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FOREWORD 

'The U.S. Environmental Protection Agency was created because of increasing 
public and government concern a.boot the dangers of pollution to the health and 
welfare of the American people. Noxious air, foul water, and spoiled land are tragic 
testimonies to the deterioration of our natural environment. The complexity of that 
environment and the interplay of its components require a concentrated and integrat<ed 
attack on the problem. 

Research afld development is that necessary first step in problem solution; it 
involves def'ming the proble~ measuring its impact, and seatdilng for solutions. The 
Municipal .Environmental Research Laboratory develops new and improved technology 
and systems to prevent, treat, and manage wastewater and soUd and hazardous waste 
pollutant discharges from munjcipaJ and community sources; to preserve and treat 
public drinking water supplies; and to mJnlmize the adverse economic, social, health, 
and aesthetic effects oi poUution. Th.is publication is one of the products of that 
research and provides a most vitaJ commuruations link between 'the research and the 
user community. 

Under normal Agency surveillance and analysis activities, the acquisition of 
bottom samples and biota ln polluted waterways foe research purpose, Section 311 of 
the Oean Water Act and now under the Comprehensive Environmental Re~~ 
Compensation and Uabillty Act {Superfund), governmental personnel from the US~ 
Coast Guard Strike Teams. National Oceanic & Atmospheric 1\dmioistration (NOAA) 
and the Navy are required to perfonn worl< functions in hazardously contaminated 
underwater environments. This r~ presents the results of controlled field 
evaluation of modified c:ommercia.J diving dress and helmets at t.he EPA-Oil & 
Hazanlous MaterlaJ Spill Environmental Test Tank (OHMSETT). The recommendations 
of this report will assist operationaJ diving personnel assess the capabilities of 
modified commercial gear for hazardous underwater environments. 

Francis T. Mayo 
Director 

Municipal Environmental Research Laboratory 
Cinclnnati, Ohio 4.5263 
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SECTION! 

INTRooucnoN 

Between the years of 1977-1,81, 64,609 spills of petroleum products, hazardous 

materials and other miscellaneou$ substances were reported to the U.S. Coast Guard 

Office of Marine Environment and Systems (see reference 1). This represents a total 

of 75.6 x 10° gallons of material reJeases into navigable waterways alone: From l97Cf 

to 1911, IJ5CI sp~or release incidents were reponed involving 20.9 x 1 o6 pounds of dry 

hazardous and other substances. 

The Environmental Protection Agency (EPA), National Oceanic and 

Aunospheric Administration (NOAA), Navy and U.S. Coast Guard engage In activities 

which require personnel to perform work tasks oi hazardously contaminated under­

water environments. Because of inadequate protection and understanding in hazard 

assessment, many diving personnel have suffered aOJte injuries (see reference 2). 

NOAA has extensive involvement and expertise in underwater diving. NOAA's 

activities include production of the NOAA Diving Manual, the development of 

certification standards, and the operation of a diver certification training program for 

civilian government divers. NOAA divers have participated in numerous research 

programs that involved diving in waters infested with pathogenic microorganisms. To 

pro1"ect its divers against these mlcrooTganisms, procedures and equipment were 

modified or developed, and then tested. NOAA's experience in the development of 
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No degree of static laboratory test will be adequate to determine the 

effectiveness of suit and helmet modifications. Acrual diver opera~ions are necessary 

to test equipment changes. This is due to the various compJexit ies of body movements 

and '~"m-water" positions during underwater work tasks. Seals and position straps can 

easily become weakened through strenuous diving operations, thereby allowing 

contaminated leakage. 

Many diving tanks exist in the various governmental agencies which serve as 

training sites for new divers. However, none of these installations are capable of 

receiving either a representative pollutant or surrogate contaminate to allow for 

realistic, controlled testing and evaluation of newly modified diving gear. -nte existing 

EPA Oil & Hazardous Materials Simulation Environmental Test Tank {OHMSETT) is 

capable ot simuJating open water diving conditions while providing suitable high­

efficiency water treatment operations. 

Init.ia.J evaluations of the modified commercial diving dresses and helmet 

assemblies were completed during March 7-12, 1983 at OHMSETT in Leonardo, New 

Jersey. This operation utilized a 1&.9 m3 {5,000 gal) tank containing ammonia and 

fluorescing dye tracers in which tile suits were safely evaluated. 

The helmets which were successfully evaluated for chemical exclusion were the 

Draeger Hdmet System, the Desco "Pot" Diving Ha"t, Diving Systems InTernational 

Superli'te-J7B Helmet, Morse Engineering MK-12 Navy Deep Water Helmet Synem, 

and Safety Sea Systems HeJmax Helmet. Five different suit configurations were 

evaluated with the above helmets. One diving dress was from Draeger with the 

remaining iour supplied by Viking Technical Rubber. 
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No degree of static laboratory test will be adequate to determine the 

effectiveness of sult and helmet modifications. ActuaJ diver operations are necessary 

to test equipment changes. This is due to the various complexities of body movements 

and "in-water" positions during underwater work tasks. Seals and position straps can 
' 

easily become weakened through strenuous diving operations, thereby allowing 

contaminated leakage.. 

Many diving tanks ex.ist in the various governmental agencies which serve as 

training sltes 1or new divers. However, none of these installations are capable of 

receiving either a representative pollutant or surrogate contaminate to allow for 

realistic, controlled testing and evaluation of newly modified diving gear. 'The existing 

EPA Oil lc Hazardous Materials Simulation Environmental Test Tank (OHMSETT) is 

capable ,of simulating open water diving conditions while providing suitable high-

efficiency water treatment operations. 

1ni:tia.l evaluations of the modliied commercial diving dresses and helmet 

assemblies were completed during March 7-12, 1983 at OHMSETT in Leonardo, New 

Jersey. This operation utilized a 18.9 m3 (5,000 gal) tank containing ammonia and 

fluorescing dye tracers in which the suits were safely evaluated. 

The helmets which were successfully evaluated for chemical exdusion were the 

Draeger Helmet System, the De.sco "Pot" Diving Hat, Diving Systems International 

Superlite-17B Helmet, Morse Engineering MK-12 Navy Deep Water Helmet System, 

and Safe-ty Sea Systems Helmax Helmet. Five different suit configurations were 

evaluated with the above helmets. One diving dress was from Draeger with the 

remaining four supplied by Viking Technical Rubber. 
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SECnON 2 

CONCLUSIONS AND RECOMMENDATIONS 

CONCLUSIONS 

t . The five suJt/helrnet combinations that were tested in tbis program were 

effective in protecting the divers from leaks of contaminated water. 

2. Ammonia vapor was detected in the breathb\g space on three of the five 

helmet/suit combinat1ons. No concentrations were over the Threshold Umit 

Value (TLV). 

3. The suspected "weakest link" of each of the systems - the gloves/wrist 

connection - did not show any detectable leaks. 

fi. Although the Superllte 17/Viking had ail" exaping from the helmet to suit 

sealing ring and the Helmax/ Viklng had alr escap.ing from the umbilical joint at 

the helmet, no fluids entered the suit.. 

.S. The tests reported here are suitable to determine differences in heJmet/suit 

combina"tions as. far as leaking of a hazardO\Js material (vapor of liquid) while 

being worn by a diver and without subjecting the diver to undue physical 

discomfort or danger. 
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RECOMMENDATIONS 

1. In these tests, 1 ppm dye was used as a pollutant tracer. A higher concentra­

tion of dye should be used if further tests are to be run. 

2. These tests were run at between 300-.500 ppm NH3. A higher concentration of 

ammonia might be desirable if testing at similar temperatures 5oc (4L°F) is to 

be conducted in the future. Warmer temperatures 15-200 (60-680F) would 

preclude the need to do this. 

3. Suitable filter pads made of cotton should be made to fit over but not restriCt 

the exhaust valve. A double layer of filter pads is recommended to determine 

if the ammonia source is the exhaust valve or some other location 'Up-stream" 

in the air tJow. By anaJzying each of the pair of pads and determining which 

has the greater concentration of NHJ it will be possible to determine the 

"direction" of the source of NH .3, either the valve or inside the suit. 

4. Helmets should be delivered to OHMSETT one week before start ot testing to 

be fltted with detection filters. 

5A Personal monitoring sampling pumps, originaJly intended for use in this testing, 

were not used because of logistics problems in fitting them into the suits. 

Modifications to the helmets such as air or exhaust interlocks should be made in 

order to employ conventional industrial hygiene rwork place0 exposure level 

investigations. 
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6. Since there were no Ie:aks of hazardous fJuid into any oi the diving suhs 

evaluated in this study it is difficult to evaluate the utility of wearing body 

stockings for subsequent analysis. It is felt they could still be used in the next 

test ser~s. Use of these body Stockings as a standard piece of equipment is not 

intended. Before a garment were to be used in real spills, the fabric's ability to 

absorb various classes of chemicals must be further researched. 
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SECTION J 

TEST EQUIPMENT AND PROCEDURES 

TANK SETUP 

The main chemical dive tank was J m (10 ft) high and J m (lOft) in diameter, 

18.9 m3 0,000 gal) capacity. A preliminary 1.8 m (6 h) high x 1.2 m {4 It) diameter 

3.8 m3 (1,000 gal) dip tank was incorporated in the equipment setup. In order to allow 

observations of the diving dress, helemt assembly and diver activity, two 305 mm (12 

inch) v iew pons were weJde<f into the tank walls. In addition, a 254 mm (1 0 inch) 

diameter pipe stub and flange was welded to the interior bottom of the tank for 

assembly/disassembly as one of the two diver activities. The second diver activity 

involved the use of a 114 liter (30 gal} tight-head metal drum which was submerged 

along with a. 208 Liter {55 gal) open-head drum, lid and cloStJre ring. Thls task was to 

overpack the 114 liter (JO gal) drum into the 208 liter (55 gal) drum thus simulating a 

standard drum recovery procedure prior to slinging for removal from underwater. 

Figure 1 shows the test tank layout. 

EVALUATION SETUP 

The process to establish the sampling and analytical techniques is covered in 

Appendix A. The resulting technique presented here was used because of its 

simplicity. It is not a univefsal technique, but quite specific to the hazardous 

materials (ammonia and dye) used in this testing. 
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Observetlon 
ports 

5000 gallon 
chemlcaJ tank 

1 55 gallon drum 

2 30 gallon drum 

3 10 Inch p•pe and flange. 

Station 1 Is one of four station. The other three are shown In Figure 2. 

Figure 1. Tank and platform lest set- up for Olver Protection Program. 

1000 gallon 
clean dip tank 



In order to evaluate the diving dresses for gross leaks, there had to be a way of 

determining tbe origin of the water. . "Js it a leak?" or, nrs it condensation/ 

perspiration?" A fluorescing dye was selected as a visual indictor in the tank water. 

Body stockings made from a fabric of 46% cotton, 4-6% polyester and 8% Lycra 

spandex were custom made for each diver. Through preliminary laboratory testing this 

material was shown to adsorb the fluorescent dye weJJ. 

To detect the presence of the dye on the fabric, a "black light" was used. Two 

4-foot 1#-0 watt filtered fluorescent ultraviolet (UV) tubes were used to radiate the 

fabric with UV light in the near visible range. The resutr is an intense fluorescence of 

blue light from the fabric which has been treated with an optical brightener. Those 

portions of fabric that have dye on them fluoresce in the red end of the visibJe 

spectrum. By observing the fabric through either red cellophane or a 25A red filter, 

the contrast between dyed and undyed fabric is enhanced and can be photographed. 

The fluorescence of th.is dye was "quenched" when other fabrics were used. 

A second question which needed to be answered was, "What volatile contami­

nants should be considered?" Can these kinds of compounds (volatile and in gaseous 

state) get in the helmet even if the buJk water doesn~? Ammonia was selected to be 

added with the dye as a volatile hazardous material because it is easily detectable, 

disposable, and medically treatable in the event of a mishap. (ts hazardous property is 

that of an irritant and its odor 'threshold is appropriately different from its TL V to be 

considered a vapor with good warning properties (see Appendix A, "Ammonia 

Sampling"). Samplers were placed in the helmets in the approximate vicinity of the 

exhaust valves. The samplers were simply preweighed patches of sterile cotton 

purchased at a local pharmacy. Care was taken not to allow the cotton to get into the 

exhaust valve. 
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It was found during the preliminary laboratory evaluation that the conan was a 

good sampler for NHy(H20)n (hydrat~ ammonja). This test program found that the 

cotton aaed as an excellent sampler for anhydrous ammon.ia also. After a dive was 

over, the· diver and suit were decontaminated. The diver's helmet was then removed 

by tenders in a dean area, the cotton sampler was taken ftom the helmet, and placed 

in a clean glass vial. On~ in the lab, the cotton was extracted with .50 ml of distilled 

water; the water was then analyzed for ammonia using a colorimetric procedure and a 

Hach visible spectrophotometer (see Appendix A). 

TEST PROCEDURES 

The sequence of events for each of the five tests was to be Identical except for 

minor variations as noted~ In order of occurrence: 

l. If required, additional anhydrous ammonia was bubbled into the previ­

ously dye<! and '-'ammoniated" tank water. The desired quantity was 

500 ppm. 

2. Water samples were checked for pH using an Orion model 70 lA/ 

Iona.na.lyzer and common pH electrodes. By using Figure A-4, 

Appendbc A, the coocentration as NH3* could be determined. 

3. If the NH 3 concentration was suitable (J00-600 ppm) the diver would 

start to suit-up. 

• Ammonia (NHJ) when in water exists in ionize<f NH4,+ and hydrated NHJ·(Hzo>n 

form. Reporting concentration as NH3 is a convenience. 
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Each helmet/suit combination required its own donning procedure, as 

well as thermal protection between the suit and the diver·. Some djvers 

were "blackllghted" prior to getting into the diving dress. Each diver 

wore the body stodci.ng over the thermal underwear so that the body 

stocking would be in contact with the diving suit. 

4. A cotton sampler (approximately 0.3 grams) was pJaced in the helmet. 

The helmet was then placed on a chair on the tank platform. 

5.. With the full suit on {less the helmet) the diver was then brought to the 

tank platform, Station 1 on Figure 2, where last minu1e Checks were 

made and the helmet donned. 

6. The diver' was connecte1:1 through a hard-wire communications box which 

was monitored by a three-man tender team~ Test (or dive) start time 

and pressure reading on air bottles were recorded. 

7. The first "check-out" dive was in the 3.8 m3 {1 ,000 gal) fresh water c:fip 

tank. Observing the diver through a sight window running from the top 

to the bottom of the tank allowed support personnel to see if there were 

any visible air leaks emanating from the suit before the diver would be 

pJaced into the hazardous ammonia tank. 

8- If no obvious leaks were observed, the diver climbed out of the dip · tank 

and entered the 18.9 m3 {5,000 gal) ammonia tank- Start time in the 

18.9 m3 (5,000 gal) tank was recorded. 
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Figure 2. Plan view of test layout. 



9. While in the 18.9 m3 (.5,000 gal) tank the diver carried out four 

operations: 

a. unbolt a 2.54 mm (10-inch) standard pipe flange utilizing rachet 

and box wrenches 

b. reassemble the flange 

c. overpack a 114 liter (30 gal) drum into a 208 liter (55 gal) drum 

securing drum lid with clamp ring and bolt 

d. remove the 114 liter (30 gal drum) from the 208 liter (55 gal) 

drum. 

10. After approximately .30 mlnutes, depending on the time required to do 

the exercises., the diver would climb out of the tank (the time was 

recorded) for decontamination at Station 2 {see Figure 2). Usmg an LA 

pressure washer Model 914 this s"equence was followed: 

a. water wash 

b. dilute acetic acid (vinegar) wash 

c. surfactant (liquid Ivory soap) wash 

d. water rinse., 

11 . At Sta tlon J (see Figure 2) the helmet would then be removed and a 

cotton sampler used to wipe the inside of the neck ring to later 

determine the presence of ammonia, or for the immediate determination 

of the presence of dye. The cotton sampler from inside the helmet was 

removed at thls time and sealed in their own 40-ml, teflon-capped, gJass 

v.ia!s. 
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12. The diver then went to Station 4 {see Figure 2) where the the diving suit, 

including gloves, was carefully removed by the tenders. This ultimately 

exposed the body stocking. 

)). The diver then stood under ultraviolet light while the body stocking was 

examined for t:he presence of dye. Pho1ographs of the examination were 

taken using a 25A red filter. 

14. The body stocking was then removed and kept for any future labor-atory 

- analysis or reference. 

Figures 3 through 13 show photo highlights of the step-by-step procedure. 
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Figure 3. The diver is !}eirag assl.Sted putting on a ory suit. The 
cuHs of each of ~he SUits were given special attenuon. Here t.'le 
first of four pair of gloves are being 5tted. This g love w1U be 
fastened over a rigid ring. The head and shoulder portion of the 
body stocking is also shown here. (Test 115, Helmax/ V.king, 
Photo Video File 02659} 
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Figure 4. The Helmax helmet is positioned against the mounting 
flange~ creating an airtight fit. Note the white conon glove. 
Two rubber gloves and two cotton gloves were used; the inner 
cotton glove was intended to adsorb any dyed ammonia in the 
event of a leak. {Test f/8 Helmax/Viking PVF 26.59) 
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Figure .5 . The diver shown here ls wearing a chafing coverall 
over his dry suit to prevent abrasion to the suit. The tenders are 
adjusting 50 ankle weights to help prevent the diver from losing 
control if he becomes inverted while under water. This diver is 
not wearing an outer couon glove. (Test IJ 1 Desco/Viking PVF 
26.56) 
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Figure 6. With full gear, and connected to an umbilicaJ, the 
diver tests the integrity of his suit for leaks in the 3.8 m3 (1,000) 
gal fresh water tank before entering the ammonia hazardous 
tank. Note the cufi area. Both rubber gloves can be ~ on me 
right hand of the diver aJong with an outer cotton chafing glove 
to help prevent abrasion of the primary rubber glove. (Test #8 
Helmax/Viking PVF 2657) 
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Figure 7. While in the hazardous ammonia tank, a three-man 
surface support team is responsible for the diver's well being. 
Shown here are two tenders, one holding the umbilical air and 
communication line. A third man (not shown) maintains voice 
communication and advises the diver. Note that aJJ tenders are 
wearing full splash gear to prevent ammonia contamination. 
Ambient air sampling using an MSA detector tube system 
indicated there was no need for respiratory protectlon for 
tenders. (Test 68 HeJmax/Viking PVF 26.57} 
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Figure 8. Following the completion of the dive, the suit is 
thoroughly decontaminated During this time the diver breathes 
through the umbilical. The suit wilJ not be opened until 
decontamination procedures are completed. (Test f/8 
Helmax/Y.aking PVF 2657) 
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Figures 9 & 10. The con on sampler &.s taken from the helmet. A 
second cotton swab is used to wtpe the ring wh~e the helmet 
joms the suit. This cotton is later anaJyzed for ammonia or 
inspected for red dye. (Test fl8 Helmax/ Viklng PVF 26.57) 
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Figures 11 & 11. The divmg dress is removed to allow IDspection 
of the body stocking under ultraviolet light. No dye was 
detected on any of the suits. AU body stockings have been 
retained for refer~ {Tests fl and #8 Oesco/Viking and 
Helma.xffiking (PVF 26.56 26.59) 
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Figure 13. The in~ior of the helmet, especially an and around 
the exhaust valve, was checked under the ultraviolet light for 
any traces of dye. (PVF 26,6) 
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.SECTION ll 

TEST RESULTS 

TEST OBSERVATIONS 

Table 1 on the following page summarizes observations made just prior to, 

during, and just after each diver was in the tank. These notes and records cover th,e 

time from the fresh water dip tank through observation under the ultravialet light and 

include: the: PH measurement which was immediately translated to concentration of 

NH.3 by use at Figure A4. Also included is air tank pressure to give an idea of the 

amount of air used between donning 1he helmet and exiting the hazardous tank. "Air 

time" is the hour and minute the diver went on alr from the cyli.nders. "In time" is the 

hour and minute the diver submerged in the hazardous tank and "out time" is hour and 

minute the diver exited the hazardous tank. The watet temperature of the tank water 

is also recorded. The only recorded data on fluorescence appears in "Notes for 

Table I." 

LABORATORY AMMONIA ANALYSIS 

An estimation of the ammonia concentration in the divers air space could not 

be made for this evaluation. The cotton samplers were positioned as close to the 

exhaust valves as possible, but in none of the tests could it be assumed that all the air 

passed through the cotton, nor that a specific percentage of air contacted the sampler 

due to the different positioning of the cotton in the various helmets. 
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0 
~ 

§ 
fD ,... 
\D 
Oill 

""' 

Te5t No. 
Helmet/Sult 
Olver's Name 

IJJ 
Desco/Viklng 
Moraan WeUs 

112 
SUS/Oraeger 
Steve Urich 

'~ 113 
C!Super 1l te l7/Viking 
0 Art Francis .... 
~ 

'Ji14 
Mark 12/Viklng 
Paul Pegnato 

115 
Helmax/VIklng 
Ric Traver 

116 
Mark 12/Viklng 
Paul Pegnato 

fJ7 

(/ '& 
llelmax/Vlking 
Ric Traver 

TABLE l. PRE- TEST AND POST-TI!ST OBSERVATION SUMMARY 

PRETEST POST-TEST 

NH3 Tanks Air In NH3 Tanks Out 
pH ppm Pres. oc Time Time pH ppm Pres. oc T1me 

10 • .53 320 2.500 '·' 10z.51 11,00 10 • .53 320 l48.5 '·' l h3.5 

10.83 4.50 2450 '·' 14,.51 l.5c04 10.34 2lf0 2300 '·' 1.5:26 

10.8.5 4.50 2UO ,,6 l0t3.5 llc09 10.62 )6'0 1700 .5 .6 l h4.5 

. 
10.90 480 6.1 l4d4 14:39 10.28 210 6.1 J ,, 10 

Cancelled 

Cancelled 

Cancelled 

.500 2380 '·' l4a04 14: 10 10.97 .500 1950 '·' 14:36 



N 
0\ 

a 

TEST Ill 

TEST IJ2 

TEST 113 

TEST IJ~ 

TEST II' 

TEST 116 

TEST 07 

TEST //8 

NOTES FOR TABLEt. PRE- TEST AND POST-TEST OBSERVATION SUMMARY 

No dye on body stocking. Some question of "burning on right hand... Right cotton glove to be analyzed for NB3. 
No dye Inside helmet, no dye Inside exhaust valve or seallng surface. 

Dye ~mudge on right wrlst right on wrist crease. One speck of dye~ the first series exhaust vent, no dye on 
cotton suit, feet wet. There l$ a chance smudge was from his being tender ln previous dlve. 

Diver was removed from tank after' mln due to a helmet leak~ Corrected. Test proceeded. 

Some dye on neck ring of suit taken with cotton and on helmet ring. Viking suit has smooth skin with Navy 
chafing coveralls. 

Cancelled. Leak around helmet gasket In dip tank (see test 8). 

Loose fll holmet to neck ring. Lower breach ring would not match to helmet due to manufacturing defect. 
MK 12 Vjking suit has built -In weight pockets. 

cancelled. Because of leaks. 

Started out with smaU leak in umbllical jolnt. Cucade regulator started freezlng. Fluorescence ln mask. Some 
question~ to origin. 

·. 



The micro-grams ( }.g) of ammonia picked up on the cotton onJy serves as an 

indicator of the amount of ammonia in the breathing space. The div:ers' olfactory 

observations {none of them detected an ammonia odor during their dives) would have 

indicated that any concentrations of ammonia in the suit were below 2.5 ppm and 

perhaps below 5 ppm. (See Appendix A, "Ammonia Sa:mpling.'1) 

Each lAg o1 ammonia represents a volume of 0.0013 ml at standard temperature 

{200C) and pressure {760 mm Hg). Table 2 lists foor samples that are significantly 

above blanks for milligrams of NHJ-N. The values in Table 2 were caleulated from 

quaruties in Table 3 using the equation: 

where 

and 

llg NH3 = mg{NH,)-N) X 1000 X 1.22 

1000 is the conversion of milligrams to micrograms 

1.22 is the ratio of NH3 moJecuJaT weight 

N molecular w~ight 

and mlNH3 = 0.0013 ml/J.Ig x llgNH3. 

TABLE 2. AMMONIA DETECiED DURINC THE TEST PROGRAM 3.5 
USING A MOOIF.IED HACH PROCEDURE 

Test No. 
Helmet Type @STP 
Suit Type Sample Mg NH3-N llg NH3 mlNH3 

2(Sus/Draeger) SN3 0.1.50 183 0 . 24 
2 SN.5 0.10'1 127 0.17 
3(Supedite 17/ 

Viking) SN6 0.515 701 0.93 
4(Mark 12/Viking) SN8 0'.150 183 0.24 

DYE DETECTED 

There was no dye detected on any of the five body stockings used dUTing the 

test pr-ogram. However, with the Mark 12/VJking some dye was found on the neck ring. 
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Approximately 2 ml of dye was found inside the exhaust vent of the SUS helmet. 

Thet'e was some fluorescence: of questionable origin near the nosepiece in the Helmax. 

The diver that wore the SUS/Draeger had a smudge of dye on his r ight wrist which 

appears to have happened when he was a tender in a previous test. There were no 

leaks in his gloves. 

See the following tables for a summary of the test data. Table 3 presents the 

analytical data that was obtained afterwards by use of the Hach method (p 32, 35) for 

analyzjng for ammonia. Particular attention should be paid to the information 

depicted in the right hand column of Table 3. ~information i.n this column was used 

to determine the four tests which show.ed significant amounts of ammonia. Table 4 is 

a summary of the weights of Lhe cotton sampler that were used. 
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TABLE J. DMNG SUIT LEAKAGE EVALUATION 
ABSORPTION COTTON SWAB SAMPLES 

Test 
Date No. Sample 

3/8/83 1 zSN 1 
1 sSN 2 

2 2SN 3 
2 SN 4" 

2 sSN 5 
3/9/83 3 1SN 6 

3 aSN 7 

4 · zSN8 
4 sSN 9 
4 SN101 

3/10/83 5 3SN lJs 
5 zSN 14 
5 SN 1.55 

No Exposure SN 16 

No Exposure SN 17 

Extraction 
Volume 

(m0 

j() 

50 

100 
100 

.50 
j0 
50 

.50 
50 
50 

so 
j() 

50 

50 

50 

Secondary 
Dilution 
Factor 

l:l 
1:1 

l:V 
1:1 

1:25 
1:.50 
1:1 

1:2.5 
1:1 
1:1 

1:1 
1:1 
1:1 

1:1 

1:1 

1 Milligrams of NH3 = Readout (mg/1) X Dilution factor x 
1000 m1 

!itract Volume 

z Respiration sample 

J Inner collar wipe sample 

11 Mask leak wipe 

s Minor fluorescl!nce selected (May be due to ina~quate 
decontamination/drain into inner collar 

'Inner helmet-ring wipe 
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NH3-N 
Readout 
(mg/1) 

0.19 
0.095 

0.06 
0.006 

0.083 
0.23 
0.08 

0.12 
0.26 
0.18 

0.155 
0 . 15 
0.085 

0.155 

0.10 

' 

Detected 
as 

NHJ-Nl 
(mg) 

0.009 
0.005 

o .. uo 
0.001 

0.104 
0~-"' 
0.004 

0.150 
0.013 
0 .. 009 

0 .. 008 
0.001 
0.004 

0.001 

0.005 



Date 

3/8/83 

• 
•• 
*** 

IJ 

IJII 

TABLE 4. DMNG SUITS LEAK TEST SAMPLJNG 
Cotton Sampler Evaluations 

Carton Sampling Specifics 
Bottle+ Bottle 

Suit SN Cotton (g) (g) 

1 I* 2s.m1 28.3993 

l 2** 28.6635 28.2938 

2 3• 28 . 9682 28.5108 

2 4*** 28.9004 28 • .5039 

2 5** 28.9690 28.5838 

3 611- 28.5868 28.3889 

3 7** 28. 8934 28.5309 

4 8* 28.8071 28.4258 

4 9** 28.9389 28.5575 

4 !OIJIJ 28.8966 28 • .5167 

5 13•• 28.8207 Z8 .4.562 

Control 17 28.9'15.5 28 • .5073 

5 lfl* 28.9047 28 • .5503 

ControJ 16 28.9027 28.4799 

5 1.5 28.8347 28 . 4859 

Helmet by respirator outlet 

From neck/collar area inner ring wipe 

Face mask !eak 

Less cotton use 

Inner helmet-ring wipe 
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Cotton 
(g) 

0.3778 

0.37~8 

0.3974 

0.396.5 

0.3852 

0.1979 

0.36.52 

0 . 381.3 

0 .3814 

0.3799 

0 .364.5 

0 .11082 

0.3544 

0.4228 

0 . 3488 

Cotton+ 
Bottle+ Sawle 

Sample {g) 

18.8686 0 .0915 

29.3969 0.1283 

32 • .5024 3.5382 

29.6868 0.7864 

30.1823 1.2133 

29.7054 1.1186 

28.9469 0 .0.53-.5 

29.2311 0.434-0 

29.2874 0.3485 

29.0199 0.1233 

28.9741 0.1534 

28.9155 0 

29.1192 0 . 2145 

28.9027 0 

29.0120 o.tn3 

http:28.48.59
http:28.42.58
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J. "Polluting Incidenu 1n and Around U.S. Waters," U.S. Coast Guard -

COMDTINST M164,0.2F. 

2. Wf;va.luatlon of and Use. of Div~rs and/or Remotely Operated Vehicles in 

Otemic:ally Contaminated Waters," Steven A. McOellan, R. Frank Busby; 

Undersea Medical Society Publication CR 60(CW) 2-1-83. 
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APPENDIX A 

PRELIMINARY LABORATORY STUDIES 

Oetectability of the fluorescent dye .in water solution 

The red dye used in the March 7- 11, 1983 diver protection study is manufac­

tured by Formulabs of Escondido, California. According to information supplied in 

their sales literature, the maximum radiation absorbance of the dye is .5.58 nanometers 

(run). The instrument used .in this study to measure -rhe absorbance of dye solutions 

was a Hach spectrOphotometer in a DR- EL/4 (serial number 4-45) field klt.. The dial 

reading on this instrument was 552 nm at maximum absorbance. Four concentrations 

of dye in the 1.0 ppm range were made up and absorbance measurements were made at 

the 5.52 nm setting. The resulting calibration curve of absorbance vs dye concentra­

tion in water was then prepared for use in dye concentration control in the tank. (See 

Figure A- 1.) 

Detectability of the fluorescent dye on the fabric 

The fabdc that was finally selected lor the body stockings (that were worn by 

each diver under the suits) was a ''white-whit:e" knit b!end of of 4696 cotton, 4696 

polyester and &96 Lycra spandex. This same material is commonly used by dance 

companies in their costuming. At first an optical brightener m the fabric was thought 

to be an objectionable characteristic. The intense blue fluorescence of the fabric 
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Figure A-1. Calibr-ation curve of dye in water 
absorbance at 552 mrn s~tting. 
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under ultraviolet light masked the red fluorescence for low concentrations of dye. A 

fabric withoot optical brighteners was found but Jow concentrations of dye on mls 

fabric failed to fluoresce. Returning to the optical brightener treated fabric, it was 

found that using a 2.5A red filter to view the speciman made the contrast between 

dyed and non-dyed fabric signillcant to visual evaluatjon, The next step was to make 

the contrast photographically recordable. 

Test specimens of fabric were treated with varying dosages of dye. This 

process was done two ways. First, known concentrations of dye were dropped on clean 

fabric. The test patch was preFd with a total of -eight spots. four of the spots 

were made by a i9.2 ppm dye solution placed on the fabric: first one drop; then 2; 

then 3; then 4 drops, each in different Jocatio(lS;. A second set of four spots was made 

by doing the same thing with 0.,6 ppm dye. The resultant test card is shown in Figure 

A- 2 (photographed through a 2.5A filter while under the ultraviolet light). One 

significant observation was made while this test card was being made~ The wet spot 

created by the dye solution went well beyond the dye spot itself. This was interpreted 

to mean the dye was adsorbed c:M.Jt of solution by the fabric rather than a dye process 

that leaves the dye behind after simple evaporation of the water. 'This would mean if 

a leak did occur the dye wouJd leave its track close to the Jeak even if the water were 

to travel. 

The second method to dye the fabric was intended to yield a uniform dye job. 

Three different volumes of the 0.96 ppm dye solution were brought to 10 ml of solution 

(see Table A-1). Three pjeces of fabric of known weight were dyed witt\ one of the 

diluted dye solutions. 
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Flgure A- 2. A phot"o of sevef'al dye test spots made to 
ncalibraten an observer~ eye to quantities of dye on fabric. The 
.intention, 10 use a comparator method to evaluate fluid leaks 
into a suit. The photo was taken through a 25A red filter onto 
Polaroid 55 P/N Cll.m while the fabric was under ultraviolet 
light. 
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TABLE A-I. "Uniiorm11 Dye Calibration SampJes 

ppm Dye on 
VoJ of 

0.96 ppm 
Fabric Weight of Weight o! Fabric 
letter Fabric . (OWF) 

l.OmJ 
O. l 
2 .0 

B 
c 
D 

0.7179 
0 .4143 
0.11550 

1.3 
0.23 
4.21 

The l'lesulting patches were e·xamined under ultraviolet light using the 25A filter. It 

was found that the patches had to he placed right next to a non-dyed piece of the same 

fabric for an observer "to determine if there was any fluorescence. The resulting test 

card is shown in Figure A-3. 

Ammonia 5al'!loling 

Anhydrous ammonia, NH3, when added to water becomes: 

The concentration of ammonia present will determine the rate and direction of 

these two reactions. For the purpose of using ammonia in the dlver protection test 

program our interest was in the left hand reaction. We wished to make the reaction go 

sufficiently to the left to make the ammonia detectable but not so much so that the 

divers are made uncomfortable. According to the report, "Aqueous Ammonia 

Equillbrium,11 the percent of un-ionized NHJ in the temperature and pH range of the 

1&.9 m3 (5,000 gal) tank was between 85 and 90%. This information allows us to 

conclude a significant majority of the ammonia is at least at the middle reaction 

product. [t was determined emp.iricaUy that a 200 ppm solution of ammonia in tap 

water was sufficient for some subjects to detec"t an ammonia smelJ over a 600 ml 
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Figure A-3. A phoU, of more uniformly dyed fabric photo­
graphed as in Figure A-2 reveals the necessity of comparison to 
determine lf dye is present. Even with this smaD spacing it is 
difficult to determine if fabric 8 (right} and 0 Uower) are 
fluorescing (see Table A-0~ The comparison .is easy with the 
spots on the upper fabric... 
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Griffin beaker. A .500 ppm ammonia solution was sufficient for all subjects to detect 

the smell. According to reports referenced in the 4th proceedings of "Documentation 

of the Threshold Umit Values," American Conference of Governmental Industrial 

Hygienists~ the lowest level for det,ectable odor is between 1 and 5 ppm. The 

complaint Jeve.l is reported to be 20-25 ppm. The AIHA Hygienic Guide also reports 

the lowest Jevel for detectable odor to be between 1 and j ppm. The Hygienic Guide 

reports 5.5 ppm to be objectionaqle. The concentration of ammonia in the water was 

monitored by measuring pH and using the graph in Figure A-4. 

The ini1:ial work of air sampling was done with Bendix BOX-~4 sampling pumps 

and standard charcoal tubes. Three approadles were taken. The f*U'S1 was to 

determine the ability of the tubes to collect a known quantity of ammonia. The 

second phase was to determine the relati~e amount of ammonia that could be expected 

to collect on a charcoal tube with known volumes of ammorua solu'tion. The third 

approach was to determine a maximum quantity the charcoal tube couid hold. 

Ammonia was extracted from the carbon tube by a steam extractor shown in 

Ftgure A-5. 

Ammonia AnaJY!is 

Ammonia analysis was conducted using a Hach method nNitrogen, Ammonia 

Salicylate Method for Water, Wastewater and Sea Wa1:er" with one addition, the 

5ampler was first extracted with or into 50 ml of dlstilled water from which a 2j ml 

aliquot was taken to start the Hach procedure. If the resultant product was off scale a 

suitable aliquot was taken from the remaining 25 mJ extract and diluted to 25 ml to 

rerun the sample. The method is produced here dkectly from the Hach procedure. 
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Figure A-4. Calibration curve of ammonia in water produced prior 
to the st3rt of testing. 
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Fiqure A-5. Steam extractor used to remove ammonia from carbon tubes 
in preliminary lab work for Diver Protection Project. 
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NITROGEN, AMMONIA 

Range: 0.0.4 rng/J 

Salicylate Method 

For Water, Wastewater and Sea Water* 

Procedure 

1. Measure 2.5 mJ demJneralized water in a clean 25-mJ mixing graduated cylinder. 

2. Take a water sample by filling a second dean 2..5-ml mixing gnduated cylinder 

to the V-ml mark. 

2. Add the contents of one Salicylate Reagent Powder P'illow to each graduate, 

stopper tightly and rn1x vigorously. See Note A. 

4. Alter three minutes, add the contents of one Alkaline Cyanurate Powder Pillow 

to each graduate; mlx thoroughly. Allow at least 15 minutes for the color to 

develop fully. ~Note B. 

5. Pour the prepared demineralized water and the sample into separate, dean 

sample cells. Place the sample cell containing the prepared demineTali.z.ed 

water solution in the cell holder. lnsert the appropriate Nitrogen Ammonia 

fresh (Salicylate: method) Meter Scale into the meter (Use meter scaJe 41.564-00 

* Requires pretreatment~ Refer to Note D in the Nessler Method Ammonia Nitrogen 

test for fresh water samples and meter scale lJ.lj65- 00 for sea water samples.) 
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Adjust the wavelength DiaJ to 655 run. Adjust the Light Control for a meter reading 

of zero mg/L 

6. Place the prepared sample in the cell holder and read the mg/l Ammonia 

Nitrogen (N). 

NOTES 

A. All The Salicylate Reagent Powder must dissolve. 

B. The mixing graduates should be kept stoppered to prevent any ammonia fumes 

from affecting the test. 

C. The results may be expressed as mg/1 Ammorua (NHJ} or mg/1 Ammonium 

CNHt~+) by muJtiplying the mg/1 Ammonia Nitrogen (N) by 1.22 or by 1.29, 

respectiv eJy. 

D. The following ions interfere at concentrations exceeding those listed below: 

Calcium (ea+2) 

Magnesium (Mg+2) 

N1 trite (N~ l 

1000 mg/1 as CaC03 

6000 mg/1 as CaCOj 

12 mg/l N~- - N 

Suliate, nitrate and phosphate do not interfere in concentrations normally 1ound 

in surface water. (At least up to 300 mg/J S04-2, 100 mg/1 N03- - N, and 

100 mg/1 P04-.3 - P). 
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Suffide will interfere by intensifymg the color formed from ammonia and the 

reagerrts. Coosult the phenols procedure, Note B, for sulfide elimination.. 

]ron interferes in the test but its effect may be eliminated by first determining 

the iron content of the sample (see Iron, Total). If the demineralized water 

sample in Step 1 is made up with the same iron concentration as the .sample and 

taken normally through the test, its use in Step 5 will blank out the effect of 

iron successfully. 

Less common interferences such a.s hydraziDe and glycine will cause iny_ens.i:fied 

co.lors in the prepared sample. lt may be ~ to distill the sample before 

the test is performed if numerous interferences are present. Using the Hach 

t.ruversaJ Still, dlstW the ~t sample by following the procedure out.lined 1n 

NoteD of the Nessler Method Nitrogen, Ammonia test. 

The sampte may be adjusted to pH 7 with Sodium Hydroxide Standard Solut.ion, 

IN, if the pH is les.s than 7 or Sulfuric Acid Standard Solution, IN, if the pH is 

greater than 7. 

F. Re:slduaJ chlorine must be removed from the sample by the addition of Sodlurn 

Arsenite Solution. Use 1 ml of Sodium Arsenite Solution to remove 1 mg/1 

residual chlorine from a 2..50-ml sample.. More Sodium Arsenit:e Solution should 

be used for higher chlorine concentrations. 
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• 

Using Cotton to Sample Ammonia 

In order to be ready to deal with some of the helmet/suit combinations that 

required an air seal between the suit and the breathing space, an alternate sampling 

system to the Bendix air pumps was investigated. To use the pumps ih this type of 

situation would have required the pump to be mounted in the helmet which would have 

been quite impossible. 

The first alternate trie<f was filter paper treated to 1% by weight of the filter 

paper with boric acid. When placed in the test chamber (see Figure A-6) with 1 ml of 

proposed test fluid the filter paper /boric acid collecte<l 23 JJ& of NH)· , Subsequent 

work identified the mechanics of the "adsorption11 to be hydrated ammonia 

(NH3 "N(H10)) a])s()rbing into the fibers of the filter paper. The boric acid vtas 

apparently irrelevant.. 

[n order to further develop a sampler that could be adaptable to many situations 

the idea of water absorption in filter paper was expanded to the absorptjon in cotton. 

Sterile cotton was purchased at a local pharmacy and tes"te<i in the chamber-. Although 

background readings wece significant for the cotton the cotton did demonstrate the 

ability to absorb the NHyNH20. 

Using a second test set-up, shown in Figure A-7, a moisture absorption 

mechanism was demonstrated (see Table A-2). 
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Figure A-6. Ammonia chamber for tab studies of samplers with no afr flow . 
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Figure A 7. Lab set- up to study samplers In flowing air. Cotton Is being tested In this set- up. 



• 

... .. TABLE A-2. HALF-HOUR TESTS OF COTTON AS AN AMMONIA SAMPLER 
(See Figure 7) 

Cotton% 
Moistun 

0 
~ 

10 

'* 

NHJ 
Source 

1 mJ of .500 ppm 
1 mJ of 500 ppm 
1 ml of .500 ppm 
1 ml of 500 ppm 

Air flow 
Rate 

L/min 
2 (lab air) 
0 
2 
2 
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Measured 
NH3-N 
mg/1 

0. f4.5 
0~38 
0.075 
0.035 


