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for which were recorded relatively high frequencies of sickness or re­
spiratory diseases. The mean proportion of short absences for all 
sickness varied in the 4 quarters from 52 percent in the first quarter 
to 02 percent in the third, with 58 wfr&sint and GO percent representing 
the second and fourth qunrtewC respectively. The corresponding 
upper and lower limits for tli/rcspiramry diseases were 51 and 64 
percent, with 58 and 01 peroent for the 
respectively. Thus the elimination of 
effected relatively little clyfnge in the pi<

However, the range ot the proportiu 
quarter-years increased from 45-08 pern 
nonrespirntory discnsesXvere eliminated, 
from 400-1,700 to 100^-1,300. Thus, w 
tions widened, the frequency range remafined almost the same but was 
translated necessarily to n. lower lcvd, the downward movement 
covering approximn/tely 300 frequency units.

The inverse asscadation of frequency and proportion of short-term 
absences is of pameular interest from tl e standpoint of seasonal varia­
tion. The efl eet/of the winter month.1 on absence frequency is Veil 
known; it now i/ppears that the perioi ic increase in frequency is not 
evenly distribut'd among the disabilit.es of different durations but is 
less in cvidencyamong the short-term absences. Likewise, the general 
decrease in frequency during the sumn cr months is accompanied by a 
relatively simpler decrease in the frequency of the short-term absences.

sum maiJy .

The present inquiry, the fifth of a si ries on the duration of disabling 
sickness, js concerned with the fro piracy of short-term absences 
lasting less than 4 days and its relat on to the total frequency.

Based /on the 10-year disability experience of a public utility 
company, it is shown that high total frequencies regularly occurring in 
the first quarter of each year are associated with relatively small 
proportions of short-term absences, the proportion tending to become 
smaller in epidemic periods; on the other hand, the low total frequen­
cies g/nerally appearing in the third quarter of each year are associated 
with relatively large proportions of sich absences. A further investi­
gation of this relationship by means ol scatter diagrams for all sickness 
and/the respiratory group of diseases! revealed, in general, an inverse 
assm/ation between the magnitude ®f the total frequency, and the 
proportion of short-term absences. Two cubic equations describing 
the trend of the relationship are presented for all sickness and the 
respiratory group of diseases. \
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PATHOLOGIC CHANGES IN ANIMALS EXPOSED TO A 
COMMERCIAL CHLORINATED DIPIIENYL '

By J. tV. Millkr, Surgeon (R), United States Public Health Service

The demands of industry as a result of the war have greatly increased 
the use of chlorinated naphthalenes and chlorinated diphenyls. In 

” the past few years the hazards associated with their application have 
attracted much interest and a number of reports regarding the systemic 
and dermatologic effects of exposure, including fatal cases, have been 
made. ■

Only the pathologic changes in animals exposed to a commercial 
chlorinated diphenyl arc given here..

The chlorinated diphenyl used was viseous, almost water white, 
and clear at room temperature. It consisted of a mixture of isomers 
of diphenyl chlorinated in different positions and extent, with an ap­

' proximate chlorine content of 42 percent nnd an approximate empirical 
formula of Ct2lI7013. It was insoluble in water but soluble in mineral 
and vegetable oils, other chlorinated hydrocarbons, nnd fat solvents. 
Its specific gravity was 1.374 to 1.393.

Guinea pigs, rats, and rabbits were exposed to the above compound 
by subcutaneous injections, feeding, nnd applications to the skin and 
cornea. The survival times given here refer only (o animals subjected 
to pathologic examination in each exposed group. Certain additional *

* From the Industrial Hygiene Hesearch Laboratory, National Institute of n,ealth. This material Is 
_ based on experiments conducted by Burgeon Benjamin F, Jones ami Physiologist J). D. Uonaluio,
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some eosinophilic inclusions. rl'l)e amount of involvement of the 
si'cin appeared to have no relationship with the dose or length of ex­
posure. The reaction was not that of an acute inflammation. '

(II) RATS

Sixteen rats received 25 daily applications of about 1/40 of a cc. 
(34.5 mg.) of the undiluted chlorinated diphenyl and were killed at 
10-day intervals beginning at 30 and ending at 90 days after initial 
treatment.

Very little fat was found in the liver of 6 of the animals. Three 
rats showed the hyaline bodies in the liver cells at the GO- and 90-day 
intervals.

Slight to moderate degree of congestion of the cavernous veins of 
the spleen was noted. Pulp myelosis was present in a moderate 
degree. In 7 of the 10 animals, a slight to moderate amount of 
intracellular hemosiderin was noted.

No significant changes were found in the kidneys, heart, pancreas, 
and lungs.

In some of the rats the treated skin was much thickened, and the 
hair follicles were swollen and poorly defined.

(C) RABBITS

Eleven rabbits received cutaneous applications, at 2-day intervals, 
of about SO mg. for the first 7 and 172 mg. for the last 8 applications 
of the undiluted chlorinated diphenyl. The animals were examined 
as death occurred between 17 and 9S days. The number of applica­
tions varied from 9 to 15. Seven of the rabbits received the latter 
number.

Fnlty degeneration and central atrophy of the liver cells were more 
prominent than in the previous series of experiments.

The spleen showed less pathology and in two of the animals (90 and 
98 days) was normal. The changes noted were slight to marked con­
gestion of the cavernous veins and slight to moderate follicular lym­
phoid hyperplasia. Focal caseous necrosis occurred in four instances, 
but was probably due to intercurrent infections.

Changes in the heart, lungs, adrenals, and kidneys were slight and 
consisted primarily in congestion.

The skin showed thinning of the prickle cell layer and relative 
thickening of the outer eornified layers.

III. FEUDING EXPERIMENTS 

(A) GUINEA niiB

A series of 8 guinea pigs received 2 doses of 0.05 cc. (G9 mg.) of the 
chlorinated diphenyl 1 week apart. Death occurred in 11 to 29 days 
after initial feeding.

Public Health Reports, Vo). 59, No. 35. August 18. 1944 Plate I
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The changes in the liver were more marked in this scries than in the 
others. Fatty metamorphosis was extensive in all of the animals and 
was of mixed fine, medium, and large droplet variety. Central 
atrophy was noted in only 2 animals dying 18 and 29 days after the 
initial feeding. •

The changes in the other organs were of the same negligible char­
acter and degree as observed in the other experiments. The gastroin­
testinal tract showed no abnormal histology. No changes were noted 
in the central nervous system. '

(B) BATS '

Twelve rats receiving 25 daily doses of 0.1 cc. (138 mg.) were killed 
and examined at 10-day intervals, beginning at 30 and ending at 90 
days after initial feeding.

The pathologic findings were practical!}' ident ical with those of the 
series of rats receiving skin applications of 25 daily doses. The intracel­
lular hyaline bodies mentioned previously were found in the livers of 
2 of the animals. No changes were noted in the gastrointestinal tract.

IV. APPLICATIONS TO CORNEA 

BATS

A small amount (1 drop from a 25-gage hypodermic needle, approxi­
mately 1/80 ce. or 17 mg.) of chlorinated diphenyl was instilled into 
the eyes of 8 rats for 25 consecutive days. Beginning 30 days after the 
initial dose, 2 of the animals were hilled and examined each 10 days. .

Tlfc pathologic changes were very scant in degree. Slight central 
atrophy of the liver cords occurred in half of the rnts at various irregu­
lar intervals. Slight to moderate congestion of cavernous veins of 
the spleen was constant. The presence of blood pigment, both free 
and intracellular, occurred rather frequently in the spleen.

The conjunctival tissue presented no gross changes when examined 
under magnification in, the living animal.

SUMMARY AND DISCUSSION

Guinea pigs, rats, and rabbits were exposed to a commercial chlo­
rinated diphenyl by subcutaneous injections and applications to the 
skin. The material was also administered to guinea pigs and rats by 
ingestion and to rats alone by corneal instillations. The doses varied 
from 17 to 1,380 mg. and were either single or were repented at 
regular intervals.

Two conspicuous pathologic findings were observed—liver damage 
in all sei'ies of experiments and skin changes in the animals receiving 
subcutaneous injections or applications of the material to the skin.

Fatty degeneration and atrophy of the centrolobular cells were 
present in varying amounts and in varying numbers of animals in

609577—14----- S
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the different test groups. In the rat an additional finding, hyaline 
bodies within the liver cells, wns noted in certain animals. It was 
possible to detect a difference in response of the three species to the 
material on the basis of liver damage. Most liver damage wns found 
in the guinea pig, loss in the rabbit, and least in the rat. This same 
species Older was followed, regardless of dose, duration of test, or 
mode of administration.

Hepatic fat appeared in the guinea pigs receiving 0.05 ec. subcu­
taneously in 10 days and remained in significant amounts throughout 
38 days. Hals receiving the same amount showed fat in 2 days but 
only small amounts were noted in some of the animals over a period 
of 90 days. Fat appeared earlier in both rats and guinea pigs re­
ceiving larger doses. The involvement was generally centrolobular.

Fatty degeneration, when compared with the other routes of ad­
ministration, was most marked in the guinea pigs fed the chlorinated 
hydrocarbon but was absent in rats similarly treated. Ccntrnl 
atrophy was more or less the same throughout the, series of tests. 
Only slight central atrophy wns present in about half of the rats 
treated by application of the material to the, cornea.

Intracellular hyaline bodies were found in the liver of the rat alone. 
They were present, usually in large numbers, in all of the rats receiving 
10 0.05-ec. doses and in some of the animals receiving 25 doses by 
skin and corneal applications and ingestion, bub were not observed 
in any of the animals subjected to single doses. These bodies were 
noted in the animals sacrificed 50, 00, and 90 days after first exposure. 
Xono were observed in rats examined prior to 50 dnys on test. They 
occurred in from 20 to 38 percent of the animals treated m the various 
ways. They were somewhat less marked in degree and in number 
of animals when the chlorinated diphenyl was ingested. These find­
ings agree with Bennett (7) who reported similar hyaline bodies in 
liver cells of white rats exposed to mixtures of ehlornaphthalcnes and 
chlorinated diphenyl, chlorinated diphenyl, and less frequently to 
mixtures of chloruaphtludenes. To dale such bodies have only been 
observed in mis exposed to such chlorinated compounds.

It is interesting to note that while the bodies appeared in all of a 
series of 4 rats receiving 10 0.05-cc. subcutaneous doses given on 
alternate days, they were absent in 4 rats treated with the same 
amount by 27 consecutive daily injections after GO and 90 days 
following first exposure. The liver cells in the latter series showed 
very slight deviation from normal, namely, arens of oxyphil granula­
tion of cytoplasm and occasional loss of nucleus. It is possible that 
the gradual accumulation of 1,8G3 mg. over a period of 27 days so 
damaged the liver cells functionally that they were unable to form 
the. hyaline material. The hyaline bodies are morphologically differ­
ent from those produced by butter yellow in hepatic tumor cells (8).

They probably represent further development of the same general 
type of hyaline degeneration as has been observed with certain 
az oh cm/ cues (0).

The. skin lesions produced by subcutaneous injection were histo­
logically similar to those of ehloracne in man. The changes produced 
by direct application to the skin were not constant and were essentially 
those of low-grade irritation. The failure of local applications to 
produce acne lesions may be due to relatively early deaths from 
systemic, toxic action before pathology could be produced in the 
skin or the amount tolerated without causing death wns too small to 
cause such lesions.

Attention is called to the fuel, that the chlorinated diphenyl used in 
the above experiments produces liver /manges in the rut having 
marked differences from those resulting from other toxic substances 
and that such changes were not fouin the guinea pig and rabbit.
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DEATHS DURING WEEK ENDED AUGUST 5, 1944
IFrom the Weekly Mortality Index, Issued l>y the llurenu of the Census, Definrlincut of Commerce]

Week ended 
Auk. 5, mi

Correspond­
ing week, 

11)43

Data for 03 ltirj-’o dlics of the United Stales:
Total deaths................................. „........ ...................................... „................. 8. 125 8,286
Average for 3 prior yenrs...................„.............................................................. 7, SOI
Total deaths, first 31 weeks of year-............................................................. 28B, <XIH 204,6:io
Deaths under 1 year of ago.................„............................................................ (■*54 030
Averape for 3 prior years.................................................................................. 000
1 H’lUhs under 1 year of nfie, first 31 weeks of year......................................... 10,218 20.027

Data from industrial insurance companies:
Policies in force.................................................................................................. on, oil i, wit 65. GOB, 4fi8
Number of death claims. ..... .......................................................................... 11. MB 10.880
Deal It claims per 1,000 policies in force, annual rutc..................................... 0. 1 8.6
Death claims per 1,01.0 policies, first 3t weeks of year, annual rale.,........„ 10.3 10,1


