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ABSTRACT

< The Naval Civil Engineering Laboratory (NCEL) was requested to
ascertain the composition and toxicity of compounds off-gassing from diver
hoses and to develop new acceptance tests for the mili.ary specifications for
diver hoses, A literature survey disclosed that the off-gassing would consist
primarily of organic solvents and wouid contain only traces of plasticizers
and deterioration products of rubber. Two acceptance tasts were developed
at NCEL for measuring tha quantities of organic solvents emitted by diver
hoses. The equipment used can be purchased for botween $2,000 and $3,000.
In both tests, measurements of ionizable carbon are employed as indices of
the concantrations of solvent vapors and related organic cornpounds.: In the
first test, measurements are made of the carbon content of air confined i
hoses for at least 7 days, Concentrations of up to 50 mg/m? are permi
in the second test, measurements are made of the carbon content of air
through the hoses at a rate of 3 ft3/min. Concentrations of not moro than
0.01 mg/m?3 per foot of hose or a maximum concentration of 4 mg/m?3
regardless of hosa length are permitted, The concentration of nearly any
compound that might off-gas from diver hoses should be at safe levels in
breathing mixtures delivered through hoses that pass the above tests, Excep-
tions are the solvents carbon disulfide and carbon tetrachloride, Military
spacifications must forbid their use in the fabrication of diver hoses,
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The Naval Civii &:nnlneerinu Labewtory {MCEL) was roquaﬁted to aseortain the
composition and toxlaity of wmpnunfds oftgassing from diver hoses and to duvolop now
accoptance tests for the military specitications for diver hosos. A literaturd survey disclosd
that the off-gassing would consist- prienurily of arganio so!vents and would tontaln only traes
of plasticlzars m‘d dutertorasion produsts of rubbor, Two acceptance tosts wore davelopud ot e
b NCEL for neasnring the guantitios of organlc solvents amittad by diver hoses, The squlpmunt ’ '
9 used can be purchased for between $2,060 and $3,000. fn both tests, moasuramants of , i
ionizable cerbon ave employed as indices & the concentrations of solvent vopors and roletecd :
ofganic compounds. In the first tost, mogsuroments ara mada of the carbon content of alr
“cendinad in the hoses for at isast 7 days.” Concontrations of up to 5O mg/m® arg permitted,
In tha sacond test, meusuremunm w0 madad! the catbon contant of aie flushml through the :
hoses as o rate of J % /mis, Concontratlons ot‘not more than 0.01 mn/m par foot of hows - [
or a maxitnum conesntration of 4 tg/m3 togarcliess of hose length are permitted, Thy ' i
concantration of nearly any compound that might off. «gas from divar hosos shouis beat ' '
_ safo lovels in breathing minctures deliverad through hoses:that pass the abovs tets, Bxoaptions
. ’ are the salvents carbon disulfide end carbon tutruchlorjdu. Mllltarv spsuiHoations muyet-foriid
their: uau insthe fabricatior: of diver hoses,
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INTRODUCTION

"The Supervisor of Salvage, Naval Ship Systems Command (NAVSHIPS),

.~ assigned the Naval Civil Engineering Laboratory (NCEL) the responsibility to

- ascertain the composition and toxicity of compounds off-gassing from diver
hoses and to develop new: accaptance tests for the military specifications! for
diver hoses, ' ‘

PREVIOUS STUDIES ON OFF-GASSING OF MATERIALS
* Diver Hoses

No rocord could be found of fatal poisonings by tumes off-gassing
-from divar hosos, and no regord could be found of investigations an the
~chronie effucts of continued exposure to hose ingredients.? However, there
ara numorous aceounts of divers complaining of hoses with obnoxious or
nausoating odors,
In 1968 the Experimen @l Diving Unit (EDU) at the U.S, Naval Gun
Factory purchased o numbar of diver hoses that smelled strongly of rubber
cement and wera unsatiafactory for use, Thay vlushed one of the hoses with
watar for 24 hours but It still had an objoctionabla odor, Thay sont a 20-foot
- saction of one of tho hasus to tha Naval Applied Science Laboratory (NASL).
for axamination, 34
Chamists at NASL flushod tho hose with contaminant-frae nitrogen
for 24 hours, passing the offluent nitrogen through a dry ice trap whare the
volatile contaminants were condensad and collected. Thay thor axamined
tho condensata by means of infrarad spoctrophotomatry and gas phase
chromotography, Thaw examination disclosed that the princips) substancos
off-gassing from the hosos were toluong, xylong, and wtramothylthiouram
disulfido, The first two contaminants are solveints for rubbar comants, wad
the lattor 5 a curing agant for modifving the propeetios of rubber, 1t hasa
vary objectionablo odor,
The sama three cantaminants wirg also uvnlvud from numgrous othee
samples of natural and synthotic rubbor hoses and tubing, usually at a lower
toval than from the objectionable hoses; but they were not evolvid from
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samplos of tho rabbe stacks from which the hose and tubing were fabricated.
The odoriforous contaminants wore apparently introduced during the fabrica-
tion of tha hosa or tubing, NASL chomists concluded that objectionable vapors
in diver hoses citn best be eliminated by judicious selection of hose ingradients
and fastidious fabrication procedures, The factory producing the offending
hoses followed the rocommendation and moedified their procedures to mini-
mize residual solvents,

Hoses have also boon known to contaminata the broathing mixtures
of MNavy divers with vapors of fHluorinated hydrocarbons, Scientists at the Naval
Research Labaratory (NRL)® tracod the vapor to orginic solvants of the
Freon type which were used for claning-hosos according to the Nortronics
procadure,® The procedure was designed primarily for cleaning motal con

“ponents of diving equipment, but apparantly an u fow occisions n wiis ussd

for cleaning rubber hosos,

The NRL scientists found that hoses which wire washed with Froon-113
(1,1,2 trichloro-1,2,2 trifluroathane) doteriovated rapldly and contarinatesd the
divers' breathing mixtures with solvent vapors, Air huid in the hosey for 24 hours
acquired & Freon concentration of 4,300 ppm, Farthaer wire, the Froan romovad
nonvolatile plasticizors from the hoses, thereby oltering their physical propo tes.
The NRL scientists recommended that divar hosas be clearod with agueous 1 SP
(tnsodlum phosphate) soiution rather than with orgame solvents,

Space Cabin Materials

Several studies have been made on the aff-gassing of materials employed
in the construction of space cabing, Pustingor? and B.iu\“ voparted briefty on
the: off-gossing from B canadiate suage cabin mate tls, v h trasor of f4as
products from polymoric mate qis were organic solvonts, Smakiet quantities
of plosticizurs and monomars and races of dugrd(jemm Pt wm also appasired
in the etfgussing from polymars,

Oftgassing of matorials was also studiod n the spoviat me.l chambur
of the Intgroted Lite Support Systom at Langley Researsh Canter,® Ton
matortals were seloeted tor the study. Thuy conssted of varions types of
plastie tubing, insutauon materials, and aetal foil adhosive tapes, Exoupt for
trace constituents, the off-gasseny at 200°F consisten of orggnie solvents, The
traga constituents wors probably plastiguers and themal breakdsown geoducts,
The salvents includid curbon ttrachlonide and other goisonc.as hatogonated
orgunic solvents,
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Trace Contaminants In Submarires

Since the advent of nuclear submarines, scientists have thoroughly
investigatad the composition of the interior atmospheres of submarines, 1018
They have presented a great deal of information on trace contaminants in
submarines, but aside from showing that vapors from paints and paint thin- [
nars are sometimes the principal contaminants in submarine atmospheres,
vory little information has been published on the off-gassing of specific
materials,

I the early history of the analysis of nuctear-submarine atimospheres,
it becamne apparent that the atmosphores were contaminated by a very complex
mixturg of organic compounds, Freons, mathang, carbon monoxide, hydro
carbon vapors, and numerous low molecular weight alcohols, ketanes, ethers, _
and chlorinated hydrocarbons accounted for nearly all of the contaminants, ,
The Freans were identified as refrigerants, and the arganic vopors as fuals, -
lubrigants, and commersial solvents, Methane and carbon monoxide were
probably primarily of metabolic arigin,

The hydracarbon fraction was so compiex that the early effort to
routinely monitor the concantrations of individuat hydrocarbens in suumorine
atmosphares was abandoned, The concentrations of gasoous Freons, methams,
carban monoxide, carbon dioxide, oxygen, and nitrogun were still monitored
ihividuully; but the vapsrs of hydracarbon salvenis and miscellineous alcohols,
kotonas, and othar low molecular weight compounds 1o which tha Hame wni-

Zation dutoctor is sensitive woro monitarad colloctively as o fraction, The
- traetion was callod total hydrocarbons® pvon though it containad coimponds
whigh are tot strictly hydrocarbons and it did not inelude mssthang,

AL e i the conesnitration of thetotal hydraciebons i subiaring
ot aspheess fraquontly rase 10 108 mp/m3 and sceasionatly sven higher, Steigy -
vonteal of pantiog, sk, and other scrivitios that might contaminate the
intefie atnwsphatos of the subnwarines has sigoticantly lowaerid the lovel of
tokal hysdroiarkions i subesisiies, According 1o some of the Xitest figures®
teluased foe pubhic information, 1o my/md iz now moee typical, (1£we asine
that U contaminans afe Pontete, U carbion content would be about 13 wghnd),

TOXICOLOGY OF HOSE MATERIALS

Sulvents '
Pt ol i eniemietiaterd staidies, Organtic sulvents waene twe pringipal ' T

wartistituints i T ol gassusy teom polymecic mataenls. Tivs could Bave beao '

anaresited fronm twar tow boling points and high solubility in polymeic mate. 5
tials, V718 - :
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Some of the industrial solvents most widely used for rubber are listed-
in Table 1. For each solvent, Table 1 lists the Threshold Limit Value (TLV),® .
which is dafined as that concentration of airborne substance to which workers
can ba exposed for daily periods of 8 hours, 5 days a week, without adverse
effects, The far right-hand column of Table 1 gives the expected analyzer
reading in mg/m? for the carbon contant of gas containing the TLV concen-
tration of the listad contaminant. The expected reading on the instrument is
not always the same as the actual value becausa a flame ionization detector is
not 130% efficient for all compounds. The vatues wera calcuto®ed from esti-
mated efficiencies (Table 2) of flame ionization detectors for the aoms G
difforont classes of compounds.

The most toxic organic sofvents that mrght be amployed in tha
fabrication of the hoses ace earbon disulfide, carbion tetraghioride, and tetrar
chicroethane, Benzengis also w ry (oxic, and othar gromatic hydrocarbons
are modesatoly toxic. Qn shg orwy hand, aliphatic and alicyclic hydracarbons

are toxic onty in relatively higs concentrations. The lower the botling point

ot a solvent of any class, tha more mamiy it will evaporate and be desorbad
froma h;m ’

- Plasticizers

The vipor prossures of all the commarcial plasticizens®® e so tow
that they posa but liesle theaat of paisoning by iukation, Tiw highae the
Lanling poing of the rubber plasticizas, e s biely am hay 10 b Townd

-0 P ot gussing trom te fubbier. Bame lasicens Gin 1orm deggaly 19418

bl Tho [ompkiaiuires fiiuieed 1O foem 1hem am highet M e existing i -
diver hoses, OF the plisticizens i vomueon wi, trirasyl phoyite is by !m
(e most paisonous 2 Numosaus evues of aRFipe rckd g st T be eniatlnt -
plastrizers for rabbae, Gl thay are Tur less Toxie than the ptsosshate e,

R‘ubw Wﬁm

Literally Bundiuds 6f cumpiints st addod Toribbct ioducts o
v s slops i (e dvpufictune 233 Gy mang difteent chiemicats ae
awided Toe The sang pustiise By ditferol Toromilatons ot @iffeeain Hagos i
the falxication oF 3 rubbied froduct that it is almast mnmhm: m ki
precisdy Wi i coiiging,

Nany of the radibet aodilives st very prsims. h»nmn.ﬂmy mih
Y exeoptions of the solvedits amd placiizors, okl fhom wte of suuh !nmmﬁ
mi.amilv 63 They ate usad 10 Suigh imiled guitintiod that sy i gas umyuill
cantiy. Though maeny of them Treguontly catrse ikt gic rcactings wheo Hasy
cunitatt the skin, anly & fow OF the rebbet sdditives paise @ sudiogs, :hml ut
pmwnmg by mMiwlum
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Table 1. Threshoid Limit Values® {TLV) of Industriat Buober Solents

! Theashole Limit Values
Boiling |
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Table 2, Response of Fiame lonization Detector to Co -
Various Atoms in Organic Compounds

Atom Occurrence ) Response?
Carbon in saturated compound +1,0
“Carbon in aromatic compounds +1.0
~ Carbon adjacent olefinic bond +0.9
Carbon : adjacent acetylenic bond +1.3
Chlorineg - unaliphatic carbon atom =01
Hydrogen inall compounds . 0.0
Nitrogen in primary amine - =06
‘Nitrogen |+ insecondary amine -0,7
Nitrogen in teritiary amine o - -0.3
Nitr n . n nitrile T -0.7

- Oxy, v - in carbony! radical - =10
Oxygen in carboxy! radical © =05
Oxygen : in primary alcohol . -C.6
Oxygen ’ in sacondaury alcohol © .07
Qxygen in teritiary alcohol -0.3
Oxygen in othar -1.0
Sulfur in sulfides -0,6

4 Approximato raesponse (for axample, offective carbon number)
of various atoms relative to a methane molocule as 1,0, The
response for a molecule of another organic compound is -
obtained by adding the estimated responses for its constituent
atoms, :

There are a few exceptions. Aniling, a frequently usad vulcanizing
agant Is very toxic either whon it is breathed or when it is absorbed through
tho skin. Benzidine and beta-naphthylamine, which are sometimes employed
i rubber as 'stiffening agents’’ and antioxidants, are very dangerous carcinogens
ard in some states are forbidden in anv industrial process. Asphalt, creosote, coal
tar, and pine tar aro frequently used in the recidamation of rubber from usad tires.
They, too, are carcinogenic.

The number of vulcanization accengrators s large and for the most part
they are vary toxic organic compounds,?' The ones used most frequently are
marcaptobenzothliazole, tetramathyithiouram disulfide, and tetrasthylthiouram
disulfide. All thrae are sonsitizors and all have extramely rapulsive odors, Thay
avoke allargles on contact with the skin of sensitized individuals; but apparently,
in the quantitios employed in rubber, thay are not dangarous from the stand-
point of airborne toxicity, Anothar accelerator, sulfur monochloride, can

TET et ot




cause ¢ zemqti:ed parakeratoses, and eczemas are frequently caused by
contact with rubber products. Unfortunatety, it appears that it is necessary
to use at ieast-one of the accelerators in compounding tubber- for hoses.

-~

Rubber T R

Generally, high polymers such as rubbers are substances of great .
chemicai inertness devoid of physiological and toxicological effects. Some
of the monomers of which rubbers are made, however, are very dangetous
paisons. . In addition to other information, Table 3 gives the TLV values for
the principal monomers from which commercial elastomers or rubbers are
made. ' _

Pustingar? and Back® in their investigations of space cabin materials
found that the off-gassing from polymeric materials contains tre- .« Jf unreac-
ted monomers, Lefaux?! also mentioned that polymers sometimes contain
unreacted monomers, hut he was discussing thermoplastic polymers rather
than elastomers. Apparently polymerization of elastomers is complete and
essentially irreversible, Flushing of any of the common types of rubber with
water would remove the ast traces of unreacted monomer. Pyrolysis and
degradation of elastomers generally yield products other than unrsacted
MonoMers, “

Natural rubber is composed of isoprenc.units, Neither the polymer
nor monomer is toxic. For decades the British Navy has fabricated diver
hoses from natural rubber and apparently they have had no problem with
off-gassing.

Styrene-butadine rubber (SBR), also called Government Rubber-Styrene
(GR-S), is also synthesized from relatively nortoxic monomers, ror several
ducaces most of the diver hoses used by the U.S. Navy have been fabricated of
SBR, There have beon no incidents of acute poisoning by fumes off-gassing
from the Navy hoses. There have only beer: occasional corplaints of obnoxious
odors and these have been traced primarily to residual solvents and not to the
tubbar stocks.

Soma of the divar hoses used by the Navy have been fabricated of
polychioroprene rubbur, for axample, Neoprene. Chloroprene is a little more
toxic than ara the monomers of which natural rubber and SBR are compounded,
but unreacted chloroprene has not been roported as an off-gas product of rub-
bor. Whar polychloroprono rubbors are pyrolyzed or degraded, they liberate
the chlorine as hydrochloric acid rathar than as monomeric chloroprene,?!
Airborne hydrochloric acid is extremely toxic, but itis readily detected, even
in traco concontrations, as a choking and irritating gas, Divers hare not com-
plained of & choking and irritating sensation when using hoses fabricated of
paiychloraprena rubbur, '




Tabla 3. Threshold Limit Value {TLV)? of Some Well-Known
Ingredients and Breakdown Products of Rubber

Threshold Limit Val 7s o
Somx nd Actual Carbon | Analyzer Carbon
ppm mg/ m3 Content Con ant
(mg/m3) (mg/m)
Acrylonitrile 40 70 48 38
Anlline : 5 19 15 .14
Senzidine 0 0 0 0
Beta-Naphthihylamine- 0 G .0 0
i Butadiene ‘ 1,000 2,200 1,954 1,866
Carbon dioxide " | 5,000 9000 2,454 0
Carbon monoxide 50 55 24 0 )
Chloroprene 25 90 49 46
Coal tar pitch volatiles - 0.2 0.2 0.2
Cresols 5 22 17 16
Ditertiarybutythydroxytoluene (BHT) 4 c ¢ (4
Hydrogen cyanide 1C nu b 3 A
Hydrogen sulfide ’ 10 16 0 0
Isoprene ¢ ¢ - : ¢
MathyImercaptan . 10 20 5 2
Phenyl-Beta-Napthihylamine 0 0 0 . 0
Styrane 100 420 387 368
Sultur dioxide 6 13 0 0
Sultur monochloride 1 6 0 0 -
Thiram - B i 1
Toluena dlisocyanate 0.02 1 0.14 0.08 0,07

9 Threshold Limit Values of alrburne contaminants, adopted by the American Confarence
ot Governmental industrial Hyplonists, 1968,

b Estimated from theoretlcai ufticiencios of the hydrogen flarme ionlzatic.n detector,

¢ TLV has not beon cstublléhnd , but compound Is known to be relatively harmless, ts
use Is approved by tho FDA tor food-handling uqu_l_pmom.

Many of the newer hosas employed by commercial divers are fabricated
of polyacrylonitrile rubbers, They have been usec for several years, apparantiy
withaut serious complaints of off-gassing. Monomeric acrylonitrile is a danger-
ous poison, but it has not been reported as an off-gas product from the rubber,
Pyrolysis of polyacrylonitrile rubber yields up to 2% of the even more danger-
ous hydrogen cyanide, Even at room temperatures hiydrogen cyanide can be
detactad In the off-gassing of polyucrylonitrile rubbers, but the concentrations
are so minuto that their presence is primarily of acadernic interest,

Polyurothane rubber is made from toluene diisocyanate (TDI), an
axtromaly toxic substance, but not even traces of TDI can be detected in the
off-gassing from polyurethane rubber. The safety of polyurethane rubber is
uttosted to by i popularity tor the fabrication of surgical items,




Thus, from the standpoint of objectionable off-gassing, there is no
great advantage of one type of rubber over ancther. The only differences
would arise as a consequence of possible differences in the kinds and quan-
tities of solvents, plasticizers, and additives needed for the various rubbers.
Other differences in toxicological hazards for the different rubbers might
occur if the hoses dre overheated or ignited,

. METHODS FOR MEASURING OFF-GASGING

When this investigation began, there was no means other than divers'

response for distinguishing noncontaminating diver hoses from those that

grossly contaminatad divers' breathing mixtures, Military specifications!
stated, "'A sample of hose at least 40 feet hut not over 50 feet long shall b
used. Any toxic or nauseous effects noted by any four subjects while breath-
ing air passed through the hose for one hour shall be cause for failure ot this
test,” . :
The test might be satistactory as a preproduction test, but it is {00
costly to function as a routine acceptance test, Commercial laboratoriss
charge nearly a thousand dollars to perform the test on a single hose. Another
fault is that the compounds most likely to off-gas in quantities harmiul to the
divers' health are cumulative poisons which have a delayed effect, Even though
a subject suffers no discomfort breathing through the hose for an hour, he may
accumulate dangerous solvents that will harm his health in later years,

Harris?4 described the test employed in the selection o} nonmetallic
materials for the Apoilo Command Module space cabin, A sample of the
candidate material is held at a temperature of 2009F for 48 hours in a test
chamber fillad with oxygen at & psi. At the end of the haating period, a gas
sample is drawn off and passed through a gas chromatograph equipped with a
flame ionization dotector, The totar concentration of organic compounds in
the sample is exprossad as pentane equivalonts, Condonsable matorials are
datermined by evacuating the tast chamber into a cold trap and returning the
noncondensables to the test chamber, The test chambar is brought to atmo-
spharic prassure with oxygoen and tosted for odor by a panal of four trained
inspoctois, For a material to be accaptable, it must meot the following
critaria:

1. The total walght loss, uxclusive of water, must be less than 1%.

2. Tha total organic off-gassing should not oxeeed 100 ppm by woight
whan exprossed as pantane equivalents (equivalont to a carbon
contant of 246 mg/m¥), -




3. The material after heating must not have 2 mean odor excesding
1.5 on the basis of an oifactometric test in which four panel
mernbers rate the odor as: '

Not detectable 0
Detectable 1
Objectionable - 2
frritating ' 3

4. No observable room tempurature condensate other than water is
obtained, ' ' :

Again, such a test might be satisfactory as a preproduction test for hoses, but
1t would be too expensive to serve as a routine acceptance test, 1t requires
several days to pertorm, and it requires that a short length of the hose be cut
off. This would destroy the end-soal on the hoses and permit water to get
into the braid,

As already described, NASL tested a hose by trapping the evolved
gases in a dry ice trap and then examining th condensate by gas chromatography
and infrared spectrophctometry. Various other cryogenic trapping techniques
and numerous adsorption techniques have been employed for concentrating
contaminaits in gas samples prior to their identification. Trace contaminants
in submarine'® W and SEALAB2 atmospheres were formerly trapped on
carbon black, The contaminants were subsequently desorbed with heat under
raducod prossuro, Studies at NRLYOY ghow that such trapping methods are
inetficiont and capture only half of the contaminants, The trapping techniques
are also tima consuming and are not applicablo to on-the-spot analysis, The
advont ot Hlame jonization dotoctors has mado possible the direct analysis of
trice contiminants in gas stroams, and trapping technicues are no longer
HICOSSITY,

Inall ot the preceding studies on off-gassing, the off-gas constituents
have always boen soparated or fractionatod by gas chromatography. 1dontity
of the chromatogroohic fractions has boon aidod by the use of seloctivo sensors, 28
by infrared spuctrophotomotry,” and by mass spectrometry.? Only wall-equippod
resourch cunters are sutficiontly spaclalized to omploy such tochniques to idontity
the individual gases and vapors that might bo givan off by hosos, Furthermors,
information is unavailable on tho permissible concontrations of many organic
compounds likely to be found in tha off-gassing from hoses, Honce, for routine
testing of divor hoses, it is impractical to identify and measure the concentracion
of tha individual off-gas products,

At NRL considerable effort was duvotod to the development of o
simpla-to-use analyzar for measuring the total concantration of orgonic
contaminants in submarine atmospheres, 0% Tho instrument that was

lrs
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“developed is called the NRL Total Hydrocarbon Analyzer. It isagas

chromatograph with a hydrogen flame ionization detector. This detector
-is highly sensitive to hydrocarbons and, to a lesser degree, is also sensitive
1o mast other organic compounds (Table 2). .

. Operation of the NRL Total Hydrocarbon Analyzer involves the use

* of a technique called "back flushing.” A sample of the gas to be analyzed
is introduced into the analyzer in the usual fashion and carrier gas is flushed
through in the normal direction. After rmethane and gaseous Freons are
eluted, the direction of the carrier gas flow is reversed,-and the ramaining
components are regrouped and eluted as a-single "lumped”’ peak. Thearoa
of the peak constitutes the measure of the "Total Hydrocarbon* (minus
methane) concentration,

All of the foregoing procpdures for detecting off-gas products or
other contaminants in gas samples were batch tests, Even the NRL Total
Hydrocarbon Analyzer was an instrument for analyzing small gas samples,
one at a time. To examine the off-gassing from a hase by such a procedure,

a 1-ml sampte of gas might be drawn with a gas syringe from near one end of
a hose. The sample would then be injected into an analyzer. The contaminants

off-gassing from the hose would be ascertainad from the composmon of the
1-ml sample.

There are serious taults with batch-wise analytical techniques for
measuring off-gassing rates. First of all, the concentration of gaseous con-
taminants in a hose varies considerably from the ends to tho certer of the
hose. Second, the concentration of trace contaminants falls off rapidly as
air is flushed through a hose, Finally, even if the sample wete representative,
nearly ali of its trace contaminants would probably be deposited on the sicdes

of the syringe or other sampling device and would not aven entor thy angvier,
Measuring off-gassing rates from & hose requiras an instrumoent that will handle

a continuous sample straam and respond with a continuous reading,

In recent years numarous continuous reading procoss instrumants have

baen introduced for analyzing streams of gasee. Thay are used in refinorios,
natural gas lines, ana other industrial procass plants whova it is necessary to
continuously mariitor the composition of a gas stream, At tha prasent time,
instrument makers are angagod in a raco 1o dovelop procoss isstruments for
monitoring air poliution, and naw Instrumunts a.¢ introduced at frequent
intervats,

Ono of the most successtul of the now broed of instruments is a
procass analyzer for total hydrocarbons, Tha process analyzars employ a
hydrogen Hame ionization detactor similar to that employed on the NRL

Total Hydrocarbon Analyzor, Howaver, tha process isstrument accommodatos

a samplu stigam, wheraas the NRL instrumant analy2es a smgla smutl sample
of gas at a time.
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Several instrument manufacturers market process analyzers for total
hydrocarbons.2722  A|| of their analyzers appear to be ideally suited for
monitoring the grass contamination of air by o*f-gas products from hoses.
The analyzers are reliable, extremely sensitive, easy to operate, and respond
tc most organic compounds, They are moderately priced at approximately
$2, OOO

"I éssence, the Total Hydrocarbon Analyzer counts the number of

_ carbon atomy in the off-gas products from the hoses. [t isa little more
efficient ir zounting the carbon atoms in hydrocarbon vapors than in the

_vapors of other organic compounds, but it responds to nearly all carbon -
compounds with the exceptions of carbon dioxide, carbon monoxide, ane
carbon disulfide, The Total Hydrocarbon Analyzer also fails to distinguish
between aromatic and aliphatic hydrocarbons, ‘

Infrared30:3' and ultraviolet3? process analyzers can also be used
to monitor the concentrations of many organic compounds, Tney are
especially well suited for measuring the concentration of carbon dioxids
and carbon monoxide, and they can be adjusted .or distinguishing aromatic
from aliphatic hydrocarbons. Hence, they complement the capabilities of

T -the Total Hydrocarbon Analvzers,
N Each infrared or ultravi ‘let aralyzer is sensitive to only one compound
- orone narrow class of compounds. This is determined by the composition of

,A\\

“the gas in the reference cell of the instrument which is filled at the factory,
Resistances and othar components of the ahalyzers must be adjusted at the
factory to match the refarence cell. Such a high degree of specificity reduces
f.he value of the analyzers for measuring the off-gassing from diver hoses.
~Kyrthermore, optical instruments like the ultravitlot and infrared analyzers

- are less sensitiva than the Total Hydrocarbon Analyzars, To be useful for
-~ dotacting trace contaminants in gases, thay would need dry ice traps or

&Lrhtewn canisters for concentrating the trace contaminants, 3 Though the
ﬂptiwl instrumonts are essential for monitoring the concentration of carbon

. .mpno\ldu and carbon dioxida in divars' broathing mixtures, they would not

k‘.@i:-ffiierby useful for measuring off-gassing from diver hosos which evolve

. nsigrificant quantities of carbon monaxide and carbon dioxide,

Inabihty of the Total Hydrocarbon Analy2er to detact carbon

’AJ'. £l ] . 1] . ~ . ®
Fo disulfide is @ mory sorious shortcoming, Carbon disulfide is an excalient
- sidvant for rubbaor, and its vapors are extramoly poisoncius,

There are numarous types of analyzers on the market that might be
amployed for moasuring the off-gassing of sultur-containing compounds from

- divar hoses., I ganaral thare are soveral makas of each type, Most of the

instruants are oxcetlant for thair spacifiod purposas, but some appear to be
better suitad than others for measuring the rate of off-gassing of sulfur com-
pounds from diver hosas,
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‘ One popular type of caalyzer reduces all suli r compounds catalytically
with hydrogen.3% The resuiting hydrogen sulfide reacts with a moving lead
acetate imprisgnated tape. Discoloration of the tape by ilead sulfide is measured
_continuously with a photocell, Instruments of this type are very specific for

“sutfur, They have been used very successfully in refineries and natural gas
lines. However, they cannot be used for analyzing air or other gas mixtures
containing oxygen. |f they were used for measuring off-gassing from diver
hoses, they would require hydrogen as the carrier gas, The hydrogen required
to flush a hose at a rate comparable to the flushing it would recsive in use
would constitute an explosion hazard of considerabic magnitude, Another
disadvantage of instruments of this type is that their response ‘s slow, requiring
saveral minutes for equilibrium to be established, and their readout time is
even slower because of the time lag for developing the color on the sensitive
tane.

A popular type of analyzer35-37 for measuring the concentrations
of sulfur compounas i air employs a liquid electrochemical detector, The
air is bubbled throuqh an iodine~iodida or a bromine—bromide solution
confiried in the electrochemical cell, Suliur compounds in the air reduce
the halogen salutions which are continuously reoxidized electrolytically back
to their original oxidative state, Continuous measurements are made of thé
current required. Various irstrument makers employ elactrochemical cells
of slightly different design.

Instruments of this type are not soecific for sulfur compounds but
will raspond to any agents which are easily oxidized or reducad. Of the
agents which ara most likely to be off-gassed from rubbar hoses, only sulfur
compounds are usually detected. The rasponse time is slow and approximately
4 minutes is raquired for aquiiibrium to be establishad each tima there Is a
change In tho concentration of sulfur compounds, In comparison to the
hydrocarbon analyzer, the rango of tho electrochamical instrument is rathor
Hmitad. A hose grossly contaminated with carbon disulfide would cause the
instrument to go off scale, Soverai hours of flushing with contaminant-free
air might be required to docomaminate tha coll, Finally, fairly latge samplos
ara required, and rocycling procadures which will be described later In this
report connot be usud for evaluating hosus with an electrochemical sulfur
analyzer, :

Flame photometry appears to be a practical procadure for moasuring
tha concentration of sulfur compounds in air passed Yhrough diver hosss,
Formerly, flimo photometars suitable for continuous analysis of gas mixtures
wara primarily rosearch instrumants, too sophisticatad and ex pensive for
routine procaduras. Howovar, thare has recently become avaitable a sioplifiod
analyzer with a flama photometar for continuously monitoring tha total von-
contration of sulfur compounds in gas steoams, 38 The instrumant is specific
for sulfur compounds and detects all of tham,
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Some chlorinated solvents, especially carbon tetrachloride and
tetrachloroethane, are very poisonous, and they have frequently been
employed in rubker cements used to fabricate huses. The hydrocarbon
analyzer wiil detect these agents but at an approximately 50% efficiency
as compared to the detection of unsubstituted hydrocarbons, Apparently,
no process analyzer is now available for detecting halogen compounds selec-
tively and continuously, but a halogen leak detector might be adaptable for
that purpose,39 * '

APPROACH

Toxicologists have not yet agreed upon a permissible value for the
total concentration of organic impurities in divers’ breathing mixtures, Even
if the permissible concentration had been established, it would be next to
impossible to state a permissible limit for the rates of off-gassing from diver
hoses, Each situation would require a different value because the length of
the hose, temperature of the water, length of stay undorwater, and numerous
othar factors would certainly all inflaence the final value,

wovertheless, some sort of limit should be set for the rate of off-gassing
of organic constituents from diver hoses, Failure 10 do $o is tantamount to
stating that anything is acceptable whareas, in fact, even the best is not as goud
as desired.  Stating that no of -gassing is permitted is unrealistic, bocouse all
hoses, especially new ones, do off-gas to somo extont,

Ona approach tor avercoming the dilemma might be to moeasure thu
off-gassing ratos of the bost availablo diver hoses and employ those ratos as

- the maximum parmissibin untit bettor hoses are availablo and until more is

known about the toxicological etfects of the offgas products of hoses, Anothor
approgeh mignt be to ascurtain the most tikoly conosition of the offyassing
from divor hoses and sat limits which would kae, 0o congentrations of tho
pradicted compounds at safo lovals, :

Both approachos ware emplayod at NCEL., Measuramonts warp mado
of the off-gassing rates of numarous commerciatly available hosus, Some idon
was thareby abtainad of the magnitude of ottgassing limits which industey
coules practicatly meet, Then o survay was madu of hose twchnology to asesriain
thy most likely compositton of otf-gas products. 1t was ustablished that the
atf-gassing from hosas is most likely to consist primarily of iy drotarbon sol-
vants, both aromatie and aliptatic, Parmissibio honts wore established on the
assumption that the oft-gassing is composisi entirely of bunzene, The limits
wary Within a range which industey should ba ablo to meut,
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EXPERIMENTAL METHODS AND RESULTS
Materials and Equipment

All of the hosgs, with the exception of one used Navy diver hose, were
purchased or supplied new specifically for this investigation, They are hriefly
described in Table 4, Though they had not been used, many of them had
obviously been stored for a long time after they were fabricated. Some of the
hoses {Table 4) were supplied with the specific understanding that they were
of recent manufacture and had been stored only briefly, Though most of the
haoses tested were manufactured for other purposes, thay all were types frequently
-used by divers,

A Beckman Total Hydrocarbon Analyzer, Model 108A, and a Beckman
Sulfur Dioxide Analyzer, Model 906, were employed for the tests daescribed in
this report. Their use is not to be construed as a recommundation for the use
ot Beckman instrumants over those of othar manufacturers.

Thea Backman Model 906 Sulfur Dioxide Analyzer comes equipped with
a seloctive filtar for ramoving atl of the readily oxidized and reduced contami-
nants in air with the exception of sulfur dioxide, When the filter is romoved,
tha instruinent bacomes in assence a total sulfur analyzer,

- OffGassing of Qrganic Carbon Compounds

A graat number of measuremuents wore mado of the concantrations of
organic compounds in steaams of helium lowing through hoses at various flow
ratos. The measuremants wore made with a Total Hydrocarbon Aralyzar,
Flow ratos as low as 0.1 ofh ware employod, The stower the flow rates, the
higher wirre the corcentrations of organic contamingnts, but a vory long time
Wil raguirad 1o astablish steady-static eonditions at tow flow ratas,

Moasuramonts ware aiso made o ascertain the effect of pessure on
the of f-gassingg of hydrogarbone, 1t wis observed that the lower the pressure
of air flowing throuah the hosos at s givin flow eito, the graater wis the
cangmteation of offypssing hydrocarbions, Mowewuee, Tow ritos ware mgasutodd
i rms e ad stangdard temgirataes and prassuro, Yhough e metoe ingds.
cated that the flow rates were eaual ot begh and low pressuee, the voluaws of
ale passi) throagh the hose per umt tine were 0o eaal,

T wvas recoguzedd thist contaminahinn wonkd b« o AN Imum e
whnn tise Flusbing FRe was 20ro and Yaat a 2ero Hushg cotn conlid be achiov
Ly reeyehing the sanw e through the hoseomn e nannie shown in Friure
A stegdy reading was e establsbasd o rebabvely shoet iime and  the fesults
watre toproducible on ditlorent days or even ot deflerent wieks, '
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Table 4, Some Measurements of the Off-Gassing of Hoses Frequently

Used by Divers

Inside Length Carbon Cogten\
Composition | Dimension of {mg/m®)
No. | Brand Description of Hose of a ot Hosa
Tube Hose () Recycle | Flush
{in.) Test Test
1 A British Navy Diver NR 3/8 80 17 -
2 B ] U,S. Navy Diver 19569- SBR 1/2 B0 10 12
3 B U.8, Navy Diver 1967 CR 112 50 kK] 2
4 B U.S. Navy Diver {used) 1861 S8R 12 60 8 0
5 | 8 | High prossure diving® NBR V2 215 | A | &
6 B Ganaral purpose SRR 12 30 2 1
7 C High prossure diving NBR V/2 200 70 3
8 | € | Migh prossure diving? NEA 12 200 69 | 6
9 C Divars' tHoating NBR 12 20 14 1
10 C Gonaral purpese CR 1/2 60 10 2
1 c Ganarul purposs SR 112 100 8 /2
12 v} Qrchard spray SHR e 160 130 2
13 E Hydraulle Nylton 12 60 1} 112
14 3 Hydeaulie Nylan RT] B0 - 10 12
. ¥ Hous mad 1o Navy S (42 12 50 45 1
16 G Agrlguttura! SHR 142 10 10 uR
17 G Agtisultusal SHA e 00 16 1
18 H Agrigultueal SHH 112 30 10 1
19 | W] Agrieuhun SHR am uh Y 142
-l W ageuiura? SaR 2 W0 | 2w ! Y
a1 on | Agreuiuea® SN g W00 | aEs o
2 | n | Apkuta® SHH "2 w | o |-
23 . W | Agrieutn, -® SR \2 wo | o | -
23 w0 | Ageeutiuea® SUH W {03 3] b -
L] H Agricultunt $0R NI L0 L[ Y] -
0 H Agrulinga SHA b1 Ho W -
N7 H Agticutiuea) S0 s 1) ua -
1 M| Arsutiue LITH] wm 100 % I
N | H O Aghcuiea SHK n W 150 )
Wt | iersss ussinond Pulyotathana | 8 00 o | o«
ST

R S Natwtal mblret
SHA » Stytwoe Butadwsw ot
NGH » Avtykmittile Lull Sene rudiou,
LR« SR tpvenng 1ol Ser,

’ Fabitatod inantly,
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Bigure 1, Flow disgram of apparatus far meaguring the concentration
ot hyovacarbans Uit accumulate n the aly confisud wamm
8 hasa,

It was alsd recognized that the concontrations of offgassing P
hydrocarbons waulit appegach a Stuady State in a ratativaly briot dee i .
~ tho flushing rate wora vary rapid;  Thueolore, the low rato for the Hugh
tosts was incraased to 2 efm, Rathwe than mnii«d m’lmm. h!mmd it wgy.
employed,

© o The Tow Hvdracaron Amglyaoe 2 ummmmw a Feasamum flow.
1410 of about 2 ¢tih. Thoaeeture, it was ey 19 devisg a deaas Tor sany
- pliang oidy 0 poclon of v air Hlushed lhmunh the hose, '!hu Shtaniaingn?
duvisad 1s shown in Bagure 2,

Togical rosults obistived Dy the rovyaling .uui flush !zvsls e given
~in Table 4, Some of 16 bosis bt peeuigs mover Letone beee Hosied withs
i oF water and some muy have Loen Baoromubly Hughod o washed. Some
sy have stocd 1oe yours belora thiy wore s, Thas, it wonld bo uniaie
o Sompate Gratds o the basis of the resulis of Tubke 3 5o brard aamos oiv _ -
0oy given, - : . a A
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Figure 2. Flow diagram af apparstus tor megauting the concentration
of hydeacarhons in 2 steoam of ale of othar gas after it ha
T PIESAU tOUg 2 Taet hose,

_ The data of Tabie 4 doas Hlusvate that off-gassing varies considevably
~vrom hise 1 hise, Ewn the asults on the (o 18 oF five sgticultursl hoses,
whigh ware suplikd ot the same bisa Dy 1 sams manufactutee aod Tabricatod
by e g w@mmm !mm ho same aLoriats, ws@d c@mﬁd@mi}ly KR
tute.

Howes no. b, 8, 20 thiough 24, ahd 30 ste prosuimed 10 bave stood tis |

shortest peviod of e singe felwioation, O sy feow these hoss iy
sieilkitigly Wighior thue fof those which had boon fabrrigated seweral yixes
povicsusly.  Ruetidual solvests Stwmikv ms.;gw aig off »g;esmg from old
PR iy g ligitib, A
Nutwtus atlompls wote made to degs hanas that of-gas a1 hagh

ratos, ot geanyle, th witbile nuboer Bigh staesurs diving hose (no, B,
Ttk ) weas Hlushad Sor 72 bowrs with 229C aie 51 1 etim, Several teeyilioy

el for hyaroustbons wato mae at varki it iotevals Phetsaltorn (Talile BY.

© Thwe obfgansing tate of thw hose was congigorably taduied immadiately atler
Vioaieing, but (6 timg partially recained it initial bigh leve!, A 25400t wiian
G 1he hose wis degaaand Turtha whiks §wes submanged ih a hot watet Bath
Ao 3t 579C The reduciion in oif.gagsing rate wias evss giostet thin
had cosusrad atiar B T2:bout ioom tompedatune Tugh; but egain, the ol
Gasking rate partsally recovered o Waisding (Table 6).
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Tab 8. Recycle Test Results for Mi-Gossing Rowes
of Mitrile Rubbor Hose

{Flushed with room temparat-re air al

3 cfo for 72 hoursi
. Carban Contont
Timo fmgfm)
Betore Hushing A ' 4
imemediately siter lushing 1Q !
1 howe after tlushing . " ‘ :
2 hours at e Hushing ” : i
24 baurs altoe Hughing ‘ 163
Tabk G Rocyeld Yest Resuhs tor Ot Gassing Rates of
2 25-Foat Seetion af Nanke Rubbor Mos
< {FRuweg weth 3¢ af 3 ¢l wiihe sulbimotigsd
. iawater at 579C).
o Cason Cantonvy
Fime Fngin) -
fetote Sié'_siiixg N SRR ¥ ) '
Meatiad 10 570 S )
tivrediarety ottt Hhadiog 2
1 Kot SHER HULRIG o
Pty btol Wasuing 52
* Says ofion thuphing oo
& v ahlen Dasdivog 3]
X3 dayx atbed thghng L
Ohier atiants woto made 16 degas miivk Falbor birs aind Vi fosailix
wede sinilar Flushing the patyaietiveng basze (no 30, Tabla &) B 7 b
with Foei tempmialiute ait atl 3 oim femgotanily redwced Khe GITgasing ralod,
D o ek Tatot ¥E had seiimdd () its indiiat beved, 1 waotined & Witk vadas (9
degis siytete Dutadiens nubibet hases, sl Thisr olbgasuog rates gaduly :
Tl evd i they wore ot Tlished  Ditawing concluslaos on e melathe wiw
0f chugasing Ve ious NubILers, hawser, ks pfemalin Bocaiee The axpwe iman )
. : ) . i
‘
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Of greater importance than composition of the rubber polymers is no-doubt

the composition of the solvents, Hoses fabricated with low boiling solvents
“should be easier to degas.

Bscause divers use hases of various lengths, it is important to know

whether 'ength of hose influences the test results,- One bit of information

was obtained from thn nitrile rubber hose of the previous discussion. The

hose was originally-ap -~ oximatr ly 276 feet long. "A 25-foot section was cut
from it, A comparison of the results obtained on the two segments of the hose
“in the standard recycling and flush tests were as follo\vs. '

L Recycle Tost for o Flush Test for
Hose: Segiment Carbon Content . Carbon Content .
(ft) (mg/m3) (mg/m®) |
250 171 S
25 177 . 2

Additional information on (he influence of langth of hose on the
results obtained in the standard recycling and flush tests were obtained from
measurements made on the twa sels of five 100-foot lengths of agricultural
huse (no. 20 to 29, Table 4), Measuremaents ware made of the maximum
off-gassing rate of each of the hoses by the standard recycling procsdure,
Fiiush tests ware then made on each of two hoses of each diameter, The
three remaining hoses of each dianmster were then fastened together tc forin
300-foot hoses, Measurements of the maximum off-gassing rates of the two
300-foot hosos were made by the standard recycling test, Immediately
afterwards they ware tested by the standard flush test The results are
summarized in Table 7.

Table 7 shows that results of the recycle test are unaffected by the
length of the hose, but that the results of the flush tast are proportional to
some function ot the lungth, By itself, Table 7 would also indicate that the
off-gassing rates of both tests are influanced by the diametere of the hoses,
Such an interprotation doas not take into account the fact that e hoses of
tho two diamaetars woro obviously fabricated in differant runs, possibly at
considerably difforont times, Qne would expect the results of the flush test
to bo affected vy hose diamoter because it is necossary to move air with a
graatar velocity through a hose with a smell diameter than through a hose
with a large diometer, Howevor, there s no reason to expect that hose diam-
otor influences th rosults in the recycling wsts, because in the latter tests a
diffresion oguilibrium is moasured rather than a steady-state functlon of the
flow rate, us |s tha case with the flush tests,
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" Table 7. Effoct of Hose Length on tha Raosults of the
‘Standard Recycle and Rlush Tosts

Canom Co;tent '
a ' , fuside femgrm*)
TOS% : Lf:?tg)th Dimensions
no. _ s (in.) Recyeit Flush
’ Tasr Test
20 - .| 100 172 B IR R 7
-2 100 1/2 2 10
22 - 100 2 2 -
.23 100 12 T ~
) 24 100 -2 T -
20,21, and 22 300 . 1/2 W) 16
25 100 3/8 106 -
26 100 3/8 99 -
27 100 . 3/8 84 -
28 . 100 3/8 43 3
29 100 3/8 160 4
27,28,and 29 300 3/8 99 6
. “ See Table 4,

Off-Gassing of Sulfur Compounds

investigations of the off-gassing of sulfur compounds from hoses was
cut short by reductions in funding, A relatively small numker of measurements
were made, all with the selective filter of the analyzer still in place. Thus,
measuraments weare made of the concentrations of sulfur dioxide rather than
of total sulfur. The measurements were performed primarily as a means of
bacoming better acquainted with the instrument and were to be followed by
measuremants with the fiiter removed, The latter measurements were never
mede,
The sulfur dioxide analyzer required too great a sample flow to permit
_arecycling test for sulfur. {See racycling test for hydrocarbons under Proposed
Acceptance Tests,) The nearest approach was to attach ore end of the hose
directly to the inlet port of the analyzer and leave the other end of the hose
open. The instrument pump drew air through the hose at a rate of 160 ml/min,
in all cases tha maximum readings occurred in less than 30 minutes
and fell to nearly zero in another 30 minutes or so, The exact time at which
the main surge passed through the analyzer varied a great dea! and was




influenced by the hose length. If the hoses were permitted to stand a day or
two after they had been flushed down to low readings, they regained their
capacity to evolve sulfur dioxide. Recovery of off-gassing rates of sulfur
dioxide was more rapid than the recovery of the off-gassing rates of hydro-
carbons had been. '

- The foregomg results |mp|y that sulfur dioxide was flushed from the
- interior rubber surfaces-of the hoses and not from deeper layers of rubber.

. The magnltude of the surge of sulfur dioxide and the time roqulred for recovery
~of the off-gassing rate were perhaps measures of how rapldly sulfur compounds
in the rubber are oxidized. _

No measuremerits were made of the carbon disulfide evolved fron the
hoses, However, some of the measurements of sulfur dioxide (Table 8) were
made with a scrubber filled with a chromic acid solution inserted at the inlet
of the analyzer, The scrubber removed an impurity from the hose that was
contaminating the electrochemical cell of the analyzer. The scrubber should
have convarted at least some of any carbon disulfide that might have emanated
from the hosas into sulfur dioxide which would have been detected by the
analyzaer, Apparently none of the hoses tested when the chromic acid scrubber
was in position gave off significant quantities of carbon disulfide.

Off-Gassing of Hydrogen Cyanide

Hydrogen cyanide off-gassed from a hose was trapped in a sodium
hydroxide solution and converted to the sodium salt, To ensure that no
hydrogen cyanide was allowad into the hose with the air, a trap was also
placad at its inlet,

Air was passed through tho hose and bubblers at the rate of 1 cfh for
24 hours, Both solutions wara than chacked for the prasence of sodium
cyanide. 0 The test method is quito specific and vary sensitive,

No cyanide was detected inany inlot trap, but all outlet traps attached
to hoses fabricated from acrylonitrile rubber contained sodium cyanide, Hosos
made of natural rubber, chloroprene rubber, or styrene butadione rubber did
not off-gas hydrogen cyanide (Table 9). Hose no, 5, which off-gassed tha
smallest quantity of hydrogen cyanide, was flushed with hot water saveral
months praviously for the ux periment described in Tabie 6.

It should ba noted that the TLV of hydrogen cyanida (Table 3) is
near'y 1,000 timaes groator than its cencentration in air passed slowly through
the nutrile rubber hosaes,
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‘Table 8. Maximum Concentrations of Sulfur Dioxide in
Air Surging Through Diver Hoses

Sulfur
Date Hose" Dioxide - Dichromate
{no,) R(:adjngb ’ Scrubber
(%)
27 Sept 7 42 . no .
23 Qct: 7 40 -no
27 Oct 7 37 no
28 Oct 7 20 o
31 Oct 7 39 : yes
27 Sept 8 26 no
23 Oct 8 10 no
31 Oct 8 11 no
27 Sept 10 5 no
23 Oct 10 7 na
27 Sept N 3 no
29 Qct 11 3 no
4 Nov 15 29 yos
4 Nov 21 b yus
combined :

¢ W
4 Nov 20 10 24 14 yus
17 Nov 30 <1 yos

4 From Table 4,

b ygos - 0.6 phm sultur dioxide,

Off-Gassing of Toluone Divsocyanate

A eolorimuetric tost wis davised tor detocting toluene diisoeyanite in
an PRssed through diver hoses, T tost was asimplifiog vorsion of the test
doseribiog by Zapp® for momitering die m work aras where polyurathung
toum plistics are produced, Filtored ae was passed theough o babblee contian.
e o HO-mi aliquot of o reagent solution consistiog of 200 mt of 1% agueous
sochum oitrate and 300 il of othylone glyeol monaathyt ethar (Collasolve)
Tha arr was then passed through a hose and finally throuyo a second babblor
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"maintained at a rate of 1 cfh for 24 hours, Off-gassing of toluene diisocyanate
by the hose would be indicated by a yellow--orange color in the second bubbier
cylinder, s :

Table 9. Detection of Minute Traces of Hydrogen Cyanide
in Air Flushed Through Diver Hoses

T a Hydrogen Cyanide
. Hose Compogition” Content
ino.) (ugm/m3)

1 NR 0
2 SBR 0
5 NBR <9
7 NBR 14-1/2
8 NBR 18
8 (repeat) NBR 21

10 CR 0

N SBR 0

18 SBR 0

4 Sew Table 4.

]
Although the test for toluane diisocyanate is ntt as spacific as is the ki
test for hyo ogen gyanide, it is o vary sansitive test, Not gvan a minate trace { ¢
of tolens diisogyanate could be dategtad oftgassing trom the polyurgthane s
hose (i, 30, Table 4) and none o1 the othurs warn tested. » { ‘

RECOMMENDATIONS

It is resomisandad that the military specifications tor divee boses ba
ravisad to include the following statetimts, ‘ '

Qrganic Solvents
Tha orgiaime solvents used at sy staga i th fabacation of o diver

hwse, including the solvents usatd for the rubber cements tor tastetny.
couplicws 10 the hose, for sealing or capping the ends of the how, tor
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bonding the layers and plies of the hose together, or for any other application
which might contribute to the contamination of an air stream passing through
the hose, shall conform to the following specifications,

The solvents shall be composed et ohe or more saturated aliphatic or
alicyclic hydrocarbons, They shall contair less than 0.1% by weight of asomatic
hydrocarbons {suggested method: ASTM-D1017) and less than 0.001% by
waight of sulfur (suggested method: ASTM-1266). The solvents shall contain
no carbon tetrachioride, tetrachloroethane, or carbon disulfide, Restrictions
on use ot the aromatic solvents, benzens, toluane, and xylene, shall be waived
if the total off-gassing is sufficiently low (see Fiocycle Test under Proposed
Acceptance Test), but the restrictions on carb,on tetrachloride, tetrachlorosthane,
and carbon disutfide remain in effect. ' ‘

Rubber Additives

So that the hose may be as free from odor as possible, it shall be
fabricated of rubber containing the minimum quantities necessary of the
purast commercia: grades of accelerators, both in the cover and tabe, The
rubber shall contain neither phosphate plasticizers nor aniline. No proces:
sing aide, extender, or plastic.”  * having an aromatic hydrocarbon contant
of greater than 100 ppm (ASTM-D107) or known 10 have a TLVY of lags
than 25 ppm may be added. Nelther benzidine, somotimes employed as a

Hfaning agent for rubber, nor Heta-naphthyiaming, sometimes employac
an antiex idant tor rubbaor, shall bo used at any stage in the manufactyre
Fdiver hoszs, Darivativas of beta-napbthylimine (for exampla, phanyl-
unta-naphthylaming) shall aiso not by emplayed, 18 < recommondog that
antioxidants of the phanolic Sype, such as ditertisrybutyhydroxytolusne
(BHT), be used vathgr than aromatic amines.

Lubwicanis and Gaskot Dressing.

Coupling lub:icants and gasket deossings shadl ba smployed snly i
vary lirited quantites, Only highly patitied stieane ofl or USSP, prteolatum
Ay B uied,

Proposed Acteptance Teuts

o pragsosads hat air hoses o militaey divors be tostid e means

of o Bockman Modal 1000, o Foxbioro, oe an MS-A Total Hydrogirbon

Anplyzor ot any rquigaient procesy dalyper sisploying a ame innization
detector and iving i, Sapacity 10 Getect containgtmg carbion st levals
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“ranging from 0 to 200 ing/m3. The preceding term designates the mg/m?3

of carbon contained in that concentration of methane which will cause the
instrument to give the same reading (Tables 1 and 3). The flame ionization
detector of the Total Hydrocarbon Analyzer is sensitive-not only to hydro-
carbons but to related organic compounds (for example, see Table 2),

The measurements shall be made only on hoses which have never
been flushed with ir, gas, or water, or which have been stored at & tempera-
ture not lower than 22°C for a period of at least 7 days since they were
flushed. During the 7-day storage period the ends of the hoses shall either
be sealed shut or fastened together so that the confined gas may not escape.
Both the analyzer and the hoses shall be maintained at @ temperature nat
lower than 22°C throughout the testing period.

The procedures for measuring off-gassing rates from hoses are
described below as the recycle test and the flush test. The recycle test
shall be performed first. Both procedures can be usad for measuring the
off-gassing rates of hoses of any reasonable length-—for axample, 25 to
600 feet. Equipment for the tests can be purchased for between $2,000
and $3,000.

Recycle Test., Air is more highly contaminated whan it flows slowly
through a hose than when it flushes rapidly, Maximum contomination occurs
when the flushing rate is zero. Simply moving or racyeling air through a hose,
out ane and and right back into the other, does not flush the hose but merely
mi%es tha air, The contaminanis all remain in the hose and arg recyelod with
the air, Therefore, the maximum love! to which air is contaminated by a hose
tat o given tomperature) can be convanigntly measured by continuously
recyeling the air threugh the hoss, the analyzer, and back through the hose,
The muasuremont should be ralatively unafiected by the length or diamator
of the s, or by the rate of recyeling of the aie,

 During tho meyeln test, one end of the hose is connectad 1o the
bypiass outlet of the analy2ee and the other end is connectad to the sunple
ilot {Figurg 1), The wmstrument pump torces the aie o gas confined within
the 1ose to recycle through the bose aad analyeer, With the Beekman instey
st it recyeles at a fate of approximataly 0.7 10 1.2 ¥Vmin {1:1/2 16 2:1/2 ¢y,
But thee actual ratie is Dot critical,

Fivee 1o 10 mi of gas pof minute escagse teough the sample capillary
1o the flam . To prevent 1oss of poessice, the hose is pavigdicully beiotly
vettied] o tie armosphare, Venting once every 15 minutes wsutticiuntly
frequent 1 prevent passare drogs in oses 100 1o 200 Bt long, N fro
quent veoting is deoessary 1oe shorter hoses, and no vanting 45 raxaded during
3 30-minute test period for hosgs 300 Teat or more in fangth,

S
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Measurements of the carbon content of the air, expressed as mg/m?,
are recorded every few minutes (or continuousty with a recorder} for a period
of 30 minutes. Reacings for the first 10 minutes may vary considerably. A
reading which falls steadily even after the first 10 minutes usually indicates
that there is a major leak at a coupling or elsewhere in the line. A reading
which steadily rises usually indicates that equilibrium conditions have not
vet been attained since the previous flushing of the hose. In a normal test
the readings either necome steady after the first 10 minutes or they fluctuate
up and down, within relatively narrow limits, as @ pocket of gas periodically
passes through the analyzer. Tie hoses are rated by the average reading over
the last 20 minutes according to the following scale:

Carbon Content

Rating {mg/m3)
Accoptable Ot b0
Canditional 50 t0 100
Unacceptable >100

Hosas with a conditinnal rating are aceapcole i nuither benzene nor any
other sulvent having o TLV with o carbon content of less than 100 mg/md
(Table 1) was used in the fabrication of the hasos. (f the rating is aceaptable,
restietions on thae gse of bovsene may be waivad; but the use of carbon
disuttide, carbon tatrachloride, st wetvachioroethane must still be torbiddon,

Flush Test, By this procedure, nesisurements ar made of the ingroase
i the carhion content of o steeam of aie tushed through the hose at a vologity
ot 85 min (3 113 /min), The temperatures of the hase, air supply, and analyzur
shall not bo fuss thaa 229C, A dagram of the How are.ngoment §s given in
Figure 2. :
Butore 1t passis through thi hose, e s should be clest and should
Bavi @ earbon conteat of not more than L mg/md. The analyzee 9 sotpead
WARH Qe pRisSing at the stipulated veiogity through the connautor tubes only,
Ty ot 18 Uy inyaertesd 16 U et i tha asr stream flushed Wraugh it
For the ensuien 15 minutes, teadings of the hydtecirbon canoenirstion ate v
regorided gvety fowy minuies (o continasusly with a recocder), The hoses
e ratad on tha feadeg O e wid of te 19 eyt est porund, Moses which
KIS A GOt 10T A5¢ 10 the Carbibn gontont ot the au stteam than 0.01 mgfin?
ot oot of hose av 3 nasdmum o 3 mg/in? tegardiess of kength ate uhacaptabile,

)
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CONCLUSIONS

The proposed acceptance tests do not yuarantee that the concentrations
of carbon tetrachloride, tetrachloroethane, and carbon disulfide are at safe lim-
its in the off-gassing from diver noses, Fortunately, price essentially eliminates
tha likelihood that tetrachloroethane will be used in the fabrication of hoses.
Price also certainly curtails the use of carbon tetrachloride and carbon disulfide
because they are a little more expensive than hydrocsrbon solvents, Another
factor is that safety personnel have been striving for decades to eliminate the
use of these two solvents, Both are very toxic and carbon disulfide is so
inflammable that it ignites spontaneously at 125 ta 135°C. Even contact with
awarm steam pipe or electric light may cause it to ignite. Thus, the likelihood
that carbon tetrachloride, tetrachloroethana, or ¢arbon disulfide will be employed
in the fabrication of diver hoses is not very great, The concentrations of any
othar compounds likely to be off-gassed should be at safe levals in breathing
mixtures flowing through hosaes that pass the proposed acceptance 1@sts.
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