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A Review Including Chlorinated Dibenzodioxins and Chlorinated Dibenzofurans
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Varlous P
namely, 2,4,5-trichl 2,4,5-trichioroph
oxyacetic acid (2,4, E-T), and European cnlorl‘
nated biphenyls (Phenoclor DP8 and Clophen
A60), have been found 1o be contaminated with
trace t insted dib furans or
chiorinated dibenzodioxins. Toxic lat which pto-

Chloracne

This disease is described by the formation
of comedones with or without cysts and
pustules. The follicular orifices are filled
with scbaccous and keraunouﬂ matenal

duces hy um in also

chlorinated dlbtnmdlo:lm These and other tech-
nical chlorlnllcd compounds such as the tech-
nical h have been n

Hiver
x-disease In cattle, and chick edema. The litera-
ture on !ho toxicity of the chiorinated technical

is iewed. it Is tioned that
2,4, 5-7 and the chiorinated biphenyis also induce
porphyria. Whether the varlous disease entities
are caused by the contaminants, combinations
of the chemical and its or by the
chemicals themselves needs lurther evaluation.

RE(‘,ENTLY several chlorinated com-
pounds, such as the polychlorinated biphe-
nyl and 2,4.5-trichlorophenoxyacetic acid
(2,4,6-T), have received a great deal of at-
tention. Polychlorinated biphenyls (PCB)
are increasingly found in our environment
and 2,4,5,-1 has been used cxtensively as
an herbicide. Occasionally these and other
chlorinated technlcal compounds have cawsed
discases that bear similarity to cach other.

Some of these chemicals have been found
to be contaminated with chiorinated diben-
zofurans or chlorinated dibenzodioxins. The
various discases produced by one or more of
the different technical compounds are dis-
cussed in this paper. Attention is focused on
the various contaminants and their possible
relationship to different diseases in a variety
of species. The need for further well-coordi-
nated epidemiological and experimental ani-
mal studies is pointed out.

\ulumll«l hn publiention (et B 1971 acvepted
Mavch 4
From lln- (‘h»mlvlu M

ivology hchm-n(mv Envi.
'hmnl)lm .

nmental Protection Age
Ttepri
torv.

ford Hwy, Chamblee, Cin il.Ml O Kimbeongh?,

Mol and a dary '
rcaction may cxist. Chloracne was dcscnbcd
for the first time by Herxheimer' in 1899
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-
nated biphenyls. This patient alto com-
plained of lassitude, loss of appetite, and
loss of libido.

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

Teleky reported in 1949 that he personal-
ly had seen al least “150 to 280 workers” in
four different factories with chloracne. He
stated that liver discase occurs independent-
ly from chloracne, and usually manifests
itself afler an exposure time of four to six
monibs, but may oceur in as short a time as
seven weeks. Occasionally loss of appetite,
nausea, and edema of the face and hands
are the first symptoms. Abdominal pain and
vomiting follow, and then jaundice develops.
At autopsy, acute yellow atrophy of the
liver is found. He cites Flinn and Jarvik®
who reported cases of acute yellow atrophy
with fatal outcome following exposure to
Halowaxes, Halowaxes, which are chlorinat.
ed naphthalenes, as well as the PUB 1 Aro-
clors) were incrensingly used after 1930 to
insulate cables, Teleky® cites many other
case reports (Drinker et al,? Jones,” Green-
burg et al? Cotter.” McLochichie and
Robertson,'t and  Collier'™). Von  Ovttin.
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Chemiical structure of a chiorinated dibenzodioxin
and o chiorinated dibenzofuran.

gentsmamn) describes the occurrence of
chloracne in workers exposed to these chem-
icals. He cites several references which indi-
cate that dermatitis is the result of the local
effect or direct contact with the chemical,
while the toxic hepatitis results from absorp-
tion.
Chloracne has been reported in workers
d to chl chlorobi-
phenyls, chlorodiphenyloxides, certain pe-
troleum products, and solid chlorophenols.!t
More recently Meigs et al'® and Hofman
and Meneghini'e reported 14 and 13 cases of
chloracne, respectively. Exposure to chlori-
nated biphenyls was cstablished in most
of these - cases. Birmingham!' observed
chloracne in 15 employees who had painted

hihal
phthalenes,

TOXICITY OF HY DROCARBONS—KIMBROUGH

the rabbit ear. (The rabbit ear test is used
as a screching test to determine whether a
compound is likely to produce chloracne.
The chemical, dissolved in propylene 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 acneiform derma-
titis in man.?' Pure 2,4,5-trichlorophenol did
not affect the rabbit ear, and neither did
1,2,4,5-tetrachlorobenzene, the starting ma-
terial in the manufacture of 2,4,5-trichloro-
phenol. However, technical 2,4,5-trichloro-
phenol which wae used in the production of
2,4,5-T did produce hyperkeratosis of the
rabbit ear, It was concluded that by-prod-
ucts which had resulted during alkaline hy-
drolysis of 1,2,4,5-tetrachlorobenzene were
the causative agents.

Kimmig and Schulz?? isolated several con-
taminants and found that some of them,
namely tetrachlorodibenzofuran (Figure) at
a concentration of 0.05% as well as tetra-
chloredibenzodioxin (Figure) at a concentra-
tion of 0.005%, produced hyperkeratosis in
the rabbit ear. A hepatotoxic effect was
also observed with these compounds. They
also found that pure pentachlorophenol did
not produce hyperkeratosis of the rabbit 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 rabbit ear. It is
possible that technical pentachloraphenol
contains toxic impurities, particularly since

flat sections of glass with enamel and then
baked it. The enamel had Aroclor (a PCB)
incorporated in it. Plewig'® produced chlor-
acne experimentally on the upper back of
eight male adults by applying Halowax
1014, pentachl hthalene, and hexachlo-
ronaphthalene.

Bauer et al' reported chloracne in work-
ers that handled technical 2,4,5-trichloro-
phenol. In some of these workers neuromus-
cular weakness, psychopathological changes,
blepharoconjunctivitis, and liver involve-
ment also occurred. Kimmig and Schulz*
found that pure 2,4,5-trichlorophenoi did
not produce hyperkeratosis when applied o

pentachlorophenol is produced by alkaline
hydrolysis from hexachlorobenzene. Diben-
zodioxin and dibenzofuran themselves do not
cause liver necrosis or hyperkeratosis when
applied to the rabbit ear; however, they
become highly toxic when they contain three
or more chlorinc atoms.™ Some of the work-
ers with chloracne also develop eye irrita-
tion, hepatotoxicity, intolerance to alcohol,
neuromuscular symptoms, porphyria cuta-
nea tarda, and psychologic alterations.®* Ac-
cording to Braun,*! chloracne seems to re-
sult from direct tact with the chemical
producing it. Crow,*" on the other hand,
points out that chloracne can also be pro-
duced by systemic absorption.
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Table 1.—Disease Resulting From Exposure

Chioracne of the Liver

Pathologlical Findings

Birth Defects and
Lethal Factor

X-Disease
in Cattie

Certain petroleum products
Chloronaphthalenes
(maioly penta,

Chiorinated naphthalenes Certain technical 2,4,5-T
Chiorinated biphenyls
Technical 2.4.5 T and

Highly chiorinated
naphthalenes
Petroleum products

Purified material
lrom toxic fat*

hexa, and hepla)
Chiorobiphenyls
Chiorocliphenyloxides
Chlorophenols

(technical 2,4,5.trichlorophenal.

pentachlorophenol)
Technical 2,4,5-T

other chior

biphenyls

* “Toxic tat" is a term used for fal found in chicken feed that induces chick edema,

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

Toxic fat 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-
icardium and ascites in chickens,* and two
of seven Bengalese finches fed PCB de-
veloped hydropericardium.'* The seven
finches of a total of 56 birds died during the
course of the experiment. A mixture of pen-
tachloronaphthalene and hexachloronaphtha-
lene, when fed to chickens, resulted in chick
cdemn.'* The toxic fat which contained the
chick edemn factor was studied intensively.
Flick et al'! separated a purified crystalline
concentrate which produced chick edema and
decreased the hatchability of injected eggs.
Embryonic deformilics were also produced.
Flick et al** were not able to produce testic-
ular hypoplasia in cockerels when they fed
low doses of toxic fat (0.6% and 1.0%) to
the cockerels for 12 weeks, as had been re-
poried by Allen and Lalich. ™

in 1967, Cantrell ¢t al" reported that
1,2.3,7,8,9-hexachlorodibenzo-p-dioxin -~ was
one of the toxic compounds producing chick
edema. Tomita ¢t al'™ had shown earlier
that the heating of pentachloropheno! pro-
duced octachivrodibenzo-p-dioxin.  Higgin-
bathum ot al's showed that the chick ¢dema
factor represented chlorinated dibenzo-p-di-
oxins. The two principnl compounds  iso-
Iated  were  2,3.7-trichlorodibenzo-p-dioxin
and 2,37 8,-tetrachlorodibenzo-p-dioxin. The
authors suggested, as a possible source of
contamination, fats and (atty acids contain-
ing commerciat chlorophenols, When erude
futs and tallows are heated to produce fatty
acids chlorophenol residues might be con-
verted 1o a chick edema factor.

I owas mentioned carlioe in this article

that the Aroclors can produce chick edema.
The Aroclors (PCB) are used primarily as
dielectric 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 resins, synthetic and natural rub-
bers, cellulose resins, paint varnish, wax,
asphalt, and in allyl starch. They have been
employed for dust prevention, moisture
proofing, sealing, impregnation, and vapor
suppression to prolong 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 certain numbers. Aroclor 126()
for instance, containsg 60% chlorine, while
Aroclor 1242 har an approximate chlorine
content of 42%,. Miller,”" in 1944, tested a
commercinl chiorinated biphenyl with 42%,
chlorine and observed liver damage in rab-
bits, guinea pigs and rats. Skin changes
werce observed in the animals who received
subcutaneous injections and application of
the material to the skin. The skin lesions
| i by injection were
histologically similar to those of chloracne
in man. Direct application to the skin pro-
duced inconsistent lesions compatible with
low-grade irritation. Von Qettingen s i
discusses some of the enrlier work on the
toxicity of the Aroclors in his book The
Halogenated Iydrocarbons, Toxicity and
Potential Dangers. Nishizumi*: obscrved
changes in the livers of mice and monkeys
after feeding them chlorinated biphenyls.
The author underiook this work because of
an outbreak of poizoning that involved at

pr
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X-discase

This digease in cattle was described by
Olafson2® in 1947. A few years later evi-
dence was published showing that highly
chlorinated naphthalenes caused the dis-
eape.? Cattle w:lh x-disease show a rapid
decline in vi A pl levels, Symp-
toms of ing includ ive lacrima-
tion, diarrhea, polyuria, marked salivation,
and discharge from the nostrils. A chronic
cough, poor appetite, and numerous red
maculae in the buccal mucosa develop, and
hyperkeratosis of the skin follows. Micro-
scopic examination of autopsy material
ion of liver

naphthalenes, but also with petroleum prod-.
ucts such as crank case oil. The toxic prod-
ucts were excreted in the mitk and produced -
x-disease in the calves drinking the milk.
They cited other authors who were able to
produce the disease with a complex wood
preservative and a lubricant.

Bell** tested the ability of various com-
pounds of the chlorinated naphthalene
group to produce x-disease. He discovered
that dichlorinated and trichlorinated naph-
thalenes did not produce the discase while
tetrachloronaphthalene had an effect, and
the higher chlorinated naphthalene, penta-
chloronaphthalene, }wxachloromphthalene,

h] lene. and octachl

cells with bile duct proliferation and dila-
tion of the glands in thc wall of the gall-
bladder. Cystic dilation of the collecting
tubules of the renal cortex, with a moderate
degree of fibrosis and degenerated cells in the
pancreas, was also observed.?® In sheep, ne-
crosis and cirrhosis of the liver, dsmage to
the nephrons, and sq lasia of

thalene, caused severe disease. Octachloro-
naphthalene was less toxic than hexachloro-
naphthalene and heptachloronaphthalene.

Chick Edema

In 19573435 a disease occurred in a large

the endometrium were the principle findings
after ingestion of feed containing highly
chlorinated naphthalenes.*® Huber and
Link" fed hexachloronaphthalenes to young
swine and produced degenerative lesions of
the liver and kidneys and hyperplasia of the
vaginal epithelium with keratin formation.
A depression of the vitamin A plasma level
was also observed.

Drinker and co-workers’ found that the
liver of rats was affected when the ani-
mals were fod hlgh dows of tetrachloro-
naphthal Fbal and
hexachloronaphthalene or chlorinated bi-
phenyls. When Schoettle et al*t fed hexa-
chloronaphthalene to rats, they observed mild
to moderate fatty degeneration of the liver

ber of chicl which, at first glance,
i to rep an epid It was
soon di d that the residues of certain

distilled animal fats produced the condition
when they were added to the chicken
diet."%.*™ The disease was called chick edema
because it manifests itself 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
chickens for 150 days, hydropercardium and
ascites developed less f) tly, but teati

with centrilobular lation of hepati

lar hypoplasia b apparent, Simpson el

cells. Degenerative changes were observed in
the kidneya and the skin showed hyperkera-
tosis.

It can be concluded from these reports
that highly chlorinated naphthalenes pro-
duce liver changes in several speci In

al?® described prollferauon and hypertrophy
of the 1 theli and p

necrosis of hepatic and bile duct tlssue in
chickens and turkeys. When mwonkeys (Ma-
mca mulaua) were fed toxic fat, alopecia,
edema, decreased total serum

cows, x-disease of the skin, together with a
drop in the vitamin A plasma level, is one of
the leading wanifestations of the di It

protein (with a reversal in the albumin-glob-
ulin ratio), am'l reduced hematopoiesis and

is possible that the vitamin A deficiency
represents a ifestation of itant
liver direase.

Sikes et al** found that x-discase could be
produced in cattle with highly chlorinated

spermat developed. Gastric uvlcers
occurred in 66, of the animals. Focatl areas
of necrosis and degeneration were observed
in the liver; and the bile duct epithelium
was found to be affected when it was exnm-
ined under the electron microkcope. Dilata-
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to Technical Compounds

" Chick Edema
Tomic ot T
Chiorinated biphenyls

Mixture of pontachloro- 24,57
naphthaiene
and hexachtoro.
naphthatene Toxic fat

E I

Table 2.—1;9xi'Eu§-m‘;|l;a;u Found in Some

2,4,5:trichlorophenol

sl Compounds*

( Tetrachiorodibenzoturan
| Tetrachlorodibenzodioxin

{ Tetrachlorodibenzoturan

! Teteachtorodibbe nzodioxin

11,2,3,7.8,9 hexachiorochie nzo.p dioxm
\‘2 7 trichlorodibenzo-p dioxin
12,3.7,8 telrachlorodibenzo-p diomin

‘Tetra

least 600 pcople in Western Japan who had
ingested rice bran oil that had been contam-
inated with chlorobiphenyls, a Japanesc
PCB (Kanechlor 400). The chlorobiphenyls
leaked into the rice bran oil through pin-
holes in a pipe used for heat exchange in the
manufacturing process. An increase in pig-
mentation and abnormal grayish dark-
brown pigment deposits in the skin of still-
born and newborn infants was observed.
Stillbirths were unrelated to PCB poisoning
of the mother, Adults showed chloracne, an-
orexia, fatigue, edema of the eyelids, cheesc-
like discharge from the meibomian glands,
and dark-brownish pigmented nails.*

Vos and Koeman® studied the toxicity of
several polychlorinated biphenyis in chick-
ens, quail and rats. The authors compared
the toxicity of two FEuropean commercial
polychlorinated biphenyls (Phenoclor D%
and Clophen A60) and onc (Aroclor 1260)
which was produced in the United States.
The European compounds showed higher
toxicity and produced centrilobular liver ne-
crosis, Chick edema was a common finding
with European compounds and rare with
Aroclor 1260. All three compounds pro-
duced porphyria. Chemical analygis of these
three compounds revealed tetrachlorodi-

benzofuran,  pentachlorodibenzofuran, and
h hi hthalene as a taminant in

the European samples but not in the sample
from the United States.™ Since hydroperi-
cardium occurred occasionally in chicks fed
Aroclor 1260, the authors felt that this was
indicative of small quantitics of a loxic fac-
tor in this preparation.

Teratogenesis

Recently, Bionetics Research Laboratory,
Bethesda, Md tunpublished data ), as cited

Arveti KEnvoron Healith— Vol 20

DP6 and Clophen A 60) 1
* Listed in Table 1.

F an
Hexachloronaphthalene

by Emerson et al*7 found a teratogenic effect
of technical 2,4,5-T in rats. Apparently, the
technical 2,4,5-T was contaminated with
27 ppm of 2,3,7,8-tetrachiorodibenzo-p-dioxin,
In the study published by Courtney et al,* it
was slated that the technical 2,4,5'T which
was found to be teratogenic in two strains of
micc and onc strain of rats was con-
taminated with 30 ppm 2,3,7,8-tetrachloro-
dibenzodioxin. Emerson et al*i tested 2,4,5-
T that only contained 1 ppm 2,3,78-tetra-
chlorodibenzo-p-dioxin at comparable dosage
levels and did not elicit a teratogenic effect.
This finding was substantiated by Sparschu
et al™ who studied teratogenic effect of 2,-
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
gestation, At the level of 0.5xg/kg/day, thi:
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-
ncously daily from day 6 to 15 of preg-
nancy) of analytical grade 24.5-T that
contained less than (0L05 ppm 2,3,7 8-tetra.
chlorodibenzo-p-dioxin.

Keplinger ct al®t reported a decreased
survival of pups in rat reproduction studies
when fed 100 ppm of Aroclor 1242 and 1204,
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 fal led to the development of embryonic
deformitics in chickens.

Comment

In some instances, the same chemical com
pounds are responsible for the occurrene of
.
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chloracne in people, liver di in
specles, x-discase in cattle, chick edema, and
teratologic or other effects on the fetus. Not
all of the discase entities have thus far been
produced by all of the compounds (Table
1). Some of the compounds in question have
been shown to be contaminated with chlori-
nated dibenzo-p-dioxins or chlorinated di-
benzofurans (Table 2). The degree of con-
tamination seems to vary with different

ination of the technical chemicals
with various highly toxic substances, well
coordinated epidemiological studies, and ad-
ditional experimental studics in animals are
necded to clarify these problems,

Chl has been i experiment-
ally in men by Shelley and Kligman (Arch
Derm 75:689, 1957). The authors cite addi-
tional references on experimental dermal ex-
posure of animals and men to chlorinated

compounds. Some companics ing
these compounds have instituted clcan-up
procedures which remove the greatest part
of the contaminants. Improved hygiene
among the workers and improved ventila-
tion of the workinz area have, in many
inst duced the incid of chior-
acne. Wheiher all discase entities described
are caused by the chlorinated dibenzodiox-
ins or the chlorinated dibenzofurans is not
yol known. Some of thdse chemicals are
highly toxic, as illustrated by the fact that
two applications of 10ug of 2,3,8,7,-tetrachlor-
odibenzo-p-dioxin applied to human skin®*
produced chloracne-like symptoms. Single
oral doses of 20ug to 50ug/kg/body weight
resulted in fatal liver necrosis in rabbits.”*
There is no readily available information
on the metabolism of these compounds
in animals and their breakdown in the
environment.® It is probable that they are
stable. Crosby et al*t found that 2,3,7,8-tet-
rachlorodibenzo-p-dioxin - and  its  homo-
logues decomposed rapidly in alcohol solu-
tion under artificial light and natural light.
H , photod: ition was negligi-
ble in agueous suspensions and on wet or
dry soil. It is unknown whether the discase
cntities discussed are the result of one or sev-
eral or the bined effect of
the chemical compound and its contaminant.

Another unsolved problem is the observa-
tion that some of these compounds such as
technical 2,4,5-T induce porphyria.®* The
chlorinated biphenyls also cause porphy-
ria."» Whether porphyria is the result
of the chemicals themselves or of the con-
taminants, or both, is not known. Crow"
suggests that the porphyria produced by
technical 2,4,5-T may have been caused by
contamination of the chemical with crude
chlorobenzenes, which were used to produce
the chlorophenols from which the 2,4.5-T
was made. Better awareness of the possible

Arch Environ Health—Vol 25,
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