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INVENIGM'ION of the physiological re-
sponse of animals to the inhalation of
two Aroclors, namely 1242 and 1254,® was
undertaken because in the carlier literature!
dealing with the toxic effecta of Aroclors,
no distinction lius been druwn between the
toxic offects of chiorinated biphenyls and
those eof chlorinated naphthalencs, despite
the difterences in the chemical composition,
physical characteristics, and industrinl ap-
plications of these classes of compounds. In
the cnse of the chlorinnted biphenyls, at

“Jeast, further toxicological investigntion and

considoration were required to demonstrate
the relationship between the extent of their
chlorination and theiy toxieity,

Properties
ROCLOR 1242 is n light, straw-colored, mo-
bile liquid. According to Benignus, of
Monsanto Chemical Company, it contains
42.0 := 0.69 of chlorine, an amount which
corresponds to a chlorinated biphenyl with
three chlovine atoms in unassigned posi-
tions. The physical and chemical properties
are griven in Monsanto Application Lulletin
No. O-P-115. Itr mpocific gravity at 23°/
25°C is 1.378 to 1.388: it has a dislillation
range of 325° to 360°C; a refinctive index

. (D-line at 20°C) of 1.627 to 1.629; a Sayboll

Univerzal viscosity at 100°F of §0 to 93
seconds, and a flush point (Cleveland Open
Cup) of 176*-180°C. Its vapor pressure is
about 4 mm at 150°C and about 30 mm at
200°C. Although insoluble in water and gly-
cerine, it is soluble in most organic sub.
stances. At 746 mm of mercury and 25°C,
the concentrntion of 1 mg of the vapor of
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Avoclor 1242 per liter of air is cquivalent
to 96.9 ppm by volume.

Aroclor 1254, which corresponds to penta-
chlorobiphenyl, is a light, straw-colored,
viscous tiquid, The ponitions of the chlorine
atoma have not been utablished The mo-
lecular weight of yl is
226.448, of which 54.3% Is chlorine. Bm-
ignus has reported that Aroclor 1264 con-
tains 53.0 = 0.5¢¢ of chlovine. Bulletin No.
0O-P-1135 deseribes Aroclor 1254 as having »
specifie gravity at 25°25°C of 1.538 to
1.548; a distillafion range of 365° to 390°C,
a vefractive index (D-line at 20°C) of 1.629
to 1.C11. and a Snybalt Univorsal visensite
at 160" F of 1,809 1o 2,090 seconds. The
vapor pressurc at 150°C is about 1.3 mm,
and at 200°C is about 9 mm. The material
is xoluble in moast organic substances, but il
is insoluble in water and glycerine. At 745
mm of mercury and 25°C the concentration
of 1 my of Ayoclor 1234 per liter is equiva-
lent to 76.5 ppm by volume.

Experimental Method
E\l'OSURB TO THL VATOR: In a prefiminary
experiment (No. 1) with the vapor of
Avvclor 1242, a group of animals was con-
fined for seven hours un each of five days
per week in a rectangular plywosd chamber
{volume G600 liteys), of which the inner
metal lining was conted with a baked chemi-
cally resistant plastic, through which was
puxsed n stream of air laden with Aroclor
1242 in u known concentration. The stream
of ajr, conditioned with respect {0 tempera-
ture (75° = 3°I inside the chumber), dust
and humidily, entered the chamber through
an “Ancmostat,” lucated at the center of its
top, at tho rate ot uoo liters per minute, as
red by an i attached
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". to the Aroclors, in another cham-
ber snvpllcd onh with condi-
tioned air.

A second nt of experiments
with each of the Aroclors at
lower concentrations was eon-
ducted in the same chambers, In
the third experiment with Aro-
elor 1242, which was hented to
86° to GO°C, the air passed over
the Jiquid at the rate of 800 liters

leeed  Per minute. In the sccond ex-
periment with Aroclor 1254, tho
liquid wns maintnined between
115* and 126°C while 700 liters
of air per minute passed over its
surface before entering the

Re. 1. e
Schomatie diagrem of equipment for velallsing Aresler,
hamber, and squipment for bustion and eoflestion of

chamber. The anitmals exposed in
each of these experiments, as well
as a second group of controls,

liter chambers during « seven

semples.

to a venturimeter (¥ig. 1). The air was
withdrawn by suetion from the chumber
through an exit tube located on the rear
wall near the fioor, equidistant from the
sides.

Avoclor 1242 wun volntilized (vom n
horted glues well meintajned at 132° to
188°C. The air parsed over the surfice of
the lNquid before cntering the chamber
(Fig. 1).

In a second similar experiment performed
on the same Avoclor (Nu. 21, the tempern-
ture of the liguid was kept at 100° to 105°C.

While the second experiment with Aroclor
1242 wag in progress, an experiment involve
ing the vapor of Areclor 1251 (No. 1) was
earried out in a second chamber similar to
the first except for the absence of a plastic
inner lining. The ate at which air towed
over liquid Avoclor 1251, which wus main-
tained at 130° to 133°C, was 400 liters per
minute,

In order to accustom the animals to the
exporimentid procedure, they wore kept in
thelr vespeetive chambers for seven hours
on gach of four consceutive days during the
week prior to the introduction of the Aro-
elor vapor into the chamber. For purposes
of eontrol (No. 1), a third group of animals
was confined, throughout a like poviod be-
fore and during the period of the exposure

hour period on each of five days
per week during the week pre-
ceding the initial exposure of the test ani-
mals to the vapor of the respective Aroclors,

In all experiments, the period of exposure
or confinement (controls) was seven hours
pcr day on five days per week for reveral

3 In alt jpetances, the eriginal mreup
ot of one eat, six guinea nige, ten
mw four rabbits, amcd ten rats. \monx
both the experimental and control groups,
severnl animals died from extrancous causes
during the course of these cxperiments and
were repiaced very soon theveafter. In the
sccond experiment with Aroclor 1212, in
the tirst experiment with Aroctor 1234, and
in the comparable group of controls, repre-
sentative animals were killed throughont the
experiment. .

METHOD FOR THE DETERMINATION OF THE
AROCLORS N Atk These materials were de-
termined quantitatively by virtue of tho fact
that, on thermal decomposition, they yield
hydvochlorie acid which with silver nitrate,
forms a suspension, the density of which
could be measured by means of the Beckman
spectrophotometer at 500 my.

Ou each dry, two samples of air from ench
chamber were eollected by passing air ut the
rate of onu liter per minute (for 16 min-
utex iu the cnze of the higher concentrations
and for 13 minutes in case of the lower con-
centrations) through a (used silica combus-

“ were confined in separate 600
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e 1242, In tion furnnce, and then throurh two midget
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trols, repre- 0.1 N sodium hydroxide. A quartz tube (13
vuyhout the | mm outside diameter, 7 mm inside dinmeter
} and 16.25 inchea in Iength) contained sev-
N OF IR { eral atrips of folded platinum foil. The mid-
ple weea de- dle nine inches of the tube wore wripped
v of the fuct . with a heating unit.
L they yietd the furnaco (Fiy, 2) cousisted of 20 feet
ver nlteate, \ of B. and S, gauge 22, nichrome wire (1
* of which . ohm por foot), and was covered with as-
he Beckian bestos cement. The sample of air wns hu-
. midified by a cotton wick saturated with
¢ from each water placed 0.5 inch upstream from the
Y alr at (he qunrtz Lube. With the furnace maintrined
f e mine ! at 860<C,
“rntrationa H the prexence of 1.0 to furm 1CI; this was
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{ritted-glnas bubblors (Mine Safety Ap-
pliance Company No. 4A8T).

The 0.1 X sodium hydioxide was pre-
pared Ly dissolving 4.0 g of pellets (ACS
specificntions 0.01% C1) in about 50 mi of
double-distilled water. To this were ndded
10 g of nraenic trioxido (chloride-free) dis-
solved in water and filtered through \What-
man No. 42 filter paper. The combined solu-
tions were diluted to 1,000 milliliters.

The snmple was tennsferved to a 25 ml

graduated exlinder to which one drop of a
solution of phenelphthalcin was added (1
& of phenolphihalein dissolved in 100 mi of
CP methanolt. The solution was neutralized
with SN nitric acld (190 ml CP councen-
trated nitric acid diluted to 1,000 ml with
double-distilied water) and diluted to 23 m!
with double-distilled water. One mi of 3N
nitric acid was addad ‘to obtain & pH of 1.
After adling 1 mi of a solution of silver
nitrate (3 g of AgNO, diluted to 1,000
mwl with double-distiliod water), the sus-
pension was mixed by lnvcrxlon After
tanding 30 the t iun of
wave-length 500 mu was measuved in o 50
em cell by means of a lleckman speetvopho-
tometer which was set against a correspond-
ing cell containing a reagent blank.

Tie nmounl of Arucior Was estinpited by
means of a stamdardized curve prepared
from known quantities of sodium chlovide.
A cuvve presenting the transmission viues
at 500 mp of suspensions prepared from
sodium chloride ranging from 5.0 to 120
micrograms per 23 mb of final suapenzion is
showen in Fig. 4. On the basis of 42.0¢¢ of
chlorine in Avocloy 3242 and 53.0% in Aro-
clor 1254, one microgram of sodium chloride

is equivalent to 1.442 micrograms of Avo- -

clor 1242 or to 1.1028 micrograms of Avo-
clor 1254.

Experimental Results
MORTALITY—ALOCLOR 1242: No signs of
intoxicution were obsacrved in any of
the members of a group of 31 animals (Ex-
perimeat No. 1), all of which survived
throughout a period of 24 days, on 17 of
which they were subjected to the inhalation
of air bearing 8.6 micrograms of Avoclor
1242 puer liter (0.83 ppm) for seven hours
{Table 1).
One cat, four guinen pigs, six mice, two
rabbits, and ecight rats survived without
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signs of Intoxleation throughout

-

thelr oxposure (Experiment No.

8) for suven houcs on euch of 82

days over a perfod of 120 duys to

alr bearing the vapor of Avoclor

1242 in the concentration of .83
micrograma per liter (0.80 ppm)., -

Certain other survivors (two

-

guinea pigs, thice mice, one rnb-

MCommaston Erpreet 8 Voms of Seswm Chbortde

bit, and two rats) were subject 1
to fewer periods of expusure (cf. l

COontaton Cunnet b Tome of Movtw B4, Viwr L9

Srproast b Yorme ¢ Aescae T, WRwe vribees

Tabie I). The deaths frum ex-
traneous cnuses among the ex-
posed animals were fewer than
those which occurred among the

correaponding group of controls

(No. 1, Table 1}, One cat, three ws » » R
mice, threc gUiNCa Digs, thICC e & o s oo 4 sy %or & 4y wer =y ooy ooy wor

rabbits, and eight rats survived
following confinement for seven Standard
hours on 84 days over & yeriod andor
of 122 days, in & chamber in M
which the air, conditioned with respect to
dust, humidity and temperature, contained
no vapor of either Aroclor, Ten more survi-
vors (thyce guinea pigs, four mice, one rab-
bit, and two rats) were subjccted to fewer
perfods of confinement (cf. Table I).

Flg.
curve for the lohvm)n-'lu of Aroclor 1242 ond
. 1284 . :

ln anothor experiment (No. 3, Table I-A)
in which animals were exposed to alr boar-
ing Aroclor 1212 in the concentration of 1.9
micrograms per Jitew (0.18 ppm) for seven
hours per dny on 150 days over a period of
214 days, the incidence of mortality among

TanLe L.

SUM.IARY OF DATA O

MONTALTMY AMOSE ANIMALS BXFosto 10 Tue VAPOR
Tk 1242 ek Awocion 1251 1N AR

(Higher concentrations)

Numuber of Animals that Burvived

oF A
Dumtlnn
Soneentration oy yxnosure
Naterla} ¥/t vpn (hours) Cats
Areelor 1242 .00 00 1M1=x1 1
Arstlor 1348 3 (X13 "wxt 1
Arorlor 1254 &0 [ 1) Bx7 1
Control [] * 8x1 1

Cuines Eapt
Pics e Rabbits Rats No.
0 4 1 1
L i mwe H]
W o 1w 1
L « e 1

‘One of the animnls was exnpoved on only 83 to T days
000 of the snimals was exposcd on only 41 to $8 dars
0ne of the animals was exndsed on only 20 to 33 days

‘Five af the mice were exposcd on only T4 days
Thres of the mice were expoted on only 11 te 12 days
*One of the rabbits was oxposed om oniy 19 daye

TAI_LE

SUMMARY OF DATA OX MORTALITY AMONG ANIMALS KEXPOSED 10 TUF VAPOR
OF AROCLOR 1242 OR ANOCLOR 1254 IN AIR
{L.ower concentrations)

T-A . s

P

Number of Animale that Survived

Due. thn
Osnoentration o 1y Expt.
Naterlsl " o (howce) Cats Rabbits Rats No.
Arecler 1342 190 [X1] 10 x 1 [y 10 e
Areeler 1284 130 [ $4Y -7 1) "ne z
Contrsl [ » W xY ) 100 2
'One of the animal was exposed on only 26 ta 37 dars  ‘One of the animale was expased on only § to 13 dars

Ome of the animels was exposnd nn only 41 1o 63 dare
One of the animale wua sxpesed on oaly 130 to

*One af the animuls was exposeil on onlz 101 te 120 daye
*One meuss was expoetd on enly G days
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the various specics, with the ption of
the fabbits (which dled during an epidemic
of pneumonia), wac no greater than that en~
countcred amoug a similarly constituted
conlrol group (Experiment No. 2, Table
I-A).

One cat, five guinea pigs, six mice

‘and nino rats gurvived throughout the entire

period of their subjection to the vapor of

" Arcclor 1242, Scven additional survivors

(one guinea pig, two mice, three rabbits,
and one rat) wore exposed Intormittenily to
the vapor of Aroclor 1242 over a shorter
poriod of time (cf. Table I-A)}. Among the
group of controls {Experiment No. 2, Table
1-A), one eat, five guinea pigs, four mice,

two rabbits, and nine rats survived through- -

out the entire period of confincinent, for
seven hours on each of 150 days over 213
- ,8ays in & chamber supplied with condi-
‘toned air. Eleven other control animals
(ons guines pig, six mice, three rabbits, and.
sne rat) survived duting a shorter total
poriod of intermittent confinement (Table
1-A). No signs of intoxication were ob-
served among experimental or control ani-
mals.

MORTALITY—AROCLOR 1254 : One cnt, three
guinen pigs, four mice, two rabbits, and
nine rats survived throughout their expe-
sure, for seven hours on cach of $3 days
over a period of 121 days, to air containing
Arvoclor 1234 in the concentration of 5.40
micrograms per liter (0.11 ppm). Certain
other animals (three guinea pigs, six mice,
two rabbits, and one rat) were killed for
examinntion after 3% to 74 perviods of expo-
sure (Table 1). The incidence of mortality
from extrancous cnuscs among the cxposed
and control animals (Experiment No. 1),
with the exceplion of the rabbity, was com-
parable (Table I), -

One cat, four guinea pigs, six mice, four
rablits, and 10 rats survived (Experiment
2, Table I-A) following their expy for

Tamz II.
‘THE. AvERacx CHANCES IN WriCnY OF ExcznI-
MENTAL AND CoxTROL ANiMALR
(Higher concentrations)

Average Change
li Weight
Bpecies Number Prevesd an
o IIM-I Wdlll l'mnlmd
Animal Animals (kg) Initial Weight
Arotlor 1242 . .68 ¥/1 - Esperiment No. 1|
Cat . 1 .53 + 81
Guines Pig . o049 -1
Moure 10 o.00¢ + 01
Rabhit 4 L + 17
Rut 0 X 4+t
Aroclor 1242 - $.83 v/ - Experiment Ne. 3
Cat 1 311 +2.2
Guinva Pig L] 0464 8.4
Mousr » .00 +81.2
Ratbit ? 2087 +308
Hat 10 232 +11.8
Avesior 1984 - 6.4 ¥/1 - Eaperimeny Xo. 1
() . 1 4 +i3
‘CelsmPig @ (1.4 +n
Sowse Ity aerl Y
Tabtit < Xt +03
Rat 10 o237 + 0.9
Condittened Air - Contrels - Experisent No. ¢
Cat ) 2358 + 68
Cuinea Pig [ [ X11] +86.4
Mouse 1 002 +114
ltal.bit .4 s.164 +443
g 19 ent +i64

THE AVERAGE CHANGES IN WEIGHT OF TIE SUR-
VIVORS AMONG THE ORfGINAL GiROUPS
(Lower Concentrations)

Aversgo Change
in Weixht

scven hours on cach of 150 duys over a
period of 213 days to air eulltmnhu' Arvoclor
1254 In the concentration of 1.5 nnuugmms
per liter, (0.11 pin). Eight other uni

(three guinca pigs, four mice, and one rat)
survived through 80 to 120 periods of ex-
posure. The incidence of fatalities among
tho exposed group wus slightly Icas than
that encountered among the controls (Ex-
periment 2, Tuble J-A).

Bpecinn Number Avernge TFoxpresecd as
of of  Isitial Weight Fureentaxe of
Animal Animats (kg) Initial Weight P
Aroclor 1242 . 1.9 /) - Experiment No. 3
Cat 1 1130 +118.0 -
Cuinea Pig s (231 + 31 >o.08
Mouse [3 028 + 05 oo
Rat L 0.214 + 129 >0.08
Areelor 1234 - 1.5 5/1 + Fxpcriment No. 2
Cat ) ) + 188 -
Guines Pig 4 [ 210} + 313 .08
Mouse . (XL +11s S0
Hadbit 4 2908 + 44 Soeos
Rat 10 0.232 + 18.1 >0.05
Conditioned Alr . Control, . Kxperiment No, 3
Cur 3 3329 - 18 -
Guines Pig 13 1 2. 4 817 -
Mowe ‘ W‘l + 132 -
fatbis (3 + 822 —_
Rat ] ..II. + .1 —

‘Inchudes 1we early rephneements,
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No gencral or apeeific signs of Intoxica-
tion were noted among the cxpevimentyl
anlmalw during or after their esposure.

GurowrTH: The portinent dnta relaling to
the changen In welght of the animals of the
various groups are prescnted in Table 11
and I,

Although compnrable controls werc not
weighed during the first experiment with
Aroclor 1242 (17 x 7.0 hrs.-—8.60 micro-
grams per Jitor) all of the animals, except
the guinea pigs, appeared to gain normal-
Jy In weight during the period of exposure.
Despite a small niet loas by the guinen pigs
in this experiment, they were actually gain-
ing weight at the termination of the.period
of oxposure.

The aniimals exposed to the vapor of Aro-
clor 1242 in the concentration of 6.83
micrograma per liter (Experiment No. 2)

or to Aroclor 1254 in the concentration ‘of |

5.40 micrograms por liter (Experiment No.
1), with the exception of the guinen pigs
that were exposed to the vapor of Areclor
1264, grew equally as well aé the controls
(Experiment No. 1, Table 11).

The growth of the aurviv ing experimental
.animais in the groups initially exposed to
the lower concentrations of the vapor of
Aroclor 1242 (Lxperiment No. 3, 1.9 micro-

gnunu pcr lllcl) and Avoclor 1264 (Exmr(-
mont No. 2, 1.5 micrograms per liter) was
unaflected, No uu.nulrnnt differencex in the
average change in weight of the experi-
mental and the control groups were found
by the usc of the “t” test (Table 11-A).
WEIGHT OF LIVER AND KIDNEYS: The
weights of the livers and kidneys and the
relntionships of their weights to the body
weights (expressed as prans per 100 grams
of body weight) of the animals that sur-
vived following cxposure to the vapor of
Aroclor 1242 in the concentration of 6.83
micrograms per liter, are shown in Table
HI, which clso gives the corresponding
data on the controls. Comparison by the “F”
test of the variances of the ratios of the
livers or kidneys to the body weights of rats,
guinea pigs and rnlbits expoxed to the va-
por of Aroclor 1242 (6.83 micrograms/
liter), with those of the controls, revealed
no significant differences (P>0.05) ex-
cept in the case of the livers of the rats.
Application of the “t” test to the mean
values (Table 1II) vevealed no significant
diffevences between the test and control
groups of puinea pigs, rats, and rabbits.
Comparable values for rats, guinea pigs
and rabbits exposed to Aroclor 1254 in the
concentration of 5.40 micrograms per liter

smnmnv or TiE DATA ON THE RELATIONFIUF OF i

EIGIF OF Ty Liven or Tue K1oNevs To

THE Body WEIGIHT 0 ANIMALS EXPOSED TO T11 VAPOR OF AROULUR 1542 OR AROGCLOR 1254

Avroclor 1242 - 6.83 y'1 - 82 x 7 hre.

Aroclor 1261 - 540 »,1 - 83 x 7 hrs.
Controls - 0 y/I - 84 x 7 hrs.
Ratio o
Average Aversge Weight of
Specien Orran Beily Organ x 100
of Weltht Weight o Hody
Compound Organ Animsl ] (=) {g) Weight L r
Avvrior 1243 Liver ‘Rat * 1 200 .64 1238 0. 20 0.0
Aroelor 1242 Liver Guinea Pl . ne - e 408 s.a101
Aveclor 1212 Liver Rabbit 3 1200 4,018 201 18083 .
Avoclor 1284 Liver Ret " s Lol U 38008 .|
Arocier 1254 Liver Gulnea Plg s .0 sl 451 0.0000 ..
Arecior 1254 Liver Rabbit 4 120.0 3417 N 8 Lm22 >0.50
Atuelor 1942 Kidnoys Hut * Les 10 0113 0.5842 Seco
Acotiny 1242 Kiudneys Guines Pig . .0 640 .30 0.1237 0.40-0.50
Areclor 1242 Kidneys  Rabbit 3 1. w0 S.469 04117 S50
Arerlor $254 Khineps  Rat 10 1 3] 13 0.770 8.4109 >o.80
Areclor 1264 Ridwys QGuinew Tlg ~ 6 “ 1223 @808 [ X113} »o0s0
Arocler 1284 Kidneys  Rabhit 4 ns LE2y .48 0.3153 S>os0
Contret Liver Rat 1. * 3 418 - -
Contrel Liver Guinea Fig L] 0. e 481 — -
Contrel Liver Rabbit 4 13 3.3 2.61 -— -
Contrel Ridners  Rat 10 .8 23 0.A07 -— —
Ceontrel Kidneys  Guines Pig L] 48 (] .13t ~— -—
Contval Kidneys  Rabbit 4 195 3.993 0804 - -
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(Expori-
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are also given ip Talle I1T. Application of
the ‘1" test {o the difforences in the mean
walues which characterired the experimental
and control animats (Tuble 111) shows that
tho weights of the livers of the exposed rats
were significantly greater than those of

the controls, the ratio of the liver to the.

body weight of the former being 5.81 g per
100 g of body weight, that of the Iatter being
4.15 g per 100 grams. In ull other instances
tested (livers nnd kidneys of both guinea
pigs and rabbits and kidneys of rats) the
differences were statistically insignifieant.
The organs of the animait exposed Lo the
lesser concentrations of the vapor of the
Avoclors were not ined in this
because of the borderline character of the
results aassociated with the higher voncen-
trations.
' LIVER FUNCYION; Data wera obtalned as

centration of 6.83 micvogrnms per litev; (2)
to tho vaper of Arorlor 1251 in the esncen
tration of 5.10 micrograms per liter; aud
(%) to conditioned nir alone. In Tablle IV
the percentile relationships of the clotting
power have been enlculated arbitrarily by
dividing 100 times the average clotting time
of the blood of the cuntrol animals by the
clotting time of the blood of the experi-
mental animals on the snme day. No dimin-
ution in the clotting power of the blood, as a
measure of the Ginpairment of the function
of the liver, was induced by the exposure of
the animals o the vapor of Aroclor 1242
in air in the concentration of 6.83 micro-
grams per liter, or to the vapor of Aroclor

* 1234 in the concentration of 540 micro-

grama per liter.
Thh funcglonrl test was not applicd to

1o the uppnrent prothrnmbln utivlly of the

lood ( d by the method of Kato?)
of certain animals that had been exposed
(1) to the vapor of Aroclor 1242, in the con-

d to the lower concentra-
tions, becauss of the negative results ob-
tained when the animals were subjected to
the higher concentrations.

HEMATOLUGICAL RESULTS: Determina-

TARLE 1V,
Tae Errecr or EXPOSURE TO THE VAPOR OF AROCLOR 1242 on AmrocLon 1254 1N AIR Fon SnveN
HouUrs PEr DAY ox Fru: Davs PEr WEEK OVER A PERIOD OF SEVERAL MONTHY UPON THE AP-
PARENT DPrumsmomeiN CONTENT oF Tie DLoob oF Cats AND ] R\nlms

Firw £f Spwpive in Eorosn 4T Simol gt
Kelatinn af “Prathrombin  Time” of Control uand Expusei :iMurc
Animinls Expresseil Arbittaeily in Terms of Vercentace "
Chango 1 Clutting Time of Nod vt m::‘:‘"'xff'
i " fer
300 x Clotting Time of Ihoed of Contrul Animnls Firt Whieh Miad
Cloiting Time of Hlood o1 Kxposcd Animals Paviod . Wau Drawy
Aroeler 1242 +~ G.S3 /] - Esperiment No. 2
Cat A48 Rabblits (Average)
100.0 v
0.3 3.
138 10
i 0
”4 “
' 182 »
53
»
Aveclor 12384 - 3.40 v/l - Fxperiment No. 1
. Cat A-d4d Rabbits rage)
1008 3
1808 3
’
®s 10
"
ue »
n
1005 %
ns 3
”e L]

"Determination made 15 days after 02nd period of exposura
Determivation made 34 days afier S3rd povied of exposura.
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Tanz V.

Thr AVERAGE Nuunlm oF ERYTHROCYTES AND LEUCOCYTES AXD THE AVERAGE CONCENTRATION
or IN THE I'rmburxar Bilovn or ExpemiventAL AND CoNTROL ANIMALS
Speties Brythroxyten:
Comevniration Kaperiment o M y I .
Commmnd y/ty Number Anbmal por moant per mmt #7100 ml
Kroelor 1808 TTTE . TCabses Pix T &Il T enw weE
> Rabble v ] (3] m
Arosior 1354 [T 1 Guine Plx uu 18027 U
Rabbit .0 12
Osmirels . 1 Gulae Pig .m 12,136 - 139
- RaWit 1380 1.1

"Walue sigaificantly Joss than that yiekld by comtrols.

Walkie significantly grentiw than that yiekiel by sontrele

tions of the aumbers of erythrocytes and
leucoeytes and of the hemoglobin content in
the peripheral blood of the guinea pigs and
rabbits subjected (o inhalation of the vapor
of Avoclor 1242 in the concentration of '6.83
micrograms per liter, are given in Table
V, which also includes compnrable results on

‘control animals. Application of tho “t” test

to dlmmneu in the mean \'alun for the

tal and trol olded
borderfine evidence of significant differ-
ences In the number of leucocytes and In
the concentration of the hemoglobin in tho
blvod of the guinea pigs. These differences
were small and of opposite sign (the num-
bevs of lewcocyles in the blood of the test
animals wers low, while the hemaglobin con-
tent was high), as well a3 being subjoct to
individual vaviations, and they canviot be
regarded ax of physiological signifiennce.
Somewhat comparable tosults weve ob-
tnined when guinen pigs and rabbits were
subjected to Aroclor 12514 In the cuncentra-
tion of 5.40 micrograms per liter. No physi-
ological significance is attached to the
slightly clevated hemoglobin content of the
guinea plgs.

PATHOLOGICAL FINDINGS: In all of the ex-
periments, animalg were killed from one to
18 days after the linal period of exposure.

In the first experiment with Aroclor 1212
(8.60 micrograms per liter), oll of the ani-
mals were examined postmortem, and since
gross examination of the viscera dil not
revenl any significant -alterntions, the tis-
sucs of only representative animals (one
eat, four gninen pigs, aix mice, four rabbits
and six rats) were sectioned and examined
microscopically. No abnormalitica were
found in the viscera of these animals,

In the sccond experiment with Avoclor
1242 (.83 micrograms per liter), und in the

first experiment with Avoclor 1254 (5.40
micvogeams per liter), which were earried
out simultaneonsly, the denths that occurred
among the test and control animals wero
the apparent result of an appreciable in-
cidence of pneumonia. The lesions of cer-
tain of the animals were those of frank
gnz-umomn in others such lesions were not

tly developed. Degencrative changes in the
viscors wore usually found, in varying de-
grecs of saverity, in association with the
pneumonia, but in certain animals, test and
contral alike, the degenerative changes were
more evident than the pneumonia. The
similarity of the lesions in test and control
animals, and the lack of charactevistic cvi-
dence of chemical pueumonitis, fed to the
roasonable, but not altogether o 1, ton-
cluxion that all o1 these (atalities resuited
from inferewrrent disense among the ani-
maly, and not from the cffects of their ex-
posure to the Aroclors. For practical pur-

posvy, Lhis conclusion was subjected to the

eritique of further experiments involving
more prolonged exposure of inimals to some-
what lower concentrations. Except in the
case of the rats exposed to Aroclor 1264, the
survivors subjected to the higher concen-
tration of either Aroclor had normal vis-
cora. .

All of the animals exposed to the vapor
of Aroclor 1242 in the concentration of 1.9
microgrima per liter were examined post-
morteny and the viscern of most of them
weore examined microscopically, The few
deaths among the expored group weve at-
tritmiel to ineidental infectious puhnonary
diseuse. All expored wurvivors, except two
rabbits that had hepatic lexions of coccidio-
ais, had normal viseern, The control animals
(Experiment No. 2) that died were found
to have had pneumonin. Of those that sur-
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vlvad. one mat, iwo yulneu pigs, :md one

ment, liver function or hematological

mousre had foca) or diffuse cytopl vacu-
olatlon of the hopatic colla. The remalniag
control animals hud normal viscera,

Al of the animals exposed to the vapor of
Aroclor 31254 In the concentration of 1.5

micrograma per liter were examined post-.

mortem, and the viscora of most of them
were cxamined microscopicaily. A guinex
pig that died exhibited chronic pyclone-
phritis, - pulmonary hyperemin and edema,
and degencrative lesions in the brain and
liver. The visceral lcrions were related, no
doubt, to the renal infection. Tho deaths of
four mice were attributable to acute brun-
chitis and-pneumonia. The viscera of the cat
that survived were normal. Of the seven

guinen pigs that were living when the ex- .

periment was terminated, three had normal
viscera and four had slight alterations of
hopatic cells charactorized by crtoplasmic
wacuolntion. Ten mice survived, and of thess
alx had normal viseera and four had slight
degenerative changes in the liver. Four vab-
bits killed one to 15 days after the last
yowdod of exposure had diffusc hepatic de-
gsmeration. The character of the lesions
vuried from cloudy io hyaline or hydropic
degeneration and included varying degrees
of fatty mctamorphosis. The other viscera
of (hose antmale weve poveual A1) of the
rats were cxamined and found to have
slightly to moderately severe degoncrative
Yesions of tho liver. The lesions of greatest
scverity were fuund in the rat that was
killed and examined on the first day after
the last period of exposure. Two rate had
chronic pyelonephritis, and the remainder
had siight degeneration of the renal tubules,

Discussion: In terms of mortality, growth
(exeept that of guinea pigs) and non-occur-
rence of pathological changes, the vapor of
Aroclor 1242 in the concentration of 8.8

micrograms per litey (upproaching satura-
“on) nppemed to be non-injurious to ex-
peri tal bjccted therete for
seven hours on each of 17 days over a peri-
od of 24 days.

Experimental animals subjocted to but »
slightly lower concentration of Arvoclor
1242 (G.83 micrograms pev liter) for veven
hours per day on ench of 82 th;n over the
period of 120 days suffered no injury on the
basis of any of the folluwing criterin: mor-
tality, growth, pathology, organ cninrge-

More prolunged eaposuse ol animmis to
lower concentration of Aroclor 1242, (1.0
micrograms per fitery over the perivd of
seven months was lkewise without harm in
terms of growth, mortality and the nbsence
of pathological changes.

In view of thix evidence it is suggnested
that the tentative allowable concentration of
the vapor of Aroclor 1242 shouid be at Jeast
two micrograms per liter (2 mg per cu
meter), which is twice that recommended
by the American Conference of Govern-
mental Industrial Hygienists® for a chlorin-
nted dipheny) of unstated chlorine content.

The exposure of animals to the vapor of
Aroclor 1254 fn the concentration of cither
5.40 or 1.5 microgrnma por liter failed to
induce harmful cffccts in the form of re-
tardation of growth (except in the case of
guinea pigs exposud to the higher concen-
tration), or of mertality, but bistopatho-
fogic evidence of apparently reversible
hepatie cellulur injury was found in the
animnis. These findings cannot certainly be
attributed to the cffoets of Aroclor 1254 Le-
cause of the appreciable incidence of pneu-
monia among both experimental and con-
trol animals. When these nonspecific toxic
chunmes i the viseors of he animal. v
nszociated with preumonia, they were readi-
Iy explained thereby, but they were also
found in animals that had been exposed to
the vapor of Aroclor 1254 und were free of
puneumonia. That 'these may have vepre-
sented toxic elicets of oxposure to Araclor
1254 finds support in the fact that the livers
of the exposed rats (540 micrograms per
liter) were significantly heavier in relulion
to their body weight, than were those of
control rats. It would appear thut this mu-
terinl, which iz reparted to contain 537, of
chlorine, ix somewhat more toxic than ia
Aroclor 1242, which contains only 42¢¢ of
chlurine, Thevefore it is suggested that the
threshold concentration of 1 me per et meter
of air recommended tentatively for safe in-
duatrial practice by the Ameriean Confer-
ence of Governmental Industrial Jiygion-
irts* is reasonable.

It should be noted that it was necessary to
heut these Avoclors in order to increase the
rate of volutilizution sutticiently to at-
tain the concentrations maintained in these
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experiments. To the extent that their indus.

trial usage is carricd out at ordinary tem-
peratures, the hazurd of their inhalation

sponsorcd by the Mousanto Chemical Com-
pnny, \\ hon ﬂmmrlnl support is xrntefully

may well be slight or enllrely absont.

Summary

ROLONGED Intermittent exposure of ani-
mals to the vapor of Aroclor 1242 (1.90

to 8.63 microgramsa per liter) demonstrated

no injury. Prolonged exposure to compa-
rable concentrations of Aroclor 1254 re-
sulted in reversible degenerative changes in
ceviain viscern.
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