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Toxicity of Chlorinated Hydrocarbons and 
Related Compounds
A Kovicw Inrluding Chlnrlnnttd Dibenzodioxins and Chlorinated Dibenzofarana

D. Kimhrmifth, MD, Chambltt, Ga

l

t

c
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VarltM chlorinated technical compound*. 
Mmdji, 3,4,B-IHeMoroph*n-
oxyaeetle aeld (2,4,S-T), and European chlori­
nated Mphenyle (Phenoolor DPd and Ctoph*n 
AM), have been found to be contaminated wKh 
trace amaunla of eMerlnetad dlboniefurana or 
oMerfneted dtbentodknina. Toxic fat which pro* 
ducea hydroperloardlum In ohlefcene aiao contaku 
ohlorfnaled dlbentodloxlns. Thee* and other tech* 
nleal chlorinated compound* such a* the tech* 
nleel penlaohlorophenol have been bnplloatod In 
oausfnfl ohforaone, liver dl*eo*e, leratopenlclty, 
mNaaaae In cattle, and eh left edema. The liter** 
hire on the loalelty of the oMortnated technical 
compound* I* reviewed. It la mantlonad fiat 
2,4,t-T and tha chlorinated Wphanyla alee Induce 
perphyrta. Whatbar dm various dlaaaaa antttlaa 
am caused by the contaminants, combinations 
of dm ohandoal and Ns contaminant* or by dm 
ob*mlB*l* themashrae need* further evahmtlen.

1 RECENTLY several chlorinated com­
pound*, such im the polychlorinated biphe­
nyl find 2,4,5-trichlorophcnoxyacotic acid 
(2,4,B-T), have recoived a (treat deal of at­
tention. Polychlorinated biphenyls (PCB) 
are increasingly found in our environment 
and 2,4,5,-T has been uned extensively as 
•n herbicide. Occasionally these and other 
chlorinated technical compounds have caused 
dismass that boar similarity to each other.

Rome of thorn* chemicals have been found 
to bo contaminated with chlorinated dibeit- 
sofurans or chlorinated dibensodioxine. The 
various diseases produced by one or more of 
the different technical compounds are dis­
closed in this paper. Attention is focund on 
the various contaminants and (heir possible 
relationship to different diseases in a variety 
of species. Tha need for further welt-coordi­
nated epidemiological and experimental ani­
mal studies ia pointed out

ftabmltted for publication Oct 8. 1971; accepted 
. March 9,1072.

Prom tha Chambtaa Tmdraiotry Laboratory, Bnvi- 
rvwmantel Protection Agency, ChamWaa, Ga.

Reprint mguaate to Qwmbtee Tmioology Labora­
tory, Bnvliouuwntel Protection Agency, 4770 Bu­
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Chloracne

This disease ie described by the formation 
of comedones with or without cyata and 
pustules. The follicular oriAccs are filled 
with sebaceous and keratinous material. 
Melanosis and a secondary inflammatory 
reaction may exist Chloracne was described 
for the first time by Herxheimer' in 1899 
who thought it was produced by free chlo­
rine. Wauer* in 1918 and Teteky1 in 1927 
suggested the term “pernakrankheit.” They 
felt that this skin disease was produced by 
certain chlorinated hydrocarbons. Jones and 
Alden4 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 also 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 been reported in the United 
States as well as in Europe, particularly 
Germany and England.

Teleky* reported in 1949 that he personal­
ly had seen at least "150 to 280 workers” in 
four different factories with chloracne. He 
stated that liver disease occurs independent­
ly from chloracne, and usually manifests 
itself after an exposure time of four to six 
months, but may occur 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 nnd 
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 
Halowaxcs. Halowaxes, which are chlorinat­
ed naphthalenes, as well as the PCB (Aro- 
clors) were increasingly used after 1930 to 
insulate cables. Teleky" cites many other 
case reports (Drinker et al,T Jones,9 Green- 
burg eft el,9 Cotter,10 McLechtdue end 
Robertson,11 and Collier19). Von Oettin-
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dncribn the occurrence of 
chlorncno in workers exposed to these chem­
icals. He cites several references which indi- 
ente that dermatitis is the result of the local 
effect or direct contact with the chemical, 
while the toxic hepatitis results from absorp­
tion.

Chlorncno has been reported in workers 
exposed to chloronnphthalenee, chlorobi- 
ptvnnyls, chktrodiphenyloxidss, certain pe- 
troioum products, and solid chlorophenols.14 
More recently Meigs et al,f and Hofman 
and Mensghini1* reported 14 and 13 casea of 
chlorncne, respectively. Expoeure to dhkjri- 
noted biphenyls was established in mart 
of these casea. Birmingham17 observed 
chloracne in 15 employees who had painted 
flat sections of glass with enamel and then 
bekod it. The enamel had Aroclor (a PCB) 
Incorporated In it. Plewig1* produced chlor­
acne experimentally on the upper back of 
eight mole adults by applying Halowax 
1014, pmtechloronaphthnlene, and hexachlo- 
ronnphthnlene.

Bauer et a)1* reported chloracne in work­
ers that handled technical 2,4,5-trichloro- 
phenol. In some of these workers neuromus­
cular wonknma, psychopsthologicsl changes, 
blepharoconjunctivitis, and liver involve­
ment a bo occurred. Kinwnig and 8chul»w 
found that pure 2,4,5-trichlorophenol did 
not produce hyperkeratosis when applied to

the rabbit ear. (The rabbit car test in used 
as a screening tent to determine whethor a 
compound is likely to produco chlorncne. 
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 acnciform derma­
titis in man.*1 Pure 2,4,5-trichlorophonol did 
not affect the rabbit ear, and neither did
1.2.4.5- totrachlorobenaene, the starting ma­
terial in the manufacture of 2,4,5-trichloro- 
phenol. However, technical 2,4,5-trichloro* 
phenol which was 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 Schulz9* isolated several con­
taminants and found that some of them, 
namely tetrachlorodibensofuran (Figure) at 
a concentration of 0.05% as well as tetra- 
chlorodibcnaodloxin (Figure) at a concentra­
tion of 0.0%%, 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.89 The technical material also in­
duced hyperkeratosis in the rabbit ear. It is 
possible that (ethnical pentachlorophenol 
contains toxic impurities, particularly since 
pentachlorophenol is produced by alkaline 
hydrolysis from hexachlorobenzene. Diben- 
zodtoxin 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 chlorine atoms.90 Some of the work­
ers with chloracne also develop eye irrita­
tion, hepa to toxicity, intolerance to alcohol, 
neuromuscular symptoms, porphyria cuta­
nea tarda, and psychologic alterations.99 Ac­
cording to Braun,94 chloracne seems to re­
sult from direct contact with the chemicals 
producing it Crow,8* on the other hand, 
points out that chloracne can also be pro­
duced by systemic absorption.

Arch Envimn ht*alth—Vol 25, Aug J972
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X-dtw'nm*

This dtaeane in cnttle was described by 
Olafaon” in 1047. A few years Inter evi* 
donee wnn pitblwhid showing that highly 
chlorinated naphthalenes award the dm* 
oaso.,T Cattle with x-dweam bIkjw a rapid 
dooiina in vitamin A plasma levels. Symp­
toms of poiaoning include excessive lamina­
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* 
aoopic examination of autopsy material 
■hows central lobular degeneration of liver 
cells with bile duct proliferation and dila­
tion of the glands In the wall of the gall­
bladder. Cystic dilation of the collecting 
tubulsa of the renal cortex, with a moderate 
defies of fibrosis and degenerated 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 
chlorinated naphthalenes.” Huber end 
Link'* fed hexachloronaphthalenes to young 
■wino 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 end oo-workers7 found that the 
liver of rata was affected when the ani­
mals were fed high doses of tetrachloro- 
naphthalene, pentachtoronaphthalene, and 
haaachloronaphthalene or chlorinated bi­
phenyls. When Sthoettle et alat fed hexa- 
chloronnphthalene to rata, they observed mild 
to moderate fatty degeneration of the liver 
with centrilobulor vacuolatkm of hepatic 
oslls. Degenerative changes were observed in 
the kidneys and the skin showed hyperkera­
tosis.

It can be concluded from these reports 
that highly chlorinated naphthalenes pro­
duce liver changes in several species. In 
eowa, x-diaeaas of the akin, together with a 
drop in the vitamin A plasma level, is one of 
the leading manifestations of the disease. It 
ia possible that the vitamin A deficiency 
represents a manifestation of concomitant 
liver disease. .

Siksa at al” found that x-diaeaaa oould be 
produced In cattle with highly chlorinated

nnphlhnlcmti, hul also with jx'lrnlrtnn prod­
ucts such os crank coso 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 
produce tho disease with A complex wood 
preservative and a lubricant.

Bell-1* tested the ability of various com­
pounds of the chlorinated naphthalene 
group to produce x-disease. He discovered 
that dtehlorinated and trichlorinated naph­
thalenes did not produce tho disease while 
tetrachloronaphthalene had an effect, and 
the higher chlorinated naphthalene, pen to- 
chloronaphthalene, hexochloronaphthalcne, 
heptachloronaphthalene, and octachknonaph- 
thalens, caused severe disease. Octachtoro- 
naphthalene was lew toxic than hexachloro- 
naphthalene and heptachloronaphthalene.

Chick Edema

In 1967,1a disease occurred in a large 
number of chickens which, at first glance, 
nee mad to represent an epidemic. It was 
soon discovered that the residues of certain 
distilled animal fate produced the condition 
when they were added to the chicken 
diet1*'17 The disease was called chick edema 
because it manifesto itself with hydroperi­
cardium and ascites in chickens. Ducks and 
turkeys experience a reduction in growth.

Allen and Lalteh” 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 160 days, hydropercardium and 
ascites developed lees frequently, but testicu­
lar hypoplasia became apparent. Simpson el 
al” dweribed proliferation and hypertrophy 
of the vascular endothelium end possible 
necrosis of hepatic end bile duct tissue in 
chickens and turkeys. When monkeys (Ma­
caco mulatto) were fed toxic fat, alopecia, 
subcutaneous edema, decreased total serum 
protein (with a reversal in the albumin-glob­
ulin ratio), and reduced hematopoiesis and 
spermatogenesis developed. Gastric ulcers 
occurred in 66% of the animals. Focal areas 
of necrosis and degeneration were observed 
in the liver; and the bile duct epithelium 
was found to be affected when it was exam­
ined under the electron microecope. Dilato-
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Table l.-4)lfMN Rmittint From Exposure

CMtrtn*
PotMtoflcot Finding* 

of the llm
•IHH OofocH ond 

tetnet Footer
x*at*oo»#
ht Cottle

Carlain petroleum product* 
Cbtoronaphthetenre 

(mainly ponto, 
bon*, and bool*)

Cbtoroblpbonyt*
CMorodtphcnyfowldea
Ohtorophcnola

(technical 2,4,S.trtehtorephenot. 
ponloebloropbonol)

Technical 2,*,5*T

Chtertneled naphthalence 
Chlorinated Mphonyt* 
Technical 2.4.S-T ond 

otbor chiorophonole

Ctrtoln tochnleol 2.4,5-T 
Purl Nod material 

from toxic fat* 
Polychlorinated 

biphenyl*

Highly chlorinated 
nophtbotonoo

Petroleum product*

• • ‘'Text* lot" It • itrm uaod lor lot found in chiehon rood that Indueaa ehleb adtma.

Hon of the Imrt and hypertrophy of the 
cardiac muaclc wore alao present.40

Tonic fat ia not tho only product capable 
of producing the chick edema syndrome. 
Chlorinated biphenyl products, used aa a 
plastic!mr In a paint, have caused hydro per­
icardium and ascites in chickens,41 and two 
of seven Bengalese finches fed PCB de­
veloped hydropericardium.43 Tho seven 
finches of a total of 66 birds died during the 
ooume of the experiment A mixture of pen- 
tnchlnronnphthaime and hoxmMoionnphtha- 
k*m\ when fed to chickens, resulted in chick 
edema,41 He toxic fat which contained the 
chick edema factor was studied intensively. 
Flick ct nl44 separated a purified crystalline 
concentrate which produced chick edema and 
decreased the hatchabillty of injected eggs. 
Embryonic deformities were also produced. 
Flick ct al40 were not able to produce testic­
ular hypoplasia m cockerels when Urey fed 
low doses of toxic fat (0.6% and 1.0%) to 
the cockerels for 12 weeks, as had been re­
ported by Allen and Lnlich.**

In 1067, Cantroll el al4* reported that 
](23J>B>B*hexachlorodtbenso»p-dioxin was 
one of the toxic compounds producing chide 
edema, Tomita et al4T had shown earlier 
that the heating of pentachlorophenol pro­
duced octoddoraiibenso-p-dtoxin. Higgin­
botham et al4* showed that the chide edema 
factor represented chlorinated difaerao-p-di- 
oxins. The taro principal compounds iso­
lated were 2^,7-trichiorodibenao-p-dioxin 
and 2^,7,6,-tetmchforodibenao-p-dloxin. The 
authors suggested, as a poesible source of 
contamination, fata and fatty adds contain­
ing commercial ehlorophenole. When crude 
fats and tallows are heated to produce fatty 
adds chlorophanol residues might be con­
verted to a chick edema factor.

It was mentioned earlier 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 
aa heat transfer fluids. They are also used aa 
plastirizers and are widely distributed in the 
environment4* Aroclor is a trade name un­
der which theee 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 ally! starch. They have been 
employed for duet prevention, moisture 
proofing, sealing, impregnation, and vapor 
suppression to prolong the residual life of 
insectirides. They increase the toxidty of 
dieldrin and DDT in insects.** Depending 
on the amount of chlorine they contain they 
are assigned certain numbers. Aroclor 1260 
for instance, contains 60% chlorine, while 
Aroclor 1242 has an approximate chlorine 
oontent of 42%. Miller,*1 in 1944, tested a 
commercial chlorinated biphenyl with 42% 
chlorine and observed liver damage In rab­
bits, guinea pigs and rata. Skin changes 
were observed in the animals who received 
subcutaneous injections and application of 
the material to the skin. The skin lesions 
produced by subcutaneous 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 Oettuigenl#<w»**-WT> 
discusses some of the earlier work on the 
toxicity of the Aroclors In his book The 
Halogenated Hydrocarbons, Toxicity and 
Potential Dangers. Nishizumi” observed 
changes in the liven of mice and monkeys 
after feeding them chlorinated biphenyls. 
The author undertook this work because of 
an outbreak of poisoning that involved at
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HTtetmted Compound Table 2.—Toxic Content Inent* Found in Seme
Technical Compounds*

} Cfttafc Mm

/TotrocMorodlbantofuran 
2,4,5>lrlehtoreptMnol (

ITetracMorodibeniod toxin

2.4.ST 1
ITatrachlorodibonrodtoxin
C 1,2.3.7,S,9 ha xacMorodlbancop-d toxin 

TexfC tat < J.3.7 trlfhlnrodlb-ms p dloaln
(2.3,7.S tatrachlorodlbanzo s-dtoxln 

Curoocan chlorinated [Tatrachtorodlbantohiran
biphonyla (Phonoetor < Pantochtarodlboncoturan
OPS and Clophon A 60) (Haxachloronaphthalana

To— lit*

MMute •» —fitscMsrs- 
MphltnlM* 
md haiachtoro- 
napMhalens

• Uatod in Tabto J.

taunt 900 people in Western Japan who had by Emerson et at” found a temtogenic effect 
indented rice bran oil that had been contain* of technical 2,4,5-T in rats. Apparently, the 
ins ted with chlorobiphenyls, a Japanese technical 2,4,5-T was contaminated with
PCD (Kanechlor 400). Hie chlorobiphenyta 
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.*1 
Stillbirths wars unrein ted to PCD poisoning 
of the mother. Adults showed chtomcne, an­
orexia, fatigue, edema of the eyelids, cheese­
like discharge from the meibomian glands, 
and dark-brownish pigmented nails.14

Vos and KoemanM studied the toxicity of 
several polychlorinated biphenyls in chick­
en*, quail and rats. Hm authors compered 
the toxicity of two European commercial 
polychlorinated biphenyls (Phenoclor DPS 
end Clophen A0O) and one (Aroclor 1200) 
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 analysis of these 
throe compounds revealed tetrachlorodi- 
bensofuran, ponlachkmxlibeiiaofuran, and 
hexachloronaphthatane as a contaminant in 
the European samples but not In the sample 
from the United States.11 Since hydvoperi- 
cerdium occurred occasionally in chicks fed 
Aroclor 1200; the authors felt that this was 
indicative of small quantities of a toxic fac­
tor in this preparation.

27 ppm of 2,3,7,8-tetrechlorodibenzo-p*dioxin. 
In the study publtahed by Courtney et nl,M it 
was stated that the technical 2,4,5-T which 
was found to be teratogenic in two strains of 
mice and one strain of rats was con­
taminated with 30 ppm 2,3,7,8-tetrachlon>- 
dibenaodfoxin. Emerson et el” tested 2,4,5- 
T that only contained 1 ppm 2,3,7,8-trtrn- 
chiorodibenxo-p-dioxin at comparable desago 
levels and did not elicit s teratogenic effect, 
this finding was substantiated by Sperschu 
et alM who studied teratogenic effect of 2,- 
3,7,8-tetrach)orodibenzo-p-dioxin in the rat. 
A slight effect was observed at a doee of 
0.125fig/kg/day when the materiel was giv­
en by gavage from day 6 through day 15 of 
gestation. At the level of 0.5jig/kg/day, the 
effect was quite pronounced. Courtney and 
Moore19 were able to produce cleft palates 
and kidney malformations in three strains of 
mice with high doses (100 mg/kg subcuta­
neously daily from day fi to 15 of preg­
nancy) of analytical grade 2,4,5,-T that 
contained less than 0.05 ppm 2^,7,8-tetra- 
chlorodibenso-p-dioxin.

Keplinger et el11 reported a decreased 
survival of pups in rat reproduction studies 
when fed 100 ppm of Aroclor 1242 end 1254, 
and poor hatehability of eggs from chickens 
fed 10 or 100 ppm of Aroclor 1242 or 100 
ppm of Arochlor 1254. It has been said4" 
that a purified crystalline concentrate from 
toxic fat lad to the development of embryonic 
deformities in chickens.

^ Teratogen—is Comment

Bsemtiy, Bfoneties Research Laboratory, In some instances, the same chemical ccm- 
Bath—da, Md (unpublished data), as died pounds are responsible for the occurrence of
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chlomcfto in people, liver dimiwe in Hcvernl 
species, x-dinrane in entile, chick edema, and 
teratologic or other effects on the fetun. Not 
nil of the dineane entities have thus far been 
produced by all of the compounds (Table 
1). Some of the compounds in question have 
been shown to bo contaminated with chlori­
nated dibenso-jMlioxins or chlorinated di- 

• bonsofurans (Table 2). The degree of con­
tamination seems to vary with different 
compounds. Some companies manufacturing 

■ these compounds have instituted clean-up 
procedures which remove the greatest port 
of the contaminants. Improved hygiene 
among the workers and improved ventila­
tion of tho working ares have. In many 
instances, reduced the incidence of chlor- 
ecne. Whether all disease entities described 
are caused by the chlorinated dibeneodfox- 
(ns or the chlorinated dlbcnxofurons in not 
yet known. Some of theso chemicals aro 
highly toxic, ns illustrated by the fact that 
two applications of 10pg of 2,3,6,7,-tetrachlor- 
odihorao-p-d toxin applied to human skin** 
produced chtoracne-iike symptoms. Single 
oral donas of 2tytg to 50pg/kg/body weight 
resulted In fatal liver necrosis in rabbits."9 
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 at al* found that 2,3,7,8-tet- 
rachlorodibcnzo-p-d toxin and its hesno- 
loguos decomposed rapidly in alcohol solu­
tion under artificial light and natural light 
However, photodecompoaition was negligi­
ble In aqueous suspensions and on wet or 
dry soil. It is unknown whether the disease 
entities discussed are the result of one or sev­
eral contaminants or the combined effect of 
tho chemical compound and its contaminant 

Another unsolved problem is the observa­
tion that some of these compounds such as 
technical 2,4,5-T indues 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. Crow41* 
suggests that the porphyria produced by 
technical 2,4,5-T may have been caused by 
contamination of the chemical with crude 
chtorobenxenM, which were used to produce 
the chlorophenols from which' the 2,4,5-T 
was made. Better awareness of the possible

Arch Environ Hcalll

contamination of tho technical chemicals 
with various highly toxic substances, woll 
coordinated epidemiological studios, and ad­
ditional experimental studies in animals are 
needed to clarify these problems.

Chloracne has been produced 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 
naphthalenes.
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