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Toxicity of Chlorinated Hydrocarbons and

Related Compounds

A Review Including Chiorinnted Dibenzodioxins and Chiorinated Dibenzofurans

Renate D. Kimbrongh, MD, Chamblee, Ga

Varlows hnical
namely, 2,4,5-trichiorophenol, 2,4,5-trichiorophen-
oxyscelic ecid (2,4,5-T), .nc !unpun chlork

Chloracne

This disease is described by the formation

-nated Pe and 4 h

ASQ), have been found o be c::ctlunlulln wn Of comedores poin or without e and
irece of pu . ar ori !
ohierinaled dibenzodioxins. Toxlc fal which pro.  With seb and us material,
duces n also and a secondary inflammatory

chiorinated dibenzadioxins. These and other tech-
nical chiorinsted compounds such as the tech-
nieal P have been n

reaction may exist. Chloracne was described
for the first time by Herxheimer' in 1899

causing chiorache, liver disesse, teratogenicity,
x-disanse In caifle, and chick edema. The litera-
ture on the toxicity of the chiorinsled technical

i nis hat
24,5-T and tha chiorinated biphenyls also induce
porphyris. Whether the various disease entities
are caused by the conleminanis, combinations
of the and Ns or by the

who thought it was produced by free chlo-
rine. Wauer? in 1918 and Teleky® in 1927
suggested the term “pernakrankheit.” They
felt that this skin disease was produced by
certain chlorinated hydrocarbons. Jones and
Alden* were among the first to report a case
of chloracne in a 26-year-old male Negro
who worked for three years distilling chlori-

chemicaia themaeives nesds further nated biphenyls. This patient also com-
lained of lassitude, loss of ite, and
loss of libido.

RECENTLY several chiorinated com-
pounds, such ns thc polychlorinated biphe-
nyl and 2,4,5-trichlorophenoxyacetic  acid
(2,4,5-T), hava reonived a great deal of at-

Chloracne is one of the most frequent
forms of occupational dermatitis, and many
coses have been reported in the United
States as well as in Europe, particularly
G and Engl

tention. Polychlorinated biphenyls (PCB)
are increasingly found in our environment
and 2,4,5,-T has been used extensively as
an herbicide. Occasionally these and other
chlorinated Irchnical compounds have caused
Ik that bear similarity to each other.
Some of these chemicals have been found
to bo contaminated with chlorinated diben-
gofurans or chlorinated dibensodioxing, The
various diseares produced by one or more of
the different technical compounds are dis-

Teleky® reported in 1949 that he peraonal-
ly had seen at least “150 to 280 workers” in
four different factories with chloracne. He
stated that liver di occurs indi d
ly from chloracne, and usually manifests
itsell after an exposure time of four to six
months, but may occur in as short a time as
seven weeks. Occasionally loss of tit
nausea, and edema of the face and hands
are the first symptoms. Abdominal pain nnd
iting follow, and then jaundice develops.

cuseed in this paper. A jon is fe i on
the vari s and {heir possibl
relationship to different diseases in a variety
of species. The need for further well-coordi-
nated epidemiological and experimental ani-
ma) studies is pointed out.

Submitied for publication Oct 8, 1971; scospted

 Mearch 3, 1972

Mnhﬂ-mlﬂn iroloyy Lab Envi-

At autopsy, acute yellow atrophy of the
liver is found. He cites Flinn and Jarvik*
who reported cases ot m:ule yeliow ltmphy
with fatal out

Halowaxes. Halowaxes, whleh are chlonnat-
ed naphthalenes, as well as the PCB (Aro-
clors) were increasingly used after 1930 to
insulate cables. Teleky® cites many other

Amf‘ blee, Ga.
l T
Envirorunental Profaction Agency, 4770 Dﬂ-
Hwy, nﬂ..mm: (Dr. Kimbrough).

ory,
ford

case reports (Drinker et al,” Jones,® Green-
burg et al? Cotter,)® McLeachichie and
Robertson,!! and Collier'*). Von Oettin-

‘ Arch Environ Health—Vol 25, Aug 1972
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23,8, Ywirachiorodibenroturan

O

22.0.7 - Tenac horodihen rodioxin

of &
ond 8 chiorinated dibenzofuren,

Ren' Mt 183 doacribes the occurrence of
chloracne in workers exposed to these chem-
ionln. He citos several references which indi-
onte that dermatitis is the result of the local
offect or direct with the chemical
while the toxic hepatitis results from absorp-
tion.
Chloracne has boen reported in workers
i to chi Lot hlnrahi

© TOXICITY OF NYDROCARBONS—KIMBROUGH

the rabbit ear. (The rabbit car test is uned
as a screcning test to determine whaother a
compound is likcly lo pmducc chloracne.
‘The chemical lved in propylenc glycol,
is painted on the rabbit ear. If the test is
positive, erythema occurs within two days
and in a few weeks hyperkeratosis de-
velops.) The rabbit skin offers us an experi-
mental method that will indicate the ability
of substances to produce acnciform derma-
titis in man.?’ Pure 2,4 5-trichlorophenol did
not affect the rabbit ear, and neither did
1,2,4,5-teirachiorobenzene, the atarting ma-
terial in the facture of 2,4,5-trichl
phenol. However, technical 2,4,5-trichloro-
phenol which was used in the production of
2,4,6-T did produce hyperkeratosis of the
rabbit ear. It was concluded that by-prod-
ucts which had resuited during alkaline hy-
droiysis of 1,2,4,5-tetrachlorobenzene were
the causative agents.

Kimmig and Schuiz?* isolated several con-
taminants and found that some of them,

namely tetrachlorodibenzofuran (Figure) at -

a concentration of 0.05% as well as tetra-
chiorodibenzodioxin (Figure) at a concentra-
tion of 0.005%, produced hyperkeratosis in
the mabbit ear, A hepatotoxic effect was
also observed with these compounds, They
also found lh-t pure pentachiorophenol did

phonyls, chlorodiphenyloxides, certain pe-
troioum products, and solid chiorophenols.1¢
More rcoently Meigs et al'* and Hof!

not prod is of the rabbit ear.
Chloracne was observed in workers of &
West German phnt who pwdmzd tech-

nnd Meneghini's nporlad 14 and 13 cases of
PO y. to chlori-
nated bi 'L is was blished in ¢
of thwe onses. Birmingham!’ observed
chloracne in 15 employees who had painted

nical tachl from hi
h 2 The technical material also in-
duced hyperkerawsm in the nbbnt ear. It iu

ible that

conhml wxlc impuntiu. pnrticulnly alnco
d by

Aat scctions of glasa with enamel and then
baked it. The enamel had Arocior (a PCB)
incorporated in it. Plewig!® produced chior-
acne experimontally on the upper back of
oight male adults by applyin' Hnlovmx
1014, hi and h

is p
hydrolysis from heuchlorobemm Diben-

dioxin and dib :{ lves do not
cause liver necrosis or hyperkeratosis when
applied to the rabbit ear; however, they
become highly toxic when they contain three
or more chlorine atoms.?° Some of the work-
ers with chlouem also develop eye trrlh-

to

ronnphthaiene,
Bauer et al!® reported chloracne in work- tion, hepatot , int
ors that handled technical 2,4,5-trichl

phenol. In some of these workers neuromus-
cular weakness, psychopathological changes,

roconjunctivitie, and liver invoive-
ment alo occurred. Kimmig and Schuls®®
found that pure 2,45-trichlorophencl did
not produos hyperkeratosis when appiied to

1/ porphyria cuta-
nea tarda, and plychologu: alterations.? Ac-
cording to Braun,2¢ chloracne seems to re-
sult from direct contact with the chemicais
producing it. Crow,** on the other hand,
points out that chloracne can also be pro-
duced by systemic absorption.

Arch Environ Health—Vol 25, Aug 1973
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Thia disease in ©
Olnfson?? in 1047. .
donee wns publishes
chlorinted  naphihe
case.’? Cattle with
decline in vitamin 2 -
toms of poisoning im
tion, diarrhea, polyw
and discharge from
ocough, poor appeti
maculae in the buees
hyporkeratosin of th
scopic  exnmination
shows central lobulo
cells with bile duct
tion of the glandm b
bladder. Cystic dils
tubules of the renal ¢«
degree of fibrosis and
pancreas, was also o
crosis and cirrhonis ¢
the nephrons, and »
the endometrium wer
after ingestion of f
chlorinated naphth
Link** fed hexachlon
swine and produced
the liver and kidnoys
vaginal epithelium »
A depremsion of the *
was aiso observed.

Drinker and co-w
liver of rata wes a
mnls were fed high
naphthalene, pentac
hexachloronaphthales
phenyls. When Scho
chloronaphthalene to
to moderate falty de
with centrilobular +
cells. Degencrative ch
the kidneys and the ¢
tosis.

it can be conclud
that highly chiorina
duce liver changes
cows, x-disease of the
drop in the vitamin A
the leading manifests
is pomsible that the
represents 8 manifes
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X-divenne

This disease in cnttle was dencribed by
Oinfeon®™ in 1847. A few years later evi-
donce wns published showing that highly
chlorinated naphttwienes onvaed  the  dis-
onsc.?’ Catlle with x-discase show & rapid

naphthalones, bt ateo with poetroleum prod-
ucts mich as cronk case oil. Tho toxic prod-
ucts were excreted in the milk and produced
x-disease in the calves drinking the milk.
They cited other authors who were able to

o the di with a plex wood
pfmrvnhw and a Jubricant.

decline in vitamin A levels. Symp- Bell® tested the ability of various com-
toms of poisoning includ ive lacri ds of the chlorinated mphu-lem
tion, diarrhoa, polyuria, kod salivati group to prod x-di He

and diacharge from the nostrils. A chronic that dichlonmhd and trichlorinated noph-
ocough, poor ite, and red thal did not prod: the di while
mwluln!hcbuml develop, and tetrachi hthal had an effect, and
wpnhnwm ol the skin I‘ollm Micro- the higher chlorinated naphthalene, penta-
scopic of ¥ chioronaphthalene, hexachloronaphthalene,
shows central lobular d tion of liver heptachloronaphthalene, and octachloronaph-

oells with bile duct proliferation and dila-
tion of the glands in the wall of the gall-

thalene, cawsed severe disease, Octachloro-
naphthalene was les toulc t.hm mdnluo-
and |

+ okl

' bladder. Cystic dilation of the collecth
tubules of the renal cortex, with a moderate
degres of fibrosis and degrnerated cells in the
pancreas, was also observed.?® In sheep, ne-
crosis and cirrhosis of the liver, damage to
the nephrons, and squamous metaplasia of
the endometrium were the principle findings
after ingestion of feed containing highly
chiorinated naphthaienes®® Huber and
Link?® fed hexachloronaphthalenes to young
swine and produced degenerative lesions of
the liver and kidnoys and hyperplasia of the
vaginal epithelium with keratin formation.

pression of the vitamin A pl lovel
was also obssrved.

Drinker and co-workers? found that the
liver of rats was affccted when the ani-
mnh wnn fod lngh dn-u of tetrachloro-

T and
Mud\lommpbﬂnlm or. chlorinated bi-
phonyls. When Schoettie et al’! fed hexa-
chlom«phthlmo to rats, they observed mild

Chick Edema

In 1987,243% a disease occurred in a large
numbet o( chickm which. lt first glance,
ic. It was
soon dileovend that thn relldueo of emnin
distilled animal fats produced the
when they were ldded to the chicken
diet.3¢3? The disease was called chick edema
becnuse it manilests itsell with hydroperi-
cardium and ascites in chickens. Ducks and
turkeys experience a reduction in growth.
Allen and Lalich*® produced hydroperi-
cardium and ascites in chickens when
enough toxic fat was given to kill most of
the birds in five weeks. (“Toxic fat” is a
term used for fat found in chicken feed that
induces chick edema.) When the concentra-
tion of toxic fat was reduced and fed to the
chickena for 150 dlyl. hydropemrdlum and
d less (

- fatty ok tion of the liver ascites develop , but testi
\mh centrilobular lation of hepatic lar hypoplasi pp Simpson el
oells. Degenerative changes were observed in  al*® descrit prolif lnd h hyp D
the kidneys and the skin showed hyperkera- of the lotheli ibl

tosis.
It can be concluded from these reporta
that highly chiorinated mphdnlonu pro-
In

necrosis of hepatic and bile duct tissue in
chickens and turkeyse. When monkeys (Ma-
meu mulatta) were fed toxic m, alopecia,

edema, d d total serum

duce liver ch in P
cows, x-disease of the skin, together with &

1t in-glob

drop in the vitamin A plasma level, is one of
the leading manifestations of the disense. It
is possible that the viltamin A deﬁduncy

in (with a 1 in the

ulin ntio), md mdueed hematopoiesis nnd
loped. Gastric ulcers

occurred i in 66% o( the animals. Focal areas
of ion were observed

P u manifestation of
liver dissase.

Bikes et al** found that x—di—n could be
produced in cattle with highly chiorinated

in the Imr, and the bile duct epithelium
was found to be affected when it was exam-
ined under the electron microscope. Dilata-

. Arch Environ Health—Vol 25, Aug 1972
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Table 1.~—Diseass BesuMing From
Pothelegical Findings Birth Ostects and A-Direase
Cheracne of the Liver Leothal Facter in Cattle
Cortnin th Certein 2,4,5.T Mighly chiorinated
Chioronaphinsienes Chiorinsted biphenyin Puritied meterta) naphthsienes
(mainly pents, Technice! 2,4,5.T end from toxic fet* Petroleum products
hess, and heple) other by
Chiorobiphenyls biphenyls
Chiorodiphenyloxides
Chivrophenals
{technical 2,4,5.trichioraphenol,
pentechiorophenol)
Technice) 2,4.5.7
- ¢ 'Toxio fet* Is & term used for fet found in chicken feed that induces chick sdems.

tion of the heart and hypertrophy of the
cardiac muscle wore also present.«©
Toxic fat is not the only prod bl

that the Aroclors can produce chick edema.
The Aroclors (PCB) are used primarily as

of producinl !hc chick ademn lyndrome
cts, used as &
pluﬁeim In-palnt, hnvc caused hyd

diel fluids for i and trane-
formers, as industrial fluids for hydraulic,
for gas turbine and for vacuum pumps, and

jcardium and ascites in chickens,*! and two
of seven Bengnlese finchea fed PCB de-
veloped  hydropericardium.* The seven
finches of a tolal of 56 birds died during the
oourse of the experiment. A mixture of pen-
" hihalne and hoxachh o

as heat fer fluids. They are aiso used aa
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 resina, synthetic and natural rub-

lone, when fod o chickens, resulted in chick
otdormn.*? The toxic fat which contained the
chick edemn factor was studied intensively.

bers, cellul resins, paint vamish, wax,
asphalt, and in allyl starch. They have been
employed for dust prevention, moisture
prooﬂng, sealing, :mpregnmon, and vapor

Flick ct al** separnted a purified crystalline pp to p g the residual life of
neen! which produced chick edema and i jcides. They i the toxicity of
) the hatchability of injected eggs. dieldrin and DDT in insects.®® Depending

Embryonic deformities were aiso produced.
Flick et al** were not able to prod testic-

on the amount of chiorine they contain they
are assigned certain ¢ Aroclor 1260

ular hypoplinsia in cockerels when they fed
low dosns of toxic fat (0.6% and 1.0%) to
the cockerels for 12 weeks, as had been re-
ported by Allen and Lalich.*

In 1967, Cantrell et al*® 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 octachlorodibenso-p-dioxin. Higgin-
hotham et al‘® showed that the chick edema

and 23,7, ,&-Mnd-luvdlbmwpdhlm The
authors suggested, as a powsible source of
contamination, fats and fatty acida contain-
ing commercial chiorophenols. When crude
fats and tallows are heated to produce fatty
acide chioropheno! residues might be con-
vertad 10 a chick edema factor.

It was mentioned earlier in thin article

for i ins 80% chiori while
Aroclor 1242 has an approximate chlorine
content ot 42%. Mmer,'“ in IBM tested a
k d biphenyl with 42%

chiorine and obeerved liver damage in rab-
bits, guinea pigs and rats. Skin changes
were observed in the animals who received
Lt injections and application of
the material to the skin. The skin lesions

‘were

histologically similar to those of chi

Joaat 600 people in
!ngcskd rice bran o

lesked into the ries
holes in a pipe used
manufacturing proe
mentation and ab
brown pigment deps
born and newborn

Stilibirthe were umve
of the mother. Adult
orexia, fatiguc, edem
like dincharge from

ens, quail and rata.
the toxicity of twe
polychlorinated biph
and Clophen ABD) »
which was produced
The European comy
toxicity and prodwese
crosis. Chick edema
with European com
Arocior 1260, All -
duced porphyris. Che
three compounds »
wurln. m

in man, Direct application to the skin pro-
duced inconsistent lesions compatible with
low-grade Von Oettingen!stprsss-aony
discusses some of the earlier work on the
toxicity of the Aroclors in his 'book The
Haluetmed Hydrocarbom Toxicity and

Dangers. i**  observed
chnngu in the livers of mice and monkeys
after feeding them chiorinated biphenyls.
The author undertook this work because of
an outbreak of poisoning that involved at

Arch Environ Health—Vol 25, Aug 1972
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cardium occurred oer
Arocior 1260, the sut
indicative of small g
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eesester 1

Table 2.—Toxlc Contsminants Found in Some
® Tachnieal Compounds Technicst Compounds®
; Tetrachiorodibenzofuran
2.,4,5:trichlorophenot
[ Chtex Tdome - Tetrachiorodibenzodionin
Toric lat® Vetrachiorodibenzoturan
Chierinated biphenyle 2,487
"::‘::m'.'h. Tetrachiorodiben zodioxin
and henschioro. 1,2.3,7,8.9 haxechlorodibenzo-p-dioxin
naphihsiene Toxic fat 2.3.7 trichtorodibento p.dioxin
2,3,7.8 tetrachiorodibenzo-p-dioxin
OPS and Clophen A §0) {Ncnehlnwnnpmmku
® Listed in Tobie 1.

lennt 600 people in Wesiern Japan who had
ingosted rice bran oil that hnd beon ecmlun
inatod with chlorobiph

by Emerson et al®’ found a teratogenic effect
of technical 2.4,5-T in rats. Apparently, the

PCB (Kanechlor 400). The ehlombiplwnyln
loaked inta the rice bran oil through pin-
holes ln a pipa used for bnt nchlnn in the
ing p i in pig~
mentation and lbnonnul grayish dark-
brown pigment deposils in the akin of still-
borm and newbormn infants was obwerved.™®
Stilibirths were inted to PCB poisoni
of the mothor. Adults showed chiomene, an-
oroxia, latiguo, edema of the eyelids, cheese-
like discharge from the meibomian glands,
and dark-brownish pigm-nt.d nails.5¢
Vos and K d the toxicity of

technical 24,5T was contaminated with
27 ppm of 2,3,7,8-tetrachlorodibenzo-p-dioxin.
In the study published by Couriney et nl,* it
was stated that the technical 24,5-T which
was found to be teratogenic in two strains of
mice and one strain of rats was oon.
taminated with 30 ppm 23,7,8-tetrachloro-
dibenzodioxin. Emerson et al*? tested 2,4,5-
T that oniy contnined 1 ppm 2,3,7,8-lotra-
chlorodibenzo-p-dioxin at comparable dosage
levels snd did not elicit a teratogenic effect.
This finding was substantisted by Sparschu
et al** who studied teratogenic effect of 2,-

soveral polychlorinated biphenyls in chick-
erw, quail and rats. The authors compered
the icity of two E ial

DpPe

3,7,8-tetrachlorodibenzo-p-dioxin in the rat.
A slight effect was observed at a dose of
0.125,8/kg/day when the material was giv-
en by gavage from day 6 through day 15 of

Dbl

polychlorinated biphenyls (Ph )
and Clophen A60) and one (Aroclor 1260)
which was produced in lho United States.
The B thowed higher
toxicity and pmduud centrilobuiar liver ne-
crosis. Chick edema was a common finding
with European compounds and rare with
Aroclor 1260. All three di

At the level of 0.5,g/kg/day, the
effect was quite pronounced. Courtney and
Moore® were able to produce cleft palates
and kidney malformations in three strains of
mice with high doses (100 mg/kg subcuta-
neously deily from day 8 to 15 of preg-
nancy) of analytical grade 2,4,5-T that

tained less than 0.05 ppm 23,7,8-tetra-
dllolvdihmpdlmln.

duced porphyrh Chunlml umly-b ol rhan
throe
hmlolur-n. mhdulomdlhnliuﬂln. lnd

the European samples but not in the -mple
from the United Statea.¥ Since hydroperi-
cardium occurred occasionally in chicks fed
Aroclor 1260, the authors felt that this was
tndicative of small quantities of a toxic fac-
tor in this preparation. ’

' 'l‘or-hpnnb‘

li et al* reported a decreased
survival of pups in rat reproduction studies
when fed 100 ppm of Aroclor 1242 and 1254,
and poor hatchability of eggs 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 from
toxic fat led to the development of embryonic
deformities in chickens.

\ . Comment
My,;l!bmﬁa Research I‘A‘ﬂﬂm, In some i , the same chemical com-
Bethesda, Md (unpublished data), as cited pounds are ible for the of
* Arch Environ Health—Vol 35, Aug 1973
o PR




130 TOXICITY OF HY DROCARBONS—KIMBROUGH

tamination of the technicnl ch

chloracne in people, liver in
specien, x-dincane in cnttle, chick edemn, and
terntologic or ather cffecis on the fetus. Not
all of the discans entities have thus far been
producced by all of the compounds (Table
1). Some of the dsin ion have

with various huthlv toxic mubstancs, woll

dics, and ad-

ditional experimental studies in animals are
needed to clarify these problems.

Chls has been produced experiment-

been shown to be contaminated with chiori-
naisd dibenzo-p-dioxine or chiorinated di-
bonsofurans (Table 2). The degree of con-
tamination scems to vary with ‘diﬂ‘amt

ally in men by Shelley and Kligman (Arch
Derm 75:689, 1957). The authors cite addi-
tional references on experimental dermal ox-
posure M animals and men to chlorinated

thess is have innti i clean-up
proced: which the g part
of the contaminants. lmpmved hygiene
among the workers and improved ventila-
tlon of tho workinl area have, in many
d the incid of chlor-
acne. Whether all disease entitics described
are caused by the chiorinated dibenzodiox-
ins or tho chlorinated dibenzofurans is not
vot known. Somo of these chemicals arc
highly toxic, aa illustrated by the fact that
two applicntions of 10ug of 2,3,6,7,-tetrachlor-
odnmm-p-dhxin applied to human skin®®
d chl ve-like Single
orll dones of m;q to 50ug/kg/body weight
rosulted in fatal liver necrosis in rabbits.®?
Thoere is no readily available information
on the metabolism of these ocompounds
in animals and their breakdown in the
A o It is bable that they are
siable. Crosby et al* found that 2,3,7,8-tet-
rldﬂomdﬂmuo—pdimin llld its homo-
loguos d in alcohol solu-
tion under artificial lilht and natural light.
However, photodecomposition was negligi-
ble in agqueous suspensions and on wet or
dry wsoil. It is unk hether the d
entitios discussed are the result of one or sev-
oral i or the bined effect of
tho chemicel compound and ils contaminant.
Another unsolved problem is the observa-
tion that some of these compounds such as
technical 2,4,5-T induoce porphyria.* The
chlorinated biphenyls also cause porphy-
ria® Whether porphyria is the result
of the chemicale themmelves or of the con-
taminants, or both, is not known. Crow®
suggests that the porphyria produced
hclm[ul 24.6-’!' may have been caused
of the chemical wi
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