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1. INTRODUCTION

1.1. Test Description

Thistest/QA plan provides detailed procedures for a verification test of on-line turbidimeters
for usein water trestment facilities. The verification test will be conducted under the auspices of the
U.S. Environmentd Protection Agency (EPA) through the Environmenta Technology Verification
(ETV) program. The purpose of ETV isto provide objective and qudity assured performance data on
environmenta technologies, o that users, devel opers, regulators, and consultants can make informed
decisions about these technologies.

The verification test will be performed by Baitelle, of Columbus, Ohio, which is managing the
ETV Advanced Monitoring Systems (AMS) pilot through a cooperative agreement with EPA (CR
826215-01-1). The scope of the AMS pilot covers verification of monitoring methods for
contaminants and natura speciesin air, water, and soil. In performing the verification test, Baitelle will
follow procedures specified in thistest/QA plan, and will comply with the quality requirementsin the
“Qudity Management Plan for the ETV Advanced Monitoring Systems Pilot” (QMP).!

1.2. Test Objective
The god of this verification test is to quantify the performance characteristics of commercidly
avalable turbidimeters for on-line use in water treatment facilities. This verification will involve
comparison of these on-line turbidimeters with benchtop reference turbidimeters under avariety of
redlistic operationa conditions.

1.3, Applicability

The technologies tested under this plan are commercid turbidimeters cgpable of red-time
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monitoring of the low-leve turbidity necessary to reliably assess compliance with current drinking weater
regulations. In such gpplications these turbidimeters can provide red-time continuous monitoring of
water qudity and dlow early warning of potential non-compliance conditions, whereas grab sample
andysis by sandard methods is both time-consuming and non-continuous.  Although not typicaly used
for reporting purposes, these technologies are gaining wide acceptance throughout the industry, and as

such, warrant performance verification.

2. TECHNOLOGY DESCRIPTION

The technologies to be verified under this test/QA plan rely upon 90° light scattering (i.e.
nephelometry), or forward scattering, as ameans of water quality characterization. These technologies
are cgpable of continuous monitoring and can be designed ather for use directly in-line by immersonin
the sample stream, or aternatively, in a by-pass mode of operation. In the case of by-pass
turbidimeters, the sample stream is drawn from alarger source stream and is directed through the
nephelometer for subsequent andys's, whereas the immersion turbidimeters are designed for operation
through direct submersion in the source water stream. Although the overdl design requirements are
sgnificantly different, the basic components of these technologies are smilar.

In generd, these technologies contain at least the following components:

* Light source
e Optics
e Detector.

Typicdly the light sources for these technologies belong to one of two distinct groups. Higtoricdly, a
filtered, broadband source has been used for turbidity measurement. This type of source conssts of a
tungsten lamp operated at a color temperature between 2200 - 3000 C. More recently, narrow
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wavdength sources, including light emitting diodes (LEDs) and lasers, with intensty maximain the IR
have been introduced as an aternative light source for these measurements. The technologiesto be
tested under this test/QA plan employ one or more light sources which fit into these categories and can
be configured in single or multiple beam arrangements.

Optics in these technologies are used for focusing of the incident source beam and collection of
the scattered light. The detectors used are generdly either photomultiplier tubes or photodiode
assemblies and are chosen to match the spectral output of the light source with the peak detector
response. The technologies generdly provide adigita output which can be processed remotely to
alow continuous, in-situ monitoring capabilities.

3. VERIFICATION APPROACH

3.1. Scope of Test

The overd| objective of the verification tet isto provide quantitetive verification of the
performance of on-line turbidimeters under redigtic operationa conditions. These technologies are
commonly used for water quality monitoring in water treetment facilities and to help ensure compliance
with drinking water regulations. For these applications, the turbidimeters must be accurate relaive to
the reference method used for reporting, and must have a detection limit at least below the typica
regulatory limits. Additiondly, since these technologies are used on-line, they should be both reliable
and exhibit excdlent stability properties to avoid frequent or unscheduled off-line maintenance. The
verification test is designed to address and quantify each of these performance characterigtics.
Furthermore, since these technologies are to be used for monitoring of water trestment, their exposure
to process perturbations is inevitable. Consequently, the verification test will Smulate various upset
conditions to assess the technology response under those conditions.  Specificdly, the performance
characterigtics to be verified include;



Page 4 of 50

Verson: 1.0
Date: 6/3/99
. Detection limit - determined from the instrumental response to low turbidity water
under the conditions of testing.
. Linearity - determined from a multi-point cdibration check in the range from 0-5
NTU.
. Accuracy - assessed relative to the benchtop reference turbidimeters.
. Precision - determined from multiple turbidity measurements of a sample solution.
. Water temper atur e effects - determined from the change in turbidimeter response to
changes in sample temperature.
. Flow rate senditivity - assessed from the change in instrumental response over a
range of specified flow rates.
. Color effects - determined from the instrumenta response to the addition of color to
the sample.
. Drift - determined from the change in response to one or more standard solutions over
the period of testing.

Additiondly, characterigtics such as ease of use, rdiability, maintenance, and cost will be assessed and
reported.

Some of the technologies to be verified in this test are submersble turbidimeters designed for
use directly in the water stream. Consequently, those technologies are rated for use over arange of
operationd depths. It isbeyond the scope of this test to verify the performance of these technologies at
varying depths, and therefore, this agpect of performance will not be addressed in thistest. Verification
of these technologies will be performed at a depth recommended by the respective vendors.

3.2. Test Considerations and Approach
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Since turbidity is ameasurement of light scattering, a number of factors can influence the
responses of these technologiesto a given sample solution. Instrumental design including light source
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selection and geometric differences may result in sgnificant differences between the responses of these
technologies and the reference measurements. Further differences may result from the variable nature
of both the Sze and compasition of particles typicdly found in water Sreams, rlative to thosein
gtandard formazin solutions. These issues will be addressed in this verification test in two ways: 1) by
using different insrumenta designs for the reference turbidimeters, and 2) by evauaing a variety of
different samples.

To avoid potentid bias associated with a single method of comparison, the verification test will
include two reference methods for data comparisons. The methods chosen as the means for
edtablishing quantitative performance characteriticsin this verification test are described in EPA
Method 180.1, “ Determination of Turbidity by Nephelometry”,2 and in SO 7027, “Water Quality -
Determination of Turbidity”.* These methods both detail a procedure for the measurement of turbidity
using a benchtop nepheometric turbidimeter, but with differencesin the type of light source and the
wave ength used.

Additionally, to assess the response of these technologies to both prepared solutions and to real
world water samples, verification will involve both off-line and on-line tests. The off-line test will
include chalenging the technologies with a series of prepared standards or other test solutions to verify
performance under well controlled conditions. The on-line test will assess long-term performance under
redlistic operating conditions by monitoring a sample stream in amunicipa trestment facility under
typica normd operation.

3.3. Organization and Responsbilities

The verification test will be performed by Battelle with the participation of EPA and the vendors
who will be having their turbidimeters verified. The test will occur with the
cooperation of the City of Columbus Water Divison at the Dublin Road Water Plant in Columbus,
Ohio. The organizationd chart in Figure 1 shows the individuas from Baitelle, the vendor companies,
and EPA who will have respongbilitiesin the verification test. The specific responghbilities of these
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individuds are detailed be ow.
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Figure 1. Organizational Chart for On-Line Turbidimeter Verification Test
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3.3.1 Battdle

Dr. Kenneth A. Cowenisthe Verification Test Coordinator for the testing of on-line

turbidimeters through the AMS pilot. In thisrole, Dr. Cowen will have the overal respongbility for
ensuring that the technica, scheduling, and cost godls established for the verification test are met. Dr.
Cowen will:

. Prepare the draft test/QA plan, verification reports, and verification satements

. Revise the draft test/QA plan, verification reports, and verification Satementsin
response to reviewers comments

. Assemble ateam of qudified technica gtaff to conduct the verification test

. Direct the team in performing the verification test in accordance with the test/QA plan

. Ensure that al quality procedures specified in the test/QA plan and in the QMP are

followed

. Respond to any issues raised in assessment reports and audits, including indituting
corrective action as necessary

. Serve as the primary point of contact for vendor representatives

. Egtablish a budget for the verification test and monitor saff effort to ensure that the

budget is not exceeded
. Ensure that confidentidity of vendor information is maintained.

Dr. Thomas J. Kdly isthe Verification Testing Leader for the AMS pilot. Assuch, Dr. Kdly

will provide technica guidance and oversee the various stages of the verification test. He will:

. Support Dr. Cowen in preparing the test/QA plan and organizing the test
. Review the draft test/QA plan
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. Review the draft verification reports and verification Satements
. Ensure that vendor confidentidity is maintained.
Ms Karen Riggs is Baitdl€ sETV pilot manager. As such, Ms. Riggswill:
. Review the draft test/QA plan
. Review the draft verification reports and verification Satements
. Coordinate digtribution of the final test/QA plan, verification reports, and verification
Satements
. Ensure that necessary Baitdlle resources, including staff and facilities, are committed to
the verification test

. Ensure that vendor confidentidity is maintained
. Support Dr. Cowen in responding to any issues raised in assessment reports and audits
. Maintain communication with EPA’s pilot and quality managers.

Mr. Jan Satola will conduct the testing of the turbidimeters during the verification test. The
respongbilities of Mr. Satolainclude:

. Assg in the set-up of the manifold system

. Prepare standard formazin solutions for the test

. Cdlibrate and operate benchtop turbidimeters throughout the test duration

. Collect and anadyze grab samples for the verification test as described in this test/QA
plan

. Record and download data from the test

. Contact vendor if on-ste maintenance is required.

Mr. Ying-Liang Chouwill provide satisticd and data andysis support for this verification test.
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Specificdly Mr. Chou will:

Assigt as needed in the conversion of verification data from e ectronic Soreadshest

format to gppropriate file format for gatistical evauation

. Support Dr. Cowen in performing statistical caculations specified in thistest/QA plan
on the verification deta

. Review, as gppropriate, results of statistica calculations and associated discussion for
the verification reports

. Support Dr. Cowen in responding to any issues raised in assessment reports and audits

related to statistics and data reduction.

Ms. Susan Abbgy will serve as the QA/QC reviewer for this verification test. Assuch Ms.
Abbgy will:

. Review the draft test/QA plan

. Conduct atechnica system audit once during the verification test

. Review performance eva uation audit results as pecified in the test/QA plan

. Audit at least 10% of the verification data

. Prepare and distribute an assessment report for each audit

. Verify implementation of any necessary corrective action

. Issue astop work order if self audits indicate that data quality is being compromised;
notify Battelle Quaity Manager if sop work order isissued

. Provide asummary of the QA/QC activities and results for the verification reports

. Review the draft verification reports and statements

. Have an overdl responghility for ensuring that the test/QA plan is followed.

Ms. SandraM. Anderson is Battelle's Qudity Manager for the AMS pilot. For this verification
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test Ms. Anderson will:

. Support Ms. Abbgy in performing her QA/QC respongbilities

. Review Ms. Abbgy’ s assessment reports before distribution

. Ensure that Battelle management isinformed if perastent qudity problems are not

corrected
. Interface with EPA’s Filot Quaity Manager

. Have overdl responshbility for ensuring that the QMP is followed.

3.3.2 Vendors

Vendor representatives will:

. Review the draft test/QA plan

. Approve the revised test/QA plan

. Provide off-the-shelf modds of the turbidimeters to be verified for the duration of the
verification test

. Assg iningalling the equipment in the test facilities and ensure proper operation before

the test
. Perform on-ste maintenance as necessary if turbidimeter fails any time during the test
. Review their respective draft verification reports and Satements
. Remove and ship turbidimeters from the test Ste upon completion of the test.

333 EPA
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EPA’sresponghilitiesin the AMS pilot are based on the requirements stated in the
“Environmenta Technology Verification Program Qudity and Management Plan of the Filot Period
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(1995-2000)" (QMP). Theroles of the specific EPA daff are asfollows:

Ms. Elizabeth Betz is EPA’s Rilot Quality Manager. For the verification tet, Ms. Betz will:

. Review the draft test/QA plan

. Perform, at her option, one externa technica system audit during the verification test

. Notify the Battelle Pilot Manager to facilitate a sop work order if externa audit
indicates that data quality is being compromised

. Prepare and distribute an assessment report summarizing results of externd audit, if
performed
. Review draft verification reports and statements.

Mr. Robert Fuerst is EPA’s Pilot Manager. Assuch, Mr. Fuerst will:

. Review the draft test/QA plan

. Approve the find test/QA plan

. Approve thefind verification reports

. Review the draft verification statements.

3.34 Test Facilities

The verification test will be conducted at the Dublin Road Water Plant facilities in Columbus,
Ohio. Thishog dstewill:

. Allow facility access to vendor, Battelle, and EPA representatives during the scheduled
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verification test including set-up and tear-down operations
. Definefacility hedlth and safety requirements to Battelle, EPA, and vendor staff who
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may visit the testing fadility
. Provide adequate working space during verification test
. Provide access to water flow of >15gpm
. Provide sufficient power for the smultaneous operation of al test equipment and
technologies being verified

. Provide adequate |aboratory space for operation of two benchtop turbidity monitors
. Provide appropriate facilities for sandard solution preparation.

4. EXPERIMENTAL DESIGN

4.1. General Description of Test Procedures

This verification test will involve continuous monitoring of turbidity by multiple technologies.
Throughout the testing period, a PC-based data acquisition system or data logger will be used to collect
smultaneous measurements from the on-line turbidimeters at preset intervals. Grab samples will be
collected concurrently with some of these measurements and anayzed using benchtop reference
turbidimetersto provide abasis of comparison for the performance evauations. The collection of grab
samples will be timed to coincide as closdy as possible with the recording of red-time turbidity
measurements from the on-line monitoring technologies, and analysis of the grab sampleswill be
performed as soon after the sample collection as possible to minimize possible temperature and settling
effects.

The off-line phase of the test will be amed a ng the accuracy, precison, detection limit,
and linearity of the turbidimeters relative to the sandard methods. Additiondly, response to various
upset conditions will be quantified. Asameans of testing these parameters, the off-line test phase will
include the introduction of standard formazin solutions or other samples and the intentiona upset of flow

and water quality parameters. The on-line phase will focus on the long-term performance
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characterigtics of the technologies, including accuracy relative to the reference measurements and
Sability. The on-line phase will involve monitoring of asample stream of variable turbidity within the
treatment facility. Comparisons will be made to both EPA Method 180.1 and 1SO 7027 to assess

performance relative to these standard reference methods.

4.2. Reference Methods

Owing to the nature of turbidity measurement and the inherent differences in response arising
from different insrumental designs, separate benchtop turbidimeters meeting the design criteria detailed
in EPA Method 180.1 and SO 7027 will be used for data comparisonsin thistest. A copy of Method
180.1 is provided in Appendix A. The SO 7027 standard can be obtained directly from the
Internationa Organization for Standards, or can be downloaded for afee from their website
(www.iso.ch). Method 180.1 has been used historically for benchtop measurements and in the United
States is the method used most commonly for reporting purposes. Internationaly, 1SO 7027 is used
extensively for turbidity measurement. Both methods describe procedures to measure the
nepheometric light scattering of aformazin solution dbeit with different prescribed ingrumenta design
parameters. The primary differences between these two standards are in the choice of light source.
Method 180.1 requires the use of a broadband incandescent tungsten lamp, while 1SO 7027 requires
the use of a narrowband IR source. It is recognized that the results obtained from these methods are
specific to the insrumenta designs described in the respective methods and do not necessarily match
exactly with responses from other designs. Consequently, to minimize biases introduced by asingle
reference method, both methods will be used for this verification test, and the performance of each
vendor’ s turbidimeter will be compared to each of the reference methods.

4.3. Sample Introduction
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The technologies to be verified under this test/QA plan measure turbidity on flowing sample
streams as opposed to the static grab samples andyzed by the reference turbidimeters. Consequently,
great care will be taken to ensure that the samples collected for reference analys's are representative of
the sample flow measured by the technologies being verified. A specidly designed manifold will be
employed to provide identical sample streams to each of the turbidimeters being verified. An additiona
stream will provide the grab samplesfor the reference anadlyss. A schematic representation of this

recirculation sysem is provided in Figure
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Sample Introduction
Port for On-line Tests

Figure 2. Schematic Representation of Recirculation System

2, and afurther description of this system is provided in Section 7.3.

The design of the manifold will alow identica flow rates to be directed to each of the
participating technologies and will dlow for the turbidimeters to be switched easily from one to another
of the manifold ports. Providing identical samplesto each of the manifold ports should minimize any
biases arisng from water quality or turbulence issues, and rotation of the technologies to each of these
portsin turn should help to identify if biases exist, and to dlow for these biases to be accounted for in
the subsequent data reduction.

To facilitate the rotation of turbidimeters among the available ports, the manifold will have
identical ports with channd's terminating with a mounting flange or Smilar adgpter. The individud
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turbidimeters to be verified will each have a mounting assembly appropriate for mating with any of the
available ports. Battelle will provide an appropriate flow meter for use with each of the on-line

turbidimeters to ensure the necessary flow conditions are met during verification.

4.4. Off-line Testing

Theinitid testing phase will involve off-line sample introduction. Use of off-line sample
introduction provides the opportunity to chalenge the capabilities of the technologies being verified not
only by using prepared sandard solutions of known turbidities, but aso by intentionaly upsetting the
sample qudity and flow parametersin a controlled fashion.

The basic response characterigtics of these technologies will be assessed during the off-line test
phase. A saries of formazin solutions will be used to quantify the linearity and precision of these
technologies in addition to their accuracy in measuring formazin solutions reldive to the reference
methods. The detection limit readings of these technologies will be established off-line by sampling very
low turbidity water.

Additiondly, the off-line testing will include monitoring the instrumenta responses of these
technologies to variaions in water temperature, flow rate, and color. Each of these parameters will be
varied over arange consstent with conditions encountered under typica plant operation. Table 1
summarizes the parameters to be evaluated during the off-line test phase. Procedures for performing
this test phase are described in Section 5. Statistical comparisons to be made with the data are
gpecified in Section 9.

4.5. On-line Testing

A ligt of the parameters to be evauated on-lineis provided in Table 2. The on-line test phase

will focuson ng the long-term performance of the turbidimeters under redistic operating

conditions, and assessing the accuracy of these technologies in monitoring typica sample streams.
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Specificaly, thistest phase will address the cdlibration and drift characteristics

Tablel. Summary of Parametersto be Evaluated in Off-Line Testing.

Parameter Objective
L Determine the lowest turbidity measurable with a specified

Detection Limit degree of certainty above background signal

Linearity Determine linearity of response over the 0-5 NTU range

Accuracy Determine the degree of agreement with the EPA and ISO
reference methods using Sandard formazin solutions

. Determine the degree of repeatability between successive

Precison
measurements of the same sample

Signse 0 Determine any measurable effects arisng from changing

Conditions operational parameters (i.e., temperature, flow rate, color.)

of the technologies over aperiod of exposure to a sample stream from an operating municipa

water plant. Routine reference analyses recorded at the test facility will be used for comparison with

the on-line readings to assess accuracy, and areevauation of the cdlibration at the end of the test

period will help establish drift characteristics. Also, it is expected that natural meteorological

occurrences will contribute to the variability of water quality in the treetment facility, and therefore

provide a naturd range of turbidity over which technology performance can be characterized.

Procedures for on-line testing are described in Section 5. Statistical comparisons to be made

with the data are specified in Section 9.

5. TEST PROCEDURES

The procedures to be used in the verification test are detailed in this section. These procedures
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will be followed for each technology being verified either smultaneoudy when possible, or sequentidly
when not. These procedures are designed to assess performance of the technologies being verified in
redigtic conditions. The number of measurements and the frequency of measurement represent a

reasonable estimate of at least a minimum number of

Table2. Summary of Parametersto be Evaluated in On-Line Testing.

Parameter Objective
Determine the degree of agreement with the EPA and
Accuracy ISO reference methods using water samples from the
plant

Assess the effect on accuracy of natura varigbility in

Effect of Redl- varlé

World Variability l;tagtors such as temperature, meteorological influence,

Drift Determine the ability to retain calibration over extended
field use

readings necessary to obtain datidticaly sgnificant results.

In generd, these procedures involve the collection of agrab sample which istimed to coincide
as closdly as possible to arecorded on-line measurement of turbidity, which is being measured
continuoudy and recorded at scheduled intervals. Subsequent analysis of the grab sample in the
reference turbidimeters will be used for comparison to the on-line measurements. The timing of the
sample collection is critica in providing confidence that the reference sample is representative of the
sample stream at the time of the on-line measurements. Consequently, if the grab sample is not
collected within 30 seconds of the on-line turbidity measurements that sample will be discarded and a
new sample will be collected; or if asampleis not andyzed within 3 minutes of collection, the results
should be discarded and the procedure should be repeated for that sample.

Oneam of the verification test is to assess the red-world variahility of the technologies being
tested. To that end, measurements which may appear to be anomalous with comparable data will be
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retained in the data set. If an assgnable cause can be identified, this cause will be described in the
verification report.

5.1. Off-line Test

Characterization of the basic instrumental response to scattered light will include the
establishment of a background reading and an assessment of the linearity, precison, and accuracy in
ingrumental response over the range from 0- 5 NTU. Theinfluence of water temperature, flow rate,
and color will also be evauated, each at two levels of turbidity.

5.1.1 Detection Limit

Establishment of a detection limit will be based on measurement of low turbidity water. These
measurements will be used as an indication of the background level under the conditions of the
verification test. Owing to the molecular scatter of light by water, aturbidity of zero is unachievable.
However, to establish an experimenta background, the recirculation system will be filled with tap water
which will then undergo filtering for aminimum of 24 hours. During thefiltering, the turbidity as
measured by the on-line turbidimeters will be recorded as a means of monitoring particle removal.

The background readings will be recorded as a series of five measurements of the filtered water
taken at intervals of at least 5 minutes each. Grab samples collected smultaneoudy will be andyzed by
the reference turbidimeters and used for comparison. Before measurements are recorded, the
cdibration of the reference turbidimeters will be checked using a0.5 NTU standard solution (Section
8.1.1). Additionally, a< 0.1 NTU standard solution will also be measured to ensure proper calibration
(see Section 8.1.1) at low levels. As noted below, the effect of color on the background readings will
a0 be assessed during this portion of the test.

The procedure for background measurement is as follows:
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1. Fill recirculation system with tap water

2. Filter water for at least 24 hours

3. Ensure proper cdibration of reference turbidimeters using 0.5 NTU solution and <0.1
NTU solution (Section 8.1.1)

4, Record turbidity readings of on-line turbidimeters and collect smultaneous grab sample

5. Anayze grab sample in reference turbidimeters and record results on data sheet
(Appendix B)

6. Wait at least 5 minutes between on-line readings

7. Repeat seps4 - 6 until five readings have been made on the filtered water

8. Ensure proper cdibration of reference turbidimeters (Section 8.1.1)

0. Perform color effects test as described below (Section 5.1.6.).

After completion of the detection limit test, the in-line filters should be bypassed for the remaining tests.

5.1.2 Linearity

Linearity will be measured in the range from 0-5 NTU. Turbidity measurements will be
recorded at 0.3, 0.5, 2, and 5 NTU through a series of successive additions of a4000 NTU standard
formazin stock solution. A freshly prepared 0.3 NTU solution will be introduced to the recirculation
system and will be alowed to flow through the recirculation system for at least fifteen minutes before
turbidity readings are recorded, to dlow for complete homogenization. A series of five turbidity
readings will be recorded per technology with at least a five minute interva between successve
readings. These readings will be compared to the reference andysis of grab samples collected
concurrently with each reading; that is, the turbidity of the solutions will be determined by measurement
with the reference andyzers, rather than smply by caculations based on the dilution process. After the
prescribed measurements have been recorded, 4000 NTU stock solution will be added to the

recirculation system to increase the turbidity of the solution to the next valuein the series. This series of
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tests may be done immediately after the background reading is established (Section 5.1.1), and as
noted below, include measurements to assess the influence of temperature, flow, and color.

The generd procedure for the assessing linearity using formazin solutionsis asfollows:

Prepare 0.3 NTU standard solution
Ensure proper cdibration of reference turbidimeters (Section 8.1.1)
Introduce 0.3 NTU standard to the recirculation system

A WP

Allow solution to flow through the system unfiltered for at least 15 minutes before

recording first measurement

o

Record turbidity readings and collect grab sample

6. Analyze grab sample in reference turbidimeters and record results on data sheet
(Appendix B)

7. Wait at least 5 minutes between on-line readings

8. Repesat steps 4-7 until five readings have been recorded

0. Ensure proper calibration of reference turbidimeters (Section 8.1.1)

10. For the 0.3 NTU and 5 NTU solutions repeat steps 4-9 at maximum specified flow and
minimum specified flow for each turbidimeter

11. For the 0.3 NTU and 5 NTU solutions repest steps 4-9 at 50 F and 80 F water bath
temperatures. Record water temperature at manifold

12. For the 0.3 NTU solution, perform color effects test as described below (Section
5.1.6)

13. Rotate turbidimeter ports and record new positions

14 Add stock formazin solution to increase turbidity to next vauein series

15. Repeat steps 3-14 for remaining solutions.
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5.1.3 Accuracy and Precision
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The data obtained from the detection limit and linearity evauations will be used to establish
accuracy and precison of the turbidimeters being verified with respect to measurement of formazin
solutions. Accuracy will be assessed by comparison of continuous turbidity measurements to those
from each of the two reference turbidimeters. Precision will be assessed on the five replicate results at
each turbidity level. No further datawill be acquired for these parameters.

5.1.4 Water Temperature

Variations in the temperature of the water stream will be introduced to smulate arange of
conditions under which these technologies may typicaly operate. The temperature changes will be
crested by submersion of the system reservaoir into a heat exchange bath. The bath temperature will be
held at 50° +/- 5° F for one test and 80° +/- 5° F for another to represent alikely range of operating
temperatures for these technologies. The solution will be alowed to recirculate for one hour to alow
temperature equilibration. The temperature of the sample stream will be recorded at the grab sample
port within 30 seconds of the sample collection, and the temperature of the grab sample will be
measured within 30 seconds of the completion of the reference measurement. To assess temperature

effects at different turbidities, this test will be conducted with 0.3 and 5 NTU formazin solutions.

5.1.5 Flow Rate

Changesin the flow rate of the feed stream will be manipulated to assess the response of the
turbidimetersto various redigtic operationd conditions. A manua vave will beincluded on each of the
manifold portsto alow the flow through each turbidimeter to be changed easily over arange indicated
by the specifications of the individud turbidimeters. During norma testing the flow rate will behdld a a
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vaue specified by the technology vendor, or at anomina vaue a the mid-point of the range specified.
To assess the effect of flow rate on performance, a series of measurements will be made both at the

minimum and maximum specified flow rate usng 0.3 NTU and 5 NTU formazin solutions.

5.1.6 Caoalor

Changesin water color will be introduced by spiking the sample stream with colored solutions
which will be prepared as described in EPA Method 2120 B “Visua Comparison Method.” Stock
solution will be added to the system reservoir to give sample solutions with gpproximatdly 5, 15, and 30
color units successively, and the insdrumenta response to these color changes will be monitored. This
test will be conducted after establishment of the background using the low turbidity water, and after
linearity, temperature, and flow tests using 5 NTU formazin solution.

The procedure for determining the effects of weter color is:

1 Ensure proper calibration of reference turbidimeters (Section 8.1.1) and pH meter
(Section 8.1.3)

2. Add stock color solution to reservoir containing filtered water for background
measurements to approximately 5 color units

3. Allow solution to flow through the system unfiltered for at least 15 minutes

4, Record turbidity and collect grab sample

5. Analyze grab sample for turbidity, color, and pH and record results on data sheet
(Appendix B)

6. Wait for at least 5 minutes between on-line readings

7. Repeat steps 4-6 until five readings have been recorded

8. Ensure proper calibration of reference turbidimeters (Section 8.1.1) and pH meter
(Section 8.1.3)
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9. Repeat steps 3-8 after adjusting color to gpproximatey 15 color units, and again after
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adjusting to approximately 30 color units
10. Repest steps 1-9 with 5 NTU solution
11. Fush sysem.

Table 3 provides asummary of the various test solutions which will be evauated in the off-line
phase, the tests to be performed for each solution, and the number of readings to be recorded for each
parameter. It isexpected that these tests will be conducted over a period of two days. In some cases
the data collected in testing for a certain parameter will also be used to assess another parameter. In

such cases those parameters requiring no additional data acquisition are shown in parentheses.

5.2. On-Line Testing

Each turbidimeter will be caibrated by the vendor prior to off-line testing. If requested,
turbidimeters normally calibrated with slandards other than formazin may be recdibrated per the

Table3. Summary of Measurementsfor Off-Line Verification Tests.

Test Sample Parameter Tested Number of Readings
Detection Limit (linegrity, 5
Low turbidity water | 8CCUrecy, precison, drift)?
Color Effects 5eachat 5, 15, 30 CU
Linearity (accuracy, precision,
. 5
drift)
0.3 NTU Formazin 5 each a maximum and minimum
Flow Rate -
flow rate specification
5 each a high and low
Temperature temperature
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05NTU Formazin | LIneanty (aecuracy, precision, 5
drift)
> NTU Formazin Ll'neanty (accuracy, precison, 5
drift)
Linearity (accuracy, precision,
: 5
drift)
5 each a maximum and minimum
Flow Rate .
5NTU Formazin flow rate specification
5 each a high and low
Temperature temperature
Color Effects 5eachat 5, 15,30 CU

a () indicates collected datawill be used in andyzing additiond parameters

recommended procedures before the beginning of on-line testing. If recdibrated, the drift of these
turbidimeters will be assessed on ardative rather than absolute basis.

5.2.1 Accuracy

The accuracy of the turbidimeters relative to the reference methods when reading water
samples from the plant stream will be assessed on-line. A sample stream from the facility will be the
source water for the distribution manifold and will be discharged to waste after sampling by the
turbidimeters. Each weekday (Monday through Friday) for the four weeks of testing, two readings will
be recorded per day.

The procedure to be followed is.

1 Ensure proper calibration of reference turbidimeters (Section 8.1.1)
2. Record turbidity and collect grab sample

3. Anayze grab sample in reference turbidimeters and record results on data sheet
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(Appendix B)
4, Wait for a least 5 minutes between on-line readings
5. Repeat steps 2-3
6. Ensure proper calibration of reference turbidimeters (Section 8.1.1).

5.2.2 Real World Variability

The effects of red world variability in the turbidity of the sample stream will be assessed from
continuoudly recorded data obtained throughout the on-line testing. Comparisons to the reference
measurements will be made to show the generd trend in turbidity as measured by the benchtop

turbidimeters.

5.2.3 Dirift

In generd, each turbidimeter will be cdibrated by the respective vendor after ingtalation at the
water plant and prior to the beginning of testing. After cdibration no further adjustment will be
performed for the duration of the verification test period, unless otherwise indicated in the technology
ingruction manua (e.g. weekly calibration, or cleaning), or if recdibration is conducted before on-line
testing. The instrumenta drift of the turbidimeters will be evaluated as part of the on-line test phase.
Drift will be determined in two ways: 1) through off-line cdibration checks usng formazin solutions
conducted regularly throughout the course of the verification test, and 2) through a comparison of multi-
point linearity checks performed initidly during the off-line phase and subsequently at the completion of
the on-line phase.

The turbidimeters will be taken off-line briefly twice each week for routine cdibration checks
agangt a0.5 NTU solution. These intermediate cdibration checks will be performed twice weekly for
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four consecutive weeks and will follow the procedure detailed above for linearity determination. For
these cdlibration checks, freshly prepared 0.5 NTU formazin solutions will be used for the standard
solution.

Upon completion of the four week period, the caibration of these turbidimeters will be checked
once again through a comparison with the reference methods using standard solutions of 0.3, 0.5, 2,
and 5NTU. A linear fit of these datawill be compared to the linear fit performed during the off-line
test phase to assess the degree of cdibration drift.

In generd, the procedureis:

Ensure proper cdibration of reference turbidimeters (Section 8.1)
Introduce 0.3 NTU solution to system
Recirculate solution for at least 30 minutes

Record turbidity and collect grab samples

a ~ W NP

Anayze grab sample in reference turbidimeter and record results on data sheet
(Appendix B)

Wait for at least 5 minutes between on-line readings

Repeat steps 4-6 until 5 readings have been recorded

Ensure proper cdibration of reference turbidimeters (Section 8.1.1)

Rotate turbidimeter ports and record new positions

© © N N o

Add stock solution to increase turbidity to next value in series
10. For fina calibration check, repeat steps 2-9 with remaining solutions (0.5, 2, and 5
NTU standards).

Table 4 provides asummary of the various test solutions to be evauated in the on-line phase,
the tests to be performed for each solution, and the number of readings to be recorded for
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each parameter. In the cases where the data collected for the evauation of one parameter isto be
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Table4. Summary of Measurementsfor On-Line Testing.
Test Solution Parameter Tested Number of Readings
Accuracy (Red world 2 per weekday for 4 weeks
Plant Weter vaiiakility) (40 total)
0.3NTU Standard Drift 5 for find linearity check
5 each for eight calibration
0.5NTU Standard Drift checksand 5 for find linearity
check
2NTU Standard Drift 5 for find linearity check
5NTU Standard Drift 5 for find linearity check

used to evauate another parameter, the parameters requiring no additiona data acquisition are shown

in parentheses.

5.3. Schedule

The verification test, including set-up and tear-down operations, will be conducted over a
period of approximately five weeks. Thefirgt part of the first week of this period is dedicated to
ingaling the turbidimeters and ensuring proper operation. It is expected that the individua vendors will
be available for one to two days during the set-up period to findize ingtdlation of their turbidimeters.
After the set-up period, off-line testing will be conducted. This test phase will follow in the same order
asisliged in thistest/QA plan. The on-line testing will then be conducted over the course of the next
four weeks, ending with the fina calibration check. After completion of both test phases, a period of
two days will be set aside for tear-down operations at which point vendors will need to return to the
test gteto remove thar turbidimeters. A generic schedule for testing activitiesisgiven in Table 5
below.



Tableb5. Test Schedule

Activity

Responsible Party

Week 2

Week 3

Week 4

Week 5

Day1l | Set-up Vendors and Battelle

Day 2 | Set-up Vendors and Battelle

Week1 | Day3 | Set-up Vendors and Battelle
Day 4 | Off-linetests Batdle®
Off-line tests Battelle®

Or-inetedts, angle point
cdibration checks

On-line tests, sngle point
cdibration checks

Or-inetedts, angle point
cdibration checks

On-line tests, sngle point
cdibration checks, find 5
point calibration check (day
5)

Battdle®

Day 1

Tear-down

Vendors and Battdle

Week 6

Tear-down

Vendors and Battdle

(@ On-gte maintenance and repairs of turbidimeters will be performed by

Page 31 of 50
Veson: 1.0
Date: 6/3/99

vendors on as needed bas's

6. SITE DESCRIPTION

6.1. General Site Description
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Under thistest/QA plan, the verification test will be conducted at the Dublin Road Water Plant
in Columbus, Ohio. Thisfacility isan operating municipa water trestment facility which was
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congructed in 1975. The plant treats an average of 50 million gallons of water daily and supplies the
west, centra and northwest areas of Columbus and Franklin County, and serves a population of ~
330,000 people.

Source water for this plant is the Scioto River Watershed which hastwo in stream reservoirs,
the O’ Shaughnessy and Griggs, which hold approximately 4.8 billion and 1.4 billion gdlons
respectively. The watershed encompasses an area of gpproximately 2,000 square miles,
which is predominatdy agriculturd land.

6.2. Test Water Source

The water stream to be tested during verification will be drawn upstream from the effluent.
Typicaly, the turbidity at this stage in the treetment process is between 0.2 and 2 NTU depending on
externa influences such as meteorologica conditions. The water temperature is generaly 72° F during
July. ThepH, totd hardness, and tota dkalinity are typicaly 9.25, 120 mg/L, and 54 mg/L,

repectively.

6.3. Site Operation

The verification test will be coordinated and conducted by Battelle saff in cooperation with the
on-site and managerid daff of the Dublin Road Water Plant facility. Responsihilities of the Battelle staff
include cdibration and operation of the reference turbidimeters, aswell as grab sample collection and
standard solution preparation. The technologies to be verified will be instaled and prepared for testing
with the assstance of vendor staff prior to testing to ensure proper operation. Routine operation of the
verification test equipment will be the respongibility of Battelle, with cooperation of the Site saff.

7. MATERIALSAND EQUIPMENT
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7.1. Benchtop Reference Turbidimeters

The two benchtop turbidimeters used for the reference anayses will be designed to comply
with the ingtrumentd criteria prescribed in EPA Method 180.1 and 1SO 7027 respectively. Each
turbidimeter will be operated per the recommendations provided in their respective users manual.

7.2. Formazin Solutions

Formazin solutions for use as cdibration slandards for the benchtop turbidimeters and for the
performance evauation audit will be purchased from acommercid supplier (i.e., Hach Company,
Loveland, CO). When available, stock solutions of the correct turbidity needed for cdibration will be
purchased. When not available, the standard solution will be prepared through the dilution of a
purchased formazin solution using distilled, deionized water. A 0.3 NTU standard solution will be used
astheinitid solution for the off-line linearity tets. This solution will be prepared through dilution of a
100 NTU solution prepared from a purchased 4000 NTU stock solution. The turbidity of this solution
will be varied for the remaining off-line linearity tests through successive additions of the 4000 NTU
solution. The 0.5 NTU solution for the intermediate cdibration checks will also be prepared from a
100 NTU stock solution prepared by dilution of a purchased 4000 NTU solution. A summary of the
standard solutions to be used and the dilutions necessary for their preparation is provided in Table 6.

Preparation of diluted standard solutions will be performed within 24 hours of their use.

Excess and waste solutions will be disposed of in accordance with the Site procedures. When not in

use, the glassware used for preparation and storage of these solutions will be kept scrupuloudy clean.

Table6. Standard Solution Dilution Summary
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Stock Solution Dilution Turbidity of
Purpose Turbidity Ratio Final Solution
(NTU) (NTU)
Reference Turbidimeter Linearity 10 12 5
Test
Reference Turbidimeter Linearity 10 15 5
Test
Reference Turbidimeter Linearity 05 NA 05
Test
Reference Turbidimeter Linearity 10 133 03
Test
Reference Turbidimeter Linearity <01 NA <01
Test
Stock Solution for Off-Line
Linearity Test and On-line 4000 1:40 100
Turbidimeter Cdibration Check
Initid Solution for the Off-line .
Turbidimeter Linesrity Test 100 1333 03
On-line Cdibration Check 100 1:200 0.5

NA - Not applicable

7.3. Recirculation System

The recirculaion system used for this verification test is shown schemdticaly in Figure 2
(Section 4.3). Thissystem will be designed and built a Battelle and will include the following basic

components:

a) Sampleintroduction port - a least one port will be included to dlow easy
introduction of samples for both the off-line and on-line tests.
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b.)

d)

f)

g)

h)
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Reservoir - agmal sample reservoir will beincluded. The size of the reservoir will be
such that the total volume of solution in the system can be recirculated multiple times
within a 15 minute period.

Pump - the recirculation pump will be a standard centrifugal pump and will have
aufficient flow and pressure capabilities to meet the requirements of dl the turbidimeters
being verified.

In-linefilters - aseriesof at least two in-linefilters (0.4 - 1 mm) will beinduded in
the system design for use in generating low turbidity water needed in the detection limit
test.

By-pass channel - achanne will beincluded to dlow flow to be directed around and
not through the in-line filters as needed.

Digtribution manifold - the distribution manifold will consst of severd identica ports
for theindividud turbidimeters. Although during testing these ports may have different
flow and requirements owing to the differences in technologies, the ports will be
identica in design. In some cases, smdl tanks may be inserted to alow verification of
submersible turbidimeters.

Grab Sample Port - an additiond port will be included in the digtribution manifold to
alow grab samples to be collected.

Exit port - aport will be included to dlow sample remova and appropriate disposa
for both off-line and on-line tegting.

The recirculaion system will be designed and built to minimize the number of flow obstructions and

potentia sources of turbulence. All valvesin the recirculation system will be ether two or three way,

full bore, ball vaves. For each turbidimeter port, there will be a vave upstream and downstream of the

turbidimeter to control flow and pressure. Additiondly, aflow meter will be ingaled downstream of

each turbidimeter, and if needed, a pressure gauge will be ingtdled downstream of the turbidimeters.

In generd, the tubing will be aflexible plastic materid gppropriate for high purity goplications, and the
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diameter will be at least %2' to dlow adequate flow for al the turbidimeters. Similarly, most connections
will be made using hard plagtic compression fittings, although in some cases, tubing of smdler diameter
or different materid, or other fittings may be used for certain portions of the syslem. Each turbidimeter
will be ingtdled per the recommendations of the respective vendor.

Before the test, the recirculation system will be checked by Battelle saff to ensure system
integrity, including proper flow through each port, and adequate pumping capacity for recirculation. As
part of the system check, a0.5 NTU solution will be recirculated throughout the system and five grab
samples from each of the ports will be collected and analyzed in the reference turbidimeters.  The
average of the five readings from each port must agree within 10% of the average of dl the readings
from al the ports before the verification test may begin.

7.4. Temperature Sensor

A thermocoupl e type temperature sensor will be used to monitor the ambient water
temperature at the exit port of the recirculation system during the verification test. The room
temperature in the vicinities of the recirculation systemn and the reference turbidimeters will be recorded
dally using acaibrated thermometer. The cdibration of these temperature sensorsis the responsibility
of Baitelle and will be traceable to NIST standards. The cdibration of each will be performed by the
Batelle Instrument Lab within Sx months of the beginning of the verification test.

7.5. Flow Meter

Battelle will provide an appropriate flow meter for use in-line with each of the respective
turbidimeters being verified. The flow meterswill be used to ensure proper flow conditions are met
during the verification test. These meters may not be identica since the flow requirements of the
technologies being verified are likely to be quite different. The flow meterswill be factory caibrated, or
cdibrated per the procedures recommended in the instruction manual, and each will be checked once
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while in the recirculation system by measuring the time required to pass a known volume of liquid

through the meter.
7.6. pH Meter

A pH meter will be used during the test of color effects. Cdibration of the pH meter will be the
responghility of Battelle and will be tracegble to NIST standards. Cdlibration will be performed
according to the manufacturer’ s recommendations. The cdibration will be conducted within 1 hour of
the beginning and within 1 hour of the conclusion of the color test.

7.7. Data Acquisition System

A PC-based data acquisition system will be supplied by Battelle to record and store

Smultaneous turbidity measurements from each of the on-line turbidimeters. The 4-20 mA outputs of

the turbidimeters will be recorded using this systlem. This system will be compatible with the capabilities
of the technologies being verified and will be used for data acquisition and storage.

8. QUALITY ASSURANCE/QUALITY CONTROL

8.1. Calibration
8.1.1 Reference Turbidimeters
Cdlibration of the benchtop reference turbidimetersin the range from 0-5 NTU will be

performed before the verification test begins. This caibration will follow the procedures described in
the manuals of the respective turbidimeters and will adhere to the requirements set forth in Method
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180.1 or 1SO 7027 appropriately. Before proceeding with the verification test the calibration of each
reference turbidimeter will be checked through afive-point linearity test. The cdibration check will
involve alinear fit of the turbidimeter readings using primary standard solutions with turbidities of <0.1,
0.3,0.5, 2, and 5 NTU. For each reference turbidimeter, the dope of thislinear fit must be between
0.90 and 1.10 and have an r> > 0.98.

Cdlibration of these turbidimeters will be checked both before and after each series of test
measurements, using a0.5 NTU standard solution.  The reference turbidimeters will be recalibrated if
agreement between the turbidity reading and the turbidity value of this sandard solution is not within
10% (i.e., .45- .55 NTU). If the calibration check criteria are met before but not after a series of
measurements are performed, the procedures for those measurements must be repeated after
recdibration of the reference turbidimeter.

Before the background readings are measured for the detection limit determination (Section
5.1.1), an additiona cdibration check with < 0.1 NTU solution will aso be measured in the reference
turbidimeters to ensure proper cdibration at low levels. If agreement between the turbidity reading and
the < 0.1 NTU standard solution turbidity is not within 0.02 NTU of the value reported on the
certificate of andyss (COA), the reference turbidimeter will be recdibrated.

When available, the standards used in the calibration, or calibration check, will be purchased
with the gppropriate turbidity value for direct evauation. Otherwise, the standard solution will be
prepared through subsequent dilution of stock solution with digtilled, deionized water using Class A

volumetric glassware.

8.1.2 Temperature Sensors

The thermocouple sensor used to determine water temperature, and the thermometer used to
measure room temperature, must have been cdibrated againgt a certified temperature measurement
sandard by the Baitdlle Instrument Laboratory within the Sx months prior to the beginning of the
verification test. At least once during the verification test each temperature measuring device will be
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checked for accuracy by comparison to an American Society for Testing and Materias (ASTM)
mercury-in-glass thermometer. That comparison will be done at ambient temperature and must result in

agreement with the reference thermometer within 2° C.

813 Flow Meters

Each flow meter will be factory cdibrated and will be checked once during the verification test
by measuring the time required to pass a known volume of liquid through the individua meters. If the
calibration check indicates an error in excess of 10%, the meter will be recalibrated, when feasible, or
replaced.

8.14 pH Meter

Cdibration will include standardization at apH of 7 and apH of 10 usng commercia buffer
solutions. Cdibration of the pH meter will be performed within 1 hour of the beginning of each phase
of the color test (i.e., low turbidity water, and 5 NTU formazin solution), and will be checked within 10
minutes of the completion of series of color measurements (i.e,, 5, 15, 30 color units). The meter
reading and the nomind buffer value must agree within 0.2 pH units or the color readings will be
repeated.

Table 7 summarizes the QA/QC activities, the acceptance criteria, and the planned corrective

actions.

8.2. Data Collection

The datato be acquired and the means by which it isto be recorded are detailed in Section

9.1. Ingenerd, eectronic datawill be collected and stored by a PC-based data acquisition system or
datalogger and manua data collection will be conducted by Mr. Satola.  Example data sheetsto be



Page 40 of 50
Veson: 1.0
Date: 6/3/99

used for recording purposes are shown in Appendix B.

To ensure consistency, Mr. Satolawill conduct al sample collection and reference method
andysis, aswell asthe preparation of al standard solutions when possible. If Mr. Satolais unavailaole
(e.g., owing to anillness, or conflicting work assgnment), another representative of Battelle, who has
been trained in the procedures used by Mr. Satola, will be responsible for these duties. However, it is
planned that to the extent possible, a single operator will be responsible for these activities.
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Table 7. Quality Assurance Criteriafor Calibration

Activity A .' tance Corrective Action
Criteria
0.90<dope<1.10
Reference turbidimeter o
cdibration r’>0.98 Recalibration

Reference turbidimeter

0.5NTU +/- 10%

Recdlibration, repest
sample collection and

cdibration check +/- 0.02 of COA andyds from previous
vauefor < 0.1 NTU | cdibration
Temperature sensor check +/- 2 C of reference Recdibration
per temperature reading

How meter check +/- 10% Recalibration or
replacement
Recalibration, repeat

pH Meter check +/- 0.2 pH units sampie collection and

andyssfrom previous
cdibration

8.3. Assessments and Audits
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8.3.1 Technical Systems Audit

Battdle's QA/QC Reviewer, Ms. Susan Abbgy, will perform atechnica systems audit once
during the performance of this verification test. The purpose of this audit is to ensure that the
verification test is being performed in accordance with this test/QA plan and that al QA/QC
procedures are being implemented. In this audit, Ms. Abbgy will review the calibration standards and
reference methods used, compare actua test procedures to those specified in this plan, and review data
acquisition and handling procedures.

8.3.2 Performance Evaluation Audit

Performance evauation audits will be conducted to assess the qudity of the measurements
made in this verification test. These audits address only those measurements made by Béttelle Saff in
conducting the verification teg, i.e., the reference turbidimeters readings, pH, and temperature
measurements. The audits will be conducted by andyzing standards or comparing to references which
are independent of those used in the verification test. The standards or references to be used in these
auditsare liged in Table 8. Each audit will be made once during the verification test period.

The audit of the reference turbidimeters will be performed by analyzing a sandard formazin
solution and comparing to a reference that isindependent of standards used during the tet (i.e.,
AMCO-AEPA-1 sandard solution). Thisaudit will be performed once during the verification
procedure and will occur after initid calibration of the reference turbidimeters. Battelle' s QA/QC
Reviewer will be present during the performance eva uation audit to immediately assess audit results.
Agreement between the formazin solution turbidity readings and AMCO-AEPA-1 must be within 10%
for each reference turbidimeter. If this criterion is not met, the reference turbidimeter showing the
disagreement must be recdibrated.

The audit of the temperature sensors will be conducted by comparison to an independent
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temperature sensor (i.e., ASTM mercury-in-glass thermometer). That comparison will be done at
ambient temperature and must result in agreement with the reference thermometer within 2° C , or
recalibration of the temperature sensors will be performed.

Performance of the pH meter will be audited through the measurement of independent buffer
solutions. Agreement between the meter reading and the nomind pH of the buffer
solution must be within 0.2 pH units, otherwise recdibration of the pH meter will be performed.

Table 8. Performance Audit Summary

Audited M easurement Audit Standard or
Reference
. AMCO-AEPA-1 Polymer
Reference turbidity turbicity standard
Temperature ASTM thermometer
pH Independent buffer solution

8.3.3 Verification Test Data Audit

Battdle's QA/QC Reviewer will audit at least 10 percent of the verification data acquired
during the verification test. The QA/QC Reviewer will trace the data from initia acquisition,
through reduction and atistical comparisons, and to find reporting. All caculations performed on the
data undergoing the audit will be checked.
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8.4. Audit Reporting
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Each assessment and audit will be documented in accordance with Section 2.9.7 of the QMP
for the AMS pilot.* Assessment reports will indlude the following:

* ldentification of any adverse findings or potentid problems

* Responseto adverse findings or potentid problems

»  Possble recommendations for resolving problems

» Citation of any noteworthy practices that may be of useto others

»  Confirmation that corrective actions have been implemented and are effective.

8.5. Corrective Action

The QA/QC Reviewer during the course of any assessment or audit will identify to the technica
daff performing experimenta activities any immediate corrective action that should be teken. If serious
qudity problems exigt, the Battelle QA/QC Reviewer is authorized to stop work. Once the assessment
report has been prepared, the Verification Test Coordinator will ensure that aresponseis provided for
esch adverse finding or potential problem, and will implement any necessary follow-up corrective
action. The QA/QC Reviewer will ensure that follow-up corrective action has been taken.

9. DATA ANALYSISAND REPORTING

9.1. Data Acquisition
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Data acquigtion in this verification test includes recording of the response data from the
turbidimeters being verified and recording the data from the reference turbidimeters, in addition to
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documentation of test conditions including water temperature, sample flow rates, and other operationa
parameters.

Results from the turbidimeters being verified will be recorded autometicaly based on a
preprogrammed monitoring schedule. The results will be transmitted dectronicaly and sored in a
central data acquisition system (e.g., laptop computer or datalogger.) Grab sample collection for
measurement by the reference turbidimeters will be timed to coincide as closdy as possible with the
recorded measurements of the on-line turbidimeters. Analysis of the grab samples will be performed as
quickly as possible and the results from the reference turbidimeters will be recorded in laboratory
notebooks by Battelle gaff. If the grab sample is not collected within 30 seconds of the on-line
turbidity messurements, or if the sample is not analyzed within 3 minutes of collection, the results should
be discarded and the procedure should be repeated for that sample. These results will be
supplemented by pertinent data regarding test conditions.

A summary of the data acquisition processis provided in Table 9. Thistable includesthe type
of data to be recorded, how or where the data are to be recorded, the frequency of measurement, and
the disposition of the data once recorded. Results for each technology will be imported into an
appropriate software package with the corresponding reference and condition data for subsequent
reduction and andysis. Theformat of the datafiles will be identica for each technology being verified
to ensure uniform data trestment.

Indl cases, dtrict confidentidity of datawill be maintained for each participating vendor. This
will be accomplished in part by storing eectronic data under separate and clearly identifiable computer
file names for each turbidimeter. All hard copy information similarly will be maintained in separate files
for each turbidimeter. At no time during the verification test will Baitelle engage in any comparison or
discussion of test data, or of different turbidimeters.

9.2. Summary of Verification Test Data

Table 10 lists the totad number of samples or conditions, the number of readings per sample or
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condition, and the total number of readings to be made for each of the tests for both the off-line and on-
linetests. These measurementswill be used in the satistical caculations used for the data comparisons.
Data recorded during the testing of one parameter may be used in eva uating other parameters (see
Table 3 and Table 4).

9.3. Statistical Calculations

Performance characterization is based on statistical comparisons of continuous turbidimeter

results to results from the reference methods.

9.3.1 Detection Limit

The detection limit (LOD) will be defined as the smallest true turbidity a which the
turbidimeter’ s expected response exceeds the cdibration curve at the background reading (a ;) by
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Table9. Summary of Data Recording Processfor the Verification Test

Datato be Recorded

Where Recorded

How Often Recorded

Disposition of Data

Dates, times of test events

Laboratory record books, data
sheets, and electronic data systems

Start/end of test, and at each
change of atest parameter, or
collection of a grab sample.

Used to compile and check test
results; manually incorporated in
data spreadsheets as necessary.

Test parameters (temperature, flow,
color, pH, and turbidity, etc.)

Laboratory record books, data
sheets, and electronic data system, if
feasible

When set or changed, or as
needed to document test
conditions.

Used as part of test results,
manually incorporated in data
spreadsheets as necessary.

On-line turbidimeter readings

- €electronic output

Data acquisition system (data logger,
PC, laptop, etc.).

At specified acquisition times
throughout each test.

Electronically transferred to
spreadsheets.

On-line turbidimeter performance
(ease of use, reliability, maintenance,
etc.)

Laboratory notebook, data sheets

During set-up and tear-down
periods; daily during testing, and
as needed.

Used as part of test results;
incorporated into verification

report.

Reference turbidimeter readings

Reference data sheets for EPA
Method 180.1 and SO 7027
methods

At each analysis of a standard or
sample by either reference
turbidimeter.

Transferred to spreadsheets

pH Meter and Temperature Sensor
Cdlibration Results

Laboratory record book

At calibration

Used to compile and check test
results; manually incorporated in
data spreadsheets as necessary.

Preparation of Standard Solutions

Laboratory record book

During solution preparation

Used to compile and check test
results, manually incorporated in
data spreadsheets as necessary.
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Table 10. Sampling Summary
Number of Number of Lies Numba o
Test » : Readingsto be
Par ameter Conditions | Readings per
Phase or Samples Condition Collected for Each
P Turbidimeter
Detection limit Off-line 1 5 5
Linearity Off-line 4 5 20
Water Temp Off-line 4 5 20
Flow Rate Off-line 4 5 20
Color Off-line 6 5 30
Accuracy Ortline 20 2 40
Intermediate Drift On-ine 8 5 40
Cdibration Drift On-ine 4 5 20

three times the standard devition (s ) of the turbidimeter’ s background reading, i.e., &, + 3 0,. The
LOD may then be determined by

|G 36,) & 36,
& &

LOD

where @, is the estimated standard deviation at the insrumenta background. TheLOD is
estimated as

LOD 34,/a,.
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9.3.2 Linearity

Linearity will be assessed by linear regression with the calibration turbidity asindependent
variable and the turbidimeter response as dependent varigble. The calibration modd is

Y, h(c) error,

where Y, isthe response of the turbidimeter to a standard solution turbidity ¢, h(c) isalinear cdibration

curve, and the error term is assumed to be normally distributed.
9.3.3 Accuracy

The relaive accuracy (A) of the turbidimeters with respect to the reference methods will be
assessed by:
A= R-T. 100
R
where the bars indicate the mean of the reference (R) and on-line turbidimeter (T) results on
corresponding samples.
Accuracy relative to the reference turbidimeters will be assessed both for the sandard formazin

solutions and the samples from the plant water stream. The accuracy of each on-line turbidimeter will
be assessed separately relative to each of the two reference turbidimeters.

9.34 Precison

Precision will be reported in terms of the percent relative standard deviation (RSD) of agroup
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of amilar measurements. For aset of turbidity measurementsgivenby T,, T, ..., T,, the standard

deviation (S)of these measurementsis.

61 Q T
. _
S=g—a (T,- T)*
en- 1., i

where T isthe average of the turbidity readings. The RSD is cdculated from:

RD = 3 100
T
and isameasure of the measurement uncertainty relative to the absolute vaue of the measuremen.

This gpproach will be applied to groups of five replicate measurements on test solutions.
9.35 Water Temperature Effects

For agiven turbidity, the turbidimeter response data at each water temperature will be
averaged. Thus, a 0.3 NTU and 5 NTU there will be three data points for each turbidimeter, namely
the average turbidity at room temperature, low temperature, and high temperature. The water
temperature effect at these turbidities will then each be assessed by trend andlysis, usng separate linear
regression anayses for the 0.3 NTU and 5 NTU data.

9.3.6 Flow Rate Sensitivity

Andysis of flow rate influence on turbidity readings will be smilar to that used for assessing
temperature effects. The turbidimeter response data at each flow rate will be averaged and andyzed
separately for the 0.3 NTU and 5 NTU data.
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9.3.7 Color Effects

The influence of color on turbidity will be assessed through alinear regression analysis of the
average vaues of turbidity measured a each color. Separate andyses will be performed for the

background measurements and those recorded at 5 NTU.

9.3.8 Drift

Drift will be assessed in two ways. The cdibration drift will be assessed through a comparison
of the regresson anayses of the multi-point linearity test performed a the beginning and the end of the
verification tes. A comparison of the regression results of these two sets of datawill be used to help
edtablish any long term drift observed during the verification test. A linear regresson andyss of the
intermediate drift datawill be used to help assessinstrumentd drift characteristics. The dope and
associated uncertainty will be used to determine if intermediate drift was observed over dl or portions
of the verification test period.

9.4. Data Review

Records generated by Battdlle saff in the verification test will receive a one-over-one review
within two weeks after generation, before these records are used to calculate, evauate, or report
verification results. These records may include laboratory record books; operating data from the
combustion sources; equipment calibration records; and data sheets used to record the turbidimeters
response or other parameters in the laboratory or combustion source experiments. This review will be
performed by a Battelle technicd staff member involved in the verification test, but not the staff member
that origindly generated the record. The review will be documented by the person performing the
review by adding highher initids and date to a hard copy of the record being reviewed. This hard copy
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will then be returned to the Battelle staff member who generated or who will be storing the record.

In addition, data cal culations performed by Battelle will be spot-checked by Battelle technica
gaff to ensure that caculations are performed correctly. Caculations to be checked include
determination of turbidimeter precision, accuracy, detection limit, and other satisticad caculations
identified in Section 8.2 of thistest/QA plan.

9.5. Reporting

The datistica data comparisons that result from each of the tests described above will be
conducted separately for each turbidimeter, and information on the additiona cost factors will be
compiled. Separate verification reports will then be prepared, each addressing the turbidimeter
provided by one commercia vendor. For each test conducted in this verification, the verification report
will present the test data, as well asthe results of the datistical evaluation of those data.

The verification report will briefly describe the ETV program and the AMS pilot, and will
describe the procedures used in the verification test. These sections will be common to each
verification report resulting from this verification test. The results of the verification test will then be
dtated quantitatively, without comparison to any other turbidimeter tested, or comment on the
acceptability of the turbidimeter’ s performance. The preparation of draft verification reports, the
review of reports by vendors and others, the revision of the reports, final gpproval, and the distribution
of the reports, will be conducted as stated in the Generic Verification Protocol for the Advanced
Monitoring Systems Pilot.” Preparaion, approva, and use of verification statements summarizing the
results of thistest will aso be subject to the requirements of that same Protocol.

10. HEALTH AND SAFETY

10.1. General
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All verification testing described in this test/QA plan will be performed at the Dublin Weter
Pant in Columbus, Ohio. The management of thisfacility will review the necessary hedth and sefety
requirements and guidance for this facility with Battelle and vendor saff before the verification test
begins. Battelle saff involved in this verification test will operate under these established requirements
and guiddlines as well as under appropriate procedures covered in the Battelle Safety Manud.
Specifically, the use of persond protective equipment, as defined in procedure SIH-PP-01, will be
used, and the chemical safety protocols set forth in SIH-PP-05 will be followed. It is expected that

while on ste, dl vendor representatives will operate according to the Site requirements.

10.2. Potential Hazards

10.2.1 Hydrazine Sulfate

Formazin solutions contain resdud hydrazine sulfate [(NH,),H,SO,] which isaknown
carcinogenic material.? Appropriate precautions will be taken when handling formazin solutions,
including the use of proper persona protective equipment (i.e., safety glasses, gloves, laboratory coat).
These solutions should be stored in awell ventilated area and when feasible these solutions will be
handled in afume hood. The solutions will remain in properly labeled containers or vessals a al times,
including during use in the recirculaion system. Waste or excess solution will be digposed of properly in

accordance with Ste requirements.

10.2.2 Concentrated Acids

Preparation of stock color solutions requires the use of concentrated acids. Appropriate

precautions, including the use of proper persond protective equipment, will be taken when handling
these acids or stock solutions. Waste or excess solutions will be disposed of properly in accordance
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with Site requirements.

11. DEFINITIONS

Accuracy — The degree of agreement between the response of the turbidimeter with that of the

reference method determined from simultaneous sampling from identical sources.

Background - The response of aturbidimeter to very low turbidity water under the conditions of

testing.

Calibration — Adjustment of aturbidimeter’s response to one or more formazin standard solutions.

Calibration Check — Observation of the response of aturbidimeter to a standard solution.

Detection Limit - Theturbidity a which the response of the turbidimeter equals three timesthe
gandard deviation of the noise leve a the instrumenta background.

Drift — The degree to which the response of aturbidimeter to standard solutions changes over time.

Linearity — The linear proportiona relationship expected between andyte turbidity and turbidimeter

response over a given measuring range of the turbidimeter.

Nephelometer — A device used for the measurement of light scattering in which the light source and
the detector are arranged to detect perpendicular scattering.
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Nephedometric Turbidity Unit - NTU — A numerica quantity of the turbidity of a solution based on a
nephel ometric measurement.

Precision - The degree of mutua agreement between successive readings of the same sample solution.

Turbidimeter - A technology used for the measurement of turbidity in liquids.

Turbidity — The reduction of transparency of aliquid caused by the presence of undissolved matter.
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EPA METHOD 180.1
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APPENDIX B

EXAMPLE DATA SHEETS
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METHOD 180.1
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APPENDIX B. DETERMINATION OF TURBIDITY

1.0 SCOPEAND APPLICATION

1.1  Thismethod coversthe determination of turbidity in drinking, ground, surface,
and sdine waters, domestic and industrial wastes.

1.2  Theapplicablerangeis 0 to 40 nephelometric turbidity units (NTU). Higher
vaues may be obtained with dilution of the sample.

20 SUMMARY OF METHOD

2.1  Themethod is based upon a comparison of the intendty of light scattered by the
sample under defined conditions with the intengity of light scattered by a
gandard reference suspension. The higher the intensity of scattered light, the
higher the turbidity. Readings, in NTUs, are made in a nephelometer designed
according to specifications given in sections 6.1 and 6.2. A primary standard
suspension is used to cdibrate the indrument. A secondary standard
suspension is used asadaily calibration check and is monitored periodicaly for
deterioration using one of the primary standards.

2.1.1 Formazin polymer isused as a primary turbidity suspension for water
because it is more reproducible than other types of standards previoudy
used for turbidity analyss.

2.1.2 A commercidly available polymer primary standard is also gpproved
for usefor the Nationd Interim Primary Drinking Water Regulations.
This standard isidentified as AMCO-AEPA-1, available from
Advanced Polymer Systems.

3.0 DEFINITIONS

3.1  CALIBRATION BLANK (CB) - - A volume of reagent water fortified with
the same matrix as the cdibration sandards, but without the anaytes, interna
standards, or surrogates anaytes.

3.2 INSTRUMENT PERFORMANCE CHECK SOLUTION (IPC) - - A
solution of one or more method anaytes, surrogates, interna standards, or other
test substances used to evauate the performance of the instrument system with
respect to a defined st of criteria

3.3 LABORATORY REAGENT BLANK (LRB) - - An diquot of reagent water
or other blank matrices that are treated exactly as a sample including exposure
to al glassware, equipment, solvents, reagents, internal standards, and
surrogates that are used with other samples. The LRB is used to determine if

EPA Guidance Manual B-2 April 1999
Turbidity Provisions
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APPENDIX B. DETERMINATION OF TURBIDITY

4.0

34

3.5

3.6

3.7

3.8

39

method analytes or other interferences are present in the laboratory
environment, the reagents, or the apparatus.

LINEAR CALIBRATION RANGE (LCR) - - The concentration range over
which the ingrument responseis linear.

MATERIAL SAFETY DATA SHEET (MSDS) - - Written information
provided by vendors concerning a chemical:s toxicity, health hazards, physica
properties, fire, and reactivity data including storage, spill, and handling
precautions.

PRIMARY CALIBRATION STANDARD (PCAL) - - A suspension
prepared from the primary dilution stock standard suspension. The PCAL
suspensions are used to cdibrate the instrument response with respect to
andyte concentration.

QUALITY CONTROL SAMPLE (QCY) - - A solution of the method analyte
of known concentrations that is used to fortify an adiquot of LRB matrix. The
QCSisobtained from a source externd to the laboratory, and is used to check
laboratory performance,

SECONDARY CALIBRATION STANDARDS (SCAL) - - Commercidly
prepared, stabilized seded liquid or gel turbidity standards cdibrated against
properly prepared and diluted formazin or styrene divinylbenzene polymers.

STOCK STANDARD SUSPENSION (SSS) - - A concentrated suspension
containing the analyte prepared in the laboratory using assayed reference
materias or purchased from a reputable commercia source. Stock standard
suspension is used to prepare calibration suspensions and other needed

suspensions.

INTERFERENCES

4.1

4.2

4.3

The presence of floating debris and coarse sediments which settle out rapidly
will give low readings. Findy divided ar bubbles can cause high readings.

The presence of true color, that isthe color of water which is due to dissolved
substances that absorb light, will cause turbidities to be low, athough this effect
is generdly not sgnificant with drinking waters.

Light absorbing materias such as activated carbon in sgnificant concentrations
can cause low readings.

April 1999

B-3 EPA Guidance Manual
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APPENDIX B. DETERMINATION OF TURBIDITY

5.0 SAFETY

5.1  Thetoxicity or carcinogenicity of each reagent used in this method has not been
fully established. Each chemica should be regarded as a potential hedlth hazard
and exposure should be as lows as reasonably achievable.

5.2  Eachlaboraory isresponsble for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals specified in this method.
A referencefile of Materid Safety Data Sheets (MSDS) should be made
availableto dl personne involved in the chemicd andysis. The preparation of a
forma safety plan isaso advisable.

5.3 Hydrazine Sulfate (7.2.1) isa carcinogen. It is highly toxic and may befatd if
inhaed, swallowed, or absorbed through the skin. Formazin can contain
resdua hydrazine sulfate. Proper protection should be employed.

6.0 EQUIPMENT AND SUPPLIES

6.1  Theturbidimeter shal conss of a nephelometer, with light source for
illuminating the sample, and one or more photo-electric detectors with a readout
deviceto indicate the intengty of light scattered at right angles to the path of the
incident light. The turbidimeter should be designed o that little Stray light
reaches the detector in the absence of turbidity and should be free from
ggnificant drift after a short warm-up period.

6.2  Differencesin physca desgn of turbidimeters will cause differencesin
measured vaues for turbidity, even though the same suspension is used for
cdibration. To minimize such differences, the following design criteria should be
observed:

6.2.1 Light source: Tungsten lamp operated at a color temperature between
2200-3000EK .

6.2.2 Digancetraversed by incident light and scattered light within the sample
tube: Totd not to exceed 10 cm.

6.2.3 Detector: Centered at 90E to the incident light path and not to exceed
+ 30E from 90E. The detector, and filter system if used, shdl have a
spectra peak response between 400 and 600 nm.

6.3  Thesengtivity of the instrument should permit detection of aturbidity difference
of 0.02 NTU or lessin waters having turbidities lessthan 1 unit. The instrument
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APPENDIX B. DETERMINATION OF TURBIDITY

7.0

6.4

6.5

6.6

should measure from 0 to 40 units turbidity. Severd ranges may be necessary
to obtain both adequate coverage and sufficient sengtivity for low turbidities.

The sample tubes to be used with the available instrument must be of clear,
colorlessglass or plastic. They should be kept scrupuloudy clean, both insde
and out, and discarded when they become scratched or etched. A light coating
of dlicon oil may be used to mask minor imperfectionsin glasstubes. They
must not be handled at dl where the light strikes them, but should be provided
with sufficient extralength, or with a protective case, o that they may be
handled. Tubes should be checked, indexed and read at the orientation that
produces the lowest background blank vaue.

Baance - - Andytica, capable of accurately weighing to the nearest 0.0001 g.

Glassware - - Class A volumetric flasks and pipettes as required.

REAGENTS AND STANDARDS

71

7.2

7.3

Reagent water, turbidity-freec Pass deionized distilled water through a 0.45F
pore sze membranefilter, if such filtered water shows alower turbidity than
unfiltered didtilled water.

Stock standard suspension (Formazin):

7.2.1 Dissolve 1.00 g hydrazine sulfate, (NH,),.H,SO,, (CASRN 10034-93-
2) in reagent water and dilute to 100 mL in avolumetric flask.
CAUTION - - CARCINOGEN

7.2.2 Disolve 10.00 g hexamethylenetetramine (CASRN 100-97-0) in
reagent water and dilute to 100 mL in avolumetric flask. Ina 100 mL
volumetric flask, mix 5.0 mL of each solution (7.2.1 + 7.2.2). Allow to
stand 24 hours at 25 + 3EC, then dilute to the mark with reagent water.

Primary cdibration sandards. Mix and dilute 10.00 mL of stock standard
sugpension (7.2) to 100 mL with reagent water. The turbidity of this suspension
isdefined as40 NTU. For other values, mix and dilute portions of this

suspension as required.

7.3.1 A new stock standard suspension (7.2) should be prepared each
month. Primary cdibration standards (7.3) should be prepared daily by
dilution of the stock standard suspension.

April 1999
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APPENDIX B. DETERMINATION OF TURBIDITY

74

7.5

7.6

Formazin in commercidly prepared primary concentrated stock standard
suspension (SSS) may be diluted and used asrequired. Dilute turbidity
standards should be prepared daily.

AMCO-AEPA-1 Styrene Divinylbenzene polymer primary sandards are
available for specific instruments and require no preparation or dilution prior to
use.

Secondary standards may be acceptable as a daily calibration check, but must
be monitored on aroutine basis for deterioration and replaced as required.

80 SAMPLE COLLECTION, PRESERVATION AND STORAGE

8.1

8.2

8.3

Samples should be collected in plastic or glass bottles. All bottles must be
thoroughly cleaned and rinsed with turbidity free water. Volume collected
should be sufficient to insure a representative sample, dlow for replicate andyss
(if required), and minimize waste disposd.

No chemica preservation isrequired. Cool sampleto 4EC.

Samples should be analyzed as soon as possible after collection. If storageis
required, samples maintained at 4EC may be held for up to 48 h.

90 QUALITY CONTROL

9.1

9.2

Each laboratory using this method is required to operate a forma qudity control
(QC) program. The minimum requirements of this program conss of an initia
demondtration of laboratory capability and analyss of laboratory reagent blanks
and other solutions as a continuing check on performance. The laboratory is
required to maintain performance records that define the quality of data
generated.

INITIAL DEMONSTRATION OF PERFORMANCE.

9.2.1 Theinitid demongration of performance is used to characterize
instrument performance (determined of LCRs and analyss of QCS).

9.2.2 Linear Cdibraion Range (LCR) - - The LCR must be determined
initidly and verified every 6 months or whenever asgnificant changein
instrument response is observed or expected. Theinitia demonstration
of linearity must use sufficient Sandards to insure that the resulting curve
islinear. The veification of linearity must use aminimum of ablank and

EPA Guidance Manual B-6 April 1999
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APPENDIX B. DETERMINATION OF TURBIDITY

three dandards. If any verification data exceeds theinitid vauesby +
10%, linearity must be reestablished. If any portion of the rangeis
shown to be nonlinear, sufficient standards must be used to clearly
define the nonlinear portion.

9.2.3 Qudity Control Sample (QCS) - - When beginning the use of this
method, on a quarterly basis or as required to meet data-quality needs,
verify the cdlibration standards and acceptable instrument performance
with the preparation and andysis of a QCS. If the determined
concentrations are not within + 10% of the stated values, performance
of the determinative step of the method is unacceptable. The source of
the problem must be identified and corrected before continuing with on-
going andyses.

9.3  ASSESSING LABORATORY PERFORMANCE

9.3.1 Laboratory Reagent Blank (LRB) - - The laboratory must andyze at
least one LRB with each batch of samples. Data produced are used to
assess contamination from the laboratory environment.

9.3.2 Instrument Performance Check Solution (IPC) - - For dl
determinations, the laboratory must andyze the IPC (amidrange check
gandard) and a cdibration blank immediately following dally caibration,
after every tenth sample (or more frequently, if required) and & the end
of the sample run. Andysis of the IPC solution and cdibration blank
immediately following cdibration must verify thet the insrument iswithin
+ 10% of cdibration. Subsequent anayses of the |PC solution must
veify the cdibration is dill within + 10%. If the cdlibration cannot be
verified within the specified limits, reendyze the IPC solution. If the
second andlysis of the IPC solution confirms cdlibration to be outsde
the limits, sample andysis must be discontinued, the cause determined
and/or in the case of drift the instrument recdibrated. All samples
following the last acceptable |PC solution must be reandyzed. The
andysis data of the cdibration blank and IPC solution must be kept on
file with the sample analysesdata. NOTE: Secondary cdibration
standards (SS) may aso be used asthe IPC.

9.3.3 Where additiond reference materids such as Performance Evaluation
samples are available, they should be analyzed to provide additiona
performance data. The analysis of reference samplesis a vauable tool
for demondrating the ahility to perform the method acceptably.

10.0 CALIBRATION AND STANDARDIZATION

April 1999 B-7 EPA Guidance Manual
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APPENDIX B. DETERMINATION OF TURBIDITY

10.1 Turbidimeter cdibration The manufacturer=s operating ingtructions should be

followed. Measure standards on the turbidimeter covering the range of interest.
If theingrument is dready cdibrated in standard turbidity units, this procedure

will check the accuracy of the calibration scales. At least one standard should
be run in each indrument range to be used. Some instruments permit
adjustments of sengitivity so that scae vaues will correspond to turbidities.
Solid standards, such as those made of lucite blocks, should never be used due
to potential calibration changes caused by surface scratches. If apre-cdibrated
scaeis not supplied, cdibration curves should be prepared for each range of
the insrumen.

11.0 PROCEDURE

11.1 Turbiditieslessthan 40 units If possible, dlow samples to come to room
temperature before andysis. Mix the sample to thoroughly disperse the solids.
Wait until air bubbles disappear, then pour the sample into the turbidimeter
tube. Read the turbidity directly from the instrument scale or from the
appropriate caibration curve.

11.2  Turbidities exceeding 40 units. Dilute the sample with one or more volumes of
turbidity-free water until the turbidity fals below 40 units. The turbidity of the
origind sample isthen computed from the turbidity of the diluted sample and the
dilution factor. For example, if 5 volumes of turbidity-free water were added to
1 volume of sample, and the diluted sample showed aturbidity of 30 units, then
the turbidity of the origina sample was 180 units.

11.2.1 Some turbidimeters are equipped with severd separate scales. The
higher scaes are to be used only as indicators of required dilution
volumes to reduce readings to lessthan 40 NTU.

NOTE 1: Comparative work performed in the Environmenta
Monitoring Systems Laboratory B Cincinnati (EMSL-
Cincinnati) indicates a progressive error on sample turbiditiesin
excess of 40 units.

120 DATA ANALYSISAND CALCULATIONS

121 Multiply sample readings by gppropriate dilution to obtain fina reading.

12.2  Report results asfollows:
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APPENDIX B. DETERMINATION OF TURBIDITY

NTU Record to Nearest

0.0-10 0.05
1-10 0.1
10-40 1
40 - 100 5
100 - 400 10
400 - 1,000 50

> 1,000 100

13.0 METHOD PERFORMANCE

14.0

131

13.2

In asingle laboratory (EMSL-Cincinnati), using surface water samples at levels
of 26, 41, 75 and 180 NTU, the standard deviations were ** 0.60, ** 0.94, **
1.2 and " 4.7 units, respectively.

The interlaboratory precison and accuracy datain Table 1 were devel oped
using areagent water matrix. Vauesarein NTU.

POLLUTION PREVENTION

141

14.2

14.3

Pollution prevention encompasses any technique that reduces or diminates the
quantity or toxicity of waste at the point of generation. Numerous opportunities
for pollution prevention exist in laboratory operaion. The EPA has established
apreferred hierarchy of environmental management techniques that places
pollution prevention as the management option of first choice. Whenever
feasible, laboratory personnd should use pollution prevention techniques to
address their waste generation. \When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.

The quantity of chemicals purchased should be based on expected usage during
its shelf life and disposa cost of unused materia. Actua reagent preparation
volumes should reflect anticipated usage and reagent stability.

For information about pollution prevention that may be gpplicable to
laboratories and research ingtitutions, consult “Lessis Better: Laboratory
Chemica Management for Waste Reduction,” available from the American
Chemica Society-s Department of Government Regulations and Science Palicy,
1155 16th Street, N.W., Washington, DC 20036, (202) 872-4477.
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APPENDIX B. DETERMINATION OF TURBIDITY

150 WASTE MANAGEMENT

151

The U.S. Environmental Protection Agency requires that laboratory waste
management practices be conducted consistent with al applicable rules and
regulations. Excess reagents, samples and method process wastes should be
characterized and disposed of in an acceptable manner. The Agency urges
laboratories to protect the air, water and land by minimizing and contralling all
releases from hoods, and bench operations, complying with the letter and spirit
of any wadte discharge permit and regulations, and by complying with al solid
and hazardous waste regulations, particularly the hazardous waste identification
rules and land disposa redtrictions. For further information on waste
management consult the “Waste Management Manud for Laboratory
Personndl,” available from the American Chemica Society at the address listed
in Sect. 14.3.

16.0 REFERENCES

American Society for Testing and Materids (ASTM). 1993. Annual Book of
ASTM Sandards, Volume 11.01. Water (1), Standard D1889-88A, p. 359.
West Conshohocken, PA,

Standard Methods. 1992. Standard Methods for the Examination of
Water and Wastewater. Eighteenth Edition, pp. 2-9, Method 2130B. APHA,
AWWA, and WEF. Port City Press, Batimore, MD.

17.0 TABLES DIAGRAMS, FLOWCHARTSAND VALIDATION DATA

Tablel1. Interlaboratory Precison And Accuracy Data

Number of Standard
Values True Value Mean Residual for Deviation Residual for
Reported m (X) X (S S
373 0.450 0.4864 0.0027 0.1071 -0.0078
374 0.600 0.6026 -0.0244 0.1048 -0.0211
289 0.65 0.6931 0.0183 0.1301 0.0005
482 0.910 0.9244 0.0013 0.2512 0.1024
484 0.910 0.9919 0.0688 0.1486 -0.0002
489 1.00 0.9405 -0.0686 0.1318 -0.0236
640 1.36 1.3456 -0.0074 0.1894 0.0075
487 3.40 3.2616 -0.0401 0.3219 -0.0103
288 4.8 4.5684 -0.0706 0.3776 -0.0577
714 5.60 5.6984 0.2952 0.4411 -0.0531
EPA Guidance Manual B-10 April 1999
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641 5.95 5.6026 -0.1350 0.4122 -0.1078
Regressions: X = 0.955T + 0.54, S=0.074T + 0.082
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E Test: Date: Operator:

lu Sample Sour ce: |:| Standard Solution ( JNTU |:| Plant Water Reviewed by:

z Calibration Check Before Test After Test

: Reference Turbidimeter 1 (Model #) Time Reading: Time: Reading:

g Reference Turbidimeter 2 (M odel #) Time Reading: Time Reading:

a Timeof | Reference | Timeof Reference | Timeof N Sample Water
Sample Samp!e Turb.1 Samplg Turb. 2 Samplg pH Color Turbidimeter Port Flow

LLl Collection | (Modd #) | Analyss (Model #) | Analyss (gpm)

:-_. 1 1

= 2 2

: 3 3

E 4 4

q 5 5

ﬁ Water Temperature: Time of pH Meter Calibration:

n. Room Temperature - Recirculation system: Timeof pH Meter Check:

m Room Temperature - Reference Turbidimeters: pHReading:  pH4Buffer _ pH 7 Buffer

m M aintenance Needed: Per formance comments:
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