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THE SYSTEMIC EFFECTS RESULTING FROM EXPOSURE TO
CERTAIN CHLORINATED HYDROCARBONS*

LroNarp GRexnBuURG, May R. MAYERS AND ADELAIDE Ross SmiTn
Divivion of Industrial Hygiens, Now York Stats Depariment of Lebor, New York Cily

HLORINATED

1 . "

1441
L4

and diphenyls, because of their
electrical, heat and moisture-
resisting properties, and b they

is On the whole,

the bigher the chlorination, the more
toxic this materinl becomes. In the
facture of chiorinated diphenyls,

are non-inflammable, are used exten-
sively for insulating wire and in the

CyH, is converted into CyHie which, in
hu'n, is chlorinated to Cy,Cl,.; the

PTES Aunt

mnnulumu of electrieal d
The P Ly J

p range from the

naphthalonos in which one or more of
tho hydrogen atoms has boen replaced
by chlorine. Thoro is, thus, a sories
of theso substances beginning with
monochlornaphthalone and going on
o the petochlor dorivative. In in-
duntry thoy usually oocur in mixtures
in which moro Uan ono chlorinated
“;lumiwd for publication Soptember 18,

The ellorinntod nulemlnm- aro somee

timon reforrel Lo an “Ilnlowax” by pur-
ohinarra aiml uanen, WMln tlm llnlmul Inte

thoen

lt I\Im\ mamntmtunn nany olheen,  Ninoo
" In marnly & (rade

m\m tut ul-l-unnm mmuluhnd by this

(‘on\ymyl it -hould not bo used {n

m hlor to tho decachlor diphonyl.
A rathor characteristic acneform
skin cruption resulting from exposure
to these substancos has been recog-
nizod for a great many yeara—indeed,
over sinco thoy began to Lo manu-
faotured about 25 ycars ago. Theso
akin oruptions camo into ome prom-
inonen in Germnny during the wnr nwd
havo boon attracting aporadic intorest
in this country over sinco. An in-
vostigation of this condition, as it ap-
pearod among s group of young work-
ors engaged in the fneture of
oloatrionl sondonnom, wan roportad in a
rooont fwmo of thin Journal (1)
Bxpurinnco has shown that tho medi-

lhnld b- dlllpl“‘ by thelr chemisal

tith is still un-
lam'lin with the skin erupuam,

‘} C MONS
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tbonnh they are by no moans uncom- and (C) givon off at 192°C and 172°C
mon in the industrios whore the chlo- respectively, Largo doues, spprox-
rinated naphthalencs and dnphonyh imately 16 mg. per kg, were injected
arc used. Tho reason for this is that subcutancously cach day.
any onc physician is likely to aco such Animals roceiving compound (A)
cnsos-only ravcly, unless he happons and tho sublimate of compound (B)
to bo practicing in the i diate vi- showed no lesions attributable to these
cinity of one of thess factories where substances when killed at the end of
iarge numbers of workers are em- 2 months. The 30 animals, howaover,
ployed. That the relatively rare sys- which had received the higher chlo-
temic offects resulting from such rinated compounds (B) and (C) and
cxposure almost invariably go un- the mublimate of (C), all died in from
recognized is not surprising under the 12 to 26 days. Autopsics uniformly
circumstances. It is of the groatest showed extensive d
lmpoﬂ.um homer. that phyucuna The noxt important study to be
p ,. 2 poe- published was that of Drinker, Warren
nble with the clinical and pathological and Bennett (4). These investiga-
3 by thess jent tors admini d chlorinated hydro-
parﬁeullrly a8 regards sy io ef~ bons by inhalation, subcutaneoualy
feots, since failure to detect early and by mouth, to white rats. Mix-
linical manifestations of toxicity, and  tures of (a) tri- and tetrachlornaphtha-
to remove susceptible individuals lene; (b) penta- and bexachlornaph-
promptly from further exposurs, may, thalene alone,and (c) with 109, refined
on occasion, result fatally. chlorinated dipheny); and (d) chioni-
nated dipheny! were used.
Revisw or LirsnaTure oN SYsTEMIC Briefly, these experiments showed,

¥

Eryncm® that the tri- nnd utrnchlomnphthw-
Experimental  studies.—The ﬂmt lenes produced tant
tion in the lit of ay path logioal ot ges in the liver until

effects from chiorinated naphthal xtremely high tions were
is that of Lehmann in 1019 (2). He used. Animals exposed for 8 weeks to
found that animals which were fed or the higher chiorinations, however, in
which inhaled these substances lost relatively low concentrations, regularly
appetite and at death showed “peeu- showed minor degrees of liver d
linr” lesions in the liver. even though, as s group, they gave no
in 1936, Flinn and Jarvik (8) ex- clinieal evidences of such toxicity
peritented on nbbiu with thres dif- while alive. Exposed to still higher
ferent p ; (A) » mi of trations, the rats lost weight
Yi- and umhlomnphthdene, (B)  and appetite, and began dying after 8
& mixture of totra- and pents-chior- gays’ exposure—many with severe
fhp:‘."'hd::: and (Czd' ‘hﬂ\lh of jaundi Examination of the liver
n hexa-chlomap ne. vegled
,';.'imy also used sublimates of (B) ::.:::; "“'f"l.' ":‘:;mg.y r° :}s“
* A review of the litersture on skin mani- wn.h nm of liver cells.

vy u“‘x’i‘:.«.., -‘5-«1 M”M' is of considerable interest that
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Feh, 00 RYRTEMIO BFIITR OF OULONINATED 1Y DROCARBONS i1

the expuned vty whivh gave no clinke
ent ovisharen of dhwensas, promptly el
from neite yollow atrophy of the lver
whon given n very sandl doss of enchon
totrachlovido - n doso well toloratod by
control anitnls,

Two other points of interost were
brought out by the study: (1) in the
rats, which on autopsy showed even
marked pathological lesions of the
liver, no abnormalitics were found in
the other organs—a finding not un-
common in cxperiments on animals,
but rother raro in humans who die
from acute yeliow atrophy of the liver;
(2) oven the less important patho-
logical changes induced in the Liver by
these chlorinated hydrocrbons in the
lower concentrations were found to be
very persistent, being present even 2
months alter cessation of exposure.

Clintcal Reports.—Clinical reports of
cases of systemic poisoning from the
chlorinated naphthalenes are as yet
rare in spite of the length of time that
thest substanoes have been in use.
No doubt the infrequency of such re-
ports has been, in part, due first, to the
fact that cases of systemic poisoning
are unususl occurrences—the ele-
ment of individual susceptibility
appearing to play sn even more im-
portant rdle than usual in this situa-
tion—and second, (o fsilure on the
part of physicians to recognise cases of
poisoning. Until recently there has
Loon gencral lagk of knowledge of the
toxicologioal prbperties of these chlo-
rinated hydrocarbons, snd thers is
still relatively little information avail-
able regarding the linieal piot of
industrial poisoning from them.

The danger that lies in such & Iack
of knowiedge is exetplified in & situs~
tion that recently came to the atten-

Uon of the Lidor Depactiment. in Now
York Hinte, e whiok n phyician hnd
buscons Leentdng o movern o of Jusodion
Inn YOUBR Woliin uxpanusd 1o ehlorin-
atod naphithalones.  Aftor o long nnd
norious illness, when tho girl wns on
her way to recovery, tho phywician
expressed the opinion that within o
few weoks she would be able to return
to her former work. Whatever the
cause of the jaundice in this case, there
is good reason to believe, on the basia
of the expcrimental work previously
cited, that further cxposure to such
substances would have cntailed a
grave risk to the patient's life.

In 1934, Courtois-Suffit (6) reported
‘on the work of Touraine who, with
his associates, examined 60 workers ex-
posed to trichlornaphthalenc and
found mild digestive disturbances and
dissineas in 13, but nothing of a more
serious nature.

In 1035, Schwarts suggested the
possibility of systemic disease from

p to these subst in a talk
before the American Public Health
Association (6).

In 1036, three {atal cascs of jaun-
dice in chiorinated naphthalene work-
ers were recognised in this country.
These were reported by Flinn (3) and
Drinker (4) who summarised the cases
briefly.

All three of the men were young and
in none could any predisposing cause
other than their industrial exposure be
found to account for their illness.
Two of the men who had worked side
by side died within 2 months of each
other. Both had been exposed to
mixtures of penta- and hexa-
chloraphthalene, and one had been
exposed o & mixture of tetra- and
penta~chiornaphthalene with 10%
chlorinated diphenyl. In both, the
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diugnonis of acute yellow atrophy of service of Drs. Kennoth Taylor, Edwin
Hauser and Beott Johnson on April 26, 1922

the liver was made on aulopsy. In

the third case no autopay was reported, "% "'“',"""'."‘" condition. She was
on
but den(.h oocurred after an 'f’"“ ill- Hur pant modical history, obtained from
ness terisod by j | In of the family, waa ontirely nege-
" one case dermatitis Mm of tve ."i‘; ch‘et:c-ptiant}l.wunlleewmym
inated alenes 1990.  Until the onset of tho present iliness
;l;eﬂm;do:do}&mj rnlphth she had been unusually bealthy snd froe
procece ® 8! . {rom symptoms of sny kind.

In addition to theee fatal cases, The occupational history was as follows:

Drinker (4) also mentions four cases After being graduated {rom grammat achool
of non-fatal jsundice amopg indi- she attended high school for I year and then
obhmnd a job, her only ona, with a concern

;i‘::;.u wm! similar exposure. No ¢ eleotrionl cond for use
o are given. in radion. Bho worked at this one placn for
Cass Hisromrizs 7 months and stopped working there 7 days

before her admission to the bospital,
Because of the obvious need for

Her work oonsisted of soldering and

more olinical data in n;nvd to the hholhng condensers. It is possible, from
the inf ion given, that she may also

effocta of chiorinated "".“. have assisted in the sealing operati but
8V Hl 1] n| ralions, bu!
posurs, we aro reporung 3 M this could not be definitely ascertained.
persons 'ho'_ slter exposure in the In any event, in the svldering of the con-
course of their work 10 these known densers she was exposed to the fumes of tri-
hepatoxic substances, died of acute ead Mmh)oruphthn}enn with which the
yellow atrophy of the liver, and in were orig i
cases . At the kame time she was nxpou:d to fumes
whose .no other ’“ow factors of the higher chlorinated naphthalenes from
could be discovered even after very the sealing operations conducted in close
careful investigution. The Srst 0ase proximity to the tablea at which the soider-
was seen in consultation at the Lin- ing was dons.
coln Hoepital in New York City by b"nwpmntillmubumubout6montlu
\delaids Rose fore adi to pital ap-
Ad . ° Smith. 1.1“ second proximately 3 months after starting work in
and third cases were seen in consulte- ¢y, plant—at which time she noticed sevora!
tion at the Now Haven Hoepital by pigmented arcas 0o her face. Theso con-

Dr. Lueosard Groenburg, {(now Execu- $inued to increass in severity and axtent,
and eaused her to visit the outpatient do-

tive Director of the Division of In- partment of the Lincoln Hospital. Herey

2 . . eI
dusteial Hygiens of the New York sugar was found in ber urine and she was
Btate Dom‘ of Labor) when he  ,uf0rved 10 the skin olinio whors s diagnosis
was Commwon;th“ of Health of New  of acute catarrhal jaundics was mado. Yler
Havon, Conn, lant diti roctal ture, at that time, was 100°.
under 'vl\ieh the p‘u:nu had worked A diffuse plplllo-[mllulnr oruption was also

wero carel: : s prosent on hor face. On boing questioned
ully invostigated. | about i, the patient stated that it had been
Cenn !, H.F*

pnmn to her knowlodge for about 2
A 17 yenr old girh was admitted to ths months.t From then on she sufered from
Lﬁmlﬁ Hospital, New York City, on the

I igat lod the fact that
* Gratefu) uhowld.umﬂ roade of nn!adhtuo—mhn wers al:o ::lm:c
the courtes: &M she stall of Lin- from & similar aoneform eruption, azd one
”"“ﬁ" “‘“p‘-ﬁnu &.: g:ln dw&'ﬁ -‘ud“u'
.
X g-xr—X =
! . . )
¥

oy

!
i
,
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inercnsing woaknows and nauson. Ifer ape
potite was yoov hor skin became prngruo-
sively more jsundiced, and the p

tlon inereasod.

About 0 wocke bofore admission hor
mother noticed that hor eycs were yeltow.
About 3 weoka Iater she began to complain
of sevore headaches which continued ua-
sbated. This was followed In & few daya by
» puflinoss and swelling of the face, hands,
foet and abdomen.

Bhoe continued at ber regular work unlll
1 week beford admisei On the
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men thero was s lelo-llko arca of dcoper
pigmentation beginning at the lovel of the
umbllieus and oxtonding to the pelvis.
‘There was also a line of deoper pigmentation
In the gaster region on the ponsterior surface
of the laft thigh about 1 inch above the
popliteal fold.
7

PR

of the eyes led dee;
faundioe of tho soleras wnd the conjunce
tivae. The pupils were equal and regular,
and reacted to light and sccommodation.
There wn no nynugmn- or strabismus.
‘The blop were redder

of sdmission she began to have convulsive

than normal. The discs were somewhat
pdo. ﬂwu‘h well defined. There was no
The normal ratio in width

of the abd with involus
tary bobbing of ber bead, inted
with any pain. At the same time there

sesmed to develop memory defects and &
uhln'o in mental stetus. On the way h
the b ] in the ambul she i

of uury to vein was presorved. The ves-
sels were not contracted, and did not pre-
went the halr-line appoarance believed to
be d with arsenie or quinine poi-

This was the first time vomiting hed oo-
curred. 8he arrived ia the hospital in a
mu of wﬁuﬁon

y of ph I ination.—The
patient nvo Gho nmpn-ln of being &
colored girl aithough she was, in reality,

sonivg.

Other positive physical findings were:
alight injection of the throat; slight edema
of the feet and Inndc an apical ly-tolh
murmur; abd ded and tymp
tio; liver on percussion small, with tympany

white. She looked well nourisbed and well

developed {or her ags. ‘There wou genaral

pufSness of the face, hands, feet and abdo-
men. She was hiccoughing, and was fre-
quontly dlwarbod by Y nﬂ- ol ku.nio

ciated with mvolunwy bobbing ol the
bead. The temperature was 100°, pulse
114, respiration 26,

The first adminsion note stated, *‘pe-
tient is 80 jmundiced her face ie black.”
More careful exsamination of the face and
neck revealod a negroid type of pigmentss
tion beginning at the bair line sad extend-
ing down to, and including, the mneok.
Bosidos this genersl pigmentation thers
were three areas sordewhat darker than the
rost, appearing very much like dabe of char-
ooal-—one on each slieek below the syes and

fing to the very costal sdge.

Laboralory findings: These were as
follows:

Blood éount on admission—White celis,
9,100; Red ocells, 4,200,000; Polys., 80%;
Lymphs, 20% Hemoglobin, 87%; Blesding
time, 4.5 minutes; Clotting time, 2.5
minutes; Platelets, 220,000,

Blsod chemistry: Non-protein nitrogen,
35, later 45, mg./100 oc. ; Protein, 8.0 mg./100
©o.; Urea N. 30.83 mg./100 co., Creatinin,
3 mg./100 oe. ; Glucose, 88 mg./100 cc.; Cho-
leaterol, 145 mg./100 ee. ; Calcium, 8 mg./100
o0.; OO ocombining power, 52; Albumin,
2.8 mg./100 oo ; Ioterie index, 230; Van den
Berg, immediate djrect resotion; Wasser-
man, negative.

Urine—8p. gr. 1.008: Alkaline. Albu-
min pegative. Bugar, a trace. Acetone,
14. Bile pig present. Urobilinogen

ome on the chin. .'On eclose inati
thees black spote appeared 10 be the revalt
of aggregations of bomedones. Ths scalp
did not shars in the general derk pigments-
tion. It was of & yellowish color charso-
teriatio of jaundiow,

‘The skin of the thorax snd the lower part
of the body was dark browa with & yellow-
Uh wubtings. Over the skia of the abde-

i
o

& trave. Few red and white cells.

Stools—Urobilin present.

Bpinal Auid—Pressure normal. Celie:
10, Lymphooytes. Clear. Glucose pres-
ent. Globulin absent.

X-rey srxamination—No evidences of
loslons of tbe heart and lungs; bones of
skull, ribe, shoulder joints, elavicles, tibia
aad fduls. The gaatriocontents, and later,

- o n
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at autopsy, tho organs wore analysed for

isol. 81, mo. 2

Ilody openad in usun) midline inrision.

arsonic, phosphate, lead, tin snd anti

A traoe of phwphlu was nporud. prob-
ably from i phoey ™
before admission.

Diagnesis—The patient presented s plo-
ture which was distinotly pussling to all
physicians who saw her and no conclusive
dingnosis was reached at u.. time. The
various di included: ob-
struction of the common bile dust, toxis
jaundice poseibly due to some dye, obstrue-
tidn of the inferior Vena Cava, Nood dyt-

d. Bome of thy-
mus still present. Lungs are free, Bron-
chi contain & bloody mucous. Muycoss
injeoted, has yollowish tinge. Hameor-
rhagic infarct sbout size of hen's egg in
left lower lobe. This ie airlosa and dark
red in color, irm. Theore are niso wimilar
smaller arens in other jobos. Heart is amail
and shows some sub-opieardial hemor-
thages. Bome hypertrophy of left veatri-
ole. Valves thinned. Arunc: nnuul
All are bile stained. Nosignifi
in my or coronary arterics.

crasia, Addmm l diabx

i tri J of unknown
origin possibly due to arsenia, eausing scute
glomerular nephritie and aoute hopatitis;
and Snally acute yellow strophy of the liver
and pancreas possibly due to an uaknown
industrisl poison.

Courss—The elinical course was steadily
down-hill. At Il p.m. on April 27th the
pationt becameo uneonscious and went into
acoma. There was Cheyne-Stokes bresth-
ing. A peculiar odor was present which was

iously identified by hospital L

y L poy
s ethylene or garlie. The pupils were im-
mobile to light. Deep refloxea were greatly
dlpnmd There was no Babinski. Ab-
inal reflexcs di ). The skin
becams dusky throughous. Tbe liver dull-
ness seemad to diminiash. Om April 28th
the temperaturs rose to 108°; the pulse to
m, and tho pnuut dhd

was
performed at the Medieal anuhur ¥'s offies

Esophagus is natuzal. Btomach is dis-
tended, contains some dark material. The
rugae are somewhat hypertrophied. The
duodenum contains green chyme. The
ampullaispatent. The jejunum, ileum and
largo gut are natural. Many potechisl
hemorrhagic aross noted in the mesentery
with some enlargement of meaonterio Iymph
nodes.

Liver is small, weight 720 gm. Capsule
wrinkled. Right lobe on eection shows
aress of yollow surrounded by red arcas.

Left lobe much Sirmer although liver cuts
firmly throughout. All ducts patent.  Gall
bisdder emall. Wall thickened throughout.

Pancreas is natural in size, somewhat
congeated. Bploen is uatural in sise. On
section, firm, derk red in color. Follicles
are somewhat indistinot. Kidoeys show
awollen cortex. Evidence of partnchyms-
tous degeneration of epithelial ocelis.
Cnp-uln llnpl essily. No 'unuhhon

ive in cells of gl

on Aprii 39, by Dr. Ches. H. Hoch
Awmistant Medical Examiner. The report
v in full was as follows:
Body is that of a white adul¢ femals, well
donl;bp«l and mriohd Cnnuuol lip-,

-ly. No glomerulitis. Uterus is small.

Endometrium bile-stained. Ovaries sre

natural in size; right containe corpus lu-

umn oyst. Bladder wall is somewhat
d. Mucosa ia injected

esrs and Ang

4o Liver—From

about syes, lower lips, neck and abd

Gopera) ieterio tinge to entire body. No
avidenee of violencs, Bome edema about
ankles. Hair is black. Eysbrows biack.
Brown iris. Conjunctivas and scleras io-
terio. Rigor mortis preseat. Postmortem
limmy of dopnd-nt parta. Sealp incived
d. Brain

(ould mphd Moun;u bile. tinged.

M
sizs of & ¢hrou(h and through transverse
esotion one suspects that the entire liver
waa about } normal sise. Liver segment
is very firm and composed of two distinct
and peculiar types of tissue: (s} That con-
stituting major portion of parcachyms iz
red in oolor; firm and elsstic in consistency;
{b) Other areas are light yellow in cojor and
PSS \

On gection, no ial in-

i::{ or hemorrhage. Dm stripped and

no svidenwe of frasture.

are ug!
reddish aress. Yellow areas vary from
} to 3 In. in diameter. External surfsce
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of liver, judging from this portion, was
stwooth.

A typioal pieture of cloar subnouts yel-
tow strophy is revesled. Slides show that
red area ie composod of so-oalled “red
strophy" in which all the liver oolls bave
dissppearcd, their place being ocoupied by
thelr normal supporting stroms, which
acems to have been spared, great numbers of
blood coils, early fbroblastic proliferation
ond older scar tissue. In those red arcas,
numerous bile ducts aro seen. These aleo
aoem to haveo boen epared destruction. The
yellow arcas ave somposed of sctively ro-
genrrating islands of liver cella.

S8YSTEMIC EFFECTS OF CHLORINATED HYDROCARDONS 38

wire with waxt from July to the middle of
Decombor, 1933, At that time be feit run
down and became jaundiced. He was seen
In the disponsary in January and found to
have an enlarged palpabls liver. Ho then
apant several weoks in another hospital with
slight improvement in the jaundice.

In Mareh, 1934, he returned to the job
in the wire factory. Following this, the
jaundice became quite intense with incroase
in genaral malnise, anoroxia, attacks of
dissiness and low of weight. Throe days
before admission vomiting hed osccurred.
Heo had taken no drugs and thero had been
n_o' exposure to carbon tetrachloride or

The toxin evidently hes destroyed most
of the liver cells, leaving intact their sup-
porting stroma, blood vesesly md l»h
ducts, The latter seem to be

Summary of physical examinalion—The
temperature was 90°, pulse 74, respiration

Those liver eells epared destruction have
regeneratod sand have formed yellow isiands
soen in the gross picture. There evidently
has baen one or more aliacks of Aepatitis judg-
ing from the different ages of the poihological
proreas in various poris of liver.®

Skin—8lowe an incressed density of
eorium which staine deeply with eosin.
8ome of the epidermai celle are alight]y
deeper in corium than normal.

Heart—8hows mild parenchymatows
myooardial degeneration.

Kidneys—Bhow severe epithelial degen-
eration involving epithelium of tubules and
glomeruli. No infammatory resction of
glomeruli. .

Adrenals—Show severs p hy
degeneration of eells.

Pancreas—Shows intense degeneration
of cells of acini and of islats.

Bummary—An unknown toxin has evi-
dently caused a asvers diffuse oytoiysis in-
volving mowt of prgans, predominately the
liver. The lalter has evidenily undergons
and recovered from previess eitecks of &
similer nulure.®

Coss 8—F. D.

A young man, 24 years of ags, was ad-
mittsd 4o the New Haven Howpital on May
3, 1034, complaining of Jeundios. The his-
tory glvea was as {ollows: .

Mo hed worked in a wire faatory costing

20, blood p 130/74. Tbhe patient was
& thin well-developed man who appeared
moderately ill. Thers was bright yellow
Jaundics of the entire body. The pupils
were widely dilated, the nassl septum de-
visted, causing obstruction on the right,
the mucous membranes injestod and the
tongue moderately coated. The tonsils
were enlarged snd eryptie. Lungs were
eluv. beart normal, radisl veasels soft,

itic, soft tender. The
liver odn was folt at the oostal margin.
‘The organ was soft and non-tender. The
upper edge of the liver duliness was in the
Oth interspace.

Laberatory findings—These were as fol-
Jows:

Urine—was dark ycllow and was nege-
tive except for the presence of bils snd uro-
bilin.

Blocd couni—red oelle, 4,380,000; hemo-
globin, 35%; white cells, 6,800; Polys.,
85%; Lympba, 20%; Large Monos., 4%;
Eos, 2%. Bubsequent examinations
ahmd o slight rise in white eslls to 10,000,

Stool—showed bile, comsiderable undi-
gested food, small amount of fat.

Kahn lest—negative,

Liver function tests—Igterie index—30 to
§0. Bromsul{onphthelein showed marked

t The wazes employed in this process
are the hlchr ohlorinated naphthalenes.
Tluumnudll.mommhnbnh
th: which the wire to be coated is

“® Authors’ italine.
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impairment: 100% jow in & min, P is (bllateral), sulbipleural bsmor-
85% rotention in 30 mia. rhages, eloudy swelling of kidneys.

Blood chemisiry: Nou-protain nitrogenm,
28 mg./100 ¢¢.; Uroa N, 11 mg./100 oc.;
Scrum tols) protoine, 6.16 mg./100 ee.;
Borum total albumin, 2.00 mg./100 eo.;
Berum tota) globulin, 8.490 mg./100 ce.
A/Q ratio, 0.76; Blood sugnr, 08.0 mg./100
00.; Dlood nhhm, 10.33 mg/100 oe.;
Blood phosphorus, 4.13 mg./100 ee.; Borum
{atty acids, 11.3 mg./100 sc.; Borum lipold
phosphorus, 7.5 mg./100 co.; Borum total
sholesterol, 10.5 mg./100 ov.; Serum free

Can 8—C. C.

A youngman 22 yoars of ago wes admitied
to tha Now Javen Hoapital on Fobruary 28,
1938 with the complaintas of jaundicc, sh-
dominal pain, nauses and vomiting of
bloody matorisl. Tho history given was a4
foilowat

He had workod in the samo wire coating
pisnt as the previous patient (F. D.). Tha
present illness had begun with jaundice 2

oholeatorol, 63.0 mg./100. months iy with N
. y 00 othersymp

linf:nm telerance tast wes within mormal 130" ooniingsd for about 1) month,

o Two weokn bolun admission bo beumo

X-roy of abdomen showed hopatio flexure oo " and itantly de-

velopod upper abdominal pain, mainise,
Course. 'Tho pationt was put on o high o' soally vomiting—the vomitum
urbohydm.odm and lm ;onnnl m&iuon . bloody in oharsot Ho wae
1 but the d, - . N .
wha disoliargod on May 16, 1904 with b iranted by bis family dootar :::";‘:;:’;ﬁ'y
disgnosie of m‘.“ hepatitis. booame dolirious and incohcrent. Ilos.
1o was mdinitted ngain on June 1, 1004 plhlindon [y M!vhod
aomplalning of shdominal awelling of 8
days’ duenidon, wonknoss, anoroxia and
adonss of Lhia Joga whish hai doyoloped snon
aftor hin dinehnrgoe, Tha physinal oxam-

o) The
pntiont wns wmnimm. iceatianal and vomit.
ing Moody matorlal, Ponitive fimfluga of
aignifionnne woro un folluwa: Trinpwerntnrn

{nation sliowod d"" ,.""dl“':;"w" '"“" lml ohvnlod. lllnntl pronnnee TG4,
. .. f dora tocking aver tho
with dul the flanks, PG o oonsor aurfacce of tho arma; tondornese

odoma of the lexe. Examinations of the
urine, blood and stool showed no important
varintiona from the original findings with
the exaopting of & drap in white sl nount

ovor the upper quadranta of the sbdomen.
No liver dulincas poroussablo.
Course—Ilis condition heemma rapidly
Worsn, noma satsing in »onn nfLor ndinission,
to 0'“:“"”’ ‘"% 'l'"""" ‘::' dootowan In gy wouniting nontinued, ‘o prtient dled
sorum albumin to 1.88%. Horum COpoon- gy, 54 louen Aﬂ«r adimiwion.
tent was 54.5¢. Borum chloride waa 08.0 Al Extenniv
ing./100 cc. sis and tion of liver; |
The pstient’s course sfter the sotond . 5y . oy !
ymphadonitis of prm nodes; u-
admission was rapidly dowabill. :z" dis- citen; perienteritis of jejunum; cloudy
tention could not be controlled and besoon o gyiing of heart and kidneys; scuto pui-

haera-

passed into complete coma. A convulsion
oscurved on June 8tk and on June 10th he :::‘;,’ fore-arms. heuling
disd,

A voul bt nee- DIACUBAION

rosis, Bbrosis and regeneration of liver, -

acute .nun-odm- with sdnm. mm.u of Theee three cases show the occur-

renoce of similar pathological changes in
the liver in thres young sdults known
to huve been working with chlorinated

oit-, edema d lowsr extremities, lonl
* Autopeison 2 this and the following sere

:('?n"ﬁ‘w Haves nu,u.l by 5‘;‘, H. u naphthalenes and diphenyls—all were
M edgement  aymoged directly or indirectly to the

%ﬁhlmhyﬂd‘ﬁu&d higher chlorinsted hyd bons. In
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ol three cascs, a most carcful invosti-
gation failed to roveal any other pro-
disposing causo for tho condition, In
the Sirst casc in particular, that of s

_healthy young girl on her first job,

the absenco of any conditions predis-

posing (o liver damage cither preoed-

ing or lollowing hor oxposure to the
. in H B 2all

q is osp Yy
clear.

It is of interest to note that two of
the caecs apparently had suffersd from
at least onc previous attack of hepati-
tis followed by s oertain degres of
improvement before the onset of the
fatal attack.

In view of the faot that Drinker,
Warron and Bennett found no lmions
in organs other than the liver in their

BYBTEMIC EFFECTS OF OHLOPNATED HYDROCARBONS 37

larly oxposed occurs only in those
baving some pro-oxisting substratum
of liver damago—such as might follow
an attack of catarrhal jaundice, for
example—and that this might ac-
count, in part st least, for the fact
that only a very occasional worker out
of & large group will suffer from sys-
temic offects of exposure to these sub-

" wtancos. In the throe cases reported

however, no hmry wu given sug-

gesting that any hepati der prior
to elpoaum had oecurrcd,
The pi of a papulo-pustul

oruption in two cases is of intorost.
In ono it antedated the syniemic symp-
toms. This typo of eruption is char-
actorislic of tho dermatilis enuwod by
chlorinated naphthalencs, and until

experimental In, it in not thy
that such lesions woro conspicuious in
all throo of the cancs hero reported.
Such lesions, are, indeed, usual find-
inge in canes of acute yollow atrophy
of tho liver in lumans regardloss of

tly was tho only dinturbanco ut~
tributod to thom.
. The p of "aggregati of
comodoncs” such ss were found in
Caso I is also characterisiic of tho
uhn eruptions produced by those mib-

etiology. On tho bnsis of | t
knowledge, it would he impomsible to
my whother they nro the rosult of
primary intoxicalion or arec merely
rcvondary o livor dumm In the

Tho question s o whoth
or not tho skin cruption in such a caso
is in any way oonnoctod with the onsot
of systemio effceta cannot bo answered,
sinco thus far no corvelation has been

light of tho animal , how-
ever, ono would mchno to the l.ttor
view and speculate as to the part
played by length of exposure, in the
final pathological picture.

It has beon mentioned that in.

Drinker's (4) experiments, rats with
no evidence of clinical disease while
being expoeed to the chlorinsted naph-
thalenes, promptly died from acute
yellow atrophy of the liver when given
doses of carbon Vetraghloride so small
a3 to be harmiess to control animals.
Thia prompts apeculation as to
whether death from acute yellow
atrophy of the liver in workers simi-

tablished bot akin lesions and
systemic disoano (1).

It is intorcsting, therefore, that in
Cano I the skin cruption nppurently

tedated all evid of
disease. Had the girl been promptly
removed from further exposure, when
it was firs¢ obeerved, it is possibic that
her life would have been saved; or had
the physicians first ocalled upon to
treat the jaundioe (of whatever origin)
in ber case, or in the second case bere
reported, recognised the danger of
oontinuing exp to the chiorinated

naphthalenes, thess deaths might poe-
sibly have been averted.
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RzcoumxNpaTIONS rOoR MBEDICAL  persons, should not bo further exposed
Conrnor ) in their work to potential liver poisons.

1. The authors wish to strens the O Persons working with the chlo-
need for the conscientious reporting i"ated naphthalenes and diphenyls,
if requiring & general ancathetic for an

ring among workers exposed to the operation, should not be given chluro-
Mo rinatad phihal and  di- fqrm or avertin, snd vice versa, indi-
phenyls, particularly cases which have Vidusls who have recently received
beon carefully worked up, so that the ®uch snesthetics should not imme-
clinical discase entities resulting from diately thoreafter go back to their

such exposure can become further former work or to work with other
. believed o be p ially

clarified and thus more readily recog- N !
nised in the future. Fewer errors in to%ic to the liver.
the diagnosis and t of thess 8. P:eg:unt women should not be

cascs would accur, and workers' lives XP the ﬁvf"',i“ preg:
could undoubtedly be saved in this DRANCY, appesrs to be y P
way. tible to injury.

17. Experience seems to indicate that

2. Persons suffering from the typical 8 dich
acneform eruptions should be removed DY Proper aitention (o ventilation and
from further exposure. medical supervision of workera the

3. Persons who bave, at any time in ohlorinated naphthalcnes and diphe-

the past, had any liver diseass—even nyls can be used in industry with
& mild catarrhal jaundice—should not ety
work with these substances; nor should Boamary
workers with a history of typhoid  ‘The systemic effects resuiting from
fever, malaria, gall-stones or other dis-  exposure 1o certain chlorinated naph-
eaves known (o affect the liver ad- (halenes are discussed, and the litera-
versely. ture of the subject briefly summarized.
4. Persons receiving arsphenamine ‘Three liver deaths in workers handling
ireatment for syphilis; or those who these substances are presented in some
ire taking drugs believed to be in- detail, with autopsy findings. Recom-

jurioul to the liver in ptibl {nti for pi ion are given.
1
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