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Technical Report R-698
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by

-H. P. Vind and C. W. Mathews

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 military specifications for
diver hoses, A literature survey disclosed that the off-gassing would consist
primarily of organic solvents and would contain only traces of plasticizers
and deterioration products of rubber. Two acceptance tests were developed
at NCEL for measuring the quantities of organic solvents emitted by diver
hoses, The equipment used can be purchased for between $2,000 and $3,000.
In both tests, measurements of ionizable carbon are emp!oyed as indices of
the concentrations of solvent vapors and related organic cornpounds., In the
first test, measurements are made of the carbon content of air confine in the
hoses for at least 7 days. Concentrations of up to 50 mg/m 3 are permited.
In the second test, measurements are made of the carbon content of air lushed
through the hoses at a rate of 3 ft 3 /min, Concentrations of not more than
0,01 mg/rn 3 per foot of hose or a maximum concentration of 4 rng/m 3

regardless of hosz 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
spocifications must forbid their use in the fabrication of diver hoses,
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INTRODUCTION

The Supervisor of Salvage, Naval Ship Systems Command (NA VSH IPS),
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 acceptance tests for the military specif icationsl for
diver hoses,

PREVIOUS STUDIES ON OFF-GASSING OF MATERIALS

Dim~ 140506

No record Could be found of fatal poisonings by fumes of f-gassing
from divor hosos, and no record could be found of investigations on tho
chronic offuts of continued exposure to hose ingredients.2 However, there
aro Me11rOUS acounts uf dlvera complaining of hoses with obnoxious of
nauseating odors,

In 195L the Exporiinov'kad Ulving Unit (IEDU) at the U.S. Naval Gun
Factory purchiasod a number of divor hosos that smelled strongly of rubber
coment and wore unsatisfatctory for usu, Thely ished one of thu hoses with
water for 24 hours but It still had an obioctionabla odor, They sent a 20-fout
stiction of ono of theo hosus to Itho NiAval Appliod Science Laboratory (NASL),
for examination,3'

Chemists at NASL fi,010d the 110R) With CotatMinant-f rU0 nitro{;en
for 24 hours, passing tho offluont nitrogen through a dry ico trap whero thu
volatile cuntutmdnants worn, condensed and collectod. They thon oxaminod
tho condansate. by mums of Iinfraredj spect0rophotometry and gas phase
chi'omotography. Thin; exami nation dilssd that the principal substances
uff-gassing fromt tho hoses were toluono, wlono, andttrnthtiurt
disulfido, The first two cnmint rsovt frrubber coments, wid
the lattor i a curing agent for niodifyiny the protwrtiis ul rubber, It has a
very objcclouiblo oor,

The sameii throo cotuitants wart) also evolvedl f rom numerous 01th1r
samplas of naturall and syotheiim rubber hoses and tubintI, usually at a lowr
level than fromn theu octionaible hosews; but thoy were not UvoIved from



sli'ique of the rubbe stock's frome which the hose and tubing were fabricated.
The odor iftr us cutmiui~wore apparre ttI introduced du ring the fabr ica-
tion of the howe or tubing, NASL chomists concluded that objectionable vapors
in divter hoses can bnst bo elimiiiitod by judiciouIS SCection Of hose ingredients
and fastidiouLs faibrication procedures, Thec. factory producing the offending
hoses f ol lowed the, rocomnl(ndation and modif iud their procedures to mini-
mnize residudl solventS,

Hoses have also been known to cointaminat() the brent hing m-ixtures
of Navy divers with vapors of fluorinated hydrocarbons. Scientists tit the Naval
Research Laboratory (N RL)5 traced tho vapor to orgiici solvents of the
Freon type which were 'o or clvanin4~-hosms iwctrdlin to the Nortrnnics
procedure.6 The procedure was designed pri miirily for cleaning miiial comil

- ' ponents of diving equipment, but apparently on it fow ucaltis it was useAd
for cleaning rubber hoses,

K I ~The N RL scientists found that hosets which mwui wweilwid Wtii lFrinii*I 113
(1, 1 .2 tr ichloro,-1,2,2 tr iffluroethane) deteriorated rapily and I ioitanwde thu
divers' breathing mitun with sont vwpors Air hel it) o~e~m 2 or
acqUired it Freon concontrat in of 4,300 1)1311, Ftiiirt wr uite, 11 hi* l reii roomidn e
nonvolatile plasticizerS fromn tio hosos, thurcby altm ririll t I ilf il y ;icul wi ipi it ils.
The N R L scientists recommondeod thatl divor hio,4s liv Otlnild Willi '1111 iiN) TVi
(trisodiumn phosphate) soition rather thim with organic splvenls,

Space CaLbai Materials

S&wveral studios have boln imado on the off -iil'Ssin(l oi 111d1t'nals omiploi '
fin the conistructionl of spaco caliins, Pw~iiifj'r? mid U-inz~A Vtipb,flt, [WiMIU oil
th(- uff-gau.siml froml 55~ tatioidaito spwce mbiri mrntiali', h 1w n~a"LW olf f$L'
prodocts from pohyymrle rntoals wi r~net*vi~ tt~rqaitte
of plastiius and llonomers and tracos of tIejradaimo ~r alu)Ai& i a~rttd
in tho offlgassiiiq fromi polymors,

Off 'gimsiiqu of maturials %Is~ A studied, In the *spw~al Iest 01haiwibor
of th) Itigilrl ed Lifo Supiiwrt Systomi at Lmiley Rtnoi Center,9 Ion
fnmilorias wao solected for tho sttiiJy, Thoy conasimud of viarui tj YJos of
plastic tubinq, ltNLI!A1101i 111mcrials, and rental foil firdlwhies 141l1o, E xw~pl for
tracti cW1stiluoilI5, tiio off .0awnsrrl tit 2OFI -ierisisloO of .wgalic 4-lvot, The

tceconstiitnts wr pwobW fy fIA'im'zers aiid titto tl lireakdowti Imict. ,
The s'jlvants inctluid webo.I taiori id other hvJ5 I~ i ll)yWi4tutI



Trace Contaminants In Submarines

Since the advent of nuclear submarines, scientists have thoroughly
investigated tha comrosition of the interior atmospheres of submarines,10 .16

They have presented a great deal of information on) trace contaminants in
submarines, but aside from showing that oapors from paints and p-aint thin-
nors tire sometimes the principal contaminants in submarine atmyospheres,
vory littlo information has been publ ished on the off-gassing of specific
inaterials,

lo the early history of the analysis of ou(cIear-subrmarine atmospheres'
it becam ipparent that -lhe atmospheres were contamninated by a very Complex
mnixture of organic compounds, Freons, methane, carbon monoxide, hydro.
wrbon vapors, and numerous low molecular weight alcohols, ketones, others,

and chlorinated hydrocarbons accounted for nearly all of the c~on tailmints,
ThG Fros were identified as refrigerants, and the orgunic vapors ds fuels,
lubricants, and conijrcial solvents, Mothanie and carboni monoxido weru

K probably primarily of metabolic. ari~jiin.
The hyd~ocarbi fraction wai so complex that tho early effort to

routinely monitor the conontratitnis of individual hydroca~rbcais in skiminrinpe
K ajtinus~hre %is aboodoncid, The ,Of 'ortrations of Fftis ')U5IWOSitile.

carbowi nirimide c varbon dlioxido, oxyijun and rtitrowjn wore still monitorod
JndiVkt~jjlly j?lt. thAt va)OrS I$ hVdrofCjr~ 4-A1111'. and IletauilsalcolhoIs.
koono, atid otlho low oluliar wtit t1l cmokds to wvhich 01h4, 11114wn iw

I - ?-t ion dilt~luior is. siltv were Itinit oroj cultoclively os a fmo~ion, Tho
fractioo '&aIs cllod "tboul hydrov rixins" ovne Iltough it c iiaiM cimp-iuds
WW rJ~~e not Strictly 11 4dffw'A3d11tlji iit~k o WuitIl)

oto-iq~lxo firteently A1 to 100 qi/nil 0An occWoll"11 thyw) Ili!i~ strlio

gotwt4~~,i~ ~f~of th urin~ ~s~t*nnl l4vtd 111o leval of
lotl b~itfxa in ~Ah~rw.Avtorinto it)e')o ot tho liaos~l fit'0

Itilt of 11W I;lt4eqate&dwsiii" orvvanle sulvoll Ufre Otw phtwIal

~1~(Nlft~ix~ that ow eile4)polto#i ouig s. bIf~if cpolJ i two
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Some of the industrial solvents most widely used for rubber are listed,
in Tab-le 1. For each solvent, Table 1 lists the Threshold Limit Value (T'LV'1 9.
wh ich is def ined as that concentration of airborne substance to which workers~
can be exposed for daily periods o1 8 hours, 5 days a week, without adverse
effects. The far right-hiand columyn of Table 1 gives the expected analyzer
reading in mg/rn 3 for the carbon content of gas containing the TLV concen-
tration of the listed contaminant. Thle expected reading on thle instrument i&
not always the same as the actual value because a f lame ionization detector is
not 1W)% off icient for all comonunds. The values were calculaed from esti,
ma led ef ficiencies ('ble 2) of flame ionization detectors for thle atoms o
dii furor,: Classes of comunds.

The most toxic organic solvents that might be emnployed in the.
fabrication of the hose carbon disulfido., carbon tetrachloride, and tetra.

chiuroothono. Utono is also v lrv loic, and otr uromlatic hydrocarbonsI
arti -1' moeael oic. On diu ot~ir hand, aliphativ and ahicychic lwdwcawrbons

are toxic otinrelativoly hkn,' concntration-s, Theo lower tWe boilinq soit
Of a solven1t at ay class,-O thwmra raadily it will evaporate and be dosorbed
fromn a hose,

PtudcIws

Th N 'por promuurns of kill the OMUL commril t0 -w50 w10 W. kiw
tiw:t Ihey Powe bju little 11ltrckr tif puisuniiij byti NOWl~io TO hg w
hjnlntj poutl; of thw rikibjr Pl~slikim's. tOldt~ NKhdV $fjtO the lhia it 6 iolm

m th INt lotWalli fso itt-M to tso SrMN. w4itj t1fOt Iorm *m)iK 1 ' 1

dv osts 1)" 1 hO w6~N ptr to~ illonvii in. 16u~fouyl vhwritmte 6 biw#,v
tva nim w w 'I Nmuivu tci a411h wadd 600 UatU to IA? vthc'
IsikilUA* to( rIubbee and thay tire laj W", ICKIC than 11w. 0-%NNAut~ W44"$

Rubber AddiSives

04kd u tewn~ftgfo whitot It11Lh~ (qi~ ifbf" isotiwv iayt,

11.em~yinv of O he S4j~tls "' JrJAI'iW 'zqs n -.4 11*0v roes Fo f U-e', A

11 Urvtln *1w)wistfpt.fst.riIo i'~ ke0 o
M n~ii~tsltjy IN' *i"Onlv alew Wsc EI I.tpiNwtJ aht tbvv o' 4N ~tu.W('Uli



Table 1, Threshold L iit VUe TLV) of Ilndustrial fRubaw Solvents

I - Thrfsshioa Limit Values
sake";; Pointf Actual Cwb% m t mye { AnI

_________;0_ (;) J pmCneuCou~n~b

CAsbon tetrachagidq 77~ t

Chtnfarn6115 24 l
o~chrbwtee182 50 147 146S
E~y~ochada84W 40) 4$
K~fvl7 4aor 360 342 25U

40gwJ 81 w W44$

I%&0I00044 j 4)

j 1^*j bV ov A*-**" O&A____

w ~%wWw"h *Aw



Table 2. Response of Flame Ionization Detector to
Various Atoms in Organic Compounds

Atom Occurrence Responsoa

Carbon in saturated compound +1.0
Carbon in aromatic Compounds + 1.0
Carbon adjacen t o lef inic bond +0.9
C.irbon adjacent acetylenic bond + 1.3
Chlorine on-aliphatic carbon atom .- 0,1
Hydrogen in all compounds 0,0
Nitrogen in primary am-ine -0.6

N itrogen in secondary amiine -0,7
Nitrogen in teritiary amnine -0,3
Nitr -n in nitrile -037

O I in carbonyl radical -1.0
Oxygen in carboxyl radical -0.5
Oxygen inprary alcohol
Oxygen in secondiiry alcohol -0,7
Oxygen in teritiary alcohol -0,3

Oxygenl in other -1.0
Sulfur in su lf ides -0.5

aApproximate response (for examiple, affective carbon lnmber)
of various atoms relative to a meothane mole1cle1 as 1,0. The
response for a mole1cle1 of another organic G0ompIound is
obtained by adding the estimated responses for Its constituent
atomys,

Therm are a few exceptions. Aniline, a frequently used vulcanizing
agent Is very toxic either whon it is breathed or when it is absorbed through
thu skin, Bonzldina and beta-naphthylarninu, which are sometimes employed
in rubber as "stiffening agents" and antioxidants, are very dangerous carcinocjons
an~d in some states are forbidden in any industrial process, Asphalt, creosote, coal
tar, and pine tar are) frequontly used in the raVldnatiom of rubber from used tires,
Thoy, too, are carcinogenic.

The number of vulcanization acce~3rators is large and for the most part
they are very toxic organic cunpounds,21 TheoneMs Lsod most frequently are
rnorc..ptobonzothiazole, totraiethyl thioura im dlsuIfCId, and tetraethy lthiou ra lf
disufido All three are sonsitizers anid all have extremely ropulsive odors, They
evoke allergies on contact with the skin of ensitizod individuals; but apparently,
In the quantitios employed in rubber, they ao not dangerous fr'omn the stand-
point of airborne toxicity, Another accelorator, sulfur monochloride3, canl
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cause eczematized parakerato.ws, and eczemas are frequently caused by

contact with rubber products. Unfortunately, it appears that it is necessary

to use at least-one oi the accelerators in compounding rubbei: for hoses.

Rubber

Generally, high polymers such as rubbers are substances of great

chemical inertness devoid of physiological and toxicological effects. Some

of the monomers of which rubbers are made, however, are very dangerous-

poisons.. In addition to other information, Table 3 gives the TLV values for

the principal munomers from which commercial elastomprs or rubbers are

made.
Pustinger7 and Back 8 in their investigations of space rabin materials

found that the off-gassing from polymeric materials contains trL..:.., )f unreac-
ted monomers. Lefaux 21 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. Pyroly,,is and

degradation of elastomers generally yield products other than unreacted

monormers.
Natural rubber is composed of isoprene.units. Neither the polymer

nor monomer is toxic. For decades the British Navy has fabricated diver
hoses from natural rubbei and apparently they have had no problem with
off-gassi ng,

Styreno-butadine rubber (SBR), also called Government Rubber-Styrene
(GR-S), is also synthesized from relatively nontoxic monomers. For several

decadeis most of the diver hoses used by the U.S. Navy have been fabricated of
SIR, There have been no incidents of acute poisoning by fumes off-gassing

from the Navy hoses, There have only beer occasional complaints of obnoxious
odors and theso have been traced primarily to residual solvents and not to the
t ubbr stocks,

Some of the diver hoses usud by the Navy have been fabricated of
polychloroprene rubber, for example, Neoprene, Chloroprene is a little more
toxic than are the inonomers of which natural rubber ind SBR are compounded,
but unroacted chloroprone has not been reported as an off-gas product of rub-
her, Whel polychloroprene rubbers ar pyrolyzed or degraded, they liberate

the chlorine as hydrochloric acid rather than as monomeric chloroprene. 21

Airborne hydrochlnric acid is extremely toxic, but it is readily detected, even
in trace concentrations, as ai choking and irritating gas, Divers have not coin-
plained of a choking and irritating sensation when using hoses fabricated of
poiychloropreno rubber,

7



-Tab13 3. Thr'esh'old Limit Value (TLV)a of Some Wel-l-Known
:, 2 Ingredients and Breakdown Products of Rubber

Theshold Limit Valt 9s

Compo~ d JActual Carbon Analyz-r Carbon
mpng/rn3  Content Con .antb

(mg/rn3) img/m l

Acrylonitrilo 40 70 48 36
Aniline 5 19 15 14
Senzidine 0 0 D0
Beta-Naphthlhy lamina 0 G 0 0
Butadione 1,000 2,200 1,.954 1 ,856
Carbon dioxide 5,000 9,000 2 A54 0
Carbon monoxide 50 55 24 0
Chloroprene 25 90 49 46
Coal tar pitch vo latileas - 0. 0.2 0.2
Cresols 5 22 17 16
DI tort iarybutylhydr:)xytol uene (BHT) C c C C
Hydrogen cyanide 10C 11 b 3
Hydrogen sulfide 10 15 0 0
Isopreno C C
Mathyimarcaptan - 1 2052
Phony I-Beta*Napthl hy lamina 0 0 0 0
Styrene 100 420 387 368
Sulfur dioxide 5 13 0 0
Sulfur monochloride 1 6 0 0
Thirom -5 1 1

4Toluene dllsocyanate 0,02 0.14 0,09 0.07

aThreshold Limit VAIlues Of airborne contaminants, adopted by the American Conference
of Governmental Industrial Hygienists. 10i6B.

bEstimrated fromi theoretical of f llencles of thu hydrogen flarne lnnlzatic~n detector.

c TLV has not been established, but compound Is known to be relatively harmless. Its
uisa Isapproved by tho FD)A for foud-handllng oquipmeynt.

Many of the newer hoses employed by commercial divers are fabricated
of polyacrylonitrile rubbers, They have been used f or several years, dpparontl/
without serious complaints of off-gassing. Monomeric acrylonltrile 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 danqer-
ous hydrogen cyanide, Even at room temperatures hydrogen cyanide car be
detected I n thle of f-gastf ig of polIyuc'ylioni1tr ile ru bbers, but the concentrati ons
are so mninuito that their presence is primarily of academnic Interest,

Polyurethiane rubber is made from toluene diisocyoriate (TD I), an
extromely toxic wubstanca, but riot even traces of TDI can be detected In the
off-gassing from polyurethano rubber. The safety of polyurethane rubber is
attestod to by its popularity for the fabrication of surgical Items,
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Thus, from the standpoint of objectionable off-gassing, there is no
great advantage of one type of rubber over another. The only differences
would arise as a consequence of possible differences in the kinds and quan-
titles of solvents, plasticiiers, and additives needed for the various rubbers.
Other differeices in toxicological hazards for the different rubbers might
occur if the hoses are overheated or ignited.

METHODS FOR MEASURING OFF-GASSING

When this investigation began, there was no means other than divers'
response for distinguishing noncontaminating diver hoses from those that

grossly contaminated divers' breathing mixtures, Military specifications1

stated, "A sample of hose at least 40 feet hut not over 50 feet long shall be
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 of this
test,"

The test might be satisfactory as a preproduction test, but it is "oo
costly to function as a routine acceptance test, Commercial laboratories
charge nearly a thiouband dollars to perform the test on a single hose, Another
fault is that the compounds most likely to off-gas in quantities harmful 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,

Harris24 described the test employed it) the selection o- nonmetallic
materials for the Apollo Command Module space cabin. A sample of the
candidate material is held at a temperatur'e of 200oF for 48 hours in a test
chamber filled with oxygen at 5 psi, At the end of the heating period, a gas
sample is drawn off and passed through a gas chromatograpln equipped with a
flame ionization detector, The totar concen tration of organic compounds in
the sample is expressed as pentane equivlOnts, Condensable materials are
determined by evacuatingl th1 test chamber into a cold trap and returning the
noncondonsables to the test chamber, Thu test chamber is brougJht to atmo-
spheric pressure with oxygorn and teste d for odor by a panel of four trained
inspectors, For a maturial to be acceptable, it must met the following
criteria

1. The total welght loss, exclusiv of wuter, must be less than 1%.

2, The total organic off -assing should rot uxceed 100 ppn by weight
when (,xpressed as pontane equivalents (equivalent to a carbon
content of 24b mg/m),

9



3. The material after heating must not have P mean odor exrceoding
1,5 on the basis of an olfactometric test iii wh ich four panel
members rate the odor as: .

.Not detectable 0
DetectableI
Objectionable 2
Irritating .3

4. No observable room temlperatiu condensate other than water is
* Obtained.

Again, such a test might be satisfactory as a preproduction test for hoses, but
. It Would be too expensive to serve as a routine acceptance test, it requires

several days to perlorm, and it requires that a short length of the hose be cut
off, This would destiroy the end-seal 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 luxamining th condensate by gas chromatography

*and infrared spectrophotometry. Various other cryogenic trapping techniques
and numerous aidsorption techniqJues have been employed for concentrating
contairir iits inl gais samtples prior to their identification. Trace contaminants
inl submiarit 0 1 aind SEALAB2 atmospheres were formerly trapped onl
carbon black, 1'l( he ortai inantS were Subsequently desorbed with heat under
reduCedI p~rOssure, Studies at N R L10*1 Show that Such trapping methods are
illi il e t anItI capt re only half of the contamninants. The trappinrg techniques
arV lSO t iiil in CulSLIi n nq and aire not applicable to on-the-spot an alysis. Thle
ildvoritl of ilaii ion ri/alt ioil dtotctors lhas maclu possi bln tI i direct analysis of
traco con tinin ants inl gas streams, anid trapping tQech riiqL.eS are- no0 longer

* irticessary.
Ill all Of tli e preced i rig studius onl off-gassirig, the off-gas Cornst itunts

have always beern separatird or i ractioriated by gas chnomatography, I denti ty
of thin ch roiiatoromhi i ractloris has bon aided by the uIse Of selective sensors,20

by in frarod spectrophotninetry , arnd by inriss spect rornotry, J 0 ly well .equji ppe)d
rosearch centers areC sirI ficitnitly SpeCil i/ed to em1ploy such techniqueOs to idUrIify
the I ridivideall galses inld vapors that might be given off by hoses, F urthorinorte,
Sifornmet ion IS inirvailable oil the permissible concentrations of marny organ ic
CofOurIdOS Ii kuly to be founId iii the of 11gassing from hoses, Hence, for routine
testing of diver hosors, it is impracticanl to idenitify anid measuro the coicontrac ion
of the Individual off-gas products,

At N ML considernble offort was duvotod to the development of u
simple-to-use analyzur for measuring tho total concentration of orilanic
contaminants inl submarine) ttmusphorosA0 lb The istru1110nt that was
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developed is called the NRL Total Hydrocarbon Analyzer. It is a gas
chromatograph with a hydrogen flame ionization detector. This detector
is highly sensitive to hydrocarbons and, to a lesser degree, is also sensitive
to most other organic compounds (T able 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 methane and gaseous Freons are
eluted, the di'rection of the carrier gas flow is reversed, cind the remaining W
components are regrouped and eluied as a single "lumped" peak. The. aroa
of the peak constitutes the measure of the "Total Hydiocarbon" (minus
methane) concentration.

All of the foregoing procedures for detecting off-gas products or
other contaminants in gas samples were batch tests, Even the NRL Total
Hydrocarbon Analyzer was an instrument for analyzirg small gas samples,
one at a time, To examine the off-gassing from a hose by such a procedure,
a 1-ml sample 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 ascertained from tbh. composition of the
1-ml sample.

There are serious faults with batch-wise analytical techniques for
measuring off-gassing rates. First of all, the concentratioT of gaseous con-
tarninants in a hose varies considerably from the ends to tho ceter of the
hose, Second, the concentration of trace contaminants falls off rapidly as
air is flushed through a hose. Finally, even if the somrle were representative,
nearly all of its trace contaminants would probably be d ; sited on the side,
of the syringe or other sampling device and would not even enter the .I, .
Measuring off-gassing rates from na hosei requires an instrument thmt will handle
a continuous sample stream and respond with a continuous readiog,

I n recent years numerous continuous reading process instruments have..
been introduced -for analywing streams of qas ,,, TI ey are used in refiineries,
natural gas lines, and other industrial process Omlaits who't it s necessary to
continuously momitor the compositior of a gas stream, At the present titme,
instrument makers are erngaged in a race to duvlop pro,,ess i n trumoants for
monitoring air pollution, and new Instruments a.u introduced at frequent
intervals,

One of the most successful of the new bre[0d of instrumnt)ms is a
process analyzer for total hydrocarbons, Tho proe, ,s analo/ers employ a
hydrogen flame ionization drAector similar to that employed on the NRL

* Total Hydrocar'bon Analyzer, However, tho process istrUmen t ,ocorMmodtos
a samplu stream, whereas the NRL instrument analyzes a single small sample
of gas at a tim,.

&
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Several instrument manufacturers market process analyzers for total
hydrocarbons.32 9 All of their analyzers appear to be ideally suited for
monitoring the gross contamination of air by off-gas products from hoses.
The analyzers are reliable, extremely sensitive, easy to operate, and respond
to most organic compounds. They are moderately priced at approximately
$2,000.

.In s3ence, the Total Hydrocarbon Analyzer counts the number of
- -. carbon atomn in the off-gas products from the hoses. It is a little more i . '

efficient i, counting 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, an(,
carbon disulfide, The Total Hydrocarbon Analyzer also fails to distinguish
between aromatic and aliphatic hydrocarbons.

Infrared30 31 and ultraviolet32 process analyzers can also be used
to monitor the concentrations of many organic compounds, They are
especially well suited for measuring the concentration of carbon dioxide
and carbon monoxide, and they can be adjusted ,or distinguishing aromatic
from aliphatic hydrocarbons. Hence, they complement the capabilities of
, " I" be Total Hydrocarbon Anal\,zers,

Each infrared or ultravi let analyzer is sensitive to only one compound
or one narrow class of compounds, This is determined by the composition of

-ihe gas in the reference cell of the instrument which is filled at the factory,
Resistances and other components of the analyzers must be adjusted at the

• factory to match the reference cell, Such a high degree of specificity reduces
!he value of the analyzers for measuring the off-gassing from diver hoses,

• ' ;.' - :: rherore, optical instrUments like the ultraviulot and infrared analyzers
.-+ -are loss sensitive than the Total Hydrocarbon Analyzers, T( be useful foi

. iOetectin trace contaminantS in gaseS, they would need dry ice traps or
6014-n canisters for concontrating the trace contamiints,33 Though th0
.. ptic instrumtets are esential for monitoringt the concentlat ion of carbon.
rmonoxide and carbon dioxide in divers' broathing mixtures, they would not
... vry useful for measuring of f.assing from diver hoses which evolve
insig',ficant quantities of carbon monoxide and carbon dioxide,

Inability of the Total Hydrocarbon Analyier to detect carbon
;.-. lfide is a more srious shortcoming, Carbon disulfike is an excellent
s•' yent for rubber, and its vapors are oxtroemly poisonous,

There are numerous types of analyzers on the mrket Iht migUht be
omployod for measurin9p the off OfaSkig of selfur0'0tatnit compounds from J
diver hosus. In g enral there are sovoral makes of each typt, Most of the
int-r numents aro excellont for their spclfled purpoes, but somt appear to be
better ruted than others fur mirasuring thu rote of off-gassintl of sulfur coln-
pounds from diver hosus,

12



One popular type of c.nalyzer reduces all sulb r compounds catalytically
with hydrogen. 34 The resulting hydrogen sulfide reacts with a moving lead
acetate impregnated tape. Discoloration of the tape by lead sulfide is measured
continuously with a photocell. Instruments of this type are very specific for
sulfur, 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. If 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 receive in use
would constitute an explosion hazard of considerablu magnitude. Another
disadvantdge of instruments of this type is.that their response :s slow, requiring
several 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
tape.

A popular type of analyzer35'37 for measuring the concentrations
of sulfur compounab in air employs a liquid electrochemical detector, The
air is bubbled throujh an iodine-iodide or a bromine-bromide solution
confined in the electrochemical cell, Suliur compounds in the air reduce
the halogen solutions which are continuously reoxidized electrolytically back
to their original oxidative state. Continuous measurements are mc de of th6
current required, Various instrument makers employ electrochemical cells
of slightly different design.

Instruments of this type are not specific for sulfur compounds but
will respond to any agents which are easily oxidized or reduced. Of the
agents which are most likely to be off-gassed from rubber hoses, only sulfur
compounds are usually detected, The response time is slow and approximately
4 minutes is required for equilibrium to be established each time there is a
change in the concentration of sulfur compounds, In comparison to the
hydrocarbon analyzer, the range of the olectrochemical instrument Is rather
limited, A hose grossly contaminated with carbon disulfide would cause t1,
instrument to go off scilo. Suverai hours of flushing with contaminant-free
air might be required to doconmamtnte the cell, Finally, fairly laige samples
art) required, and recyclint procedures which will be described later in this
report cannot bo usud for evaluating hoss with ai eloctruchmleal sulfur
analyzer,

Flame photometry appears to be a practical proceduro for measuring
the contewitration of sulfur compounds in air passed hrough diver ho.,s,
Formerly, flaine photometers suitable for continuous analysis of gas mixturos
wore primarily research Instruments, too sophisticated and expensive for
routine proL\3dures. However, there has recently iecomo available a simplified
analyzer with a flaxi) photometer for contiruously monitoring !he total con.
cutntraton of sulfur compoinds In gas streams,.8 Tho instrument is specific
for sulfur compounds and detects ill of them,
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Some chlorinated solvents, especially carbon tetrachloride and
tetrachioroethane, are very poisonous, and they have frequently been
employed in rubber cements used to fabricate hoses. The hydrocarbon
analyzer will detect these agents but at an approximately 50% efficiency
as compared to the detection ofunsubstituted hydrocarbons. Apparently,
no process analyzer is now available for detecting halogen compounds solec-
tively and continuously, but a halogen leak detector might be adaptable for
that purpose,--

APPROACH

Toxicologists have not yet agreed upon a permn-issible vaIlue for the
total concentration of organic impurities in divers' breathing mixtures, Ever)
if the permissible concentration had been estoblished, 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 th0 len~gth (if
the hose, temperature of the water, length of stay underwater, and eouOb
other factors Would certainly all infljence the f inal valuE),

~erhlss, some) sort Of limit Should bV SWt for the rate of off-gassing
of organic COnstituentsN from divor hoses, Failuire 'o do so is tantamiount to
stating that anything is accop toble whereas, in fact, ven theo best is not a$ good
as desired. ,tat inq~ that no of f.gassing is permitted is unrealistic, because all
huos, OspoC Jdly ne0W oMes, do0 off-gasi to some extent,

One approach for ovtercomifngj 0he dilemma111 Mvilht be to mea0,SUre the
Off-asn rites Of the0 best Wvilale( diver hoses and Imploy those rates as
tho maximumn permissible uintil butter hoses are) avaihibla and until more is
known ablout the toicological0 effects of the off-gus products of hoses, Anothor
approach mitlnt be to ascortain the most likely cn'-nosition of the off-lassingl
from diver hoses and si-t I mi os which would key- wi coneuIntratiuns of the
predicted compo'unds at safe) levels,

Uotth appro&ochos were onil)oyod at NCL L, Measurements wore made
of the off-qassinq rates of numelrous colmmerially availalble ho.ses, Someu Woo~
wos thorttby obtained of the magnlitude of oft1-iassingl hlits, Which industry
could practically moot. Thet, a survey was madeit tf hose technolotly to aIscertain
the most likely compo~sition of ot f-gas products, It IWas establWised that tho
otff-gssiotu from hoses Ns most likoly to consist primarily of h\ drum arbon stol.
Voits, Lhoth airommwic andi 'lliphatit., Iormissiblo hlm oere vstUmbiJmed on tho
Jssumptiln th1a the off -tassintl is cotimse entirely of hioniene, The l1Iis
wore within a raq~u whic~h industry Miould heI able to moot,
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EXPERIMENTAL METHODS AND RESULTS

Materials and Equipment

All of the hoses, with the exception of one used Navy diver hose, wert-
I "Alpurchased 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 storod for a long time after they were fabricated. Some of the
hoses (Table 4) were supplied with the specif ic understanding that they were
of recent mlanufacture and had been sto~red only briefliy, Though mo1st Of thle
hoses tested wore manufactured for Other purposes, they all were typus freqjuently
used by divers,

A Bockman Total Hydrocarbon Analyzer, Model 109A, and a Beckman
Sulfur Dioxide Analyzer, Model 906, were omploycd for z I ts described it)
this report. Their use is not to be construed as a recommundationl for tile use
of Beckman instrumnents over those of other manu-facturers.

The Beckman Model 906 Sulfur Dioxidu Analyzer comes equipped with
a selective filter for removing all of the readily ox idi/ed and reduccd contami-
nants in air with the eXCep~tion Of sulfur diox ide, When thle f ilter is remloved,
the instrument becomes in ussenco a WotI Sulfur analy~er,

Off-G&!ssing of Organic Carbon Compounds

A groat numbei of mteisurunionts wero mado tif the concontrations of
organic compounds in streamIIs Of he01liml flowing( throLJgh hoses at various flow
rois. ' he niasuremon ts wore? madev with a 'o tal Hydrocarbon Arnalyivr,
F low rates is low as U,1I cfh wero tlmployed, Tho slower thlt flow rates, thlt
hiqlher wore tho vmcoentrotions of organiu ctIttinats, bot a Very 101111 timo

was ~ ~ -1III reurdt etb tuady-sltit: Conditions at low flow rattes,
-eaurntswr l) madeo to ascertain thl)ei effet of 1ii qsuro onl

111( of f-gajssing 1 of hytroabor Itws, olbsefvti that 11h4 lower thlt jooesurv
of air flowingl throitlh the kssA 1 t a given flow rate, the jireater wa tho
c.oncontration of (iffI-ijseinji hydrocarhotuis, Hvteflow rates wtre nuiasurifl
Mn turns 0f air al, standdrd tm1111,ratiero '111.l prmkto ThoKIIltI 0oi meltiq 1i)t11
vwtj thatl tho flo wite' werel equall .1t h1till tnd low ;11issi, 11111 VOlueS oif

ai psiml 0iriijuh [tic, hose 1er uinot th i-mw not iol.
It msrchmmethttmtmmtminwoo ld No itt *I imta timr rate

Willin 11we Ikleinq (otil .'.mr mmtto ia 4 1t a;o(() 11flt'titg rato 'oumld IMI 401hmeild
i2V ecyling11Wsw~ olt through 11 !hoi liu~ ill; thn Itne ow nF ,rir

A A sloady riiing wits twoo *ost ln';ttd inm I wltiioy herIt I tifu AnM th10 feswlt
were reooduciblo (XI di f ferr'm days o'r evoo cnv ti flerentixvttk%.



Table 4. Some Measurements of the Off-Gassing of Hoses Frequontly
Used by Divers

Inside Carbon Content
Composition Dimension Length (mg/m 3 )of

No. Brand Description of -Hose of of Hose
Tube Hose lft) Recycle Flush

(in.) Test Test

1 A British Navy Diver NR 3/8 00 17

2 B U.S. Navy Diver 1959 SBR 1/2 50 10 1t2

3 8 US. Navv Diver 1967 CR 1/2 50 33 2

4 B U.S. Navy Diver iused) 1961 SSR 1/2 50 6 0

5 B High pressure divingb  NBR 1/2 275 418 32

6 B Geanral purpoe SBR 1/2 30 21 1

7 C High prossuro diving NBP 1/2 200 70 3

8 C High prossure divhIlt NHll 1/2 200 50 5

9 C Divers' floating NUR 1/2 LO 14 1

10 C Gonral purpC1te CR 112 50 10 2

S11 C Gevaral purpose F111 11/2 10 8 1/2

12 D Orchard %way SLR 3/0 1150 130 2

13 E Hydraulic Nylhm 1/1 50 6 V/2

14 L Hydraulic Nylon 3/ 150 10 1/2

It, F Haut iiW. k) to Navy iw CR 1/2 0 46 1

16 3 Ark~ullural SO" 112 70 tO loll

17 G Ailriculurl SUR ZiO 200 to 1

18 H A41scuturtl I SUR 1/2 30 10 1

19 H Aicu)1ufal So" 3 Ub 5 V/2

20 - H A~'b~ri SURI 112 100 21 7

21 H Atii.Ulu(i4 SLAR 1)2 100 U4 -O

22 H AgW"KiuthviO W1 1/2 1wi 216

23 H Aulk' 40 5 1/2 10 (XI 2 -

2. k AoturiutJ Sam I/~ I V I 2113

25 H A..vlu'ts' S01H WO1 1100 1 w
20 m WRcltra W11 /4 IN) 99

j? Agnwkuuml 5014 V119 woo 1W 4

. 26il 4+ Aol'ltittlt l I w Allr
V.. .I lyisoi*il I J. ()t 5
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data is too limited, ano , was not obtained in directly comparable .xoeriments.
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.

Because divers use hoses of various lengths, it is important to know
whether !ength of hose influences the test results,. One bit of information
was obtained from the nitrile rubber hose of the previous discussion. The
hose was originallyap,- oximat,.!y 275 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 follows:

Recycle Test for Flush Test for
Hose Segment Qarbon Content. Carbon Content,

(ft) (mg/in 3) (rng/m 3)

250 171 8
25 177 2

Additional information on Jhe influence of length of hose on the
results obtained in the standard recycling and flush tests were obtained from
measurements made on the two. -mls of five 1 00-foot lengths of agricultural,.
hose (no. 20 to 29, Table 4), Measurements were made of the maximum

off-gassing rate of each of the hoses by the standard recycling procedure,IFlish tests were ,hen made on each of two hoses of each diameter. The
three remaining hoses of each dianteter weru then fastened together to form
300-foot hoses, Measurements of the maximum off-gassing rates of the two
300-foot hoses were made by the standard recycling test, Immediately
afterwards they were 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 test are proportional to
Some function of the length. By itself, Table 7 would also indicate that the
off-gassing rates of both tests are influonced by the diameter" of the hoses,
Such an interpretation does not take into account the fact that )e hoses of
the two diameters wore obviously fabricated in different runs, possibly at
considerably different times, One would expect the results of the flush test
to be affected by hose diameter because it is necessary to rnove air with a
greator velocity through a hoso with a sm.llldiameter than through a hose
with a largo diameter, However, there is no reason to expect that hose diam-
t.or Influences the "osults in the recyclir g tosts, because in the latter tests a

diffi,'lon equilibrium is measured rather than a steady-state function of the
flow rate, as is the case with the flush tests,

20
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Table 7. Effect of Hosw LUngth on thn Results of te

Standard Recycle and Rush Tests

Ca,'ubn' Content'
Hose' Length h side i'niim3 )
(no) Ift) Dimensions

O,( (in.) Recvct Flush
T, v: Test

20 100 1/2 2i 2 7
21 100 1/2 10
22 100 1/2, -

23 100 1/2 "
24 100 1/2 -

20, 21, and 22 300. 1/2 16

25 100 3/8 106 -
.26 100 3/8 99 -

27 100 3/8 84 -

28 100 3/8 43 3
29 100 3/8 150 4

i 27, 28, and 29 300 3/8 99 6

"See Table-4

Off-Gassing of Sulfur Compounds

Investigations of the off-gassing of su Ifur compounds from hoses was
cut short by reductions in funding, A relatively small number of measurements
were made, all with the selective filter of the analyzer still in place. Thus,

measurements were made of the concentrations of sulfur dioxide rather than
of total sulfur. The measurements were performed primarily as a means of
becoming better acquainted with the instrument and were to be followed by
mneasurements with the filter removed, The latter measurements wore never
made,

The sulfur dioxide analyzer required too great a sample flow to permit
a recycling test for sulfur, (See recycling 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 150 ml/min,

In all cases the 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 deal and was
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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 foregoing resuIts imply that sulfur dioxide was flushed from the
interior rubber surfaces-of the hoses and not from deeper layers of rubber,
The magnitude of the surge of sulfur dioxide and the time required for recovery
of the off-gassing rate were perhaps measures of how rapidly sulfur compounds
in the rubber are oxidized.

No measurements were made of the carbon disulfide evolved from 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 converted at least some of any carbon disulfide that might have emanated
from the hosas into sulfur dioxide which would have been detected by the
analyzer, 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 allowod into the hose with the air, a trap was also
placed at its inlet,

Air was passid through the hose and bubblers at the rate of 1 cfh for
24 hours, Both solutions were then chocked for the presence of sodium
cyanide,40 The test method is quite specific and v9 y sensitive,

No cyanide was detected il any inlet trap, but all outlet traps attachod
to hoses fabricated from acrylonitrile rubber contained sodium cyanide, Hoses
made of natural rubber, chloroprene rubber, or styreno butadione rubber did
not off-gas hydrogen cyanide (Table 9), Hose no, 5, which off-gassod the
smallest quantity of hydrogqen cyanide, was flushed with hot water several
months previously for the e\pcriment described in Table 6.

It should be noted that the T LV of hydrogen cyanide (Table 3) is
nerrlv 1,000 times greater tian its concentration in air passed slowly through
the ritrile rubber hoses,
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Table 8. Maximum Concentrations of Sulfur Dioxide in
Air Surging Through Diver Hoses

Sulfur
Hose"r Dioxide Dichromate

Dae(no. Roadingb Scrubber

27 Sept 7 42 no

23 Oct 7 40 no1

27 Oct 7 37 no

28 Oct 7 20 11o

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 7 110

27 Sept 11 3 no0

290Oct 1', 3 1

4 Nov I1b 29 yos

4 Nov 21 b yes

4 NOV 20 to 24 1 e

17 Nov 30 <1 o

6' 100%,. 0.b ppil sollukr kliuxilu,

Off-Gassing of Toluctno Dlisocyanato

~\ t~Ioimorh~ ts wois dovai.tI S r dolotintl tolkomit f(lkocyilnlltt, in
tol pasi' 'd thrt()igIh divor tw s, Th, t ost was~ a simp i fiml vormt~t lit tho to,;j
tdusurhbod by Zappill ltor mont torikiq iir Inl work 41ris~ whwr' tLrottt
lowin pllm;it, are iiroduti, tF iltorod il wosi $tlt 111otawill a bo 1.110w c:onliIIII

Inl a h(1 nl alitii~)lt II I riqif iza l , ln tioO ll nitili q of 21J10 til of 1,1 twwlvta
'!dtIkll (Iltrall ,i 1 ) 3W til to etlkwoi qlycoI limlom htyl cir(Ohm ilv~

IThu alf WvaN thuim Imid tliroutil t 110,4ot 41m1U1 1,a11Y 11tarkl .a sewcond hubbler
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- --- ---

filled with the sodium nitrate-glycol ether solutioni. The air flow was
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 bubbler
cylinder.

Table 9, Detection of Minute Traces of Hydrogen Cyanide
in Air Flushed Through Divor Hoses

Hose -1-Hydrogen Cyanide
(no.)Cornpositiun" Content

1 NR 0
2 SBR 0
5 NBR <9
7 NBR 14-1/2
8 NBR 18
8 (repeat) NBR 27

10 CH 0
11 SL3R 0
18 SBI3 0

Altheugh tho tost for tUILueno dti5toVdInOte is nut ais Spocific as is the
tost for hy( .)qtrn tuydflidU it is oI very sonsitivo lost, Not oven a mtluto e t
of tolnu di isocy"IItt couild ho dutuct'xI off.lassing from the polyurothano
hoi Oio, 30, Taiblo 4) anid tino oI IN)i uthors were tusted.

1RECUMMENUATIONS

reised to iniclude fte follow'ing stiettlttit.

:1 Qfgdnic Solvin

Thi! rotipnic stlvenis usoti ot any stxtp in tItv fabrieitm t i diver
tWSO, MInludillti IIII -.4)lV4115 usedl f~~' Ilt rub4r wtimittfo fst stti

12WUPIlkIIs t a hI~k SO, 110( iltt o U ~p~II II1110 MU6 OId f lk IltW, 1or
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bonding the layers and plies of the hose togethpr, or for afty other application
which might contribute to the contamination if an air strewrn p'assinqJthrough
the hose, shall conform to the following specif ications,

The solvents shall be composed ot ono or more saturated aliphirtic or
alicyclic hydrocarbons, They shall contain less than 0.1% by weight of aiomltic
hyd rocarbo ns 1,suggested met hod: ASTM-Di 0171 a, d loss t han 0. 00 1% by
we ight of suIf ur (suggested method: ASTM- 1266). The sol ven ts shallI co nta in
no carbon tetrach oride, tetrachloroeth~ine, or carbon di~sulf ide, Restrict ions
on use at the aromatic solvents, bonzene, toluonp,, and xylenti, shall be waived
if the total off-gassing is suff iciently low (see FiocycfJ Vst under Prcposei
Acceptance Test), but the restrictions on cijrbon tetrachloritde, tetrachloroethane,
and carbon disufide remnain in offect.

Rubber Additive~s

So that the hose may be as free from odor as pos;sible, it shall beI
fabricated of rubber containing the mininmm quantities necessary of tho
purest cornmercs, grades of accelerators, both in the cover and taibe. 111e
rubber shall contain neither phospohato plasfici7eors nor aniline, No proces
sing aide, extender, or plastik. having an aoinWmic hydrocarbon content
of greater than 100 ppmn (ASTM..-D 107) or knowni -1o have a TLV19 of ls
than 25 ppm may be~ added, Noithor bon;,idino, sometimos emnployod as a

ffripagent for rtibber, nor tatptlai s ortltinlos employed
an antiox idanit for rubber, shall bo used at any stago int the mnufacturo

diver Dorivwitivai of etnathlin (for exLarvplot, phanyl-

antiox1jants of 0u) phenlolic 'Nw such irs tehvbyldrxtoun

Lubicaints and Gasket Drmstng

tCoulifinq lUP 101111S 00dt. ask.1t (In1c' '4101,4 uipluynld only it)
Votrv limiled ut Iatitil(N% Only Ilighly I' ri f iod sil her oi or US.PR. ;,tmlt
ffljV bo umI I

* Prop4od Acuptatice Teas

of J &Ickmi~n NMIM!n 10,A o Fe.otv, t~m Mv iSA Ttitail Viviroo;1ion
AilVi ot atiy l.fkll nl~e t~OVJ ijati nitlft

duet ividh Wou'~l 4, ;j'itcit to ctwo c~a~eO tbc ot levels
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ranging from 0 to 200 mg/rn3 The preceding term designates the rng/rn 3

of carbon contained in that concentration of methane which will cause the
instrument to give the some reading (Tables 1 and 3). Thle flame ionization
detector of the Total Hydrocarbon Analyzer is sensitive riot only to hydro-
carbons but to related organic compounds (for example,.see Table 2),

The measurements shallI be made only on hoses which have never
been flushed with air, gas, or water, or which have been stored at v tempera-
ture not lower than 220C for a period of at least 7 days since they were
flushed. During the 7-day storage period the ends of the hoses shallI either

P be sealed shut or fastened together so that the confined gas may not escape.
Both thG analyzer and the hoses shall be maintained at a temperature not
lower than 220C throughout the test ing period.

The procedures for measuring off-gassing rates from hoses are
described below as the recycle test and the f lush test. The recycle test
shall be performed first. Both procedures can) be used for measuring thle
off-gassing rates of hoses of any reasonable lengh-for example, 25 to
600 foet. Equipment for the tests can be purchased for between $2,000
and $3,000.

Recycle Tost, Air is more highly contaminated when it flows slowly
thrCoUgh a hoseO thaln wheni it flushe(s rapidly, Maximlum- COntamnintitiOn OCCUrs
when tile flushing rato is zoro. Simply moving or recycling air through a hosw,
out one end and right back into the other, does not fhuish the hoso hut merely
mixes the air, The contaminan~ts all rem~ain in the hose and aro recyclud with
tho aiir, Therefore, tho niximlurn levul to which air is contaminatud by a howe
(at o qiv-n tomperature) can We convoniontly measuirod by contiluously
recycling the air through tho hoso, tho analyzer-, and back through the how.,
Tho tiumsurotivni Mhould be relativoly unaffected by tho length -or diamotur
Of 1t hoseI, Or hy tht) r1t0 of r CVVitnt Of 01h0 Olr,

LUurirm ty fiylt lest, orie end of tho hOo is c rtuixted to the
byp"Iss outlet of thki ifulverK and tho otherf end is cennie~teit) INhe SaIN~l
mIlet tFiluro 11), The hnstrurit puil forcos the mar of 0, S coilfilvd wtthun

th i~~to recvch thfough the hoso and arnalyior, With tilt hi*ckru in 451ru..
mot it recv~its 0t a rt f asomne~07to it) 11/ mi (11 -1/2 tiu2- 1/ t).

Five to 10 till ot #As 1W' "inuio o~scatit 111touglil OIL) sorilho 4;p of
to tho ftoin . To jolwont ILK% Of 11ourO 11C WNO e i II'iiltv W41111V

Vcldt OW 'he~ V0144119 coce tMIfv lb lnljwtis 06s00011Vtl
ftlquInt lt $Jev~sit Joeu UtoV in IW)kK, I00 to 200 (111 lonij. kligo in?.
11tw"nt vvlotNi4J i ktixss~ft &owltr bouWs, i"I no viin~j js Iflw&W durinj)
j r3r)iminute tust petiod (at huwt 4OU fmx or nvae in ljh



Measurements of the carbon content of the air, expressed as mg/rn3

are recorded every few minutes (or continuously with a recorder) for a period
of 30 minutes. Readings 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
yet been attained since the previous flushing of the hose. I n a normal test
the readings either become steady after the first 10 mninutes or they fluctuate
up and down, within relatively narrow limits, as a pocket of gas periodically
passes through the analyzer. T u hoses are rated by the average reading over
the last 20 minutes according to the following scale:

Carbon Cortunt
Rating11g11113)

Acctoplable 0 to 50
Condi tiunal 5 rto c 100

Unaccetabo> 100

How4s with a votnnitjonal ratifl ; arti~pt if nithor bmnzone nor anly
Other solveiti havitiq a T LV with a carbon cowi of loss than 100 mg/mi'
(Tabh? 1)I was usudK iii tho fahricatbi of thu hoses. If twe ratintl is accoptiable,
rostrictiotts on the ipe of htuiootte "lay Ixt waived;~ but the Viseo W tarholn
disillfidu, cadoen lotrachloridu, ril tetacitoruothantu tmus still be forbkidn,

Vlusli Test. By 11) s provciduro, aw~ rnnls~ro mathe of th11 incroty*
In the carhfloll coltesti of a weat~m of alf flusli tl' rokugh INe hoso lit n a (Wt
(if 85 l/mlli43 0 t1 Iin)1, Tho oe~~tr~ f thei hoso, alir sopply, andl antly~~tr
Oiall not bo Ittss than 2V~C, A dialti Ull Ow flow rr.tee' igIvnII

Veto;to it ~s~i~throll P.tho hos OMl~ he al" shohuultw elim & a d ShIlu
Ii .orkion ImlimiI of not 111itt 111,1t 1 ITIOnt3, TIWI ,aa I iy/ ty

with' aWr tIi"Stit.al Ow~ Sol iulatqg Vooiity ltootoh th O ro~ ttwI* kylIV.
11W I'KWI is 111441 lltottu int 11 tIow anld Ot iAtr Sti&I flushed thr lialh it,
For tilt valsItv'! 15 lflinitw, :ft~itlit of tNh Ie lritiro"Ih t1u e

~ vit~ fe twituites (t cow~1itowjy willih "I tewdeI.TtW io
~I aled m till Ou wikrj it ale eOdk k of the 154"11111w Itht Iwooid. How's WWI~

( tu. lti it-'s(" III the tebRUI Collwol of Otkh -truatifl 0.01 ttiqfuw1

1kvtoot0 of Iiusk. (0 a Ila*munm of 4 "VQ"3I ttadli~s of length tire utuw.tabe,,
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CONCLUSIONS

* The proposed acceptance tests do not gjuarantee that the concentrations
of carbon tetrachloride, tetrachloroethane, and carbon disulfide are at safe lrn-

'K its it) the off .aing from diver ,ouses. Fortunately, price essentially eliminates
the likelihood that tetrachioroethane 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 hydrocarbon solvents. Another
factor is that safety personnel have been striving for decades to eliminate the
use of those two solvents. Both are very toxic and carbon dist~ilfide is so
inflammable that it ignites spontaneously at 126 to 135 0C. Even contact with
a warm steam pipe or electric light may cause it to ignite, Thus, the likelihood
that carbon tetrachloride, tetrachiloroethiane, or carbon disuIf ide will be employed
in the fabrication of diver hoses is not very great, The concentrations of ainy

* other compounds likely to be off-gassed SthOUld be at safe levels in) breathing
mixtures flowing through hoses that pass the proposed acceptance tests,
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