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ARimAl experimemts indieste that Inertesn 13 less Sexis
than trichloredensens; that the imtake of fstal doses (fairly
large quantities, perhaps 8 to & zabloo’onnrnlo) vil] cause
hypereais of all. iaternal ovgans, octcnstvo degensration of iho
liver, und damage 0of the mucous seabranes of the stesash. ith
smsller doses thede ot:ootu are less severe and there i3 evidently
some tendency toward hoaltlc if further absorption of the toxie
material 1s» preventesd, . ‘

The coatact of Inerteen with the skin causes drymess of the
skin, thickening and scaling, and it sppesrs that sufficiemt quas-
tities may be absorbed in this way to csuse demage of the liver,

It sppe.rs that for short exposure concemtrations of 0.0 mg.
per liter of eir represent the saximul aLIOtnbic ecncnntrat&ai,
und for continued exnosure, concentrations below 0,08 ag. por‘IStor
of air. | v _

Danxoroﬁo concentrations, or at least potentially dangerous

concentrations, may be recogniged by drawing 10 liters of air at

s rete of sbout 1 liter per £ minutes through 2 test tube contain-
ing 1 ce. of ethyl slcohol, cooled in dry 1ce'or in an ice aalt

. mixture, &nd then pourimg the alcohol carefully ou the surface of

a few cubic centimeters of xuter in « test tube. If the concentra-
itun of Inorté;n is over 0,03 mg. per liter, & white ring is pro-
Au!td between the two liyers.

Yor the safe hundling of Inerteen it apbonrs necessury that
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ooﬁecntrtt&an: of its v:péro in alr are kept delew 0.08 ag. per
liter of air by adequate forced vemtilztion at the site of the
produstion of such vasors.

Oreatest persamal hygieme is 0f paramsunt fmportance. Con~
tamination of the skin should be avolded by proper protective
gsvaents such as glovbs; cups and coverulls. In cuse of accidents
or with short .xpdsur. to higher cunseatratioms, of und abov§ Oek mge
per litoi of uip, respirators or open air masks should te worn, The
skin ahéuld be kept immiculitely clean end ointmemts such as lanolin
or Aguafor should be ap;lied to the skin after the washing of the
hands.

in viex of the possidility of & toxic action of this mutertial
on the liver, pcrsons suffering from injuries of the liver (Jaundice)
syrhills, und heirt diseuscs should be oxciudod frow operutions in
which Inertesu is hundled.

Workers handling Inerteem or with frequent exposur. to its
vapors, should undergo periodic examinstions; special uttention
should be psid to their nutritionsl condition, and the conditice of
the liver should be checked by deteraining the icteric index in the
blood and the excrstion of urebilin snd urcbilinogen in the urino.

Regards the treutaent of toxie effects of Inertcen, the local
drritation of the skin should be treuted with dbland ointments ufter
the toxic materisl has been resoved by intensive washing «nd scrub-

bing. In case there is evidence of injury of the liver, u dist

rith in carbohydrutes, sduinistrution of glucose and iasulin, und
duodenal lavsge wlﬁh gugnesium sulfite any be beneficiul. If Lnert

—_
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hus been swallowed, emetics such as socap water or mmstard

water should be given fmmedistely. 7This should be téuovod by
gedtric lavage with a suspension of setivated churceoul in water,
and saline cathartics such as Eplon salts lhm_u.d be given to
reacve any uﬂé~utorm froa the intesuinsl tract.
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The Toxicity and Potentisl Dengers of Inertesn and Related
Substances, Including a Method ef Analysis for Balogenated
Srdrecarbons 20 ALL.

%o ¥o von Nttmﬁ. ‘ono’ P.De

The tonnqloctctl experiments on this problem were carried
out by Dr. Jo Be Foulger und Dr. A J. Fleaing of the Departaent
of Toxieology snd the putholégioui studies were mudo by Dr, ¥, 2.
Reud, Jr. of the Depurtment of Pathology of the Haskell Laboratory

The msterial wus investigsted with oral sdainistration te
r.ts, spplication to the skin of ruts, and in inhalation experi-

aents. 'rho latter were planned in such & way us to approech us
closely as poisaible the sctual conditions encountered in ths use
of this muterial in transforasrs, in order tu evului.te the asximal

hasard wshich may be encountered in its use for tlis purposs. TFor
coapi.rison, sdditionul tests were made regurus the toxie otrectsb
from inhelation Of vapors from Pyranol and Transforaer 04l (west-
uchouso). In addition, & method wua worked out for the deter-
ainrtion of Inerteen in air.

In order to deteraine the ainimal futsl conoentration of
-Inertesn for rats, 100 snimals vere given by stomach tube gincle

49sez of Inerteen, s indicuted in the tuble,
Dose ' Mo, of No, of Time of death Per cent

Ly T

oc./kpme animsls  dead mortality
- . treated
1,0-1.48 Y ] ] 4 ¥ within & days 18.8
1eD=1,80 e -} e % *« = " r JT7.8
zeO=iiod® 10 . 3 L3 L a " 30.0
LeB=Le89 L0 a0 0% s 3 8 ¢ 5040
! 3.0‘50‘9 20 “ 1‘ b . 3 ) 75.0
. e &~
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" In these, us in subsequent exyerimeats, sil ruts showed
signs of utpeoltort immediutely following the aduinistratiom,
later they becume de)ressed and refused, freguemtly, water
and food; within & few hours they betcame weak and stuperous,

8o that they were finklly unable to rise. b“hen thia stige wag
resched they 1nv~r1a$11'dlod. Omne of these rats wus found to
suffer froa slbuminuria, one doVsloﬁad treaors of the hewe wnd
fore-1imbs, &nd cne showed severs heasorrh.ges from the intusti-
nal tract. The tuble indicutes thut with oral administruation
the minimul fstal dose of Inerteen for rats, which kills 70 per
cent of the animuls within & days, 1s 3.0 to .49 ¢c. per kilo-
gras body weight.

Vyoon pethological examination of R0 of these suimils, those
that hud died apontanevusly shoved congestion of the ;ungg,'which
wis coabined with edea: wnd hesorrhuge in severul instunces., Ten
of the animuls had mottled gray or yellow jivers und in three
instances ther: wus & diffuse pullor with aoderate yellowness.
In.s out of 6 animuls siudied microscopicully the llver,qhowod
narked .nd rather extensive hysline necrosis in the central part
of the lobuiol; the liver cells in this ureu revezled futty de-
generation of the cytoplasm; and in & animuls that uied Bi and
8¢ hours after the tre.tment these cells contained increused

, . nambers of sitotie figures. In the mujority of the animals the
" mucoss of ;he fntestine was congested wnd the fecul muterisal in
. the intestinep contuined old blood; und in one instunce fresh

blood wae found in the lover third of the iloun,nlongr culon,

.
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and siguoid., Microscopioally the SLQRECH of twe animals
presented typical hamorrhagic erosions of the mucosa; another
shoved heaorrhagic &resas in the mucosa; and in the rezsining
anisals postmortea chamnges did mot auﬁ an exact anoctt;itian.
In order to follow up the toxic effect of Lmerteen on the
liver, & group of 50 white Fats wis treuted in the ssme wey with |
single oral doses of 1l¢15 to 1.20 cc. per kilogram body weight.
84x of thess were killed 3, 8, and 11 days, reaspectively, sfter
the adainistration.
Upon puthologicul examinution it was found thut tmo of the
6 enimusls killed sfter O duys huc dloody meterials in their
stomochs «nd in 80 per cent of these animuls the liver vas
slichtly yellow in color inu the liver cells were luPge and con-
tiined numerous mitoses und occusionslly there w.s necrosis of
-cells imuediutely sbout the centril veins., animils killed ufter
8 duys presented & slight enlurgsasnt of the liver with & gques-
tionadle yellowish color, the 11.?9: cells werc lurge, those Lrow
the centril veins were dark, wnd occasionslly there wus some
fotty dogenvoruuon of thesc cells, Ruts killed atfter 1l days
suowed no iaportant. gross puthology. Microscopicslly, &ll sec-
-tions showed u siight swellling of the liver ‘e.lls vith occasliona
néu.ounti.on 0! the cytoplusme Nu other organs showed putholog
changes referable io the ex:osure.
. In order to study the effect of repested orsl sdainiatratds

of Inerteen, I graups of 10 _uta each vere treated in the follov

' ing ways

-«
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The first group roooiv-d froa 0.38 to 0.88 cc. per ile
for & consecutive days, Nome of thea died and § were kxilled
after the 3rd trestaent for pathologicsl exemimation. The
second grour was fed doses from 0,62 to 0,88 ce, per kile, -
fwo dled following the 2nd dese and § wers killed for witopsy
after the 5rd aduinistrstiom. In the third group the doses
renced from 1.£3 to 1,78 ec. éof kilo. One rat dlied after the
1st, thres after the 2nd, and four arter the 3rd treataent, and
the resaining a«nimals were killed four days after the ard‘troat-
ncﬁt- .

Upon vathulopicsl’ exsamini.tion the livers of the ruts of the
first group whpeared somewhat lighter than ususl und one shoved
large yollov wress; therc wus : diffuse mild swelling of the
liver cells vith some polyenromusis; ocensionully ihi cells showe
sone vacuolu?r chunges ui the cytoplusa, but in generul these

changes were not very seyeres In ¢ rets of the third group which

dleci after 2 trectments the stomachs were diluted with food and

in t#o of thesc there wic «180 some 0ld blood sresent. Liecro-
scopically, one rut had small influmautory ulcers in the fore
stoauch cvnd another showed hemorrhugie orosions of the pylorus.
A1)l chowed some hyjcremis o the liver wund in onc rut tals wus
of obttled appeiLrsence. dleroscoplcully tio rats Shoued swelling

of the liver cells vith fuitty degeneration of those in the centm

TR

“purts of the liver lobules, Two others presented centrul necros:
of the liver cells with hyperplasia of the endothelisl cells in

thesv areas, one showing in sddition, numercus amitotic figures {

= —.
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the liver cells. Of £ rats shich were killed 4 days rollowing
the 3rd sdzinistration, OBE hEC & saull amount of blood in the
ceetric contemt. The 'liiero of both animuls aspie.red moderstely
enlarged ond microscasicslly there wus & generelised swelling
of the liver oells »ith some polychromusiss Ome rut suffered
froe ¢ fairly general vacuolar degener:tion of the iiver cglls
and another presented vuicuoler changes in the central partbot
the lobules.

In order to> compare the toxiec effecots of Inerteen with

trichlorobensene wnd ethyletetra-pentu-chlorebenzene, &« group
of 10 rats wus givem daily doses of trichlorgbanzens ranging
froa 0,368 to 0.38 cce per kile body weight. One‘ died after the
lst, four after the z:nd.uw four sufter the 3rd sttraum,
the reacining ret vus killed 4 duys followin: the Ira und iast
troutucﬁt.

It appears, therefore, thut daily doses of 0.56 to 0.%58 cc.
ser kilo of tpicllorobepgzene killed 90 per cent of the unimsals
vith X aoses, xheresas it was found thut doses of 0.65 to 1.04 cc.
per kilo of WW given in the sume
wiy, killed oaly 10 per cent, und Jpertgen in doses of l..8 te
‘1478 cc. per kilo, givei in the same may, zilled 80 per cent of
the rats,

- Upom ;uthologlesl exazinstion, animals wi.ich vere treated

_with Lxxgnxg;ghgn;gng wns which died s -onianeosusly sihoved o
pnsuve congestion of thc lungs and the liver; the M

vere distended :ith food; in four soae btlood yas_preaent in the
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gastric contemts und in ohe instance thers was a hesorrhagic
erosion or the mucoss., In two rats the jiygr showed irregular
aottling. Liver sostién; of all uniaals ahowed necresis of
the liver cells srouni the central veins and thuse in the outer
parts showed vicuolur degeneratiom. In rats which died & to
4 duys ufter the first treu.tment there was some endothelial
hy,erplasic in the ureas of necratic liver cells. One auimal
pressnted an increasec in the number of mitotic figurss in the
iiver cells. ' : »
Of the 7 rats treuxted vith gthyl-tetra-panta gshloroheniens,
the one which dled s ontanedusly ufter tho Ird iose showed con-
gestion and hemorrhuges of the lungs, genersilised pussive con-
gestion of the spleen, bone murrow unu other viscers, distcpdcd
stomuch, anu acderuts yellow =ottling of thc iiver, the liver
cells belni amlldly swollem uni showing fine vacuolar degenerction.
The animals wiich vere killed shoued valy & questionuble enlurge-
éent of the liver wud kidney c¢he o slight asweliilinm; of the liver
cells with occusionul vucuolur degenerution, -hich chunges were

extreaesly mild.
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Tem white rats surs troafod daily with un application of
aLout 0«5 c¢. of Inerteen to the shuved skin of the back, pre-
eautiops‘being tuken tv »rovent absorption through the gustro-
intestinal tract by licking und by inhulution. All rats lost
weight durin: the exveriment but they shovwed nb taxic sims
vside from « slight restlessness at the beginning of the ex-
periment, 4t the site of the¢ caministrution the skin becune
dry, thickened und sciled vithout eany tissurés being formed,
Similur rezctions were observed on the huawn skin esieciully

on the hunds, chueks .nd forehead. One i the rats diec ufrer

11, und three ufter 13 treatuments, the reusining being killed
" ¥4 hours after the lbth sppiicution.

Upon puthologlewl exauinution the Jiver of ull sunimsls

vag found to be durk gruy brown in color uith uottlinb on the

4
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surfasees. In those rats whieh died saontsnesusly there wus

fotty degemeration of the liver cells with necrosis of those
sround the eentrsl veins »nd in animuls killed et the end of

the experiment there was & mild swelling of the liver cells

with occasional vacuolur degener.ti:n in some. Hicroscopically
the skin nt the site of spplication of 4 rats showed hyperkers-
tinisation with occasionul blister forsution, one unimsl zhowed
perifolliculitis, one hyperplasis of the esithelium rather than
hyperkeratinisation, uind in 3 rats therc wes & nild Lfibroblecstic
proliferstion vith some round oell infiltration in the underlying

connective tiasue,

In evuluating the toxic effects of inhualution of vupors -
1iberited from Inertuen ut elevuted temperatures, uitempts

vere maanie tO reproduce cunditions more severe thah would be

-met in the overheatin; of é transforner. In these experisents

ruts were exposed in & limited spuce of sbout 1 cublec foot

capacity tu the vupors of the bolling wmuteriul which entored

_directly into the cheuwber through = hole in the bottoa. In

each experiament i ruts wcre exposed on &8 to 66 occusions for

~0 minutes, twlce duily, to vayors from Inerteen, Pyranol, or

NPCD000893)
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Transformer 011 (Westimghouse). During this time they showed
irritation of the skin, which sppesred to be most -aruoaAnn
thoae barta of the body not prutectsd by hair, snd wsuich pere
sisted for some time after the exposure. Pyramol uppeared to
produce thb’-bit sffect in this raopoot.‘tollovod by Inerteem
wnd Transformer 011, in the order givem. Iu o,position to the
& ruts exposed to Pyranul wnd Transformer VUil, & out of € rats
‘xpoocd,to Inerteen lost weoight, but nu other toxic aigns were
obscfvod. It 48 quite possible thut rets exposed in this a.jh
absorbed some toxic muterisl through the gastro-intestinal tract
by licking the fur during or after the exsosurs since the acte-
rial hud & tendency to condense on the walls of the chumber and
on the surface of the¢ animalse IThe asalmum concentration of
Inertuen to which thcse:r&ts were eX.08¢d wus deturuineu a; Ltbout
Oeb @ge por liter of uire

Oson pathologicul exazinction of ruts exposed iun this way
on 14, U5 und 06 occasions to Inerteen, no aefinite ruthologicul
signs could bo cbserved in the liver or.othor org-ns which could
be referred to the exposure, '

w0 rats trected with 41l expusures ty the vupors of Pyrunmol

- showed no definite ceilulur chunges in thu liver cithwugh in one

C -

unimal there wus an incre.sed number of ajtotic rigures in the

liver cells.

. Tvo rots exyosed on 44 oceesions to the vupurs of Trsns-
former 011 (Westinghouse) showed no definite ssthological

chunges of the_xnternal orgLnse .. .

—_— -
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In order to study the effeots of samLiEned sERasurs,
10 rats were axpoded 8 hours daily om & days & week for 80

days to soucentrutions of 0.08 ag. to 0.0 mg. of Inerseem .
per liter of air. Ihey shoved no tozic nor pathologicul signs |
ritarublc to the exvosure; therv wer: mo definite oh-ncis of

the red blood curpuscles or the heamoglobine The anisals were
killed 8 days after ¥0 exposures,

In order to deteruine the concentration of Inerteen vupors
in the air, the following mepheloxetric method was worked out,
after severul other proceiures had been considered,

A defintite volume of air to be tested is drawm &t & rate
‘of ubout 1 liter every 4 minute:s through t test tube containing'

% cce of ethyl slcohol, imuersed in dry ice-acetone mixture in
_oruer to prevent the eviporition of the ulcohols At the end of
ihe gamplinc 1 cc. of the aleohol vus mixed vith 10 cc. of dis-~
tilled water and the resulting turbidity wes measured with a

photo electric cell, using & sodium vipor lump &8s the source of

1ight.
The turbidity of unknown samplenv'nl conpared.to the

" .-
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tarbidity produced by kmown standards made wp ef mmovﬁ
bensene und ethyl alcoholes This method gave satisfectory

readings over a range from 0.30 to 3,0 mg. per 1iter of aiy
;3_ and when the origimal dilutioms were tuken imte sceouat, it
" | was sufficiently semsitive to detect quantities us low as
0,08 ag. of Xnortud per liter of air, The method is not

hov s specific for the various mesbers of the hulogenated hydro~

‘ carbons but n}nco the vapors liberated from Inertesn consist
mainly of trichlorobenzene, cs will be shown below, it muy de
used for the determination of Inerteen vapors in air.

In order to obtain information regurds cm;u of the
conceatrution of Vapors in «ir with the distance from the
source of production, sumples of uir were tiken in a closed
spuce at varying distances froa bolling Inox;tem wnd the .

following concentrotions were deteraineds

Distence Concentration
(inches) ng. per liter
1¢ 4,80
20 1.38
£8 lsd4d
86 ledd

then saamples were tiken 4t virious distunces over an
open besker of bolling Inertesn the results ware us follows:
N stance- Concentration

; B : (inches) Bg. per liter
I 8 0.56
S 18 OeB4
£20 O.B4

B
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These sxperiments shovw that the comeemntrations of Iasrteen
in air decrease rapidly with the distance from the souree ef
their predustiom.

in order to study vuristions of the cancemtrations over
a period of time snd uith different temperutures, u mnnt of

10 1iters per alnute of alr was passed over the surface of Iner-
teen of about 10 square iuhu, contained in & flask and thense
into a bell jar. Samples were taken from the jar at various
intervels after the flow was started and with various temperatures
The follewing concentrations were determineds

Time of Concentrstion of Temperature of

sampling trichlorcbensene trichlorobonsens
in hours 4o mg. per liter in flask g,

izishlerebsnasne

0.890
0.8
0.60
168
1.70
1,90

Ansrtoen
e 0.58
This tabulation shows that the determinations aade &t
_§8°C. and with the 8 hour sample were almost the sume for

> & 0w
SEBREE

trichlorobensene (0,60 mg. per liter) and Inerteen (0,88 mg,
per 1iter). - This suggests the possidbility that the bulk of
" the vapors il yrzted from Inerteen at this tesperature may be

" trichlorobenzene; So that the hazards froa inhalation of Iner-
" teen vapors are identical vith those from the inhalatioh of

’
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trichlercbensens. In ordsr to comfirs this, 838 cc. of
Inerteem wore mibaitted to frastiomal distillation and the
folloviag results were obtaineds

Fraction Tampersture of Velunme Specific Bo
dtuglatt- osllected (QOravity Pesat “C,
®

€8s af fractiom
b § 240 &8 1.489 208-219
8 840-884 LY l1.478 £88
] 254~880 43 1.488 240
4 880--300 30 1.877 289
Residue above 300 180 1.808 -

Since the specific gravity of trichlorobensens is 1,488

" and the bolling point S08%C.-219%C., it &s evident thot up to

240%C. tiu vapors consist exclusively of trichlorobenseme and

that for this reason the sLOYR statemsnt 1a sustified, nassly,
Shat for most conditiona the hasards from vsoore of Inerisen
sre ddentical with thoge from trichlorobenzene.

‘l l.

The experiments discussed in this report show thut with
oral adainistration Inerteen 1s considerably less toxio than
trichlorebensens, the ainimal fatal dose killing froa 70 to
75 per coent of the rats being around 3,0 cc. pgr kilogram bcdj
_weight und 14 to 1.8 per kilogrsa body welght, respectively.
Fatal doses will cuuse pasaive congestion of all viscera, ex~

| tensive degeneration of the liver, und ulceration of the gustiric

micoshe With sullethal doses these eZfects cre less severe and

-

there 1is evidence thut they will heal when no further exposure

- occurs,

- AN
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Continued applicution of lnertesn to the skin of rats
and humans causes drymess of the skim, thickenimg wnd scalimg;
and the observations sude in rats indicate thet sufficieamt
Guantities may be absorbed through the skin to produce injuri~
ous effects oir the liver,

Repeuted inhulation for ashort porto&s of concentrutions
of 0.8 mg., of Inerteen vopors' per liter of «ir, or repeated
{inhalztion for 8 hours of conceatrutions of 0«08 to 0,08 mge
per liter of air causes no definite injurious effects in ruts,
Yapors liberated froa bolling Pyranol, Iuortcin, wod Trans-
former 011 (Westinghouse) are irritant wnd the irritunt sction
decrecses froa Pyranol to Transformer 0%l '(Icltmghousi), In-
erteen being interaedicte in this respect.

It his been shown that vapors libersted froa Inerteen
under conditiomns approaching thoai as aight be encountered in
transformers consist mainly of trichlorobenzene.

A ahblo method for the deteraination of Inerteen (tri-
chlorobensens) vapors in eir is given. If 10 liters of ulr
«re drawn ut & rate of about l-liter efery £ minutes through o
| _test tube coantuining 1l co. of ethyl alcohbl, cooled in dry {ice
61- in an ice sclt mixture, und the cleohol is then poured cure-
m.u; oo the surface of a few cubic centuotefa of wuter in
: "a test tube), a ring of turbidity is produced if the cuncentra-
“tton of Inerteen (trtchlorobonuno) 13 over 0,03 myg. per liter
of air. If under these conditions & white ring 1s produced,

)
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the air tested shomld De regarded with suspieiem wund shomld
be improved by mors effective vemtilatiome
It was found that the comeentration of Inertesn (tri-
‘chlorobensens) in & closed space 14 inches above the surfase
of bolilimg Incrteen 18 4.8 mg, per liter und in an.open space
8 inches sbove tlie surface of bolling Inertsen is 0,58 ag. per
liter, and vhen the temperature in & treansformer, standing u
& closed room (vault), rises to 90%8. the ur'uy contaln 1.8 ug,

per liter of air,

Pron the sulmal experiments reported, it appears that
concentrutions below 0.05 ac. per liter of air will cuuse no
toxic signs or symptoms even vith émtimnd eXPosuUre.

Regards preventive meesureg, the rolléwm sy be suggested:

It uppeurs to be of purauount import:nce ‘tht.t. the contasi-~
nution of the alr be reduced to conceatrations below 0.0_g_g_d. per
Aiter of air by sdegquats forced vcntilati.on at the site of the
production of such vapors,

| Orextest personal hygiene is not less important, Contemi=-
aution of the skin should be avoided by n#r!.ng proper protective
‘germents such as gloves, Eapa, and eonrails. In cuse uf acciden
ar s.ith ex,sosure to hizher cancentrations of wnd ahove 0.2 mg. pe
liter, respirutors or open uir masks should be worn. The skin
: should be kept immsculutely clean und ointments such us lanolin

B e

" ar hquufor should be wpplied to the skin sfter wushing the hands,
in vier of the hepatotoxic s&etion of this compound, indi-
viduals suffering froa injuries of the liver, syphilis, wund heart

-
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