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Inhalation Experiments

hnimals. Vhite rats have been employed througiaout. They permit
the use of a large number of animals in & relatively small inhalation
installation. They thrive upon a diet very similar to man, and in the
cese of these chlorinated campounds it is possible that diet may be
very significant, Finally, their normal characteristics have been
described so well as to meke the detection of abnormalities both
easy and certain.

ilethod of Exposure. The inhalation experiments were carried out
in four large air-tight wooden boxes, each capeable of holding temn
rat cages, size 22" x 22" x 14", in two tiers of five cages each. Then
the expsriment was not in progress the doors were cpened wide and the
cages kept in place (ses Figure 1).

At the center of cne end of each box -- the inflow end -- air
was introduced through & pipe 7 inches in diameter (see Figure 2). Each
box was equipped with an indiﬁdml electric blowsr whilch blew the air
through several feet of 7-inch pipe before entering the end of the box.
An orifice was placed in the pipe line, and the flow of air in cubic
feet per minute could be read off directly fram calibrated flow meters.
A damper placed at the entrance of the pipe into the box was adjusted
to assure a .uniror‘m distribution of the stream of air to the two tiers
of cages.

At the opposits end of the box -~ the outflow end -~ the air
from each box was exhausted through a 7-inch pipe fitted with a damper
and connected to a large ceniral exhaust fan {see Figure 3).

About 4 inches from the entrance of the 7-inch pipe into the

box, the fumes of the substance were introduced into the inflowing air.
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Fig. 1. Front view and inflow end of two boxes
with rat cages in place and doors open.
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Fig. 2. Electric heater for maintaining
chlorinated diphenyl at a constant temperature
in place at inflow endi of box,
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Figs 3. Outflow end of two boxes Showing
oonnections to exhaust system.
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Tig. 44 Pyrex glass flasks.
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Speclally designed p§i‘ox glass flasks (Figure 4), 7 3/4" long snd nith
a Qiameter of 1 1/2", were used to hold the heated waxes., These flasks
vars made with a side arm and tube which extended to the bottom. The
top of the flask was ground, and into this fitted a short tuba 1 1/2" in
length. This short tube was inserted into a large rubder stopper which
fitted tightly into a hole cut out of the 7-inch pipe on the under
side (ses Figure 2). The flask in turn was placed in an electric heater
made to cover it complstely below the side arm and ground glass top.
Rubber tubing connected the eide arm with a compressed air reservoir
and a gentle stream of air blown through the helted wax kept it in
motion and assured uniform heating. Into each flask was inserted a 1095
stem centigrade thermometer which was kept in place and could be read
at any time above the 7-inch pipe through which it passed (see Figure 2).

Approximately 2 gm. of pulverized &

2oguzmt chlorinated diphenyl were placed in the ‘waporizifg: i1 flask

and melted in the electric heater. Fresh semples were used every other

collected sublimate was always removed from the upper part of the flask

and a clean top used each day. No sample was ever used for more than
two Tuns.

The flask plus the contents was carefully weighed at the
bcgimﬁng of the run and at the end, and the loss in weight used to
ocaloulate the average amount in a cubic meter of air per minute as
determined by & series of flow meter readings. The figures obtained
were not absolute because of slight variations in the air flowing
through the boxes and because of Aopoaitlion of materiasl on the thermome-
ters and cn the inside surfaces of the box, but they checked well with
direot determinations through air iamplu.
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Approximately ane hour was allowed for the wax in the flasks to melt
exd coms to a constant temperature. At that tims the box doors were
tightly closed, air bubbled through the flasks, and the blowers turned on.
This was the beginning of the exposure period. By meens of the thegstats
on the fans and the dampers in the outflow pipes, the amount of air
flowing through the boxes mas adjusted and an atterpt was made to keep
the four boxes as uniform as possible ~- usually between 165 and 175

cublie feet per minute..

Experiments
Exposure to chlorinated diphenyl was begun cn July 1, 1936 and

ceased on November 18 of the same year, The average length of exposure
was 16 hours daily for 6 days a week. Each morning at about 9:00
exposure ceased, and between this time and 4:00 p.m. the rats were
cleaned, fed, weighed, etc. In order to secure unlromiti of exposure
the cages were ahifted on a regular schedule, since wax concentrations
were somewhat higher at the inflow end of the boxes. Preliminary runs
showed that once properly adj\ut'ed. wax concentrations in the air
remained very uniform ﬁ'om_ day to day, but to insure absolute safety
readings of temperature, air-flow, etc. were made every night between
10:00 and 12:00 p.m. as well as on starting end stopping. At different
times during the course of the experiment tests for free chloride were
made tmt»mo uniformly nsgative and showed that under the temperatures
used no deccmposition cocurred.

Tabje )

Conditions Mainteined in Inhalation Experiment fram July 1l to Nov,. 18
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Material Temperature Average Total length Average daily
soncentration of exposure exposure
of air in box

°c Mg./cu.M. Range hours hours
Chlorinated diphenyl  1g5 145 Q.37 Hign 1.19 1896 16

Low 0,23
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Results of Inhalation Experiments

No abnormalities were sesn at any time in the living rats. Blood
and urine examinations were made; there were no losses in weight, and
one would have conaidered that the animals wesre perfectly sound. Howsver,
rats sacrificed after & weeks sxposure showed slight liver dammge, which
advanced during the next two months. The changes consisted in slight to
moderate swelling of the liver cells, increased granularity, and many
mitotic figures. Hymline inclusicns were present and were invariably
plentiful in animals receiving chlorinated diphenyl by inhalation or
by mouthe.

One is forced to conclude from the experiments that an average
concentration of 0,57 mg. per cubic meter inhaled 16 hours dsily produces
definite slight changes in the liver and in this organ alone, These
changes are resisted efficiently by the animals and cause no depreciation
of health. The situation is not unlike that seen in factories where
acute yellow atrophy of the liver has occurred. In the case of such
instances the patients have bo;n singled out in some way or other from
largs groups of fellow warkmen who have been perfectly healthy.

In consld;rins the entire matter 1t seemed to us that the
chlorinated hydro-cubon-,/mod in sufficient concentration, might
cause & slight degree of damage to the liver. This damage is resisted
effiolently and causes no depreciation of health, but if the individusl
in question happena to suffer some ordinary disease of the liver the
candition is superimposed upom a substratum of injury. In accordance
with this hypothesis we determined that a doss of 0.75 ce. of carbon
tetrachloride plus 0.75 cc. of ethyl alcohol per kilogream of rat was
entirely non-toxic to normal animels. ihen, howsver, this dose was

given to animals which had inhaled chlorineted diphenyl as has been

described in this experiment, the result was acute yellow atrophy MONS
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of the liver. It would seem therefore that inhalation of a concentretion
of chlorinated diphenyl in the manner I have dnclribed is cepable of
producing a condition which may be dangerous to the individual f{nhaling it,
though of itself no visible harm will be done.

Animals removed from exposure to chlorinated diphenyl after two
months inhalation and givqn two months for recovery still showed liver
changes when killed and examined, so that it is evident the alterations
produced by this hydro-carbon are persistent and individuals who have

been oaused trouble by it should be removed completely end for a lonz time.

The Inhalation of a samewhat higher concentration of ' *
chlorinated diphenyl over an 8 hour day

The circumstances attending this experiment are given in Table 2,

Table 2
Average
Materdal Temperature concentration Total length  Average
of air in box of exposure daily exposure

o

. Mg./ou.me Renge Hours Hours,
Chlorinated diphenyl 153-174 0.93 High 3.23 920 a

Low 0.03

Again 80 rats were used in this experiment. None at any times showed the
slightest .oﬂdtneo of illness. licroscopic examinations, however, showed a
degrees of change very comparable to that found in the 16 hour experiments which

have besn described and the carbon tetrachloride test was uniformly fatal.

Generael Iy
From these expériments we are forced to conclude that cncentratims of
echlorinated diphenyl in workrooms should not be allowed to rise above 0.5 mg.

per cubic meter of air, This cmcentratiom is readily obtained by careful
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hooding, It is in our opinion safe for workmen vho would not bs exposed
with the absolute steadiness characteristic of our experiments on rats
and such a concentration 1limit would probably do away with the troublesome
skin lesions which have been the particular cause for worry in regard
to these compounds in the past. *

In addition to the inhalation experiments meny feeding experiments
were done with/c;‘it:'mtod diphenyl. The general changes in the liver

were the same as those already described. lio diarrhea or gastro-intestinal

aspects seemed to be present.
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