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sumaary of Mortality Among Sroups of Aninmsgle
dubjeoted to Aerosols Formed by Dropping lydraul
Fe9, Arcolor 1248 or Trioresyl rhosphate Into a
flented Inconel iube.

Insidonce of !tortality in Relation to Matorial and
Spacios Regardless of the Terporature of the
Inoonel.,

Incldonce of ortallty in Helavlcn Lo -aterial,
Spooles, and Terperature of Inconel.

The Toxicity of Prydrauvl -9 Vhon :‘aintained
Centinuously for Twentyefour Hours In Conteot With
the 2kin of Rabbits by CLhe ileeve lothod ol' Uraize,
wWoodard end Calvery.

The Toxielty of Aroolor 1248 ‘hon !aintained
Continuously {or Twenty-four [ours in Ccntaot :ith
the 3kin of Rabdbits by the Sleeve !ethod of iraire,
Voodard and Calvery.

The Toxielty of Trieresyl rhosphate When ‘mintained
Conitinuously for ‘wonty-four Hours in Contact with
the ilkin of Rabbits by tho 3loevo fothod uf Dlraize,
ivoodard and Calvery.

The Toxiolty of Geargoyle DTR When  aintained
Continuouely for Twenty-lour Houre in Contact uwith
tho Lkin of Fabbits by the cSloeve :iothod c¢f .raize,
Joodard and Calvery. :

Jummarized Data on the limmediate Toxicity of Pydraul
F=9, Arcolor 1248, iriloresyl rhosphate and Garioyle
DTE Yhen sintalnred Upon the Ukin of' iiabbits
Adocording to the lleove “ethod of lraize, voodard
and Calvery.
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l, Hoated Vell From Whioh Pydraul F«9 Was Evaporatod
Into Alr Ytreams.

2., Towers From Whioh Liquids are Volatilised.

3. Iquipment for the Goneration of the Decemposition
Froducts of iliydraullo ilulds at iligh Temperatures.

ke Absorption Irain ior Colleotion of Carbon :onoxide
From Alr.

Se S3tandardization Curve for the Determination of
P Ydl'l\ﬂ- . R

6, Standerdization Curve for the Determination of
Aroolor 1248,

7+ Standardisaeiion Curve for the Letermination of
Iricresyl Phosphate.

8. steanderdization Curve for the otermination of
Sodiwr Chlorids.

Yo Standardiration Curve for the Determination of
“atn<Cresol. :

10. OStendardisation Curve for the Determination of
Fars=Crosol.

11, Schematic Arrangement of Equipment shown in
Figure 3.
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The Toxioity of the Fogs Formed by Dropping Pydraul F-9,
Aroolor 1248 and Trioresyl Phosphate, Upon ‘
the Surface of a Heated Inoonel

(P}oaeot 49)

Soope

The purposes of this investigation were to determine
the immediate toxlolty of Pydraul F-9 and two other
bydraulioc fluids, Arocolor 1248 and trioresyl phoaphéte,
(1) when veporized at moderately elevated temperatures
ond (2) when inhaled, by animuls of several specles, as
fogs formed by dropping them upon Inoonel, maintained at
temperatures of approximately 1250* and 1050° PF. (677
end 566° G,), these temperatufbs being, reSpeotivaly,
somevhat above and soriewhat below the fire point. A
supplementary statement conoerning the immediate tdxioity
of these materials when maintained in contaoct with the

skin of rabbits is inoluded et the end of this report.

Conclusions . NEV 016475

1. Aninals of several species survived without signs
of intoxiocation when exposed to air laden with Pydraul

¥-9, Aroolor 1248 or trioresyl phosphate for 7 hours per

7157127
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day on ¢ach of several days. ihe oconcenirations of the
matortals 1n the alr snd the nuxbers of days of oxposure
wore &8 follows: rydraul Fe9, 3.8/mioro&ramn por liter,
b daysy Awroclor 12,8, L3.1 mioro.rams per liter, i days;
and triorceyl phoepnate, &l.5 nloro rems peor liter, ©
Qago., }

2. ine inhalatlon of vaopors of pPairaul i«9, fioclor
1505 end Lrlerosyl piogphaie lormed av noderntely olovated
room te.poraitures induced minor ehan;ee in the lwi s of
che sninaels,. ﬁesbiratory exporure to sliher Pydraul i =9
or tricroeyl phOSphnte induced ~odorste Incroases In iLhe
merbore of hisbiocytee‘within the lung paronchy-a ond the
slr porra er of cots, whileo correcponding exposure of
obiior cpecles to elther [ydraul Fe=9 or Arocclor 1240 1nduoed
interstitinl pneumonitis end apperently contributed to the
revority of thls losion as it is observed, not Infrequently,
in control animels. Intercurrent infectlon, unrelated to
i experinmentel procedure, obsoured interprotation of
the morvid changses in the tissuves of & ruines pig and 2
rabtits osposed Lo the vapor of triercsyl phonphnﬁo, one
of which diod /i days after (e laat poriod of exposure.
‘e viscera of the rats and nice twere normal, Nabbdbit
1'907, Lthe only aniwal of the ;roup expovsed to Arcclor
1248 from whioh tissues wore subjooted to mieroscopie

exanmination, had fatty depeneration end neoromis of the
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hepatio parenchyma. Other animala that were exposed to
vapors from Pydraul F-9, Aroclor 1248 or trioresyl phos-
phate exhibited no histologlo alterations of the viscera,
aside from ihe lung, whioh could be asoridbed to the toxie
aoction of the materials under investigation.

3. The fogs of these materials arising from contaot
with Inoonel at either 1250° or £950‘ F. were immediately
irritating to the muocous ﬁembranes of animals. ZExposure
for'20 minutes to the fog of Aroolor 1248 induced labored
respiration, but in the case of the other materials this
boeoane svident only after exposure for almost an hour.

4, All animals survived when exposed for 15 or 20
minutes to the fogs forned from Pydraul F-9 or trioresyl
phosphate, at elther 1050° or 1250° F., but sxposure for
oofrasponding periods of time to the fog from Aroclor
1248 resulted fatally. In general, guinea pigs and mice
dled more promptly than rats and rabdits, .

Hh. Guinea pigs and mice suffered greater over-all
mortelity than did rats and rabbits when exposed to the
fogs formed from any one of ths three materials. Aroolor
1248 was more toxio than either trioresyl phosphate or
Pydraul F-9 irrespective of the species of animals by
which toxiclty was tested.

6. The fog of Arooclor 1248 formed by contaot with

Inconel at 1250° F. was more toxio than that formed when
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the terperature was 1050¢ F. The fog of Pydreul i=9
appoered to be slightly more toxle when generatod at the
hizhey tomporaturo, but the converse was true of fogs
from trioresyl phoephate.

7. ‘lelving the rate of delivery of the liquid wpon
the heated metrl tendod to laason the mortality induced
by inhelation of a resulting fog, bubt this wes not true
in g1l instanoces.

. ‘oroscopio examiration of tissues from enimals
that dlod as a result of oxposure to the fogas cof I'ydraul
F=9, Arooclor 12,8 and irloresyl phosphate rovealed pulmo-
n;ry lesions cheracterizod Ly intraealvooler odema and

" Lemorrhese, dlifuse hyporemis, omphysenma and oxtonsive
doposaltlon of carbon in the whronohl. 1hore was also
perunehyrgtous degeneration or Lhe llver, kidnéy'end
Lroine Vlisrues from the anlmalas that survived rovealed
cnly pul-onary loslons senifestod by intorstlitlal pnoﬁ-
1onitis and lniiltration of ocarbon-laden histicoytos
throurhout the alveoll end bronehl. i lunie of animals
that were exposed for the siortost pericds wore nomual,
as wore those kiiled 20 days or longer af'ter the lest '
perlod ol exposure.

9, Mo minimum lethald doso of undiluted rydraul
F=9, when maintained in contaot with the intset skin of

rabbits according to the 24-hour sleeve method of Draise,

NEV 016478
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Woodard and Calvery, was greater than 3.6 ml., per kg. end
less than 6,0 ml, per kg., of body weight. The correspond-
ing value for trioresyl phosphate was between 1.6 and 2,5
ml. per kg. Aroclor 1248 was not lethal in the dosage

of 9,4 ml. per kg. DPydreaul ¥F-9 and Aroclor 1248 are more
toxio if applied to the abraded skin.

liaterinls

Pydraul F-9 is a oclear, light ember, oily 1liquid
vvhioh has a not unpleasant sweet odor, Iéﬁ viscosity at
100° F, and 210° F., respeatively, 1s 58.0 and 6.0
Centistokes; its speoifio gravity at‘25°/25°.0. 1s 1.266,
its pour point +5° F, |

Trioresyl phosphate is a colorless, odorless 1liquid,
the viscosity of whioch at 0° and 25° C., respeotively, is
1256.14 ana 88.6 Centistokes., Its molecular weight is
3266.4, its speoifio gravity at 25°/25° C., 1.162, its
Tlash point 470° F., (243° C.), ita orystallization point
is leas than -35' C., and ite boiling point 420° C Tho
sanple used vas mads from oresylic acid 1n whioch thero
was leas than 3 per oent of the ortho lesomer.

Aroclor 1248 is a straw-oolored liquid which has a
slightly sweet odor. It 1s more visoous than trioresyl

phosphate. Aroolor 1248 1s biphenyl ohlorinated to the
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oxtont of l;8 psr oent, Ita moloocular weivht i 192, and
1ta donsity is l.L4 ge per ml. at 30° G. (06° F,) and
1.19 g. per ml. ab 3000 G, (5720 F.). Ite viscosity
ranses from 112 centipolses at 30©¢ 0., to 04T at 300° C.,'
and 1t distills between 340° and 375° C., lts vapor prus-
gure being 0.00037 mm., 0.16 ., 2.9 nme and 360,0 =m, of
woroury at 37.0° C., 100° C., 150° C. and 3000 C., rosgoow
tively, accoerding to loardle, Cerrett end Lenignus (Ind.
inge Cnom. 4111341, 1949). Those suihors liave quotod the
vaticnal Foard of Fire Underwriters to the effcot that
"Jecompooition of the pfoduot (Aroclor 1248) was not
appreciable at terpoeratures below 400° C. (7522 F.) but
bvecame increasingly apparent at higher temperatures.”
The coxpound has a flesh polnt of 193° Yo 196° C., but no
fire point in the Cleveland open cup.

“Mon oithor Fydraul =9 or Aroclor 1248 uas drop,.od
into an Inconel tubeo :aintained at approxinately 1250°.F.
{677° ¢.) the 1liquid burned nomentarily wlth a bright
yollow-wnite or orenge-white flame, and then burst into
a donse cloud of black o:noke. fuoh glossy oarbon waes
dopositod on the eides of th@ manifold loading to the
ohambeoxr, wiiich rapidly tecame filled wlth dense g rey
amoke, <uls-soon turned Jjet blask, apparently beoause
of the rormaﬁion of flakes of carbon as soot. At 10500
F. (5660 C,), these liquids smouldered and dburst into a

NEV 016480

715732



£
-7 - Ny
-!l{L

denpe Croy-wilte tég. in which wore &mall amounts of care
bon soot. In all inatences the odor wes acrid and pungbnt.
“hon dropped into the Ineonel tube heated to eithwor 1250°
or 10509 P, tricresyl phosphste rave rise io a charaoter-
1slic phonolic or oresylle cdor and behaved as dld the
cthwor Lwo otorials when dropped upon melal at oo hirshor
tomperatire, At temperatures below 1025° ¥., tricrosyl

phopwuiinto appeerod Lo smouldldor without flaming.

xporimontal ethods

sguipnont. e anlmala wore oconiined in a 223«1iter
c;iindrical ttool cha Loy coated on tho lnside swrfece
with a vaxed slasilc. nlesg a hweavy o was present tihe
Lovevlor of tl.o enl .als could Le cueerved throwy'h a sheet
o8 clear pllable plastle ne-braune, which soalod the
otl.orvwlpse opon ifront end of the chember. An intorposed
oavy wiroemesh soreen provented tie aninsls {rom breaking
t:0 plestlic nembrane. Iine contaminated alr entored the
chacbor noar the top of Lhe rear wall on which was aounted
. & clrculatin, fan. ~ffluent alr wes withdrawn throuwsh an
outlet locatod towards tho iIront of ti:e lower pert of the
canLor by aintsining a sli ht negative pressure.

Volastilizetion of the ''mterials Witliout Decomposition.

or the volatilization of elther trioresyl phosphate or

Aroolor 1248, two flatebottomed e¢ylindrical bubb{ing towers

NEV 016481
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(2.94" x 13") in parallel (Figure 2) were employed, a
fritted gless thimble (0.94" x 3.75") being immersed in
the liquid contained in eaoh., These towers were kept in
a bath of Nujol maintained at 109° G. Air paesed through
thd two bubbling towers at ratos of 5.0 and 6.3 1itors
por ninute, rezpeotivély, a8 rcasured by a rotametor in
ogoch line, the etreams -wriing In a glass tube leading
to a manifold immersed In a ocooling bath before entering
the charber.

‘At the start of the experiment 550 milliliters of
oither tricresyl phosphale wur Aroolor 1248 were plaoced

in oech of the two bubblimg towers. In the case of tri-

Brosyl ihosphate, 1t was found Cthat the concentration of
vapor within the chamber boceme loss on the second day

of oxposure and atill loss on the third, It is thourht
thal tho irlcresyl phosphate mi:ht have hydrolyzed rore-
what during the course of standing overnirht, possibly
from moisture abaorbed from the alr passing throush it
durin;: the day. In order to maintain the ooncontrations
ne wrifoma es poasible, the naterial remaining in the
towers was roplaced with a {resh supply on the fourth day
of the experiment. ilad sufficlont :aterial been on hand,
this would have boen done daily in order to attaln a
somewlnt hi,her averare ooncentration throughuut an oxper-

fmont. This diffioulty d1d not erise in the case of the

~ Aroolor 1248,
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It was necessary to employ other equipment for the
volatilization of Pydrau; F-9 becsuse of extensive foaming
in the budbdblers. Therefore, the Pydraul F-9 was maintained :
at ﬁemporatures ;anging from 109* to 112* C. in a glass
well hested by nioﬁromo wire (Figure 1). Air at the rate
of 20 liters per minute, as meaaured by a rotemeter,
passed over the surface of the heated 1iquid and then
thréugh a manifold cooling bath before entering the
ohember., A volume of 190 ml. of fresh Pydraul I'-9 was
added to the well daily, of whioh about 170 ml, remained
at the end of the day.

Generation of a Fog From a leated Inconel Surface.

A rotameter for measuring the flow of air, a furnace for
volatilizing and deoomposing the liquid, a semi-potenti-
ometer (see below), a ooolihg manifold, and the ohamber
for exposing the animals are shown in Figure 3. 1In these
experiments the smaller rotameter, to the right in the
photogreaph, was not employed, and all air (20 liters per
‘minute) that entered the chamber was passed through the
furneoce. The ocooling coils were paoked in the bath shom
end surrounded by orushed ice.

The body of the furnace consisted of a 26-inch length
of ocold-dreswn, seamless Inoonel tubing, having an outside
diemeter of 1.5 inches and a wall-thickness of 0,049
inoh, Pydraul Y¥-9, triorosyl phosphate or Arooclor 1248

NEV 0l6483
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vae dropped upon ilhe innor surfece of the tube from a
burette through an Inoonel tube welded to the uppor sure
face of the heated tube near its midpoint. ihils ajde
tubo had a lenzth of & inches, en cutside diameter of
C.0675 ineh, end a walle-thicknese of 0.091 inch. Anotner
nivoo of insonel bubingvj inches in lon;;thh and Leving an
outaido dlameter of 0.430 inoh and a walletiilckness of
VeUlY inch, wes also weldod to the upper portion of the
jurnace tube, to germit the insertlon of & thermocouple
in such a manner as to reasuro the temperature at the
upser interior surface of the furnace. The distance

from center to center of the two rmimaller tubes, whlch

1wore porallel to one another and perpendlicular to the

furnaco proper, was .75 inches,
| ‘ue outslde of the iurnace was wrepped with 2 layers
of +olding mlioa. e ialddle 10~inch portion of the
lon;.th of the I'urneoce wueg olootrically heated by ~QaNns
of 20 feot (9 wrappings to the Iinch) of A. W. ire MNu-bep
20 Tophet "C" wire, whlch has & reslstance of 0,659 ohns
por foot at 689 F, the wire was inaulated with epproxie
rately 0,75 inoch of dilatomeoecus carth and wrapped on
the outside with asbestos cloth,

The temporature of the wall was wescured by an irone
constantan thermoocouple attached Lo a eremi-potontioneter
o0alidbrated eseinst a student potentiomster. The thermo-

couple waea in oontaot with the uwpper part of the {furnasoce
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about 1 inoh downstream from the point at whioh the

droplets of material fell upon its lower interior surface. -
After the furnace had been brought to the desired

temperature of either 1050* ¥, or 1250°¢ ¥,, the hydraulie

fluid was dropped from a burette at the rate of 0,067 to

0.245 ml., per minute (of. Table 4), 0,100 to 0,167 ml,

per minute being the usual rate.

Sampling and Analysis of Contaminated Air. When the

undecomposed materials viere metered into the air in the
ochamber, 4 samples of air each day were passed from the
ohhmbor, at the rete of 3.4 liters per minute, through 2
absorption towers (2.25" x 13" ocutside diameter), eaoh
eontaining 100 ml. of en appropriate solvent, Redistilled
ethyl aloohol was used in colleoting trioresyl phosphate
or Aroolor 1248, while hexane was used for Pydrasul F-9,
The sample passed through a coarse fritted glass dise
(1.13" in diameter) immersed in the solvent and plaoced
parallel to the bottom of the tower and about 0.2" above
it. The ocontent of Pydraul F-9, Aroolor 1248 or trioresyl
phosphate s0 colleocted was detormined by measuring, by
means of a Beokmen speotrophotometer, the ability of the
solution to trensmit ultraviolst radiations of wave lengths

o6 Day 246 mu and 264 ms, respeotively.

-
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A ourve relating the transmission at 246 mu to the
concentration of Pydraul F-9 in hexane over the ronge
of 4.7 to 71 miorogrems per ml. is shown in Figure 5.

A oomparison of the corresponding curves for Aroolor
(Figure 6) and trioresyl phosphate (¥Figure 7), are élso
ghown,

The aleohol used as solvent for Aroclor and
tricresyl phosphate wes freed from ultraviolet-absorbing
impurities by the following prooceduret About 1750 ml,
of 95 per cent ethyl aloohol were permitted to stand
overnight with 10 g. of pellets of KOH and 7 g. aluminum
Toil: (0.003"). The nixture was then refluxed for half
an hour and distilled at 78.50° C., the first 20 ml.
being rejeoted.

In experiments involving the exposure of animals to
the products formed on thermal deocomposition of Pydraul,
Arooclor or trioresyl phosphate for no longer than 7 hoﬁrs,
from 3 to 8 samples of air were colleoted from the chamber
for analysis, depending upon the length of the perlod of
exposurs. ‘hen exposure was repeated on the following
daay, a‘oorresponding number of samples was colleoted on
the seoond day. Analyses were made for one or more of
the following materials: phosgene, hydroohlorio acig,

free oresols and oarbon monoxide.

NEV 016486
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wWhon Aroclor 1218 was to be determined, the sanmplos

of nir were colleocted in an ovacuated :lass bulb 21.455
litors in capeoity. The Aroolor in the carple was
ahsorbed in 100 ml.bof redistilled ethyl alcohol, the
latter beinﬁ releasresd Inlo the buldb from an auxlllary

bulb by opening an intorpcsed stopoock. In the first few
analysen, Lt was found nooessary to froe the alcoholie
polutlone from carbon soot by riltration, butl subsequontly
the reed for ro Qoing was olisinated by bthe insertlon of

a plug of ;lars wool batween the chember and apparatus

for colleotion, Uvultable aliquot portions of the alco-
hollo eolution wore o::ploysd in the ananlyses.

whon phoscone was to be deternined, the ailr withdrawn

from the chaubor wae passed at the ratvo of 6, liters por
ainute [irst tlwourh a columm 1.5" x 0.5" of 60 to 70

~o8h zino dust, next throuyh a f'ritted . lass diso im-.ersed
in 100 ml. of & 4 por cent aqueous eolution of sodium
“wydroxide contained in a cylindricel tower 13" in heil.it
and #.25" in outside diamoter, and lastly throuch an
fpinger similarly im-orsed In a like volume of slkaline
~solution in & second tower of Lthe same dimensions,

famples of air to be analyzed for hydrochlorie acid were
collected similarly oxoecpt for the omiasion of fho column
of sino duat (of. Jacobs, Anslytical Chemigtry of
‘Industrial Folsons Hezards and Solvents, p. 305, 306,
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19h1). /liter an aliquot portion (13 ml. or loss) of the
roluticn ad been rade &old to phonolphthalein with 10
por cent nitrio secld (1 vol. of MOy 340, 1.42 diluted

ta 7 voluies with water), and dllubted Lo 25,0 =l. In a
volumoatrie flark, 3 drops of 0.1 ¥ silver nitrate were
eodod., the trangslsslon of 1L ot of wave lonith £00 vk

»

Lo a this turbld solution In a 20 71ve coll wes case
urod in a Sgeclmen speociropliotomster in coﬁpnriﬁon vith
t:at Lheoush & si~ilar cell conteining a ohloridee-free
rolutlon propercd in a correaponding =annor. A ocurve
rolatine the transwlsnion at 500 mu to the concentration
of sodium chilorlde over the range of 20 to 320 micro:rans
ser 25 1. 1a siown In Flgure (. Cne aillirrsm of vodlum
ctiloride la oqulvalent to 00,0461 rys of phosione or to
0.62383 4e of hydroohlorio acld,

e eresols were dotermined colorimoirieslly after
coupling with diagzotized sulfanilie acid by ~ethods for
the ueta isomer desoridbed by rosnot ond ‘aman (Anal,
Choms 203941, 1748), and for the pare isomer by Schnidt
(Jo ilol. Chem, 1791211, 1949). GSemples of nlr for the
determination of either trioresyl phosphate or froe
oroools (meta and para icomors) were passed at the rate
of 6.8 litors per minute for 30 to 45 minutes Lhrourh a
fritted-glass diso sorubder and impinger in serles ss in

the oane of phosgoene. In tinls instance, each tower
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oontainod 100 wl, 6t & 1 por cent sodium hydroxide rolu-
tion. In enalyging for the fres cresols, 1 il. of a 20
por oent modium carbonate solution was added to an aliquot
of Q mle or less conteined in & 10 ml. class-stoppered
gradu#tod.oylindor.. tftar the solublon nad boon diluted
to § ml., 2 ml. of disgzotized sulfanllic &cld were odded,.
‘The latter wae prewared by addiry 0,75 mle of a b par
oont rolution of sodiuy nitrate to 0,78 ml. of a rolution
of sulfanilio acid contalnvd in a 25 1l. volu:stric ilask
proviously ocooled in an loo-bath. The sulfmnilic acid
tolution was preperod by'dinuolving el 2o of the ecid in
451, of concontrated hydroéhlorio acld ond dilutin 1t
to “00 =1, with wator. /ftor the partlally diszotized
solution had been cooled for % -inutes, an additional 3
+1e of godium nitrate solutlen were added and (urther
cooled (or 15 minutes, btlon diluted to Zi al, I!he solue
tion was prepared dally oend kopl cold. Curves rolntih&
the transmission of lizht of wave lern:ths 4% ru end 5C0
mu to the concentration of reta crosol over the rence of
3 to 449 miorosrems per 100 1. sre shown in Fizure 9. In
making the noooaéary moasuraménta, the compariron-cell
oontained a solution simllarly preparod oxocert for Lue
onission of c¢reszol, Corresponding curves for para-orosél
over the range of 10 to 120 microyrams por 100 nl. are

shown in Flgure 10. DUy Lo use of the following
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aimultaneous equations, the amount of meta end pars cresol
could bo caloculated.

. For the determination of meta oresol (7)1
p-oresol + l.31 Meoresol X apparent p-oresol (425 mu«)
pe=eresol + 1,13 M-cresol 3 apparent p-cresol (560 ma)

3.10 f-cresol ® differoence in gpperent p-cresol
- at the 2 wave lsncths

{¥) liecrosol 3 differonce in apparent p-cresol
3,18

~or cho dotorciination of para cresol (Y):

Meoresocl + 1 p-eresol 3 sprarent l-cresol (4125 mu)
4413

fegrorol + 1 p=oresol 3 apparent iwcresol (500 nw)

e a—

1.13

Smv——

0.653 p-cresol = difference in epparent :i-oresol
at the 2 wave lengths

(¥) pe=orozol 3 differvnce in nprarent feoroeol

0.653

{lie valldity of ¢ile rethod for the eimultaneous

dotertination of the tuo iso.iors was domonstrated by the
folloulng determinatlons on sanples containing both of
thom in known amounts. Analysls of a sanple prepered to
contain 12.30¥ of m-cresol and 9.962Y¥ of pecresocl ylielded
13.50 end 9.95?, respootively. A rooond anmplb propafod
to contain 2,607 of meoresol snd 9.96¥ of the para 1somer
vielded 25,90¥ and 10.7Y, respootively.

Thoe rerulte Jdesiznated es frce oresols in Teble i

reprosont the sum of tho two leomers. From 60 to 70 per

NEV 016490
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cent of tho totel @mount of free oresols prosent in the
ochanber, as the rssult of decomposition at 10509 F., was
found to conslist of the mota isomer, but when the teme
perature of the furnece was 1250° F., only the mota

isonei wae prosent., 1ince a sample of trioresyl phosphate,
enalyzed aftor hydrolysis, contained approximately 65 per
acent of the motas and 35 per sant of the para isomer, it
appears likely that the latter underwent decorposition

to unidentified frasmonts at the higher temporature.

For the determination of undesomposaed ‘tricresyl phose
phate prosent in lno chaﬁbar, & 5 nl. aliquot portion of
the sample, colleoted in the mannor indloatsd for the
“etermination of cresols, was nydrolyzod by rofluxing it
tfor an hour with 10 nl. of 45 per cent aqueous sodium
nydroxides 1t wes thon seldified with eoncentrated hydro-
calortic aold and distilled until 300 ml, bad bsen ocollsotod.
The usual orosol metihod was thon applied to the diatillgte.

Carbon monoxide was dotermined by a modiflication of
the mothod of Bland (Aust. J. .xper. Biol. snd !ed. fiol,
18135, 1940). ihe ramples were collected by pessing air
at the rate of .7 litors per minute for 5 minutes throurh
the eabsorption train shown in Figure 4 by moans of a Cast
Rotary CGlsst and fuotion iump located bencath the tatle
and not shown in the photograph. The firat U-tube cone |

tained glase bosds and a 10 por cent aqueous solution of

NEV 016491
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load acetate, while the second U-tube, which contained
sulfuric acid (8.4, 1.84) and zlass boads, was surmounted
by & lons, narrow tube packed from top to bottom with
cuoceneive layors of sillica pel (Lrprognated with s
oobalt salt to indicats tie .resence of wmoisture), aje
nosium perchlorate (Anhydronoi, a sodlum hydrate arhoentor
absorbent (Ascaritle) and a second layer of a.mesium
poerchlorate, alr issulng from the top of thir tube
rarged Lharough a tube containling lodine pentoxide heated
to 1159 ¢, fodine liberatod by the reaotion

[+(3) L) -

vwas collected In a bubbler contalning 5 nl. of & 3 per
sunt aquoous solubtlen of pbtassium lodide, 7ihe rate of
flow was moasured by an upright manometer as shown in
#imure L. The contonts of tie bubbler wore titrated with
0.001 ¥ arsonious acld, emloying starch as indlcator,

; ¥ U0 = H,! :

One milliliter of 0.001 N arsenlous aocld == 0.070025
1w;{ of ¢O. In caloulating tho results, esllowance was ~ade
for tho provicusly deterained traces of fres lodine in the
volume of the solution of jotsssium fodide present in the
bubbler. |

raoh of the following condontrntiona of the various
conteninants of Llte air of the ohanber, oxpressed as

*
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pepeme by volums in ai» et 84° F. and 745 wm. of mercury,

is equivalent to the ooncentration of 1 e pOr liter.

Compound 1mge/ly XX pepems

Phosgone 255.9
o1 693.3
Irioresyl phosphate 68.6
crorol 233.8
Carbon rionoxide 502.7

1\!’00101‘ 1214-8 - 13107

-hxperimgnﬁal Resul)ts

ixposure to Undeoonmposed Vapocrs. A group of sanimale,

sonristing of a ocat, 2 rulnea pips, 5 nlce, 2 rabbits and
3 rata, survived when exposed to air laden with 3.8 mioro-
srams of tydraul 9 per liter for 7 hours on each of S

conseoutive days (Table 1). All animals of a ¢roup

sixllarly oonstituted, oxcept for the omiession of one

rat, survived when expoged to air conteining 43.1 microe
crams of Aroclor 1248 for 7 hours on each of 4 consecutive
days (lable 2); ixoopt for one rabbit (¥798) that dled
from causes unrelated to exposure li days efter the 8th
oxposure, those of a 3Ird group survived when subjeoted to
the inhalation of air bearing 61.5 miorograme of trieresyl
phosphate for 7 hours on cash of 8 days o;or & poriod of

NEV 016493
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10 deays (Table 3). Changes in weight were usually small
(Tables 1 - 3), and no signs of intoxlieation were observed,

Microsoopie examination of the lungs from enimals
oxposed to Pydraul F«9, and killed 10 or 13 days after
the 5th period of exposurs, revealed the ocourrence of
interstitiel pneunonitis in the rat, wmouse, guinea pig
and rabbit. The ocabt oxhibited moderate nwsbers of his-
tiooytos, contalning derke~brown granuler pismont, within
roepiratory bronchloles and alveolar ducts. 7The romaining
viscera were normal.

Animels oxposed to the vapor of Aroclor 12,8 also
had interstitial pneunonidie. The lunges of a cat whioh
had been subjoected to exposure to the vapor of Arcolor
1248 were normal. Ihere was no evidence of injury to the
other viscera of the verlous species. The liver of a
rebbit ($907), the only one examined midrooooploally.
exhibited srevere fatty depeneration and fooel of neorosie.

wiocrosooplo oxemination of tiasues from a rabbit
(F798) that dled L days aftor the 8th exposure to tri-
oresyl phosphate disolosed tho presence of a severe
parasitie infestation in the liver, Another rabbit that
was ki1llod 3 days after the 8th poriod of oxposure had
inourred severe parasitioc inlfestation of the liver, A
cuinoa plg had acute lobular pneunonie, unrelated to the

oxperiment. In the lungs of a oat were conasiderable
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numbsre of histiooytes, oontaining derk-brown granules.

The viaoora}or the rats and nioe wore normal.

. Exposure to Products Arising From Pydrauld F=9,
Arooler 1248, or Tricresyl Fhosphate When in Contaet with
Inoonel at 12500 or 10500 F. The duration of exposure,
the changes in welzht, aqd the fate of individual animals

that wore subjeoted to the inhalation of the produota
arising from the contaot of Iydraul F=9 with’:nconol &t
1250° and 10500 F, are presentod in Tables 5 and 6,
rospeotively. Corresponding data from enlmals exposed to
the fogs from Arcolor 12ii8 or tricreayl phosphate are
givon, respeotively, in Ildbles 7 and 8 and in Tables 9
ard 10, ihe date rolevant to mortality among all groups
have boon‘aummnriued in Table 11.

‘fortelity. Caroful exsrinatfon of the data demon
slrate certain .onersl facts. It 18 apperent, in terms
of ovor-all mertality, that :uinoce plgs and nmioce wdr‘ v
more susceptible to each of the three naterials than were
roata and rabbits (Table 12).

The same oritorion was employed for comparison of
the fogs that were formoed at 1250° and 1050° ¥, 7he fog

gonerated from Aroclor 12418 at 1250° F, wes nore toxie

‘than that formed at 10509 (Table 13). In the case of

rydraul F-9, the tdxioity of the fog formed at the higher
tomporsture sppeared Lo be slightly greater than that

-
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gonorated at the lower. The temperature of dooomposition
wag of little importanoe in detormining the toxicity of
the fog formed from trioresyl phosphate, since that which.
repsulted {rom the lhigher temporature was appavently
8lizhtly loss toxio than that formed at the lower tompere
ature. . )

A comparlson of the three meterials undsr corresponding
conditions indicates that the fogs formed from Aroclor
1248 were more toxie for guinea pize, rabdbits and nice,
but not for rats, than were those formed from Pydraul . -9
or trliocresyl phosphate (inble 12). Arococlor 1248 is elso
the most toxic of the three nateriasls if the shortest
;oriod of exposure bhat'ia lethal is teaken as the ori.o-
rion. Regardless of the tomporature of docomposition,
all animals survived when subjected to the fog formed by
fydraul i'=9 or trioresyl ﬁhoaphate for 15 or 20 minutes,
but exposure of like duratlon to the fog creoated by the
thermal dosomposition of Arooclor 1248 often resulted
fatelly.

In order to ascertain the effest of different rates
of delivoryQor'the liquid into the Inconel tube while
the rate of flow of air through the tube was kept con-
stant, Aroelor 1248 and tricreasyl phosphate were delivered
at two different rates (Tables L and 11). The mortality
assoolated with reduotion of the rate of delivery weas

rolatively low in nmany instences.
NEV 016496
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S4.ens anquathology of Intoxication. Although in

those oxperimenta the fogs filled the chamber to suoch an
oxtent that 1t was 1mpoasiblo to obsorve the animals
throughout the perlod of oxposure, a few sipns of 1ntox¥
ication could be observeds The fors were immedlately
trritating to the wmucous merbranes of tho aninals, ns
oviden@od by thoir closure ol the eyes, twitehing of uae
nose, crylng, cou nlng and anéezlnu. l.abored respiration
end irritation of tho esuperficilal tissues of tho oyes
appeared later. Dyspnea was observed after 20 ninﬁtoc of
oxposure to Aroolor 1248, but this did not appear until
the animals had boen exposed to the othor ~atorials for
nlmost an hour., Jlhisnevor cats wore exposed oxoossive
falivation was ovident,vond froquently long strends of
thick muous drooled fron thoe nouth, Ilack coot ocovered
the halr of animale exposoed to fogs penerated at the
lrner tomperature (1250° ¥.). |
«xanination of aninala that dled during or chortly'
after oxposure to the foys of Pydraul F=9, Aroclor 1248
or tricrosyl phosphate revealed oxtonaivo'pulmonary con-
géspion and, in oocaslonal aninrls, focl of pulmonarf
hemorrheie. . Heny 0lso had focl of black piyment that
appeared to bo oarbon distributed throughout the lung
tissue, MiorosOOpioally. the lesions conslisted of narked

hyperemia of the lung, common to all expoesed enimals

NEV 016497
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exanined, and in many thore was intra-alveolar hemorrhage
and edenas Tho carbon pigment was distributed chlefly
within the bronohi and, in some instances, complotely
- 06d31uded thoir lumens. Pulmonsry emphysoma was presont
froquently. In 5 suinos plges and 2 rabbits that died
during oxposure there was, in addition, an scute purulent
bronchitis, apparently a resction to bronchial irritation.
Lathally poisoned animals exhibited parenohymatous degen-
, ”4;;“gﬂ: ‘,,oration of the livor, kidney and brain with re: gularity,
A “{n addition ‘to .ohe. pulmonnry losions. The viscera of
aninale Lhat diod 7 to 10 dayp aftor brief perioda of

..‘

'alroady datcribtd exqept thab tharo'kau more phagooytosis

* of oarbon partioLC!. hniMais thut survived were killed
1afton'1ntortals v§by1ng fron 1 Week to 2 months. There
4§ere no cigﬂ1r16;gﬁsleaiona of visoera other than lung,
Two cats of the S:éxponod to the fog of Pydraul 1'-9 wore
exariined mioroscopically., The viscera of Cat A38) were
normﬁl. while the lunge of Cat A374 were the site of proe
fuse intreluminal bronchial deposits of blaok granular
saterial ond interstitial pnoumonitis, The lung of Cat
A371, which had boen subjooted to 2 periods of expoauro
to the fog of tricreuyl phosphate, was oharactariaod by

aimilar pulmonary ochentes. Juinea Pig A862,ip@1106 22

dcya after 2 poriods of exposure %o trloreqfi phosphate
j‘q
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vaporized at 1250¢ F,, was found to have numerous hiastio-
oytes loaded with ocarbon pigment in phe lungs, as weil es
a severe interstitial pneumonitis. Other species of
enimals had a similar interstitial pneumonitis. However,
animals that had suffered the shortest periods of exposure,
and animals killed 28 days or longer after exposure,
exhibited normel viscera.

The Concentrations of Identifled Decomposition Prod-

uots Formed at the lligher and Lower Temperaturss. Although

only a part of the materials metered ihtp the Inoonel tube
could bs acoounted for in the air in the chamber, some
very tentative statements ooncerning the composition of
the air may be mede. Although 1arsa'amounts of soot were
formed, no attempts were made to measure the amount of
free carbon or of carbon dioxide. MNore unidentified
materials were present vhen the decomposition was effected
at the higher temperature, irrespective of the nature of
the liquid dropped into thes tube,

In the case of Pydraul ¥-9, less hydroohlorioc acid and
nore free oresols wers present when the temperature of
oontaot was 1050° F. than when it was 1250° ¥, {Table 4),

When the temperature of ocontact with Pydraul was
1050® ¥,, the oconocentrations of hydroohlorio aoid and
phosgene, measured together 1n terms of hydroohlorie acia,
ranged from 0.35 to 0.67 p.p.m., but when the temperature

NEV 016499
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was 1250° F. the corresponding values ranged from 11 to
22 p.p.m. Froo.orésols were more abundant at the lower
temperature, being present to the extent of 11 or 12
p.p.m.. whereas onlj 0.09 to 0,15 pyp.m. were found when
the temperature was 1250° F, '

In experiments with Aroolor 1248, nuch more undecon-
poged material was found present when the temnorature of
contact was 1050° ¥. than when it was 1250° F,, 121 to
266 p.nv.m. being found in the former cases and oniy 10 to
16 p.pem. 1In the latter., Only rarely wag'more than one
r«p.Mms of phosgene found regardless of the temperature,
the values reported as hydroohloric acid and phosgene
representing predominantly the formér. Less hydroohlorioe
acid was present at the lower temperature, there being 11
t0 17 pe.o.Mms in this case and 84 to 102 p.p.m. when the
tenperature was 1250° ¥, The values reported for carbon
monoxide are probabdbly somewhaﬁ low because the rotameter
enployed for the collsotion of the samples had not besen
oalibrated for use under the oconditions of these experi-
‘ments . Nevertheless, it seems apparent that when the
Inconel was kept at the higher temperaturevtha amounts of
darbon monoxide found tended to inorease as the duration
of the experiment inoreased; much less variation was

‘enoountered when the Inconel was kept at 1050° F,

NEV 016500
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In the case of trioresyl phosphate, more of the
undecomposed material and more free oresols were presentd
in the ohember when the temperature of the Inoonel was
lower., The values reported {(Table 4) for trioresyl phos-
phate, as determined by hydrolysis and the ocolorimetrio
determination of the resultent oresols, may be somewhat
low, sinoe results several fold higher oould be obtained
by measuring the ultraviolet absorption at 264 mpof
alooholio solutions of spot samples colleoted in an eveo~

uated balloon. Determinations by this means may, however,

 have given high results, sinoce filtration failed to remove

a s8light smoky turbidity.
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It is unlikely that any of the falalitlies in these
oxperinonts ocould be attributed solely to the presence
of phosgene, since, acoording to Flury and Zernik (Vermful
cases, Lerlin, 1931, p. 222),.mica must bo oxpoaod f'or
suveral howrs to the corcentration of 1.25 pep.uis 1f any
aro to be killod, while only 70 per ocent of a psroup of
mice died when exposed for 20 minules to alr bearing 20
Pepeme ON numerous oocasions the mice in our oxperimonts
dio0d when exposned for but one hour to an atmosphere Lhat
cantalinod less than 1 p.p.ﬁ; of phosgene. Flury and
nornik state slso that rabblts survived following oxposure
for 50 minutes to the conscentration of 50 p.p.me, but that
75 por cont of snother pgroup died winen expored for twice
that perliod. iox and Cullumbine (ir. J. Pharmecol. and
chom. 2¢38, 1947) report that 8 of 12 rats dled artof
bolng oxposed for 10 ninutes to 0.23 mge. of phosgene per
1iter of air (57.5 pe.pens), although the congentration of
0000 mg, per liter (20.5 pepeme) Was not lethal for rats
when inhaled foé 10 wminutes., '

In the oconoentration of 1.3 to 2.0 wg. por 1. (1174
to 1805 p.pem.), carbon monoxide ocaused no signifiocant
sicns of intoxlcation in mice exposed for 6 hours by
Cherno end Libermen (Farmekol. i. Toksikol. 20 (No. 3)i22,

NEV 016502
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19473 Oo Ao 4212679, 1948), although 20 to 4O per cent
of a group of mice died as a resuld of & like period of
oxposure to the oconoentration of 6 mge« of oarbon monoxide
por 1. (5416 pepem.). Since the mics in our experiments
died under conditions which were much leas severe with
reppeot to carbon monoxide, it is evident that this come
pound by itself was not responsibls for their death.
Comparable information with respect to other species of
animals is not readily svailable, although Moss, Jackson
end_ Seiberlich (Arsh. Ind. Hyg. and Toxicols [162, 1951)
hnvo reported that the concentration of 5,000 pepeme wos
roquired to kill a rat in 30 minutes.

Reabbits and guinea pigs eurvived when subjooted to
the inhalation of the vapors of hydrogen chloride in the
spproximate consentration of 250, 700 and 1,000 pepen.,
over the respective poriods of 7, 2 and 0,08 hours (Trgdn
et al., Aroh. Ind. Hyg. and Toxicol, 21716, 1950}, In
those ssme experiments, some of the guinea plps and rabe
bits dled whon exposed for 0.5 to 5.0 hours to concentra-
tions cof hydrochlorie scid ranging from 1,000 to 400
pepems Again, hydrochlorie aocid doos not ssem to be the
sole agent responsidble for the deaths enocountered in the
prosent experimente. NEV 016503

Data pertaining to the toxieity of oresola in eair
are not available; however, Deiohmann, Kitzmiller and

715755
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Witherup (Am. Je Clin. Path. 4173, 1944) found that only
aftor 20 perioda of exposurse, eagh of 7 hours, to the
vapor of phsnol in the air in the concentration of 0,1 to .
0.2 mg. por 1., 414 any respiratory distress or fatalities
develop among a group of 12 pguinoa pizse Rabbits and

rats survived muoh longer., Since it 1s lf{kely that the
vapors of meta« and pwra-orosol are comparable in toxice
ity, it doees not appear that the doaths reported herein

are attributable to crosol.
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Supplementary Stetement

The Appliostion of Pydraul F-9, Apcolor 324§ and
Irigrenyl Phosphate Upon the Skin of Rabbits

Lxperimont Wethggg. In acoordance with the tech-
nique of Draige, VWoodard and Calvery (J. Pharm. sxper.
Therap. (21377, 194l), one of a series of graded dosages
of vach of the undiluted materials, Pydraul F-9, Aroclor
1248 end trioresyl phosphate, was mnintg;nod for 24 hours
in contact with the intect skin of one of a group of rab-

bite. In this rnethod, the heir was olipped {rom an ares

of £kin 6 to 7 inches wide and completely enoirocling the
trunk of eaoh rabbit. In other groups, the outermost
layor of skin wes ebreded by soratching thin furrows 7.5
crne in longth and & fow millimoters apart with an hypoe
dermio needlo.

In either cese, the ontire trunk was covered with a
sleeve of dental rubber dam which rittod tightly at the
cophalad and oauded edges of tho olipped area and loosely
over the intervoning erea. During the 2lij=hour period of
contaot the rabdbit was kopt in stocks. At the end of the
2l hours, the natorisl was removed from the skin of the
animals by washing with water and s sulfonated oil, "pH6",

In addition to the three materials mentioned previe

NEV
ously, @ product designed to fulfill the same purpose,
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Oargoyle DTE, was investigated. Gargoyle DIR (sccony)v
1s said to be & petroloun base hydraulie fluld ocontaining
ninute amounts of a rust inhibitor and an oxidation
inhibitor. Ouargoyle DTE has the speoific gravity (API)
of ‘3.1, & maximum powr point of 20° F., & uinimum flash
point of 395° F,, a fire point of 497% P. Its viscosity
at 1009 ¥,, 130° F, and 210° F, is 225, 116 and 43.5

$.3,U., rospeotively.

pxperimental ilesults. The pertinent data of the
oxperimonts relating to Fydrsul P-9, Aroclor 1248, tri-
oroasyl phosphate snd Gargoyle DIE are given in Tabloes
1l 15, 16 and 17, renpooti&oly. Table 18 sumnarizes
£ho epsential information in the preseding tadles.

Two rabbits died following the applisation of 9.4
ml, of Pydraul F~9 por k. of body weilght upon the
intaot skin of eaoh, wheoreas only 1l of 3 rabbits died
whon tho doéago was 6,0 ml. por 4g. 7Three rabbits sure
vived whon eaoch was subjooted to the applioation of 3.6
mle por kge The dosege of 6.0 mle per kge was lethal to
3 rebbits when applioed upon thelr abraded skin (Table
). ‘

Two rabbits died following the gpplication of 6.0
mle of Aroolor 1248 per ip. of body welght upon abraded
okin -of each, whereas only 1 of 3 rabbits died whon the

NEV 0165006
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dosage was 9.4 or 9.0 ml, per kg. The dosage of 9.4 ml.
per kg. was tolerated by 3 rabbits when applied upon thgir
intaot skin (Tabdble 15).

The appliodtion of triocresyl phosphate upon the
intaot skin resulted in the death of a rabbit given 9.4
mle. per kg. and in that of another given 6.0 ml. per kg.
When the dose was reduced to 2.5 ml. per kg., 1 of 3
rabbits died, whereas 3 rabbits, eaoh glven the dosage
of 1.6 ml. per kg., survived (Table 16).

Five rabbits with inteaot skin and 3 rabbits with
abraded skin survived following the application of 9.4
ml. of Gargoyle DTE per kg. upon their skin (Table 17).

In no instence was the intaot skin of the rabbits
injured by the applicatlon ot_these materials. Nothing
renarkable ocourred when Gargoyle DTE was applied upon
the abroded skin; however, the abraded skin beoame very
8lightly erythematous after Pydraul F-9 or Aroolor 1248
had. been applied.

- Yrom the Ketiering Laboretory in the Department of
Proventive Medioine and Industrial Health, College of
Medioine, University of Cinocinnati, Cinoinnati, Ohlo.
Experimental Vork and Report by:

Joseph ¥. Treon, Ph. D.

¥rank P. Cleveland, M. D,

Frederio E., Shaffer, M. S,

John Cappel, B. S,

Thomas Gahogan

Williem Wagner
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Teble )

The Mortelity, Length of Survival, and Chanres in Welrht

of Animals lixposed to the Vapor of Pydraul F-9 in Alp

(Conconiretion of pjdraul -Gt 0.,00377 mte/1s)

(ouration of ULxposures

o

2

X 7.0 ilours)

Chanze in “Yelght Lonsth of
ixprossod as durvival
Percentare of Af tor
Initinl welpht SXPOBUTS
Jofore the
Initlal During After Anlnels
ldentification | Welpht | Period offPeriod of Jere Killed
Number kg e lixpnsure |} lxposure Fate Pays
Cat A359 24504 2ot - Survived 10
Guinoa Fis; ATLOY 0.909 =1l + 1.3 Survived 10
“vdnoa it ATHAL 0,961 -3.1 - 0.5 Survived 13
2 loe )1 Av. - - swwvived 10
)| 0.0168
3 uice ) - - survived 13
Rabbit (2l 2.038 -5 +11.0 Survived 10
rabbit 1"025 1.963 0.9 - Survived 10
Rat D539 0.218 +1.2 +15.7 Survived 10
Rat DELO 04209 +3.3 + 3.8 Survived 13
Rat DSh1 0,252 -1.6 + 1.2 Survived 13
NEV 016508
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(Duration of Exposures i x 7.0 Hours)

-

Change in Weight Length ¢
lixpressed as Surviva:
rercoentesge of After
Initial Weight ixposure
Uefore tt
Initisl During After Animals
Idontification | Weight | Period of] Period of Wore Xil:
Number ge - [xposure | Ixposurs Fate Days
Cat A378 1}+300 - 2.8 - 3.0 sSurvived 6
Gulnea Pig A757] 0.488 - L8 0 survived 6
Culnea Fig A758)  9.939 - 11,2 - 2.3 Survived 6
Y iiloe Av, +12.4 - Survived 6
27,0178 Survived 7
Rabbit 1906 2.0lyly - 6. + 647 Survived 6
tabbit 907 2.1 + 1.7 +13,1 Survived 7
Tat £203 0.179 +11.7 - Survived 6
Rat E28h 04170 "’1’-}07 +11.2 Survived 7
NEV 016509
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Table 3
Mort o8 in Welpht ot

maamsLg_E;zgggs_&a_5aa_4uunLs&L1zSQxa:xl_znssnnazs.qn_AAn

(Concentration of Trioresyl Phosphatet 0.0615 rmg./l., 4e2 pepems)

(Duration of Ixposuret 8 x 7.0 Hours)

' Longth of
Change in VWelight Survival
zxprossed as Afber
Fercentoage of IXgosure
Initial Welight Hofore the
- Animals Were
Initiel | During Aftey K11led (X)-
Identification |[Weight | Period of |Period of or Died (D)
Number ke Exposure |Exposure Fate Days
Cat A353 3.226 + 5.6 0 Survived X
Guinee rig A733]| 0.889 + 1.6 - Survived K
Suinea Pig A734] 0.811 - 0.5 + 4.0 Survived| 10 X
5 Mioe Av. +13.4 - 2 Survived 3 K
0.0164 3 Survived|. 10 K
Rabbit F797 1.779 + 4.6 0 ~ Surwived 3 K
Rabbit F798 1.841 + 645 - Gurvived D (1)
ttat D536 0,130 +U,6 + 642 Survived 3 K
Rat D537 0140 | + 7. | +25.7 | survivea| 10 x
Rat D538 0.129 "'2807 - Survived 10 X

(1) Death dus to parapitic infestation of liver unrelated to
exposure.,
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Variation S
Material in v HC1 )
in Contact{ Temperature |. Material (uncor- _ . E.
With of Inconel | Experlment Added rected for} Tricreayl|{ Free Lardon
Inconel or. Bunber ml./min. | Aroclor | Phosgene | Phosgene | Phosphate| Cresols { Monoxide )
Pydraul 1240 - 1256 1 0.1%3 - - 0.0328 - 0.00065 -
22.7 0.1% 1
]
Pydraul 1245 -~ 1260 2 0.133 - - 0.0180 - 0.00052 - 4
. 12.5 0.12 p|
Pydraul 1240 - 1250 3 0.167 - - 0.0164 - 0.00038 - i

11.4% 0.09 i
Pyaraul | 1245 4 0.215 - - 0.0155 - - -
10.7 3
Pydrsul , 1245 5 0.220 - - - - - - 3
— ;
" Pydraul _ 1040 - 1055 6 0.132 - - 0.0005 - 0.0859 [+ - ]
ast 0.35 1007 i
S

-

-

£9.S1L

Table 4

Concentrations of Various Decomvosition Products in Alr of Chamber

in the Several Experiments

Lxpressed as mg./l. on Upper Line and p.p.m. on Lower Line
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Table 4 (Page 2) sl(TLA ~£
3 ‘-— &
Expressed as mg./l. on Upper Line and p.p.m. on Lower Line
Variation %
Katerial in . FC1
in Contact| Temperature Materiel (uncor- 3
#ith of Inconel| Experiment] Added roected for | Tricresyl| Free Cardbon ;
Inconel o Kumber xl./min. | Aroclor | Phosgene | Phosgene) | Phosphate { Cresols | ¥onaxids
Pydraul | 1047 - 1052 7 0.125 - - 0.0012 - 0.0485 - i
. ’ 0083 1103 b
Pydraul 1049 8 0.113 - - 0.00096 - 0.0487 - -
0.67 11.% ]
Pydraul | 1049 9 0.148 - - - - 0.0513 ) -~ ]
12.0 :
Pydraul 1047 10 0.100 - - - - - -
Aroclor | 1247 - 1256 1 0.113 | o.12% | o.00203) o.121 - - 0.2% 3
1603 0 052\ 63 ¢9 216 0_7 &l
’ i
Aroeclor 1247 - 1252 2 0.144 0.111 | 0.0186 0.147 - - 0.0366]
. 14. 4.8 101.9 33.0 9§
'zn ‘ 3
Aroclor < 1249 - 1252 3 c.125 0.0778 | 0.0012 - - - 0.0016:
o ‘ 10 ‘2 0031 'y 1
[
[
v
[
[ ¥]

¢, . N o !
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gxpreesed as r¢../l. on Usper Lire amd p

Depelle ONn Lowor Liﬂ

Variation
Material in 131 .-

in Contact] Temperature Mecorial { uncor-~ L

With of Inconel|] Experiment] Added _ rected for} Tricresyl] Free Carbon

Inconel °F. Nurber ml ./ Aroclor {rhosgene! rhosgens)| Fhosphate | Cresols | Monoxidd

Aroclor 1252 L 0.130 c.162 | - - - - 0.0007}

13 02} :907 ‘-

aroclor | 1249 5 0.069 0.0573) 0.0109 0.01:43 - - 0.0252

> 2.8 Gebi 22.7 ’-_é

Aroclor | 1252 6 0.067 ¢.0367] ©.0015 - - - 0.0366,;

Sel 0.y 3.8

' 4

Aroclor 1049 « 1053 8 G.121 2.17 | 0.00035 0.022 - - 0. oao

285.8. 1 0.09._ | 15.5 23.5 3

. -

Aroclor 1049 - 1053 7 0.122 1.80 | 0.00071 0,015 - - 0.0308!

237.1 0.18 1.7 27.8 |

iroclor 1049 - 1051 9 .0.121 1.37 | 0.0c037 ¢.0253 - - 0.0146!

z | 180.4 0.C9. 17.5 *13.2 !

< —

\roclor © 1049 10 0.120 .24 | - 0.0190 - - 0.0220,

> 163.3 13.2 - L19.9 -4

: .. —_ ,..,"
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‘able ) {#aie 5)

SONe5

kxpressed es i ./l. on Upper Line and p.p.rn. on Lower

Variatlon
Materisl tn HC1 3
in Contact] ierperature tiaterial (uncor- . i
with of Inconel} kxperiment; Added rected for | Iricresyl| Free Caxdon :
- Inconel °F. Fumber ml./min. | Aroclor | Phosgene | Fhosgene) | Phospbate | Cresols | Monoxide
Trieresyl | 1245 8 6.071 - - - - 0,001L}  «
Phosphate | 0.3 | ]
Tricrosyl | 1258 7 0.072 - - - - - - i
Phosphate ‘ 1
™3
fricresyl | 1045 - 1057 1L €4130 - - - - 0.011 -
Thosphate 2.6 ;
Tricresyl | 1049 - 1051 13 ¢.125 - - - - 0.098 - i
FPhosphate 23 3
Tricresyl | 1025 3 Ce120 - - - 0.550 0.0565 | ©.025d
Phosphate 37.8 13 22.6
. ety
4
Tricresyl | 1053 10 0.175 - - - - - - 3
Phosphate
* =
fricresyl | 1051 11 0.195 - - - - - - b
fricresyl { 1049 - 1051 9 G.0€8 - - - - 0.35 -
.’hoephato : 81 i
3
frioresyl { 1051 12 ¢.082 - - - - - -4
"hosphate I B
Nev 016515 i



89.G1L

ot

Tre Horteliir, len i of

Jurvivel, &l dhiorres iy

ol te :‘
sehle b
S g erap———

Veilht

of Animnly cxocsed

to Aerosols rFor ol b urcy. ii.. iydranl f-73 Inlo o Incournel {ube
deabsd Lo £ Jirperuiure of 12500 . {577° C.j
_J‘ .
Chan:.e in wel; hti
uxpressed as rercoerissie | Fate a8 | Lensth of Swrvival
of 1lnitiel welsnt licted at of Aninals That
_ bnd of . Died (D) or were
Exper- | Duratiocn of Iniitiald During LYSor Lest Killed (K)
iment { ixposure Identificatlon welght Pariod of { rorlicd of reriod of After Last )
¥umber tlours Kurisar He R Lxposure LXposure ZEposLre ivriod of Exposure
1 6.0 + 6.25 | Cat A3TL | 2915 ~10.0 +1i.2 LHurvived 7 days K
6.0 Guinesa iig ATYY ¢.G20 - 1.2 - ~ied -
6.0 + 6,25 | Gulinea 2iz A76Q 1.020 -11.1 + 1.8 ~urvived 7 days K
6.25 3 Mice ) e v 2
0.0 + 6.25 | 2 Mice ) | AVeCeUeh - - Jied -
6.0 + 6,25 | Rabbit ¥932 Ze020 - 68 +13.C survived 7 days K
6.0 + €£,25 | Rebbit 1933 24550 - b2 + e survived 7 days K
€0 Rat €301 C.207 - 1.0 Died -
6.0 Kat E302 £.200 - ludy - vled -
2 6.7% Cat A379 3.170 - a9 + 3.3 Zurvived 2 months X
’ 6.75 Suineos Pig, A?él G.t'.;50 - 1.8 - 2ied -
. 6.75 Guinea t’ig 5762 Ooiu-is Q - vied -
6.75 Mouse AL35 0.025 - S.0 +15.0 survived 1Y da K
6075 3 Mice ' AV 0,020 - - wled -
6.75 Rabbit Fo3I; 2,267 0 +11.2 T .rvived § days K
675 Rabbit ¥935 2.270 0 + Cuiy Lurvived 8 days K
6075 P\..t 8303 0.1&0 - 2.2 had w.’L‘d -
6075 R‘t LBCJJ. C.ZOS - 1!4.09 - :J.i.od -
NEV 016516
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isole 5 (ra e 2)

™

Chan-e ir welgi:t

Fate as

69.S1.

xpressed as Forcentare Ler;th of Sn‘rviul
of Initial weignt toted at of Animasls That
nd of Died (D) or Were
Duretion of Initial During After Iast Killed (K) T
Exposure Identificetion welghat feriod of | reriod of | reriod of After Last .

ours Kumber ke Ixposure rxuosure Lxposure { Period of Rxpocm
3.1 cat A370 3.0£0 - 75 +1G.0 Survived 7 dys K
3.1 Guinea Piy AT76 0L E5 - 27 - vied
3.1 Guinea Pig A7 0.480 - Tl + .2 Survived
3'1 3 :{160 AVQOQOIS - - Di“
3.1 2 “ice Av.0.0175 - - survived
3.1 Rabbit #9356 2.170Q C + 60 Survived
3.1 Rat £305 C.200 - 3.5 - Died
.9 cat A301 2.32% - 1.9 + L .0 urvived K
0.9 Guivea #ii AT65 0.L:4h0 ~ 1.6 - Died :

0.5 Cuinea pi. A766 .Ll 0 + 5,9 vurvived X
0.9 1 ouse C.015 ¢] +53.0 Survived X
0.9 Rabbit ¥Fy34 1.998 ) +27.1 Turvived K
0.9 ilabbit ¥$39 2530 o) +27 & survived K
0.9 Rat 1307 0.205 - 6,8 +25 . Lwrvived X
0.9 Pat 5308 C.188 «10.6 +32.4 Jurvived K
0.25 Guinea ilg AT767 C.1;50 - Zeé2 + Lol urvived X
0025 C’uim Pi& A?68 O.hw - h.c +1(l;.7 Cbtlx"lived "K

0.25 S Hice 1 Av.0,0156 (o} + o3 survived XK.

25 Sabbit L0 2.115 - el +37 G Lurvived K

25 Rabbit FOi2 2.050 0 +2l .5 survived . X
0.2 Rat E309 0.187 oy +356.9 Curvived X
0.25 Rat 1310 0.188 ] - (a9 +30.3 turvived X

?

L.
Ct vt o ew b dd

-t ene

wdbelda e \u mmasadira 4 -
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The :fortallitr, Len:th cf

‘ehle 6

"

LONIIZENTIAL

turvival, end Chances In wel it of Arnim=zls oxoosed

to Lerocols "'ormed by Jroping

i draul FeY intc sz Incorel iube

Heatlcd to & :iermerature of 1050° F. (546350 C.)

.« adve T

Change in hel,ht

Length of Survival

Cnceadi s WA

L ORI

e

2 i

el b s i e

Lxoressod es rFercents;e | Fate as
of Inttigl welisht ioted at of Animals That
znd of Died (D) or Were
Exper-{ Duration cf Initlal During A ter Last Killed (K) -
iment{ Lxposure Identification Welgat ioriod cf sricd of rorlod of After Last -
fumber Hours ltumber - K& wX{O23Ure cKpGS VTS Exposure §{ Period of Exposwre !
6 65 + 6.6 Cat A376 3.085 - 7.3 - h.2 Survived 3 months K
6.5 Guinea Fi: AT7O9 O 4150 - 5.3 - Survivod 16 hours D
6.5 Culnea Piz ATTO 0.403 - 7.1 - Died -
605 + 608 1 ¥ouse ) - - Dled -
6.5 + 6.8 1 Xouse )| av.0.018Y, - - survived 3days D
6.5 + 6.8 3 Mice - - Survived 7 days K
6.5 + 6.8 Rabbit F9!1.2 2.190 - =226 Survived 17 days D
6,5 ¢ 6,8 Rabbit F9Li3 2.140 -1l - Survived i days D
6.5 + 6.8 Rat E311 C.235 -20 - Survived 3 days D
6.5 + 6.8 Rat K312 0.208 - 4. +33.2 Survived 2 days KX
7 6.8 Guines Pig A771 0490 - 5.9 - Died -
6.8 3 Mice ) - - Died -
6.8 1 Mouse Av.0.017 - - Survived 3 days D
6.8 1 Mouse - - Survived S days , D
6.8 Rabbit FoLh 2.055 - 5.1 + G.b Survived 2‘3 days X
6.8 Rabbit FOLS 2.140 o +23.5 Survived 20 days X
6.8 Rabbit FOU6 2.410 - ~12.1 Survived S$days D
6.8 Rat E326 0.230 «13.0 +24.6 Survived { .29 days X
6.8 Rat E327 0.280 - 8.6 «26.6 Survived 1l momth P

NFV
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CcLISLL

The Mortelity, lLoen-th of Jurvival, cnd Chanres In welrht of Animals Exposed

Table 7

b
-,.w-'l'..:’h'l’ LA

Yyey

to Aoroscls rormed Ly Jrop.ins Aroclor 1248 Intc en Inconel Tube

Heated to a ‘ewperature of 1250°

F. (677° C.)

e ted - ik G 40w 8IS

N W

Chance In dWeliht

. 3
Lengkh of Swrvival |

zxpresssd as rercenta e Fate a»
of Initial wel ht Hoted at of Animals That
End of Died (D) or Were
Exper~| Duration of Initial During After Lant KXilled (X) 3
inent{ ixposure Identiiicetlon welzhd Yeriod of § reriod oi | faoriod of After Last H
¥umber Hours Kumber e IXpOoSUre Lxporure | iZxposure Feriod of Expooure 3
1
1 7.C Guinea Pi;- AT79 0115 - 1.2 - vied (1) - %
7.0 Cuinee Pigz A7E0 et 75 - 1.1 - Died (1) - -
700 5 f'ﬂce hv 00.015{‘ - - S Dl@d - i
740 Rabbit F962 2.105 - 1.7 - vied (2) - 3
7.0 Rabdit ¥463 2.205 - 1. - vied (2) - :
7.0 Rabblt FG64 1.560 0. - Died (2) - 3
7.0 Rat 334 G220 - 5.8 - Jied - 2
7.0 Ret 335 0.250 - 6.C - Died - j
3
. 3
2 3.0 Culnea Fi: 4702 G.430 - “25.8 survived 9 days D i
- 3.0 Rabbit P40 2.750 -19.1 + Tols Lurvived 27 days D H
3.0 Rabdbit FGEL 1.800 - G2 - Iurvived 6 daya D 4
3.0 Rabbit F9E2 1.865 - - Died - ¥ M
3.0 Rat =337 0.2440 - 4.2 - Died - - ?
]
4
NEV 016520 3’
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Chang e in -eli hit “
LAZI@SSCU &f percanieg e | fate es Len ti: of Survivael
of Initizl .el:Dt Zoted at of Aniwals That |
d o Died (D) or Here
Expere | Suratizn of : inivigld Juring ~fior Laxt d3lled (X)
iment | bxzcaure Identifliceticn #elyht ierivg of | luricu of jsericd of After Last
Fumber flours Rumber B e iLA5.CEGYO AL QT UD “Xposure Foricd of ixposure
3 1.0 suinea Fi; AT L S 5 ~ el - Luzvived 7 hours D
1.0 sulnea ri:s A7E5 Vel U - N arvived ; Gays D .
1.0 1 “ousc ) ) - - survived Y =inuteas D
1.0 1 “ouse }tav.L.0LG - - Survived l1day D
1.0 1 fouse ) - - ~urvived 6 deys D
1.0 1 “ouse ) - - survived  cays D
1.0 Rebbit Fyli3 1.755 0 +28.7 Turvived 23 dsys K
1.0 Rabbit FYTL 1.785 ¢ 4273 “urvived 23 deye X
1.0 Rakbit FyES 1.560 ¢ +5.0 cervived 23 days K
1.0 Rat 338 Colli's - el +36.3 Curvivod 25 days KX
1.0 Rat 233¢ eels -1C.6 +30 .9 Jurvived 2y days X
h 0.33 Zuinea ¥io ATC6 VIR - Go7 - Survived 1 éay D
. 0.33 Guinen tis; ATLY G468 - -0 e0 “urvived y days D
0.33 5 Mice AV.O.C’ILZ -2 o L d 5 Jurvived i dﬂy D
: 0.33 Habblibt ¥FSL5 2.C75 - 1.1 + Leb survived  days X
0.33 Rabbit 7966 1.345 - -13.2 Survived 1¢ deys D
0.33 Rabbit F967 1.960 - 1.0 - Survived G deys K
0.33 Rat E3L0 0.220 o + .5 swrvived 13 days K
Rat 2341 0.225 0 + 548 13 deys X

0;33

survived

NEV
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fable T (Ffaze 3)

COWFIDENTIAL

Chsn: e in Weiiint

Expressed 23 rerconte; e | Yate as
of Initial welght Noted at of Aninals Thet:
wnd of Died (D) or Heda
Expere | Duretica of initiul During Lifter Last Eilled (K) .3
iment | ixposure Identification «ei:ht reriod of { teriod of |rericd of After Last 03
Fumber {lours Humber ks wEpGIUTS uxposure sXposure Period of Exposure
S 3.0 Suinea Pi; AT(8 G MO - ~12.0 Lurvived 9 days D o
3.C Sulnee rip A769 QoY - -23.3 Jurvived 10 days D -
3.0 L sice 1 G T -25.5 - 5led - -
3.0 1 souse )} Bttt - ~E3.7 Lurvived Y days D,
3.0 Rabbit FyGOL 2,160 - .71 -13.6 Hurvived 22 days K H
3.0 Radbbit F9iLG 14695 - 3.9 +19.7 survived 22 days X -,
3.0 Rabbit ¥970 2.ET70 - 1.1 + 8.1 Survived 7 days X 3
3.0 Rat 8342 0.2C0 - heb + L.0 furvived 12 days K
3.0 Rat £343 0.215 - 4a7 - Died - :
é 1.0 Cuinea Fig AT790 0.60S - £a5 ~11.2 curvived 1.6 months K
1.0 Guinee ri: A791 Ci25 - %5 + Teb Survived 1 month K
1.0 5 ice AveC.0LLS 0 +35.9 S Zurvived 2C days X
1.0 kabbit ¥971 1.745 o +2i o0 Survived 22 days K
1.0 Rabbit 5972 1.950 C +3 a0 wrvived 1.4 months X
. 1.0 Radbrit 7973 1.800 0 +17.3 Zurvived c2 days X
1.0 Rat =34 C.330 0 + 3.6 Jurvived 23 cays K
1.0 Rat 345 Ze295 0 +21.0 curvived 23 days K
«25 hours {ro: the start of cxporure. v
hours frim the start cf exporure. NEV 016522

o 21) 2
o (2) 6
Y (31

»5 hours from the start o! ci.o2ure.
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-

Lurvival,
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gnd Ghen os

to Aerozols rormed

liested %o

-1
Ly Uroy;.in.: &reccloxr 128 Into
2 .urmerature of 1CS0C . (5640

>~ -

in

Chenge in rei:ht
xpreased z=s rercunte;e

of Initiel weirbi

- Yabe as

noted at

sl ade

Length of Survival %
of Anlimaks That

PO

R N I

wnd of Died (D) or Were
Expere| Duraticn of nitial Inuring iLtop Last Ki1led (K)
Iment| »xxcorure Identiflicaltion Weisnt roriod of § suriod cof reriod of After Last
Huember Hours Henber ki EXposure L OSure wposure | reriod of kxpospre
8 70 Zulnea tiz AT9L J.035 - 2.3 - Died -
;.O iuin@a Plg aATYS C o860 - 22 - ied -
0 Hico . R - - i Died -
7.C + 7.0 1 louse ) £v.0.023% - - survived 12 hours D
7.0 +.7.0 Rebbit ¥977 2060 - Fe2 - vied - 3
7.0 + 7.0 | Rarbit Fy(L 2.200 ~10.0 - Dled - ]
740 Rabbit F97Y 2.175 - 542 - Died - ;
7.0 Ret u361 D60 - 7.7 - Died - F
7.0 + 7.0 Rat £362 C.295 - =32.0 sSurvived S days D
7 oC Cuinsa Pic A792 C 450 o - Died -
) 7.0 Guinoa Piz A793 0.420 - 1.2 - bied -
7.0 2 ¥ice ) - - 2 bled -
7.0 1 iouse 1 av.0.019 B ITS - survived S days D
7.0 2 ilce ) - - Survived 28 daya X
7.0 Rabbit Forl : 1.965 - L5 - Survived 5 days D
7.0 Rabbit F475 1.665 - el il .2 Lurvived 1.3 =onths K
7.0 Rabbit F976 24005 - la +19.4 Survived 1.3 months X
7.0 Rat <359 0.305 - 2.6 - Died - -
7.0 Rat =360 0.310 - 32 - Died '- '
NEV 016523
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rable 8 (re.o 2)

CCiNFiDENTIA, E

Chanre in Weiiht

3

thh of Survival E

aXp-ressod as Porceuntaze 'nte a» Lon i

of Iniviel weight Noted at of Animals That

& of Disd (D) or Wepe ¢

Exper- ] Duration of Initiel guring After Last Filled (X} - .
iment | Exposure Identification weizht Pariod of | feriod of |[FPeriod of {. After Last
Rumber Hours Yusber ke . ixposure CXDOEUTO wxposure | rericd of Bxposure °
.9 3.5 Cuinea Iig ATYS ¢.3450 - - Died -
3.5 Culnee PLg A797 Coitls - - Died -

3.5 3 xice ) - - 3 Diad - E

3.5 1 louse Y| ave0.02Y - - Survived 10 days D E

3.5 1 Housze ) - - Survived 20 days X - :

3.5 kabbit Fy&6 2.320 -13.8 +15.0 Survived 1 month K 3

3.5 savbit PYLY 24550 C - - 43 survived S days D2 g

3.5 ffabblt ¥GGT 2.285 - 546 - Died - 4

3.5 hat 2363 €290 - 3. +23.1 Survived 1.1 months X *

3.5 Rat K36l 0.240 ~10.0 +26.2 Survived 1.1 months X

10 1.0 Guinea Fig A758 Q.455 - 2 - Died - 3
1.0 Culnem Fig AT9D 0.430 ~ 3.5 - Survived 2.8 hours D

1.0 5 Mice Av,0.01950 - 242 +37.9 Survived 20 days X g

1.0 Rabbit FL9 24040 - - 6.9 Survived 6 deys D 4§

1.0 Rabbit ¥g9l 2.200 - 3.5 +17.3 Survived 1 ponth X o

1.0 Rat =366 0.305 - 149 +16. Survived 1} days X 1

4

pb 0.33 Suinea Fi: a8CO C.410 - ~45.1 Survived 10 days D i
0.33 Guines Pi; ASQX GeliS5 - 1.6 - vied - 4

0.33 S #ice AV o0.050 =288 +:5.8 Survived 19 dayd K 3

Ue33 Rabblt Fisl 2.C95 -11.2 +20ra3 Jurvivod 1l nomth X

0.33 Eadbit Fy9y5 24120 - 3.2 s Wil Survived 1.3 waths X 5

0.33 Rabblt F396 2.140 - 2641 survived - 12 days D 3

0.33 Bat &£367 0.280 0. +29.6 Tarvived 1.1 monthe X j

0.33 Rat £368 0.255 o +38.7 Lurvived 1.1 monthe X ’,

~ o i

INTERY,
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Zadle § (#ai0 3) ‘--OUE.'DENT;AL 3.
Chanre in Weizht . :
Lxpressed as fercentage | Fate as | Lergth of Survivel *

of Initial Weight soted at of Animels That -
B rd of Pied (D) or ¥Were'
Sxper- tion of Initial During After Last Killed (K)
fmont | Exposure Identification vielght feriod of Period of Poriod aof Aftexr Iast
Funber Eours Humber ¥E e Lrposure Lxposure Exposure Feriod of Exposr e
12 305 Culrnea Pig AGOZ Oo. L0 - 303 - Died -
3.5 g #ice Av.C-.Ol? 0 +22.i,=. Survived 15 days K~
3.5 Eabbit ¥997 2.210 - T2 +20.5 Survived 29 days X
3.5 abbit F99C 2.080 - 5.5 +11.3 Survived 29 days K
3.5 Rabdit F999 2.090 - - 5.7 Survived S days D
3.5 Rat E369 €.255 (o] +10.9 Survived 1 month K
3.5 nat E370 0.235 o +26.7 Survived 1 nonth X
13 1.0 Cuinea Piz AGOlL 0.425 - 24 - Survived 3 hours D
4 1.0 Culnee Plg ALOS 005 - 1,0 - Survived 3 bours D
1.0 3 Hice AV.0.017 0 - Survived 16 days KX
1.0 1 Mouse ) Ve - - Survived 7 days D
1.0 Rabbit G2 2.340 -18.6 +40.6 Survived 37 days X
1.0 Rabbit G3 2,310 - 6.6 +241.8 Survived 29 days X
1.0 Rabdbit Gi 24345 - 3,2 +12,! Survived 29 days X
. 1.0 Rat E371 C.230 - 6,5 + 9.2 Survived 32 days K
1.0 Rat E372 0.215 - 2.3 + T4 Survived 32 days K
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ITable G ENTIAL
The ‘llortality, Len:ch of Survival, saul Lhern-og In vei:nt of fnlinels sxuosed
to Aerecsols Formed by Iront.in- rleresyl Pacscuale Infc en Inccnsl Tudbe
Hopted te & ioporsturc of 12500 t, (4779 C.) '
L XY

811611

Caanyse in wei;nt .
rrpresved as rercentare | rale sas | Len -t of Zuxrvival ¢
of Initial Jel.ut icied at of Animals That 1
end cf Died (D) or were
Expore | Duration of » Initial Juring rfter Laszt ¥i1lled (X) i
iment { Exposure Idontirication Weight Fericd of | feriod of §iericd of After Last 3
umber Hours Xunier kg ixposure EXyposure rxposure | rerlod of Expostuxre .  ;
. 3
15 2 x 7.0 Cat A371 3.611 - 6.5 + 1.2 Survived 7 days K :
2x7.0 Suinoa Pi; 4562 Ol ~ 4.0 +11.9 survived 22 days X
7.0 Cujinea )':’ig AL:GB C.:,q.é - 2.3 - Died -
2 X 70 S Mice Av.0.015k - - £ Died -
2x 7.0 Rabbit G178 2.963 - by +12.9 Survived 17 days K
2 x 7.0 Rabbit G179 2.553 0 =15.6 survived 1; days D
2x 7.0 Rabbit G180 2.791 - h.9 +15.6 survived 16 days K
7.0 Rat EL79 0.5L06 - 22 - Pled -
7.0 Rat E480 G450 - - Died -
2 70 Guinee Filg AUCS C.:110 - 4e9 -35.0 turvived 3C days D :
. 7.0 Guinoa Pig ALQ9 G485 - ldt - vied -,
7.0 S Mice Av.0.017 - £.C - G Lied -
7.0 Rabbit G8 1.945 - 6a2 +35.0 Suzrvivod 27 days K i
7.0 Rabbit &9 2010 -2e7 +22.1 Survived 27 days K i
7.0 Rabbit G1C 24075 Q0 +33.5 Survived 27 days K H
7.0 Rat E376 0.225 =12,.C - sled - - .

NEV

016526
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veble ¢ (iaze 2)

C

CHEFIDENTIAL

Chance in Wwei kit

il X%

Lpressed g8 rercentage | rate as | Lenctu of Survival
of Initiel wWei bkt aoted at of Animals That
nd of Died (D) or Were .
Bxper- | Duration of Initial During AL Ler Last Xilled (K} - .}
i=ent | Exposure Identification welinht reriod of | Fkeriovd ¢f {ierliced of After Last
Sunmber Hours Kunmber Ko LXpogure Exsosure kxzosure | Period of Exposure
b § 3.5 Gulnea Fig 4806 0.500 - 2.6 - Died - :
3.5 Guinee Fis; ASOT C o320 - - pied -
3.5 2 Hice ) - - 2 Died - ;
3.5 1 ¥ouseo )1 ive0.017 =10.0 - survived 22 days D
3.5 2 “ice ) +33.3 survived 3% days X -- ‘
3.5 Ravbit U5 Z.27C o] +1: .8 Survived 28 days X i
3.5 habbli Gé 2.110 0 +37 4 Survived 28 caym K :
3.5 Raoblt G7 2.140 - 0.5 +2C.7 survived 28 days K 1
3.5 Rat 373 C.220 0 + Zo3 Survived 3 days X
3.5 Kat £374 C.215 s] + 23 Survived 3, deys X
4 1.0 Cuinea ?i;r 4822 Oo4L5 - 1.5 - Died - ;
1.0 Culnea fi"-_ 5.5323 COL;.BO - 503 - Jled - .?
1.0 S Hice Av.0.0150 - +57.3 survived 22 days K 3
1.0 Rabbit G22 24095 - 2.0 +32.2 Survived 19 days K i
1.0 Rabbit €23 1.995 - Z2e3 <15.5 survived 12 days D 3
1.0 Nabblt G2 2.110 - Se9 +2C.68 ~urvived 28 deys K ;
1.0 Rat :ﬁ.399 0.215 - 600 + C.l‘." Jurvived 1.1 months K ,
1.0 Rat EI;OO 0.210 - 308 +1é.7 Survived 1.1 =monthe X 1
6 0.33 Guinea ri:r AGLZ 0.505 ~ 1.1 + L.h survived & days X
0.33 Culnee £1: ALL3 C.500 0 + 3.9 survived € days X
0433 5. ¥ice AVeCe022 0 +1 .5 survived 11 days.X
0.33 Rebbit S1li 21450 ¢ +13.7 Suvived ¢ days X
0.33 Rabbit G117 Zel> - el +32,9 Survived 1.1 months X
0.33 Rabbit G118 Zel - He2 + 7. urvived $ days K :
0.33 Rat =3 C.175 - 5.7 13344 survived 8 deys K |
0.33 Rat £l 0.205 ) +2C .5 survived 8 days X 1
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iatle 9 (<o e 3) et
Chance 1In Leiihi
srpreczed s Fercenta e | fate as Len:- th: of turvival
cf Iniilal welrnt noted et of Asnimals That
and of Lied (D) or Were
Expor~{ Duration cf Initiel vuring Alter Last ¥1lled (X) .
faert| IXxposure Identification ~ei;ht reriod cf rerliod <t ivricd of tfter Last
Runber tours Number kiza LxXpoavre Lxposure zzxpogure | Perlod of Ixposure
6 3.5 tuinea rig ACHS 1.060 0 + 5.2 lurvived 7 days K.
3.5 Guines P1ig ASUT C.T70 ~7.8 +13.2 survived 7 daya K
3.5 2 Mice ) - -~ 2 Died -
3.5 2 ifice )| av.0.02 - -3£.0 turvived 7 days D
345 1 House ) - - Survived 7 days K
3.5 Rabbit G129 £.235 -C.2 ~ 7.C “urvived 7 daye K
3.5 Rabbit C130 1.u20 0 + 0.3 vurvived 7 days K
3.5 Rebbit G131 1.465 0 + 5.2 Survived 7 éays K
3.5 Rat z4l;) 0.315 - - Gled -
3.5 Rat B2 335 ~7.5 v 9.6 earvived 7 days K
7 l.0 Guinee Fiy Aty 0.35% 0 + 2.1 Sumrived G cays X
1.0 Guinea kiy AGLS .070 G + 3.1 turvived ¢ days X
o0 5 #ice AV e0.023 «6,0 +1Ge5 Survived & davs K
1.0 Raubit Cl19 20 -G8 +19.1 Turvived 25 days X
1.0 Habbit G120 2.325 0 +10.4 Survived 8 days K
1.0 Rabblt G121 2.4701  -7.3 +35.8 | torvived 1.1 nmonths K
. 1.0 Rat EL439 Ca195 -Sel +2h .0 survived 3 days K
1,0 ‘Rat B0 C.290 0 +23.7 Survived G days X

NEV

016528
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Table 10
8oze 2

“vrvival,

The Gortelity, Len -th cf

CUNFig:a

“

NTIAL g

erd vhonres Iin LZel-ht of Anisels sXposed

to Aerosols lorrned by Urcpiirns Tricrosyl ihosshate Intc an Inconel Tube

ileatod %o s Jerporsiure of 1650° F, (5669 C.)

Change in uel:nt P
Bxgressed as rerconts e | Fate as | Length of Survival!
of Ifmitial Vei:nt Koted &t of Animals That :
End of Died (D) or Vere -
Exper-{ Duration of Infitinl During Liter Last Killed (K) .
inent! ixzcsure Identificatien Weluht Perliod of fericd of { Ferlod of After leat
Number Hours Munter Yo, LRLOSUTC LXposure iLxXposure Perlod of Exposwuie:
U 7.0 Cuinea ri; ALS00 1.03% - 1.0 - Died -
70 Cuines Fi; AS6L Get03 - 6.0 - Died - i
2 x 74C Rabbit G164 24029 ~12.3 - Survived 1 bour D ;
2 x 7.0 Rabblt C165 24005 «10.7 - Died - ;
T«0 Rat =71 Ca5h ~10.1 - Died - :
7.0 hat @72 o7k - 5.9 -~ Died - ;
13 70 Guinea Fir AUSE C.L30 - 5.2 - Died - :
’ 700 vuinea Pi{_, 5859 G.!.;J.O - 1.2 - DA - :
7.0 3 lilco ) " 6 - - Died -
7.0 2 rifce )] Av-G.01 - - survived 13 days K
7.0 Radbblt ¢151 2ol 0 - ToF +16.9 sSurvived 12 days K
7.0 Babbit 3142 2.525 «1i.5 +13,5. Survived 13 dsy=s X
7.0 Rebbit C153 2.035 - 6. - Died -’
7.0 Rat E:63 0.470 - L.0 - Died -
7.0 Rat B464 0.455 - 2.2 - Died -
NEV 016529
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iable 1C (ra e 2) cClL VL 1
Changse in welznt ‘
Exgressed as resrcentege | Pate as | Length of Swrvival
of Initial) wWeiint iioted at of Animals That i
Bnd of Uied (D) or wWere -
Exper-| Duratioz of :3itial Daring Alter Last Xilled (K} -
iment| Exposure Ider:tification Welight Periocd of §| Foricd of | Periocd of After Last |
Rumber Hours Mumber Ko Exgosure Exposure Exposure | reriod of Exposure
. . {
3 3.5 Guinea Pig 4818 o434 - 1.8 - Died - ;
3.5 Gulnee Fiz AS19 0.430 - 3.3 - Died - |
3.5 1 Nouse ) Av.0.0138 - - Died - :
3.5 3 Mice Vels ~19.3 +Hl .9 Survived 26 deys X .
3.5 Rabbit G17 2.150 ~ 1.6 -19.0 Survived T daym D . i
3.5 Rabbit 618 1.004 - 2.5 +23.0 Survived 20 days X K
3.5 Rabblt G19 2.180 - 2.8 +12.2 Survived 20 dnys X :
3¢5 Rat E393 0.193 - i1el +20.7 Survived 25 daya X |
3.5 Ret E394 0.197 0 +12.7 Survived 25 days X
10 1.0 Guinea Pl; A852 1.110 -11.1 + 3.0 Survived 8 days K H
1.0 Guinea Pig A853 1.280 - - 34 Survived 2 days D i
1.0 3 Zice ) 8 - -8 Died - i
1.0 2 Mlee Av.0.01 -22.2 +19.,5 Survived 7 days X |
1.0 Rabbit Cli2 2.166 -, ~i7.8 Survived 26 days D 3
1.0 Rebbit G113 2.835 - <43.0 Survived 17 days D BE
1.0 Rabbit G1ih 2.470 - 2.0 + 6.7 Survived 8 days X -
1.0 Bat ELS4 0.160 - 5.0 +19.4 Swrvived 9 days K 3
. 1.0 Rat E455 0.160 - 6.9 - Died - 1
11 0.33 Guinea Pi: ACSL 0.4446 - 5.5 +15.9 Zurvived 9 days X 1
0.33 S Mice Av.0.0190 -13.7 +17.9 Survived 10 days X R
0.33 Rabbit G115 2.100 - 2.2 + 3.5 Survived 8 days X
0.33 Rabbit G146 2.333 - b4 +11.6 Survived 8 dnys X o]
NEV 016530 0.33 Rabbit CIL7 24395 0 +10.9 Survived 8:days K , 1
0.4450 - - 9.1 +17. Survived 9 éays X E

0.33

Rat E(57
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iable 10‘(33,;0 3) CO“.-.'S:E"",'AL 63
jé
Chanse 1In ¥el: ht ]
Expressed as Percentsce | Pate as | Lensth of- Smivnlf
of Initial weight Goted at of Animmle. That §
End of Died (D) or Were '
Exper~ | Duration of Initial During After Last K11led (K} ¢
iment | Exposure Identification wWelsht FPerlod of | rericd of |Psriod of After Last -
Rumber Houra Zumber . ke £xposure EXposure Exposure | reriod of Exposure:
}
9 3.5 Guinee Pig AES0 0.920 - 3.0 + 0.9 Survived 8 days K !
3.5 Guinea Pip AGS1 1.035 - 0.2 - Died - 1
3.5 3 4lce ) AV.0.C17 -11,9 - Died - '
3.5 2 ¥ice )| aveve -21.0 +21.4 Survived 7 days K :
3.5 Rabbit G139 2.145 - 9.0 + 6.3 Survived 9 days X 3
3.5 Rabbit €1.0 2.430 ‘- i4e9 0 Survived 1 days K ]
3.5 Rabbit Gl41 2.1460 0 + 0.8 Survived ly days X ]
3.5 Rat Ebliy G.360 - 6.7 - Died - ;
3.5 Rat X445 0.330 «10.6 + 8,8 Survived 9 days K ]
12 1.0 Cuinea Pig A8S5S6 0.750 - 542 + 1.2 Survived 6 doyn D i
. 1.0 Guinea P3g ASS7 0.510 - 5.3 «17.6 Survived 29 dxys D :
1.0 5 Mice Av,.O.g%g o . +11.8 Survived % days X 3
1.0 Rabbit G148 2. - 8.1 +10,2 Survived 8 days X 1
1.0 Rabbit ¢1L.9 2.400 - 2.0 +16.h Survived 8 days X .
1.0 Rabblit G150 2170 - 1,8 +15,.2 Survived 23 days K 7

. 1.0 Rat H-‘.SB 0.)460 - :&.8 + 3.0 Survived 9 d."‘ X

1.0 Rat B459 0.1430 - 6.5 + 1.9 Survived 9 days X

N
NEV 016531
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iasle 11 (ragce 2) CcC.. L
~ = HE \Jr Nl
Compound Durstion | . . Gainea | _ | sxyeriment

and ‘Yemporature of ontact dours #ilce | Lats Figs nabblts | Cats Humber
Aroclor Decorposition 1050° P.| 7.0 + 7.0 £/S 2/2 2/2 3/ - 8
: 7.0 3/5 2/2 2/2 1/3 - 7
3.5 /S | ©/2 2/2 ,\\ - 9
1.0 0/% c/2 2/e 1/2 - 10
0.33 /S 0/2 2/2 1/3 - 11
3.5% o/ c/2 /2 1/3 - 12
1.0 /4 0/2 /2 c/3 - 13
Tricresyl Phosphate 2x7 v/5 2/2 1/2 1/ ¢/l 15
Decomposition 1250° P. 7.0 v“\n 2/2 /2 o\ - 2
3.5 3 0/2 2/2 0 \ - 1
1.0 0 N 0/2 z/2 1 \ - i
0.33 0 c/2 o/2 0/2 - 6
3.5 &5 1 1/2 0/2 oﬁ - 8
1.0% o/5 0/2 0/2 0/3 - 7
Pricresyl Fhosphate 2x7 s/5 2/2 2/2 w\\ - 1ig
. Cecompozition 1050° ¥, 7.0 w“m 2/2 2/2 1/3 - 13
. 3.5 3/h 0/2 2/2 1/3 - 3
1.0 3/5 1/2 1/2 o\\ - 10
0.33 0/5 o/2 c/2 3 \u - 11

350 3/ 1/2 1/2 0 N - 9
1.08 /5 0/2 c/2 0/3 - 12

#Rate of liquid delivery was about one-half of tuet in other exgerironic of similer duration.
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Sumary of Mortelily Amen: Srcups of Animals Subjected o iferoscls Formed by
Dropping Pydraul F-9, Aroclor 1248 or Tricresyl Fnosghate
| Into a Heated Inconel Tube

L d
-

et et

we.or

Compound Duratic - Guin ' periment
and Tempor:m}turoo of Contact strscn Kice | Hats Pis:a Rabbits c;t- &P'fm _
Pydraul Decocposition 1250° F, ! 6.o6+7(3.25 gﬁ 2245 };g | g;g 8ﬁ %
ol > <
3.1 / 2/2 1/2 1/2 0/1 3
0.9 i f 0/2 1/2 0/2 o/1 IR
0.25 0/5 0/2 0/2 o/2 - S
Pydreul Decompositlon 1050° F. | 6.5 6:86.8 %5 iﬁ 2/3 21;2 0/1 6
u il | o | 1| 8
0. oé o/2| o/2 og - 10
A:"»oolor Deccmposition 1250° F. ; .g ;5/; 2/5 gg %’2 - é
1.0 §Af o/2| z/2 gﬁ -
0.33 J ¢/2 2/2 - é .
3.08 2 2/2 ) -
1,0 ofs 0/2 o/2 0/3 - 6

NEV 016533
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Tsble 12

Incidance of “ortelity in Relation to Haterinl

and Spocles Dogrardless of Lhe

S

Tomperature of the Inoonel

Total Number of Animals ‘nat Died/iotal

haeber :xposed

. Tricresyl
Specios I'ydraul Fe9 Aroclor 1248 - ¥hosphate
% % %
#ice 28/49 (57.1) | 37/63 (58.7) | 32/69 (L6.4)
Guinoa Figs | 13/20 (65.0) | 2h/26 (92.3) |17/28 (60.7)
Rats 8/20 (40.0) | 9/26 (34.6) |11/28 (37.3)

.

NEV 016534
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lable 13

_ Incidenoo of Mortality in TNelation to fiaterial,
Bpeolies, and Tompereture of Inconel -

Number of Animale fhet Died/Humber
of Animals Pixposed

fpeoies 1250° F, 1050° .,
Aroclor 1248
' % *
M4 h/29  (B2.8 13/ (38.2)
zuuggaa Pigse 15512" (G3.3 1 1& {100.0
Rebbits 1/18 (38.9 9/20 (45.0
Lats )/12 (1.7 h/iu (2846
Total L6/71 (6.8) Lo/82 (48.8)
Fydraul Fe9
4 £
Mice 1572 (62.5 13/ 5 (52.0;
Guinea iigs /10 (50,0 {50.0
Labbits 1/10 (10.0 3/114 i:‘:’l.h)
Nats 6/10 (60.0 2/10 (20.0)
Total 21/54 (50.0) 26/59 (Lh4.1)
Triorosyl Phosphate
% : £
Mioe 17/35 (48.6 15/3L  (4h1)
Gugnoa Plgs 7/;h (%0.0 16/iu (%&.u)
Rabbite 2/21 ( 9.5 2/21 (33.3‘
Yats S/ (35.7 /U (L2.9
Toted 31/84 (36.9) 38/83 .(45.8 715787

NEV 016535
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- ’
The Toxicity of Irdravl Fe9 then Hai:itelroed Corntinvewsiy for
Tuanty-fo.r idcurs in Contact Hith the iin of Hakbits by
the Sleove olhod of Uraize, 0088 and (alvery
(Applied uniiluted)
Loss of welght " Lengzth of -

Swrvival sfter

[danti- Initiad} Zixpreszed es
fication| Condition] octe wel ht rercenta.e of the #Material
Nuaber of Zkin | sd./i . e Initiel wel:ht ratve “as Applied
G=333 | Intact 9. 2,069 36.1 oted | 7 days
G-339 Intasct 9.4 2390 174 Died 3 days
G=340 Intact 6.0 2.275 19.8 Died/ | 20 days
G=419 Intact €0 1.630 9.9 survived | 9 days; killed
G-3421 Intact 6.0 2,018 9.6 Survived | 9 days; killed
6420 | Intact 3.6 2,100 6.1 Survived | 23 deye; xilled
G-438 Intact 3.6 2.262 3.8 Survived | 16 days; killed
G-=1339 Intect 3.6 2.265 3.7 Survivod | 16 days; killed
C-4 55 Abraded 640 24090 36.5 nied 19 days
G457 | Abraded 6.0 1.966 L3 pled | 4k hours
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Tgble 15 ~i-';'D-'-'Nr

AL
The Toxicitr of Aroclor 1o & when Maintainsd Continuously for
"‘uent:;-fo,r fiours in Contact With the Skin of Rabbits by
the Sleeve Method of Draizs, Woodard and Calvery
(Applied undiluted)
Loss of welight Length of
Identi- Initiel | Expressed as _ Survival After
ficationi Condition Dose vefzsht | Percentage of the Materisl
Kunmber of 3kin {ml./i. Xz Initial Weight Fate ¥as Applied
G-318 Intact G 2.310 1%.3 Survived {21 cdays; killed
G=4i40 Intsect G oly 24310 3.9 Survived |21 dayss killed
G=iihi2 Intact Sely 2.053 26.2 Survived {31 days; killed
G322 Abreded 9 ol} 1.865 Gel Survived h% days; killed
Gely2ly Abraded Gels l.922 35.2 Died ’ days
G-i};3 Abreded 5.0 1.970 1.8 Survived {29 days; killed
G=l}56 Abreaded 6.0 1.862 12.7 Died 21 hours
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Table 16 ’ "TIDEINTIAL

The Poxlsity of Tricrecyl rhwsylirte wuen Hsintainesd Corntinuwously
FYor iwenty-four iours in Ccatact Witz the Skin of Habbits
by the Cleeve Hetnod of Idralze, Woodard and Calvery .

{Appliecd undliluted)

Loss of Wel:;nt Length of

Identi=- Initlal | Lxgressed es - | Survival After
ficetlion{ Condition | Dose selizht | rercentage of the Materiel

Kumber of Skin {ml./ky. Ze Initial Weizht Fate was Applied

G-628 Intact Gelp 2487 15.5 Died 2 days

G~337 Intact 60 2460 16.1 Died 2 cays

G=-334 Intact 25 2.130 2l.0 Survived | 20 days; killed

G=-3k Intact 25 2.360 38.2 Died 7 days

G=-345 Intsot 2.5 2.125 Ge8 Survived { 8 days; killed

Gely 23 Intact 1.6 1.620 13.2 Survived | 9 days; killed

Gelils Intact 1.6 1.809 11.3 Survived | 21 days; killed

G=li1S Intact 1.6 2.158 59 Survived | 15 days; killed
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COWFIDINTIAL

e doxicity of Car-oyle DIl when “Mel:talnoed voncisuoealy

dor iwentyv-four Hours in Conigct With tihe ikin of

cabbits

. by tkhe “leeve

athod of Uraize, hWoodard and (olvery

(Apzlied wndiluted)

Loss of welinit

Lan: th of

Identi- Irdelad | Expressod as Survivel Alter

flcatlan ] Condition { ose Leisnt rereontazoe of the Hatericl
Numbexr of Skin {rml./ki. Kie Initial ¥Wei-h nte «as Applled
G- Intact 9y 2u.70 12.9 survived 1& days; iilled
G=331 Intact G} Z.4Ss 11.9 Gurvived | 10 days; killed
G=341 Intact Gely 2.C30 1.2 survived | 20 days; killed
C=3l2 Intact Gely 2.210 17.6 SJurvived | 19 deyss killed
G-343 Intact Gely 2160 10.2. Survivod | € deye; killed
C-332 Abraded Gal 2.0 Lod survived | 7 deys; killed
C=3%2 Abraded Gely 2.:50 10,04 Survived | 20 dmeys; killed
G=-354 | Abraded Yelr 2.255 2C. s>urvived | 20 days; killled
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Surmarized Data on tiwe Irmiediacte Toxicliy of Pyivsul Fa9,

iatle 18

;C,ONFIDENT,'AL.

Aroclor 128, ‘ricresvyl Phosuvhaete and Zargoyle DTE vhen

Maintelned Toon the Skin of Rabbite Accorxdins to

the Slceve otheod of Orslze, Moodard sand Calvery

lumber that vied/Mumber Clven the Halerisl

Tricresyl
Pydrsaul P-9 Aroclor 1248 Fhospkate Gargoyle DIE
Dossage
ml.jﬁg. Intact | Abreded tact | Abrsded Intsect Intact { Abraded
9ol z/2 - o/3 | 1/3 1/1 o/s | ©/3
6.0 /3 3/3. - 2/2 1/1 - -
3.6 o/3 - - - - - -
2 [ ] 5 - - - - 1/3 - -
1.6 - - - - 0/3 - -
NEV
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