDEHYDE


Substance Interference ppm Coexistence 
Acetone FIG.1 Similar stain is produced 1400 Higher readings are given.
Acrolein FIG.2 〃 35 〃
Methyl ethyl ketone 〃 900 〃
Methyl isobutyl ketone 〃 2900 〃
Sulphur dioxide 〃 10 〃


TEMPERATURE CORRECTION TABLE
Chart True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


1.0 1.6 1.0 0.50 0.30
0.8 1.9 1.3 0.8 0.40 0.20
0.6 1.6 1.05 0.6 0.30 0.16
0.5 1.45 0.9 0.5 0.25 0.14
0.4 1.3 0.8 0.4 0.20 0.13
0.3 1.2 0.65 0.3 0.15 0.11
0.2 0.95 0.45 0.2 0.10 0.08
0.1 0.6 0.2 0.1 0.07 0.05
0.05 0.25 0.09 0.05 0.04 0.03
0.03 0.08 0.05 0.03 0.025 0.01
0.02 0.03 0.025 0.02 0.015 0.007
0.01 0.02 0.015 0.01 0.007 0.004
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Acetone〔ppm〕�
FIG.1 Influence of Acetone 
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FIG.2 Influence of Acrolein
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-140 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：10～40℃
6) Operating humidity ：20～80％R.H.
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Hydroxylamine hydrochloride, Hydrogen chloride is liberated and PH indicator discoloured.


CH3CHO＋（NH2OH）3・H3PO4→ H3PO4＋CH3CH＝NOH＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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133SB ACETALDEHYDE


Substance Interference Coexistence 
Other Aldehydes Similar atain is produced. Higher readings are given.
Ketones 〃 〃


Ethanol The accuracy of readings is not 〃FIG. 1 affected.
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-50 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale Pink→Yellow


2. RELATIVE STANDARD  DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with alkali,PH indicator is discoloured.


CH3COOH＋NaOH→CH3CO2Na＋H2O


4. CALIBRATION OF THE TUBE
DIFFUSION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


31
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GAS To pump5 10 20 30 40 50


216S ACETIC ACID


Substance ppm Interference ppm Coexistence 


Sulphur dioxide Similar stain is produced. 1/20×Acetic Higher readings are given.
acid


Nitrogen dioxide 300 〃 10 Unclear stain is produced.
Hydrogen chloride Pink stain is produced. 2×Acetic Higher readings are given.FIG.1 acid
Chlorine FIG.2 Yellow stain is produced. 5 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


50 63 57 50 45 40
40 50 45 40 36 31
30 37 33 30 27 23
20 24 22 20 18 16
10 12 11 10 9 8
5 6 6 5 5 4
3 4 4 3 3 2
1 1 1 1 1 1
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FIG.1 Influence of Hydrogen chloride
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Tube No.


1. PERFORMANCE
1) Measuring range ：1.0-5.0％ 0.1-2.0％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minute/1 pump stroke
3) Detectable limit ：200 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3COCH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


0.
1


0.
2


0.
5


1.
0


1.
5


2.
0 %GAS To pump


ACETONE


*Methanol is indicated with half the sensitivity and Ethyl acetate has the same sensitivity with Acetone.
(NOTE)


1) If the discolouration is over the scale, replace the tube with new one and pull the handle at half stroke（to 50mr
line）. And read a figure from the scale on the tube.


2) Correct the reading value with theTEMPERATURE CORRECTION TABLE first . and convert the value into an 
actual concentration by uing the conversion scale shown in the instruction sheet.


Substance Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Other ketones 〃 〃
Aromatic hydrocarbons 〃 〃
Esters FIG.2 〃 〃


Halogenated hydrocarbons Whole reagent is slightly 0.5％ 〃discoloured.
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FIG.1 Influence of Methanol
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FIG.2 Influence of Ethyl acetate
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


2.0 － 2.38 2.00 1.78 1.60
1.5 2.20 1.76 1.50 1.30 1.16
1.0 1.44 1.18 1.00 0.86 0.76
0.5 0.72 0.60 0.50 0.42 0.36
0.1 0.16 0.12 0.10 0.08 0.08


0.
1


0.
2


0.
5


1.
0


1.
5


2.
0


5.
0


4.
0


3.
0


2.
0


1.
0


Conversion
scale (I)   


（50mR actual value）�


（100mR concentration scale）�


（
％
）
�


102SA







26


1. PERFORMANCE
1) Measuring range ：0.01-4.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Hydrogen chloride of Hydroxylamine hydrochloride is liberated and acidfied, and PH indicator is discoloured.


CH3COCH3＋NH2OH・HCI→HCI＋（CH3）2C＝NOH＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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102SC ACETONE


Substance Interference ppm Coexistence 
Acrolein Similar stain is produced. 20 Higher readings are given.
Acetaldehyde 〃 30 〃
Methyl ethyl ketone 〃 150 〃
Methyl isobutyl ketone 〃 400 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


4.0 － － 4.0 3.2 2.7
3.5 － － 3.5 2.8 2.3
3.0 － 4.1 3.0 2.4 2.0
2.5 4.8 3.7 2.5 2.0 1.7
2.0 3.9 2.8 2.0 1.6 1.4
1.5 2.9 2.0 1.5 1.2 1.0
1.0 1.8 1.3 1.0 0.8 0.7
0.7 1.1 0.9 0.7 0.6 0.5
0.5 0.8 0.7 0.5 0.4 0.3
0.3 0.5 0.4 0.3 0.3 0.2
0.1 0.16 0.12 0.1 0.08 0.05


Tube No.
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Tube No.


1. PERFORMANCE
1) Measuring range ：250-5,000 ppm 100-2,000 ppm 40-800 ppm


Number of pump strokes 1/2（50mr） 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：20 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
CH3COCH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Brown stain is produced. Higher readings are given.
Other Ketones 〃 〃
Esters 〃 〃
Aromatic hydrocarbons 〃 〃


Paraffin hydrocarbons If the top of discoloured layer is
〃 possible to read, the accuracy of


(more than C3) readings is not affected.
Halogenated hydrocarbons 〃 〃


(NOTE)
In case of 1/2 or 2 pump strokes, following formula is available for the actual concentration.


1/2 stroke：Actual concentration＝2.5×Temperature corrected value
2 strokes：Actual concentration＝0.4×Temperature corrected value


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


2,000 － 2,800 2,000 1,600 1,300
1,500 4,000 2,000 1,500 1,250 1,000
1,000 1,750 1,250 1,000 850 700


800 1,300 1,000 800 700 600
600 1,000 800 600 550 450
400 650 500 400 350 300
200 300 200 200 200 200
100 200 100 100 100 100
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1. PERFORMANCE
1) Measuring range ：50-1000 ppm


Number of pump strokes ：1（100mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Brownish blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD.-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Molybadate is reduced and molybdeum blue is produced.


HC≡CH＋PdSO4＋（NH4）2MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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101S ACETYLENE


Substance Interference ppm Coexistence 


Whole layer is discoloured to Whole layer is discoloured to
Carbon Monoxide 50 Green or Blue and higherGreen or Blue. readings are given.


Whole layer is discoloured to
Hydrogen (over 40℃) 〃 10％ Blue and higher readings are


given.
Unsaturated hydrocarbons Higher readings are given.
such as Ethylene, Propylene, Similar stain is produced. 10
Butylene, etc.
Saturated hydrocarbons such
as Propane, Butane, etc. 〃 〃
(more than C3)


Butadiene Original colour is faded to white. 25 Original colour is faded toWhite
and lower readings are given.


Hydrogen sulphide Whole layer is discoloured to Black. 10 Black stain is produced.


Ammonia Original colour is faded to White. Original colour is faded to White 
and lower readings are given.


Hydrogen cyanide 〃 Blue stain is produced and higher
reading are given.


Chlorine Yellowish orange or Yellowish Higher readings are given.brown stain is produced.
Nitrogen dioxide 〃 〃
Carbon disulphide 〃 〃
Benzene 〃 〃
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1. PERFORMANCE
1) Measuring range：


Acetylene 20-300 ppm
Ethylene 200-2000 ppm
Number of pump strokes 1（100mr）


2) Sampling time ：3 minutes/1 pump stroke with orifice
3) Detectable limit ：


Acetylene 0.1 ppm
Ethylene 1 ppm


4) Shelf life ：1 year
5) Operating temperature ：10～40℃
6) Temperature compensation：


Acetylene No temperature correction is necessary.
Ethylene Necessary（refer to "Table 2. Temperature CorrectionTable"）


7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change：


Acetylene Yellow→Dark brown
Ethylene Pale yellow→Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Acetylene detector tube：C2H2＋K2Pd（SO3）2→Pd
Ethylene detector tube：C2H2＋PdSO4＋（NH4）2Mo3O5


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pumppp
m


20
00


pp
m


18
00


16
00


14
00


12
00


10
0080
0


60
0


40
0


30
0


25
0


20
0


15
0


10
05020 20
0


Tube No.


280S ACETYLENE ETHYLENE


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (％)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F)  (104°F)


2000 1550 2000
1800 1400 1800 2050
1600 1300 1600 1900
1400 1150 1400 1600
1200 1000 1200 1400
1000 900 1000 1200
800 750 800 950
600 600 600 700


・
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Tube No.
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FIG.1 Influence of Acetone.
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FIG.2 Influence of Acetaldehyde.
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1. PERFORMANCE
1) Measuring range ：0.005-1.8％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：1 year（Necessary to store in refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Concentration chart method
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3.CHEMICAL REACTION
By reacting with Hydroxylamine hydrochloride, Hydrogen chloride is liberated and PH indicator is discoloured.
CH2＝CHCHO＋NH2OH・HCI→HCI＋CH2＝CHCH＝NOH＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


136 ACROLEIN


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


1.8 － 2.3 1.8 1.3 1.0
1.6 － 2.1 1.6 1.1 0.9
1.4 － 1.85 1.4 1.0 0.75
1.2 2.2 1.6 1.2 0.85 0.65
1.0 1.9 1.35 1.0 0.7 0.5
0.8 1.55 1.1 0.8 0.55 0.4
0.6 1.2 0.85 0.6 0.4 0.3
0.4 0.85 0.6 0.4 0.2 0.15
0.2 0.5 0.3 0.2 0.12 0.1
0.1 0.2 0.15 0.1 0.06 0.04
0.05 0.1 0.08 0.05 0.03 0.015
0.02 0.07 0.05 0.02 0.02 0.01
0.01 0.03 0.02 0.01 0.01 0.005


Substance Interference ppm Coexistence
Acetone FIG.1 Similar stain is produced. 20 Higher readings are given.
Acetaldehyde FIG.2 〃 70 〃
Methyl ethyl ketone FIG.3 〃 60 〃
Methyl isobutyl ketone 〃 500 〃


ACROLEIN�
�
FOR 1 PUMP STROKE（100mR）�
PER CENT. IN AIR CONCENTRATION
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Concentration chart method
7) Colour change ：Orange→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％ RSD-mid：15％ RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.
CH2＝CHCN＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


128B ACRYLONITRILE


Substance Interference ppm Coexistence
Acetylene Similar stain is produced. 3％ Higher readings are given.
Propane 〃 0.2％ 〃
Other organic gases or vapours
except Halogenated hydrocar- 〃 50 〃
bons
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1. PERFORMANCE 
1) Measuring range ：0.1-3.5％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
CH2＝CHCN＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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128SA ACRYLONITRILE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


3.5 5.5 4.6 3.5 3.2 2.8
3.0 4.7 3.9 3.0 2.7 2.4
2.5 3.9 3.2 2.5 2.2 2.0
2.0 3.1 2.6 2.0 1.8 1.6
1.5 2.4 1.9 1.5 1.4 1.2
1.0 1.6 1.3 1.0 0.9 0.8
0.8 1.3 1.0 0.8 0.7 0.7
0.5 0.8 0.7 0.5 0.5 0.4
0.3 0.5 0.4 0.3 0.3 0.3
0.1 0.2 0.1 0.1 0.1 0.1


Substance Interference ppm Coexistence


Acetylene Whole layer is discolour- Whole layer is discoloured to Brown
ed to Brown. 3％ and higher readings are given.


Propane 〃 0.2％ 〃
Other organic gases or vapours
except Halogenated hydrocar- Similar stain is produced. 50 Higher readings are given.
bons
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Tube No.


1. PERFORMANCE 
1) Measuring range ：1-120 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.5 ppm（200mr）
4) Shelf life ：1 year（Necessary to store in refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high： 5％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Hydrogen cyanide is produced. This Hydrogen cyanide reacts with Mercuric 
chloride, then Hydrogen chloride is liberated and PH indicator is discoloured.


CH2＝CHCN＋CrO3＋H2SO4→HCN
HCN＋HgCI2→HCI＋Hg（CN）2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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128SC ACRYLONITRILE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


120 165 140 120 104 90
100 142 117 100 87 77
90 127 105 90 79 70
80 112 93 80 70 62
70 98 81 70 62 55
60 84 70 60 53 48
50 69 58 50 45 41
40 55 46 40 37 34
30 41 34 30 28 27
20 26 22 20 20 20
10 12 10 10 10 10


Substance Interference ppm Coexistence
Hydrogen cyanide Similar stain is produced. 2 Higher readings are given.
Methyl ethyl ketone 600 Lower readings are given.


Styrene less than The accuracy of readings is not affected.250
Butadiene 200 Lower readings are given.
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1. PERFORMANCE
1) Measuring range ：1-20 ppm 0.5-10 ppm 0.25-5 ppm 0.2-4 ppm


Number of pump strokes 1（100mr） 2（200mr） 4（400mr） 5（500mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.05ppm（500mr）
4) Shelf life ：1 year（Necessary to store in refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Red


2. RELATIVE STANDARD DEVIATION 
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Hydrogen cyanide is produced, Hydrogen cyanide reacts with Mercuric 
chloride, then Hydrogen chloride is liberated and PH indicator is discoloured.


CH2＝CHCN＋CrO3＋H2SO4→HCN
HCN＋HgCI2→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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128SD ACRYLONITRILE


Substance Interference ppm Coexistence


Butadiene
Less than 
350 ppm Not affected.


Toluene
Less than
600 ppm 〃


Hexane
Less than
800 ppm 〃


Styrene
Less than 
720 ppm 〃


（NOTE）
In case of 2 to 5 pump strokes can be used to detemine the lower concentration.
Following formula is available for actual concentration.


Actual concentration＝Tmperature corrected value×


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


20 26 22.5 20 18 17
18 23 20 18 16.5 15.5
16 20.5 18 16 15 14
14 18 15.5 14 13 12
12 15.5 13.5 12 11 10.5
10 13 11 10 9.5 9
8 10.5 9 8 7.5 7
6 8 7 6 6 5.5
4 5.5 4.5 4 4 4
2 3 2 2 2 2
1 1.5 1 1 1 1


1
Number of strokes
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（10～40℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Methyl methacrylate at 1 pump


stroke and Allyl alcohol concentration is determined by using a converstion chart.
8) Colour change ：Pale yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


H2C＝CHCH2OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence
Alcohols Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Paraffin hydrocarbons（more than C3） Whole reagent is changed to Brown. 〃
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons FIG.1 〃 〃
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


500 － 600 500 430 380
400 － 480 400 350 300
300 480 360 300 260 230
200 320 240 200 170 150
100 240 120 100 90 80
50 80 60 50 43 38
20 32 24 20 17 15
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1. PERFORMANCE
1) Measuring range ：0.5-10％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：400 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pink→Gray or Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


3NH3＋H3PO4→（NH4）3PO4


4. CALIBRATION OF THE TUBE 
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


0.
5 1 2 3 4 5 6 7 8 9 10 %GAS To pump


105SA AMMONIA


Substance Interference Coexistence
Amines Similar stain is produced. Higher readings are given.
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Tube No.


1. PERFORMANCE
1) Measuring range ：50-900 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


2NH3＋H3PO4→（NH4）2PO4


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence
Amines Similar stain is produced. Higher readings are given.
Chlorine 2 Lower readings are given.
Sulphur dioxide NH3conc.×1/4 〃







Tube No.


38


1. PERFORMANCE
1) Measuring range ：10-260 ppm 5-130 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.5 ppm（200mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


2NH3＋H3PO4→（NH4）2PO4


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence
Amines Similar stain is produced. Higher readings are given.
Sulphur dioxide NH3conc.×1/3 Lower readings are given.
Chlorine 2 〃


（NOTE）
In case of 2 strokes, the following equation is available for the actual concentration.
Actual concentration＝1/2×Reading value.
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-20 ppm 0.2-1 ppm


Number of pump strokes 1（100mr） 5（500mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.1 ppm（100mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


2NH3＋H3PO4→（NH4）2PO4


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


20181614121086421
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mGAS To pump


DEHUMIDIFIER
(White)


105SD AMMONIA


Substance Interference Coexistence
Amines Similar stain is produced. Higher readings are given.


（NOTE）
When the concentration is below 1 ppm, 2 to 5 pump strokes can be used to detemine the lower concentration.
Following formula is available for actual concentration.


Actual concentration＝Reading value× 1
Number of strokes







Tube No.


40


1. PERFORMANCE
1) Measuring range ：0.5-30％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：100 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pink→Blue・Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Ammonia reacts with Cobalt chloride（II）and complex salt is produced.


NH3＋αCoCI2＋βH2O→CoCI2・αNH3・βH2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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105SH AMMONIA


Substance ppm Interference ppm Coexistence 


Hydrogen sulphide If the top of discoloured layer is
0.01% Whole layer is discoloured to Black. 0.3％ possible to read, the accuracy of


FIG.1 readings is not affected.


Amines The accuracy of readings is
not affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


30 － 35.0 30.0 27.0 25.0
25 35.0 30.0 25.0 23.0 21.0
20 28.0 24.0 20.0 18.0 17.0
15 22.0 18.0 15.0 13.0 12.0
10 15.0 12.0 10.0 9.0 8.0
5 8.0 6.0 5.0 4.5 4.0
2 3.0 2.5 2.0 1.9 1.8
1 1.2 1.2 1.0 1.0 0.9


0.5 0.5 0.5 0.5 0.5 0.5
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Tube No.


1. PERFORMANCE 
1) Measuring range ：0.1-1.0％


Number of pump strokes 1（100mr）
2) Sampling time ：0.5 minutes/1 pump stroke
3) Detectable limit ：100 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


2NH3＋H3PO4→（NH4）2PO4


4. CALIBRATION OF THE TUBE 
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence
Amines FIG.1 Similar stain is produced. Higher readings are given.
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1. PERFORMANCE
1) Measuring range ：2-30 ppm 1-15 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：0.5 minutes/1 pump stroke
3) Detectable limit ：0.05 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with  p-Dimethylamino-benzaldehyde, Azomethine is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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(White)


181S ANILINE


Substance Interference ppm Coexistence
Toluidine Similar stain is produced. Aniline conc.×1/3 Higher readings are given.


Ammonia The accuracy of readings is not The same conc. 〃FIG.1 affected. of Aniline
Paraffin amines 〃 〃
Aromatic amines 〃 〃


（NOTE）
In case of 2 strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value.
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-160 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ： 0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Mercury chloride（II）is reduced and Mercury is liberated.


AsH3＋HgCI2＋H2O→Hg＋H3AsO3＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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140SA ARSINE


Substance Interference ppm Coexistence
Hydrogen selenide Similar stain is produced. 5 Higher readings are given.
Hydrogen sulphide 〃 5 〃
Phosphine 〃 5 〃
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1. PERFORMANCE
1) Measuring range ：0.1-2.0 ppm 0.05-0.5 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.02 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Although the scale of this tube is calibrated based on Phosphine at 1 pump


stroke, the sensitivity of Arsine is completely same.
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercury chloride（II）, Hydrogen chloride is produced and PH indicator is discoloured.


AsH3＋HgCI2→As（HgCI）3＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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121U ARSINE


Substance Interference Coexistence
Hydrogen selenide Similar stain is produced. Higher readings are given.
Mercaptans 〃 〃
Hydrogen sulphide 〃 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃


Whole reagent is changed toPale red,
Sulphur dioxide but Purplish red stainindicates Arsine 〃


concentration.


（NOTE）
This tube scale is calibrated based on Phosphine and the same scale is available for Arsine.
When the concentration is below 0.5 ppm , 2 pump strokes can be used to detemine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-200 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：3 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Greenish brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H6＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


5
10 20 50 10


0


15
0


20
0


pp
mGAS To pump


(Orange)


PRETREAT TUBE DETECTOR TUBE


118SB BENZENE


Substance ppm Interference ppm Coexistence
Toluene 20 Yellowish brown stain is less than 150 The accuracy of readings is not


FIG.1 produced. affected.
Xylene 60 〃 less than 300 〃FIG.2


Hexane 200 Whole reagent is discolou- 800 Whole reagent is discoloured to Dark
red to Dark grey. grey and higher readings are given.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


200 － 200 170 160
150 200 150 130 120
100 126 100 90 83
50 60 50 45 40
20 25 20 18 15
10 13 10 9 8


5 6 5 4.5 4


（NOTE）
Aromatic hydrocarbons except Benzene is eliminated.
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2 5 10 20 30 40 50 pp
mGAS To pump


1. PERFORMANCE
1) Measuring range ：4-100 ppm 2-50 ppm 1-25 ppm


Number of pump strokes 1（100mr） 2（200mr） 4（400mr）
2) Sampling time ：4 minutes/2 pump strokes
3) Detectable limit ：0.2 ppm（400mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：White→Greenish brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H6＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


118SC BENZENE


Substance Interference ppm Coexistence
Toluene FIG.1 Yellowish brown stain is produced. Higher readings are given.
Xylene FIG.2 〃 〃


Whole reagent is discoloured to


Carbon monoxide 50 Pale brown, the top of discoloured
layer becomes unclear and higher
readings are given.


Hexane 100 〃


（NOTE）
In case of 1 or 4 strokes, following formula is available for the actual concentration.


Actual concentration＝Temprature corrected value×
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FIG.2 Influence of Xylene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


50 38 44 50
40 30 35 40 45 50
30 23 26 30 34 38
20 15 18 20 23 25
10 8 9 10 11 13


5 4 5 5 6 6


2
Number of strokes







1. PERFORMANCE
1) Measuring range ：1-75 ppm 0.2-15 ppm 0.1-7.5 ppm


Number of pump strokes 1（100mr） 5（500mr） 10（1000mr）
2) Sampling time ：10 minutes/5 pump strokes
3) Detectable limit ：0.02 ppm（1000mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 5 pump strokes
8) Colour change ：White→Greenish brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H6＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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mGAS To pump


DEHUMIDIFIER TUBE DETECTOR TUBE


Tube No.


118SD BENZENE


47


Substance Interference ppm Coexistence
Toluene Higher readings are given.
Xylene 〃


Whole reagent is changed to


Carbon monoxide 2.0 Pale brown, unclear stain 
areproduced and higherreadings 
are given.


Hexane 2.0 〃


（NOTE）
In case of 1 or 10 strokes, following formula is available for the actual concentration.


Actual concentration＝Tmperature corrected value× 5
Number of strokes







Tube No.
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Tube No.


1. PERFORMANCE 
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.1 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Concentration chart method
7) Colour change ：White→Orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
o-Toluidine is oxidized and Orthoquinone is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


114 BROMINE


Substance Interference ppm Coexistence
Nitrogen dioxide FIG.1 Similar stain is produced. Higher readings are given.
Chlorine FIG.2 〃 1 〃
Chlorine dioxide FIG.3 〃 〃
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FIG.1 Influence of Nitrogen dioxide
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FIG.2 Influence of Chlorine
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FIG.3 Influence of Chlorine dioxide


B
ro


m
in


e 
in


di
ca


tin
g 


va
lu


e 
〔


pp
m
〕


 


10 20


Coexistence
Interference


TEMPERATURE CORRECTION TABLE
Chart Correct Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


20 32 24 20 17 14
15 22 18 15 12 10
10 15 13 10 8 6
5 9 7 5 4 3
3 6 4 3 2 1.5
1 3 1.5 1 0.8 0.5


Br2＋H2N
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1. PERFORMANCE
1) Measuring range ：0.03-2.6％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Brownish orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCH＝CH2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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168SA 1, 3-BUTADIENE


Substance Interference ppm Coexistence
Acetylene Whole regent is discoloured to Brown. 3％ Higher readings are given.
Propane 〃 0.2％ 〃
Other organic gases or vapours Similar stain is produced. 50 〃except Halogenated hydrocarbons


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


2.6 3.3 3.0 2.6 2.5 2.4
2.4 3.0 2.7 2.4 2.3 2.2
2.2 2.7 2.5 2.2 2.1 2.0
2.0 2.4 2.2 2.0 1.9 1.8
1.8 2.1 2.0 1.8 1.8 1.7
1.6 1.9 1.8 1.6 1.6 1.5
1.4 1.6 1.5 1.4 1.4 1.3
1.2 1.4 1.3 1.2 1.2 1.1
1.0 1.1 1.1 1.0 1.0 0.9
0.8 0.9 0.8 0.8 0.8 0.7
0.6 0.7 0.6 0.6 0.6 0.6
0.4 0.4 0.4 0.4 0.4 0.4
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Tube No.


1. PERFORMANCE
1) Measuring range ：30-600 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→White


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTI0N
Molybdate is reduced and molybdeum blue is produced.


CH2＝CHCH＝CH2＋PdSO4＋（NH4）2MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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168SB 1,3-BUTADIENE


Substance Interference Coexistence
Carbon monoxide Whole layer is discoloured to Green or Blue.
Hydrogen sulphide Black stain is produced.
Saturated Hydrocarbons Whole layer is discoloured to  Blue.（more than C3）
Ethylene Blue stain is produced.
Propylene 〃
Butylene 〃
Benzene Yellowish orange stain is produced.
Ammonia Similar stain is produced. Higher readings are given.
Hydrogen cyanide 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


600 910 740 600 550 510
550 820 670 550 510 470
500 740 600 500 460 430
450 650 530 450 420 390
400 570 470 400 370 350
350 490 400 350 330 310
300 410 340 300 280 270
250 330 280 250 240 220
200 250 220 200 190 180
150 180 160 150 140 140
100 110 110 100 100 90
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-100 ppm 2.5-50 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.5 ppm（200mr）
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Pale blue


2. RELATIVE STANDARD  DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCH＝CH2＋Cr6＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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(White)


168SC 1,3-BUTADIENE


（NOTE）
In case of 2 strokes,  following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value.


Substance Interference Coexistence
Esters Similar stain is produced. Higher readings are given.
Alcohols 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons Whole reagent is changed to Pale brown. 〃（more than C3）
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-0.6％


Number of pump strokes 1（100mr）
2) Sampling time ：4 minutes/1 pump stroke
3) Detectable limit ：20 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Orange→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
Chromium oxide is reduced.
CH3（CH2）2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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221SA n-BUTANE


Substance Interference Coexistence
Toluene Similar stain is produced. Higher readings are given.
Hexane 〃 〃
Trichloroethylene 〃 〃
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1. PERFORMANCE
1) Measuring range ：5-100 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation：Necessary（See"TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethyl cellosolve at 3 pump strokes


and 1-Butanol concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CH2CH2CH2OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance ppm Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Toluene 200 Whole reagent is changed to Pale blue. 〃
Hexane 1,000 The accuracy of readings is not affected. The accuracy of readings is not affected.
Trichloroethylene 1,000 〃 〃
Ethyl acetate FIG.2 1,000 〃 〃
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


100 － － 100 85 77
80 － － 80 70 63
60 － 80 60 53 50
40 75 50 40 35 33
20 30 23 20 18 16
10 13 11 10 9 8


5 5 5 5 5 5
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1. PERFORMANCE
1) Measuring range ：10-300 ppm 4-120 ppm


Number of pump strokes 2（200mr） 4（400mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：3 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CH2CH（OH）CH3＋Cr6＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35～40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95～104°F)


300 480 360 300 270 250 235
200 300 230 200 190 185 185
150 200 160 150 145 145 140
100 110 100 100 100 100 100
50 50 50 50 50 50 50
30 30 30 30 30 30 30
10 10 10 10 10 10 10
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FIG.1 Influence of 1,1,1-Trichloroethane
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Substance Interference Coexistence 
Alcohols Brown stain is produced. Higher readings are given.
Ethers 〃 〃
Paraffin hydrocarbons Whole reagent is change to Pale 〃(more than C3) brown.
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons FIG.1 〃 〃


（NOTE）
In case of 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2/5×Temperature corrected value
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1. PERFORMANCE
1) Measuring range ：0.01-1.0％


Number of pump strokes 2（200mr）
2) Sampling time 3 minutes/2 pump strokes
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Methyl ethyl ketone at 2 pump


strokes and Butyl acetate concentration is determined by using a conversion chart.
7) Colour change ：Orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3CO2（CH2）3CH3＋Cr6＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-400 ppm


Number of pump strokes 1（100mr）
2) Sampling time 1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：1 year
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Pale blue（The top of discoloured layer is to Brown.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3CO2（CH2）3CH3＋Cr6＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Esters Similar stain is produced. Higher readings are given.
Alcohols FIG.1 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons Whole reagent is changed to Pale brown. 〃


0


200


300


100


400


50


Methanol〔ppm〕�
FIG.1 Influence of Methanol


B
ut


yl
 a


ce
ta


te
 in


di
ca


tin
g 


va
lu


e 
〔


pp
m
〕


 


300020001000 50004000


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95°F) (95°F)


400 － － 400 235 180 145 120
300 － － 300 185 145 120 100
200 － 345 200 140 110 95 80
150 － 255 150 115 95 80 70
100 － 145 100 80 70 60 50
50 90 65 50 40 35 30 30
30 45 35 30 25 25 20 20
15 20 20 15 15 10 10 10
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1. PERFORMANCE
1) Measuring range ：5-60 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCO2（CH2）3CH3＋Cr6＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Paraffin hydrocarbons Whole reagent is changed to 〃(more than C3) FIG.2 Dark brown.
Halogenated hydrocarbons 〃 〃
Esters 〃 〃
Aromatic hydrocarbons FIG.1 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 105 80 60 45 32
40 68 54 40 30 22
20 32 26 20 15 11
10 15 13 10 8 5
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（NOTE）
Butyl acrylate have the same sensitivity at 20℃ to Methyl acrylate.
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1. PERFORMANCE
1) Measuring range ：10-1,000 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～35℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：This tube is calibrated based on Ethyl cellosove. Butyl cellosolve concentration


is determined by two times of the reading value after temperature correction.
8 Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


HOCH2CH2OC4H9＋Cr6＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Esters 〃 〃
Paraffin hydrocarbons Whole reagent is changed to Brown. 〃(more than C3)
Aromatic hydrocarbons 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons FIG.1 〃 〃
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95°F)


500 800 620 500 410 335 265
400 620 490 400 325 260 200
300 450 365 300 245 195 145
200 290 245 200 160 125 95
150 215 185 150 120 90 70
100 145 125 100 80 60 45
50 75 65 50 40 30 25
20 30 25 20 15 12 10


5 10 7 5 4 3 2


（NOTE）
Multiply the corrected value with Ethyl cellosolve temperature correction table by 2.







1. PERFORMANCE
1) Measuring range ：1-10 ppm 0.5-5 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by Methyl mercaptan at 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3.CHEMICAL REACTION
By reacting with Mercuric chloride, Hydrogen chloride is produced and PH indicator is discoloured.
（CH3）3CSH＋HgCI2→（CH3）3CS（HgCI）＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence
Arsine Similar stain is produced. Higher readings are given.
Hydrogen selenide 〃 〃
Phosphine 〃 〃
Hydrogen sulphide 〃 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃


Sulphur dioxide Whole reagent is changed to Pale red,
Pink stain indicates Mercaptans conc.


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
This tube scale is calibrated based on Methyl mercaptan and the same scale is available for tert-Butyl mercaptan.
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1. PERFORMANCE
1) Measuring range ：0.03-0.7％ 100-1,500 ppm


Number of pump strokes 1（100mr） 3（300mr）
2) Sampling time ：5 minutes/1 pump stroke
3) Detectable limit ：20 ppm（300mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Concentration chart method
8) Colour change ：Purplish blue→Pale pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％ RSD-mid：5％ RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


CO2＋2NaOH→Na2CO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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126B CARBON DIOXIDE
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Chart True Concentration (％)
Readings 0℃ 10℃ 20℃ 30℃ 40℃


(％) (32°F) (50°F) (68°F) (86°F) (104°F)
0.7 0.8 0.75 0.7 0.65 0.6
0.6 0.7 0.65 0.6 0.55 0.5
0.5 0.6 0.55 0.5 0.45 0.4
0.4 0.45 0.4 0.4 0.4 0.35
0.3 0.35 0.3 0.3 0.3 0.25
0.2 0.25 0.2 0.2 0.2 0.2


TEMPERATURE CORRECTION TABLE（3 pump strokes）
Chart True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)
1,500 1,800 1,650 1,500 1,400 1,350
1,400 1,700 1,550 1,400 1,300 1,250
1,300 1,550 1,400 1,300 1,250 1,150
1,200 1,450 1,300 1,200 1,150 1,100
1,100 1,300 1,200 1,100 1,050 1,000
1,000 1,200 1,100 1,000 950 900


900 1,100 1,000 900 850 800
800 950 900 800 750 700
700 850 750 700 650 600
600 700 650 600 550 500
500 600 550 500 500 450
400 500 450 400 400 350
300 350 300 300 300 250
200 250 200 200 200 200


TEMPERATURE CORRECTION TABLE （1 pump stroke）
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CARBON DIOXIDE�
LOW RANGE�
FOR 1 PUMP STROKE（100mR）�
PER CENT. IN AIR CONCENTRATION


Substance ppm Interference ppm Coexistence


Chlorine 20 Pale yellowish blue stain is produced.


Sulphur dioxide 100 〃 〃
Hydrogen cyanide The accuracy of readings not affected. 〃
Hydrogen sulphide 〃 〃
Nitrogen dioxide 30 Pale yellowish blue stain is produced. 〃


When CO2 comcentration is more than 300 ppm,
the accuracy of readings is not affected.







1. PERFORMANCE 
1) Measuring range ：0.2-5.2％ 0.1-2.6％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：5 minutes/1 pump stroke
3) Detectable limit ：100 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale blue→Pale pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


CO2＋2NaOH→NaCO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


2.
6


2.
4


2.
2


2.
0


1.
8


1.
6


1.
4


1.
2


1.
0


0.
8


0.
6


0.
5


0.
4


0.
3


0.
2


0.
1 %


10
0m


l


GAS To pump


Tube No.


126SA CARBON DIOXIDE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


3.5 5.5 4.6 3.5 3.2 2.8
3.0 4.7 3.9 3.0 2.7 2.4
2.5 3.9 3.2 2.5 2.2 2.0
2.0 3.1 2.6 2.0 1.8 1.6
1.5 2.4 1.9 1.5 1.4 1.2
1.0 1.6 1.3 1.0 0.9 0.8
0.8 1.3 1.0 0.8 0.7 0.7
0.5 0.8 0.7 0.5 0.5 0.4
0.3 0.5 0.4 0.3 0.3 0.3
0.1 0.2 0.1 0.1 0.1 0.1


Substance Interference ppm Coexistence
Hydrogen sulphide Similar stain is produced. 100 Higher readings are given.
Chloride 〃 100 〃
Hydrogen cyanide 〃 200 〃
Sulphur dioxide 〃 500 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Temperature corrected value.
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1. PERFORMANCE 
1) Measuring range ：0.05-1.0％


Number of pump strokes 1（100mr）
2) Sampling time ：5 minutes/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Purple blue→Pale pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high ：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


CO2＋2NaOH→Na2CO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


1.0 1.16 1.09 1.00 0.94 0.89
0.9 1.05 0.98 0.90 0.85 0.80
0.8 0.93 0.87 0.80 0.75 0.70
0.7 0.81 0.76 0.70 0.66 0.62
0.6 0.70 0.65 0.60 0.57 0.53
0.5 0.58 0.54 0.50 0.47 0.44
0.4 0.46 0.43 0.40 0.38 0.35
0.3 0.36 0.33 0.30 0.28 0.26
0.2 0.24 0.22 0.20 0.19 0.17
0.1 0.12 0.11 0.10 0.09 0.08


Substance ppm Interference ppm Coexistence


Chlorine 20 Pale yellowish blue stain is produced.


Sulphur dioxide 100 〃 〃
Hydrogen cyanide The accuracy of readings not affected. 〃
Hydrogen sulphide 〃 〃
Nitrogen dioxide 30 Pale yellowish blue stain is produced. 〃


When CO2 comcentration is more than 300 ppm,
the accuracy of readings is not affected.
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Tube No.


1. PERFORMANCE
1) Measuring range ：100-2000 ppm 200-4000 ppm


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：5 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump strokes
7) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％ RSD-mid：10％ RSD-high：10％


3. CHEMICAL REACTION
CO2＋2NaOH→Na2CO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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1. PERFORMANCE
1) Measuring range ：0.02-0.7％ 0.04-1.4％


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.001％
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
CO2＋2NaOH→Na2CO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Hydrogen cyanide Similar stain is produced. Higher readings are given.
Hydrogen chloride Under the TLV conc. The accuracy of readings is not affected.
Chlorine 〃 〃
Hydrogen sulphide 〃 〃
Nitrogen dioxide 〃 〃
Sulphur dioxide 〃 〃
Ammonia 〃 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.


Actual concentration＝2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-20％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2％
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


CO2＋2KOH→K2CO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


%1 2 4 6 8 10 12 14 16 18 20GAS To pump


126SH CARBON DIOXIDE


Substance ppm Interference ppm Coexistence
Similar stain is produced,but if there


Nitrogen dioxide FIG.1 50 White stain is produced. 50 is more than 3％of CO2,the accuracy
of readings is not affected.


Sulphur dioxide FIG.2 3,000 Similar stain is produced. 3,000 Higher readings are given.
Hydrogen sulphide FIG.3 4,000 〃 3,000 〃
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FIG.3 Influence of Hydrogen sulphide
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-50％


Number of pump strokes 1/2（50mr）
2) Sampling time ：1.5 minutes/1/2 pump stroke 
3) Detectable limit ：1％
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by1/2 pump stroke
7) Colour change ：White→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


CO2＋N2NNH2→H2NNHCOOH


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


5 10 15 20 25 30 35 40 45 50 % 50
m


l


GAS To pump


126UH CARBON DIOXIDE


Substance Interference Coexistence 
Sulphur dioxide The accuracy of readings is not affected. The accuracy of readings is not affected.
Ammonia 〃 〃
Hydrogen chloride 〃 〃
Chlorine 〃 〃
Hydrogen cyanide 〃 〃
Nitrogen dioxide 〃 〃
Hydrogen sulphide 〃 〃
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1. PERFORMANCE
1) Measuring range ：30-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃)
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD.-mid.：5％　RSD.-high：5％


3. CHEMICAL REACTION
Sulphur dioxide is produced by an Oxidizer.
By reacting between this Sulphur dioxide and alkali,
PH indicator is discoloured.


CS2＋CrO3＋H2SO4→SO2


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


3
0


5
0


1
0
0


1
5
0


2
0
0


2
5
0


3
0
0


3
5
0


4
0
0


4
5
0


5
0
0


GAS To pump


(Yellow)(White)


PRETREAT TUBE DETECTOR TUBE


141SA CARBON DISULPHIDE


Substance ppm Interference ppm Coexistence 
Sulphur dioxide 500 Similar stain is produced. Higher readings are given.FIG.1
Hydrogen sulphide 400 〃 400 〃FIG.2
Chlorine White stain is produced. 〃
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FIG.2 Influence of Hydrogen sulphide
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


500 600 550 500 490 470
450 540 500 450 440 430
400 480 440 400 390 370
350 420 380 350 340 330
300 360 330 300 290 280
250 300 270 250 240 230
200 240 220 200 190 180
150 180 170 150 140 130
100 120 110 100 95 90
50 60 55 50 50 50
30 35 30 30 30 30
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-50 ppm 0.8-20 ppm


Number of pump strokes 2（200mr） 4（400mr）
2) Sampling time ：4 minutes/2 pump strokes
3) Detectable limit ：0.3 ppm（400mr）
4) Shelf life ：3 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes.
8) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
C.V-low：10％　C.V.-mid.：10％　C.V.-high：10％


3. CHEMICAL REACTION
Sulphur dioxide is produced by an Oxidizer.
By reacting between this Sulphur dioxide and alkali,
PH indicator is discoloured.


CS2＋CrO3＋H2SO4→SO2


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


52 10 20 30 40 50 pp
m


20
0m


l


GAS To pump


(Yellow)(White)


PRETREAT TUBE DETECTOR TUBE


141SB CARBON DISULPHIDE


Substance ppm Interference ppm Coexistence 
Sulphur dioxide 15 Similar stain is produced. Higher readings are given.FIG.1
Hydrogen sulphide 100 〃 120 〃FIG.2
Chlorine Pale pink stain is produced. 〃


（NOTE）
In case of 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2/5×Temperature corrected value
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FIG.2 Influence of Hydrogen sulphide
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


50 72 59 50 43 38
45 65 54 45 39 34
40 58 48 40 34 30
35 51 42 35 30 26
30 44 36 30 26 22
25 37 30 25 21 18
20 31 25 20 17 14
15 24 19 15 13 10
10 16 12 10 8 7
5 9 7 5 4 3
2 3 3 2 2 1
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1. PERFORMANCE
1) Measuring range ：25-1,000 ppm 5-300 ppm


Number of pump strokes 1（100mr） 3（300mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：1 ppm（300mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Concentration chart method
7) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Pottasium disulphate palladate（II）is reduced, and Palladium is liberated.


CO＋K2Pd（SO3）2→K2（SO3）2PdCO
K2（SO3）2PdCO→CO2＋SO2＋Pd＋K2SO3


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


100 CARBON MONOXIDE


Substance ppm Interference ppm Coexistence 


Ethylene 5,000 Pale grey stain is produced. 5,000 The top of discoloured layerbecomes
unclear and higher readings are given.
Whole layer is discoloured to Greyish


Hydrogen 5,000 Greyish yellow stain is produced. 5,000 yellow and the top of discoloured layer
becomes unclear.


Acetylene 1.5 Dark green stain isproduced. CO conc. Higher readings are given.×1/5
Sulphur dioxide 100 Original colour is faded. 〃 〃


Nitrogen dioxide The accuracy of readings is not 〃 〃affected.


TEMPERATURE CORRECTION TABLE
Chart Correct Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


1,000 870 930 1,000 1,030 1,060
900 780 840 900 930 960
800 690 750 800 830 850
700 610 660 700 720 740
600 520 560 600 620 640
500 430 470 500 520 540
400 350 370 400 410 430
300 260 280 300 310 320
200 180 190 200 210 220
100 90 100 100 100 110


X
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-1,000 ppm


This tube is calibrated based on the sampling time not related with number 
of pump strokes.


2) Sampling time ：0.5-5.0 minutes
3) Detectable limit ：10 ppm（5.0 minutes）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE）
7) Reading ：Colour intensity method using colour standard chart shown in below
8) Colour change ：Pale yellow→Green to Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：　　　RSD-mid.：　　　RSD-high：


3. CHEMICAL REACTION
Molybdate is reduced and molybdeum blue is produced.


CO＋PdSO4＋（NH4）MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


REAGENT
(PaleYellow)


REAGENT
(PaleYellow)


First Section Second Section


106B CARBON MONOXIDE


Substance Interference ppm Coexistence
Nitrogen dioxide 1 Lower readings are given.


Hydrogen sulphide Black stain is produced. 1,000 Black stain is produced and higher 
readings are given.


Hydrogen（over 40℃） Similar stain is produced 10％ Whole reagent is discoloured to
Blue and higher readings are given.


6. NOTE
1）In case of determining CO concentration,it is necessary to take a waiting time related to the sampling time


andambient tenperature.After thewaiting time,compare the second section of reagent with the colour standard
chart.


2）In case of spontaneous conbustion of coal mines,Ethylene and CO are produced.The first section is partially
stained to deep blue from the top of the section according tc Ethylene concentration .Whole areas of first
and second sectionsare equallystained to greenishblue according to CO concentration.The first sectionis
available to detect less 5 ppm of Ethylene.


TEMPERATURE CORRECTION TABLE


Temperature 0℃ 5℃ 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(32°F) (41°F) (50°F) (59°F) (68°F) (77°F) (86°F) (96°F) (104°F)


Waiting time（minute）
Sampling time up to 1 minutes 5 5 3 2 2 1 1 1 1
Sampling time of 2 minutes 7 7 4 3 3 2 1 1 1
Chart Readings（ppm）


100 400 250 150 100 70 50 40 30 20
200 800 500 300 200 140 100 70 50 40
300 1,200 800 450 300 200 150 100 80 60
600 2,300 1,500 900 600 400 300 200 150 120


1,000 3,900 2,500 1,500 1,000 700 500 300 250 200


Color Standards for CARBON MONOXIDE


Concentration
（P.P.M） 0 100 200 300 600 1000


Feeding Time ：30 sec.
Waiting Time ：2 min.
Temperature ：15℃
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1. PERFORMANCE
1) Measuring range ：10-1,000 ppm


This tube is calibrated based on the sampling time not related with number of 
pump strokes.


2) Sampling time ：0.5-5.minutes
3) Detectable limit ：10 ppm（5.0 minutes）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Colour intensity method using colour standard chart shown in below
8) Colour change ：Pale yellow→Green to Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：　　RSD-mid.：　　RSD-high：


3. CHEMICAL REACTION
Molybdate is reduced and molybdeum blue is produced.


CO＋PdSO4＋（NH4）2MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


REAGENT
(PaleYellow)


PRETREAT REAGENT
(Orange)


REAGENT
(PaleYellow)


First Section Second Section


106C CARBON MONOXIDE


Substance Interference ppm Coexistence


Hydrogen sulphide Black stain is produced. 1,000 Black stain is produced and higher
readings are given.


Hydrogen（over 40℃） Similar stain is produced. 10％ Whole reagent is discoloured to Blue
and higher readings are given.


6. NOTE
1）No.106C is specially designed to eliminate an influence of Nitrogen dioxide from readings, which is


produced after blasting, by providing a pretreat reagent. The pretreat reagent is available to eliminate
Nitrogen dioxide up to 300 ppm.


2）The function of first and second section of detecting reagents is the same with the No.106B tube.


TEMPERATURE CORRECTION TABLE


Temperature 0℃ 5℃ 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(32°F) (41°F) (50°F) (59°F) (68°F) (77°F) (86°F) (96°F) (104°F)


Waiting time（minute）
Sampling time up to 1 minutes 5 5 3 2 2 1 1 1 1
Sampling time of 2 minutes 7 7 4 3 3 2 1 1 1
Chart Readings（ppm）


100 400 250 150 100 70 50 40 30 20
200 800 500 300 200 140 100 70 50 40
300 1,200 800 450 300 200 150 100 80 60
600 2,300 1,500 900 600 400 300 200 150 120


1,000 3,900 2,500 1,500 1,000 700 500 300 250 200


Color Standards for CARBON MONOXIDE


Concentration
（P.P.M） 0 100 200 300 600 1000


Feeding Time ：30 sec.
Waiting Time ：2 min.
Temperature ：15℃
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-250 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：9 minutes/3 pump strokes
3) Detectable limit ：1 ppm（300mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE")
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium disulphate palladate（II）is reduced and Palladium is liberated.


CO＋K2Pd（SO3）2→K2（SO3）2PdCO
K2（SO3）2PdCO→CO2＋SO2＋Pd＋K2SO3


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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106S CARBON MONOXIDE


Substance Interference ppm Coexistence
Acetylene Dark brown stain is produced. 5 Higher readings are given.
Hydrogen sulphide Dark red stain is produced. 20 〃
Sulphur dioxide COconc.× 1/5 〃
Nitrogen dioxide COconc.×1/10 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


250 210 230 250 275 300
200 170 185 200 220 240
150 130 140 150 165 180
100 80 90 100 110 120
75 65 70 75 80 85
50 40 45 50 55 60
25 20 25 25 25 30
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1. PERFORMANCE
1) Measuring range ：20-1,000 ppm 5-50 ppm


Number of pump strokes 1（100mr） 4（400mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：2 ppm（400mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Pottasium disulphate palladate（II）is reduced, and Palladium is liberated.


CO＋K2Pd（SO3）2→K2（SO3）2PdCO
K2（SO3）2PdCO→CO2＋SO2＋Pd＋K2SO3


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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106SA CARBON MONOXIDE


（NOTE）
When the concentration is below 50 ppm, 4 pump strokes can be used to detemine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/4×Temperature corrected value


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


1,000 870 930 1,000 1,030 1,060
900 780 840 900 930 960
800 690 750 800 830 850
700 610 680 700 720 720
600 520 560 600 620 640
500 430 470 500 520 540
400 350 370 400 410 430
300 260 280 300 310 320
200 180 190 200 210 220
100 90 100 100 100 110


Substance ppm Interference ppm Coexistence 


Ethylene 5,000 Pale grey stain is produced. 5,000 The top of discoloured layer becomes
unclear and higher readings are given.
Whole layer is discoloured to Greyish


Hydrogen 5,000 Greyish yellow stain is produced. 5,000 yellow and the top of discoloured layer
becomes unclear.


Acetylene 1.5 Dark green stain is produced. COconc. Higher readings are given.×1/5
Sulphur dioxide 100 Original colour is faded. 〃 〃


Nitrogen dioxide The accuracy of readings is not 〃 〃affected.
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1. PERFORMANCE
1) Measuring range ：1-50 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：4 minutes
3) Detectable limit ：0.5 ppm
4) Shelf life ：1 year
5) Operating temperature ：5～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Reddish Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
CO＋K2Pd（SO3）2→Pd


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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(White)
DEHUMIDIFIER


Tube No.


106SC CARBON MONOXIDE


Substance Interference Coexistence 
Sulphur dioxide Similar stain is produced. Higher readings are given.
Formic acid 〃 〃
Acetylene Whole reagent is change to Pale red. 〃
Hydrogen sulphide Dark reddish purple and red stain are 〃


produced.


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 5℃ 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (41°F) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


50 28 40 45 50 55 60 65 70
40 23 32 36 40 44 48 52 56
30 17 24 27 30 33 36 39 42
20 12 16 18 20 22 24 26 28
10 7 9 10 10 11 12 13 13
5 4 5 5 5 5 6 6 6
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1. PERFORMANCE
1) Measuring range ：0.1-2.0％


Number of pump strokes 1（100mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：0.02％
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke 
8) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
lodine pent-oxide is reduced.


CO＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


106SH CARBON MONOXIDE


Substance ppm Interference ppm Coexistence 


Acetylene 0.02 Brown stain is produced. 0.3 Pretreat reagent is discoloured to
FIG.1 Black and higher readings are given.


Ethylene 0.04 〃 0.3 Pretreat reagent is faded and high-
FIG.2 er readings are given.


Speckled stain is produced and the 
Propane 5 Speckled stain is produced. 0.15 top of discoloured layer becomes


unclear.Higher reardings are given.
Isobutane 〃 0.2 〃
Hexane 〃 0.1 〃


0
Acetylene〔％〕�


FIG.1 Influence of Acetylene
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FIG.2 Influence of Ethylene
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2.0 TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


2.0 1.24 1.52 2.00 － －
1.8 1.14 1.38 1.80 － －
1.6 1.04 1.25 1.60 － －
1.4 0.93 1.11 1.40 1.90 －
1.2 0.82 0.97 1.20 1.62 －
1.0 0.71 0.82 1.00 1.12 1.75
0.8 0.60 0.68 0.80 1.02 1.38
0.6 0.47 0.53 0.60 0.73 0.98
0.4 0.33 0.37 0.40 0.48 0.58
0.2 0.17 0.18 0.20 0.22 0.25
0.1 0.08 0.09 0.10 0.11 0.12
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1. PERFORMANCE
1) Measuring range ：30-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute
3) Detectable limit ：10 ppm
4) Shelf life ：1.5 year
5) Operating temperature ：0～60℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
CO＋K2Pd（SO3）2→Pd


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump20
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C
O


Tube No.


106SS CARBON MONOXIDE


Substance Interference ppm Coexistence


Sulphur dioxide
The accuracy of readings is CO conc. 1 /2 Higher reading are given.not affected.


Ammonia White stain is produced. CO conc.×100 〃
Acetylene Similar stain is produced. 〃
Hydrogen sulphide Brown stain is produced. CO conc. 1 /2 〃


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃ 50℃ 60℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F) (122°F) (140°F)


500 400 450 500 550 600 650 700
400 320 360 400 440 480 520 560
300 240 270 300 330 360 380 400
200 160 180 200 220 240 260 280
100 80 90 100 110 120 130 140
50 40 50 50 50 60 65 70
30 30 30 30 30 30 35 40







Tube No.


1. PERFORMANCE
1) Measuring range ：0.2-20％ 0.1-10％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.01％（100mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Dark brown


2. RELATIVE STANDARD DEVIATON
RSD-low：15％　RSD-mid.：15％　RSD-high : 10％


3. CHEMICAL REACTION
lodine pent-oxide is reduced


CO＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump2.
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106UH CARBON MONOXIDE


Substance Interference ％ Coexistence
Acetylene Similar stain is produced. 2 Higher reading are given.
Ethylene 〃 2 〃
Isobutane Speckled stain is produced. 0.5 〃
Propane 〃


Hexane Similar stain is produced. 0.4 The top of discoloured layer becomes
FIG.1 unclear and higher readings are given.


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Temperature corrected value
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FIG.1 Influence of Hexane
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 5℃ 10℃ 20-40℃
(％) (32°F) (50°F) (68°F) (104°F)


10.0 4.0 5.6 8.0 10.0
8.0 3.0 4.5 6.1 8.0
6.0 2.3 3.2 4.3 6.0
4.0 1.6 2.0 2.6 4.0
2.0 1.0 1.2 1.5 2.0
1.0 0.6 0.7 0.8 1.0
0.5 0.4 0.5 0.5 0.5
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-60 ppm 0.5-1 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.2 ppm（200mr）
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Red


2. RELATIVE STANDARD  DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Carbon tetrachloride is decomposed and Phosgene is produced. By reacting with this Phosgene,
4-（p-Nitrobenzyl）-phridine and Benzylaniline, dyestuff is produced.


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBE


(white) (Olive)


PRETREAT TUBE


1 5 10 20 30 40 50 60


10
0m


l
pp


m


147S CARBON TETRACHLORIDE


Substance Interference ppm Coexistence
Phosgene Similar stain is produced. 2 Higher reading are given.
Halogenes FIG.1 〃
Halogenated hydrocarbons 〃FIG.2


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 40 50 60 78 －
50 34 42 50 62 76
40 27 34 40 46 57
30 21 25 30 33 38
20 15 17 20 21 22
10 9 10 10 10 10
5 5 5 5 5 5
1 1 1 1 1 1


（NOTE）
When the concentration is below 1 ppm, 2 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Temperature corrected value


6.CAUTION
When high concentration gas（over the full scale）is sampled, the indicator will be discoloured from pale yellow
to dark blue. If extremely high concentration gas is sampled, the detecting reagent may be faded and it is not
possible to distinguish with original colour.
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FIG.1 Influence of Chlorine
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FIG.2 Influence of Trichloroethylene


C
ar


bo
n 


te
tr


ac
hl


or
id


e
in


di
ca


tin
g 


va
lu


e 
〔


pp
m
〕


 


50 100


CCI4＋I2O5＋H2SO4


＋�


CH2 NHCH2


NO2 Ｎ
・
Ｈ�


COCI2


＋COCI2 DYESTUFF







Tube No.
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1. PERFORMANCE
1) Measuring range ：5-60 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary under 20℃（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTI0N
By discomposing with an Oxidizer, Sulphur dioxide is produced. Sulphur dioxide reacts with Alkali and PH 
indicator is discoloured.


COS＋CrO3＋H2SO4→SO2


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


DETECTOR TUBE


(white) (Yellow)


PRETREAT TUBE
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239S CARBONYL SULPHIDE


Substance Interference Coexistence
Sulphur dioxide Higher readings are given.
Hydrogen sulphide 〃
Carbon disulphide 〃


TEMPERATURE CORRECTION TABLE
Scale Corrected Concentration (ppm)


Readings 0℃ 10℃ 20-40℃
(ppm) (32°F) (50°F) (68-104°F)


60 85 70 60
50 75 60 50
40 60 45 40
30 45 35 30
20 30 25 20
10 15 12 10
5 7 6 5
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-40 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.3 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellowish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
0-Toluidine is oxidized and Orthoquinone is produced.


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump1 3 5 10 15 20 25 30 35 40
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109SA CHLORINE


Substance ppm Interference ppm Coexistence 
Bromine 0.1 Similar stain is produced. 1 Higher readings are given.
Chlorine dioxide 0.3 〃 1 〃


Chlorine The top of discoloured layer be-
Nitrogen dioxide Pale yellow stain is produced. conc.×1/2 comes unclear higher readings


are given.


CI2＋H2N NH2 CINH2＝� NH2CI＝�


CH3 CH3


＝�


CH3 CH3







Tube No.
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1. PERFORMANCE
1) Measuring range ：0.5-10 ppm 0.125-2.5 ppm 0.1-2.0 ppm


Number of pump strokes 1（100mr） 4（400mr） 5（500mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.06 ppm（500mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Pale orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
0-Toluidine is oxidized and Orthoquinone is produced.


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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109SB CHLORINE


Substance Interference ppm Coexistence
Bromine Pale yellow stain is produced. 1 Higher readings are given.
Chlorine dioxide 〃 1 〃
Nitrogen dioxide 〃 Chlorine conc.×1/5 〃
Nitrogen trichloride 〃 5 〃


（NOTE）
When the concentration is below 2 ppm, 4 or 5 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝Reading value×1 / Number of strokes


H2N NH2＋CI2 NH2CICINH2＝� ＝�


CH3 CH3


＝�


CH3 CH3







1. PERFORMANCE
1) Measuring range ：0.1-2 ppm 0.05-1 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.01 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct readingfrom the scale calibrated by 1 pump stroke
7) Colour change ：White→Pale purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with 3, 3’-Dimethylnaphthidine, Nitroso-compound is produced.


CI2＋3, 3’-Dimethylnaphthidine→Nitroso-compound


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Tube No.


109U CHLORINE
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Substance Interference ppm Coexistence


Hydrogen chloride The accuracy of readings is not Chlorine Higher readings are given.FIG.1 affected. conc.×20
Nitrogen dioxide FIG.2 Similar stain is produced. 〃


（NOTE）
In case of 2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value
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Hydrogen chloride〔ppm〕�
FIG.1 Influence of Hydrogen chloride
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FIG.2 Influence of Nitrogen dioxide
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1. PERFORMANCE
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.3 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Concentration chart method
8) Colour change ：White→Reddish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
0-Toluidine is oxidized and Orthoquinone is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump
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Tube No.


116 CHLORINE DIOXIDE
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Substance Interference ppm Coexistence
Nitrogen dioxide FIG.1 Similar stain is produced. 1 Higher readings are given.
Chlorine FIG.2 〃 1 〃
Bromine FIG.3 〃 1 〃


0


20


10


Nitrogen dioxide〔ppm〕�
FIG.1 Influence of NItrogen dioxide
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Chlorine〔ppm〕�
FIG.2 Influence of Chlorine
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Bromine〔ppm〕�
FIG.3 Influence of Bromine
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TEMPERATURE CORRECTION TABLE
Chart Correct Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


20 － 30 20 15 12
15 － 22 15 11 10
10 26 15 10 8 7
5 13 8 5 4 3.5
3 6 5 3 2.8 2.5
1 1 1 1 1 1
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1. PERFORMANCE
1) Measuring range ：5-140 ppm 1-5 ppm
Number of pump strokes 1（100mr） 5（500mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.5 ppm（500mr）
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Pale brown


2. RELATIVE STANDARD DEVIATION
RSD-low：20％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
lodine pent-oxide is reduced.


C6H5CI＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBE


(white)
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178SB CHLOROBENZENE
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Substance Interference ppm Coexistence
Ethyl benzene Similar stain is produced. Higher readings are given.
Toluene FIG.1 〃 〃
Xylene FIG.2 〃 〃
Benzene 〃 〃


Carbon monoxide Whole reagent is changed to 50 〃FIG.3 the similar stain’s colour.
Hexane 〃 100 〃
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FIG.1 Influence of Toluene
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FIG.2 Influence of Xylene
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FIG.3 Influence of Carbon monoxide
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（NOTE）
When the concentration is below 5 ppm, 5 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/5×Reading value
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1. PERFORMANCE
1) Measuring range ：70-500 ppm 35-250 ppm 23-167 ppm


Number of pump strokes 2（200mr） 3（300mr） 4（400mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：20 ppm（400mr）
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：White→Yellowish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：20％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
Chlorine is produced by an Oxidizer.


CrO3＋H2SO4→（O）
CHCI3＋（O）→CI2＋H2O＋CO
CI2＋C14H16N2→C14H14N2＋2HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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(Olive) (white)
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Substance Interference ppm Coexistence
Halogens Similar stain is produced. Higher readings are given.
Halogenated hydrocarbons 〃 〃
n-Hexane FIG.2 200 Lower readings are given.


（NOTE）
In case of 3 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Temperature corrected value.
In case of 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/3×Temperature corrected value.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (50°F) (59°F) (68°F) (95°F) (95°F)


500 － － 500 335 260
400 － 520 400 280 215
300 590 390 300 215 165
200 380 260 200 145 115
100 180 130 100 80 65


70 120 85 70 60 50
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FIG.1 Influence of Toluene
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FIG.2 Influence of n-Hexane
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1. PERFORMANCE
1) Measuring range ：0.1-16 ppm 0.05-8 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.02 ppm（200mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
CI3CNO2＋CrO5＋H2SO4→COCI2


COCI2＋Nitro-benzyl pyridine→DYESTUFF


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump1614121086421
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Tube No.


172S CHLOROPICRIN


（NOTE）
In case of 2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value.







1. PERFORMANCE
1) Measuring range ：1-20 ppm 0.5-10 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.01 ppm（200mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（20-40℃）（See"TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Greenish yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with an Oxidizer, Hydrogen chloride is produced and PH indicator is discoloured.


CH2＝CCICH＝CH2＋CrO3＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBE


(White)
(Orange)


PRETREAT TUBE


10864210
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Tube No.


169S CHLOROPRENE
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Substance Interference ppm Coexistence
Acetylene The accuracy of readings is not affected. 1％ Lower readings are given.
Ethylene 〃 〃
Hydrogen chloride 1,000 Higher readings are given.
Chlorine Similar stain is produced. 〃
Vinyl chlorine 〃 〃


（NOTE）
In case of 1 pump stroke, following formula is available for the actual concentration.
Actual concentration＝2×Temperature corrected value.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃-10℃ 30℃ 35℃ 40℃
(ppm) (32-50°F) (86°F) (95°F) (104°F)


16.0 16.0 14.3 13.6 12.1
14.0 14.0 12.6 11.9 10.6
12.0 12.0 11.1 10.5 9.3
10.0 10.0 9.5 9.0 8.0
8.0 8.0 7.6 7.2 6.4
6.0 6.0 5.8 5.4 4.8
4.0 4.0 3.8 3.5 3.1
2.0 2.0 1.9 1.8 1.5
1.0 1.0 1.0 0.9 0.8
0.5 0.5 0.5 0.45 0.4







1. PERFORMANCE
1) Measuring range ：0.5-25.0 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.3 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Pale yellow→Pale brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Cresol is oxidized and the polymer is produced.


CH3C6H4OH＋Ce4＋→CH3C6H4O→（CH3C6H4O）n


4. CALIBRATION OF THE TUBE
ABSORPTIOMETRIC METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence
Phenols FIG.1 Similar stain is produced. 2.5 Higher readings are given.


Ammonia White stain is produced. 200 Discolouration of gas inlet side is
FIG.2 faded and higher reading are given.


Aliphatic amines 〃 50 〃
Two layers discolouration of Pale


Aromatic amines Blue stain is produced. 50 brown and blue are produced and
higher reading are given.


（NOTE）
This tube scale is calibrated based on Phenol and the same scale is available for Cresol.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (50°F) (59°F) (68°F) (95°F) (104°F)


25.0 31.2 27.8 25.0 21.8 18.8
20.0 24.5 22.3 20.0 17.5 15.0
15.0 18.4 16.7 15.0 13.1 11.3
10.0 12.3 11.1 10.0 8.8 7.5
5.0 6.1 5.6 5.0 4.4 3.8
3.0 3.7 3.3 3.0 2.6 2.3
1.0 1.2 1.1 1.0 0.9 0.8
0.5 0.5 0.5 0.5 0.5 0.5







1. PERFORMANCE
1) Measuring range ：0.01-0.6％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：3 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C6H12＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence
Benzene FIG.1 Black stain is produced. 400 Higher readings are given.
Toluene FIG.2 〃 800 〃
Xylene 〃 2,000 〃


Acetylene Whole layer is discoloured to 〃Dark green.
Ethylene Similar stain is produced. 〃
Paraffin hydrocarbons 〃 〃


＊ In presence of Alcohols, Ketones or Esters less than 6％, the accaracy of readings is not affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 10℃ 15℃ 20℃ 30℃ 40℃
(％) (50°F) (59°F) (68°F) (86°F) (104°F)


0.6 0.73 0.65 0.60 0.52 0.48
0.5 0.60 0.55 0.50 0.45 0.42
0.4 0.48 0.44 0.40 0.37 0.35
0.3 0.35 0.32 0.30 0.28 0.27
0.2 0.22 0.21 0.20 0.19 0.18
0.1 0.10 0.10 0.10 0.10 0.10







1. PERFORMANCE
1) Measuring range ：5-500 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C6H11OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95°F) (95°F)


500 － － 500 380 280 210 160
400 － 520 400 300 230 170 130
300 － 400 300 220 170 130 100
200 － 270 200 140 110 90 70
100 230 140 100 90 70 50 40
50 90 70 50 40 35 20 15
30 50 40 30 25 18 14 10
10 18 13 10 8 6 4 2
5 9 7 5 4 3 2 1


Substance Interference Coexistence 


Aliphatic hydrocarbons Whole reagent is changed to Pale The accuracy of reading is not
brown. affected.


Aromatic hydrocarbons 〃 〃
Halogenated hydrocarbons 〃 〃
Alcohols FIG.1 Similar stain is produced. Higher readings are given.


Esters Pale ringed stain is produced near The accuracy of reading is not 
the bottom of the reagent. affected.







1. PERFORMANCE
1) Measuring range ：2-100 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C6H10O＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 


Aliphatic hydrocarbons Whole stain is changed to brown. The accuracy of reading is not
affected.


Aromatic hydrocarbons 〃 〃
Halogenated hydrocarbons 〃 〃
Alcohols FIG.1 Similar stain is produced. Higher readings are given.


Esters Pale ringed stain is produced near The accuracy of reading is not 
the bottom of the reagent. affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


100 － 100 75 60
80 120 80 62 50
60 84 60 46 37
40 52 40 30 25
20 26 20 16 13
10 14 10 8 7


2 3 2 2 1







1. PERFORMANCE
1) Measuring range ：10-250 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethyl cellosolve at 3 pump strokes


and Diacetone alcohol concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
（CH3）2C（OH）CH2COCH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Halogenated hydrocarbons 〃


Aliphatic hydrocarbons Whole reagent is discoloured to It the top of Pale blue stain is clear,the
Pale brown. accuracy of readings is not affected.


Aromatic hydrocarbons 〃 〃
Esters 〃 〃
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TEMPERATURE CORRECTION TABLE
Conver. Corrected Concentration (ppm)


value 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


250 － 380 250 170 130 90 70
200 440 300 200 140 100 80 60
150 330 210 150 110 80 60 50
100 200 130 100 80 60 40 30
50 80 60 50 40 30 20 16
30 50 40 30 23 18 12 8
10 16 14 10 8 6 4 3


190U C







1. PERFORMANCE
1) Measuring range ：0.1-5 ppm 0.05-2.5 ppm 0.02-1.0 ppm 


Number of pump strokes 1（100mr） 2（200mr） 5（500mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.01 ppm（500mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Operating Humidity ：No corrections are necessary in case of 1 or 2 pump strokes.


In case of 5 pump strokes, the available humidity range is up 
to 25mg H2O/r［～30℃（86°F）, 80％R.H.］.


7) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
8) Reading ：Direct reading from the scale calibrated by 1 pump stroke
9) Colour change ：Pale yellow→Reddish purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Mercuric cholride, Hydrogen chloride is liberated and PH indicator is discoloured.
B2H6＋HgCI2→HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Arsine FIG.2 Higher readings are given.
Phosphine FIG.1 〃
Hydrogen selenide 〃
Monosilane 〃（Boundery is unclear.）
Disilane 〃（ 〃　　）
Monogermane Not affected.


（NOTE）
In case of 2 and 5 strokes, the following equation is available for the actual concentration.
2 pump strokes：Actual concentration＝Temperature corrected value÷2
5 pump strokes：Actual concentration＝Temperature corrected value÷5
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TEMPERATURE CORRECTION TABLE
Scale Corrected Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


5 － 9 5 3.5 2.5
4 － 7 4 3 2
3 － 5 3 2.5 1.5
2 8 3 2 1.5 1.3
1 1.5 1 1 1 0.8


0.5 0.5 0.5 0.5 0.5 0.5
0.1 0.1 0.1 0.1 0.1 0.1







1. PERFORMANCE
1) Measuring range ：5-100 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H4CI2＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Similar stains are produced. Higher readings are given.
Paraffin hydrocarbons Whole reagent is changed to Dark 〃（more than C3） FIG.3 brown.
Halogenated hydracarbons 〃 〃
Esters 〃 〃
Aromatic hydrocarbons FIG.1,2 〃 〃
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1. PERFORMANCE
1) Measuring range ：10-150 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：6 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Blueish purple


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with an Oxidizer, Hydrogen chloride is prodaced and PH indicator is discoloured.


C6H4CI2＋PbO2＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 


Benzene Similar stains are produced and higher
readings are given.


Toluene 〃
Blueish green stains are produced and


Hexane the top of discoloured layer becomes 〃
unclear.


Ethanol The accuracy of reading is not affected. The accuracy of reading is not affected.


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


150 － － 150 108 66 48 30
100 － － 100 72 46 37 26
50 110 80 50 28 26 21 16
20 50 27 20 14 10 8 6
10 22 15 10 8 6 5 4
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1. PERFORMANCE
1) Measuring range ：10-160 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：3 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Operating Humidity ：20-90 R.H.％
7) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
8) Reading ：Direct reading from the scale calibrated by 1 pump stroke
9) Colour change ：White→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：10％


3. CHEMICAL REACTION
Chlorine is produced by decomposing with an Oxidizer.
By reacting between this Chlorine and 3, 3’-Dimethylnaphthidine,Nitroso-compound is produced.


CH3CHCI2＋CrO3＋H2SO4→CI2


CI2＋3, 3’-Dimethylnaphthidine→Nitroso-compound


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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235S 1,1-DICHLOROETHANE


Substance Interference ppm Coexistence 
Nitrogen oxides Similar stain is produced. Higher readings are given.
Halogens 〃 〃
Halogenated hydrocarbons 〃 〃


Alcohols The accuracy of readings is not 400 Lower readings are given.affected.
Hexane FIG.1 〃 20 〃
Toluene FIG.2 〃 20 〃
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


160 205 180 160 130 105
140 180 160 140 115 90
120 150 135 120 100 80
100 125 115 100 85 65
80 100 90 80 65 55
60 75 70 60 50 40
40 50 45 40 35 30
20 25 23 20 17 15
10 10 10 10 10 10
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1. PERFORMANCE
1) Measuring range ：5-50 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chlorine is produced by decomposing with an Oxidizer.
By reacting between this Chlorine and 3, 3’-Dimethylnaphthidine, Nitroso-compound is produced.


CICH2CH2CI＋CrO3＋H2SO4→CI2


CI2＋3, 3’-Dimethylnaphthidine→Nitroso-compound


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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230S 1,2-DICHLOROETHANE


Substance Interference ppm Coexistence 
Nitrogen oxides Similar stain is produced. Higher readings are given.
Halogens 〃 〃
Halogenated hydrocarbons 〃 〃


Hexane The accuracy of readings is not 100 Lower readings are given.FIG.1 affected.
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1. PERFORMANCE
1) Measuring range ：2-30 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：40 seconds/1 pump stroke
3) Detectable limit ：0.5 ppm
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellowish green→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Hydrogen chloride is produced and PH indicator is discoloured.
（CICH2CH2）2O＋CrO3＋H2SO4→2HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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223S 2,2-DICHLOROETHYL ETHER


Substance Interference Coexistence 
Halogenated hydrocarbons Similar stain is produced. Higher readings are given.
Aliphatic hydrocarbons The accuracy of readings is not
（more than C3） affected.
Aromatic hydrocarbons 〃
Alcohols 〃
Esters Higher readings are given.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (32°F) (41°F) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


30 65 53 49 37 30 24 19 14 9
25 45 40 35 30 25 20 16 12 8
20 32 30 27 23 20 17 13 10 6
15 21 20 19 17 15 13 10 7 5
10 14 14 13 12 10 9 7 5 4
5 7 7 6 6 5 4 3 2 1
2 3 3 3 2 2 2 1 1 1
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1. PERFORMANCE
1) Measuring range ：5-400 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：3 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Reddish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chlorine is produced by an Oxidizer. By reacting between this Chlorine and o-Toluidine, Orthoquinone is


produced.
CICH＝CHCI＋PbO2＋H2SO4→CI2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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145S 1,2-DICHLOROETHYLENE


Substance Interference ppm Coexistence
Trichloroethylene FIG.1 Similar stain is produced. 3 Higher readings are given.
Tetrachloroethylene FIG.2 〃 3 〃
Vinyl chloride 〃 5 〃
Chloride 〃 15 〃
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FIG.1 Influence of Trichloroethylene
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FIG.2 Influence of Tetrachloroethylene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


400 570 465 400 330 280
300 420 350 300 235 205
200 290 235 200 160 145
150 220 180 150 130 115
100 145 120 100 90 70
50 65 58 50 45 40
30 40 35 30 26 22
10 10 10 10 10 10







Tube No.


100


1. PERFORMANCE
1) Measuring range ：30-1,000 ppm 10-200 ppm


Number of pump strokes 2（200mr） 4（400mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm（400mr）
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：5～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：White→Reddish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
Chlorine is produced an Oxidizer. By reacting between this Chlorine and o-Toluidine, Orthoquinone is produced.


CH3OCI3＋CrO3＋H2SO4→CI2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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180S DICHLOROMETHANE


Substance Interference Coexistence 
Halogens or Halogenated hydrocarbons Similar stain is produced. Higher readings are given.


FIG.1


（NOTE）
When the concentration is below 200 ppm, 4 pump strokes can be used to determine the lower concentration
Following formula is available for the actual concentration.
Actual concentration＝1/3×Temperature corrected value.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 5℃ 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (41°F) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


1,000 － － 1,230 1,000 820 670 550 450
800 － 1,190 990 800 660 530 440 360
600 1,120 900 740 600 500 400 330 270
400 720 600 500 400 330 260 220 180
200 360 300 250 200 165 135 110 90
100 170 145 120 100 80 65 50 45
30 50 45 35 30 25 20 15 10







Tube No.


101


1. PERFORMANCE
1) Measuring range ：10-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, chlorine is produced. Yellowish Orthoquinone is produced by reacting
between this Chlorine and o-Toulidine.


CH2CICH2CH2CI＋ I2O4＋CrO3＋H2SO4→CI2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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194S 1,3-DICHLOROPROPANE


Substance Interference Coexistence 


Alcohols The accuracy of readings is not affected. The accuracy of readings is not 
affected.


Esters 〃 〃
Aromatic hydrocarbons 〃 〃
Aliphatic hydrocarbons 〃 〃FIG.1
Halogenated hydrocarbons Similar stain is produced. Higher readings are given.FIG.2
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


500 － 685 500 415 350
400 － 550 400 330 275
300 － 400 300 240 200
200 380 265 200 165 130
100 175 130 100 75 60
50 90 70 50 40 37
30 55 40 30 20 15
10 20 14 10 7 5


H2N NH2＋CI2 NH2CICINH2＝� ＝�


CH3 CH3


＝�


CH3 CH3







Tube No.


102


1. PERFORMANCE
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.3 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Phosphoric, PH indicator is discoloured.
（C2H5）2NH＋H3PO4→［（C2H5）2NH］HPO4


4. CALIBRATION OF THE TUBE
VAPOUR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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222S DIETHYL AMINE


Substance Interference Coexistence 
Ammonia Similar stain is produced. Higher readings are given.
Other Amines 〃 〃
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1. PERFORMANCE
1) Measuring range ：0.04-1.4％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C2H5OC2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


Tube No.


107SA DIETHYL ETHER


Substance Interference ppm Coexistence 


Acetylene 3％ Whole reagent is changed to
Brown.


Propane 0.2％ 〃
Other organic gases and va-
pours except Halogenated Similar stain is produced. 50 Higher readings are given.
hydrocarbons


TEMPERATURE CORRECTION TABLE
Chart True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


1.4 1.8 1.6 1.4 1.3 1.1
1.2 1.5 1.4 1.2 1.1 0.9
1.0 1.2 1.1 1.0 0.9 0.8
0.8 0.9 0.9 0.8 0.7 0.6
0.6 0.6 0.6 0.6 0.6 0.5
0.5 0.5 0.5 0.5 0.5 0.4
0.4 0.4 0.4 0.4 0.4 0.3
0.3 0.3 0.3 0.3 0.3 0.3







1. PERFORMANCE 
1) Measuring range ：20-400 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid：10％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


C2H5OC2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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DIETHYL ETHER


104


Tube No.


107U


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Esters 〃 〃
Ketones 〃 〃


Aromatic hydrocarbons Whole reagent is changed to Pale 〃brown.


TEMPERATURE CORRECTION TABLE
Chart True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


400 640 400 290 230
300 480 300 220 180
200 320 200 150 120
150 240 150 110 90
100 160 100 80 60
50 90 50 40 30
20 40 20 20 10







Tube No.


105


1. PERFORMANCE
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.
（CH3）2NH＋H3PO4→（CH3NH3）2HPO4


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump20181614121086421


10
0m


l
pp


m


DEHUMIDIFIER
(White)


��
��
��


����
����
����


��
��
��


227S DIMETHYL AMINE


Substance Interference Coexistence 
Ammonia Similar stain is produced. Higher readings are given.
Other Amines 〃 〃
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Tube No.


1. PERFORMANCE 
1) Measuring range ：0.01-1.2％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3OCH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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123S DIMETHYL ETHER


Substance Interference ppm Coexistence 


Acetylene 3％ Whole reagent is changed to
Brown.


Propane 0.2％ 〃
Other organic gases or vapours Similar stain is produced. Higher readings are given.except Halogenated hydrocarbons







Tube No.


107


1. PERFORMANCE
1) Measuring range ：0.05-2.5％


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Methyl ethyl ketone at 2 pump


strokes and 1,4-Dioxane concentration is determined by using a conversion chart.
7) Colour change ：Orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Tube No.


139SB C 1, 4-DIOXANE


O O＋Cr6＋＋H2SO4→Cr3＋CH2CH2


CH2CH2


Substance Interference ppm Coexistence


Acetylene 3％ Whole reagent is discoloured to
Brown.


Propane 0.2％ 〃
Other organic or vapours
except Halogenated hydro- Similar stain is produced. Higher reading are given.
carbons


Dioxane（％）�
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Methyl alcohol at 1 pump stroke


and 1,4-Dioxane concentration is determined by using a conversion chart.
8) Colour change ：Orange→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Pottassium dichromate is reduced.


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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O O＋Cr6＋＋H2SO4→Cr3＋CH2CH2


CH2CH2


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


500 700 600 500 470 440
400 480 440 400 370 350
300 370 330 300 280 260
200 250 220 200 190 170
100 130 110 100 90 85
50 65 60 50 45 40
20 25 23 20 18 15


Substance ppm Interference ppm Coexistence 
Alcohols Similar stain is produced. Higher readings are given.


Toluene 200 Whole reagent is changed to 500 The top of discoloured layer
Brown. becomes unclear.


Hexane The accuracy of readings is not below The accuracy of readings is 
affected. 1,000ppm not affected.


Ethyl acetate 〃 〃 〃
Trichloroethylene 〃 〃 〃


1,4-Dioxane concentration（ppm）�
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Tube No.


109


1. PERFORMANCE
1) Measuring range ：5-50 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：2 minutes/3 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Greenish yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Hyrogen chloride is produced and PH indicator is discoloured.


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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192S EPICHLOROHYDRIN


CH2CHCH2Cl＋CrO3＋H2SO4→HCl


O


Substance Interference Coexistence 
Halogenated hydrocarbons Similar stain is produced. Higher readings are given.


FIG.1


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (32°F) (41°F) (50°F) (59°F) (68°F) (86°F) (104°F)


50 － － 70 60 50 42 37
40 － － 57 47 40 34 30
30 － 61 42 35 30 25 23
20 80 39 29 24 20 17 15
10 33 19 15 12 10 9 8
5 15 10 8 6 5 5 4
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FIG.1 Influence of Trichlorocthylene
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.1-5.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ： 0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2C2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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111SA ETHYL ACETATE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


5.0 － － 5.0 4.0 3.0
4.5 － － 4.5 3.6 2.7
4.0 － 5.8 4.0 3.2 2.4
3.5 － 5.0 3.5 2.8 2.1
3.0 － 4.2 3.0 2.3 1.7
2.5 － 3.5 2.5 1.9 1.4
2.0 － 2.6 2.0 1.5 1.1
1.5 2.6 1.9 1.5 1.1 0.7
1.0 1.5 1.2 1.0 0.7 0.4
0.5 0.6 0.6 0.5 0.3 0.2
0.3 0.4 0.3 0.3 0.2 0.1
0.1 0.1 0.1 0.1 0.1 0.1


Substance Interference ppm Coexistence


Acetylene 3％ Whole reagent is discoloured to 
Brown.


Propane 0.2％ 〃
Other organic or vapours
except Halogenated hydro- Similar stain is produced. 50 Higher reading are given.
carbons







Tube No.


111


1. PERFORMANCE
1) Measuring range ：20-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life : ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2C2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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111U ETHYL ACETATE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


1,000 1,330 1,200 1,000 830 700 600 500
800 1,080 950 800 670 550 470 400
600 830 720 600 500 420 380 300
400 570 480 400 330 280 240 200
200 280 240 200 170 140 120 100
100 150 120 100 80 70 60 50
50 70 60 50 40 30 20 10
20 30 25 20 15 10 7 4


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher reading are given.
Esters 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Whole reagent is discoloured to It the top of brown stain is clear,
Paraffin hydrocarbons the accuracy of readings is notPale brown. affected.
Halogenated hydrocarbons 〃 〃FIG.1
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-60 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life : ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Methyl acrylate at 2 pump strokes


and Ethyl acrylate concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCO2CH2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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211U C ETHYL ACRYLATE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 80 70 60 52 44
40 52 46 40 34 28
20 27 23 20 17 15
10 14 12 10 9 7


5 7 6 5 4 3


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher reading are given.
Paraffin hydrocarbons Whole reagent is discoloured to 〃（more than C3） Dark  brown.
Halogenated hydrocarbons 〃 〃
Esters 〃 〃
Aromatic hydrocarbons FIG.1,2 〃 〃
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FIG.2 Influence of Hexane
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1. PERFORMANCE
1) Measuring range ：0.05-5.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：100 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellowish orange→Pale green（The top of discoloured lauer is Brown, but read


at the top Pale green.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C2H5OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump5.
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104SA
ETHYL ALCOHOL
（ETHANOL）


Substance Interference Coexistence
Paraffin hydrocarbons


Similar stain is produced. Higher reading are given.（over C3）
Alcohols 〃 〃
Esters 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


If the top of discolouration by


Halogenated hydrocarbons Pale brown stain is produced. Ethanol can be obtained, the
accuracy of readings is not
affected.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


5.0 － － 5.0 3.9 3.2
4.0 － － 4.0 3.2 2.6
3.0 － － 3.0 2.4 2.0
2.0 － － 2.0 1.6 1.3
1.0 － 1.9 1.0 0.8 0.7
0.5 － 0.8 0.5 0.4 0.3
0.3 0.9 0.4 0.3 0.3 0.2
0.1 0.1 0.1 0.1 0.1 0.1
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, Ph indicator is discoloured.


CH3CH2NH2＋H3PO4→（CH3NH3）2HPO4


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump20181614121086421
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227S ETHYL AMINE


Substance Interference Coexistence
Ammonia Similar stain is produced. Higher reading are given.
Other amines 〃 〃


（NOTE）
This tube scale is calibrated based on Methyl amine and the same scale is available for Ethyl amine.
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1. PERFORMANCE
1) Measuring range ：10-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：1.5 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H5C2H5＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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179S ETHYL BENZENE


Substance Interference ppm Coexistence
Benzene Similar stain is produced. 10 Higher readings are given.
Toluene 〃 25 〃
Xylene 〃 50 〃


Methanol The accuracy of readings is not 1％ 〃affected.
Hexane Pale brown stain is produced. 0.1％ 〃
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Tube No.
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1. PERFORMANCE
1) Measuring range ：5-500 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～35℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C2H5OCH2CH2OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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190U ETHYL CELLOSOLVE


Substance Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Paraffin hydrocarbons Whole reagent is changed to Brown. 〃（more than C3）
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons 〃 〃FIG.2


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95°F)


500 800 620 500 410 335 265
400 620 490 400 325 260 200
300 450 365 300 245 195 145
200 290 245 200 160 125 95
150 215 185 150 120 90 70
100 145 125 100 80 60 45
50 75 65 50 40 30 25
20 30 25 20 15 12 10


5 10 7 5 4 3 2
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1. PERFORMANCE
1) Measuring range ：5-150 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～35℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethyl cellosolve at 3 pump strokes


and Ethyl cellosolve acetate concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2CH2CH2OC2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


50
0


10
0


30
0


40
0


15
0


20
050205


30
0m


l
pp


m


(White)
DEHUMIDIFIER


190U C ETHYL CELLOSOLVE ACETATE


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Paraffin hydrocarbons Whole reagent is changed to 〃（more than C3） Pale Brown.
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons 〃 〃FIG.1
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95°F)


150 225 190 150 115 90 75
100 160 130 100 80 65 55
50 80 60 50 40 35 30
20 25 23 20 18 16 14
10 10 10 10 10 8 7


5 5 5 5 5 5 5
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.5-100 ppm 0.1-20 ppm


Number of pump strokes 1（100mr） 5（500mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.01 ppm（500mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Colour intensity method
7) Colour change ：Pale yellow→Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：　　RSD-mid.：　　RSD-high：


3. CHEMICAL REACTION
Molybdate is reduced and molybdeum blue is produced.


H2C＝CH2＋PdSO4＋（NH4）2MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS


REAGENT


First  section Second section


(Pale  yellow)
REAGENT


(Pale  yellow)


To pump


108B ETHYLENE


Substance Interference ppm Coexistence
Whole reagent is discoloured to


Hydrogen（over 40℃） Similar stain is produced. 10% Blue and higher readings are
given.


Saturated hydrocarbons 〃 Higher readings are given.
Acetylene Dark blue stain is produced. 〃
Carbon monoxide Green or Blue stain is produced. 〃
Hydrogen sulphide Black stain is produced. 1,000 〃
Hydrogen cyanide Original colour is faded to White. 〃


Benzene Yellowish orange or Yellowish
brown stain is produced.


Carbon disulphide 〃
Chlorine 〃
Nitrogen dioxide 〃 1
Ammonia Original colour is faded. Lower readings are given.
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FIG.1 Influence of Carbon monoxide
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FIG.2 Influence of Hydrogen sulphide
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1. PERFORMANCE
1) Measuring range ：20-1,200 ppm


Number of pump strokes ：1（100mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Molybdate is reduced and molybdeum blue is produced.


H2C＝CH2＋PdSO4＋（NH4）2MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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108SA ETHYLENE


Substance ppm Interference Coexistence


Carbon monoxide 10 Whole layer is discoloured to Higher readings are given.FIG.1 Green.
Hydrogen sulphide FIG.2 500 Black stain is produced. 〃
Acetylene 20 Similar stain is produced. 〃
Propylene 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


1,200 950 1,100 1,200 1,300 1,350
1,000 800 900 1,000 1,050 1,100


800 650 720 800 820 840
600 650 550 600 600 600
400 400 400 400 400 400
200 200 200 200 180 150
100 100 100 100 50 －
50 70 60 50 － －
20 40 30 20 － －
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-50 ppm


Number of pump strokes ：1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.2 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Bromine is produced by an Oxidizer. By reacting between this Bromine and o-Toluidine, Orthoquinone is produced


BrCH2CH2Br＋ I2O4＋CrO3＋H2SO4→Br2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBE


(Olive) (White)
(Orange)


PRETREAT TUBE


PRETREAT REAGENT


504030301051
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166S ETHYLENE DIBROMIDE


Substance Interference ppm Coexistence
Halogens Similar stain is produced. Higher readings are given.


Halogenated hydrocarbons 〃 〃


Hexane The accuracy of readings is not 200 Lower readings are given.FIG.1 affected.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃
(ppm) (50°F) (59°F) (68°F) (77°F) (80°F) (95°F)


50 － － 82 50 42 39
40 － 80 58 40 35 33
30 98 56 40 30 27 26
20 50 40 30 20 18 18
10 16 14 12 10 10 10
5 7 7 6 5 5 5
1 1 1 1 1 1 1
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1. PERFORMANCE
1) Measuring range ：20-250mg/m3


Number of pump strokes ：2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5mg/m3


4) Shelf life ：2 years
5) Operating temperature ：20～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Formic acid is produced and PH indicator is discoloured.


HOCH2CH2OH＋HIO4→2HCHO＋HIO3＋H2O
HCHO＋HIO4＋H2SO4→HCOOH＋HIO3


HCOOH＋NaOH→Na（HCOO）＋H2O


4. CALIBRATION OF THE TUBE 
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBE
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232SA ETHYLENE GLYCOL


Substance Interference Coexistence 
Aldehydes Similar stain is produced. Higher readings are given.
Sulphur dioxide 〃 〃
Ethylene oxide 〃 〃


Hydrogen sulphide Orange/Pink stain is produced. Accurate measurement can not 
be done.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (mg/m3)


Readings 20℃ 22℃ 25℃ 30℃ 40℃
(mg/m3) (68°F) (71.6°F) (77°F) (86°F) (104°F)


250 － 370 250 200 155
200 － 260 200 165 130
150 270 170 150 125 105
100 120 110 100 85 75
50 60 55 50 45 40
30 23 20 20 18 15
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Tube No.


1. PERFORMANCE
1) Measuring range ：3-40mg/m3


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：1mg/m3


4) Shelf life ：3 years
5) Operating temperature ：15～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Pale pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Formic acid is produced and PH indicator is discoloured.


HOCH2CH2OH＋HIO4→2HCHO＋HIO3＋H2O
HCHO＋HIO4＋H2SO4→HCOOH＋HIO3


HCOOH＋NaOH→Na（HCOO）＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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232SB ETHYLENE GLYCOL


Substance Interference Coexistence 
Aldehydes Similar stain is produced. Higher readings are given.
Sulphur dioxide Brownish yellow stain is produced. 〃
Hydrogen sulphide 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (mg/m3)


Readings 15℃ 20℃ 30℃ 40℃
(mg/m3) (68°F) (71.6°F) (77°F) (86°F)


40 67 40 32 25
30 50 30 24 19
20 34 20 16 12
10 17 10 8 6
5 8 5 4 3
3 5 3 2.5 2
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1. PERFORMANCE
1) Measuring range ：1.0-4.0％ 0.01-1.8％


Number of pump strokes ：1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichomate is reduced.


CH2CH2O＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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122SA ETHYLENE OXIDE


Substance Interference ppm Coexistence
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Esters FIG.2 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Halogenated hydrocarbons Whole reagent is discoloured to 0.5％ 〃Pale brown.


Ethanol is indicated with half the sensitivity, Ethyl acetate has the same sensitivity with Ethylene oxide.
（NOTE）
1）If the discolouration exceeds the scale, replace the tube with new one and pull the handle at half stroke（to 50mr


line）. And read the concentration.
2）Correct the reading value with the temperature correction table first, and convert the value into an actual 


concentration by using the conversion scale shown in the instruction sheet.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


1.8 － 2.00 1.80 1.70 1.64
1.6 2.06 1.78 1.60 1.50 1.46
1.4 1.84 1.58 1.40 1.35 1.28
1.2 1.60 1.34 1.20 1.14 1.09
1.0 1.31 1.12 1.00 0.93 0.88
0.8 1.08 0.91 0.80 0.73 0.68
0.6 0.86 0.70 0.60 0.54 0.49
0.4 0.63 0.49 0.40 0.34 0.30
0.2 0.36 0.26 0.20 0.16 0.13
0.1 0.20 0.14 0.10 0.08 0.06


0.01 0.05 0.02 0.01 0.01 0.01


Conversion
scale (I)   


（50mR actual value）�


（100mR concentration scale）�
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％
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-100 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.5 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Formic acid is produced and PH indicator is discoloured.


CH2CH2O＋H2SO4→HOCH2CH2OH


HOCH2CH2OH＋HIO4→2HCHO＋HIO3＋H2O
HCHO＋HIO4＋H2SO4→HCO2H＋HIO3


HCO2H＋NaOH→Na（HCOO）＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


DETECTOR TUBE


(White)


PRETREAT TUBE


10
080604020105


��
��
��


122SB ETHYLENE OXIDE


Substance Interference Coexistence 
Formaldehyde Similar stain is produced. Higher readings are given.
Propylene 〃 〃


Acetone Yellow stain is produced a little on Lower readings are given.the gas inlet edge.


Diethyl ether Pale orange stain is produced a 〃little on the gas inlet edge.


TEMPERATURE CORRECTION TABLE
Scale Corrected Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


100 － 125 100 80 70
80 － 100 80 64 56
60 140 75 60 48 42
40 80 50 40 32 28
20 32 25 20 17 14
10 15 12 10 9 7
5 7 6 5 5 4
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1. PERFORMANCE
1) Measuring range ：1-15 ppm


Number of pump strokes ：3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：3 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Pale pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.： 5％　RSD-high：5％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Formic acid is produced and PH indicator is discoloured.


CH2CH2O＋H2SO4→HOCH2CH2OH
HOCH2CH2OH＋HIO4→2HCHO＋HIO3＋H2


HCHO＋HIO4＋H2SO4→HCOOH＋HIO3


HCOOH＋NaOH→Na（HCOO）＋O2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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PRETREAT TUBE


151051
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122SC ETHYLENE OXIDE


Substance Interference Coexistence 
Aldehydes FIG.2 Similar stain is produced. Higher readings are given.
Sulphur dioxide Pale yellow stain is produced. 〃
Hydrogen sulphide FIG.1 〃 〃
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FIG.2 Influence of Formaldehyde
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15-25℃ 30℃ 40℃
(ppm) (50°F) (59°F) (86°F) (77°F)


15 19 15 13 10
10 12.5 10 8.5 7
5 6 5 4 3.5
1 1 1 1 1
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Tube No.


1. PERFORMANCE
1) Measuring range ：4-160 ppm 2-80 ppm 1-40 ppm


Number of pump strokes ：1（100mr） 2（200mr） 4（400mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.2 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Ethyl mercaptan reacts with Palladium sulphate.


C2H5SH＋PdSO4→（C2H5S）2Pd＋H2SO4


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump807060504030201052


20
0m


l
pp


m


(White)
H2S REMOVER * * H2S remover is effective up to 40 ppm H2S


165SA ETHYL MERCAPTAN


Substance ppm Interference ppm Coexistence 
Carbon monoxide 150 Dark grey stain is produced.
Ethylene 200
Hydrogen sulphide 40 Dark brown stain is produced.
Acetylene Pale brown stain is produced
Methyl mercaptan Reddish yellow stain is produced.
Methyl sulphide 1 Lower readings are given.
Nitrogen dioxide 1 〃
Chlorine 0.2 〃


（NOTE）
1）Max. 40 ppm of Hydrogen sulphide is eliminated by pretreat reagent.
2）In case of 1 or 4 pump strokes, following formula is available for the actual concentration.


Actual concentration＝Temperature corrected value×


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20-40℃
(ppm) (32°F) (50°F) (68-104°F)


80 91 85 80
70 80 75 70
60 69 64 60
50 57 53 50
40 45 42 40
30 33 31 30
20 21 20 20


2
Number of strokes







1. PERFORMANCE
1) Measuring range ：5-80 ppm 2.5-40 ppm


Number of pump strokes ：11/2（50mr） 1（100mr）
2) Sampling time ：30 minutes/ 1/2 pump strokes
3) Detectable limit ：1 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1/2 pump strokes
7) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride, Hydrogen chloride is produced and PH indicator is discoloured.


C2H5SH＋HgCl2→C2H5S（HgCl）＋HCl


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


80604020105


50
m


l
pp


mGAS To pump


(White)
DEHUMIDIFIER


Tube No.


165SB ETHYL MERCAPTAN
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Substance Interference ppm Coexistence
Hydrogen sulphide Similar stain is produced. Higher readings are given.
Phosphine 〃 〃
Other mercaptans 〃 〃
Arsine 〃 〃
Hydrogen selenide 〃 〃
Hydrogen cyanide 〃 〃


Nitrogen dioxide
The accuracy of readings is Lower readings are given.
not affected


Ammonia 〃 〃
Sulphur dioxide 〃


（NOTE）
In case of 1 pump strokes, divide the tube reading by 2.
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-10 ppm 0.5-5 ppm


Number of pump strokes ：1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by Methyl mercaptan at 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric cholride, Hydrogen chloride is produced and PH indicator is discoloured.


C2H5SH＋HgCI2→RS（HgCI）＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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DEHUMIDIFIER


130U ETHYL MERCAPTAN


Substance Interference Coexistence
Arsine Similar stain is produced. Higher readings are given.
Hydrogen selenide 〃 〃
Phosphine 〃 〃
Hydrogen sulphide 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃


Whole reagent is changed to 
Sulphur dioxide Pale red, but Pink stain indicates


Mercaptans conc.


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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1. PERFORMANCE
1) Measuring range ：20-1,500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD  DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Hydroxylamine phosphate, Phosphoric acid is liberated and PH indicator is discoloured.
HCHO＋（NH2OH）3・H3PO4→H3PO4＋HCH＝NOH＋H2O


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence
Other Aldehydes Similar stain is produced. Higher readings are given.
Ketones 〃 〃


Formal-


Methanol dehyde Lower readings are given.conc.
×1/2


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (32°F) (50°F) (68°F) (77°F) (86°F) (95°F) (104°F)


1,500 － － 1,500 900 690 530 410
1,000 － － 1,000 700 550 430 340


800 － 1,300 800 600 490 390 300
600 1,200 900 600 490 410 330 250
400 600 520 400 350 290 230 180
200 240 230 200 180 150 130 100
130 100 100 100 90 80 70 60
50 50 50 50 45 40 35 30
20 20 20 20 20 20 20 20
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-35 ppm


Number of pump strokes ：3（300mr）
2) Sampling time ：3 minutes/3 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 3 pump strokes
7) Colour change ：White→Brownish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
By reacting with Aromatic compounds, a polymer is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBE


(White)


PRETREAT TUBE


3530252015107531


pp
m


171SB FORMALDEHYDE


Substance Interference ppm Coexistence
Styrene Similar stain is produced. Higher readings are given.
Trichloroethylene 500 〃
Ethyl acetate 1,000 〃
Ether 1,000 〃
Acetaldehyde Similar stain is produced. 1 〃


HCHO＋　 ＋H2SO4 n＋H2O
C


H


H
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1. PERFORMANCE
1) Measuring range ：0.1-4.0 ppm 0.05-2.0 ppm


Number of pump strokes 5（500mr） 10（1000mr）
2) Sampling time ：5 minutes/5 pump strokes
3) Detectable limit ：0.03 ppm（1000mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 5 pump strokes
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reaction with Hydroxylamine phosphate acid is liberated and PH indicator is discoloured.


HCHO＋（NH3OH）3・H3PO4→H3PO4＋HCH＝NOH＋H2O


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump4.
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171SC FORMALDEHYDE


Substance ppm Interference ppm Coexistence 


Ammonia
The accuracy of readings is 10 Lower readings are given. Inlet
not affected. side is faded the discoloured layer.


Higher readings are given. The
Nitrogen dioxide 3 Similar stain is produced. 3 top of discoloured layer becomes


unclear.
Acetaldehyde 〃 Higher readings are given.


Toluene
The accuracy of readings is 
not affected.


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


4.0 6.4 4.0 2.4 1.6
3.5 5.6 3.5 2.1 1.4
3.0 4.8 3.0 1.8 1.2
2.5 4.0 2.5 1.5 1.0
2.0 3.2 2.0 1.2 0.8
1.5 2.4 1.5 0.9 0.6
1.0 1.6 1.0 0.6 0.4
0.5 0.8 0.5 0.3 0.2
0.3 0.5 0.3 0.18 0.12
0.1 0.16 0.1 0.06 0.04


（NOTE）
In case of 10 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Tmperature corrected value
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-50 ppm


Number of pump strokes ：1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.1 ppm（100mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE")
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


HCO2H＋NaOH→HCO2Na＋H2O


4. CALIBRATION OF THE TUBE
VAPOUR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump504030201051 3


10
0m


l
pp


m


216S FORMIC ACID


Substance ppm Interference ppm Coexistence 


Sulphur dioxide Similar stain is produced. HCO2Hconc. Higher readings are given.×1/20


Nitrogen dioxide 300 〃 10 The top of discoloured layer 
becomes unclear.


Hydrogen chloride Pink stain is produced. HCO2Hconc. Higher readings are given.FIG.1 ×2


Chlorine Blueish yellow stain is 5 〃FIG.2 produced.
Acetic acid Similar stain is produced. 〃
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FIG.1 Influence of Hydrogen chloride 
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FIG.2 Influence of Chlorine 
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20～40℃
(ppm) (32°F) (50°F) (68°F)


50 82 60 50
40 57 45 40
30 36 32 30
20 22 21 20
10 10 10 10
5 5 5 5
2 2 2 2


（NOTE）
This tube scale is calibrated based on Acetic acid and the same scale is available for Formic acid.
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1. PERFORMANCE
1) Measuring range ：0.2-2.0％ 0.01-0.9％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Ethylene oxide at 1 pump stroke


and Furan concentration is determined by using a conversion chart.
7) Colour change ：Orange→Black


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


O   
＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump
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122SA C FURAN


Substance Interference ppm Coexistence
Aromatic hydrocarbons FIG.1 Similar stain is produced. Higher readings are given.
Esters FIG.2 〃 〃
Ketones 〃
Alcohols FIG.3 〃 〃


Halogenated hydrocarbons Whole reagent is changed to 0.5％ 〃
Pale brown.


0


1.0


0.5


Toluene〔％〕�
FIG.1 Influence of Toluene
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FIG.2 Influence of Ethyl acetate
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FIG.3 Influence of Menthanol
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（NOTE）
In case of 1/2 pump stroke, following conversion scale is available for the actual concentration.
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-60 ppm


Number of pump strokes 3（300 mr）
2) Sampling time ：4.5 minutes / 3 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethyl cellosolve at 3 pump


strokes and Furfural concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH＝CH
O ＋H2SO4＋Cr6＋→Cr3＋


CH＝C－CHO


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


50
0


40
0


30
0


20
0


15
0


10
050205


pp
m


(White)
DEHUMIDIFIER


190U C FURFURAL


Substance ppm Interference Coexistence 


Alcohols Similar stains are produced and higher 
readings are given.


Toluene 200 Whole reagent is changed to Pale orange. Unclear stains are produced.


TEMPERATURE CORRECTION TABLE
Conver. Corrected Concentration (ppm)
value 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 － － 60 50 45
50 － 71 50 45 40
40 － 53 40 35 35
30 63 35 30 30 30
20 25 22 20 20 20
15 17 15 15 15 15
10 10 10 10 10 10
5 5 5 5 5 5
2 2 2 2 2 2
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1. PERFORMANCE
1) Measuring range ：2-25 ppm


Number of pump strokes 5（500mr）
2) Sampling time ：5 minutes/5 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：1 year
5) Operating temperature ：10～40℃
6) Operating Humidity ：Not affected at 20～90％RH
7) Reading ：Direct reading from the scale calibrated by 5 pump strokes
8) Colour change ：White→Black


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Chromic acid, Polymer is produced.


4. CALIBRATION OF THE TUBE
DIFFUSION TUBE METHOD
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238S FURFURYL ALCOHOL


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 － － 60 35 25
50 － － 50 30 22
40 － 80 40 25 15
30 － 50 30 20 10
20 50 30 20 14 7
15 30 20 15 10 5
10 15 12 10 7 3
5 7 6 5 4 2
2 2 2 2 2 2
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-0.6％


Number of pump strokes 1（100mr）
（This detector tube is calibrated by Hexane.）


2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：3 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


Gasoline＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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110S GASOLINE


Substance Interference ppm Coexistence 
Benzene FIG.1 Similar stain is produced. 400 Higher readings are given.
Toluene FIG.2 〃 800 〃
Xylene 〃 2,000 〃


Acetylene Whole layer is discoloured 〃to Dark green.
Ethylene Similar stain is produced. 〃
Cyclohexane 〃 〃
Paraffin hydrocarbons 〃 〃


In presence of Alcohols, Ketones or Esters less than 6％, the accuracy of readings is not affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 10℃ 15℃ 20℃ 30℃ 40℃
(％) (50°F) (59°F) (68°F) (86°F) (104°F)


0.6 0.73 0.65 0.60 0.52 0.48
0.5 0.60 0.55 0.50 0.45 0.42
0.4 0.48 0.44 0.40 0.37 0.35
0.3 0.35 0.32 0.30 0.28 0.27
0.2 0.22 0.21 0.20 0.19 0.18
0.1 0.10 0.10 0.10 0.10 0.10
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1. PERFORMANCE
1) Measuring range ：50-1,400 ppm（as n-Hexane）


Number of pump strokes 1（100mr）
2 pump strokes（200mr）are required for Kerosine and Mineral tupentine 
determination. 


2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（refer to "Table 2. Temperature CorrectionTable"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％（Controlled on n-Hexane）


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3（CH2）4CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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187S GENERAL HYDROCARBONS


Substance Interference Coexistence 
The bottom of the discoloured


Aromatic hydrocarbons layer is changed to Black and
higher readings are given.


It has no influence on readings even if Alcohols, Esters or Ketones each co-exists up to 6％.


（NOTE）
1）Determine the concentration of objective gas by multiplication with the figure shown in Table 1 after 


temperature correction.


Example）For measuring Heptane at 10℃ of temperature
Reading concentration ：600 ppm
Concentration on temperature correction ：660 ppm
Concentration of Heptane ：990 ppm


Table.2 Temperature Correction Table （20℃standard）
Readings 0℃ 10℃ 20℃ 30℃ 40℃


1400 1630 1530 1400 1270 1180
1200 1400 1320 1200 1090 1010
1000 1170 1100 1000 910 840
800 930 870 800 720 670
600 700 660 600 550 500
400 460 430 400 360 330
200 220 210 200 180 170
100 100 100 100 100 100


Unit：ppm


Name of Gas Figure Name of Gas Figure


Isobutane 0.8 Heptane 1.5


Pentane 0.8 Octane 2.0


n-Hexane 1.0 Cyclohexane 1.0


Table.1 Coefficient Chart
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2）Measurement of mixed solvents：
（1）Take 2 pump strokes and use the following conversion graph to measure Kerosene or Mineral turpentine
（Mineral spirits）.


（2）After temperature correction for the reading of the gas detector tube with the Table 2, determine the concentration
from FIG.1 conversion graph.


Instance） For measuring mineral turpentine at 40℃
Reading Concentration 600 ppm
Concentration on temperature correction 500 ppm
Concentration of mineral tupentine 16mg/r
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FIG.1 Conversion graph
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1. PERFORMANCE
1) Measuring range ：100-2,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：15 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Hexane at 1 pump stroke and


Heptane concentration is determined by using a conversion chart at 3 pump strokes.
8) Colour change ：Orange→Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3（CH2）5CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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113SB C HEPTANE


Substance Interference ppm Coexistence 
Alcohols Similar stain is produced. 6％
Ketones 〃 〃 〃
Esters 〃 〃 〃


Aromatic hydrocarbons The bottom of the discoloured layer
〃 is stained to Black and higher read-FIG.1,2 ings are given.


Paraffin hydrocarbons 〃 Higher readings are given.（more than C3）
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FIG.2 Influence of Toluene


H
ep


ta
ne


 in
di


ca
tin


g 
va


lu
e 
〔


pp
m
〕


10050 0


500


H
ep


ta
ne


 in
di


ca
tin


g 
va


lu
e 
〔


pp
m
〕


100 15050


No.113SB Tube reading （ppm）�


（300ml）�


Heptane concentration（ppm）�
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


2,000 － － 2,000 1,680 1,460
1,600 － 2,000 1,600 1,380 1,200
1,200 2,000 1,160 1,200 1,040 920


800 1,200 940 800 720 660
400 520 460 400 360 320
200 260 230 200 180 160
100 100 100 100 100 100
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.1-1.32％ 0.05-0.6％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：3 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3（CH2）4CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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113SA n-HEXANE


Substance Interference ppm Coexistence 
Paraffin hydrocarbons Similar stain is produced. Higher readings are given.
Acetylene 〃 〃
Ethylene 〃 〃
Cyclohexane 〃 〃
Benzene FIG.1 Black stain is produced. 400 〃
Toluene FIG.2 〃 800 〃
Xylene 〃 2,000 〃


In presence of Alcohols, Ketones or Esters less than 6％, the accuracy of readings is not affected.
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FIG.2 Influence of Toluene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 10℃ 15℃ 20℃ 30℃ 40℃
(％) (50°F) (59°F) (68°F) (86°F) (104°F)


0.6 0.78 0.67 0.60 0.53 0.49
0.5 0.62 0.54 0.50 0.45 0.41
0.4 0.48 0.43 0.40 0.36 0.34
0.3 0.34 0.32 0.30 0.28 0.26
0.2 0.22 0.21 0.20 0.19 0.18
0.1 0.10 0.10 0.10 0.10 0.10


（NOTE）
In case of 1/2 strokes, following formula is available for the actual concentration.
Actual concentration＝2.2×Tmperature corrected value
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1. PERFORMANCE
1) Measuring range ：50-1,400 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3（CH2）4CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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113SB n-HEXANE


Substance Interference Coexistence 
Aromatic hydrocarbons FIG.1,2 Black stain is produced. Higher readings are given.
Paraffin hydrocarbons Similar stain is produced. 〃（more than C3）


In presence of Alcohols, Ketones or Esters less than 6％, the accuracy of readings is not affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


1,400 1,730 1,530 1,400 1,270 1,180
1,200 1,470 1,320 1,200 1,090 1,010
1,000 1,230 1,100 1,000 910 840


800 980 870 800 720 670
600 740 660 600 550 500
400 470 430 400 360 330
200 220 210 200 180 170
100 100 100 100 100 100
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-800 ppm 5-200 ppm


Number of pump strokes 1（100mr） 3（300mr）
2) Sampling time ：6 minutes/3 pump strokes
3) Detectable limit ：2 ppm（300mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（TEMPERATURE CORRECTION TABLE is provided.）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is deoxidized.


CH3（CH2）4CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


��
��


�����
�����


��
��


��
��GAS To pump20


0


15
0


10
0503020105


30
0m


l
pp


m


113SC n-HEXANE


Substance Interference ppm Coexistence 
Methyl alcohol 500 Not affected.
Ethyl acetate 500 〃
Methyl ethyl ketone 500 〃
Toluene Brown stain is produced. Higher readings are given.


（NOTE）
In case of 1 pump stroke, following equation is available for the actual concentration.
Actual concentration＝Temperature corrected value×4


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


200 250 225 200 185 170
150 180 165 150 145 135
100 120 110 100 95 85
50 60 55 50 45 40
30 35 30 30 30 25
20 20 20 20 20 20
10 10 10 10 10 10
5 5 5 5 5 5







Tube No.


143


1. PERFORMANCE
1) Measuring range ：0.2-10 ppm 0.1-5 ppm 0.05-2.5 ppm


Number of pump strokes 1（100mr） 2（200mr） 4（400mr）
2) Sampling time ：2 minutes/2 pump strokes
3) Detectable limit ：0.02 ppm（400mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
NH2NH2＋H2SO4→NH2NH2・H2SO4


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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219S HYDRAZINE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


5.0 7.0 6.0 5.0 4.5 4.0
4.0 5.6 4.7 4.0 3.6 3.2
3.0 4.2 3.6 3.0 2.7 2.4
2.0 2.8 2.4 2.0 1.8 1.6
1.0 1.3 1.2 1.0 0.9 0.8
0.5 0.5 0.5 0.5 0.45 0.4
0.1 0.1 0.1 0.1 0.1 0.1


（NOTE）
In case of 1or 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝Temperature corrected value×2/Number of strokes
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-0.8％


Number of pump strokes 1/2（50mr）
2) Sampling time ：0.5minutes/1/2 pump stroke
3) Detectable limit ：0.03％
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1/2 pump strokes 
8) Colour change ：Yellow→Green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Oxygen in Atomsphere, water vapour is produced. This Water vapour reacts with Magnesium 
perchlorate and PH indicator is discoloured.


H2＋O2→H2O
H2O＋Mg（CIO4）2→Mg（CIO4）2・H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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137U HYDROGEN


Substance ％ Interference ppm Coexistence 
Ethanol FIG.1 0.25 Similar stain is produced. 0.4％ Higher readings are given.


Carbon monoxide The accurate readings are not 500 Lower readings are given.affected.


6.SPECIAL NOTE
1）The tube will not respond in the absence of oxygen.
2）When the concentration of  Hydrogen is 12 to 16％, pretreat reagent gives a heat but is not dangerous for use 


in hazardous area.
3）When the concentration of Hydrogen is over 40％, the reading value may be indicated below 0.8％.In this 


case, the bottom of the discoloured layer becomes dark purple. In order to make sure that the concentration is
extremely high such as 40％, measure the gas concentration with connecting 2 tubes. If both tubes are 
discoloured to green, extremely high concentration Hydrogen exists.
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FIG.1 Influence of Ethanol
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 5℃ 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(％) (32°F) (41°F) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


0.8 － － － － 0.8 0.68 0.58 0.51 0.45
0.7 － － － 1.00 0.7 0.60 0.52 0.45 0.40
0.6 － － 1.00 0.80 0.6 0.52 0.44 0.39 0.35
0.5 － － 0.80 0.65 0.5 0.44 0.37 0.33 0.30
0.4 － － 0.62 0.51 0.4 0.35 0.30 0.27 0.25
0.3 － 0.70 0.46 0.37 0.3 0.28 0.23 0.21 0.19
0.2 0.65 0.47 0.30 0.25 0.2 0.18 0.16 0.14 0.13
0.15 0.46 0.34 0.22 0.19 0.15 0.13 0.12 0.11 0.10
0.1 0.28 0.21 0.15 0.12 0.1 0.09 0.08 0.08 0.07


0.06 0.13 0.10 0.07 0.06 0.05 0.05 0.05 0.05 0.05
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1. PERFORMANCE
1) Measuring range ：40-1,200 ppm 20-600 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Purple→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting witl alkali, PH indicator is discoloured.


HCI＋NaOH→NaCI＋H2O


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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173SA HYDROGEN CHLORIDE


Substance Interference ppm Coexistence 


Sulphur dioxide Yellow - Pink double - layer stains are
Yellow stain is produced. produced and this pink stain indicates FIG.1 Hydrogen chloride concentration.


Chlorine 〃
Hydrogen sulphide 500 The accuracy of readings is not affected.


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：4-40 ppm 2-20 ppm 0.4-4 ppm


Number of pump strokes 1/2（50mr） 1（100mr） 5（500mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（500mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Yellowish green→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
PH indicator is discoloured by Hydrogen chloride.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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173SB HYDROGEN CHLORIDE


Substance ppm Interference Coexistence 
Similar pale stain is produced but may be The accuracy of readings isSulphur dioxide 200 distinguished from clear discoloration by
Hydrogen chloride. not affected.


Nitric acid High 〃 〃conc.
Nitrogen dioxide 100 〃 〃
Chlorine Similar stain is produced. Higher readings are given.


（NOTE）
When the concentration is below 2 ppm, 5 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.


Actual concentration＝Reading value × 1
Number of strokes
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1. PERFORMANCE
1) Measuring range ：0.01-3.0％


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Yellow→Brownish red


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Hydrogen cyanide reacts with Sodium picrate.


HCN＋NaOH→NaCN＋H2O


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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112SA HYDROGEN CYANIDE


Substance Interference ppm Coexistence 
Sulphur dioxide Similar stain is produced. 200 Higher readings are given.
Hydrogen sulphide 〃 100 〃
Dicyanide 〃 〃
Carbon disulphide 〃 〃
Acetone 〃 〃


NaCN＋O2N
O2N


NO2


NO2
ONa


NO2


NO2
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-100 ppm 0.2-25 ppm


Number of pump strokes 1（100mr） 4（400mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（400mr）
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Yellow→Red


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercury chloride, Hydrogen sulphide is liberated and PH indicator is discoloured.


HCN＋HgCI2→HCI


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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112SB HYDROGEN CYANIDE


Substance Interference ppm Coexistence 
Sulphur dioxide Similar stain is produced. 1 Higher readings are given.
Hydrogen sulphide FIG.1 〃 3 〃


Ammonia The accuracy of readings is 5 Lower readings are given.not affected.


（NOTE）
In case of 4 pump strokes, following formula is available for the actual concentration.


Actual concentration＝Reading value×
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1. PERFORMANCE
1) Measuring range ：0.5-30 ppm 0.25-15 ppm


Number of pump strokes 3（300mr） 6（600mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（300mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Greenish yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
PH indicator is discoloured by Hydrogen fluoride.


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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156S HYDROGEN FLUORIDE


Substance Interference Coexistence 
Chlorine FIG.1 Similar stain is produced. Higher readings are given.
Hydrogen chloride FIG.2 〃 〃


（NOTE）
1）This detector tube is affected by ambient temperature and humidity,therefore, it is necessary to compensate


the reading of gas detector tube with the following equation and correction coefficient table.
Actual concentration＝Reading Value×Correction Coefficient


2）In case of 6 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Temp./R.H. corrected value
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FIG.1 Influence of Chlorine          
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FIG.2 Influence of Hydrogen chloride     
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TEMP./R.H.CORRECTION COEFFICIENT TABLE
Relative Temperature
Humidity 0℃ 10℃ 20℃ 30℃ 40℃


(％) (32°F) (50°F) (68°F) (86°F) (104°F)


30 0.9 0.7 0.6 0.55 0.5
40 1.6 1.0 0.8 0.65 0.6
50 2.6 1.3 1.0 0.7 0.7
60 － 2.2 1.5 1.1 0.8
70 － － 2.7 1.6 0.9
80 － － － 2.9 1.1
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-600 ppm 1-120 ppm


Number of pump strokes 1（100mr） 5（500mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.5 ppm（500mr）
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Gold chloride（III）, Colloidal gold is liberated.


H2Se＋AuCI3（III）→Au


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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167S HYDROGEN SELENIDE


Substance ppm Interference ppm Coexistence 
Acetylene 3％ Higher readings are given.
Carbon monoxide 0.1％ 〃
Sulphur dioxide Pale blue stain is produced. 〃
Hydrogen sulphide 10 Brown stain is produced. 〃
Mercury vapours Similar stain is produced.
Arsine 〃 10 〃
Iron carbonyl 〃 10 〃
Nickel carbonyl 〃 10 〃


（NOTE）
When the concentration is below 5 ppm, 5 pump strokes can be used to determine the lower concentration. 
Following formula is available for the actual concentration.
Actual concentration＝1/5×Reading value







Tube No.


151


1. PERFORMANCE
1) Measuring range ：0.025-0.2 gr/100 cf 0.05-0.4 gr /100 cf


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.005 gr /100 cf
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reaction with Mercury chloride（II）, Hydrogen chloride is produced and PH indicator is discoloured.


H2S＋HgCl2→HgS＋HCl


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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120GR HYDROGEN SULPHIDE


Substance Interference Coexistence 
Whole reagent is changed to Pale red,


Sulphur dioxide but Purplish red stain is indicated H2S Higher readings are given.
concentration.


Hydrogen seleenide Similar stain is produced. 〃
Arsine 〃 〃
Mercaptans 〃 〃
Phosphine 〃 〃
Hydrogen cyanide Whole reagent is changed to red. 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.25-2 gr/100 cf 0.5-4 gr /100 cf


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.05 gr /100 cf
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Pale brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
H2S＋Pb（CH3COO）2→PbS＋2CH3COOH


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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120GT HYDROGEN SULPHIDE


Substance Interference Coexistence 
Sulphur dioxide The accuracy of readings is not affected. Higher readings are given.
Mercaptans 〃 〃
Nitrogen dioxide 〃 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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1. PERFORMANCE
1) Measuring range ：3-150 ppm 1-50 ppm 0.75-37.5 ppm 6-300 ppm


Number of pump strokes 1（100mr） 3（300mr） 4（400mr） 1/2（50mr）
2) Sampling time ：1 minutes/1 pump stroke
3) Detectable limit ：0.3 ppm（300mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Lead acetate（II）, Lead sulphide is produced.


H2S＋Pb（CH3CO2）2→PbS＋2CH3CO2H


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump15
0


14
0


13
0


12
0


11
0


10
090807060504030201
063


10
0m


l
pp


m


��
��


��
��


120SB HYDROGEN SULPHIDE


Substance Interference ppm Coexistence 


Sulphur dioxide The accuracy of readings 12 Higher readings are given.FIG.1 is not affected.
Mercaptans FIG.2 〃 550 〃
Nitrogen dioxide FIG.3 〃 2 Lower readings are given.


（NOTE）
In case of 1/2, 2, 3 or 4 pump strokes, following formula is available for the actual concentration.


Actual concentration＝Reading value ×
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FIG.2  Influence of Ethyl mercaptan
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FIG.3  Influence of Nitrogen dioxide


H
yd


ro
ge


n 
su


lp
hi


de
 in


di
ca


tin
g 


va
lu


e 
〔


pp
m
〕


 


3010


300ml 


1
Number of strokes







154


Tube No.


1. PERFORMANCE
1) Measuring range ：0.005-0.16％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：20 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Dark blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Palladium sulphate and Ammonium molybdate, Palladium sulphate is produced.


H2S＋PdSO4＋（NH4）2MoO4→PdS


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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120SC HYDROGEN SULPHIDE


Substance Interference ppm Coexistence 


Carbon monoxide 10 Blue stain is produced and higher read-
ings are given.


Ethylene 5 Higher readings are given.
Propylene 5 〃
Butylene 5 〃
Acetylene 5 〃
Methyl mercaptan 5 〃


Hydrogen cyanide White stain is produced and the discoloura-
tion by Hydrogen sulphide is interfered.


Ammonia 〃


If there is coexistence of Sulphur dioxide less than 6％, the accuracy of readings is not affected.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


0.16 0.14 0.15 0.16 0.17 0.17
0.14 0.13 0.13 0.14 0.15 0.15
0.12 0.11 0.12 0.12 0.13 0.13
0.10 0.09 0.10 0.10 0.10 0.11
0.08 0.07 0.08 0.08 0.08 0.09
0.06 0.05 0.06 0.06 0.06 0.07
0.04 0.04 0.04 0.04 0.04 0.04
0.03 0.03 0.03 0.03 0.03 0.03
0.02 0.02 0.02 0.02 0.02 0.02
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1. PERFORMANCE
1) Measuring range ：2-60 ppm 1-30 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Pale brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Lead acetate（II）, Lead sulphide is produced.


H2S＋Pb（CH3COO）2→PbS＋2CH3COOH


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Tube No.


120SD HYDROGEN SULPHIDE


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value


Substance Interference ppm Coexistence 


Sulphur dioxide The accuracy of readings is not 10 Higher readings are given.FIG.1 affected.
Mercaptans FIG.2 〃 300 〃
Nitrogen dioxide FIG.3 〃 2 Lower readings are given.
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FIG.1 Influence of Sulphur dioxide
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FIG.2 Influence of Ethyl mercaptan
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FIG.3 Influence of Nitrogen dioxide
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1. PERFORMANCE
1) Measuring range ：2-40 ppm 1-20 ppm 0.5-10 ppm


Number of pump strokes 1/2（50mr） 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with mercuric chloride, Hydrogen chloride is produced and PH indicator is discoloured.
H2S＋HgCI2→HgS＋2HCI


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Tube No.


120SE HYDROGEN SULPHIDE


Substance Interference Coexistence 
Phosphine Similar stain is produced. Higher readings are given.
Mercaptans 〃 〃
Nitrogen dioxide Not affected. Lower readings are given.
Ammonia 〃 〃
Arsine Higher readings are given.
Hydrogen selenide 〃
Hydrogen cyanide 〃
Sulphur dioxide If possible to read, not affected.


（NOTE）
In case of 1/2 and 2 pump strokes, the following equation is available for the actual concentration.
1/2 pump stroke：Actual concentration＝Reading value×2


2 pump strokes：Actual concentration＝Reading value÷2


Coexistence
Interference


0
Methyl mercaptan〔ppm〕�


FIG.1 Influence of Methyl mercaptan
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FIG.2 Influence of Phosphine
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1. PERFORMANCE
1) Measuring range ：50-1000 ppm 100-2000 ppm


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.5 ppm（100mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Black


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
H2S＋2AgNO3→Ag2S


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


120SF HYDROGEN SULPHIDE


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value







Tube No.


1. PERFORMANCE
1) Measuring range ：0.1-4.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale blue→Black


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Cupric sulphate（II）, Cupric sulphide is produced.
H2S＋CuSO4→CuS


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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120SH HYDROGEN SULPHIDE


Substance Interference ％ Coexistence 


Sulphur dioxide The accuracy of readings is not 0.5 Lower readings are given.FIG.1 affected.
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FIG.1 Influence of Sulphur dioxide
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.1-1.2％ 0.05-0.6％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.001％（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Cupric sulphate（II）, Cupric sulphide is produced.


H2S＋CuSO4→CuS


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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120SM HYDROGEN SULPHIDE


Coexistence
Interference
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FIG.1 Influence of Nitrogen dioxide
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FIG.2 Influence of Sulphur dioxide
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Substance Interference ％ Coexistence 


Sulphur dioxide The accuracy of readings is not 0.3 Higher readings are given.FIG.1 affected.


Ammonia Blue stain is produced. The accuracy of readings is not
affected.


Methyl mercaptan Pale yellow stain is produced. 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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1. PERFORMANCE
1) Measuring range ：0.4-6.0 ppm 0.2-3.0 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.05 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercury chloride（II）, Hydrogen chloride is produced and PH indicator is discoloured.


H2S＋HgCI2→HgS＋HCI


4. CALIBRATION OF THE TUBE
PERMEATION TUBE  METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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120U HYDROGEN SULPHIDE


Substance Interference Coexistence 
Whole reagent is changed to Pale red,


Sulphur dioxide but Purplish red stain is indicated H2S 
FIG.1 concentration.


Hydrogen selenide Similar stain is produced. Higher readings are given.
Arsine 〃 〃
Mercaptans FIG.2 〃 〃
Phosphine 〃 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃
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FIG.1 Influence of Sulphur dioxide


H
yd


ro
ge


n 
su


lp
hi


de
 in


di
ca


tin
g 


va
lu


e 
〔


pp
m
〕


 


21 3 4 5


Coexistence
Interference


0


2


3


1


Ethyl mercaptan〔ppm〕�
FIG.2 Influence of Ethyl mercaptan
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（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-20％


Number of pump strokes 1/2（50mr）
2) Sampling time ：1 minute/1/ 2 pump stroke
3) Detectable limit ：0.05％
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1/2 pump stroke
7) Colour change ：Pale blue→Black


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Cupric sulphate（II）, Cupric sulphide is produced.


H2S＋CuSO4→CuS


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump2018161412108642
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120UH HYDROGEN SULPHIDE


（NOTE）
1. Where the discolouration is over the scale, non-reacted Hydrogen sulphide remains in the pump. This residual


Hydrogen sulphide is not exhausted even if the pump handle is pushed back, and it still remains in the pump.
When the handle is pulled next, it is exhausted toward the operator from the stopper side of the pump.
Accordingly, air purging of the pump inside by pulling/pushing the handle several times should be done in
fresh air where there is not Hydrogen sulphide, because Hydrogen sulphide is very toxic. During the air 
purging, protection apparatus such as a gas mask should be worn.


2. Maximum sampling volume of the gas shall be approximately 70mr.


Substance Interference Coexistence 
Sulphur dioxide FIG.1 The accuracy of readings is not affected. Lower readings are given.


Carbon dioxide The accuracy of readings is
not affected.
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1. PERFORMANCE
1) Measuring range ：5-40％ 2.5-5％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1/2 pump stroke
3) Shelf life ：3 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale calibrated by 1/2 pump stroke
6) Colour change ：Pale blue→Black


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Copper sulphate（II）, Cupric sulphide is produced.


H2S＋CuSO4→CuS


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


(Rubber)


403530252015105


FIT-ADAPTOR


120UT HYDROGEN SULPHIDE


Substance Interference Coexistence 
Sulphur dioxide Not affected. 8％ Lower readings are given.
Carbon dioxide Not affected. Not affected.


（NOTE）
In case of 1 pump stroke, divide the tube reading by 2.
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1. PERFORMANCE
1) Measuring range：


Hydrogen sulphide 1-30 ppm
Mercaptans 0.5-5 ppm
Number of pump strokes 1（100mr）


2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：


Hydrogen sulphide 0.2 ppm
Mercaptans 0.2 ppm


4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change：


Hydrogen sulphide White→Dark brown
Mercaptans Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Hydrogen sulphide detector tube：H2S＋Pb（CH3CO2）2→PbS＋2CH3CO2H
Mercaptans detector tube：R-SH＋HgCI2→RS（HgCI）＋HCI


4. CALIBRATION OF THE TUBE
Hydrogen sulphide PERMEATION TUBE METHOD
Mercaptans STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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1. PERFORMANCE
1) Measuring range ：50-1,200 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Hexane at 1 pump stroke and


Isobutane concentration is determined by using a conversion chart.
7) Colour change ：Orange→Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced
（CH3）3CH＝Cr6＋→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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113SB C ISOBUTANE


Substance Interference ppm Coexistence 
Alcohols Similar stain is produced. 6％ Higher readings are given.
Ketones 〃 〃 〃
Esters 〃 〃 〃


The top of the discoloured layer is
Aromatic hydrocarbons stained to Black and higher read-


FIG.1.2 ings are given.
Paraffin hydrocarbons Similar stain is produced. Higher readings are given.（more than C3）
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FIG.2 Influence of Toluene
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.01-1.4％


Number of pump strokes 2（200mr）
2) Sampling time ：4 minutes/2 pump strokes
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Methyl ethyl ketone at 2 pump


strokes and Isobutyl acetate concentration is determined by using a conversion chart.
7) Colour change ：Orange→Pale brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced


CH3CO2CH2CH（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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139SB C ISOBUTYL ACETATE
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Substance Interference ppm Coexistence 


Acetylene 3％ Whole reagent is changed to Pale
brown.


Propane 0.2％ 〃
Other organic gases or vapours Similar stain is produced.
except Halogenated hydrocar- 50 Higher readings are given.
bons
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1. PERFORMANCE
1) Measuring range ：10-400 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：3 ppm
4) Shelf life ：1 year
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Pale blue（The top of discoloured layer is Brown, but read at the 


top of Pale blue.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2CH2（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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153U ISOBUTYL ACETATE


Substance Interference Coexistence 
Esters Similar stain is produced. Higher readings are given.
Alcohols 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons FIG.1 Whole reagent is changed to Brown. 〃


0


300


400


100


200


500


1,1,1-Trichloroethane〔ppm〕�
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


400 － － 400 285 240 210 190
300 － － 300 225 190 170 160
200 － 275 200 165 140 130 120
150 － 195 150 125 110 103 95
100 － 120 100 90 80 75 70
50 70 55 50 45 40 40 35
30 40 35 30 25 20 20 20
15 20 15 15 15 10 10 10
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-60 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Methyl acrylate at 2 pump strokes


and Isobutyl acrylate concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCO2CH2CH（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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211U C ISOBUTYL ACRYLATE


No.211U Tube reading （ppm）�


Isobutyl acrylate（ppm）�
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（200mR）�


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Other Esters Brown stain is produced. 〃
Aromatic hydrocarbons 〃 〃
Aliphatic hydrocarbons 〃 〃（more than C3）
Halogenated hydrocarbons 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 － 90 60 48 40
40 115 57 40 32 27
20 50 27 20 16 14
10 20 13 10 8 6


5 10 6 5 4 3
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1. PERFORMANCE
1) Measuring range ：5-100 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
（CH3）2CHCH2OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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208U ISOBUTYL ALCOHOL


Substance ppm Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.


Toluene 200 Whole reagent is changed to Pale 〃blue.


Hexane 1,000 The accuracy of readings is not The accuracy of readings is
affected. not affected.


Trichloroethylene 1,000 〃 〃
Ethyl acetate FIG.2 1,000 〃 〃
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


100 － － 100 85 80
80 － 100 80 75 60
60 95 70 60 53 50
40 58 47 40 36 34
20 27 22 20 18 17
10 13 11 10 9 8


5 5 5 5 5 5
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-400 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：4 ppm
4) Shelf life ：1 year
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Pale blue（The top of discoloured layer is Brown, but read at the 


top of Pale blue.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced


CH3CO2（CH2）2CH（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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188U ISOPENTYL ACETATE


Substance Interference Coexistence 
Esters Similar stain is produced. Higher readings are given.
Alcohols FIG.1 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons Whole reagent is changed to Pale brown. 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


400 － － 400 240 190 160 140
300 － － 300 200 160 140 120
200 － 360 200 150 125 110 95
150 － 230 150 120 100 90 80
100 － 135 100 85 75 67 60
50 80 60 50 45 40 35 35
30 40 35 30 30 25 25 25
10 10 10 10 10 10 10 10
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FIG.1 Influence of Methanol
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-100 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
（CH3）2CHCH2OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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209U ISOPENTYL ALCOHOL


Substance ppm Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Toluene FIG.2 200 Whole reagent is changed to Pale blue. 〃


Hexane 1,000 The accuracy of readings is not affected. The accuracy of readings is
not affected.


Trichloroethylene 〃 〃 〃
Ethyl acetate 〃 〃 〃
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FIG.1 Influence of Ethanol
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FIG.2 Influence of Toluene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


100 － － 100 80 70
80 － － 80 65 55
60 － 83 60 50 45
40 90 50 40 33 30
20 32 23 20 16 15
10 14 11 10 9 8


5 5 5 5 5 5
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-16 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethyl cellosolve at 3 pump strokes


and Isoprene concentration is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH＝C（CH3）CH＝CH2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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TEMPERATURE CORRECTION TABLE
Scale Corrected Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


16 20.5 18.0 16.0 14.5 13.0
14 18.0 15.5 14.0 12.5 11.0
12 15.5 13.5 12.0 10.5 9.5
10 12.5 11.0 10.0 9.0 8.0
8 10.0 9.0 8.0 7.5 6.5
6 7.5 6.5 6.0 6.0 5.0
4 5.0 4.0 4.0 4.0 3.5
2 2.0 2.0 2.0 2.0 2.0
1 1.0 1.0 1.0 1.0 1.0


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Aliphatic hydrocarbons Whole reagent is changed to Pale 〃（over C3） brown.
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons 〃 〃
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1. PERFORMANCE
1) Measuring range ：0.01-1.2％


Number of pump strokes 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Methyl ethyl ketone at 2 pump


strokes and Isopropyl acetate concentration is determined by using a conversion chart.
7) Colour change ：Orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced


CH3CO2CH（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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139SB C ISOPROPYL ACETATE


Substance Interference ppm Coexistence 
Acetylene 3％ Whole reagent is changed to brown.
Propane 0.2％ 〃
Other organic gases or vapours
except Halogenated hydrocar- Similar stain is produced. 50 Higher readings are given.
bons
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated with  Ethyl acetate concentration by 1


pump stroke.The sensitivity of Isopropyl acetate is the same as Ethyl acetate.
8) Colour change ：Yellow→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2CH（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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111U ISOPROPYL ACETATE


Substance Interference Coexistence 
Alcohols Similar or Brown stain is produced. Higher readings are given.
Esters 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


If the top of Brown stain is clear,
Paraffin hydrocarbons Whole reagent is changed to Brown. the accuracy of readings is not


FIG.1 affected.
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FIG.1 Influence of Trichloroethylene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


1,000 1,300 1,200 1,000 830 700 600 500
800 1,080 950 800 670 550 470 400
600 830 720 600 500 420 380 300
400 570 480 400 330 280 240 200
200 280 240 200 170 140 120 100
100 150 120 100 80 70 60 50
50 70 60 50 40 30 20 10
20 30 25 20 15 10 7 4
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1. PERFORMANCE
1) Measuring range ：0.05-2.5％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：100 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethylene oxide at 1 pump stroke


and Isopropyl alcohol is determined by using a conversion chart.
8) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CH（OH）CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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122SA C ISOPROPYL ALCOHOL


Substance Interference ％ Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Esters FIG.2 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Paraffin hydrocarbons Whole reagent is discoloured to 0.5 〃Pale brown.


（NOTE）
Methanol and Ethyl acetate have the same sensitivity as Isopropyl alcohol.
Methyl ethyl ketone has 3/4 sensitivity of Isopropyl alcohol.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


2.5 － － 2.50 2.10 2.00
2.0 － － 2.00 1.70 1.62
1.5 － － 1.50 1.28 1.21
1.0 － 1.43 1.00 0.85 0.80
0.5 1.00 0.62 0.50 0.42 0.38
0.1 0.16 0.14 0.10 0.09 0.08


0.05 0.09 0.06 0.05 0.04 0.03
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Tube No.


1. PERFORMANCE
1) Measuring range ：50-1,200 ppm 20-480 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3CH（OH）CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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150U ISOPROPYL ALCOHOL


Substance Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Paraffin hydrocarbons Whole reagent is discoloured to Brown. 〃（more than C3）
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons 〃 〃FIG.2


（NOTE）
In case of 2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2/5×Temperature corrected value
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


1200 1680 1200 830 530
1000 1380 1000 690 430
800 1070 800 550 330
600 780 600 400 240
400 1500 400 250 150
200 240 200 130 70
100 120 100 65 45


40 40 40 30 20
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1. PERFORMANCE 
1) Measuring range ：1-10 ppm 0.5-5 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by Methyl mercaptan at 1 pump stroke.
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride, Hydrogen chloride is produced and PH indicator is discoloured.


RSH＋HgCI2→RS（HgCI）＋CI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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130U ISOPROPYL MERCAPTAN


Substance Interference Coexistence
Arsine Similar stain is produced. Higher readings are given.
Hydrogen selenide 〃 〃
Phosphine 〃 〃
Hydrogen sulphide 〃 〃
Hydrogen cyanide Whole reagent is discoloured to Red. 〃


Sulphur dioxide Whole reagent is changed to Pale red,
but Pink stain indicates Mercaptans conc.


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
This tube scale is calibrated based on Methyl mercaptan and the same scale is available for Isopropyl mercaptan.
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.5-10mg/m3 0.1-2.0mg/m3


Number of pump strokes 1（100mr） 5（500mr）
2) Sampling time ：5 minutes/5 pump strokes
3) Detectable limit ：0.02 mg/m3（500mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 5 pump strokes
7) Colour change ：Grey→Pale orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Cupric iodide（II）, Cupric mercury iodide is produced.


Hg＋CuI→Cu2（HgI4）


4. CALIBRATION OF THE TUBE
VAPOUR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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142S MERCURY VAPOUR


Substance Interference ppm Coexistence
Chlorine The accuracy of readings is not affected. 0.1 Lower readings are given.
Hydrogen chloride 〃 0.5 〃
Nitrogen dioxide Brown stain is produced. 0.1 〃
Hydrogen Sulphide 〃 0.5 〃


（NOTE）
In case of 1 pump stroke, actual concentration is calculated with five times of reading value.







Tube No.


178


GAS To pump
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1. PERFORMANCE
1) Measuring range ：5-100 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethyl cellosolve at 3 pump strokes


and Mesityl oxide is determined by using a conversion chart.
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3COCH＝C（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


190U C MESITYL OXIDE


TEMPERATURE CORRECTION TABLE
Conver. Corrected Concentration (ppm)
value 0℃ 10℃ 20℃～40℃
(ppm) (32°F) (50°F) (68°F) (104°F)


100 － － 100
80 － 95 80
60 100 70 60
40 60 45 40
20 30 25 20
10 15 12 10


5 7 6 5


Substance ppm Interference ppm Coexistence 
Alcohols Similar stain is produced. Higher readings are given.


Toluene 200 Whole reagent is discoloured 500 The top of discoloured layer 
to Brown. becomes unclear.


Hexane The accracy of reading is not less than The accracy of reading is not
affected. 1,000ppm affected.


Ethyl Acetate 〃 〃
Trichloroethylene 〃 〃
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.01-3.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Ethyl acetate at 1 pump stroke


and Methyl acetate is determined by using a conversion chart.
7) Colour change ：Orange→Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chomium oxide is reduced.


CH3CO2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ％ Coexistence
Acetylene 3％ Whole reagent is changed to Brown.
Propane 0.2％ 〃
Other organic gases or vapours Similar stain is produced. Higher readings are given.except Halogenated hydrocarbons


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (％)


Reading 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


5.0 － － 5.0 4.0 3.0
4.5 － － 4.5 3.6 2.7
4.0 － 5.8 4.0 3.2 2.4
3.5 － 5.0 3.5 2.8 2.1
3.0 － 4.2 3.0 2.3 1.7
2.5 － 3.5 2.5 1.9 1.4
2.0 － 2.6 2.0 1.5 1.1
1.5 2.6 1.9 1.5 1.1 0.7
1.0 1.5 1.2 1.0 0.7 0.4
0.5 0.6 0.6 0.5 0.3 0.2
0.3 0.4 0.3 0.3 0.2 0.1
0.1 0.1 0.1 0.1 0.1 0.1
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1. PERFORMANCE
1) Measuring range ：5-60 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCO2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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211U METHYL ACRYLATE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


60 88 70 60 54 48
40 54 46 40 36 32
20 28 24 20 18 16
10 14 12 10 9 8


5 7 6 5 4 3


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Paraffin hydrocarbons Whole reagent is changed to dark Brown. 〃（more than C3） FIG.2
Halogenated hydrocarbons 〃 〃
Esters 〃 〃
Aromatic hydrocarbons FIG.1 〃 〃
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Tube No.


1. PERFORMANCE 
1) Measuring range ：0.05-6.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：100 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow orange→Pale green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced


CH3OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


0.
05


0.
1


0.
5


1.
0


2.
0


3.
0


4.
0


5.
0


6.
0 %GAS To pump


DEHUMIDIFIER
(White)


119SA
METHYL ALCOHOL
(METHANOL)


Substance Interference ppm Coexistence 
Paraffin hydrocarbons Similar stain is produced. Higher readings are given.（more than C3） FIG.1
Alcohols FIG.2 〃 〃
Esters 〃 50 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Reagent is discoloured to If the top of the discolouration can 
Halogenated hydrocarbons be obtained,the accuracy of read-Brown slightly. ings is not affected.


（NOTE）
Although the top of light green stain changes to Brown gradually, read the concentration on the top of the light 
green stain shortly.
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FIG.2 Influence of Ethanol
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


6.0 6.0 4.3 3.3
5.0 5.0 3.7 2.8
4.0 4.0 3.0 2.3
3.0 5.1 3.0 2.3 1.8
2.0 3.0 2.0 1.6 1.2
1.0 2.7 1.4 1.0 0.8 0.6
0.5 1.0 0.7 0.5 0.4 0.3
0.1 0.1 0.1 0.1 0.1 0.1
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1. PERFORMANCE
1) Measuring range ：20-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Potassium dichromate is reduced


CH3OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Esters FIG.2 〃
Paraffin hydrocarbons Whole reagent is changed to Brown. 〃（more than C3）
Aromatic hydrocarbons 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons 〃 〃
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FIG.2 Influence of Ethyl acetate
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20-40℃
(ppm) (32°F) (50°F) (68-104°F)


1000 1200 1100 1000
800 960 880 800
600 600 660 600
400 480 440 400
200 240 220 200
100 120 110 100
50 60 50 50
20 24 20 20
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


CH3NH2＋H3PO4→（CH3NH3）2HPO4


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Ammonia Similar stain is produced. Higher readings are given
Other amines 〃 〃
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1. PERFORMANCE
1) Measuring range ：10-500ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：3 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Reddish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Bromine is produced. Bromine reacts with o-Toluidine and red Orthoquinone 
is produced.


CH3Br＋ I2O5＋CrO3＋H2SO4→Br2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance ppm Interference ppm Coexistence 
Chlorine 1 Similar stain is produced. 1 Higher readings are given.
Bromine 1 〃 1 〃
Nitrogen dioxide 1 〃 1 〃
Dichloromethane 500 〃 500 〃
Chloroform 50 〃 50 〃
Ethylene dibromide 50 〃 50 〃
Trichloroethylene 50 〃 50 〃
Tetrachloroethylene 50 〃 50 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (32°F) (41°F) (50°F) (59°F) (68°F) (86°F) (104°F)


500 － － － 620 500 430 390
400 － － 630 475 400 360 325
300 － 675 430 345 300 280 260
200 580 320 235 210 200 190 175
150 260 185 160 150 150 140 130
100 120 110 100 100 100 95 90
50 50 50 50 50 50 50 50
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1. PERFORMANCE
1) Measuring range ：5-80 ppm 2.5-40 ppm 0.9-7.3 ppm


Number of pump strokes 1（100mr） 2（200mr） 4（400mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm（200mr）
4) Shelf life ：3 years（Necessary to store in a refrigerated place ; 0～10℃)
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Bromine is produced. Bromine reacts with o-Toluidine and yellow
Orthoquinone is produced.


CH3Br＋ I2O5＋CrO3＋H2SO4→Br2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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（NOTE）
When the concentration is below 5 ppm, 2 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Temperature corrected value


Substance Interference ppm Coexistence 
Halogen Similar stain is produced. Higher readings are given.
Halogenated hydrocarbons 〃 〃
Hexane FIG.1 200 Lower readings are given.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (41°F) (50°F) (68°F) (86°F) (104°F)


80 － 140 98 80 75 73
60 145 76 67 60 57 56
40 44 43 42 40 40 40
30 30 30 30 30 30 30


3Br2H2N NH2 NH2BrBrH2N＝� ＝� ＝�


CH3 CH3
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1. PERFORMANCE
1) Measuring range ：1-10 ppm 0.5-1 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：0.2 ppm（200mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃)
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Bromine is produced by decomposing with an Oxidizer firstly. 
By this Bromine, 3, 3’-Dimethylnaphthidine is discoloured to purple.


CH3Br＋CrO3＋H2SO4→Br2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ％ Coexistence 
Halogens Similar stain is produced. Higher readings are given.
Halogenated hydrocarbons 〃 〃


Hexane The accuracy of readings is not 50 Lower readings are given.FIG.1 affected.
Alcohols 〃
Aromatic hydrocarbons 〃


（NOTE）
When the concentration is below 1 ppm, 2 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Temperature corrected value
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20-40℃
(ppm) (32°F) (50°F) (68-104°F)


10 15 12 10
8 12 9 8
6 8.5 7 6
4 5 4.5 4
2 2.2 2 2
1 1 1 1
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-500 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


HOCH2CH2OCH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Paraffin hydrocarbons Whole reagent is changed to Brown. 〃（more than C3）
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃


Halogenated hydrocarbons 〃 〃FIG.1
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FIG.1 Influence of Trichloroethane
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F)


500 800 620 500 410 335 265
400 620 490 400 325 260 200
300 450 365 300 245 195 145
200 290 245 200 160 125 95
150 215 185 150 120 90 70
100 145 125 100 80 60 45
50 75 65 50 40 30 25
20 30 25 20 15 12 10


5 10 7 5 4 3 2


（NOTE）
This tube scale is calibrated based on Ethyl cellosolve and the same scale is available for Methyl cellosolve.
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1. PERFORMANCE
1) Measuring range ：30-400 ppm 15-30 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm（200mr）
4) Shelf life ：3 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellow orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chlorine is produced by an Oxidizer. By reacting between this Chlorine and o-Toluidine, Orthoquinone is 
produced.


CH3CCI3＋Cr3O3＋H2SO4→CI2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Halogens Similar stain is produced. Higher readings are given.
Halogenated hydrocarbons 〃 〃FIG.1,2


（NOTE）
When the concentration is below 30 ppm, 2 pump strokes can be used to detremine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-100 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3C6H9＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 


Aliphatic hydrocarbons Whole reagent is changed to Pale The accuracy of readings is not
brown. affected.


Aromatic hydrocarbons 〃 〃
Halogenated hydrocarbons 〃 〃
Alcohols FIG.1 Similar stain is produced. Higher readings are given.


Esters Pale ringed stain is produced near The accuracy of readings is not 
the bottom of the reagent. affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


100 130 100 80 66
80 105 80 65 52
60 80 60 48 36
40 54 40 30 22
20 26 20 14 10
10 14 10 7 5


2 3.2 2 1.4 1.0
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1. PERFORMANCE
1) Measuring range ：5-200 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE")
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3C6H10OH＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 


Aliphatic hydrocarbons Whole reagent is changed to Pale The accuracy of readings is not 
brown. affected.


Aromatic hydrocarbons 〃 〃
Halogenated hydrocarbons 〃 〃
Alcohols FIG.1 Similar stain is produced. Higher readings are given.


Esters Pale ringed stain is produced near The accuracy of readings is not
the bottom of the reagent. affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


200 － 200 110 65
150 － 150 85 52
100 － 100 60 40
80 170 80 50 30
60 110 60 35 25
40 70 40 25 15
20 40 20 15 10
10 20 10 7 5


5 10 5 4 3
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Tube No.


1. PERFORMANCE
1) Measuring range ：1.0-5.0％ 0.05-2.2％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：50 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Ethylene oxide at 1 pump stroke


and Methyl ethyl ketone is determined by using a conversion chart.
7) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3COC2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Tube No.


122SA C METHYL ETHYL KETONE


Substance Interference ppm Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.
Esters FIG.2 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Halogenated hydrocarbons Whole stain is discoloured to 0.5％ 〃Pale brown.


（NOTE）
In case 1/2 pump stroke, following conversion scale is available for the actual concentration.
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FIG.1 Influence of Methanol
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FIG.2 Influence of Ethyl acetate
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TEMPERATURE CORRECTION TABLE
Conversion Corrected Concentration (ppm)


Value 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


2.5 － 2.88 2.50 2.34 2.26
2.0 2.70 2.30 2.00 1.84 1.76
1.5 2.36 1.74 1.50 1.35 1.26
1.0 1.52 1.16 1.00 0.88 0.80
0.5 0.70 0.58 0.50 0.42 0.38
0.1 0.14 0.12 0.10 0.08 0.06
0.05 0.07 0.05 0.05 0.03 0.03
0.01 0.01 0.01 0.01 0.01 0.01
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1. PERFORMANCE
1) Measuring range ：0.01-1.4％


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 2 pump strokes
7) Colour change ：Orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3COC2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Other organic gases or vapours .
except Halogenated hydrocar- Similar stain is produced 50 Higher readings are given.
bons
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-1,500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Pale blue（The top of discoloured layer is Brown.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3COC2H5＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Similar or Brown stain is produced. Higher readings are given.
Esters 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Whole reagent is changed to Brown,
Halogenated hydrocarbons but if the top of Pale blue stain is clear,


FIG.2 the reading can be obtained.
Paraffin hydrocarbons FIG.1 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20℃ 25℃ 30℃ 35℃ 40℃
(ppm) (50°F) (59°F) (68°F) (77°F) (86°F) (95°F) (104°F)


1,500 2,050 1,750 1,500 1,280 1,100 940 820
1,000 1,430 1,200 1,000 850 720 620 530


500 750 620 500 430 360 320 280
200 300 250 200 170 140 120 110
100 160 120 100 90 70 60 50
50 80 60 50 40 30 30 20
20 30 30 20 20 10 10 10
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FIG.2 Influence of Trichloroethylene
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1. PERFORMANCE
1) Measuring range ：4-40 ppm 2-20 ppm


Number of pump strokes 2（200mr） 4（400mr）
2) Sampling time ：4 minutes/2 pump strokes
3) Detectable limit ：0.5 ppm（400mr）
4) Shelf life ：8 months
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：White→Grey


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


CH3I＋ I2O5＋H2SO4→ I2＋CO2＋H2O


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


403530252015104 6 8


pp
mGAS To pump


(Yellow)


PRETREAT TUBE DETECTOR TUBE


176S METHYL IODIDE


Substance Interference ppm Coexistence 
Acetone Similar stain is produced. 700 Higher readings are given.


Hydrogen sulphide 〃 7 〃FIG.1
Hexane FIG.2 〃 500 〃
Benzene 2 Lower readings are given.
Toluene 2 〃
Xylene 2 〃


Halogenated hydrocarbons Double-layer stain is produced and 
accurate readings are affected.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


40 － － 40 46 52
35 － 52 35 42 49
30 54 39 30 37 44
25 37 27 25 25 23
20 30 22 20 23 30
15 24 17 15 17 24
10 17 11 10 12 17


5 10 5 5 5 10


（NOTE）
In case of 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Tmperature corrected value
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.01-0.6％


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Ethylene oxide at 1 pump stroke and


Methyl isobuty ketone is determined by using a conversion chart at pump strokes.
8) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


H3COCH2CH（CH3）2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


���
���
���


��
��
��


��
��
��


��
��
��


(White)
DEHUMIDIFIER


GAS To pump


1
.8


1
.6


1
.4


1
.2


1
.0


0
.8


0
.6


0
.4


0
.2


0
.1


0
.0


1


%


122SA C METHYL ISOBUTYL KETONE


Substance Interference ppm Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Esters FIG.1 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons FIG.2 〃 〃


Halogenated hydrocarbons Whole reagent is changed to 0.5％ 〃Pale brown.
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FIG.1 Influence of Ethyl acetate
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FIG.2 Influence of Toluene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


0.6 － － 0.60 0.55 0.52
0.5 － － 0.50 0.46 0.43
0.4 － － 0.40 0.37 0.35
0.3 － － 0.30 0.28 0.27
0.2 － 0.23 0.20 0.19 0.18
0.1 0.16 0.11 0.10 0.10 0.10
0.05 0.05 0.05 0.05 0.05 0.05


No.122SA Tube reading （%）�
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Tube No.


196


1. PERFORMANCE
1) Measuring range ：5-300 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
（CH3）CHCH2COCH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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(White)


155U METHYL ISOBUTYL KETONE


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Aliphatic hydrocarbons Whole reagent is changed to Pale 〃（more than C3） brown.
Aromatic hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃
Halogenated hydrocarbons 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


300 － － 300 230 190
250 － 380 250 195 165
200 － 290 200 155 130
150 355 210 150 120 100
100 220 130 100 80 70
50 90 65 50 40 35
30 55 40 30 25 25
15 15 10 15 8 8
5 7 5 5 5 5
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-140 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Reddish yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Methyl mercaptan reacts with Palladium sulphate.


CH3SH＋PdSO4→（CH3S）2Pd＋H2SO4


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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H2SREMOVER
(White) H2S remover is effective up to 40 ppm H2S.


164SA METHYL MERCAPTAN


Substance ppm Interference ppm Coexistence 
Carbon monoxide 150 Dark grey stain is produced.
Ethylene 200 〃
Hydrogen sulphide 40 Dark brown stain is produced.
Acetylene 20 〃
Ethyl mercaptan 1 Yellow  stain is produced.
Methyl sulphide 1 Lower readings are given.
Chlorine 0.2 〃


（NOTE）
Max. 40 ppm Hydrogen sulphide is eliminated by pretreat reagent.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20-40℃
(ppm) (32°F) (50°F) (68-104°F)


140 164 149 140
120 140 128 120
100 118 107 100
80 94 85 80
60 70 63 60
40 45 41 40
20 21 21 20
10 10 10 10







Tube No.


198


1. PERFORMANCE
1) Measuring range ：50-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
It reacts with Palladium sulphate.


CH3SH＋PdSO4→（CH3S）2Pd＋H2SO4


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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H2S REMOVER
(White)


H2S remover is effective up to 500 ppm H2S.


164SH METHYL MERCAPTAN


Substance ppm Interference Coexistence 
Chlorine Lower readings are given.
Carbon monoxide 500 Deep grey stain is produced.
Ethylene 500 〃
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-10 ppm 0.5-5 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by Methyl mercaptan at 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride, Hydrogen chloride is produced and PH indicator is discoloured.


CH3SH＋HgCI2→CH3S（HgCI）＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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130U METHYL MERCAPTAN


Substance Interference Coexistence 
Arsine Similar stain is produced. Higher readings are given.
Hydrogen selenide 〃 〃
Phosphine 〃 〃
Hydrogen sulphide 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃


Sulphur dioxide Whole reagent is changed to Pale red, but
Pink stain indicates Mercaptans conc.


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value







Tube No.


200


1. PERFORMANCE
1) Measuring range ：10-160 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


H2C＝C（CH3）CO2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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184S METHYL METHACRYLATE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


160 190 175 160 150 140
140 165 155 140 130 125
120 140 130 120 110 105
100 120 110 100 95 90
80 95 90 80 75 70
60 70 65 60 55 50
40 47 44 40 37 35
20 24 22 20 19 17
10 12 11 10 9 9


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Esters Whole layer is discoloured to Black. 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
A polymer of Styrene is produced by Sulphuric acid.


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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193S METHYL STYRENE


Substance Interference Coexistence 


Alcohols The accracy of readings is not The accracy of readings is not 
affected. affected.


Esters 〃 〃
Aromatic hydrocarbons 〃 〃
Halogenated hydrocarbons 〃 〃
Aliphatic hydrocarbons 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


500 300 380 500 680 850
400 270 320 400 560 730
300 210 250 300 390 500
200 140 160 200 250 300
100 70 80 100 130 150
50 30 40 50 70 80
30 17 24 30 40 54
10 4 60 10 12 18


n n


CH3


CH＝� CH– CH2CH2
＋H2SO4







Tube No.


202


1. PERFORMANCE
1) Measuring range ：1-50 ppm 0.5-25 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pink→Pale purple


2. RELATIVE STANDARD DEVIATION


3. CHEMICAL REACTION
By reacting with Sulphuric acid, PH indicator is discoloured.


H2NCH2CH2OH＋H2SO4→（HOC2N5NH3）2SO4


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


1 3 5


10 15 20 25 30 40 50 pp
mGAS To pump


224SA MONOETHANOL AMINE


Substance Interference Coexistence 


Other amines Brownish yellow stain is produced. Double-stain layer（Brownish yellow
FIG.1 and Pale purple）is produced.


ammonia Similar stain is produced. Double-stain layer（Yellow and Pale
FIG.2 purple）is produced.


Hydrazine 〃 〃
Atmospheric air 〃（CO2＋H2O）
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FIG.1 Influence of Methyl amine
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FIG.2 Influence of Ammonia
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（NOTE）
1）In case of 2 pump strokes, following formula is available for the actual concentration.


Actual concentration＝1/2×Temperature corrected value
2）In any case, Pale purple stain only is indicated concentration of Monoethanal amine. Other discolourations 


may be disregarded.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


50 － － 50 35 29
40 － 65 40 30 25
30 － 49 30 23 20
25 － 39 25 20 17
20 65 30 20 16 14
15 45 22 15 12 10
10 29 14 10 8 7
5 12 7 5 4 3
3 6 4 3 3 2
1 1 1 1 1 1
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-100 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：2ppm
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Isobutyl acetate at 1 pump stroke


and Naphthalene is determined by using a conversion chart at pump strokes.
8) Colour change ：Pale yellow→Blackish brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


C10H8＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
VAPOUR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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153U C NAPHTHALENE


Substance Interference Coexistence 
Methanol FIG.1 Pale blue stain is produced. Higher readings are given.
Butyl acetate 〃 〃
Aromatic hydrocarbons FIG.2 Brown stain is produced. 〃
Aliphatic hydrocarbons 〃 〃（more than C3）
Esters 〃 〃
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FIG.1 Influence of Methanol
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FIG.2 Influence of Toluene
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Tube No.


204


1. PERFORMANCE
1) Measuring range ：20-700 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：3 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：6 months
5) Operating temperature ：0～40℃
6) Reading ：Concentration chart method
7) Colour change ：Pale yellow→Dark purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Gold chloride（III）, colloidal gold is liberated.


Ni（CO）4＋AuCI3→Au


4. CALIBRATION OF THE TUBE
STANDARD GAS GYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


129 NICKEL CARBONYL


Substance Interference ppm Coexistence 
Arsine Similar stain is produced. 10 Higher readings are given.
Iron carbonyl 〃 10 〃
Mercury vapour 〃 10 〃
Hydrogen sulphide Brown stain is produced. 10 〃
Sulphur dioxide Pale blue stain is produced. 10 〃
Carbon monoxide 1,000 〃
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-20 ppm 1-10 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.5ppm（200mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：5～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：10％


3. CHEMICAL REACTION
PH indicator is discoloured.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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(White)


233S NITRIC ACID VAPOUR


Substance Interference ppm Coexistence 


Hydrogen fluoride Similar stain is produced. 8 The top of discoloured layer becomes
unclear and higher readings are given.


Nitrogen dioxide FIG.1 〃 50 〃
Hydrogen chloride FIG.2 〃 Higher readings are given.


（NOTE）
In case of  2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Temperature corrected value


Nitrogen dioxide〔ppm〕�


FIG.1 Influence of Nitrogen dioxide


Hydrogen chloride〔ppm〕�


FIG.2 Influence of Hydrogen chloride
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (41°F) (50°F) (59°F) (68°F) (86°F) (104°F)


20 － 35 25 20 15 13
15 43 25 19 15 12 10
10 27 17 12 10 8 7
5 14 9 6 5 4 4
2 6 4 3 2 2 2







Tube No.


206


1. PERFORMANCE
1) Measuring range ：20-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Yellowish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with o-Toluidine, Nitroso-o-Toluidine（dyestuff）is produced.


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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117SA NITROGEN DIOXIDE


Substance Interference ppm Coexistence
Chlorine Similar stain is produced. 5 Higher readings are given.
Bromine 〃 5 〃
Iodine 〃 5 〃


Nitrogen monoxide The accuracy of readings is not 10 The accuracy of readings is not
affected. affected.


Ozone 〃 5 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (32°F) (41°F) (50°F) (59°F) (68°F) (86°F) (104°F)


1,000 － － － － 1,000 640 540
800 － － － － 800 560 480
600 － － － 860 600 470 420
500 － － 1,000 700 500 410 380
400 － － 840 540 400 350 330
300 － 1,000 570 390 300 280 270
200 1,000 500 320 240 200 200 190
100 200 160 120 110 100 100 100
50 60 60 60 55 50 50 50
20 20 10 20 20 20 20 20
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CH3 CH3
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CH3 CH3
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Tube No.
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1. PERFOMANCE
1) Measuring range ：0.5-30 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：1.5 minutes/2 pump strokes
3) Detectable limit ：0.1 ppm
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 2 pump strokes
7) Colour change ：White→Yellowish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with o-Toluidine, Nitroso-o-Toluidine（dyestuff）is produced.


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


117SB NITROGEN DIOXIDE


Substance Interference ppm Coexistence 
Chlorine FIG.1 Similar stain is produced. 2 Higher readings are given.
Bromine 〃 2 〃
Iodine 〃 2 〃


Nitrogen monoxide The accuracy of readings is 15 〃FIG.2 not affected.
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FIG.1 Influence of Chlorine
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FIG.2 Influence of Nitrogen monoxide
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.1-1.0 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：2.25 minutes/3 pump strokes
3) Detectable limit ：0.01 ppm（300mr）
4) Shelf life ：1.5 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 3 pump strokes
7) Colour change ：White→pale purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump1.
0


0.
8


0.
6


0.
4


0.
2


0.
1


30
0m


l
pp


m


(White)
DEHUMIDIFIER


117SC NITROGEN DIOXIDE


Substance Interference ppm Coexistence


Ozone The accuracy of readings is not 2 Higher readings are given.affected.
Sulphur dioxide 〃 7 Lower readings are given.
Chlorine Similar stain is produced. Higher readings are given.


Formaldehyde The accuracy of readings is not
affected.


Formic acid 〃
Carbon monoxide 〃
Carbon dioxide 〃
Ethanol 〃


NO2＋H2N


CH3 CH3


NH2 Nitroso compound 
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Tube No.


1. PERFORMANCE
1) Measuring range ：NO ; 10－300 ppm NO2 ; 1－40 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：NO ; 1 ppm NO2 ; 0.5 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～30℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Concentration chart method
8) Colour change ：NO ; White→Yellowish orange


NO2; White→Pale yellowish orange


2. RELATIVE STANDARD DEVIATION
NO ; RSD-low ：10％　RSD-mid.：10％　RSD-high：10％
NO2 ; RSD-low：10％ RSD-mid.：10％ RSD-high： 5％


3. CHEMICAL REACTION
NO  ; By reacting with an Oxidizer, NO2 is produced.


NO＋CrO3＋H2SO4→NO2


NO2 ; By reacting with o-Toluidine, Nitroso-o-Toluidine is produced.


4. CALIBRATION OF THE TUBE
NO  ; STANDARD GAS CYLINDER METHOD
NO2 ; PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


To pumpGAS


OXYDATION
REAGENT


(RED)


REAGENT FOR NO2 DETECTION
(White)


REAGENT FOR NO DETECTION
(White)


174A,B NITROGEN OXIDE/NITROGEN DIOXIDE


Substance Interference ppm Coexistence
Chlorine Similar stain is produced. 1 Higher readings are given.


（I）NO TEMPERATURE CORRECTION TABLE


Chart NO True Concentration (ppm)
Readings 10℃ 12℃ 14℃ 16℃ 18℃ 20℃ 22℃ 24℃ 26℃ 28℃ 30℃


(ppm) 50°F 53.6°F 57.2°F 60.8°F 64.4°F 68°F 71.6°F 75.2°F 78.8°F 82.4°F 86°F


300 － － － － － 300 270 245 220 200 190


280 － － － － － 280 250 230 210 190 180


260 － － － － 300 260 235 215 195 180 170


240 － － － － 280 240 215 195 180 170 160


220 － － － 300 250 220 195 180 170 160 150


200 － － － 290 230 200 180 165 155 145 140


180 － － 300 250 200 180 165 150 140 135 130


160 － 310 260 215 180 160 150 140 130 125 120


140 310 260 220 185 155 140 130 122 117 113 110


120 260 215 180 155 135 120 112 106 101 98 95


100 210 185 150 130 110 100 95 90 86 83 80


80 160 140 120 100 87 80 77 75 72 71 70


60 100 90 80 70 64 60 57 54 52 51 50


40 60 56 52 48 43 40 38 37 36 35 35


20 30 28 26 24 22 20 20 20 20 20 20


10 10 10 10 10 10 10 10 10 10 10 10


（II）NO2 TEMPERATURE CORRECTION TABLE


Chart NO2 True Concentration (ppm)
Readings 10℃ 12℃ 14℃ 16℃ 18℃ 20℃ 22℃ 24℃ 26℃ 28℃ 30℃


(ppm) 50°F 53.6°F 57.2°F 60.8°F 64.4°F 68°F 71.6°F 75.2°F 78.8°F 82.4°F 86°F
40 － － － － － 40 39 38 37 37 36
38 － － － － 39 38 37 36 35 35 34
36 － － － 38 37 36 35 34 34 33 33
34 － 39 37 36 35 34 33 33 32 32 31
32 39 37 35 34 33 32 31 31 30 30 30
30 36 34 33 32 31 30 30 29 29 28 28
28 33 32 31 30 29 28 28 27 27 26 26
26 31 30 29 28 27 26 26 25 25 25 24
24 28 27 26 25 25 24 24 24 23 23 22
22 26 25 24 23 23 22 22 22 21 21 21
20 24 23 22 21 21 20 20 20 19 19 19
18 21 21 20 19 19 18 18 18 18 17 17
16 19 18 18 17 17 16 16 16 16 16 15
14 17 16 15 15 14 14 14 14 14 14 14
12 14 14 13 13 12 12 12 12 12 12 12
10 12 12 11 11 10 10 10 10 10 10 10
8 10 9 9 8 8 8 8 8 8 8 8
6 7 7 6 6 6 6 6 6 6 6 6
4 4 4 4 4 4 4 4 4 4 4 4
2 2 2 2 2 2 2 2 2 2 2 2


（III）CORRECTION TABLE OF NO2


CONCENTRATION COEXISTING WITH NO


NO2 Actual Concentration (ppm)


20 60 100 150 200 250 300
40 34 33 32 31 30
38 32 31 30 29 28
36 30 29 28 27 26
34 28 27 26 25 24
32 26 25 24 23 22
30 25 24 23 22 21 20
28 23 22 21 20 20 19
26 20 20 20 19 19 18
24 18 18 18 17 17 16
22 16 16 16 15 15 15
20 15 15 15 14 14 14
18 13 13 13 12 12 12
16 12 12 12 11 11 11
14 10 10 10 9 9 9
12 9 9 9 8 8 8
10 8 7 7 7 6 6 6
8 6 5 5 5 5 5 5
6 5 4 4 4 4 4 4
4 3 3 3 3 3 3 3
2 2 2 2 2 2 2 2


NH2


CH3 CH3


NO2＋H2N NOON＝�


CH3 CH3


NITROGEN MONOXIDE�
NO ppm


NITROGEN DIOXIDE�
NO2 ppm


X


0
10


40


60
80
100


20


120
140


180
200


250


300


160


X


0


10


40


60
80
100


20


120
140


180
200
250
300


160


X


0
1


4
6
8
10


2


12
16


25
30
35
40


20


X


0
1


4
6
8
10


2


12
16


25
30
35
40


20


Sampling Gas Volum 100mR
NITROGEN OXIDES CONCENTRATION CHART
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1. PERFORMANCE
1) Measuring range ：20-250 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：1 year
5) Operating temperature ：5～45℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
NO  ; By reacting with an Oxidizer, NO2 is produced.


NO＋CrO3＋H2SO4→NO2


NO2＋（C6H5）2NH→（C6H5）2NNO
NO2 ; By reacting with Diphenylamine, N-Nitroso-diphylamine is produced.


NO2＋（C6H5）2NH→（C6H5）2NNO


4. CALIBRATION OF THE TUBE
NO  ; STANDARD GAS CYLINDER METHOD
NO2 ; PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


PRETREAT REAGENT
(Reddish brown)


175SA NITROGEN OXIDES


Substance ppm Interference ppm Coexistence 
Over 600 Dark blue stain is produced.


Hydrogen chloride Over 1,000 Brownish red/Yellow/Dark blue Lower readings are given.
stain is produced.


Sulphur dioxide 100 〃
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Tube No.


175SH NITROGEN OXIDES


1. PERFORMANCE
1) Measuring range ：100-2,500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：1 year
5) Operating temperature ：5～45℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
NO  ; By reacting with an Oxidizer, NO2 is produced.


NO＋CrO3＋H2SO4→NO2


NO2＋（C6H5）2NH→（C6H5）2NNO
NO2 ; By reacting with Diphenylamine ,N- Nitroso-diphylamine is produced.


NO2＋（C6H5）2NH→（C6H5）2NNO


4. CALIBRATION OF THE TUBE
NO  ; STANDARD GAS CYLINDER METHOD
NO2 ; PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


PRETREAT REAGENT
(Reddish brown)


Substance Interference ppm Coexistence 


Hydrogen chloride The bottom of discoloured layer is 500 Higher readings are given.changed to Dark blue.


Sulphur dioxide The accurecy of reading is not 
affected.


（NOTE）
When the concentration of Nitrogen oxides is high（over 2,000 ppm）in the measuring range, a green ring may
occur in the discoloured layer or double-stained layer may occur. The total stain length should be read, even if
the stained layer gets multi-colour discolouration.
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1. PERFORMANCE
1) Measuring range ：1.0-30 ppm 0.5-15 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：3 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Pale purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
NO  ; By reacting with an Oxidizer, NO2 is produced.


NO＋CrO3＋H2SO4→NO2


NO2＋3, 3’-Dimethylnaphthidine→Nitroso-compound
NO2 ; By reacting with 3, 3’-Dimethylnaphthidine, Nitroso-compound is produced.


NO2＋3, 3’-Dimethylnaphthidine→Nitroso-compound


4. CALIBRATION OF THE TUBE
NO  ; STANDARD GAS CYLINDER METHOD
NO2 ; PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


PRETREAT REAGENT
(Reddish brown)


Substance Interference ppm Coexistence 


Chlorine Similar stain is produced. The accurecy of reading is not 
affected.


Hydrogen chloride 〃 〃


Sulphur dioxide The accuracy of reading is not 500 Lower readings are given.affected.
Hydrogen sulphide 〃 5 〃
Ozone 〃
Hexane 〃
Laughing gas 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value


175U NITROGEN OXIDES
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1. PERFORMANCE
1) Measuring range ：5-70 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：1 year
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary under 20℃（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
By reacting with Alkali, Dimethyl amine is produced. Dimethyl amine reacts on Phosphoric acid and 
PH indicator is discoloured.


CH3CON（CH3）2→HN（CH3）2


2HN（CH3）2＋H3PO4→〔（CH3）2NH2〕2HPO4


4. CALIBRATION OF THE TUBE
DIFFUSION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump706050403020105
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Tube No.


229S N, N-DIMETHYL ACETAMIDE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20-40℃
(ppm) (50°F) (59°F) (68-104°F)


70 120 84 70
60 102 70 60
50 85 60 50
40 67 47 40
30 50 36 30
20 35 23 20
10 17 12 10


5 10 6 5


Substance Interference Coexistence 
Carbon dioxide Not affected. 0.17％ Lower readings are given.
Ammonia Similar stain is produced. Higher readings are given.
Amines 〃 〃
Hydrazine 〃 〃
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1. PERFORMANCE 
1) Measuring range ：2-30 ppm 1-5 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, Amine is produced. Further, PH indicator is discoloured by reacting together with
phosphoric acid.


HCON（CH3）2＋NaOH→HN（CH3）2


HN（CH3）2＋H3PO4→〔（CH3）2NH2〕2HPO4


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump302520151052
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Tube No.


196S N, N-DIMETHYL FORMAMIDE


（NOTE）
When the concectration is below 5 ppm, 2 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Temperature corrected value


Substance Interference ppm Coexistence


Sulphur dioxide The accuracy of readings is not 200 Lower readings are given.FIG.1 affected.
Carbon dioxide FIG.2 〃 0.1％ 〃
Ammonia Similar stain is produced. Higher readings are given.
Amines 〃 〃 〃
Hydrazine 〃 〃 〃
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FIG.1 Influence of Sulphur dioxide
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FIG.2 Influence of Carbon dioxide
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 15℃ 20-40℃
(ppm) (50°F) (59°F) (68-104°F)


30 81 40 30
25 67 33 25
20 54 27 20
15 40 20 15
10 27 13 10
5 13 7 5
2 5 3 2
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Tube No.


1. PERFORMANCE
1) Measuring range ：Refer to under-mentioned table


Number of pump strokes 1（100mr）
2) Sampling time ：20 sec. /1 pump stroke
3) Shelf life ：2 years
4) Operating temperature ：0～40℃
5) Reading ：Qualitatively
6) Colour change ：Orange→Black or Dark green


2. RELATIVE STANDARD DEVIATION
RSD-low：　％　RSD-mid.：　％　RSD-high：　％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CnHm＋H2SO4＋Cr6＋→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
Hydrocarbons except Methane and Ethane, Alcohols, Esters, Ketones, Aromatic hydrocarbons and Hydrogen 
sulphide can be detected qualitatively.


To pumpGAS


REAGENT
(Orange)


186 ORGANIC GAS CHECKER


6. DETECTABLE GAS CONCENTRATION TABLE A : U.S.A
B : U.K.
J : JAPAN


NO. Classification Detective Gas Detectable Limit of TLV（ppm）
Gas Concentration（ppm）


1 Alcohol Methanol 20 200（A, B, J）
I.P.A. 50 400（A, B, J）
Butanol 50 50（A, B, J）


2 Ester Ethyl Acetate 400 400（A, B, J）
Butyl Acetate 200 150（A, B）,200（J）


3 Ketone Acetone 600 750（A）, 1,000（B）, 200（J）
M.E.K. 200 200（A, B, J）
M.I.B.K. 100 50（A, J）, 100（B）


4 Aromatic Benzene 40 10（A, B, J）
Toluene 5 100（A, B, J）
Xylene 5 100（A, B, J）


5 Aliphatic Propane 1,500 －
Butane 100 800（A）, 600（B）
Pentane 10 600（A,B）
Hexane 10 50（A）, 100（B）, 40（J）
Heptane 5 400（A, B）
Octane 5 300（A, B）
Acetylene 2500 －
Ethylene 100 －
Propylene 10 －


6 Chlorination Trichloroethylene 25 50（A, J）, 100（B）
Hydrocarbon Tetrachloroethylene 200 50（A, J）, 100（B）


7 Mixed solvent Gasoline（motor fuel） 10 300（A）, 100（J）
Kerosene 8（mg/m3）
Mineral Turpentine 8（mg/m3）


8 Others Ethyl acrylate 10 5（A）, 25（B）
Ether（ethyl） 10 400（A, B）
Ethylene oxide 50 1（A）, 5（B）
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1. PERFORMANCE
1) Measuring range ：2-24％


Number of pump strokes 1/2（50mr）
2) Sampling time ：2 minutes/1/2 pump stroke
3) Shelf life ：2 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale calibrated by 1/2 pump stroke
6) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Oxygen reacts with alkaline pyrogallol.


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


2 6 9 12 15 18 21 24 % 50
m


l


GAS To pump


TEMPERA TURE
INDICATOR


Tube No.
159SA,SB OXYGEN


Substance Interference ppm Coexistence 
Hydrogen sulphide 2％ Higher readings are given.
Nitrogen dioxide 2％ 〃
Sulphur dioxide Similar stain is produced. 2％ 〃
Carbon dioxide 〃 5％ 〃


6.NOTE
1）Coexistence of more than 5％of Carbon dioxide（CO2）gives higher reading and the reading from the scale 


should be corrected with the following correction table.
2）The No.159SA and SB tubes are necessary to heat the part of the temperature indicator until the indicator 


discolours from Red to Purple first. In case of No.159SA , it is necessary to use direct flame such as a match 
or lighter to heat it up a non-hazardous area.No.159SB consists of a thin aluminum belt rolled on the indicat-
or and chemical liquid in a small bottle. When the liquid is dropped on the aluminum fully, a chemical reac-
tion occurs with generating smoke and temperature comes high. There, the No.159SB is possible to use in a 
hazardous area.


CO2 CORRECTION TABLE
Scale True Concentration (％)


Readings CO2 CO2 CO2 CO2
(％) 5％ 10％ 15％ 20％


2 2.0 － － －
6 6.0 2.5 － －
9 9.0 6.4 － －


12 12.0 10.0 7.0 6.0
15 15.0 12.8 10.0 7.8
18 18.0 16.0 14.0 12.1
21 21.0 19.0 16.6 14.4
24 24.0 21.2 19.6 17.9
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1. PERFORMANCE
1) Measuring range ：3-24％ 1.5-3％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1/2 pump stroke


1.5 minutes/1 pump stroke
3) Shelf life ：2 years
4) Operating temperature ：0～45℃
5) Reading ：Direct reading from the scale calibrated by 1/2 pump stroke
6) Colour change ：Black→White


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTI0N
Titanium trichloride is oxidized and Titanium oxide is produced.


O2＋TiCI3→TiO2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


3 6 9 12 15 18 21 24 %
50


m
l


GAS To pump


(White)


POSTTREAT TUBEDETECTOR TUBE


Tube No.


159SC OXYGEN


（NOTE）
When the concentration is below 3％, 1 pump stroke can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value


Substance Interference Coexistence 


Sulphur dioxide The accuracy of readings is not 
affected.


Carbon dioxide 〃
Nitrogen dioxide 〃
Hydrogen sulphide 〃
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1. PERFORMANCE
1) Measuring range：


Oxygen 2-10％
Carbon dioxide 1-20％
Number of pump strokes 1（100mr）


2) Sampling time ：8 minutes/1 pump stroke
3) Detectable limit ：0.001％
4) Shelf life ：1.5 years
5) Operating temperature ：0～40℃
6) Temperature compensation：


Oxygen Necessary（See "Temperature CorrectionTable"）
Carbon dioxide No temperature correction is necessary.


7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change：


Oxygen White→Brown
Carbon dioxide Pink→Yellow


2. RELATIVE STANDARD DEVIATION
Oxygen RSD-low：10％　RSD-mid.：10％　RSD-high：10％
Carbon dioxide RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Oxygen：Oxygen reacts with alkaline pyrogallol.
Carbon dioxide：CO2＋2KOH→K2CO3＋H2O


4. CALIBRATION OF THE TUBE
Oxygen・Carbon dioxide STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
Ordinary combustion gases do not affect the reading value and discolouration.


5. CONCENTRATION CORRECTION
On account of interaction of indication between carbon dioxide and oxygen, the true concentration is calculated


by the following equations.


［EXANPLE］
At the measuring temperature of 30℃, when oxygen indication is 5％（temperature corrected value 5.3％）and
carbon dioxide indication is 10％, each true concentration is calculated as bellow.


Accordingly true concentration :
Carbon dioxide 9.47％
Oxygen 4.77％


OXYGEN DETECTOR TUBECARBON DIOXIDE DETECTOR TUBE


2 3 4 5 6 7 8 9 10


421 6 8 10 12 14 16 18 20 %GAS To pump


Tube No.


281S OXYGEN CARBON DIOXIDE・


TEMPERATURE CORRECTION TABLE
Scale True Oxygen Concentration (％)


Readings 10℃ 20℃ 30℃ 40℃
(％) (50°F) (68°F) (86°F) (104°F)


10.0 9.7 10.0 10.3 10.5
9.0 8.7 9.0 9.3 9.5
8.0 7.7 8.0 8.3 8.5
7.0 6.7 7.0 7.3 7.5
6.0 5.7 6.0 6.3 6.5
5.0 4.7 5.0 5.3 5.5
4.0 3.9 4.0 4.2 4.5
3.0 2.9 3.0 3.1 3.3
2.0 2.0 2.0 2.0 2.1


CO2 ％＝（CO2）－
100


（O2）×（CO2） equation（1）


O2 ％　＝（O2）　－
100


（O2）×（CO2） equation（2）


CO2 ％＝　10　－ ＝　10　－　0.53　＝　9.47


＝　5.3　－　0.53　＝　4.77


100
5.3　×　10


5.3　×　10
O2 ％　＝　5.3　－


100


Where
（CO2）： indication of carbon（％）
（O2）：corrected oxygen concentration（％）
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Tube No.


1. PERFORMANCE
1) Measuring range ：100-1,000 ppm 50-500 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：5 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Dark blue→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Indigo is oxidized and Isatin is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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182SA OZONE


Substance Interference Coexistence 
The top of discoloured layer


Nitrogen Similar stain is produced. becomes unclear and higher
readings are given.


Chlorine 〃 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for actual concentration.
Actual concentration＝2×Reading value
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1. PERFORMANCE
1) Measuring range ：10-100 ppm 5-50 ppm 2.5-25 ppm


Number of pump strokes 1/2（50mr） 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Blue→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Indigo is oxidized and Isatin is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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182SB OZONE


Substance ppm Interference Coexistence 


Nitrogen dioxide 10 Similar stain is produced. The top of discoloured layer becomes
unclear and higher readings are given.


（NOTE）
1）In case of 1/2 pump strokes, following formula is available for actual concentration.


Actual concentration＝2 ×Reading value


2）In case of 2 pump strokes, following formula is available for actual concentration.
Actual concentration＝1/2×Reading value


C


N
H


H
N


C


O


＝
�


O


C


＝
�


＝C
C


N
H


C


O


＝
�


＝O＋2O2＋2O3 　� 2







221


Tube No.


1. PERFORMANCE
1) Measuring range ：0.15-3.0 ppm 0.05-1.0 ppm 0.025-0.5 ppm


Number of pump strokes 1（100mr） 3（300mr） 6（600mr）
2) Sampling time ：3 minutes/3 pump strokes
3) Detectable limit ：0.01 ppm（600mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 3 pump strokes
7) Colour change ：Blue→White


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Indigo is oxidized and Isatin is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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182U OZONE


Substance Interference ppm Coexistence 
The top of discoloured layer


Nitrogen dioxide Similar stain is produced. 0.5 becomes unclear and higher
FIG.1 readings are given.


Chlorine 〃 10


Oxidant Similar stain is produced and this 
has same sensitivity with Ozone.


（NOTE）
In case of 1 or 6 pump strokes, following formula is available for actual concentration.


Actual concentration＝Reading value ×
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Tube No.


1. PERFORMANCE
1) Measuring range ：50-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Hexane at 1 pump stroke 


and Pentane concentration is determined by using a conversion chart.
7) Colour change ：Orange→Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low:10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
CH3（CH2）3CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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FIG.1 Influence of Benzene
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Substance Interference ppm Coexistence 
Alcohols Similar stain is produced. 6％ Higher readings are given.
Ketones 〃 〃 〃
Esters 〃 〃 〃
Aromatic hydrocarbons 〃 The bottom of the discoloured layer is stain-


FIG.1,2 ed to Black and higher readings are given.
Paraffin Hydrocarbons 〃 Higher readings are given.（more than C3）
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-200 ppm


Number of pump strokes 3（300mr）
2) Sampling time ：4.5 minutes/3 pump strokes
3) Detectable limit ：4 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 3 pump strokes
8) Colour change ：Pale yellow→Pale blue（more than 20 ppm）


〃　 →Dark brown（20 ppm or less）


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.
CH3CO2CH2（CH2）3CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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210U PENTYL ACETATE


Substance Interference Coexistence 
Alcohols Similar or Blue  stain is produced. Higher readings are given.
Esters 〃 〃
Ketones 〃 〃
Aliphatic hydrocarbons 〃 〃
Aromatic hydrocarbons The accuracy of readings is not affected. Whole reagent is changed to Brown.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


200 240 200 160 120
150 180 150 130 100
100 120 100 80 70
50 60 50 40 30
30 36 30 24 18
10 10 10 8 6
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1. PERFORMANCE 
1) Measuring range ：0.5-25.0 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.3 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Pale yellow→Pale light brown（Pale brown）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Phenol is oxidized and the Polymer is produced.


C6H5OH＋Ce4＋→C6H5O・→（C6H5O）n


4. CALIBRATION OF THE TUBE
ABSORPTIOMETRIC METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence 
Other phenols FIG.1 Similar stain is produced. 2.5 Higher readings are given.


Ammonia White stain is produced. 200 Discolouration of gas inlet side is faded 
FIG.2 and higher readings are given.


Aliphatic amines 〃 50 〃
Two layers discolouration of Pale brown 


Aromatic amines Blue stain is produced. 50 and Blue are produced and higher read
ings are given.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


25.0 31.2 27.8 25.0 21.8 18.8
20.0 24.5 22.3 20.0 17.5 15.0
15.0 18.4 16.7 15.0 13.1 11.3
10.0 12.3 11.1 10.0 8.8 7.5
5.0 6.1 5.6 5.0 4.4 3.8
3.0 3.7 3.3 3.0 2.6 2.3
1.0 1.2 1.1 1.0 0.9 0.8
0.5 0.5 0.5 0.5 0.5 0.5
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.5-20 ppm 0.1-0.5 ppm


Number of pump strokes 1（100mr） 5（500mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.05 ppm（500mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Red


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Nitro-benzyl pyridine, urea derivative is produced.
This urea derivative reacts with Benzyl aniline and dyestuff is produced.


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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FIG.1 Influence of Nitrogen dioxide


P
ho


sg
en


e 
in


di
ca


tin
g 


va
lu


e 
〔


pp
m
〕


10 3020


Substance Interference ppm Coexistence 


Nitrogen dioxide Yellow stain is produced. 100 Yellow stain is produced and higher 
FIG.1 readings are given.


Chlorine 5 Discolouration is faded from the gas
inlet edge.


Hydrogen chloride 10 〃
Sulphur dioxide 0.2％ 〃


（NOTE）
When the concentration is below 0.5 ppm, 5 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/5×Temperature corrected value


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


20 13.5 17.0 20.0 21.8 23.0
15 10.5 12.8 15.0 16.5 17.5
10 7.0 8.6 10.0 11.0 11.8
5 3.5 4.3 5.0 5.5 5.8
3 3.0 3.0 3.0 3.0 3.0


CH2 CH2NHO2N NH＋ ＋COCl2 DYESTUFF
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-800 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：3 minutes/1 pump stroke with orifice
3) Detectable limit ：5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale blue→Reddish purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride（II）and Cupric sulphate（II）, Mercuric phosphorus chloride and Cupric 
phosphate are produced respectively.
Moreover, Cupric phosphide reacts with Acetylene and Copper acetylene is produced.


PH3＋HgCI2＋H2O→Hg3P2・3HgCI・3H2O
PH3＋CuSO4→Cu3P2＋H2O
Cu3P2＋HC≡CH→CuC≡CCu


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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121SA PHOSPHINE IN ACETYLENE


Substance Interference ppm Coexistence 
Hydrogen sulphide Black stain is produced. 10 Higher readings are given.
Arsine Dim yellow stain is produced. 10 〃
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6.NOTE
1）In case that Acetylene does not exist, lower readings are given.
2）A flow control orifice（an extra option）is required to attach as shown in the following drawing.
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-90 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：3 minutes/1 pump stroke with orifice
3) Detectable limit ：1 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale blue→Yellowish brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride（II）and Cupric sulphate（II）, Mercuric phosphorus chloride and Cupric 
phosphate are produced respectively.
Moreover, Cupric phosphide reacts with Acetylene and Copper acetylene is produced.


PH3＋HgCI2＋H2O→Hg3P2・3HgCI・3H2O
PH3＋CuSO4→Cu3P2＋H2O
Cu3P2＋HC≡CH→CuC≡CCu


4. CALIBRATION OF THE TUBE
COLOURIMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence 
Hydrogen sulphide Black stain is produced. 10 Higher readings are given.
Arsine Dim yellow stain is produced. 10 〃
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6.NOTE
1）In case that Acetylene does not exist, lower readings are given.
2）A flow control orifice（an extra option）is required to attach as shown in the following drawing.
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Tube No.


1. PERFORMANCE
1) Measuring range ：40-1400 ppm 20-700 ppm


Number of pump strokes 1/2（50mr） （100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride（II）, Mercuric phosphorus chloride is produced.


PH3＋HgCI2＋H2O→Hg3P2・HgCI2・H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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121SC PHOSPHINE


Substance Interference ppm Coexistence 
Arsine Brown stain is produced. 30 Higher readings are given.
Hydrogen selenide 〃 50 〃
Hydrogen sulphide 〃 40 〃


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.5-10.0 ppm 0.25-0.5 ppm 1-20 ppm


Number of pump strokes 1（100mr） 2（200mr） 1/2（50mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.1 ppm（200mr）
4) Shelf life ：1 year
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale orange→Brownish purple


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride（II）, Hydrogen chloride is produced and PH indicator is discoloured.


PH3＋3HgCI2→P（HgCI）3＋3HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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（NOTE）
1）When the concentration is below 0.5ppm, 2 pump strokes can be used to determine the


lower concentration. Following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value
In case of 1/2 pump strokes, following formula is available for actual concentration.
Actual＝2×Reading value


2）Read the concentration rapidly because the discoloured layer will be faded gradually.


Substance Interference ppm Coexistence 


Ammonia 60 From gas inlet side of discoloured 
layer, the discolouration is faded.


Hydrogen selenide Similar stain is produced. Higher readings are given.
Nickel carbonyl 〃 〃
Arsine 〃 〃
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.1-2.0 ppm 0.05-1.0 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.02 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Mercuric chloride（II）, Hydrogen chloride is produced and PH indicator is discoloured.


PH3＋HgCI2→P（HgCI）3＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence
Hydrogen sulphide Similar stain is produced. Higher readings are given.
Hydrogen selenide 〃 〃
Mercaptans 〃 〃
Arsine 〃 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃


Whole reagent is changed to Pale red,but
Sulphur dioxide Purplish red stain indicates Phosphine 〃


concentration.


（NOTE）
When the concentration is below 0.5 ppm, 2 pump strokes can be used to determine the lower concentration.
Following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.02-0.5％


Number of pump strokes 1（100mr）
2) Sampling time ：4 minutes/1 pump stroke
3) Detectable limit ：20 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Orange→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CH2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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125SA PROPANE


Substance Interference Coexistence 
Toluene Similar stain is produced. Higher readings are given.
Hexane 〃 〃
Trichloroethylene 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


0.50 0.40 0.45 0.50 0.50 －
0.40 0.33 0.37 0.40 0.35 －
0.30 0.26 0.28 0.30 0.28 0.42
0.25 0.21 0.23 0.25 0.22 0.32
0.20 0.17 0.19 0.20 0.16 0.26
0.15 0.13 0.14 0.15 0.22 0.19
0.10 0.09 0.10 0.10 0.11 0.13
0.05 0.05 0.06 0.05 0.05 0.05
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.01-1.4％


Number of pump strokes 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Methyl ethyl ketone at 2 pump


strokes and Propyl acetate concentration is determined by using a conversion chart.
7) Colour change ：Orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3CO2（CH2）2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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139SB C PROPYL ACETATE


Substance Interference ppm Coexistence 
Acetylene 3％ Whole reagent is changed to Brown.
Propane 0.2％ 〃
Other organic gases or vapours
except Halogenated hydrocar- Similar stain is produced. Higher readings are given.
bons


Propyl acetate（％）�
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2（CH2）2CH3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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151U PROPYL ACETATE


Substance Interference Coexistence 


Alcohols Similar stains or Blue stains Higher readings are given.are produced.
Esters 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Paraffin hydrocarbons 〃 Whole reagent is changed to 
Brown.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


1,000 － 1,000 480 320
800 － 800 420 280
600 1,450 600 340 240
400 850 400 240 160
200 380 200 120 80
100 200 100 60 40
50 100 50 30 20
20 45 20 10 6
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Tube No.


1. PERFORMANCE
1) Measuring range ：50-1,000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：10～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Dark blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Molybdate is reduced and molybdeum blue is produced.


CH3CH＝CH2＋PdSO4＋（NH4）2MoO4→Mo3O8


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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DEHUMIDIFIER
(White)


185S PROPYLENE


Substance ppm Interference ppm Coexistence 
Carbon monoxide 45 Similar stain is produced. 200 Higher readings are given.
Acetylene Brown stain is produced. 50 〃
Ethyene Similar stain is produced. 〃


Hydrogen sulphide 10 Black stain is produced. 50 Double-layer stain is produced 
and higher readings are given.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


1,000 870 1,000 － －
800 760 800 900 1,000
600 540 600 660 720
400 380 400 420 440
200 200 200 200 200
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Tube No.


1. PERFORMANCE
1) Measuring range ：1.0-5.0％ 0.05-3.0％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：20 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH3CHCH2O＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence 
Aromatic hydrocarbons FIG.1 Similar stain is produced. Higher readings are given.
Esters FIG.2 〃 〃
Ketones 〃 〃
Alcohols FIG.3 〃 〃


Halogenated hydrocarbons Whole reagent is changed to 0.5％ 〃Brown.


（NOTE）
In case of 1/2 pump strokes, following conversion scale is available for actual concentration.
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-10 ppm 0.5-5 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION 
By reacting with Mercuric chloride, Hydrogen chloride is produced and PH indicator is discoloured.


RSH＋HgCI2→RS（HgCI）＋HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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DEHUMIDIFIER
(White)


130U n-PROPYL MERCAPTAN


Substance Interference Coexistence 
Arsine Similar stain is produced. Higher readings are given.
Hydrogen selenide 〃 〃
Phosphine 〃 〃
Hydrogen sulphide 〃
Hydrogen cyanide Whole reagent is changed to Red. 〃


Sulphur dioxide Whole reagent is changed to Pale red,but 
Pink stain indicates Mercaptans conc.


（NOTE）
This tube scale is calibratde based on Methyl mercaptan and the same scale is available for n-Propyl mercaptan.
In case of 1/2 pump strokes, following formula is available for actual concentration.
Actual concentration＝2× Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-50 ppm 0.5-25 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：5 minutes/1 pump stroke
3) Detectable limit ：0.3 ppm（200mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary under 20℃（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Red


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Mercuric chloride, Hydrogen chloride is liberated and PH indicator is discoloured.


SiH4＋HgCI2→HCI


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


5040302010521GAS To pump


240S SILANE


Substance Interference ppm Coexistence 


Phosphine 2 layers of greyish white and 20 Higher readings are given.red stain are produced.


Arsine 2 layers of dark brown and red 50 〃stain are produced.
Disilane A Similar stain is produced. 2 〃
Diborane 〃 20 〃
Ammonia 100 Lower readings are given.


Whole reagent is changed to orange. But


Sulphur dioxide the accuracy of readings are not affected 
by Sulphur dioxide if the top of the stained
layer is clear.


IPA Not affected.
Hydrogen 〃
Hydrogen chloride 250 Not affected.
Dichlorosilane 200 〃


（NOTE）
In case of  2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝Temperature corrected value×1/2


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20-40℃
(ppm) (32°F) (50°F) (68-104°F)


50 38 45 50
40 30 35 40
30 22 26 30
20 14 17 20
10 7 8 10
5 4 4 5
2 2 2 2
1 1 1 1
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-300 ppm 2.5-150 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.5 ppm（200mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high : 10％


3. CHEMICAL REACTION
A polymer of Styrene is produced by sulphuric acid.


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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158S STYRENE


Substance ppm Interference ppm Coexistence 


Acrylonitrile The accuracy of readings is not 400 Lower readings are given.FIG.1 affected.


Butadiene 3 Similar stain is produced. 5 Uneven discolouration is produced
FIG.2 and higher readings are given.


Formaldehyde 〃 15 Yellowish orange stain is produced
FIG.3 and higher readings are given.


Acetaldehyde 〃 350 Similar stain is produced and 
higher readings are given.


Methyl alcohol The accuracy of readings is not 0.35％ Pale discolouration is produced 
affected. and higher readings are given.


Ethyl alcohol 〃 0.18％ 〃
Ethyl acetate 〃 700 〃
Butyl acetate 〃 700 〃
（NOTE）


In case of 2 pump strokes, following formula is available for actual concentration.
Actual concentration＝1/2×Reading value.
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Tube No.
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1. PERFORMANCE
1) Measuring range ：0.1-3.0％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：100 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
SO2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


103SA SULPHUR DIOXIDE


Substance Interference ppm Coexistence 


Hydrogen sulphide 400 Brown stain is produced and higher
readings are given.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


3.0 4.4 3.7 3.0 2.6 2.2
2.6 3.8 3.2 2.6 2.3 2.0
2.2 3.2 2.7 2.2 2.0 1.7
1.8 2.6 2.2 1.8 1.6 1.4
1.4 2.0 1.7 1.4 1.3 1.1
1.0 1.4 1.2 1.0 0.9 0.9
0.8 1.2 1.0 0.8 0.7 0.6
0.6 0.8 0.7 0.6 0.6 0.5
0.4 0.5 0.5 0.4 0.4 0.3
0.2 0.3 0.2 0.2 0.2 0.2
0.1 0.1 0.1 0.1 0.1 0.1
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.02-0.3％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium iodide is reduced.


SO2＋KIO3＋H2O→ I2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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103SB SULPHUR DIOXIDE


Substance Interference ppm Coexistence


Hydrogen sulphide The accuracy of readings is 100 Higher readings are given.not affected.
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-300 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：3 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Purple→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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103SC SULPHUR DIOXIDE


Substance ppm Interference ppm Coexistence 


Chlorine Similar stain is produced. SO2 conc. Higher readings are given.FIG.1 ×1/5
Nitrogen dioxide 100 Pink stain is produced. 〃 〃FIG.2
Hydrogen Sulphide SO2 conc. Lower readings are given.FIG.3 ×100
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Tube No.


1. PERFORMANCE
1) Measuring range ：1-60 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.5 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with alkali, PH indicator is discoloured.


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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GAS To pump


103SD SULPHUR DIOXIDE


Substance ppm Interference ppm Coexistence 


Chlorine Pale pink stain is produced. SO2 conc. Higher readings are given.×2


SO2 conc. The top of discoloured layer
Nitrogen dioxide 20 〃 ×1 becomes un clear and higher 


readings are given.
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Tube No.


10 30 50 60 70 80 90
coefficient 0.9 0.95 1 1.1 1.2 1.3 1.4of correction


1. PERFORMANCE
1) Measuring range ：0.5-10 ppm 0.25-5 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke 
3) Detectable limit ：0.1 ppm（200mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Humidity compensation ：Necessary（See "R.H. CORRECTION COEFFICIENT TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pink→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with an Alkali, PH indicator is discoloured.


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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103SE SULPHUR DIOXIDE


Substance Interference ppm Coexistence 
The top of discoloured layer


Nitrogen dioxide Pale pink stain is produced. 3 becomes un clear and higher 
readings are given.


Hydrogen chloride 〃 Higher readings are given.


（NOTE）
1）This detector tube is affected by abmbient relative humidity,therefore,it is necessary to compensate the reading of


gas detector tube with the following formula and correction confficient table.
Actual concentration＝Reading Value（ppm）×Correction Coefficient


2）In case of 2 pump strokes, following formula is available for actual concentration.
Actual concentration＝1/2×Reading value corrected with above formula


R.H. CORRECTION COEFFICIENT TABLE
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.02-0.3％


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Potassium iodate is reduced.


SO2＋KIO3＋H2O→ I2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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PRETREAT TUBE DETECTOR TUBE


103SF SULPHUR DIOXIDE IN FLUE GAS


Substance Interference ppm Coexistence 
Hydrogen sulphide The accuracy of readings is not affected. 100 Higher readings are given.
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1. PERFORMANCE
1) Measuring range ：0.5-5 mg/m3


Number of pump strokes 5（500mr）
2) Sampling time ：100 seconds/5 pump strokes
3) Detectable limit ：0.2 mg/m3


4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：5～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 5 pump strokes
8) Colour change ：Yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
The pH indicator is discoloured.


4. CALIBRATION OF THE TUBE
ION CHROMATOGRAPHY.


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump4.
0


5.
0


3.
0


2.
0


1.
0


0.
5


m
g/


m
3


Tube No.


244U SULPHURIC ACID


Substance Interference Coexistence 
Hydrogen chloride Similar stain is produced. Higher readings are given.
Hydrogen flouride 〃 〃
Nitrogen dioxide 〃 〃
Chlorine 〃 〃
Acetaldehyde 〃 〃
Hydrogen sulphide The accuracy of readings is not affected. 〃
Sulphur dioxide 〃 〃


TEMPERATURE CORRECTION TABLE


Temperature 5℃ 10℃ 20℃ 30℃ 40℃
(41°F) (50°F) (68°F) (86°F) (104°F)


Correction Factor 7.0 6.0 5.0 4.5 4.0







246


1. PERFORMANCE
1) Measuring range ：10-300 ppm 5-150 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：1 ppm（100mr）
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Red


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Hydrogen chloride is produced and PH indicator is discoloured.


CCI2＝CCI2＋PbO2＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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PRETREAT REAGENT
(Grey)


Tube No.


135SA TETRACHLOROETHYLENE


Substance Interference Coexistence 
Vinyl chloride Similar stain is produced. Higher readings are given.
Hydrogen chloride FIG.1 〃 〃
1,2-Dichloroethylene FIG.2 〃 〃
Trichloroethylene 〃 〃
Chlorine Pale red stain is produced.


（NOTE）
In case of 1/2 or 2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Temperature corrected value
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FIG.1 Influence of Hydrogen chloride
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FIG.2 Influence of 1,2-Dichloroethylene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


150 － 172 150 138 134
100 144 116 100 92 88
50 70 56 50 46 44
30 40 36 30 28 26
20 22 21 20 19 18
10 10 10 10 10 10
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1. PERFORMANCE
1) Measuring range ：1-10 ppm 0.2-2.0 ppm


Number of pump strokes 1（100mr） 4（400mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.1 ppm（400mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale orange→Blueish purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with an Oxidizer, Hydrogen chloride is produced and PH indicator is discoloured.
CI2C＝CCI2＋PbO2＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence 
Trichloroethylene FIG.1 Similar stain is produced. 2 Higher readings are given.
1,2-Dichloroethylene FIG.2 〃 2 〃
Hydrogen chloride 〃 2 〃
Vinyl chloride 〃 40 〃
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FIG.2 Influence of 1,2-Dichloroethylene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


10 12.5 11.3 10.0 9.4 8.7
9 11.9 10.5 9.0 8.5 7.9
8 9.4 8.7 8.0 7.5 7.0
7 8.2 7.6 7.0 6.6 6.2
6 7.0 6.5 6.0 5.6 5.2
5 5.8 5.4 5.0 4.8 4.3
4 4.6 4.3 4.0 3.8 3.5
3 3.5 3.3 3.0 2.8 2.6
2 2.3 2.2 2.0 1.9 1.7
1 1.1 1.1 1.0 1.0 0.9


（NOTE）
In case of 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/5×Temperature corrected value
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-1.0％ 0.1-2.0％


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：2.5 minutes/1 pump stroke
3) Detectable limit ：0.01％（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Brown（The top of discoloued layer is pale green.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTI0N
CI2C＝CCI2＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value
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1. PERFORMANCE
1) Measuring range ：12.5-200 ppm 5-80 ppm


Number of pump strokes 1（100mr） （200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：1 ppm（200mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（refer to "Table 2. Temperature CorrectionTable"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Si（OC2H5）4＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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243U TETRAETHOXYSILANE


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (41°F) (50°F) (68°F) (86°F) (104°F)


80 110 100 90 80 72 64
60 80 75 70 60 54 45
40 56 52 47 40 33 28
20 27 25 23 20 16 14
10 13 12 11 10 8 7
5 6 5 5 5 5 4


（NOTE）
In case of 1 pump stroke, following formula is available for the actual concentration.
Actual concentration＝2.5×Temperature corrected value
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1. PERFORMANCE
1) Measuring range ：2.0-5.0％ 0.2-3.0％


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：20 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Graduations printed on the tube are calibrated by Acetone at 1 pump stroke and


Tetrahydrofuran is determined by using a conversion chart.
8) Colour change ：Orange→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH2-CH2


O＋Cr6＋＋H2SO4→Cr3＋


CH2-CH2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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102SA C TETRAHYDROFURAN


Substance Interference ppm Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Atromatic hydrocarbons FIG.1 〃 〃
Ketones 〃 〃
Esters FIG.2 〃 〃


Halogenated hydrocarbons Whole reagent is changed to 0.5％ 〃Pale brown.
（NOTE）


In case of 1/2 pump stroke, following conversion scale is available for actual concentration.
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FIG.1 Influence of Toluene
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FIG.2 Influence of Ethyl acetate
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (％)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(％) (32°F) (50°F) (68°F) (86°F) (104°F)


3.0 － 3.2 3.0 2.8 2.7
2.5 3.0 2.7 2.5 2.4 2.2
2.0 2.4 2.1 2.0 1.9 1.8
1.5 1.8 1.6 1.5 1.4 1.3
1.0 1.1 1.1 1.0 1.0 0.9
0.5 0.6 0.5 0.5 0.5 0.5
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Tube No.


1. PERFORMANCE
1) Measuring range ：20-400 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Pale yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Potassium dichromate is reduced.


CH2-CH2


O＋Cr6＋＋H2SO4→Cr3＋


CH2-CH2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Esters Whole reagent is changed to Black. 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 10℃ 20℃ 30℃ 40℃
(ppm) (50°F) (68°F) (86°F) (104°F)


500 680 500 390 320
400 540 400 320 250
300 400 300 240 190
200 260 200 160 130
150 190 150 120 90
100 130 100 80 60
50 60 50 40 30
20 30 20 20 10
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1. PERFORMANCE
1) Measuring range ：10-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H5CH3＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance ppm Interference ppm Coexistence
The top of discoloured layer 


Benzene Brownish green stain is produced. 10 becomes unclear and higher 
readings are given.


Xylene FIG.1 5 Similar stain is produced. 20 Higher readings are given.
Ethyl benzene FIG.2 5 〃 10 〃


Hexane 0.1％ Whole layer is discoloured to 0.1％ 〃Pale brown.


Methyl alcohol The accuracy of readings is not 1％ 〃affected.
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1. PERFORMANCE
1) Measuring range ：2-100 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～10℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H5CH3＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference Coexistence 
Aromatic hydrocarbons FIG.1,FIG.2 Similar stain is produced. Higher readings are given.


Double-layer stain is produced. If 
Hexane the brown stain is clear, the read-


ings can be obtained by it.


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 15-40℃
(ppm) (32°F) (80°F) (95-104°F)


100 150 125 100
80 120 100 80
60 85 75 60
40 55 45 40
30 40 35 30
20 28 23 20
10 13 10 10
5 6 5 5
2 2 2 2
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Tube No.


1. PERFORMANCE
1) Measuring range ：100-3000 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：10 ppm（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.
C6H5CH3＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


1
0
0GAS To pump


3
0
0


5
0
0


1
0
0
0


2
0
0
0


1
5
0
0


2
5
0
0


3
0
0
0


pp
m


100ml


JA
P


A
N


S
H


-2


C6H5CH3


124SH TOLUENE


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


3000 4000 3500 3000 2800 2600
2500 3300 2900 2500 2300 2200
2000 2700 2300 2000 1900 1800
1500 2000 1700 1500 1400 1300
1000 1300 1100 1000 970 940
500 500 500 500 500 500
300 300 300 300 300 300
100 100 100 100 100 100
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1. PERFORMANCE
1) Measuring range ：10-100 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：5 ppm
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：10％


3. CHEMICAL REACTION
Chlorine is produced by decomposing with an Oxidizer.
By reading between this Chlorine and 3, 3’-Dimethylnaphthidine, Nitroso-compound is produced.


CI2CHCH2CI＋CrO3＋H2SO4→CI2


CI2＋3, 3’-Dimethylnaphthidine→Nitroso-compound


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence 
Nitrogen oxides Similar stain is produced. Higher readings are given.
Halogens 〃 〃
Halogenated hydrocarbons 〃 〃
Hexane FIG.1 100 Lower readings are given.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


100 84 92 100 105 114
90 73 82 90 96 105
80 63 72 80 88 96
70 53 61 70 78 86
60 44 51 60 68 75
50 35 42 50 58 64
40 27 33 40 47 53
30 20 25 30 36 42
20 13 16 20 25 30
10 6 8 10 14 18







1. PERFORMANCE
1) Measuring range ：10-300 ppm 5-150 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：1 ppm（100mr）
4) Shelf life ：2 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Red


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTI0N
By decomposing with an Oxidizer, Hydrogen chloride is produced and PH indicator is discoloured.


CI2C＝CHCI＋PbO2＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Temperature corrected value


Substance Interference Coexistence 
Vinyl chloride FIG.2 Similar stain is produced. Higher readings are given.
Hydrogen chloride 〃 〃
1,2-Dichloroethylene 〃 〃
Tetrachloroethylene 〃 〃
Chlorine FIG.1 Pale red stain is produced.
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 10℃ 20℃ 30℃ 40℃
(ppm) (32°F) (50°F) (68°F) (86°F) (104°F)


150 － 162 150 144 142
100 120 108 100 96 94
50 58 53 50 48 46
30 34 32 30 29 28
20 20 20 20 20 20
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1. PERFORMANCE
1) Measuring range ：1-16 ppm 0.2-3.2 ppm


Number of pump strokes 1（100mr） 4（400mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.1 ppm（400mr）
4) Shelf life ：1 year（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale orange→Blueish purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with an Oxidizer, Hydrogen chloride is produced and PH indicator is discoloured.


CI2C＝CHCI＋PbO2＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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Substance Interference ppm Coexistence 
Tetrachloroethylene FIG.1 Similar stain is produced. 2 Higher readings are given.
1,2-Dichloroethylene FIG.2 〃 2 〃
Hydrogen chloride 〃 2 〃
Vinyl chloride 〃 40 〃
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（NOTE）
In case of 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/5×Reading value.
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-1.0％ 0.1-2.0％


Number of pump strokes 1（100mr） 1/2（50mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：0.005％（100mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～20℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Yellow（The top of discoloued layer is pale green.）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTI0N
CI2C＝CHCI＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump1.
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134SH TRICHLOROETHYLENE


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (％)


Readings 0℃ 5℃ 10℃ 20℃-40℃
(％) (32°F) (41°F) (50°F) (68-104°F)


1.0 1.45 1.3 1.2 1.0
0.8 1.2 1.05 0.95 0.8
0.4 0.65 0.55 0.45 0.4
0.2 0.3 0.25 0.22 0.2
0.1 0.13 0.11 0.11 0.1
0.05 0.05 0.05 0.05 0.05


（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Tmperature corrected value
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Tube No.


1. PERFORMANCE
1) Measuring range ：2-20 ppm 1-10 ppm


Number of pump strokes 1/2（50mr） 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.2 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with phosphoric acid, PH indicator is discoloured.


2（C2H5）3N＋H3PO4→〔（C2H5）3NH〕2HPO4


4. CALIBRATION OF THE TUBE
VAPOUR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
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（NOTE）
In case of 1/2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝2×Reading value.


Substance Interference Coexistence 


Ammonia Similar stains are produced and Higher readings are given.
higher readings are given.


Other amines 〃 〃
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1. PERFORMANCE
1) Measuring range ：1-20 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.3 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Pale purple→Pale yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with phosphoric acid, PH indicator is discoloured.


22（CH3）3N＋H3PO4→〔（CH3）3NH〕2HPO4


4. CALIBRATION OF THE TUBE
VAPOUR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DEHUMIDIFIER
(White)


2021 4 6 8 10 12 14 16 18


222S TRIMETHYL AMINE


Substance Interference Coexistence 
Ammonia Similar stains are produced Higher readings are given.
Other amines 〃 〃


（NOTE）
This tube scale is calibrated based on Diethyl amine and same scale is available for Trimethyl amine.
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Tube No.


1. PERFORMANCE
1) Measuring range ：10-250 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Graduations printed on the tube are calibrated by Ethyl acetate at 1 pump stroke


and 1,2,4-trimethyl benzene is determined by using a conversion chart.
7) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.
C6H3（CH3）3＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DEHUMIDIFIER
(White)
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111U C 1,2,4-TRIMETHYL BENZENE


Substance Interference Coexistence 
Alcohols Brown stain is produced. Higher readings are given.
Esters 〃 〃
Ketones 〃 〃
Aromatic hydrocarbons 〃 〃


Aliphatic hydrocarbons Double-layer stain is produced.  If the
dark brown stain is clear, the readings(more than C3) can be obtained by it.


Halogenated hydrocarbons 〃


No. 111U Tube reading（ppm）�


（100mR）�


Trimethyl benzene（ppm）�
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1. PERFORMANCE
1) Measuring range ：10-120 ppm 5-60 ppm


Number of pump strokes 1（100mr） 2（200mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：1 ppm（200mr）
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH3CO2CH＝CH2＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
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mGAS To pump


DEHUMIDIFIER
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08060402010


237S VINYL ACETATE


Substance Interference ppm Coexistence 


Acetic acid The accuracy of readings is not
affected.


Ethylene 150 The top of discoloured layer beco-
mes unclear.


Alcohols Similar stain is produced. Higher readings are given.
Ethers 〃 〃
Aliphatic hydrocarbons Whole layer is discoloured 〃(more than C3) to Brown.
Aromatic hydrocarbons 〃 〃
Halogenated hydrocarbons 〃 〃
Esters 〃 〃
Ketones 〃 〃


（NOTE）
In case of 2 pump strokes, following formula is available for the actual concentration.
Actual concentration＝1/2×Reading value
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-1.0％


Number of pump strokes 1（100mr）
2) Sampling time ：2 minutes/1 pump stroke
3) Detectable limit ：10 ppm
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 1 pump stroke
7) Colour change ：Brownish orange→Brownish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Chromium oxide is reduced.


CH2＝CHCI＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump
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132SA VINYL CHLORIDE


Substance Interference ppm Coexistence 


Whole layer is discoloured Whole reagent is discoloured to
Acetylene 3％ Brown and higher readings are to Brown. given.
Propane 〃 0.2％ 〃
Other organic gases or vapours
except Halogenated hydrocar- Similar stain is produced. 50 Higher readings are given.
bons







Tube No.


264


1. PERFORMANCE
1) Measuring range ：5-500 ppm


Number of pump strokes 1（100mr）
2) Sampling time ：1.5 minutes/1 pump stroke
3) Detectable limit ：2 ppm
4) Shelf life ：1.5 years（Necessary to store in a refrigerated place ; 0～10℃）
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：White→Reddish orange


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Chlorine is produced. This Chlorine reacts with o-Toluidine and red 
Orthoquinone is produced.


CH2＝CHCI＋PbO2→CI2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBEPRETREAT TUBE
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132SB VINYL CHLORIDE


Substance Interference ppm Coexistence 
Hydrogen chloride Similar stain is produced. Higher readings are given.
Chlorine 〃 〃
Other halogens or Halogenated 〃 〃hydrocarbons


TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 15℃ 20℃ 30℃ 40℃
(ppm) (32°F) (41°F) (50°F) (59°F) (68°F) (86°F) (104°F)


500 － － 820 600 500 430 400
400 － 850 610 470 400 340 310
300 － 640 440 350 300 250 230
200 750 400 300 230 200 160 140
100 340 200 150 120 100 80 70
50 150 100 70 60 50 40 30
20 50 40 30 25 20 15 10
10 25 20 15 10 10 10 5
5 15 10 10 5 5 5 5


NH2＋CI2


CH3 CH3


H2N NCICIN＝� ＝� ＝�


CH3 CH3
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.4-12.0 ppm 0.2-6.0 ppm 0.1-3.0 ppm


Number of pump strokes 1（100mr） 2（200mr） 4（400mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：0.05 ppm（400mr）
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（0～15℃）（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Greenish yellow→Pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By decomposing with an Oxidizer, Hydrogen chlorine is produced and PH indicator is discoloured.


CH2＝CHCI＋CrO3＋H2SO4→HCI


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


DETECTOR TUBEPRETEAT TUBE
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132SC VINYL CHLORIDE


Substance Interference ppm Coexistence 
Acetylene 1％ Lower readings are given.
Ethylene FIG.1 300 〃
Hydrogen chloride 200 Higher readings are given.


Chlorine Similar stain is produced. 10×Vinyl 〃chloride conc.


（NOTE）
In case of 1 or 4 pump strokes, following formula is available for the actual concentration.
Actual concentration＝Temperature corrected value×2/Number of strokes
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2.0


Ethylene〔ppm〕�
FIG.1 Influence of Ethylene
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (ppm)


Readings 0℃ 5℃ 10℃ 15－40℃
(ppm) (32°F) (41°F) (50°F) (59°F)(104°F)


6.0 10.0 8.2 7.0 6.0
5.0 8.2 6.8 5.7 5.0
4.0 6.7 5.5 4.7 4.0
3.0 4.9 4.1 3.5 3.0
2.0 3.3 2.7 2.3 2.0
1.0 1.6 1.3 1.2 1.0
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1. PERFORMANCE
1) Measuring range ：1.7-33.8 mg/r


Number of pump strokes 1（100mr）
From 10％RH（20℃＝68°F）to 100％RH（32℃＝90°F）
〔40％RH（40℃＝104°F）〕


2) Sampling time ：20 seconds/1 pump stroke
3) Detectable limit ：0.2 mg/r
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Greenish yellow→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Magnesium perchlomate, PH indicator is discoloured.


H2O＋Mg（CIO4）2→Mg（CIO4）2H2O


4. CALIBRATION OF THE TUBE
VAPOR PRESSURE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump30 3226 282422201
8


1
6


1
4


1
2


1
00 5


177SA WATER VAPOUR


Substance Interference ppm Coexistence 
Methanol 0.3％ Unclear stain is produced.
Ethanol 0.3％ 〃
Ethyl acetone 0.3％ 〃
Acetone 0.5％ 〃


Ammonia 0.2％ Purple and purplish red stains are produced
and higher readings are given.


Nitrogen dioxide 0.2％ Unclear stain is produced.


TEMPERATURE CORRECTION TABLE
True Concentration 


0℃ 5℃ 10℃ 12℃ 14℃ 16℃ 18℃ 20℃ 22℃ 24℃ 26℃ 28℃ 30℃ 32℃ 34℃ 36℃ 38℃ 40℃
32°F 41°F 50°F 54°F 57°F 61°F 64°F 68°F 72°F 75°F 79°F 82°F 86°F 90°F 93°F 97°F 100°F 104°F


0 100 50 30 20 18 15 12 10 9 8 7.5 7 6.5 6 5.5 5 5 4
4.8 3.4 2.8 2.1 2.2 2.0 1.8 1.7 1.7 1.7 1.8 1.9 2.0 2.0 2.1 2.1 2.3 2.0


5 100 50 30 26 20 18 15 12 9 8 8 7.5 7 6.5 6 5.5 5
6.8 4.7 3.2 3.1 2.7 2.8 2.5 2.3 1.9 2.0 2.2 2.3 2.4 2.4 2.5 2.5 2.6


10 100 70 48 35 28 24 18 15 13 10 9 8.5 8 7.5 7
9.4 7.5 5.8 4.8 4.3 4.2 3.5 3.3 3.2 2.7 2.7 2.9 3.0 3.1 3.2 3.3


12 100 80 50 40 30 25 20 17 14 12 10 9.5 9 8 6
10.7 9.6 6.8 6.2 5.2 4.9 4.4 4.1 3.8 3.6 3.4 3.6 3.8 3.5 3.1


14 100 80 55 40 35 26 20 18 15 13 11 10 9 9
12.0 10.9 8.5 6.9 6.8 5.7 4.9 4.9 4.5 4.4 4.1 4.2 4.2 4.6


16 100 80 55 45 35 26 20 18 15 13 11 9 9
13.6 12.3 9.5 8.7 7.6 6.6 5.7 5.5 5.4 5.3 5.0 5.1 5.1


18 100 80 55 45 35 27 22 19 17 15 13 12
15.4 13.8 10.7 9.8 8.5 7.3 6.7 6.4 6.4 6.3 6.0 6.1


20 100 80 60 48 38 29 24 20 18 16 14
17.2 15.5 13.1 11.7 10.3 8.8 8.1 7.5 7.5 7.4 7.2


22 100 80 62 50 40 30 25 22 19 17
19.4 17.4 15.1 13.6 12.1 10.1 9.4 9.2 8.8 8.7


24 100 80 62 50 40 30 27 23 20
21.8 19.5 16.9 15.2 13.5 11.3 11.3 10.6 10.2


26 100 80 64 50 40 32 28 25
24.4 21.8 19.4 17.0 15.0 13.3 12.9 12.8


28 100 80 64 50 40 32 28
27.1 24.2 21.6 18.8 16.7 14.8 14.3


30 100 80 64 50 40 34
30.3 27.0 24.1 20.1 18.5 17.4


32 100 80 64 48 40
33.8 30.1 26.7 22.2 20.4


Scale


Readings
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Tube No.


1. PERFORMANCE
1) Measuring range ：0.05-2.0 mg/r


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute/1 pump stroke
3) Detectable limit ：0.03 mg/r
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ： Yellow→Blue or Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Magnesium perchlomate, PH indicator is discoloured.


H2O＋Mg（CIO4）2→Mg（CIO4）2H2O


4. CALIBRATION OF THE TUBE
DIFFUSION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump1.
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177U WATER VAPOUR


Substance Interference Coexistence 
Alcohols FIG.1 Similar stain is produced. Higher readings are given.


Paraffinic hydrocarbons The accuracy of readings is not The accuracy of readings is not
affected. affected.
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Methanol〔ppm〕�
FIG.1 Influence of Methanol
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TEMPERATURE CORRECTION TABLE
Scale True Concentration (mg/r)


Readings
32°F 41°F 50°F 59°F 68°F 77°F 86°F 95°F 104°F(mg/r)


2.0 3.70 3.06 2.48 2.00 1.60 1.28 0.92 0.66
1.8 4.40 3.26 2.66 2.20 1.80 1.44 1.10 0.82 0.58
1.6 4.00 2.94 2.40 1.95 1.60 1.30 0.98 0.74 0.52
1.4 3.30 2.52 2.08 1.72 1.40 1.15 0.85 0.64 0.44
1.2 2.70 2.06 1.80 1.48 1.20 0.98 0.72 0.54 0.38
1.0 1.92 1.66 1.50 1.24 1.00 0.82 0.60 0.46 0.30
0.8 1.58 1.38 1.24 1.00 0.08 0.66 0.50 0.36 0.25
0.6 1.10 1.02 0.90 0.74 0.60 0.50 0.37 0.26 0.18
0.4 0.72 0.68 0.60 0.50 0.40 0.34 0.25 0.18 0.12
0.2 0.38 0.36 0.32 0.26 0.20 0.18 0.14 0.08 0.06
0.1 0.18 0.17 0.15 0.13 0.10 0.08 0.06 0.50 0.04
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1. PERFORMANCE
1) Measuring range ：3-80 LB/MMCF


Number of pump strokes 1（100mr）
2) Sampling time ：1 minute
3) Detectable limit ：2 LB/MMCF
4) Shelf life ：3 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 1 pump stroke
8) Colour change ：Yellow→Blue, Yellowish green（below 40 LB/MMCF）


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
H2O＋Mg（ClO4）2→Mg（ClO4）・H2O


4. CALIBRATION OF THE TUBE
DIFFUSION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump806040201063 H2O
LB/MMCF


Tube No.


177UL WATER VAPOUR


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Benzene The accuracy of readings is not affected.
Toluene 〃
Hexane 〃
Sulphur oxide 〃
Hydrogen sulphide 〃


TEMPERATURE CORRECTION TABLE
Temperature；To correct for temperature, multiply the tube reading by the following factors.


Temperature（℃） 0 1 2 3 4 5 6 7 8 9
Correction Factor 1.85 1.81 1.77 1.72 1.68 1.63 1.59 1.54 1.49 1.45
Temperature（℃） 10 11 12 13 14 15 16 17 18 19
Correction Factor 1.40 1.36 1.31 1.27 1.23 1.19 1.15 1.11 1.07 1.03
Temperature（℃） 20 21 22 23 24 25 26 27 28 29
Correction Factor 1.00 0.96 0.93 0.90 0.87 0.84 0.81 0.78 0.76 0.73
Temperature（℃） 30 31 32 33 34 35 36 37 38 39
Correction Factor 0.71 0.68 0.66 0.64 0.62 0.60 0.58 0.56 0.55 0.53
Temperature（℃） 40
Correction Factor 0.51
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1. PERFORMANCE
1) Measuring range ：2-12 LB/MMCF


Number of pump strokes 2（200mr）
2) Sampling time ：2 minutes/2 pump strokes
3) Detectable limit ：1 LB/MMCF
4) Shelf life ：3 years
5) Operating temperature ：0～35℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：Yellow→Yellowish green


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
H2O＋Mg（ClO4）2→Mg（ClO4）・H2O


4. CALIBRATION OF THE TUBE
DIFFUSION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump12108642 H2O
LB/MMCF


Tube No.


177UR WATER VAPOUR


Substance Interference Coexistence 
Alcohols Similar stain is produced. Higher readings are given.
Benzene The accuracy of readings is not affected.
Toluene 〃
Hexane 〃
Sulphur oxide 〃
Hydrogen sulphide 〃


TEMPERATURE CORRECTION TABLE
Temperature；To correct for temperature, multiply the tube reading by the following factors.


Temperature（℃） 0 1 2 3 4 5 6 7 8 9
Correction Factor 1.69 1.65 1.61 1.57 1.53 1.50 1.46 1.42 1.39 1.35
Temperature（℃） 10 11 12 13 14 15 16 17 18 19
Correction Factor 1.32 1.28 1.25 1.22 1.19 1.15 1.12 1.09 1.06 1.03
Temperature（℃） 20 21 22 23 24 25 26 27 28 29
Correction Factor 1.00 0.98 0.95 0.92 0.90 0.87 0.85 0.82 0.80 0.78
Temperature（℃） 30 31 32 33 34 35
Correction Factor 0.75 0.73 0.71 0.69 0.67 0.65
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-1,000 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：4 minutes/2 pump strokes
3) Detectable limit ：2 ppm
4) Shelf life ：1.5 years
5) Operating temperature ：0～40℃
6) Reading ：Direct reading from the scale calibrated by 2 pump strokes
7) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.


C6H4（CH3）2＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump80
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40
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05025105
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143SA XYLENE


Substance Interference ppm Coexistence 
Benzene Similar stain is produced. 5 Higher readings are given.
Toluene 〃 5 〃


Methyl alcohol The accuracy of readings is not 1％ 〃affected.


Hexane Pale brown stain is produced. 0.1％ The top of discoloured layer becomes
unclear and higher readings are given.
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1. PERFORMANCE
1) Measuring range ：5-200 ppm


Number of pump strokes 2（200mr）
2) Sampling time ：3 minutes/2 pump strokes
3) Detectable limit ：1 ppm
4) Shelf life ：2 years
5) Operating temperature ：0～40℃
6) Temperature compensation ：Necessary（See "TEMPERATURE CORRECTION TABLE"）
7) Reading ：Direct reading from the scale calibrated by 2 pump strokes
8) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Iodine pentoxide is reduced.
C6H4（CH3）2＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump
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Tube No.


143SB XYLENE


Substance ppm Interference Coexistence
Toluene Xylene conc.1/5 Same stain is produced. Higher reading are given.


Ethyl acetate The accuracy of readings is
not affected.


Methyl isobutyl ketone 〃
Isobutyl alcohol 〃


TEMPERATURE CORRECTION TABLE
Tube Corrected Concentration (ppm)


Readings 20℃ 30℃ 40℃
(ppm) (68°F) (86°F) (104°F)


200 200 300 －
150 150 190 400
100 100 125 150
80 80 100 120
60 60 70 80
40 40 45 50
30 30 30 30
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3.2A SUBSTANCES TO BE MEASURED BY
USING CONVERSION CHARTS


Chemical substances listed in this section can be measured by using respective conversion
charts and existing gas detector tubes on demands.
However, note that this conversion chart method is available for 20℃（68°F）in temperature
and detailed conditions such as other temperatures,humidity and coexisting gases are not
confirmed.
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SUBSTANCE CHEMICAL FORMULA MEASURING RANGE USING TUBE（PAGE）


Acetic anhydride （CH3CO）2O 1-15 ppm 216S （24）
Acrylic acid CH2＝CHCOOH 1-50 ppm 216S （24）
Allyl chloride CH2CHCH2CI 1-40 ppm 132SC （265）
Benzyl chloride C6H5CH2CI 1-16 ppm 132SC （265）
Bromochloromethane CH2BrCI 5-400 ppm 157SB （185）
Bromoform CHBr3 0.5-20 ppm 157SB （185）
n-Butyl amine C4H9NH2 1-20 ppm 105SD （39）
Butyl ether （CH3CH2CH2CH2）2O 10-1,200 ppm 111U （111）
Butyl methacrylate CH2＝C（CH3）CO2C4H9 20-1,000 ppm 111U （111）
tert-Butyl methyl ether CH3OC（CH3）3 25-500 ppm 111U （111）
Butyric acid CH3CH2CH2COOH 3-60 ppm 216S （24）
m-Chlorotoluene C6H4CI（CH3） 1-10 ppm 132SC （265）
o-Chlorotoluene CIC6H4CH3 3-80 ppm 132SC （265）
p-Chlorotoluene CIC6H4CH3 2-60 ppm 132SC （265）
Crotonaldehyde CH3CH＝CHCHO 2-40 ppm 190U （116）
Cumene C6H5CH（CH3）2 20-140 ppm 111U （111）
Cyclohexene C6H10 20-300 ppm 111U （111）
Cyclohexyl amine C6H11NH2 1-20 ppm 105SD （39）
Decahydronaphthalene C10H18 20-200 ppm 111U （111）
n-Decane CH3（CH2）8CH3 5-90 ppm 111U （111）
Di-n-Butyl amine （C4H9）2NH 2-20 ppm 105SD （39）
Di-n-Propyl amine ［CH3（CH2）2］2NH 1-14 ppm 105SD （39）
Diispropyl amine ［（CH3）2CH］2NH 1-16  ppm 105SD （39）
N,N-Dimethyl amine C6H5N（CH3）2 0.5-9 ppm 105SD （39）
1,1-Dichloroethylene CH2＝CCI2 1-22 ppm 132SC （265）
1,2-Dichloropropane CH3CHCICH2CI 20-250 ppm 157SB （185）
1,3-Dichloropropane CHCI＝CHCH2CI 1-10 ppm 132SC （265）
Dicyclopentadiene C10H12 2-60 ppm 190U （116）
Diethyl benzene C6H4（C2H5）2 10-180 ppm 111U （111）
Diisobutyl ketone ［（CH3）2CHCH2］2CO 20-1,000 ppm 139U （193）
Disilane Si2H6 1-50 ppm 240S （237）
Ethyl bromide C2H5Br 5-400 ppm 157SB （185）
Ethyl methacrylate CH2＝C（CH3）CO2C2H5 20-500 ppm 111U （111）
Hydrogen selenide H2Se 0.5-20 ppm 242S （93）
Isobutylene （CH3）2C＝CH2 0.03-2.0％ 113SB （141）
Isobutyric acid CH3CH2CH2COOH 3-50 ppm 216S （24）
Isophorone C9H14O 5-80 ppm 197U （91）
Isopropyl amine （CH3）2CHNH2 1-12 ppm 222S （260）
Isopropyl cellosolve （CH3）2HCO（CH2）2COH 5-350 ppm 190U （116）
Isopropyl ether ［（CH3）2CH］2O 30-800  ppm 111U （111）
Isovaleric acid （CH3）2CHCH2COOH 3-50  ppm 216S （24）
Maleic anhydride C4H2O3 0.2-10 ppm 216S （24）
Methacrylic acid CH2＝C（CH3）COOH 1-50  ppm 216S （24）
n-Methyl aniline C6H5NHCH3 0.5-6 ppm 105SD （39）
Methyl butyl ketone CH3（CH2）3COCH3 5-80 ppm 237S （262）
Methyl cyclohexane C6H11（CH3） 100-1,600 ppm 113SB （141）
Methyl isothiocyanate C2H3NS 10-200 ppm 111U （111）
Mineral turpentine － 4-200 ppm 111U （111）
Morpholine C4H9NO 2-22 ppm 105SD （39）
n-Nonane CH3（CH2）7CH3 5-160 ppm 111U （111）
Pentyl amine CH3（CH2）3CH2NH2 2-22 ppm 105SD （39）
α-Pinene C10H16 20-300 ppm 158S （238）
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SUBSTANCE CHEMICAL FORMULA MEASURING RANGE USING TUBE（PAGE）


1-Propanol CH3CH2CH2OH 20-300 ppm 190U （116）
Propionic acid CH3CH2COOH 3-50 ppm 216S （24）
Propyl amine CH3CH2CH2NH2 1-20 ppm 105SD （39）
Propylene oxide CH3CHCH2O 3-70 ppm 122SC （125）


Pyridine C5H5N 0.2-5 ppm 219S （143）
Tetrahydrothiophen C4H8S 4-100 ppm 190U （116）
o-Toluidine C6H4（CH3）（NH2） 2-22 ppm 105SD （39）
p-Toluidine C6H4（CH3）（NH2） 2-20 ppm 105SD （39）
Trichlorotoluene C6H5CCI3 0.2-4 ppm 132SC （265）
2,2,4-Trimethyl pentane （CH3）3CCH2CH（CH3）2 100-4,000 ppm 113SB （141）
n-Valerianic acid CH3（CH2）3CO2H 3-70 ppm 216S （24）


＊ Benzaldehyde C6H5CHO 5-70 ppm 190U （116）
＊ 1,1,2,2-Tetrachloroethane CHCI2CHCI2 20-60 ppm 236S （255）
＊ Propylene glycol CH3CH（OH）CH2OH 20-300 ppm 122SC （125）
＊ N.B.）


Upon these three kinds of measurement, the conversion chart and the measuring range may
vary at each manufacturing lot.
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3.3 KITAGAWA INORGANIC/ORGANIC GAS
QUALITATIVE DETECTOR TUBES







Tube No.


276


To pump Gas B C EA D


1. SPECIFICATIONS
1) Substances to be detected ：Acetic acid, Amines, Ammonia, Carbon monoxide, Chlorine, Hydrogen


chloride, Hydrogen sulphide, Nitrogen dioxide, Phosphine,Sulphur dioxide,
＊Acetylene and ＊Metyl mercaptan（＊：Organic gas）


2) Tube per box ：10tubes（10-time use）
3) Pump stroke ：1（100mr）
4) Sampling time ：20 seconds
5) Shelf life ：1 year
6) Operating temperature ：0～40℃
7) Colour change ：Refer to following" 3. DISCOLOURATION / QUALITATIVE CHART"
8) Non-discolouration ：Carbon dioxide, Hydrogen cyanide, Nitric oxide and 


confirmed substances ＊Ethylene（＊：Organic gas）


2. CHEMICAL REACTION


SECTION CHEMICAL REACTION PRINCIPLES
A By reacting with Phosphoric acid, PH indicator is discoloured.


2NH3＋H3PO4→（NH4）2HPO4


B By reacting with an Alkaline, PH indicator is discoloured.
SO2＋2NaOH→Na2SO3＋H2O


C By reacting with o-Toluidine, Nitro-o-Toluidine（Dyestuff）is liberated.
D By reacting with Lead Acetate（II）, Lead sulphide is produced.


H2S＋Pd（CH3COO）2→PdS＋2CH3COOH
E Potasium disulphide palladate（II）is reduced and Palladium is liberated.


CO＋K2Pd（SO3）2→K2（SO3）2PdCO
K2（SO3）2PdCO→CO2＋SO2＋K2SO3


131 INORGANIC GAS QUALITATIVE DETECTOR TUBE
Section Original Colour


A Pale purple
B Reddish purple
C White
D White
E Yellow
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3. DISCOLOURATION / QUALITATIVE CHART


CHART 1. INORGANIC GAS QUALITATIVE QUALITATIVE DETECTION CHART


Selection（Original Colour）
＊1) Substances（＊2）A B C D E


（Pale purple）（Reddish purple） （White） （White） （Yellow）


Yellow －－－ －－－ －－－ －－－ 1) Ammonia（5）
2) Amines（5）


Yellow －－－ －－－ －－－ 3) SO2（10）
4) Acetic Acid（15）


Pink －－－ －－－ －－－ 5)Hydrogen chloride（20）


White Yellowish －－－ －－－ 6) Chlorine（5）orange
－－－ Yellow －－－ －－－ 7) Nitrogen dioxide（5）


－－－ Brown －－－ 8) H2S（10）


－－－ Pale blackish 9) CO（10）brown
Dark black 10) Phosphine（2）


Pale Yellowish 11) Acetylene（10）green
Dark yellow 12)Methyl mercaptan（10）


NOTES：－
（1）－－－ ：Undiscoloured
（2）（＊1）： Item No. for quick reference to details in CHART
（3）（＊2）：Detectable gas concentration limit of the substance（Unit：ppm）


The discolouration length is approx.0.5 to 1.0 mm.
（4）Sybstance No.4）,11）and 12）are organic substances.
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1. SPECIFICATIONS
1) Substances to be detected ：Acetaldehyde, Actone, Acetylene, Aniline, Benzene, 1,3-Butadiene, Butane,1-


Butanol, Butyl acetate, Carbon disulphide, Cresol, Ethyl acetate, Ethyl amine,
Ethyl benzene, Ethyl cellosolve, Ethylene, Ethylene oxide, Formaldehyde,
Gasoline, Heptane, Hexane, Isopropyl, alcohol, Kerosine, Methyl alcohol,
Methyl ethyl, ketone, Methyl isobutylketone, Methyl mercaptan, Pentane,
Phenol, Propane, Styrene, Tetrachloroethylene, Tetrahydrofuran, Toluene, 1,1,1-
Trichloroethane, Trichloroethylene, Vinyl chloride, Xylene, ＊Arsine,＊Carbon
monoxide and ＊Hydrogen sulphide（＊： Inorganic gas）


2) Tube per box ：10tubes（5-time use）
3) Pump stroke ：1（100mr）＋1（100mr）
4) Sampling time ：30＋30 seconds
5) Shelf life ：1 year
6) Operating temperature ：0～40℃
7) Colour change ：Refer to following "3. DISCOLOURATION / QUALITATUVE CHART"
8) Non-discolouration ：Acetic acid, Carbon tetrachloride, Methane, Methyl bromide and Pyridine


confirmed substances


2. CHEMICAL REACTION


SECTION CHEMICAL REACTION PRINCIPLES
A Chromium oxide is reduced.


CH3（CH2）4CH3＋Cr6＋H2SO4→Cr3＋
B Molybdate is reduced and Molybdeum blue is produced.


H2C＝CH2＋PdSO4＋（NH4）2MoM4→Mo3O8


C Iodine pent-oxide is reduced.
C2H5CH3＋ I2O5＋H2SO4→ I2


D Phenol is oxidized and the polymer is produced.
C6H5OH＋Ce4＋→C6H5O・→（C6H5O）n


1) GAS


1) "A" side sampling 2) "D" side sampling


2) To pump  Gas


To pump


B CA D


186B ORGANIC GAS QUALITATIVE DETECTOR TUBE
Section Original Colour


A Orange
B White
C Yellow
D Yellow
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3. DISCOLOURATION / QUALITATIVE CHART


CHART 1. ORGANIC GAS QUALITATIVE QUALITATIVE DETECTION CHART


“A” side sampling “D” side sampling ＊1) Substances
Selection Selection －＊2（X）－


A A B C D
（Orange） （Orange） （White） （Yellow） （Yellow）


－＊3（X/Y）－


Dark brown Dark brown －－－ －－－ －－－ 1) Propane（100）
2) Butane（10）
3) Pentane（10）
4) Hexane（10）
5) Trichloroethylene（10）
6) Tetrachloroethylene（100）
7) Vinyl chloride（10）


White －－－ 8) Butadiene（100）
Greenish －－－ Pale blue －－－ 9) Gasoline（0.1mg/r）


brown
－－－ Pale brown －－－ －－－ 10) Benzene（10/100）


11) Toluene（30/200）
12) Xylene（60/1,000）
13) Ethylene benzene


（60/400）
－－－ Pale blue －－－ 14) Ethylene（10）


15) Acetylene
（10,000/100）


Yellowish －－－ 16) Styrene（100）
orange
－－－ －－－ 17) Acetone（600）


18) Methyl ethyl ketone
（100）


19) Ethyl acetate（600）
20) Butyl acetate（100）
21) Ethylene oxide（100）
22) Formaldehyde（600）
23) Kerosene（0.1mg/r）
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“A” side sampling “D” side sampling ＊1) Substances
Selection Selection －＊2（X）－


A A B C D
（Orange） （Orange） （White） （Yellow） （Yellow）


－＊3（X/Y）－


Greenish brown Greenish －－－ －－－ －－－ 24) Heptane（10）
brown 25) Carbon disulphide


（100）
－－－ －－－ Yellowish －－－ 26) Methyl mercaptan


orange （100/20）
－－－ －－－ 27) Methyl alcohol（100）


28) 1-Butanol（100）
29) Acetaldehyde（100）
30) Methyl isobutyl Ketone（100）
31) Ethyl cellosolve（100）
32) Tetrahydrofuran（100）
33) 1,1,1-Trichloroethane


（1,000）
Green －－－ －－－ Black －－－ 34) Hydrogen sulphide


（100,10）
35) Arsine（100,20）


－－－ －－－ 36) Isopropyl alcohol（600）
－－－ －－－ －－－ Pale blue －－－ 37) Carbon monoxide（100）


－－－ Pale brown 38) Phenol（10）
39) Cresol（20）


Bluish green 40) Aniline（40）
Pale blue 41) Ethyl amine（100）


NOTES：－
（1）－－－：Undiscoloured
（2）＊1： Item No. for quick reference to details in CHART 2.
（3）＊2（X）：Detectable gas concentration limit of the substance（Unit：ppm）


＊3（X/Y）：“X”means detectable gas concentration limit（Unit：ppm）of
“A”side sampling and “Y”means “D”side sampling's one.


（4）The discolouration length is approx.0.5 to 1.0 mm.
（5）Substance No.34）,35）and  37）are inorganic gases.”
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3.4 KITAGAWA TIME-WEIGHTED
AVERAGE  DETECTOR  TUBES
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1. PERFORMANCE
1) Measuring range ：5-200 ppm


（1 hr.） （8 hrs.）
10-200 ppm 5-50 ppm


2) Sampling time ：8 hrs.（8 mr/min.）
3) Shelf life ：1 year
4) Operating temperature ：10～30℃
5) Reading ：Direct reading from the scale calibrated by 8 hrs. Sampling
6) Colour change ：Purple→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
By reacting with Phosphoric acid, PH indicator is discoloured.


2NH3＋H3PO4→（NH4）2HPO4


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


pp
m


105 15 20 25 30 35 40 45 50


Tube No.


501 TWA-AMMONIA


Substance Interference ppm Coexistence 
Sulphur dioxide 20 Lower readings are given.
（NOTE）


1）Model PM-2 personal sampler（option）ia available for this tube.
2）Flow Rate and Sampling Time
（1）In case of 8 hours, sampling with 8mr/min., the TWA concentration can be read directly by the scale


printed on the tube at the top of Yellow stain.
（2）If the sampling duration is less than 8 hours, the actual TWA concentration can be obtained graphically


from the chart provided below.
（3）If the flow rate is not 8mr/min, divide the scale reading by the ratio of sampled air volume to 3840mr.


Actual TWA concentration（ppm）＝ I× I＝Scale reading
V＝Sampled air volume in ml


［Flow rate（mr/min.）×Sampling duration（min.）］
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（a）If sampling time is 4 hours at 8mr/ min
and scale reading is 30, the actual TWA
concentration is 60 ppm.


（b）If sampled air volume is 2.0rand scale
reading is 5, the actual TWA concentra-
tionis 9.6 ppm.


3840
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1. PERFORMANCE
1) Measuring range ：5-400 ppm


（0.5 hr.） （4 hrs.） （8 hrs.）
50-400 ppm 5-100 ppm 5-60 ppm


2) Sampling time ：8 hrs.（6 mr/min.）
3) Shelf life ：3 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale calibrated by 8 hrs. Sampling
6) Colour change ：White→Brown ringed


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
Iodine pent-oxide is reduced.


CO＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
STANDARD GAS CYLINDER METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


GAS To pump


pp
m


105 15 20 25 30 35 40 45 50 55 60


BREAKTHROUGH
INDICATOR
(Yellow)


Tube No.


500 TWA-CARBON MONOXIDE


Substance Interference ppm Coexistence 
Butane 50 Higher readings are given.
Hexane 50 〃


（NOTE）
1）Model PM-2 personal sampler（option）ia available for this tube.
2）Flow Rate and Sampling Time
（1）In case of 8 hours, sampling with 6 mr/min., the TWA concentration can read directly by the scale 


printed on the tube at the top of Brown ring.
（2）If the sampling duration is less than 8 hours, the actual TWA concentration can be obtained graphically 


from the chart provided below.
（3）If the flow rate is not 6 mr/min, divide the scale reading by the ratio of sampled air volume to 2880mr.


Actual TWA concentration（ppm）＝ I× I＝Scale reading
V＝Sampled air volume in mr


［Flow rate（mr/min.）×Sampling duration（min.）］
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Example：
（a）If sampling time is 6 hours and scale


reading is 30, the actual TWA concent-
ration is 40 ppm.


（b）If sampled air volume is 1.5rand scale
reading is 10, the actual TWA concent-
rationis 19.2 ppm.
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Tube No.


GAS To pump


pp
m21 3 4 5 6 7 8 9 10 11 12


502 TWA-HYDROGEN SULPHIDE


1. PERFORMANCE
1) Measuring range ：1-20 ppm


（1 hr.） （8 hrs.）
2-20 ppm 1-12 ppm


2) Sampling time ：8 hrs.（6 mr/min.）
3) Shelf life ：1 year
4) Operating temperature ：10～30℃
5) Reading ：Direct reading from the scale calibrated by 8 hrs. Sampling
6) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
By reacting with Lead acetate（II）, Lead sulphide is produced.


H2S＋Pb（CH3CO2）2→PbS＋2CH3CO2H


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
Substance Interference ppm Coexistence 


Sulphur dioxide 10 Higher readings are given.
（NOTE）


1）Model PM-2 personal sampler（option）ia available for this tube.
2）Flow Rate and Sampling Time
（1）In case of 8 hours, sampling with 6mr/min., the TWA concentration can be read directly by the scale


printed on the tube at the top of Brown stain.
（2）If the sampling duration is less than 8 hours, the actual TWA concentration can be obtained graphically


from the chart provided below.
（3）If the flow rate is not 6mr/min, divide the scale reading by the ratio of sampled air volume to 2880mr.


Actual TWA concentration（ppm）＝ I× I＝Scale reading
V＝Sampled air volume in ml


［Flow rate（mr/min.）×Sampling duration（min.）］
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（a）If sampling time is 2 hours at 6mr/ min
and scale reading is 2, the actual TWA
concentration is 8 ppm.


（b）If sampled air volume is 2.5rand scale
reading is 6, the actual TWA concentra-
tionis 7 ppm.
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GAS To pump


pp
m


1.
0


0.
5


1.
5


2.
0


2.
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3.
0


3.
5


4.
0


4.
5


5.
0


5.
5


6.
0


(6ml/min)×8hr


Tube No.


503 TWA-SULPHUR DIOXIDE


1. PERFORMANCE
1) Measuring range ：0.5-20 ppm


（1 hr.） （8 hrs.）
1-20 ppm 0.5-6 ppm


2) Sampling time ：8 hrs.（6 mr/min.）
3) Shelf life ：3 years
4) Operating temperature ：10～30℃
5) Reading ：Direct reading from the scale calibrated by 8 hrs. Sampling
6) Colour change ：Purple→Yellow


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
By reacting with alkali,PH indicator is discoloured.


SO2＋2NaOH→Na2SO3＋H2O


4. CALIBRATION OF THE TUBE
PERMEATION TUBE METHOD


5. INTERFERENCE AND CROSS SENSITIVITY
Substance Interference ppm Coexistence 


Carbon dioxide 1,000 Higher readings are given.
Nitrogen dioxide Original colour is faded.
（NOTE）


1）Model PM-2 personal sampler（option）ia available for this tube.
2）Flow Rate and Sampling Time
（1）Read the scale printed on the tube at the top of Yellow stain.
（2）Correct the reading value by average relative humidity of sampling atmosphere with humidity correction


table.（Table 1）
（3）In case of 8 hours, sampling with 6mr/min., the corrected value by Table 1 indicates actual TWA 


concentration.
（4）If the sampling duration is less than 8 hours, the actual TWA concentration can be obtained graphically


from the chart provided below.
（5）If the flow rate is not 6mr/min, divide the corrected value by the ratio of sampled air volume to 2880mr.


Actual TWA concentration（ppm）＝ I× I＝Corrected value by Table 1.
V＝Sampled air volume in ml


［Flow rate（mr/min.）×Sampling duration（min.）］
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Example：
（a）If sampling time is 3 hours and correct- 


ed value by Table 1 is 1.5, the actual 
TWA concentration is 4.0 ppm.


（b）If sampled air volume is 2.0rand corre
cted value by Table 1 is 3.5, the actual 
TWA concentration is 5.0 ppm
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Scale (ppm) True Concentration(ppm)


Readings 20％ 30％ 40％ 50％ 60％ 70％ 80％
6.0 4.5 5.0 5.5 6.0 － － －
5.5 4.1 4.6 5.1 5.5 5.9 － －
5.0 3.8 4.2 4.6 5.0 5.4 5.8 －
4.5 3.4 3.8 4.1 4.5 4.8 5.2 5.5


4.0 3.0 3.4 3.7 4.0 4.3 4.6 4.9


3.5 2.6 2.9 3.2 3.5 3.8 4.0 4.3


3.0 2.3 2.5 2.8 3.0 3.2 3.5 3.7


2.5 1.9 2.1 2.3 2.5 2.7 2.9 3.1


2.0 1.5 1.7 1.9 2.0 2.2 2.3 2.4


1.5 1.2 1.3 1.4 1.5 1.6 1.7 1.8


1.0 0.8 0.8 0.9 1.0 1.1 1.2 1.2


0.5 0.4 0.4 0.5 0.5 0.5 0.6 0.6


Table 1  Humidity Correction Table
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GAS To pump


pp
m2010 30 40 50 60 70 80 90 10
0


11
0


12
0


Tube No.


504 TWA-TOLUENE


1. PERFORMANCE
1) Measuring range ：20-200 ppm


（1 hr.） （8 hrs.）
40-200 ppm 20-120 ppm


2) Sampling time ：8 hrs.（10 mr/min.）
3) Shelf life ：3 years
4) Operation temperature ：10～40℃
5) Reading ：Direct reading from the scale calibrated by 8 hrs. Sampling
6) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：15％　RSD-mid.：15％　RSD-high：15％


3. CHEMICAL REACTION
Iodine pent-oxide is reduced.


C6H5CH3＋ I2O5＋H2SO4→ I2


4. CALIBRATION OF THE TUBE
GAS CHROMATOGRAPHY


5. INTERFERENCE AND CROSS SENSITIVITY
Substance Interference ppm Coexistence 


Acetone Similar stain is produced Higher readings are given.
Xylene 〃 〃
Benzene 〃 〃
Methyl ethyl ketone 〃 〃


Hexane Whole regent is discoloured to 50 Whole reagent is discoloured and 
Brown. readings are not be obtained.


（NOTE）
1）Model PM-2 personal sampler（option）ia available for this tube.
2）Flow Rate and Sampling Time
（1）In case of 8 hours, sampling with 10mr/min., the TWA concentration can be read directly by the scale


printed on the tube at the top of Brack stain.
（2）If the sampling duration is less than 8 hours, the actual TWA concentration can be obtained graphically


from the chart provided below.
（3）If the flow rate is not 10mr/min, divide the scale reading by the ratio of sampled air volume to 4800mr.


Actual TWA concentration（ppm）＝ I× I＝Scale reading in mr
V＝Sampled air volume 


［Flow rate（mr/min.）×Sampling duration（min.）］
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Example：
（a）If sampling time is 5 hours and scale


reading is 50, the actual TWAconcen-
tration is 80 ppm.


（b）If sampled air volume is 4.0r, and scale
reading is 50, the actual TWA concen-
tration is 60 ppm.


4800
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3.5 KITAGAWA DISSOLVED SUBSTANCE
DETECTOR  TUBES
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Tube No.


1. PERFORMANCE
1) Sampling method ： Immersion method


（Refer to Page 17）
2) Measuring range ：10-2,000 ppm
3) Sampling time ：1.5 minutes
4) Sample volume ：over 5 mr
5) Detectable limit ：5 ppm
6) Shelf life ：3 years
7) Operating temperature ：5～80℃
8) Operating PH ：3.5-13
9) Reading ：Direct reading from the scale
10) Colour change ：Brown→White


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Silver chromate, Silver chloride is produced.


CI－＋Ag2CrO4→AgCI


4. CALIBRATION OF THE TUBE
SODIUM CHLORIDE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


Solution


ppm


1500
2000


1000
800
500
500
400
300
200
150
10010 50


201SA CHLORIDE ION


Substance Interference Coexistence 
Bromide ion Higher readings are given.
Iodide ion 〃
Cyanide ion 〃


The bottom of discoloured layer
Sulphide ion Brown stain is produced. is changed to Brown and higher


readings are given.


6. SAMPLING METHOD
（Immersion method）


1) Cut both ends of a fresh detector tube with a file.
2) Immerse the filled end of the tube with white end plug into the prepared sample solution.


Capillary action will occur immediately and the sample solution rise through the reagent. If Chloride ion is 
existed in the sample solution, a discolouration will be occurred in the detecting reagent layer from its inlet and 
the discoloured layer shall be given according to the concentration of Chloride ion.


SAMPLE SOLUTION


WHITE END PLUG
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Tube No.


295


1. PERFORMANCE
1) Sampling method ： Immersion method


（Refer to Page 17）
2) Measuring range ：3-200 ppm
3) Sampling time ：1.5 minutes
4) Sample volume ：over 5 mr
5) Detectable limit ：1 ppm
6) Shelf life ：2 years
7) Operating temperature ：5～80℃
8) Operating PH ：3.5-13
9) Reading ：Direct reading from the scale
10) Colour change ：Brown→White


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Silver chromate, Silver chloride is produced.


CI－＋Ag2CrO4→AgCI


4. CALIBRATION OF THE TUBE
SODIUM CHLORIDE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


Solution


ppm


150


200


100806040201053


201SB CHLORIDE ION


Substance Interference Coexistence 
Bromide ion Higher readings are given.
Iodide ion 〃
Cyanide ion 〃


The bottom of discoloured layer
Sulphide ion Brown stain is produced. is changed to Brown and higher


reading are given.


6. SAMPLING METHOD
（Immersion method）


1) Cut both ends of a fresh detector tube with a file.
2) Immerse the filled end of the tube with white end plug into the prepared sample solution.


Capillary action will occur immediately and the sample solution rise through the reagent. If Chloride ion is 
existed in the sample solution, a discolouration will be occurred in the detecting reagent layer from its inlet and 
the discoloured layer shall be given according to the concentration of Chloride ion.


SAMPLE SOLUTION


WHITE END PLUG







Tube No.


1. PERFORMANCE
1) Sampling method ：Direct sampling method


（Refer to Page 17）
2) Measuring range ：1-100mg/r
3) Sampling time ：1 minute
4) Sample volume ：over 5 mr
5) Detectable limit ：0.5mg/r
6) Shelf life ：1 year
7) Operating temperature ：0～40℃
8) Operating PH ：2-11
9) Reading ：Direct reading from the scale
10) Colour change ：White→Orange


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Hydroxylamine sulphate, divalent Copper ion is reduced to monovalent Copper ion. This 
monovalent Copper ion is reacted with 2, 9-Diphenyl 1-4, 7-Dipheny l-1, 10-phenanthroline and Chelate is 
produced.


Cu2＋＋NH2OH＋H2SO4→Cu＋


Cu＋＋C12H4N2（CH3）2（C6H5）2→Orange Chelate compound


4. CALIBRATION OF THE TUBE
CUPRIC SULPHATE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


PRETREAT REAGENT
(White)


Solution


80


100


60402010531


Rubber bulb


203S COPPER ION 


Substance mg/R Interference mg/R Coexistence 


Ferric ion 20 Similar stain is produced. Copper ion Higher readings are given.conc.×2


Zinc ion The accuracy of readings 100 〃in not affected.
Chlorine ion 〃 〃
Manganous ion 〃 〃


（NOTE）
6. SAMPLING METHOD


1) Cut both ends of a fresh detector tube with a file.
2) Squeeze the rubber bulb（an extra option）, insert the tube end（B）into it


as it is and immerse filled end（A）of the tube.
3) Put the thumb off the rubber bulb, and the sample solution shall rise up.
4) When the sample solution rises up to（C）of the tube, remove the tube


from the rubber bulb and from thesample solution.
5) The concentration can be obtained directly from the reading value of


scale printed on the tube.
6) When the concentration is over 100mg/r, dilute the sample solution


and multiply the readings obtained by the dilution ratio.


Rubber bulb


Detector tubeSample
　 solution
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297


Tube No.


1. PERFORMANCE
1) Sampling method ：Direct sampling method


（Refer to Page 17）
2) Measuring range ：0.2-5 ppm
3) Sampling time ：2 to 4 minutes
4) Sample volume ：over 5 mr
5) Detectable limit ：0.05 ppm
6) Shelf life ：2 years
7) Operating temperature ：0～40℃
8) Operating PH ：6-13
9) Reading ：Direct reading from the scale 
10) Colour change ：White→Blue 


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with o-Toluidine and Cupric sulphate（II）, complex salt is produced.


4. CALIBRATION OF THE TUBE
POTASSIUM CYANIDE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


PRETREAT REAGENT
(White)


Solution


5.0
4.0
3.0


2.0


1.0
0.5
0.2 Rubber bulb


ppm


204S CYANIDE ION


Substance Interference ppm Coexistence 
Carbonate ion 1,700 Higher readings are given.
Chloride ion 100 〃
Sulphate ion 2,700 Lower readings are given.
Thiocyanate ion Similar stain is produced. 200 Higher readings are given.
Sulphide ion 〃


Dichromate ion Pretreat reagent is discoloured and the
accuracy of readings is not affected.


Permanganate ion 〃
Ferricyanate  ion 〃
Residual chloride  ion 〃


6. SAMPLING METHOD
1) Make the sample solution at PH 6-13 before test.
2) Cut both ends of a fresh detector tube with a file.
3) Squeeze the rubber bulb（an extra option）, insert the tube end（B）into it as it


is and immerse filled end（A）of the tube.
4) Put the thumb off the rubber bulb, and the sample solution shall rise up.
5) When the sample solution rises up to（C）of the tube, remove the tube from


the rubber bulb and from thesample solution.
6) The concentration can be obtained directly from the reading value of scale


printed on the tube.
7) At concentration of over 5 ppm, dilute the sample solution and multiply the


readings obtained by the dilution ratio.


Rubber bulb


Detector tubeSample
 solution
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1. PERFORMANCE
1) Sampling method ： Immersion method


（Refer to Page 17）
2) Measuring range ：0.4-5 ppm
3) Sampling time ：3 minutes
4) Sample volume ：over 5 mr
5) Detectable limit ：0.1 ppm
6) Shelf life ：2 years
7) Operating temperature ：0～40℃
8) Operating PH ：2-10
9) Reading ：Direct reading from the scale
10) Colour change ：White→Purple


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with 3, 3’-Dimethylnaphthidine, Nitroso-compound is produced.


4. CALIBRATION OF THE TUBE
IODOMETRY METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


HIGH CONC. INDICATOR
(Pink)


Solution 543210.4


ppm


234SA FREE RESIDUAL CHLORINE


Substance Interference ppm Coexistence 
Chloride ion 200 Lower readings are given.


Calcium ion The accuracy of readings is not 
affected.


Copper ion 〃
Iron ion Similar stain is produced. 20 Higher readings are given.


（NOTE）
1. This tube is for measuring FREE-RESIDUAL CHLORINE, not for COMBINED-RESIDUAL CHLORINE.
2. This tube is not suitable for measuring sea water or sample solution which includes sea water. Because it is 


affected by Chloride ion.
3. When the concentration is over full scale（5 ppm）, the HIGH CONC. INDICATOR（Pink）is discoloured to White.


In this case, dilute the sample solution and multiply the reading value obtained, by the dilution ratio.


6. SAMPLING METHOD
（Immersion method）


1) Cut both ends of a fresh detector tube with a file.
2) Immerse the filled end of the tube with white end plug into the prepared sample solution.Capillary action will


occur immediately and the sample solution rise through the reagent. If Chloride ion is existed in the sample
solution, a discolouration will be occurred in the detecting reagent layer from its inlet and the discoloured layer
shall be given according to the concentration of Chloride ion.


SAMPLE SOLUTION


WHITE END PLUG
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Tube No.


1. PERFORMANCE
1) Sampling method ： Injection method


（Refer to Page 17）
2) Measuring range ：50-400 ppm
3) Sampling time ：250 seconds（1.0mr/250 sec. By injection）
4) Sample volume ：1.0 mr
5) Detectable limit ：10 ppm
6) Shelf life ：1 year
7) Operating temperature ：5～30℃
8) Operating PH ：2-3
9) Reading ：Concentration chart method
10) Colour change ：Pale yellow→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Kperone, Chelate compound is produced.


4. CALIBRATION OF THE TUBE
IRON CHLORIDE（II）STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


Solution


202 IRON ION


Substancxe Interference μg/mR Coexistence 
Copper ion 10 Higher readings are given.
Aluminium ion 10 〃
Cobalt ion 10 〃
Mercuric ion 100 〃


6. SAMPLING METHOD
（Injection method）


A glass syringe of 1mrcapacity（an extra option）is required for measurement by this method.（Refer to FIG.1）


1) Make the sample solution at pH 2-3 with Nitric acid before test.


2) Cut both ends of a fresh detector tube with a file.


3) Take 1mrsample solution into the syringe.


4) Connect the detector tube to the syringe by using the rubber connecting tube as shown in FIG.2.


5) Inject the sample solution into the detector tube at constant speed, so that the 1.0mrsample


solution will go through the tube at exactly 250sec. If Iron ion is exised in the sample solution,a


discolouration will be occurred in the detecting reagent layer from its inlet and the discoloured


layer shall be given according to the concentration of Iron ion.


FIG. 1


1ml


FIG. 2
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1. PERFORMANCE
1) Sampling method ：Direct sampling method


（Refer to Page 17）
2) Measuring range ：0.01-0.8％
3) Sampling time ：30 sec.
4) Sample volume ：Over 5 mr
5) Detectable limit ：0.002％
6) Shelf life ：2 years
7) Operating temperature ：5～80℃
8) Reading ：Direct reading from the scale
9) Colour change ：Brown→White


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Silver chromate, Silver chloride is produced.


CI－＋Ag2CrO4→AgCI


4. CALIBRATION OF THE TUBE
SODIUM CHLORIDE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


SOLUTION


0.01


0.02
0.03
0.04
0.05
0.06
0.08
0.10


0.20
0.25
0.30
0.40
0.50
0.60
0.80 Rubber bulb


0.015


%%
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Substance Interference Coexistence 
Bromide ion Higher readings are given.
Iodide ion 〃
Cyanide ion 〃


The bottom of the discoloured layer is
Sulphide ion Brown stain is produced. changed to Brown and higher readings 


are given.


6. SAMPLING METHOD
（Direct sampling method）


1) Cut both ends of a fresh detector tube with a file.
2) Squeeze the rubber bulb（an extra option）, insert the tube end（B）into it as it is and immerse filled end
（A）of the tube.


3) Put the thumb off the rubber bulb, and the sample solution shall rise up.
4) When the sample solution rises up to（C）of the tube,remove the tube from the rubber bulb and from the


sample solution.
5) The concentration can be obtained directly from the reading value of scale printed on the tube.
6) At concentration over 0.8％, dilute the sample solution and multiply the readings obtained by the


dilution ratio.


Rubber bulb


Detector tubeSample
　 solution
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Tube No.


1. PERFORMANCE
1) Sampling method ： Immersion method


（Refer to Page 17）
2) Measuring range ：2-1,000 ppm
3) Sampling time ：3 minutes
4) Sample volume ：Over 5 mr
5) Detectable limit ：1 ppm
6) Shelf life ：1 year
7) Operating temperature ：5～60℃
8) Operating PH ：1-12
9) Reading ：Direct reading from the scale
10) Colour change ：White→Brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Lead nitrate, Lead sulphide is produced.


S2＋Pb（NO3）2→PbS


4. CALIBRATION OF THE TUBE
SODIUM SULPHIDE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


Solution


1000
600
400
300
200
150
100705030201052


ppm


200SA SULPHIDE ION


Substance Interference ppm Coexistence 
Dichromate ion 500 Lower readings are given.
Mercaptans ion Similar stain is produced.
Sulphate ion 1.5％ The accuracy of readings is not affected.
Iron ion 0.2％ 〃
Chloride ion FIG.1 2.5％ 〃
Carbonic ion 4.0％ 〃


0


200


100


Chloride ion〔％〕�
FIG.1 Influence of Chloride ion
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6. SAMPLING METHOD
（Immersion method）


1) Cut both ends of a fresh detector tube with a file.
2) Immerse the filled end of the tube with white end plug into the prepared sample solution.Capillary action


will occur immediately and the sample solution shall rise through the reagent. If Sulphide ion is existed
in the sample solution, a discolouration will be occurred in the detecting reagent layer from its inlet and
the discoloured layer shall be given according to the concentration of Sulphide ion.


SAMPLE SOLUTION


WHITE END PLUG
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1. PERFORMANCE
1) Sampling method ： Immersion method


（Refer to Page 17）
2) Measuring range ：0.5-10 ppm
3) Sampling time ：2.5 minutes
4) Sample volume ：Over 5 mr
5) Detectable limit ：0.1 ppm
6) Shelf life ：2 years
7) Operating temperature ：5～40℃
8) Operating PH ：7-14
9) Reading ：Direct reading from the scale
10) Colour change ：White→Pale brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
By reacting with Lead acetate, Lead sulphide is produced.


S2－＋（CH3CO2）2Pb→PbS


4. CALIBRATION OF THE TUBE
SODIUM SULPHIDE STANDARD SOLUTION METHOD


5. INTERFERENCE AND CROSS SENSITIVITY


Solution To pump


ppm8 106543210.5


200SB SULPHIDE ION


Substance Interference ppm Coexistence 
Carbonate ion 1,000 Lower readings are given.
Chloride ion 2,000 Higher readings are given.
Copper ion The accuracy of readings is not affected.


6. SAMPLING METHOD
（Immersion method）


1) Cut both ends of a fresh detector tube with a file.
2) Immerse the filled end of the tube with white end plug into the shall prepared sample solution.Capillary


action will occur immediately and the sample solution shall rise through the reagent. If Chloride ion is
existed in the sample solution, a discolouration will be occurred in the detecting reagent layer from its
inlet and the discoloured layer shall be given according to the concentration of Chloride ion.


SAMPLE SOLUTION


WHITE END PLUG







303


3.6 KITAGAWA COMPRESSED BREATHING
AIR  TEST  TUBES
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COMPRESSED BREATHING AIR TEST SYSTEM


This system is designed to measure impurities in compressed breathing air such as in scuba and
rescue cylinders, as well as from an outlet of an air-change compressor.


●Model P-41R Compressed Breathing Air Sampling Kit


Composition


① Control assembly 1set.


（Including an adaptor with W22-14RH Femail thread for rescue and on-land cylinders）


② International fitting yoke（For a scuba cylinder） 1pc.


③ Gas detector tube（an extra option） 1pc.


④ Tube protector 1pc.


⑤ Tip cutter for Gas detector tube 1pc.


⑥ Wrench 1pc.


⑦ Digital stopwatch 1pc.


⑧ Carrying case（Aluminum） 1pc.


⑨ Instruction manual 1set.


Optional Accessiry for 604SP only


① 50ml plastic syringe


② 1m vinyl tube


①


②


③


④


⑤


⑥


⑦


⑧
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Tube No.


1. PERFORMANCE
1) Measuring range ：5-100 ppm
2) Detectable limit ：3 ppm
3) Shelf life ：2 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale printed on the tube
6) Colour change ：Yellow→Dark brown


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Pottasium disulphate palladate（II）is reduced and Palladium is liberated.


CO＋K2Pd（SO3）2→Pd


4. CALIBRATION OF THE TUBE 
STANDARD GAS CYLINDER METHOD


5. PRESET/MEASUREMENT CONDITIONS


PRESET CONDITION
1) 2nd pressure ：0.6 kg/cm2（60 Kpa）
2) Flow rate ：2.0r/min.


MEASUREMENT CONDITION
Sampling time ：2.0 minutes


GAS 80 10
0604020105


pp
m


600SP
COMPRESSED BREATHING AIR TEST TUBE FOR 


CARBON MONOXIDE
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601SP
COMPRESSED BREATHING AIR TEST TUBE FOR 


CARBON DIOXIDE


1. PERFORMANCE
1) Measuring range ：100-3,000 ppm
2) Detectable limit ：20 ppm
3) Shelf life ：2 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale printed on the tube
6) Colour change ：Purplish blue→Pale pink


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with an Alkali, PH indicator is discoloured.


CO2＋NaOH→Na2CO3


4. CALIBRATION OF THE TUBE 
STANDARD GAS CYLINDER METHOD


5. PRESET/MEASUREMENT CONDITIONS


PRESET CONDITION
1) 2nd pressure ：1.0 kg/cm2（100 Kpa）
2) Flow rate ：2.0r/min.


MEASUREMENT CONDITION
Sampling time ：2.0 minutes
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Tube No.


DEHUMIDIFIER
(White)


GAS 4.
0


5.
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0
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602SP
COMPRESSED BREATHING AIR TEST TUBE FOR 


OIL MIST


1. PERFORMANCE
1) Measuring range ：0.3-5 mg/m3


2) Detectable limit ：0.1 mg/m3


3) Shelf life ：2 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale printed on the tube
6) Colour change ：Yellow→Pale blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
Chromium oxide is reduced.


Oil＋Cr6＋＋H2SO4→Cr3＋


4. CALIBRATION OF THE TUBE 
INFRARED SPECTOPHOTOMETRY


5. PRESET/MEASUREMENT CONDITIONS


PRESET CONDITION
1) 2nd pressure ：1.0 kg/cm2（100Kpa）
2) Flow rate ：3.0r/min.


MEASUREMENT CONDITION
Sampling time ：25.0 minutes
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603SPA
COMPRESSED BREATHING AIR TEST TUBE FOR 


WATER VAPOUR


1. PERFORMANCE
1) Measuring range ：20-160 mg/m3


2) Detectable limit ：15 mg/m3


3) Shelf life ：2 years
4) Operating temperature ：0～40℃
5) Reading ：Direct reading from the scale printed on the tube
6) Colour change ：Yellow→Yellowish green or Blue


2. RELATIVE STANDARD DEVIATION
RSD-low：10％　RSD-mid.：10％　RSD-high：10％


3. CHEMICAL REACTION
By reacting with Magnesium perchlorate, complex salt is produced and PH indicator is discoloured.


H2O＋Mg（CIO4）2→Mg（CIO4）2＋H2O


4. CALIBRATION OF THE TUBE 
DEW-POINT METER


5. PRESET/MEASUREMENT CONDITIONS


PRESET CONDITION
1) 2nd pressure ：1.0 kg/cm2（100 Kpa）
2) Flow rate ：2.0r/min.


MEASUREMENT CONDITION
Sampling time ：1.0 minutes
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Tube No.


TEMPERATURE
INDICATOR(Red)


GAS 2462 9 12 15 18 21 50
m%


604SP
COMPRESSED BREATHING AIR TEST TUBE FOR 


OXYGEN


1. PERFORMANCE
1) Measuring range ：2-24 ％
2) Shelf life ：2 years
3) Operating temperature ：0～40℃
4) Temperature compensation ：（Necessary（0～10/30～40℃）（Refer to"SPECIAL NOTE"）
5) Reading ：Direct reading from the scale printed on the tube
6) Colour change ：White→Brown.


2. RELATIVE STANDARD DEVIATION
RSD-low：5％　RSD-mid.：5％　RSD-high：5％


3. CHEMICAL REACTION
Oxygen reacts with alkaline pyrogallol.


4. CALIBRATION OF THE TUBE 
STANDARD GAS CYLINDER METHOD


5. PRESET/MEASUREMENT CONDITIONS


PRESET CONDITION
1) 2nd pressure ：0.6 kg/cm2（60 Kpa）
2) Flow rate ：2.0r/min.


MEASUREMENT CONDITION
1) Sampling amount ：50 mr


SPECIAL NOTE
1) TEMPERATURE COMPENSATION：


At 0℃（32℃）to 10℃（86℃）, multiply the reading value by 1.05.
At 30℃（86℃）to 40℃（104℃）, multiply the reading value by 0.95.


2) The sampling is made with an optional 50mrplastic syringe which collects accurate sampling volume in
50mrand 1mrvinyl tube which connects the syringe and the detector rubber, is recommendable in order to
prevent influence by ambient oxygen.


3) Pressure regulator of which diaphragm is made of stainless steel or Teflon coated rubber, is recommendable in
order to prevent influence by ambient oxygen.
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4. REFERENCE FOR MEASUREMENT
4.1 GENERAL KNOWLEDGE FOR GAS MEASUREMENT
4.1.1 UNIT OF CONCENTRATION


％： percentage of volumetric ratio of gas, corresponding to millilitres of gas per
100 millilitres of air.


ppm：volumetric ratio of gas expressed by parts per million, corresponding to 
microlitres（μr）per 1 litre of air, e.g. 0.1％＝1,000 ppm


mg / m3：milligrams of substance per 1 cubic metre（1,000r）of air, mainly used for 
concentration of particulate matter


（1）Conversion of gas volume
Volume of gas, V at t℃ under a pressure of p mmHg is derived from the volume, Vo at
0℃ under 1 atmospheric pressure（760 mmHg）according to the following formula：


V＝Vo × 273＋ t×760


For example, volume of gas, V at 20℃ under 1 atm. is 1.073V.
（2）Relationship between volume and weight of gas


Volume of gas vapourized from M grams of a M molecular weight substance, i.e.1 mol.,is 
22.4 litre at 0℃ under 1 atmospheric pressure. Preparing the standard gas vapourized from
a liquid sample, the concentration of gas in a fixed volume vessel is obtained from the 
following formula：


C＝ x×22.4×273＋ t×760×100
where C＝ concentration of gas〔％〕； x＝ quantity of sample〔g〕；M＝molecular 


weight of sample〔g〕and V＝ internal volume of vessel〔r〕. For example, the quantity of 
sample required for preparing the standard gas of 1,000 ppm（0.1％）of toluene in a 
vessel of 1 litre at 20℃ under 1 atm. is as follows：


0.1＝ x ×22.4×273＋20×760×100
（3）Conversion of concentration


The relationship in gaseous state of a substance（molecular weight＝M）between ppm 
and mg/m3 at t℃ under p mmHg is as follows：


ppm＝mg/m3×22.4×273＋ t× 760 


（4）Concentration derived from saturated vapour pressure
Vapour concentration on the surface of liquid, the upper limit at the temperature, is 
obtained according to the following formula：


C＝ Pt   ×100
where Pt＝ standard vapour pressure of substance at t℃〔mmHg〕and C＝ vapour 
concentration〔％〕


4.1.2 NORMAL COMPOSITION OF AIR
Many studies on the chemical composition of atmosphere are made so far. The standard chemical


composition of air is shown in Table 4.1. Various gaseous and particulate matters besides the nomal
Components are contained in the atmosphere on the surface of the earth. Air in urban districts contains
the substances shown in Table 4.2.


4.1.3 PROPERTIES OF SUBSTANCES
There are two groups of substances in air, uniformaly dispersed gas or vapour and suspended


particles. The names and properties of the particles are shown in Table 4.3. The substances measurable
by gas detector tubes are gaseous and vapourized matter.


92.14


p


760


M V


273


273 p


2731 760


M 273
M 273


p p


Then, x＝0.00383〔g〕
＝3.83〔mg〕


mg/m3＝ppm×22.4×273＋ t×
760
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GASES
CONCENTRATION


VOLUME [ppm] WEIGHT [ppm]


Nitrogen 780,900 775,100


Oxygen 209,500 231,500


Argon 9,300 12,800


Carbon dioxide 300 400


Neon 18 12.5


Helium 5.2 0.72


Methane 2.2 1.2


Krypton 1 2.9


Nitrous oxide 1 1.5


Hydrogen 0.5 0.03


Xenon 0.08 0.36


POLLUTANTS CONCENTRATION [ppm]


Sulfur dioxide 0.001～0.7


Carbon monoxide 2.0～10.0


Aldehyde, as formaldehyde 0.02～0.2


Nitrogen oxides 0.02～0.9


Ozone 0.009～0.3


Ammonia 0.02～0.2


Hydrogen sulfide 0.002～0.1


Hydrogen fluoride 0.001～0.02


4.1.4 HARMFULNESS
Some chemicals are harmful to the touch, depending on exposure time, quantity and human


characteristics such as health condition, sex, age and others.
When a high concentration chemical substance is inhaled in a short time, symptoms of acute


poisoning are developed. When a relatively low concentration chemical substance is inhaled for many
hours, symptoms of chronic poisoning are developed. Acute poisoning is relatively well known, but
chronic poisoning is not so well known, because it has various types of symptoms in subjective and
objective symptoms. Since the symptoms by long exposure to low-concentration chemicals are not
characteristic, the subjective symptoms must be carefully observed. 


Classification of chemical substances by symptom is as follows：


(1) Simple suffocative substances…carbon dioxide, methane, propane
(2) Chemical suffocative substances…carbon monoxide, hydrogen cyanide
(3) Upper air-passage irritating substances…ammonia, sulphur dioxide, styrene, 


formaldehyde
(4) Pulmonary issue irritating substances…chlorine, phosgene, ozone
(5) Toxic substances to central nervous system…toluene, xylene, chloroform
(6) Hematogenous organs and hematic system poisoning substances･･･benzene, arsine,


nitrobenzene


TABLE 4.2 POLLUTANTS IN URBAN DISTRICT AIR


TABLE 4.1 NORMAL COMPOSITION OF AIR
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SUBSTANCE PROPERTIES STATE PARTICLE DIAMETER EXAMPLES(μ)


Gas Gas at 25℃ under I atm. Ammonia, Chlorine, Ozone, Carbon
(critical temperature or higher) dioxide, Sulphur dioxide


Vapour Solid (critical temperature or low-
Gas Molecules


Acetone, Ethyl alcohol, Carbon
er) or liquid at 25℃ under 1 atm. disulphide, Ethyl acetate


Mist Suspended  fine particles of solid Sulphuric acid (0.8-5.5μ), Chromic
acid , Sodium hydroxide , Cyanide ,


Liquid 5-100 Hydrochloric acid, Fog (50 μ)


Fog Finer particles than mist (5-50 μ
particles condensed in air) 


Dust Suspended fine particles of solid 1-150 Pigment (1-4μ). Talc (10μ), Coal 
dust (10μ), Grain flour (15-20μ), 
Cement mill dust (exhaust from kiln,


Fume Suspended fine particulate com-
Solid 


10μ) , Dust in grain flour elevator
pound derived from gas in air (15μ), P.C.P., Mica, Asbestos


0.1-1 Zinc oxide (0.05μ), Ammonium 
chloride (0.1μ)


Smoke Originally meaning of organic par-
Mixed


0.01-1 Tobacco smoke (0. 25μ) 
ticIes with a certain black colour


TABLE 4.3 POLLUTANTS IN URBAN DISTRICT AIR


(7) Carcinogens…vinyl chloride, benzidine
(8) General poisoning substances…lead, mercury, arsenic, aniline
(9) Hepatic system poisoning substances…carbon tetrachloride, trichloroethylene, tetrachloroethylene


Exposure to high concentration of these substances gives shortly symptoms, but generally
the substances (1) through (4) develop acute poisoning, while those (5) through (9) 
develop chronic poisoning.


4.1.5 THRESHOLD LIMIT VALUE
Threshold limit values of chemicals have been published from various organizations in the world as


indicators of exposure for prevention of troubles so far.
The threshold limit values used most widely in the world are Threshold Limit value, TLV, published


from American Conference of Governmental Industrial Hygienists (ACGIH). TLV is stated in the
same manner as in the preceding documents as follows :


"Threshold limit values refer to airborne concentrations of substances and represent conditions
under which it is believed that nearly all workers may be repeatedly exposed day after day without
adverse effect. Because of wide variation in individual susceptibility, however, a small percentage of
workers may experience discomfort from some substances at concentrations at or below the threshold
limit ; a smaller percentage may be affected more seriously by aggravation of a pre-existing condition
or by development of an occupational illness."


The threshold limit value is expressed in the unit of ppm or mg/m3 which is generally calculated
from the concentrations by the actual working hours in a day, time weighted average concentration.


The threshold limit values are classified into the following three items by the ACGIH.
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（1）The Threshold Limit Value-Time Weighted Average（TLV-TWA）－ the time-weighted average
concentration for a normal 8-hour workday and a 40-hour workweek, to which nearly all workers
may be repeatedly exposed, day after day, without adverse eftect.


（2）Threshold Limit Value-Short Term Exposure Limit（TLV-STEL）－ the concentration to which
workers can be exposed continuously for a short period of time without suffering from irritation,
chronic or irreversible tissue damage, or narcosis of sufficient degree to increase the likelihood of
accidental injury, impair self-rescue or materially reduce work efficiency, and provided that the
daily TLV-TWA is not exceeded. It is not a separate independent exposure limit, rather it
supplements the time-weighted average（TWA）limit where there are recognized acute effects
from a substance whose toxic effects are primarily of a chronic nature. STELs are recommended
only where toxic effects have been reported from high short-term exposures in either humans or
animals.
A STEL is defined as a 15-minute time-weighted average exposure which should not be
exceeded at any time during a work day even if the eight-hour time-weighted average is within
the TLV. Exposures at the STEL should not be longer than 15 minutes and should not be repeated
more than four times per day. There should be at least 60 minutes between successive exposures
at the STEL. An averaging period other than 15 minutes may be recommended when this is
warranted by observed biological effects. 


（3）Threshold Limit Value-Ceiling（TLV-C）－ the concentration that should not be exceeded even
instantaneously. It is necessary to investigate the synergistic ill effect rather than individual ill
effects of two or more coexisting injurious materials. Unless any information concerning the
synergistic effect is available, the weight of the individual injurious effect of each component
may be considered as the total injurious effect for convenience as follows： if the sum total of
Formula（1）exceeds 1, the overall concentration of injurious materials is considered to exceed the
threshold limit value in the environment.


C1/T1＋ C2/T2＋ C3/T3…＋ Cn/Tn 
where C 1, C 2, C 3… and Cn＝ concentration of each component and T 1, T 2, T 3… and
Tn＝ threshold limit value of each component. When only the concentration of one injurious
material can be determined among various injurious ones escaping from the process, the
harmfulness in the whole environment may be conservatively estimated from the threshold limit
value of that material determined.


4.1.6 DANGEROUSNESS
The material causing a fire or explosion is called dangerous material including combustible


gas and liquid. If combustible liquid flows out, the danger range widely expands because of
liquified properties. Besides, combustible vapour is always volatilised from the surface of the
combustible liquid with high vapour pressure, so an ignition source causes ignition or explosion.
Combustible liquid is particularly dangerous compared with other dangerous materials due to two
characteristics mentioned above.


There is a range of mixture of certain characteristics of combustible gas or vapour and air in
which an ignition source causes explosion. The range of the concentrations is called range of
explosion. Combustion bolstering gas such as oxygen, chlorine and nitrogen dioxide causes
explosion together with combustible gas. The higher the concentration of combustion bolstering
gas is, the larger the range of explosion is. The range of explosion varies according to
temperature, pressure and coexisting gas, but it is generally expressed by a triangular diagram
based on the experimental values.


FIG. 4.1 illustrates the triangular diagram of three component system of combustible gas
（benzene）, bolstering gas（oxygen）and inert gas（nitrogen）.The area enclosed with solid lines is
the range of explosion and the intercept of the broken line between the points of intersection
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FIG. 4.1 EXPLOSION RANGE OF MIXED GASES（BENZENE, O2,N2）�
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shows the range of explosion of the mixture of combustible gas and air. The range of explosion
of benzene in the air ranges 1.2％ to 8.0％ and that in oxygen ranges 1.4％ to 35％. Existence
of nitrogen over 88％ does not cause explosion. Since explosion is generally caused by an
ignition source, the concentration measuring instrument must be explosion-proof. The
measurement by a gas detector tube is based on chemical reaction, so it is used even in an
explosive place.


4.2 SAMPLE COLLECTION 
Careful sampling is especially important obtaining correct results even in highly accurate gas-
analysis. The optimum sampling method varies depending upon sample gases and analytical
methods. There are three sampling methods, liquid, solid and direct sampling methods. Sampling
is eliminated in the gas detector tube method in which measurement is made at the same time as
sampling. Errors caused by sampling and changing of the sample with time are, therefore,
available. Since the direct sampling method accompanied by the gas detector tube method is
widely applied, the sampling method and the precautions are stated hereinafter.


4.2.1 SAMPLING METHOD 
The following attention must be paid to the sampling by a bag or a glass syringe：


(1) Since the concentration of sample decreases with time depending upon the material and
size of bag and the substance and concentration of sample, the sample shall be fed to the gas
detector tube confirming the stabilization of the concentration based on the decreasing rate of it
（see FIG. 4.2 and 4.3）.


(2) The sample is sometimes adsorbed to the diaphragm of the diaphragm pump for
sampling into a bag. Instead of the diaphragm pump, therefore, the bag shall be placed in a vessel
which will be evacuated as shown in FIG. 4.4.


4.2.2 SAMPLING SITE
Gas and vapour accumulate in different places depending upon the difference in specific
gravity from that of air. Lighter gas such as hydrogen, methane and ammonia accumulates
in the vicinity of ceiling, while heavier gas such as toluene, gasoline and hydrogen sulfide
accumulates on the floor, especially in depressions such as ditch and pit. The specific gravities
of typical gases are listed in Table 4.4.


(1) Sampling shall be carried out at the possible gas leak position such as flange and slide
section and the possible gas accumulating area to detect the gas leak.


(2) Sampling of injurious gas shall be carried out in a close range of workers' breathing and
of the source for the environmental management of working place. A rubber extension hose shall
be used for sampling in a place where acute poisoning is possible to confirm whether or not the
area is safe for entry.
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FIG.4.2 DECREASE IN A GLASS SYRINGE
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FIG.4.3 DECREASE IN A SAMPLING BAG
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SUBSTANCES SPECIFIC GRAVITY（AIR＝1）
Hydrogen 0.07
Methane 0.55
Ammonia 0.59
Carbon monoxide 0.97
Hydrogen sulfide 1.19
Propane 1.52
Butane 2.0
Chlorine 2.45


TABLE 4.4 SPECIFIC GRAVITY


FIG 4.4 COLLECTION BY BAG


4.3 DETERMINATION RESULTS AND MEASUREMENTS
Measurements shall be made to determine contaminant leads in the environment. The
measurements to prevent gas poisoning and explosion will be mentioned hereinafter.
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4.3.1 PREVENTIVE MEASURES FOR POISONING
People shall immediately leave the area where lack of oxygen and acute poisoning are imminent


redistribution. A respirator or an air mask shall be put on to enter the dangerous area. Safety shall be
confirmed by repeated measurements before entering the area even after ventilation. The general
procedure for examining the acute poisoning sources and for reviewing the environmental
management is described as follows ;
（1）Exposure derived from changes in operation and the secondary pollution shall be prevented.
（2）Redistribution of pollutants by local ventilation shall be prevented.
（3）Redistribution of pollutants by push-pull ventilation shall be prevented.
（4）Dilution of exhaust gas by total ventilation shall be promoted.
（5）Facilities handling injurious materials shall be enclosed and automated.
（6）Hazardous production plants shall be isolated and remote control shall be applied.
（7）Process and operation shall be improved.
（8）Production or use of hazardous chemical materials shall be discontinued or converted to less


hazardous materials.


4.3.2 PREVENTIVE MEASURES FOR EXPLOSION
When combustible gas is detected, measurements shall be taken to determine the concentration.


People shall immediately leave the area where the combustible gas concentration is within or close to
the range of explosion. Since explosion is possible even if the concentration is low, the leak point shall
be immediately examined with measuring equipment or gas detector tubes to connect it.


4.4 APPLICATIONS OF GAS DETECTOR TUBE METHOD
4.4.1 INSTANTANEOUS VALUE, HIGH TEMPERATURE GAS OR HIGH CONCENTRATION


GAS MEASUREMENT
（1）Instantaneous value or high temperature gas : Gas sampling shall be made with a glass syringe


the inner wall of which will have been cleaned and dried shown in FIG. 4.5. Then the syringe
shall be connected with a gas detector tube and an aspirating pump as shown in FIG.4.6 to
determine the gas concentration. If the gas condenses on the inner surface of the syringe, care
shall be taken that the piston of syringe will not stick to the cylinder.


Glass syringe
Detector tube


Aspirating pump


FIG.4.5 GLASS SYRINGE FIG.4.6 MEASUREMENT


（2）Gas of high concentration exceeding the measuring range of gas detector tube : After sampling
a constant volume of gas into a glass syringe, it shall be arbitrarily diluted with fresh air.
Measurement shall be made in such a manner as described in FIG. 4.6. The value obtained shall
be multiplied by the magnification of dilution to determine the real concentration.


（3）Gas with a concentration as high as 5％ or more : Since the amount of gas absorbed in a gas
detector tube is not negligible, the sample pump shall be purged with fresh air.
The inside of the glass syringe shall not be greased, because analytical error will be caused by
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dissolving gas into the grease or the gas adsorption onto the grease.


4.4.2 REMOTE MEASUREMENT
A rubber extension hose shown in FIG. 4.7 shall be used for detection of potentially harmful gases


prior to entering a confined space such as a manhole or a tank. A gas detector tube is connected with
the rubber extension hose and the aspirating pump to determine the gas concentration. The rubber
extension hose is available in lengths of 5 or 10 metres.


4.4.3 FLUE GAS 
The flue gas sampling instrument shown in FIG.4.8 and 4.9 is used in conjunction with the AP-1S


pump and specific detector tubes for analyzing flue gas. The equipment consists of the stainless steel
sampling probe equipped with a thermometer, heated by a ribbon heater for preventing condensation.


4.4.4 VAPOUR OF A MIXED SOLVENT
（1）Mixed solvent


Mixed solvent thinners, are used for dissolving paint and/or cleaning painting equipment.
Thinners are prepared by mixing organic solvents to meet the requirements of the paint.


Thinner for paint, mainly comprised of petroleum hydrocarbons such as mineral turpentine and
solvent naphtha is a typical one used for all the oil based paints and oil modified resin coatings.
（Mineral spirit is a synonym of mineral turpentine.）Lacquer thinner comprised of aromatic
hydrocarbons such as toluene and xylene, ester, ketones and alcohol is used for some synthetic
resin paints as well as lacquer.
Table 4.5 lists the paints and main solvents to assist in choosing gas detector tubes for
measurement.


（2）Examples of analysis for mixed solvents by gas chromatography
（a）Paint thinner


Paint thinner is mainly composed of petroleum hydrocarbons（C9 to C11）and may be


FIG. 4.7 RUBBER EXTENSION HOSE 


FIG. 4.8 FLUE GAS SAMPLING INSTRUMENT
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FIG.4.9 FLUE GAS MONITOR


PAINTS AND MATERIALS MAIN SOLVENTS
①OIL PAINTS
● Compounding paint Mineral turpentine 
● Corrosion-resistant paint Xylene, Mineral Turpentine 
● Ship-hull paint Mineral turpentine, Solvent naphtha 
● Others Xylene, Mineral turpentine 


②LACQUER Toluene, Xylene, Methanol, Isopropanol, Butanol, Ethyl
acetate, Butyl acetate, MethyI isobutyl ketone, Cellosolve 


③SYNTHETIC RESIN PAINTS 
● Phenolic resins Xylene, Mineral turpentine 
● Alkyd resins Xylene, Mineral turpentine 
● Aminoalkyd resins Toluene, Xylene, Methanol, Butanol, Butylacetate 
● Vinyl resins Toluene, Xylene, Ethanol, Isopropanol, Butanol,Ethyl acetate,


Butyl acetate, Methyl isobutyl ketone, Cellosolve 
● Epoxy resins Toluene, Xylene, Isopropanol, Methyl isobutyl ketone, 


Cellosolve 
● Urethane resins Toluene, Ethyl acetate, Butyl acetate, Metyl ethyl ketone, 


Cellosolve 
● Corrosion-Resist paint Toluene, Xylene, Mineral turpentine 
● Soluble resins Isopropanol, Butanol, Cellosolve


TABLE 4.5 PAINTS AND MAIN SOLVENTS
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