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Chloracne, “the hallmark of dioxin intoxication”
by Raymond R Suskind, MD

SUSKIND R. Chloracne. ’‘the hallmark or dioxin intoxication.” ScandJ Work Environ Health 11 (1985) 
l$5_ 1 7 l. Clinical experiences and laboratory studies are described involving a population of workers 
«ho were exposed in a plant making 2,4,5-irichlorophcnoxyacctic acid (2,4,5-T), including a trichloro- 
phenol runaway reaction. Workers were followed for a period of four years, and 30 years later a mortality 
analysis was done on those exposed to runaway reaction material to determine possible increased risks 
for causes of death. Subsequently, a morbidity study on 436 employees involving three cohorts was 
carried out to determine the long-term health effects associated with the production of 2.4,5-T including
2.3.7,8-tctrachlorodibenzo-p-dioxin (TCDD). The mortality and morbidity studies demonstrated that the 
standardized mortality ratio for all causes of death was 69, and for cancer at all sites and cardiovascular 
disease it was 100 and 68, respectively. The most significant observations emerging from the morbidity 
study were that 86 *Fo of the exposed persons developed chloracne at some time and that 52.7 ‘To still had 
chloracne on examination 20 to 30 years after the initial exposure. There appeared to be no evidence, 
on a long-term basis, of increased risks for cardiovascular disease, hepatic disease, renal disease, central 
and peripheral nerve problems, reproductive problems, or birth defects among the exposed and those 
who had chloracne among the exposed. Studies on the cell kinetics and pathogenesis of chloracne indicate 
that TCDD induces the modulation of undifferentiated sebaceous gland cells to keratinocvtes. This ac- 
:L-n ':su!:s in a d'-tanpearnnee • eb~cer:-'i> :;r.c ; - : b ' s :  c l ~ - v i e r e s  and keratin
cysts. Production workers nave the highest frequency ana severity of chloracne and systemic effects. 
Populations of users of 2,4,5-T rarely, if ever, develop chloracne, and there appear to be no well- 
documented systemic effects. Among populations which live in accidentally or otherwise contaminated 
environments, there are only a limited number of chloracne cases and no well-documented systemic 
effects. Sufficient exposure to TCDD can induce chloracne, but systemic manifestations such as peripheral 
neuritis and transient hepatic dysfunction occur only in association with and subsequent to the appearance 
of chloracne. Chloracne is the hallmark of TCDD absorption and biological response in humans.

AVv terms: cell kinetics; subacute, long-term health effects; systemic associations; 2,3,7,8-tetrachlorodi- 
benzo-p-dioxin; TCDD.

The term “chloracne” has almost become a house­
hold word since the beginning of the “ Agent Orange" 
controversy and since the incident at Seveso. Occupa­
tional physicians and dermatologists, however, have 
been aware of this syndrome since 1897 when it was 
first described by Von Bettman.

From the turn of the century to the early 1940s, 
numerous reports were published describing an 
acneform eruption, sometimes associated with sys­
temic manifestations, in workers exposed to several 
chlorinated aromatic compounds. They included 
chlorinated naphthalene, chlorinated benzols, chlori­
nated diphenyls, chlorinated phenols, and other chlo­
rinated hydrocarbons. These compounds were used 
for insulating, fireproofing, and Degaussing cables 
and as a dielectric in condenser manufacturing (5, 8, 
9, 10, 11, 15, 17, 20, 24). In the late 1940s some of 
these substances, especially the chlorinated phenols, 
were used as intermediates to make products such as 
herbicides, eg, 2,4,5-trichlorophenoxyacetic acid
12,4,5-T), the bacteriostatic agent hexachlorophene, 
and the fungicide pentachlorophenol..

1 Institute of Environmental Health. University of Cincin­
nati, Cincinnati, Ohio, the United States.
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There are several known causes of acneform erup­
tions in the workplace. They include crude petroleum 
cutting oils, coal tar and its derivatives, and the chlo­
rinated aromatic compounds. Among the chlorinated 
aromatic compounds, the most potent appears to be 
2,3,7,8-tetrachlorodibenzo-p-dioxin (TjCDD). The 
other 21 isomers of this compound are less acnegenic. 
The rank order of their systemic toxicity in animals 
is better known than their rank order of Jacnegenicity. 
Other chlorinated dioxins, such as penta-, hexa-, and 
heptachlorinated dioxins, are also acnegenic. Some 
of these are found as contaminants injpentachloro- 
phenol. In the case of the polychlorinated biphenyls, 
the active acnegenic agent is presumed to be the chlo­
rinated dibenzofurans. In the past fivejyears reports 
have been published regarding the acnegenicity of 
chlorinated azobenzene and azoxybenzene com­
pounds (12, 23, 25). These are also found as con­
taminants in the preparation of herbicides, in which 
3,4-dichIoroaniline has been used as in the prepara­
tion of the herbicides diuron, linuron, propanil, and 
neburon. Hence, if the oxygen linkage of the dioxin 
is substituted with nitrogen, the chlorinated azo com­
pound continues to be acnegenic.

My own personal experience with TCDD began in 
October 1949, when my colleagues and ij. at the Ketter­
ing Laboratory, were asked to examine four workers 
who had become ill following an industrial process
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Flgur* 1. Synthesis ol 2A5-trichlorophenoxyacetic acid and the condensation reaction of trichlorophenol to 2.3,7.8-tetra- 
chlorodibenzo-p-dioxin.

accident which occurred in March of that year in a 
plant making 2,4t5-T. A kettle, in w-hich trichloro­
phenol was being made, overheated and developed 
excessive pressure. Part of the contents was emitted 
through a safety valve and broken pipe connector in­
to the plant building and its surroundings. We did 
not know it at the time, but 2,3,7,8-TCDD was a tox­
ic component of the kettle contents. Figure 1 describes 
the synthesis of 2,4,5-T and the condensation reac­
tion of trichlorophenol to TCDD.

The employees involved in the clean-up of that 
building and the restoration of equipment developed 
acute symptoms involving the respiratory tract; they 
also complained of skin and eye irritation, headache, 
dizziness, and nausea. These symptoms subsided within 
one to two weeks. They were followed by an acne- 
form eruption; severe muscle pain affecting the ex­
tremities, thorax and shoulders; fatigue; nervousness 
and irritability; dyspnea; complaint of decreased 
libido; and intolerance to cold. The first four persons 
we examined had severe generalized chloracne (figures 
2a, 2b and 2c), hepatic tenderness and enlargement, 
peripheral neuritis, a delayed prothrombin time, and 
an increase in total serum lipids (3). Transaminase 
tests were not developed at that time. Histological 
examination of a nerve biopsy in a worker with pedal

sensory loss showed a myelin degeneration which we 
assumed was related to his neuropathy.

The four were reexamined in six months, and even­
tually a total of 36 subjects were followed, in a series 
of examinations, until 1953 (26). By that lime, the 
symptoms and findings observed as initially referable 
to the liver and nervous system had subsided. There 
was some persistence of the acne, but considerable 
improvement was noted in most cases. A variety of 
treatments was used at the time by local physicians.

It was in 1957 that the toxic contaminant of the
2,4,5-T process was identified as 2,3,7,8-TCDD. A 
considerable amount of research has been carried out 
in the last 15 years on the nature of its toxic action 
in animals. It is now known to be the most potent 
acnegen on record.

One of our interests in the early 1950s was to deter­
mine which of the several trichlorophenol production 
processes were acnegenic and which were not. We 
were provided with trichlorophenol from three dif­
ferent processes. They included (i) sodium trichloro- 
phenate from the process of the affected plant, (ii) 
the same material after distillation, and (¡ii) a sample 
from another company’s process using dilution and 
filtration. The positive control substance was Ha- 
lowax 1014, a mixture of hexa- and pentachloro-
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Figures 2 a. b & c. Examples of the severe generalized cnior- 
acne seen in four persons examined in 19 9̂.

naphthalene. Prior to this time, we had attempted to 
induce pilosebaceous changes in a variety of ex­
perimental animals, but were not successful. We were 
familiar with Dow Chemical's rabbit ear test. We did 
not believe at the time that the results were specific 
enough to translate into human experience.

A study was conducted in 1953 with these materials. 
Our test subjects were 12 human volunteers. Each 
material was made up in a nonwater-absorbing 
vehicle (Plastibase5), which was not acnegenic, and, 
by testing the materials on ourselves and rabbits, we 
determined the threshold irritant and nonirritam 
concentrations of each of the materials.

These materials were then applied in measured 
quantities to the flexural surface of the forearm of 
the subjects, daily for six weeks. The concentrations 
were as follows: (i) 3.5 %, (n) 7.0 ^o, (iii) 3.5 ^o, and 
Halowax 20 Three subjects were exposed to each

material. The skin sites were examined daily for gross 
changes. Serial biopsies were taken on the subjects 
prior to exposure, at intervals during the exposure 
period, and finally six weeks after the last exposure. 
The subjects were given physical examinations and 
liver function tests prior to and at two-week intervals 
during the exposure and at 12 weeks after the ex­
posure.

The sequence of cellular events in the evolution of 
chloracne, as induced by the material from the original 
plant process, are shown in the photomicrographs 
which are summarized in figures 3a, 3b and 3c. The 
first indication of change is hyperkeratinization in 
the sebaceous gland duct. This occurrence is followed 
by plugging of the follicular orifice, which occurs 
simultaneously with the alteration of the differentia­
tion process of the acinar cells. These cells, which are 
undifferentiated at the periphery, normally differen-
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c Figures 3 s. b & c. Sequence of events in the evolution of 
chloracne.

tiate into sebaceous or lipid-producing cells. The ef­
fect of the toxic agent is to cause the undifferentiated 
cells to become kératinocytes, which produce keratin. 
The pathologist interprets this change as the 
disappearance of the sebaceous glands and the for­
mation of a closed comedone, frequently termed 
retention cysts. What is most interesting is that, in 
some cases, no matter what the original severity of 
the chloracne following the cessation of exposure, 
the complete pilosebaceous structure, including the 
sebaceous gland, is restored. The sequence of pi­
losebaceous changes induced by the plant inchloro- 
phenate was the same as that induced by Halowax 
1014.

No abnormal clinical (other than the skin) changes 
or abnormal laboratory findings were observed in any 
of the subjects during the exposure or the follow-up 
period.

Now, what about experimental chloracne with 
TCDD in animals? The skin of the pinna of the 
rabbit ear has been used as a screening model for

chloracncgens since 1941 and is snll widely used (1). 
Assessment of acnegenidty is made on the basis of 
clinical examination and histologic examination for 
epidermal hyperplasia, comedones, and epithelial cysts. 
Several modifications have been suggested, including 
the use of the skin of the external canal of the rabbit, 
which is richest in sebaceous structures, instead of 
the pinna. Inagami and his colleagues (13) applied 
chlorinated biphenyl-contaminated rice oil respom 
sible for the Yusho epidemic in Japan to hairless mice 
and reported follicular hyperkeratotic changes in the 
sebaceous follicles. Recently, the hairless mouse was 
explored as a model for testing potential acnegens by 
Puhvel (22) using two different mouse strains.
2,3,7,8-TCDD was reported to produce all of the 
skin changes seen in chloracne in man, including 
hyperkeratinization of the stratum corneum and dis­
appearance of sebaceous gland follicles in the forma­
tion of keratin cysts. These occurrences were identical 
to those produced by Halowax 1014, which we 
studied as well about 30 years ago in humans.

At least three groups have studied TCDD effects in 
monkeys. McConnell et al (18), after administering 
lethal doses of TCDD to Rhesus monkeys, observed 
the development of acneform lesions on the lips, re­
tention cysts of the Meibomian glands of the eyelids, 
facial alopecia, and loss of eyelashes. Allen and his 
group (2) observed similar changes in Rhesus mon­
keys who were fed a diet of 500 parts per trillion of 
TCDD for nine months. Such levels were found to be 
toxic for the animals, and the majority of them died. 
Unfortunately, threshold levels for acnegenidty in 
animals, as well as in man, have not been established. 
However, the most heavily exposed populations, 
which are industrial workers, demonstrate that chlor­
acne may be the only adverse clinical finding when 
the exposure is limited. On the other hand, following 
runaway reactions such as occurred in West Virginia, 
in the Netherlands, in the United Kingdom and in 
West Germany, it was only among some of the work­
ers who developed chloracne that involvement of 
other organ systems was observed. This also occurred 
in workers heavily exposed to the 2,4,5-T manufac­
turing process but not to a runaway reaction, as in 
Spolano, Czechoslovakia.

Next I want to consider what is known about long­
term health effects in humans. In 1978, we were able 
to identify 122 workers who had been exposed to the 
trichlorophenol runaway reaction which affected the 
original four. A standard mortality analysis was con­
ducted on 121 workers in this group (30). As of 1979, 
the standardized mortality ratio for all causes of 
death was 69 with 32 deaths observed and 46.41 ex­
pected. For the categories of cancer and cardiovascular 
diseases, the corresponding ratios were 100 and 68, 
respectively. Because of the small size of the cohort 
and small numbers of deaths, the resuks cannot be 
regarded as conclusive, but they suggest no signifi­
cant difference from expected death rates. Here is a
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cohort which was hcauly exposed 10 TCDD. Disabling 
health efrecis were observed in many but not all, 
acutely, subacutely, and subchronicaUy. If risk were 
substantial for hepatic, cardiac, or pulmonary disease 
and cancer, we should have detected it even in this 
small cohort. One of this group of 32 died of a 
malignant fibrous histiocytoma, originating in the 
skin. It is classified as a soft tissue sarcoma. Another, 
not in this accident group but exposed to the process 
and who had chloracne, died of a liposarcoma. The 
frequency data of soft tissue sarcomas for the general 
population is inadequate since those occurring in spe­
cific organ systems are classified under the Interna­
tional Classification of Disease number for tumors of 
the stomach or central nervous system or kidney or 
wherever they are found. The causal association of 
soft tissue sarcomas and TCDD is still to be deter­
mined.

In June of 1979, we returned to the same plant and 
carried out a clinical study on 436 employees to 
determine and identify the possible long-term effects 
of chemicals associated with the production of
2,4,5-T, including TCDD, and to determine the in­
creased risk for the adverse effects which have been 
observed in the subacute phase in man, as well as 
those noted in experimental animals (27). The exami­
nation program attempted to determine possible in­
creased risks for cutaneous, pulmonary, cardio­
vascular, gastrointestinal, hepatic, renal and neuro- 
behavioral problems, reproductive and birth defect 
problems, and effects on lipid metabolism. The 
population included those exposed to the process 
accident in 1949, as well as those exposed to the 
normal processes of manufacturing in the period 
1948—1969, and it included chemical operators, ser­
vice employees, such as pipefitters, mechanics, etc. 
The controls (referents) wfere never associated in any 
way with the 2,4,5-T process or its materials. The 
cohorts consisted of the following persons: 204 ex­
posed, 163 not exposed, and 51 of questionable ex­
posure.

In this study, we found that 86 <5o of the exposed 
had developed chloracne and 52.7 of the exposed, 
on examination, still had chloracne. None of the not 
exposed or the questionably exposed ever developed 
chloracne. There appeared to be an association 
between the persistence of chloracne and the presence 
and severity of elastic tissue degeneration of the skin, 
as found in actinic elastosis. There also appeared to 
be an association between exposure and the history 
of gastrointestinal tract ulcer. The occurrence of 
ulcers in the upper part of the gastrointestinal tract of 
the exposed was four times that of the not exposed. 
We also found that pulmonary function values 
among the exposed who currently smoked were lower 
than those who were not exposed and currently 
smoked. If one compared pulmonary function values 
of the exposed to those of the not exposed, there was 
a significant difference, and, when one considered

pulmonary function in relation to smoking (past, 
present or never), it was only the present smokers 
who had a greater frequency of lower pulmonary 
function values. There appeared to be no evidence of 
increased risk among the exposed and those who had 
chloracne among the exposed for the following: car­
diovascular disease, hepatic disease, renal disease, 
central or peripheral nerve problems, reproductive 
problems, or birth defects. There was a significantly 
greater number of subjects with low levels of high- 
density lipoprotein in those with persistent chloracne 
than in those with a history only of chloracne or 
those who had never had chloracne. However, when 
the mean lipid levels for these three chloracne groups 
were compared, no significant differences were 
found.

Finally I would like to turn to the subject of how 
effects in production workers compare to those in 
other types of exposed populations. Populations 
potentially exposed to the chlorinated dioxins or di- 
benzofurans include production workers, formulators 
and users (sprayers) of herbicides, and those living in 
areas contaminated with the toxic agent through 
spraying or through inappropriate use of materials 
contaminated with dioxins.

Among the production workers, the frequency and 
severity of chloracne is related to the degree and ex­
tent of exposure, and the systemic manifestations 
attributed to the exposure always follow the ap­
pearance of chloracne* The degree and extent of ex­
posure may also reflea involvement in a runaway reac­
tion as in one industry in the United States (30), in 
one plant in Germany (28), in one plant in the United 
Kingdom (16), and in one in the Netherlands (6). The 
systemic manifestations may be clinical, as in the case 
of peripheral neuritis, and/or determined by labora­
tory findings, eg, elevated lipids and liver profile 
enzymes. In workplace exposures in which the plant 
hygiene was relatively good, as in the case of a Mid­
land, Michigan, population, the frequency and severity 
of chloracne was low and systemic effeas infrequent.

We now recognize that porphyria in humans, in­
cluding the cutaneous manifestations of porphyria 
cutanea tarda, have only been observed in two pro­
duction worker populations. These populations 
account for less than 10 °Io of the production popula­
tion groups. They were the groups observed by Blei- 
berg and his colleagues (4) and subsequently by Po­
land and his co-workers (21) and the workers at 
Spolano reported by Jirasek and his colleagues (14). 
In both instances, it was a mixed exposure to 2,4,5-T 
and 2,4-dichlorophenoxyacetic acid processing. In 
the Spolano plant there was also a heavy exposure to 
pentachlorophenol. In the group studied by Bleiberg 
et al, of the 26 workers whose urine was tested for 
uroporphyrins, 8 had elevated uroporphyrins and 19 
had chloracne. Three with elevated uroporphyrins 
had no chloracne. Exposure to relatively pure TCDD 
in a laboratory accident, reported by Oliver (19), did
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not produce porphyria. Another workplace exposure 
which resulted in an 86 frequency of chloracne 
and systemic manifestations, including transient 
hepatic damage, as in the West Virginia group, did 
not result in porphyria.

Among the sprayer user population in the United 
Slates, which started ¡n 19-18. there have been no 
reports of chloracne or systemic effects. 2,4,5-T, 
which was known to contain varying amounts of
2,3.7,8-TCDD, was widely used in large-scale farm­
ing*, family gardens, forest management, and for 
weed control along roadsides and railroad rights-of- 
way. The extent of the human exposure in the United 
States can be gauged by the statistic for the year 
1964, in which 9.8 million pounds (about 45 • 104 
metric tons) were produced for domestic use alone. 
In the case of the most heavily exposed sprayers in 
Viet Nam, the Ranch Hand group of the Air Force 
(29), a carefully conducted epidemiologic and morbi­
dity study completed this year has demonstrated no 
evidence of chloracne and no conclusive evidence of 
systemic problems.

Among the studies of populations exposed to a 
contaminated community environment, those of Se- 
veso and Times Beach, Missouri, contribute signifi­
cantly to our knowledge. The acute effects on resi­
dents and domestic animals living near the plant at 
Seveso, which experienced a trichlorophenol runa­
way reaction, are well documented. The most signifi­
cant finding in humans was chloracne, especially in 
children. While some peripheral nerve and liver im­
pairment was reported within the first two years after 
the incident, no chronic long-term systemic effects 
have been documented, and the study of these effects 
continues. The Center for Disease Control (CDC) 
and the Missouri Division of Health conducted a 
clinical examination of residents in the heavily con­
taminated Times Beach area (7). No cases of chlor­
acne were found nor any increased disease prevalence 
of any kind.

We were curious about any unusual characteristics 
of the group of exposed workers who did not develop 
chloracne in our study. They constituted 14 <7o of the 
exposed. Their job categories included production 
operator, helpers, miller, dryer, grinder, bagger, 
mechanic, pipefitter, and process research chemist. 
Their duration of exposure ranged from 1.5 to 96 
months. Their ages ranged from 36 to 68 years. Their 
life-styles and hygienic practices were different. 
Among those who had chloracne 16.5 % never smoked; 
among those who did not develop chloracne 39.3 
never smoked. The frequency of using protective 
gear, washing, and bathing in this group appeared to 
be greater than among those who developed chlor­
acne. These differences may or may not account for 
the difference in clinical response. I believe that, in 
this group, individual susceptibility may also have 
been a factor.

In summary, l have attempted to describe the 
kinds of chlorinated hydrocarbon work exposures 
which result in chloracne and my own experience 
with TCDD-exposed work populations, including me 
frequency and severity of chloracne as a subacute or 
subchronic manifestation of intoxication. The in­
volvement of other organ systems which may be 
associated with chloracne, the cellular kinetics of 
chloracne, and the long-term effects in a substantially 
TCDD-exposed population have been discussed. It 
has been demonstrated that production workers have 
the highest frequency and severity of chloracne. 
Some sustain systemic injury which, while temporary, 
occurs only in persons who have developed chlor­
acne. The populations of users which have been 
studied carefully rarely, if ever, develop chloracne, 
and there appear to be no well-documented systemic 
effects. Among those populations which live in acci­
dentally or otherwise contaminated environments, 
well-documented studies show a very limited number 
with chloracne and no documented systemic effects. 
It is from these observations that one can state that 
chloracne is indeed a hallmark not only of TCDD 
absorption and biological response in humans, but it 
is also a hallmark of TCDD intoxication.
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