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Toxicity of Chlorinated Hydrocarbons and

Related Compounds

A Review lucluding Chlovinated Dibenrudioxing and Chiovinated Dibenzofurans

Renate D. Kimbrough, At D, Chambire, (ia

Yarious chiorinaled lechnical compounda,
namely, 2,4,5-Vrichlorophenol, 2.4,5-trichtorophen-
oxyacelic Jcid (2.4.5-T). and European chiori-
naied biphenyls (Phenoclor DPE and Clophen
AED), have been lound to be contamins.ed with
lrace amounts ol chlorinated dlbens Jurans of
chlorinaled dibenzodioxins. Toxic lat which pro-
duces hydeopsricardium in chick:ns atso contains
chlorinated dibenzodioxing, These and olher lech-
nical chlorinaled compounds such as the lech-
nical pentachlorophenoi have been implicaled in
causing chloracne, liver disease, ieratogenicily,
x-discase In cattle, and chick cdema. The litera-
ture on the toxicily el ihe chiorinated lechnical
compounds is reviewed, It Is menlioned that
2,4,5-T and the chiorinated biphenyis also induca
porphyria. Whether the various dizscase enlilies
sre caused by the conlaminanls, combinalions
of the chemical and its comaminants or by the

chemicals lhemselvas needs turther evaluation.

- RECENTLY several chlorinated com-
" pounds, such as the polychlorinated biphe-
7 nyl and 245-trichlorophenoxyacetic acid

. (24 5.-T), have reccived a great dcal of at-

: tontion. Polychlorinated biphenyls (PCR)

-are increasingly found in our environinent

and 24,5-T has been used exiensively as
an herbicide, Oceasionally these and other
chlorinated technicnl compounds have ciused

- discases thal bear similarity to cach other,

Some of (hese chemicals have been found
to bo contaminated wilh chlorinated diben-
zolurans or chiorinaled dibenzodioxins. The
various discases produccd by one or more of
the differeni technical compounds are dis-
cussed in this paper. Attention is focused on
the various contaminants and their possible
relationship to different diseases in a variely
of specics. The need for furlher well-coordi-
nated epidemiological and expuerimental ani-
mal studies iz pointed out.

Submitied for publicstion Oct 8, 1971 sccepted
March 3, 1972, )

¥From the Chamblee Todicolory Yaloralory, Envie
ronmental Prolection Agency, Chambler, Ga.

Reprint requeats to Chansblee Toxicology 1abore-
tery, Fnviconmental Proleclion Agency, 4770 Du.
ford 1wy, Chamblee, Ga 30M1 {(Dr. Kimbrough),

Chloraene

This discase 35 deseribed by the formation
¢ comedones with or without ¢ysls and
puitules. The follicular orifices are filled
with schaceous and keratinous material,
Mclanosis and a secondary inflammatory
reacltion may exist. {"hiloracne was described
for the firet time by Herxheimer! in 1809
who thought it was produced by [ree chio-
rine. Wauer? in 1915 and Telcky® in 1927 -
suggested the term "pernakrankheit.” They
felt that this skin discase wus produced by
certain chlorinated hvdrocarbans, Jones and
Alden! were among the first 1o report a case
of chloracnhe in a 26-vear-old male Neoro
who worked for three years distilling chiori-
nated biphenyls. This paticnt olwe com-
plained of lassitude, loss of appetite, and
loss of Hbido.

Chloracne is one of the most freguert
forms of occupational dermatitis, and many
cases have been reported in the United
States as well as in Europe, particularly
Germany and England.

Teleky? reported in 1949 that he pereonal-
ly had scen at lcast 150 to 280 workers” in
four different factorics with chioracne. He
stated that liver discase occurs fndependent-
ly from chioracne, and usually moaniflests
itsclf af(er an exposure time of four to six
months, but may occur in as short a tinw as
seven weeks. Occarionally Toss of appelile,
nauscn, and edema of the [ace and hnands
are the first symptoms. Abdominal pain and
vomiting follow, and then jaundice develops.
At putopsy, acute yellow alrophy of the
liver is found. He cites Flinn and Jarvik*
who reporled cases of ucule vellow atrophy
with fatal oulcoine following exposure to
Halowaxes. Halowaxes, which are chlorinat.
cd naphthalenes, as well as the PCIY {Aro-
clors) were increasingly used after 1930 to
insulale cables. Teleky® cites many other
cnse reports (Drinker et alT Joncs,? Green.
burg et al?® Colter,'® McLechtchie and
Robertson,!* and Colllert®), Von Octtin-
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gen'drr0®M deseribes Lhe occurrence of
chloracne in workers exposed to these chem-
Jcals, He cites several references which indi-
gale thal dermlitis is the resull of Lhe local
‘efﬂ‘cct or direct contacl with the chemical,
while the loxic bepatitis results from absorp-
1lior'\.
phloracne has beent reported in workers
gxposed {0 chiloronaphthalenes, chlorobi-
phenyls, chlorcdiphenyloxides, certain pe-
ﬁolcum products, and solid chlorophenols,!#
ore recenlly Meigs el ait* and Hofman
nnd Meneghini® reporied 14 and 13 cases of
ghloracne, respeclively, Exposure to chlori-
paled biphenyls was established in most
f fiwse cases Birmingham!? observed
gbloracm in 15 employees who had painted
at seclions of gloss with enamel ond then
balked it. The enamel had Aroclor (a PCB)
§ncorporau.»d in it. Ilewig!® prodnced chlor-
éight ‘mnle adults by applying Halowax
1014, pentachlsronaphthalene, and hexachlo-
"onaphthalcnﬁ
PBaucer et al™® nported chloracne in work.
ers thoi handled technical 2,4,5-trichiloro-
phenol. In some of these workers neuromus-
ulnl; weakness, psychopathological changes,
lcpharoconjuncuwh.'t. gnd liver invoive-
ment also occurred. Kimmig and Schulz™
found that pure 2.4.5-frichlorophenol did
not produce hyperkeratosis when applied to

126 TONN lo (OF MY DN AL UINS — KiAr e seny f

the mbbit ear. (The mhibit ear List is usedd
as a rereening ekt {o deteemine whether a
compound is Iely to produce chlaricene.
The cheinical, dissolved in prnpyleon glyond,
Is painted on the rablit ear. Tf the tesi is
posilive, erythema occurs wilhin two days
and In a few wecks hyperkeratosis de-
velops.) The rabbit skin offers us an experi-
menial method that will indicate the ability
of subsiances t¢ produce acnciform derma-
titis in man.>t Pur 2,4,5-irichlorophicnol did
not affect the r :bbit car, and ncither (id
1,2.4,5-teirachiorobenzene, the starting ma-
terial in the manufacture of 2.4,5.4richioro-
phenol, However, lechhical 2,4,5-trichloro-
phenol which was used in the production of
2,4,5-T did produce hyperkeralosis of the

. rabbit ear, It was concluded that by-prod-

ucts which had resulted during alkaline hy-
drolysis of 1,24.5-tetrachlorobenzene were
the causalive agents,

Kimmig and Schulz™ isolated several con-
taminants and found that somec of them,
namely tetrachlorodibenzofuran (Figure) at
a concentralion of 0.05%, as well as telra-

- chlerodibenzodioxin (¥Figure) al a concentra-

tion of 0.005%, produced hyperkeralosis in
the rabbil ear. A hepalotoxic cffect was
also observed with Lhese comnpounds. They
also found that pure pentachlorophenol did
nol produce hyperkeratosis of the rabbil ear,
Chloracne was observed in workers of a
West German plant who produced tech-
nical pentachlorophenol from hexachloro-
benzene,?? The technical material also in-
duced hyperkeratosis in the rabbil ear, It is
possible thal technical pentachlornphenct
containg toxic Impurilics, partlicularly since
pentachlorophenol is produced by alkaline
hydrolysis from hexachlorobenzene, Diben-
zodioxin and dibenzofuran themselves do nol
cause liver necrosis or hyperkeratosis when
appliod to the rabbit car; however, they
become highly loxie when they contain Lhree
or more chlorine atoms.”™ Some of the work-
ers with chloracne also develop cye irrila-
tion, hepatoloxicity, intolerance Lo aleohol,
neuromuscular symptoins, porphyria cuta-
nea tarda, and psychologic allerations. ™ Ae-
cording to Braun,* chloracne scems to re-
sult from direct contact with the chemicals
producing it. Crow,* on the olher hand,
points out that chloracne can also be pro-
duced by systemic absorplion.
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This disenso in ealtle was deseribed by
Olafron’® in 1047, A few yenms laler ovi-
deace was poblished rhowing thal highly
chlorinnted  naphthalencs cueed the dis-
cise.?? Caltle wilh x.lisease show a rapid
declino in vitamin A plasma levels. Symp-
tomas of poisoning include excessive lacrima-
tion, diarrhea, polyurin, marked snlivation,
and thischarge from the nostrils. A chronic
eough, poor appelile, and numerous' red
niaculae in the bucenl nurcosa develop, and
hyperkeralosis of the skin follows. Micro-
scopic ~ examination of aufopsy material
shows cenlra! lobular degeneration of liver
cells with bile duct proliferation and dila-
lion of the glands in the wall of the gall-
bladder. Cysiie dilalion of the collecting
tubules of the renal corlex, with a moderate
degree ol fibrosis and degenerated cells in the
pancrecas, was also observed.2® In sheep, ne-
crosis and cirrhosis of the liver, damage to
the nephrons, and squamous mctaplasia of
the endomelrium were Lhe principle findings
after ingesition of fced containing highly
chlorinaled naphthalenes.®® Huber -and
Link™ fed hexachloronaphthalenes to young
swine and produced degenerative lesions of
the liver and kidneys ond hyperplasia of the
vaginal epithelium with keralin formation.
A depression of the vitamin A plasma lcvel
was also observed.

Drinker and co-workers! found that the
liver of rats was aflested when the ani-
mals were fed high doscs of tetrachloro-
naphthalene, pentachloronaphthalene, and
hexachloronaphthalene or chlorinated bi.
phenyls. When Schoettle et al?® fed hexa.
chloronaphthalene to rats, they observed mild
to moderate falty degencration of the liver
with centrilobular vacuolation of hepatic
cells, Degencrative changes were observed in
the kidneys and the skin showed hyperkcra-
tosis,

It can bo concluded from these reports
that highly chlorinated naphthalenes pro-
duce llver changes in several specics. In
cows, x-disease of the skin, together with a
drop in the vilamin A plasma level, is one of
the leading manifcstiations of the discase. It
js possible that the vitamin A deficiency
represents a manilestation of concomitant

liver disease,

Sikes et al’? found that x.disease could be,

produced in cattle with_highly chiorinated

hap Milialenes, plecr wwithy pue Al pond.
uels sueh as enitl cose il The Toxie premd-
St~ — T

LIS wore excreled i lalrlmlk il preoedietd
x.discnse_in_the_calirs drirkang ‘tho_ malk.
They cited olther authors who were nble o
produce the discnse wilh a eomplex womd
preservalive and a hibnennl,

Bell? tested the abililty of various com-
pounds ol Lhe chlorinaled naphthalene
group to produce x-dirrase, He discovered
that dichlorinated and trididorinaud naph-
thalenes did not procduee the dienve while
tetrachloronaphthalene had an effict, and
the higher chlorinaled naphthal*ne, penta.
chloronaphthalene, exachloronaphthalene,
heptachloronaphth-iene, and nctachloronaph-
thalene, cousced severe disease. Octachloro-
naphthnlene was lcs toxic than hexachloro-
naphthalene and heptachloronaphthatene.

. Chick Edema -

In 1857.%43% a discasc occutred in a large
number of chickens which, at firsl glance,
seemed 1o represent an cpidemic. It was
soon discovercd that the residites of cettain
distilled animal fats produced Lhe condition
when they were added to the chicken
digt.3%37 The discase was called chick cdema
because it manifests ilsell wilh hydroperi
cardium and ascites in chickens. Ducks and
turkeys experience a reduction in growth,

Allen and Lalich'* produced hydroperi-
cardlum and ascitcs in chickens when
enough toxic fat was piven te kill mest of
the birds in five weeks. (*Toxic fat” is a
term used for {at found in :hicken feed that
induces chick edema,) When the concenira.
tion of toxi¢ fat was reduced and fed to the
chickens for 150 days, hydropereardium and
asciles developed Jess frequently, but testicu-
lar hypoplasia became apparent. Simpson cf
a1*® described proliferation and hypertrophy
ol the vascular endothelium and possible
necrosis of hepatic and bile duct tissue in
chickens and turkeys. When monkeys (Aa-
caca mulatic) were fed toxic fat, alopecia,
subcutancous edema, decreased total serum
protein {with a reversal in the albumin-glob-
ulin ratic), and reduced hematopoiesis and
spermalogencsis developed. Gastric ulcers
occurred in 6625 of the aniinals. Focal arcas
ol necrosis and degencralion were observed
in the liver; and the bile duct epithclium
wes found to be affecled when it was exani-
ined under the clectron microscope, Dilata-
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Furified material naphthalenes
from toxic fat* Pairoleym prodycis
Polychlorinaied Y

biphanyls

- ‘ Pathelopicel Findings Birth Dafscls and X-Disesse
Chinrstne ol the Liver Lethel Factor in Cailla
Cerlamn petrolewm producis Chiorinated naphithatenes Cerlain lechnicd 2,4.5.T  Highly chiorins led "

* “Toakc Lal™ is & ferm used for 18l found In chicken feed that Induces chick edemn.

tion of the heart and hypertrophy of the
cardiac muscle were also present.se

Toxic {at is not the only product capable
of producing the chick edema syndrome.
Chlorinated biphenyl products, used as a
plasticizer in a paint, have caused hydroper-
jenrdium and ascites in chickens, ! and two
of seven Bengalese finches fed PCB de-
veloped  hydropericardium.* The scven
finches of a total of 56 birds died during the
course of the experiment. A mixture of pen-
tnchloronaphihalene and hexachloronaphtha-
lene, when fed to chickens, resulted in chick
edema.t? The toxic fat which contained the
chick edema factor was studied intensively.
Flick et al*t scparated a purified crystalline
ooncentrale which produced chick edema and
decreased the hatchability of injected eggs.
Embryonic deformilies were also produced.
Flick et al‘3 were not able to produce testic-
ular. hypoplasia in cockerels when they fed
Jow doees of loxic fat (.67 and 1.0%) to
the cockerels for 12 weeks, as had been re-
ported by Allen and Lalich.3%

In 1967, Cantrell et ai'** reported that
1,2,3,7,8,9-hexachlorodibenzo-p-dioxin ~ was
one of the toxic compounds producing chick
edema. Tomita et al*’ had shown earlier
that the heating of pentachlorophenol pro-
‘duced octachlorodibenzo-p-dioxin.  Higgin-
botham et al'* ghowed that the chick edema
factor rep! d chlorinated dibenzo-p-di-
oxins. Tha 2 principal compounds  iso-
lated  wers . Z3.T-trichlorodibenzo-p-dioxin
and 2,378, -tetrachlorodibenzo-p-dioxin. The
authors suggested, as a possible source of
contamination, fats and fatty acids contain-
ing commereial chlorophenols. When crude
fats and tallows aro heated to produce {atty
acids chlorophenol residues might be con-
verted to a chick-edema factor.

It was menlioned earlier in this article

that the Aroclors con produce chick edema.
The Arcclors (PCB) are used primarily as
dicleetric fluids for capacitors and trans-
formers, as industrial fluids for hydraulic,
for gas turbine and for vacuum pumps, and
as heat transfer fluids. They are also used as
plasticizers and are widely distributed in the
environment.*® Aroclor is a trade name un-
der which these compounds are marketed in
the United States. They can be found in
synthetic resing, symthetie and natural rub-
bers, cellulose resins, paint varmnish, wax,
asphalt, and in ally] starch. They have been
employed for dust prevention, moisture
proofing, sealing, impregnation, and vapor
suppression 1o prelong the residual life of
insecticides, They increase the toxicity of
dieldrin and DDT in insects.®® Depending
on the amount of chlorine they contain they
are assigned cerlain nuinbers. Aroclor 1260
for instance, contnins 609 chlorine, while
Aroclor 1242 has an approximate chlorine
content of 42%. Miller,5 in 1944, tested a
commercial chlorinated biphenyl with 429
chlorine and observed liver damage in rab-
bits, guinca pigs and rats. Skin changes
were observed in the animals who received
subcutancous injections and application of
the material to tho skin. The skin lesions
produced by subcutancous injection were
histologically similar to those of chloracne
in man. Direct application lo the skin pro-
duced inconsistent lesions compatible with
low-grade icritation. Yon Octlingen!?trries-3on
discussca some of the carlier work on the
toxicity of tho Aroclors in his book The
Halogenated Hydrocarbons, Toxicity and
Polential Dangers. Nishizumi=® obscrved
changes in the livers of mice and monkeys
after feeding them chlorinaied biphenyls.
The author undertook this work because of
an outbreak of poisoning that invelved at
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‘to Technlcal Comu-ounds 6

Table 2—Toxit C::ﬁtaminargohnd in Some

¢ -

Technicw! Compounds*

'tt_lc_t Cdema

Janig late -
Chiorinated biohe nyls
Miztyre, of pentachiore-
naphlhalene
and htxachiorp-
‘naphthalene Toxic fat

2.4.5-T

2.,4.5 trichlorophenol

European chiarinaled
Biphenyly (Fhencocior
DPE and Clophen A 60)

'felu:hkuod'htnuﬂm;n
Telrachiorodibenzocinnn
{T.luchmodrbtnte!uun

Telrachlorodihie nrodomn

1,2,3.7.0.9 hexachinrmiengo-p dioxin
2 3.7 trichiarodihienrn p riviain
.3,7.8 tetrachlozodiheniao p Aromn

Tatrachlorodibenzoluran
Penlachliorouibengoluran
Haxschinronsphthalene

* Listed in Tabie

least 600 poople in Western Japan who had
Ingested rice bran oll that had been contam-
inated with chlorobiphenyls, a Japanese
PCH (Kanechlor 400). The chlorobiphenyls
leaked into Lhe rice bran oil through pin-
holes in a pipe used for heat exchange in the
manufacluring process. An increase in pig-
menlation and nbnormal grayish dark-
brown pigment deposits in the skin of still-
bom and ncwborn infants was observed.®
Stilibirths were unrelated to PCB poisoning
of the mother. Adulls showed chlomcene, an-
orexia, [atigue, edema of the eyelids, cheese.
like discharge {rom the imeibomian glands,
and dark-brownish pigmented nails.?4

Vos and Kocman®! studied the loxicity of
several polychlorinated biphenyls in chick-
ens, quail and rats. The authors compared
the toxicity of two European commercial
polychlorinaled biphenvls (Phenoclor DI'6
angd Clophen AGO) and one {Aroclor 1260)
which was produced in the United States.
'fhe Europcan compounds showed higher
toxicity and producced centrilobular liver ne-
crosis. Chick edema was a common finding
with Furopean compounds and rare with
Aroclor 1260. All three compounds pro-
duced porphyria. Chemical analysis of these
three compounds revealed tetrachlorodi-
tenzofuran, pentachlorodibenzofuran, and
hexachloronaphthalene as a confaminant in
the European samples but not in the sample
from the United Siates® Since hydroperi-
cardiuga occurred occasionally In chicks fed
Aroclo:1260, the authars {clt that this was
indicati¥e of small quantities of a toxie fac-
tor In this preparation.

: Terdlogenesls

Recently, Bionctics Research Laboratory,
Bethesda, Md (unpublishod data), as ciled

by Emerson et al** found a terntogenic cffect
of technical 2,4,5-T in rats. Apparcntly, the
technical 2,4,5-T was contsminaied  with
27 ppm of 2.3,7,8-tetrachlaridibenzo-p-dioxin.
In the study published hy Courtney et al,** it
was stated that the technical 2,4,5-T which
was found o be teratogenic in iwo strains of
mice and one strain of rats was con-
taminaled with 30 ppm 2,3.7 8-tetrachloro-
dibenzodioxin. Emerson et al*? tested 2,4,5-
T that only contiined 1 ppm 2,3,7.8-lctra-
chlorodibenzo-p-dioxin at comparable desage
leveis and did not elicit a leratogenic effect.
This finding was substantialed by Sparschu
et al%® who studied teratofenic eflect of 2,-
3,7.8-tetrachlorodibenzu-plioxin in the rat,
A slight effect was observed at a dose of
0.125,g/kg/day when the matcrial was giv-
en by gavage from day 6 through dayv 15 of
gestation, At tha level of 0.5.g/kg/day, the
effect was quile pronounced. Courtney and
Moore™ were able 1o produce cleft palates
ond kidney malformations in three strains of
mico with high doses (100 me/kg subcuta-
neously daily from day 6 to 16 of preg-
nancy} of annlytical grade 2.4,5-7 that
contained less than 005 ppm 2,3,7.8-tolra.
chlorodibenzo-p-dioxin,

Keplinger et al*! reported a decreased
survival of pups in rat reproduction studics
when fed 100 ppm of Aroclor 1242 and 1254,
and poor haichability of cgge from chickens
fed 10 or 100 ppm of Aroclor 1242 or 100
ppm of Arochlor 1254, It has been said'?
that a purified crystalline concentrate {rom
toxic {at led to the developinent of embryonic
deformltics in chickens,

Comment

In some instances, the same chemical com.
pounds are _:mpomiblc for the occurrence of
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chlornene in peoge, liver disonse in severl
specics, x-disease in eattie, chick cdema, and
teratologic or other effects on the felus. Not
all of the discase ontitics have thus far been
produced by nll of the compounds (Tablo
1). Some of the compounds in qtiestion have
been shown Lo be contaminated with chlori-
naled dibenzo-p-dioxins or chiorinated di-
benzofurang (Table 2). The degrce of con-
tamination seems Lo vary with different
compounds. Some companies manufacturing
these compounds have instituted clean-up
procedures which reinove the greatest part
of the contaminants. Improved hygicne
among the workers and improved ventila-
tion of the working area have, in many
instances, reduccd the incidence of chlor-
acnc. Whether all discase entilics described
are caused by the chlorinated dibenzodiox-
ins or the chlorinated dibenzofurans is not
yet known. Some of these chemicals are
highly loxic, as illustrated by the fact that
two applications of 10ag of 2.3,6,7.-tetmchlor-
odibenzo-p-dioxin applied to human skin®?
produced chloracne-like symptoms., Single
oral doses of 20,g lo 50ug/kg/body weight
resulted in fatal liver necrosis in rabbits*?
There {8 no readily available information
on the metabolism of these compounds
In animals and their breakdown in the
environment.® It is probable that they are
slable. Crosby et al®! found that 2,3,7.5-tet.
rachlorodibenzo-p-diokin_ and  itls homo-
loguos decomposed rapidly in alcohol solu-
tion under arlificial light and natural light.
However, pholodecomposition was negligi-
ble in aqucous suspensions and on wet or
dry soil. It i3 unknown whether the discase
entities discussed are the result of one or sev-
eral contaminanis or the combined effect of
the chemical compound and ils contaminant.
Another unsolved problem is the cbserva-
iion that some of these compounds such as
technical 24.5-T Induce porphyria®® The
chlosifiated biphenyls also cause porphy-
Ha M Whother porphyria is the result
of i chemicals themsclves or of the con-
taminants, or both, is not known. Crow*s
suggosts that the porphyria produced by
technical 2,4,51 may have been caused by
coniamination of the chemical with crude
chlorobenzencs, which were used Lo produce
the chlorophenols from which the 24,5-T
was made, Beticr awareness of the possible

130 . @'!(‘I'I’Y DE 1Y DRECA HHUNS-—J(MHIHQ.'H

contamination of the technival chemienls
wilh various highly foxic sulstances, well
coordinoted epidemiological stindies, and ad-
ditronal experimental studics in animaly gre
needed to clarify these probilemes,

Chloracne has been prodacerd expesimient.
nlly in men by Shelley and Kligman (Arch
Derm 75:689, 1957). The authors cile addi-
tional references on experimentat dermal ex-
posure - animals and mun to chlerinated
naphthalenes.

Relerences

1. Hersheimer K: Uber Clorakne. Alinch Med
Woachr 46:278. 1870, .

2. Weuer H: Gewerhliche Frkrankuneen durch
gechlorle Kohlenwassesstofle. Z8! Gew [lyg 6:100,
1918, .
3. Teleky 1: Die Pémakrankheit {Chiorskne).
Kiin Wachr G.B15.848; BD7-001, 1027,

4. Joney JW. Alden HW, An acnciform dermales-
gonin, Arch Derm Syph 13:1022.107%4, 106,

5. Teleky I: Uber Neurere Forschungamelhoden
und Forschuneen sul dem Gebiet der Gewerbekrank-
heiten. Klin Waehr 27:249-257, 1049,

6. Flinn FB, Jarvik NE: Actions ol ceriain chlor-
inaled naphthnlenes of the liver. Proc Soc Exp Diol
Med 35:118-120. 1938,

7. Drinker CK. Warren MF, Dennett GA: The
problem of possible sysiemic effecr from cenain
chiorinated hydrocarbons, J Industr Hyy Toxic
19:282.311, 1047,

8 Jones AT: The eoticlory of acne with specinl
reference to acne of ocoupalional origing J Jadustr
Hya Tozie 2):200-012, 1941,

9. Greenbury L. Mayers MR, Ros-Smith A The
sysiemic effcet resuliing ftom exposiure o ccrtain
chlorinated hvdrocwcbons. ¢ JIndustr [fyvg Toxic
25:29.38, 1908

10. Coller LH: Pentachlorinaied naphihalenes In
indinstry. JAMA 125:273-204, 1944,

11. MeLachtrhie NGR, Hobertson T3 Chlorinawed
nnphlhslene poisoning. Brit Med J 1:691.692. 1942,

12. Collier E: U'oisoning by chiorinaied naphtha.
lenes. Lancet 244:72-74. 1940,

13. Von Octlingen WF: The Halogeneted [{ydro-
carbons, Tozicity end ["otential Danger, publication
414, I'ublic Health Service, 1955.

t4. Schwartz L. Tulipsn L. Birminghaem DJ: Oc-
cupatinnal Discssce of the Skin, ed 3. hitadelphia,
Lea and Febiger Publishers, 1957, pp 336-345.

18, Meiga WJ, Albom JJ. Kanin BL: Chloracne
from snd unusual exposure to aroclor. JAMA
154:1437-1418, 1954,

18. Holmann MF, Meneghini Cl: A prosposito
delie follicoloni dn idrorarkuri cloroanstituiti {Acne
cloricaY. G [tol Derm 103:427-450, 1062,

17. Dirmingham 1J: Oceupational dermatology:
Curmnt problemxs. Shin 11842, 1942,

38 I'lewig G: Zur Kinetik der Comedonenbildung
bel Chloraene (Halowsxacne). Arch Klin Exp Derm
238:228-241, 1D70.

19. Daver H, Schulzx KH, Spiegelberg U: DNern-
fiiche Verglftongen bel der Hertellung von Clhilos-
phenol.Verbindimgen. Arch Gerwerbepath Gerwer-
behyy 18:538-555,1961.

20. Ximmig J, Schulzs KH: Berufliche Akne (Sog

Arch Environ Heulth—Vol 25, Aug 1972

e emm——

MONS 206273

Chbornd
Ather,
LA
ey
have =
24 r
nn
lion
Fallr P
A A
henllh
24.50T
N
stehung
A
1970,
. C
tle. Cor
7. b
tion =;
bovine
whent ¢
24. 8
tion ol
schlorin,
bt
Chionn
Amer .
s
rhioror
4:267-2
aL e
Fxpers:
and ha
32, 0k
mental
raltie
proviue
B A |
nated
vine by
1733,
M,
tary to
13%:9%3

Dial M
30 5
encolhe
unident
134:410
40. A
fatid,
keve 4
197,
1),
perical
hvdror
42
naled
nvinn
41
EW, «



-
& .n"‘d-
T aro

.n-n'lm'“"
with l""f_
. vilt addi-

hfunch Bed

'm—n:en durch
W Hye 6:100,

. Chlorskned.
4 dermalers

"
speamethoden
fwerbekrank-

briain chlor-
e Exp Biol
.ITGA: The
‘ certaln
1”_\" Toxic
mith specisl
. J Industr
ith A: The

lo cortain
livg Toxic

thalenss In

AChlorinated  *
1592. 1942,
«d paphths-

ted Hydro-
1 publication

m DJI: Oe-
-f hitndelphia,
rrHS,

41 Ohlorsene
dor, JAMA

+ prowposile
Hviti {Amne
{rrmatologys
Jmonhildung
4 kzp Deem

!

« 13: Beru-
i yon Chior.
-¢th Cerwers

Akne {Sog

‘@r( TTY OF HY DROCARIONS—K IR BROYE 11 B}

Chiornknet dundy vhluricrde ainentincho 2ykiinche
Ather. Ihemarologica 11661050, 1067,

21, Adnm EM, Irish M), Spenecer 110, ) al: The
1 resporme of abhit skin 0 enmnpounds reporied 1o
have onomed acncform dematitin. Induatr Med Surg
2:1-4, 1ML .

oL Ttamber EW, Ilaper 105 Innbuntrianl intosioes
tion due to pentachlorophenol. fnd Med Surg
2O, 105G],

2% Puolod AP, Smidth 1), Melter €3, et al; A
health mnvey of warkern in & 2413 piant nnd
2451 planl, Arch Enpiron Health 22:106-:122, 1971,

24, Nraun AWV: Klinische esbachiongen zae Bt
stchung der Chlor, ivne, Hautarst 10:125-129, 1050,

25, Crow KD Ciomene. Brt J Derm 83:599-600,
1070,

26. Olnfson 3" J,yperkemioin (x-discsse) of cat-
te. Cornell Vet 37:279-201, 1047,

7. Hansel W, Olalsen P, McEntee K: The isols-
tion and identificetion of the cnusative agent of
bovine hyperkerntosis (x.discasct {rom a processed
wheat conceatente, Cornell Vet 45:94.101, 1955,

28. Sikes 1. Bridges ME: Experimental produes
tion of hyperkemlioain (x-discase) of cattle with n
chlorinated naphihatone. Science T16:500-507, 1952,

“29. Brock WE. Jones EW, MacViear R, et al:
Chlorinnicd  naphthalene  nloxication i sheep.
Amer J Vel Res 1R625-030, 1957,

30. Huber WG, Link NP: Toxic effects of hoxa-
chloronaphthalene on swine. Toric Appl PAarmecol
4:257.262, 1052

31. Schocltie CE, Reber EF, Monill OC, et al:
Experimental prodnction of hyperkerstosis In mits
andd hamsters. Amer J Vet Res 16:181- 188, IN58,

32. Sikes 1), Wise JC. Bridges ME: The experi-
mental produclion of x-discang {hyporkeratosin) in
catlie with chiorinated Raphthalenes and pelroleum
products, J Amer Vet Med Assac 121:337.044, 1952,

33, Bell WB: Relative toxicily of thw chlori-
nated napirthalenes in experimentally produecd bo-
vine hyperkeralosia (x-disense), Vet Med 48:135-140,

- 1983,

34, Sanger Vi, Scott L, Hamdy A, ot al: Alimen-
tary texemia in chickens. 7 Amer Vet Med Assoc
133:172.170, 1854,

35, Anonymious: The chickedoma factor. Nufrl-
fion Rev 206:28-30, 196G

88, Schmiltle SC, Edwards HM. Morria DA: A
disorder of chickens probably due 10 & toxic leed-
preiiminary mpott. J Amer Vet Med Assoe
132:216-219, 1958,

37, Edgat SA, Bond DS, Meliun P, ot al: The
eflect of a toxic substance in fat on pouitry. Poult
Sci 37:1200-1203, 1988, :

33, Allen JIL Lalich 37! Response of chickens fo
prolonged feeding of crude toxic [at Proe Soe Exp
Biol Med 100:48-51, 1962

30, Simpson CF, Pritchard WR, Harme RH: An

* endotheliosis in chickens and tutkeys caused by an

unidentified d&v factor. 4 Amer Vet Med Assoc
1 i

Chestens LA: Light snd elcctron
tions In Mecocta mulotia mon-
fat. Amer ¥ Vi Rer 28:1513-1526,

: S PL, Sevege JP. Oelt BL: Hydm-
rrlull— and ancites in chicka jed a chlorinated
ydrocarbon. Pouit Sci 41:295.209, 1962,
42 Mieatt 1, Joflerien TM), Monwe NW: Poivrhlori-
nated biphenyls in wild birde in Britsin and their
evian toxicity, Xnviron Pollut 3:3-26, 1970

43, Pudelhiewicz W1, Boucher RV, Callenbach
EW, ot al: Some physiclogical responses of New

Hasygwbire chickens to o dature of jeatr. aned
hewnchibormnaphthalones. it Sei JIH-A24.00, 1050,
44. Flick DI, Firestone 13, Madise 11 Stidies of
tho chirk etlemn dinensns I1 Frrapuration nael bicdog.
ienl effectn of a ervwintline chink olcma factor
concenlento. Pandt Sei 441214, 10ng, B,

A5 Flick ¥, 78ell MO, Hose VS Shdies of The
chirk edema disense: Longbernn, low devel fosling
of chick evlemn (actor, Povdi Sei At e 191, 1067,

A, Conlrell IS, Wellhy NE, Moahiv A2 Senrchy Jor
chick edema fartor, Chem Fng Neoos 470, 16T,

A7, Tomiln M, Uslo N Noeiuneks M- Ihilenze-p-
dioxin derivatives: XX VIL Synthesis of pmivhoheli-
benzo-p-dicaine, Yakugahu Zosshi T INC 2, 1000,

4A. Higginbollam GIL Huang A Firealone 1), et
al: Chenvirnl and toxivolowicnl cvnlnatings of jwnliat.
o and synlhotic clioro derivalves o dibenzo.p-
dioxin. Nature 220:702-T00, 106H,

49, Tinchrounh HW, Tieche P, IPeukatl DR, et al:
Polychlarinated hiphenvis in thp global ecroayatem,
Nature 220:1098-1102, 1968,

50. Lichenatem FP, Schwlz KR, Fuhremann TW,
et al: PDiological intemction beiween plasticizess and
inaccticidles. J Fenn Katem G2:7G1.74%, 3060,

51. Miller JW: Pathalogical chanzes in animals
exposcd to a commercinl chlotinated hiphenyl. Pub-
tiec Health Rep 50:10R5-1000, 1044,

52. Nishizumi M: Lizht and efectron nicroscope
stndy of chlorobiphenyl poisoning. ArcA Eaviron
Health 21:620-612, 1970.

63. Takl I, Hisanazn S, Amagnse Y: Reporis of
the alwdy of “Yusho” Fukuoka Acla AMcedica
60:471-474, 1069,

54. Okumura M, Katsuki S: Clinical ohservation
on “Yushe,” Fukuoke Acta Medien #:440.445, 1069,

55. Voa JG, Keeman JH: Comynrative torxicolog-
ic study with polychlorinsted bhiphenvia in chickens
wilh apecial reference lo porphviia, sdema loymas
tion, iiver necronis and tixspe resiclues, Tosie Appd
Pharmaend 17:656.Gr8, 1970,

56. Vos JO, Koeman JH, Van 1¥r Mnas HL, et
al: Identifienlion and toxirologicel evalualion of
chlorinated ditenzofuran and chiorinabed nrpiiba.
keno in Iwo commereial polyebiorinated bipheiyls.
Food Cosmet Torie 8:625-113, 1470,

57. Emerson JL, ‘Thompmon [}, Sirebing BRI, el
al: Terntogenie atudiea of 24.5-trichlorophen.
oxyacetic acid in the ret and mbbit Food Cosmel
Toxic 8395404, 1971,

58. Courtney KD, Gaylor DWW, Hogan MDD, et al:
Ternlogenio evalustion of 24,5-T. Science 165.804-
865, 1970.

59, Sparachy GL. Dunn FL, Howe VK: Study of
teratogenicity of 2.3,7.8,-letrachlorodibenzo-p-diorin.
Food Cosmet Toxic 9:405-412, 1974,

00, Courtney KD, Moore JA: Teratalogy studics
with 2.4,5-trichlorophenoxyescetic acid and 2,3,7,8-tel.
achiorodibenzo-p-diowin. Torxic Appl Phermecol 20:
206-4001, 1971,

61. Keplinger M1, Fancher OE, Calanda JC:
Tozicologle studles with polychlorinaled biphenvis.
1tead belore the ienth annunl meeting of the Society
of Toxicology, Washineton, DC, 1971,

62. Schulz KH: Kiinische und experimentelle Un-
tersuchungen rur Atologie der Chloramne. Arch Kiin
Ezxp Derm 206:580-500, 1957,

61, Abelson P'H: Poilution by organie chemicals.

. Scirnce 170:495, 1070,

G4, Croaby IX1, Wong AR, Plimmer JIL et al:
TPholodecomponition of rhlorinaled  dilenzo-p-iliox:
inn, Science 173:748-749, 1971,

65. Crow KI): Chloracne. Trane St John [loep
Derm Soc 58:79.99, 1970

Arch Environ Heolth—Vol 25, Aug 1972

MONS 206274

N RN

Eame L

e




