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I CHLORACNE?

A CRITICAL REVIEW INCLUDING A CONPARISON OF TWO SERIES OF CASES OF ACNE
FRoM CHLORNAPHTHALENE AND PITCH FUMES,
K D Crow}

A review of the subject of chloracne will be foliowed by a comparison of the mant -
facturing processes and cases produced during two factory outbreaks of chloracne and
pitch acne both due to fume exposure.

My definition ol cliloracne is th.e production in the human subject of a of
acne with characteristic chnical features, so far produced only by mﬂcm i-
nated hydrocarbons of varying structure. Acne caused by paraffing, whether chlori-
nated or not, 15 chnically distinct from chloracne and all such cases should be regarded
as oil acne Acne due to pitch and heavy coal tar distillates is also wsually distinctive

Chioracne has previously been reviewed only once by Braun in a German mono-
graph n 19557 This was essentnlly bibliographical apart from its report of the
author's own work Moreover, there have since then been some important develop-
ments in our understanding of this condition.

It alsc seems unlikely that we shall ever again see the thousands of cases of chlor-
acne which occurred 1n the 1830's and 40's, and since there may be some of us today
who have never encountered this now uncomimon mndustrial disease a reminder
of 1ts charactenstics may be of value.

It 15 unnecessary to make more than the bnefest mention of the early hstory of
this condition, for in most ceses the chemastry involved was known only vaguely if at
all, and the great value of the early works was their recognition that the acne they
were observing was chinically distinct from that due to products of coal tar and pare-
finnic orls. First Von Bettman® in 1887, and then Herxheimer?? observed this dis-
tinctive acne among workers engaged in the manufacture of hydrochlonc acid by
the old method using tar Lined absorption towers and the newer electrolytic method
using anodes of tar, bitumen and charcoal, Only workers exposed to the tar were
aflected.

Although Herxheimer at first blamed nascent chlorine—hence the term chloracne
—he soon agreed that chlorinated aromatic hydrocarbons were the most likely cause.
For many years some authors clung stubbornly to the nascent chlonine theory and even
suggested that the chlorine in chloronaphthalenes was casily relcased to do sts deadly
work " 74", whereas in {act it was the very converse which made them such use-
ful industrs] matenals | It was of course suggested that all the cases described as
chloracne were 1n fact tar acne and that chlorination had notlung to do wath it at all¥®,
but these early observers® were familiar with coal tar acne, and their descriptions
of chloracne, in particular the emphasis on the pecubiar cyst-like lesions?? leaves little
doubt that they had correctly distinguished between the two conditions

The substances which 1 shall now consider in detail are Chlomaphthalenes,
Chlordiphenyls and Terphenyls, Chlordiphenyl Ethers, Furanes and Dioxanes,
Chlorophenols and Chiorobenzenes (fig, 1).

CHLORNAPHTHALENES
The production by the chilorination of naphithalene of numerous 1somers with wax-
like qualities was first noted by Laurant in 1883, but it was not until 1900 that
J. W Aylsworth in the U S A took out several patents after noting some of the

tThe Dowhng Oration, dclivered at St Thomas' Hospital on Friday, 17th Apnil, 1970
{ Princess Margaret Hospital, Swindon, Wilts
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remarkable properties of these matenals, 1.¢, chnical inertness, hugh dielectne constant,
low viscosity close to the melting point, low shnnkage, non-mflammabibty, fungicidal
and insecticidal properties and strong adhesion to vanous surfaces intluding metal.
Their use by the Germans in World War 1 as substitutes for natural waxes and rubber
led to the first large outbreaks of chioracne. Partly for this reason and due also to the
post-war reappearance of traditional materials there was a great decline in their use
until the mud 1830's, when their great supenionty to parafhn wax brought them to
the notice of capacitor (electrical condenser) and cable manufacturerséd.13.8.13,
Large scalc uwsage rccommenced and wath 1t great outbreaks of chloracne. Their
industrial a; phcntions rapidly widened to include numerous other uses : as synthetic
waxes® and impregnants, high pressure additives for Jubricants3??*; wood proserva-
tives®? | flame proofers and many functions now superceded by siiicones and plas-
tics?i T,

MANUFACTURE

The method of manufacture is simple ; it 13 achieved by the direct, continuous
chlorination of niolten naphthalene under hagh pressure which results in a mixture of
chlomaphthalenes from alpha monochlor- to octtothlor-, The commercial products
are distilled and graded simply according to their chlorine content and all are there-
fore mixtures of vanous isomers with one or two mamn derivatives predominating.
Some typical examples of Halowax™* chlomaphthalenes are shown in Fyg. 2,

The ability of all chioracne producing substances to imduce chloracne depends
upon two things , their physical statc and the degree of chlonnation,

PHYSICAL STATE

From the physical standpoint chlomaphthalene fumes are far the most potent :
solutions less so, and contact with the sobd substance of little importance except
under special conditions.

The fumes from molten chlornaphthalenes are in fact a sublimate, and become
profuse at temperatures far below the boiling point. When acneigenic this is the
property which makes them difficult to use safely m industry, Their ability to con-
dense on cold surfaces®! may cause them to accumulate in the ducts of ventilating
systems, thus reducing their efficiency Solutions may well be Jess troublesome because
it is easier to avoidr;‘itin contact but agamn chloracne 18 frequent®®. Although it has
often been stated that the sohd wax in macroscopic particles causes severe racne,
in every such publication there has either been exposure to fumes from a nearby
process** or a simple failure to appreciate their appearance in the process being
considered Thus Schwartz m 1943%* described chloracne from solid particles among
shipyard cable strippers but in the very same article he mentions their exposure to
fumes, and it it known that these workers habitually melted the waxes to seal the
cable ends and joints and were indeed fume exposed’?-#t. On the other hand pro-
longed contact plus friction may be significant, and a German child whose feather
mattress was annually rubbed ali over with a chlormaphthalene cobblers wax to
prevent escami feathers, produced chloracne on his cheeks and the sides of his arms
.and legs**. This cleared :g when the mattress was destroyed. The same authors
state that they had observed chloracne in leather and tent factories, which cisappeared
when a synthetic chlornaphthalene wax was abandoned in favour of a return to the
traditional bees-wax, These latter cases, occurring only three years ago, serve as a
warning that, although the higher chlonnated naphthalenes are little used in industry
today we may still come across them from time to time under certain circumstances.

Occasionally workers, usually of dirty habits, may produce chloracne in the

*(R) Trade Mark of Koppers Co lac, Pittaburg 19, US A
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same way 1n their children whom they cuddle on return from work and also in their
wivesit?,
So much then for the physical state even more smportant is the degree of chlon-
ation.

DEGREE OF CHLORINATION

Untal 1087 therc was gencral agreement among all authors that as the degree of
lsornation increased so did the systemuc toxicity and the acneigemic properties of
chilornaphthalenes. As a result of Shelley and Kligman's*® experiments on human
volunteers, the unexpected fact emerged that whereas tri and tetra, hepta and octa-
chlomaphthalenes were entirely non-acneigenic, the penta and hexachlor derivatives
produced very severe chloracne indeed Since Shelley deliberately chose suspensions
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Fic 2 —Examples of {our Halowax chiornapthaienes

of fine perticles rather than solutions, varying solvents and solubilities cannot have
accounted for the surprising failure of the two most highly chlorinated derivatives
to have any acneigenic effect, Hambrick® in 1967 employing the extremely sensitive
experimental technique described m 1941 by Adams et al' using the inner side
of the rabbit ear, had aiready demonstrated that mono- and di-chlomaphthalenes
did not produce chloracne, thus clearly incriminating only the penta- and bexachlor
derivatives. This work is strongly confirmed by the massive outbreaks of chloracne
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which occurred during the late 1930’ and 40's largely in the manulacture and use
of electnc cables!® ™34 whose outer covermg was a fabric impregnated with penta
and hexachlornaphthaiene 1t therelore seemed clear that the assumption of steaduly
increasing toxicity with increased chlonnation had been based on insufficient evi-
dence Animal experiments on systemic toxicity had paralieled the acneigenic effects
but hepta and octachlornaphthalene had never been tested in this respect, a fact
now most difficult to understand There 18 no reason to dispute the {act that mono
and dichlor, hepta and octochlornaphthalenes are non-acne:%emc but the position
with regard to tri and tetrachlornaphthalenes, which invariably exist as a mixture,
15 more confusing Several reports of chloracne from trichlomaphthalene used as »
paper capacitor impregnant appeared m the French and Belgian Jiterature in the
early 19830's but they do not stand up well to critical analysis. Although the mforma-
tion 1s incomplete 1n many respects there are various reasons for believing that other
factors were probably responsibie for the acne in these cases, It 1, for mstance, well
known that molten pitch was extensively used at that time to seal capscitors
after impregnation™, and was also mixed with the trichlornaphthalene itsel{
In certain cases!$, It thereiore seems likely that pitch was at fault, a suggestion
strongly supported by Duvoir®® 1t 15 even possible that pitch may have conferred
upon the mixture acneigenic properties not possessed by tri and tetrachlornaphtha-
lenes alone, Tlie presence in some of these cases of a cu-existent veswular dermatitis
on the face'®¢* and in others of a Ehotoscnsttwity“, the description of which
was identical to that of pitch smartst”, 1s probably relevant. This 1s further con-
firmed by the fact that, since pitch has disappeared from capacitor manufacture, so
have reports of acne, dermatitis, and photosensitivity from tr1 and tetrachlomaph-
thalenc, although these substances have continued to be used extensively for paper
impregnation. Furthermore, the subscquent observation of vast numbers of workers
exposed to various chiomaphthalenes only. has produced no further evidence of
contact dermatitis. A report by Nakauchi®® describing two cases of chloracne n a
capacitor plant using a tri/tetrachlomaphthalene wax for impregnation is valueless
in the absence of details of the chemustry or process of impregnation or, more mmpor-
tant, of sealing. On the other hand, the same author, although providing no experi-
mental data at all, exposed rabbit ears to the vapour of trichlommaphthalene for
several months and noted the development of comedone-like keratoses and hyper-
keratosis. Assuming that the chemistry was correctly reported such gross exposure of
the very highly sensitive rabbit ear may represent conditions which are not capabie
of extrapolation to the human situation

Certainly my own work confirms my opinion that there is no evidence that tri/
tdetu chlornaphthalene mxtures are acneigenic or dermatitic under :ndustnal con-

itions.

PRESENT USES

1 think it is important to know the present uses of chlornaphthalenes in Great
Bratan.

All major manufacturers of these products either ceased production altogether
scveral years ago and handed over to smaller firms, or make & range of products which
does not include chiornaphthalenes with more than four chiorine atoms per molecule,
Extensive enquiries in the United Kingdom lead me to believe that these materials
are at present used here for paper capacitor impregnation, only as tn and tetra-
chlomaphthalene and on an increasingly small scale , also in timber preservatives
as mono, d1, tn and tetrachlor denvatives, Nevertheless, the higher chlorinated pro-
ducts are still manufactured abroad and therefore are available, so that the possibibty
of their nce must always be suspected in chioracne of unknown ongin. When
1 recently examined capacitor impregnation processes using tri/tetrachlomaph-
thalene mixtures once again I found no evidence of chioracne.
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CHLORDIPHENYLS AND TERPHENYLS

Whilst the uses of chlomaphthalenes are contracting so the applications of
chlordiphenyls sn modemn technology are constantly expanding,

They are produced, like the chlorinated naphthalenes, by the direct chlonnation
of molten dlpﬁenyl and, like chiornaphthalenes, are mixtures of isomers usually with
one material predommnating They were httle used until about 1830 when the Westing-
house Company discovered their great advantage over mineral oils in the manufacture
of high voltage paper capacitors and as translormer oils

'I‘%\ey vary from colouriess mobile higuids {the monochlor) through ever thicker
otly fluids to an ofl white powder—octochlordiphenyl. The chlorterphenyls are usually
resinous solids and there are ajso numerous mixtures of chlonnated diphenyls and
terphenyls, most of which agamn exist as low melting point thermoplastic resinous
substances.

Chiordiphenyls resemble the chlornaphthalenes in their great chemical inertness
and remistence to oxidation, non-inflammabiiity, flame proofing qualities and a
high dielectric constant 1.e. insulating abslity. These qualities, together with the fact
that liquids, unlike waxes, do not form voids or spaces when impregnating paper,
made them seem ideal matenals for paper capacitor impregnation especially for
voltages over 260 A C but they are great jonic solvents, unfortunately the more
so as their chlorine content decreases and the dielectric value correspondingly rises
The great problem here lies in the fact that not only traces of moisture but also the
minutest ionic contamination is fatal to capacitor functioning. The major difficulty
was to produce strong, than Kraft papers which were ionically pure Eventually these
problems were solved and large scale manulacture of chlordiphenyl capacitors began
in Britain around 10560, Pentachlor-dipbenyl was first used [or this purpose but it had
the senious draw-back of being unusable at temperatures below 0°C when it solidified
and for low temperature A.C. use paraffins continued to be used. Finally the wome
difficulties of using the greatly supenor trichlordiphenyl as a high voltage capacitor
im(rregnmt were overcome and its use is now almost universal. Because the capacitor
industry is the country's largest user of chlordiphenyls I have disucussed )t at some
length. As the numher of available compounds mcreased, their uses have multi-
plied constantly until today there are well over 100 different industrial applications for
geolychlorinlted diphenyls and terphenyls®™, A detailed analysis is therefore quite

yond the scope of this article but their uses stem essentially from their three major
?ropenia: resistance to oxidation, non-inflammability, and high dielectnic value

shall mention one specific use because it has been the cause of the only two outbreaks
of chloracne irom these materials published since the 1940°s. This is their function
as heat transfer agents n chemical engineenng*-*. Previous chloracne had resulted
f;o.rln crude and careless manulacture n the early days*® or admixture with chlornaph-
thalenes,

TOXICOLOGY

Once again, as in the case of chlornaphthalenes, their acneigenic potential is
similarly dependent upon their physical state and the degree of chlornation. The
published work on the toxicology of the chlonnated poiyphenyls is small, due largely
o the lesser problems posed by their industnal uses. Nevertheless their toxicity to
experimental animals is greater with an increasing number of chiorine atoms certainly
up to 7. Thus Miller's rats#? all survived over 80 days alter receiving ten 0 6 ml
doses of trichlordiphenyl on alternate days, wbereas Drinker et ab.!® killed 50%, of
their rats with the same dosage of heptachlordiphenyl in less than 14 doses.

Unlike the chlomaphthalenes they do not sublime at low temperatures whilst at
moderate working temperatures fuming 1s shight and when cold entirely absent.
Relatively mild fume exposure in the capacitor industry caused occasional chloracne
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with pentachlordiphenyls* although this was not to he comfa.red with that from
penta and hexachlornaphthalene Since the change to trichlordiphenyl however even
this has entirely disappeared®?, as |1 can confirm from my own recent inspection of
some two thirds of the Bntish cai:acitor industry which was using this material
extensively. Contact with the cold hquid chlordiphenyls, although undesirable
because of skin absorption, appears to pose no acneigenic hazard

The lesser toxicty 1s confirmed by the entire absence in the literature of any
reports of chloracne from chlordiphenyls containing less than four chlorne atomns
Furthermore, as will he seen in a Jater section of this paper, although these substances
are hepatotoxic, tlus efiect also seems to he minimal with only four or less chlonne
atoms per molecule as the human ingestion of tetrachlordiphenyl in Japan has well
illustrated

CHLORDIPHENYL OXIDES

Expenments have been made with chlordiphenyl oxides or, more correctly, the
dibenzoluranes as possible alternatives to chiordiphenyls There is some confusion in
the literature hetween these compounds and the true ethers of chlordiphenyls. The
distinction 15 most important for the ethers*t, like al} such compounds whether
aromatic or aliphatic, are relatively inert even when chlonnated, whereas the furanes
are chemically and biclogically much more active The chemical differences are
clearly shown in fig 1. The systemic toxicity and acneigenic properties of the chlordi-
benzofuranes or chlordiphenyl-oxides caused industry to abandon them and the
question 1s now largely academuc.

CHLOROPHENOLS

The study of the chlonnated phenols is probably the most fascinating aspect of
the entire subject of chloracne because of its complexity. They range from mono to
ntachlorophenol with, of course, various :somers of the lesser chionnated compounds.
hey are used almost exlusmvely as insecticides, fungicides and herbicides, or as
chemical intermediates. Consequently they may contact the human subject esther
duning their use or their chemical manufacture, They are prepared by the alkaline
hydrolysis of crude chlorobenzene, one chlonne atom of which is replaced by the
hydroxyl group. Because of impurities in the basic chlorobenzenes any single chemical
product will contain other chlorophenols and reaction products, the latter varying
uccordmi to temperature, pressure and other variztions in the chemical processes
in use. These variations, as we shall see later, may be of significance as far as acneigenic
potential and systemic toxicity are concerned. Their direct irritant effects upon the
skin and mucosa are variable for each compound and also depend upon their physical
state. In very dilute solutions their systemic toxicity is severe¥¢1, whereas they
have hittle cutaneous effect beyond that of the solvent ; but in strong solutions they
can be not only toxic but also powerful skin irritants. In finely powdered form,
especially when highly chlorinated, they mre extremely imitating especially to the
eyes and upper respiratory tract, and it is in this state that they have produced most
of their chioracne. Indeed in large plants manufacturing various chlorinated poly-
phenyls and chlorophenols today it is the fine dust of the latter which is the main
chloracne producer if it 1s not most carefully controlled® It is therefore not sur-
prising that in 1937 Butler!® reported extremely severe and generalised chloracne
in men shovelling a fine powder of sodium tetrachlorphenate and ortho (2 chloro-
phenyl) phenol sodium into sacks under bad working conditions, again as a timber
preservative. Large numbers of very severe cases from sodium tetrachlorophenate
solutions used as timber preservatives were reported by Stingily and Gaines in 19407
but no details of strengths or solvents were given. Curicus features of this and similar
outbreaks were the grossly irritant nature of the solutions with the production
of builae and uicers but the chlorucne was apparently typical. Around 1950 the more
efiective pentachlorophenol replaced the lower chioninated denvatives as a wood
preservative,
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Chloracne from pentachlorophenoi sojutions has never been recorded despite gross
skin contamination. Nevertheless fine dusts have continued to produce 1t always in
the manuiacturing plants. Baader and Bauer in 1967 reported an outbreak of
particular interest because of the association with perl}:heral neuropathy and ole-
cranon bursitis. Plant conditions were evidently bad, for severe irrtation of the
eyes, nose and resEuatory tract were universal thus implying considerable airborne
contammation with finely powdered matenal®?

Kimmig and Schulz in 10674, faced with a severe outbreak of chloracne in a
chemical plant manulactuning 2, 4, 6-tnchiorophenol and using the technique des-
cribed by Adams et al. in 1941', quickly established for the first time the wital but
elementary fact that whereas the plant’s crude trichlorophenol had an acneigenic
effect on the mner side of the rabbit ear painted with 59, solutions in polyglycols,
nether the mtial reaction product crude 1, 2, 4, 5-tetrachlorobentene nor purified
2, 4, 5-trchiorophenol, did so even in 109, dilutions.

It was therefore assumed that a reaction product of the alkaline hydrolysis of the
chlorobenzene to trichloropheno! might be responsible The residues mn the reaction
vessels and pipe-work of the plant were so complex us to defy analysis, and so for
two years they proceeded to test on the rabbit ear over 100 substances which might
theoretically form under the conditions of manufacture Many interesting facts
graduaily emerged Neither true diphenyl ethers nor therr chlonnated derivatives
were acneigenic or toxic, whereas chlordiphenyl oxides or, more correctly, chlords-
benzoluranes were potent acneigens even n 0.05%, solutions, and also highly hepato-
toxic, a single dose of 0.5 to 1.0 mgms per kgm of trichiorodibenzofurane being lethal
to rabbits, Finally they found a substance so potent that 0.001%, solutions were
strongly acneigenicV’, This material was the chionnated dibenzyl cychc ether,
tetrachlordibenzodioxane Its systemic hepato-toxicity paralleled its acneigenicity
and 0.05 mgms in a single dose was iethal to rabbuts.

Although the position of the chiorine atoms was not absolutely certain¢, what
was thought to be 2, 3, 8, 7-tetrachiordibenzodioxane was 1solated by Kimmug from
the residues resulting from the formation of tnichlorophenol by the alkaline hydrolysis
of tetrachlorobenzol, and its theoretical formation was postulated as shown in fig. 3.

(] -
& -
ettt
et & Ml
a i o
L o
1,2,4,8 TRTRACHLOROBENZENE 24,0 TRICHLOROPHENOL
[ s
« a o @ .
-t
L ¢ i + Sl
a 3 \ - ¥ O a
o e
$ MOLS SODIUM TRICELOROPHENATE 2,3,8,7 TRTRACHLOROBENZIODIOXANE

Fio, 3 —Stages in formation bf 2, 3, 6, 7-tetrachlordibenzodioXane
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The presence of erythema and swelling of the face and chronic blepharo-conjuncti-
vitss all suggested exposure to fine chlorophenol dust, and when this was rectified the
chloracne ceased.

Kimmug suggests that, if not tetrachlordibenzodioxane itself, then substances
closely related to 1t are probably responsible for chloracne, not only from trichloro-
phenols, but possibly tetra and pentachlorophenols also, all of which are simlariy
produced by alkaline hydrolysis and heat from the relevant crude chlorobenzenes

The great importance of this classic work lay in its emphasis on the basic necessit
of establishing whether or not a suspected substance 1s stil] toxic when aghly puriied.

At the same tune also in a tnichloropheniol plant, Dugois and Colomb in two idents-
cal articles® described chloracne of great seventy and with evidence of systemic
toxicity 1n a number of workers who, without protective clothung, were washing out
with hot water the accumulated sodium chlionde in the reaction vessels. Twelve
years later in the very same factory Dugors, again in two identical articles'®, des-
cribed an apparently unique outbreak of chioracne from a single exposure, of only a
few hours duration, to residues released by an explosion of the pipe work. Explosions
suggest increased pressure and possibly heat, factors both increasing the chance of
dibenzodioxane formation, Chloracne in these cases, just as in Kimmig's, was pre-
ceeded by erythema and oedema of the face.

Althougli Dugois’ paper was short and without detail or explanation it mentions
the isolation of a tetrachlorated ether oxide, a chemically meaningless term, but one
15 left wondering whether they had in fact 1solated the tetrachlordibenzodioxane
described by Kimmig eleven years before Chloracne from & single exposure to any
material 15 50 unusual that one cannot exclude systemic absorption as Dugois sug-
gested, especially as malaise, anorexia, loss of weight and muilky serum with rased
chdesteroﬁnd fat were also mentioned briefly. Nevertheless one cannot llzosslbly
agree with Dugows in ruling out external contact, since Linn-Jones and Krizekt?
produced acne on the rabbit ear with only three paintings of a 0.0019%, solution of
tetrachlordibenzodioxane.

In 1904 Bleiberg® linked for the first {ime chloracne and hepatic porphyna,
again in a plant manufacturing dichloro and trichlorophencls for conversion to the
relevant phenoxyacetic acid weed killers

In my opinion 1t is of the greatest siﬁm'ﬁcmce that there was no direct relation-
ship between the chloracne and the porphyna, some cases having one condition with-
out the other This unique occurrence required an investigation of the same calibre
as Kimmig's but unfortunately the industrial and chemical information was mcom-
plete and sometimes incorrect. Nevertheless whilst rrophynl from chlorophencls
clinically or experimentally has never been recorded*® there 13 abundant evidence
of its production both chinically and expennmentally from chlorobenzene isomers of
many different kinds*s. Therefore there seems little reason to doubt that the chlor-
acne was probably produced by chlorodibenzodioxanes or similar substances as
Kimmig and Schulz had aiready demonstrated, whilst the porphyria was most
likely induced by the crude chiorobenzenes used to produce the chlorophenols.

CHLOROBENZENES

What evidence 15 there that chlorobenzenes themselves cause chloracne 7 In fact,
very little. Exposure to various chlorobenzene isomers has occurred on a vast scale
over the years both externally and internally in human subjects*® and experimental
animals without causing chioracne.

The only cases reported in human subjects were in men who were grossly exposed
to the fine dust and vapour of crude trichlor and hexachlorobenzenes, producing a few
rather atypical looking cases of chloracne which ceased when the process was extracted
This report by Bowen and Moursund® was lacking in chemical and engineering
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detail and 1n view of the complexity of the reaction products in such chemical manu-
factunng plants thls interesting report requures further confirmation

On the experimental smde Rimington and Zeigler’, feeding rats numerous
chiorobenzene isomers, found that only I, 2, 3, 4-tetrachlorobenzene produced patchy
hair loss, keratotic glugglng of the follcles and disappearance of sebaceous glands,
these changes resembling those of chloracne The other chlorobenzenes tested includ-
ing 1, 2, ¢, 5-tetrachlorobenzene were without effect. All this rather suggests that
chloracne may be produced only by certain chlorobenzenes, and indeed even by one
isomer and not another, Further research is clearly indicated

There have been reports, mostly very oid’, of chloracne from other materials,
but none of these stand up to criical analysis.

RATE OF ABSORPTION AND SYSTEMIC TOXICITY

Now we accept that chloracne 1s caused by exposure to certain chemicals but a
vital question remains , are the effects purely external, secondary only to systemic
absorption, or & mixture of both ?

There can be hittle doubt that the vast majority of cases produced by industry
have been due to external contact alone, especially when only one side of the body
has been mnvoilved!! Furthermore where undoubted systemic effects have occurred
there has been gross external contact also$.39.35.3% There was always a doubt there-
fore whether internal admanistration could cause chloracne at all, and if so what
part it played in any particular case

The Arst concrete evidence appeared in 1845, when a fat-like substance found 1n
the bomb ruins of Berlin was used to {ry vegetables and six people were poisoned™- ™,
There were no deaths and apart from general symptoms, mainly gastrointestinal,
first redness and cedema, and then severe chloracne appeared, mvolving only the
face and neck in three cases, the chest and back also in three others, an interesting
observation indicating that distribution in itseif does not allow one to disttnguish
between external and internal causation. Such analytical data as were avalable
suggest that they had probably ingested hexachlomaphthalene, but the identity of

e has aiways been the subject of some doubt, Further support was provided
by the eventual discovery that the mystenous "X disease”"#7, a fatal wasting sick-
ness with hyperkeratosis and dilatation of foliicles which had decimated cattle in the
U.S.A. and Germany from 1941-1854, was due to the accidental ingestion by them
of penta and hexachlornaphthalenes in lubricating oils and greases® and timber
preservatives™, So sensitive were cattle that a single oral dose of 1 0 gram of hexa-
chlornaphthaiene would kill a 2 cwt. calf in 14 days®.

The final conclusive proof that chloracne can resuit from systemic intoxication of
the human subject with no externai contact at all came from Japan in June 1988 (*9),

Thus was the report of an outbreak of poisomng due to tetrachlordiphenyl which,
for three days only, leaked from the heat exchange system 1n a factory manufactus-
ing cooking oil. The edible oil contained an average of 2,000 p.p.m. of tetrachlordi-
phenyl and most patients probably took something like 1.0 gram per month for 4-5
months. Apart from fatigue, malsise. and nausca the earliest visible findings were
ophthalmic with swelling of the eyelids and discharge, due to mcreased activity and
cystic swelling of meibomian glands. 113 of 138 cases developed chloracne, which
began slowly two months later and developed relentiessly for several months more.

As m Hertzberg's cases the chloracne was most severe on the face and neck but
also the genitalia, though less 5o on the trunk and scarcely at ali on the hmbs, In the
more severe cases there was often a widespread follicular hyperkeratosis also obgerved
by Duverne from trichiorophenol derivatives and from chiornaphthalenes by Hofs®¢
and Braun®.

The other most distinctive feature of the Japanese cases was a generahsed pig-
mentation of the skin affecting also the lips, gums and nails, Also observed was
enlargement of Montgomery's glands, and hyperkeratosis of palms and soles. Perhaps
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most nteresting of all were some non-dermatological findings such as oedema of all
{our hmbs, peripheral neuropathy and bursitis—also reported by Baader and Bauer
from pentachlorophenol poisoning— whilst the newborn infants of affected mothers
had generalised by perpignientation and hyperkeratosis

Persistent hvperlipaemia affecting the tnglyceride fraction of the serum was how-
vver the most consistent finding 1t had only been reported twice before fromn trichloro-
phonol by Dugois® and by Gote who reported even maore severe elevation of serum
tuglvienides m 10 cases of pentachlorophenol poisoimngt®

CLINICAL TEATURLS

In alinost every report, whatever the causative cliemical, the clinica] features
have heen most consistent??

FiG B .-Typual case of prich acne

The most distimetive and almost mvanable cutaneous lesion, usually absent in o1l
acnc and rarety secn m pitch or tar-acne (Iig 8) both of which are also more imflam-
matory, s the chloracne cyst® | skin coloured, varying from | nm even to | cm
w diameter, and with the central opening difficult or impossible to detect (Fig. 7)

1t these cysts are absent then chioracne should be diagnosed with great caution,
except in early or very mild cases Comedones and small cysts are therefore the basic
lestons and may be very few or so numerous as to present confluent sheets Inflam-
matory papules and pustules are not so common, much less so than in ol acne, and
are almost invanably associated with {riction from clothung, being commonest there-
fore on the back of the neck, shoulders, chest, gemtaha, buttocks and thighs, and
affecting only the more severe cases Acne from paraffinic oils and tar products are
botl: more mflammatory than cliloracne, especially the first named
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DISTRIBUTION

This 1s predominantly facial even when the poison has been ingested, the malar
areas, jaws and behund the ears being sites of particular predilection In muld cases
these areas alone may be involved The nose 15 invariably spared except when poison-
ing 1s systeniic  This distnibution is not specific to chlormated aromatic hydrocarbons
but to any acneigenic fume or dust for, as we shall see, acne from pitch fumes behaves
m exactly the same way, With increasing severity the rest of the face and neck soon
follow, whiist the outer upper arms, chest, back, abdomen, outer thighs and genitalia
may be involved in varying degrees in the worst cases The fiexures, hands, legs and
feet escape 1n almost every case

ADOLESCENT ACNE

The predisposing cfiects of adolescent acne, so often quoted, have no sound statis-
tical backing so that the question must remain unanswered.

PRURITUS

This 15 more difficult to assess, reports of 1ts occurrence being fairly evenly divi-
ded?7.44.71 Although no-one volunteered it, in response to a direct question a litile
under half of my own cases admitted stching, Of a senes of chmic patients with acne
vulgaris the same question met with an almost umformly negative reply It 15 there-
fore possible that where itching is not mentioned 1n the literature it was nesther asked
about nor volunteered. In no single report of chloracne from any substance other
than chlomaphthalenes, including the numerous and meticulously investigated
Japanese cases of systemic tetrachlordiphenyl poisoning, has itching once been
mentioned. Pruntus may therefore be specific to chlornaphithalenes but without more
evidence this must remain speculative,
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DURATION OF EXPOSURE BEFORE ONSET

‘This is usually irrelevant because the deEree of exposure is so variable. One can
only say that even with external contact of the grossest kund most suthors agree that
four weeks or more are needed for lesions to appear.

PROGNOSIS

The prognosis both as regards the duration of the lesions and degree of scarring
15 naturally dependent upon the severity of the discase This will be seen in greater
detail when considering my own cases. ¢ of the worst recorded instances of scar-
ring have followed exposure to various .hlorophenols, possibly due to the intense
toxicity of the chlordibenzodioxanes probably involved.

HISTOLOGY

Findings in the experimental human subject have been confirmed by those in the
rabbit ear canal™, In both cases hexachlomaphthalene being the scneigenic agent
used.
First of all there is a steady thickening and hyperkeratosis of the epithelium in
in the infundibulum of the pilosebaceous follicle This is accompanied by a slow disap-

rance of the sebaceous glands, until eventually a keratin filled syst-like dilatation
1s formed. In some cases the exit 1s tiny whilst others are hittle more than a shallow
trough. Shelley®? suggested that the disappearance of the sebaceous gland was due
to back pressure but accepted that squamous metaplasia occurred as previously
shown by Eisen et al. m 1855%. Hambrick® with serial biopsies sh that the
disappearance of the sebaceous glands had slready begun five days after the first
acneigenic applications, Jong before any back pressure was possible, and thereafter
steadily progressed. He therefore suggested that chloracne producing chemicals
initiated squamous metaplasis and that when al) sebaceous material present had been
shed a large, dilated, squamous epsthelium lined and keratin filled pilosebaceous follicle
was formed. There is of course general agreement that, as in acne vulgaris, rupture of
the follicie produces the inflammatory process.

TREATMENT

Most authors have accepted it as hopeless but strong exfoliants in the hands of
Dussart® cleared 56 mild cases in from one week to five months, Dermabrasion
was successfully used by Hubler® and also by myself Dugois® claimed success
from the intravenous infusion of calcium ethylenedimine tetracetic acid in very
severe cases of chloracne and poisoning from trichlorophenol residues but no detals of
his results were given Otherwise expression of comedones and incision of cysts has
been the stand-by of most physicians, but with little success.

CHLORACNE IN A PAPER CAPACITOR PLANT USING TRI/TETRA AND
PENTA/HEXA CHLORNAPHTHALENES FROM 1056 TO 1063

Very briefly a capacitor or condenser is a means of storing and suddenly discharg-
ing ical energy. Basically it consists of an insulator or dielectric between two
conductors each with a termunal. The majority consist of a sheet of paper sandwiched
between two sheets of thin metal {oil a long length of which is rolled up like lavatory
paper to provide a large surface area. In this particular process the rolls of foil and
paper with their t al wires were packed into, and pressed flat in metal clamps
used over and over again by four women seated very close to the drying ovens and
impregnating vessels. After drying for 24 hours at 1156°C to remove every trace of
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molsture from the paper, racks of capacitors were heated in a vacuum vesse] for 24
hours at 110°C and then impregnated with molten tn/tetrachlornaphthalene run in
from a reservorr.

After pumplng out the molten wax the impregnated units were removed by hand,
cooled end passed to the dlppmg section. 1f supply exceeded demand impregnated
capacitors were stored by embedding them in the impregnating wax in metal trays to
prevent ingress of moisture. When ready for dipping this wax was melted in the ovens
and the racks of units removed Exposure to tri/tetrachlornaphthalene fumes was
very gross indeed in this section for the following reasons ‘—

1. Fuming of molten wax residues at 110°C when emptying impregnating vessels,

2. Fallure to realise that fumes from wax remaining on cll.mgs from previous im-
pregnation would =scape constantly from the non-wmrtight and unventilated
ovens.

3. Melting out in the ovens, trays of stored capacitors.

Nevertheless, during i1ts existence from 1968 to 1963 no single case of chloracne
occurred among workers In this section, thus indicating most clearly the non.
acneigenic nature of tri and tetrachlornaphthalene fumes. After impregnation
the unit was dipped into a tougher wax melting at 130°C and consisting of roughly
equal parts of penta- and hexachlomaphthalene with 5% pentachlordiphenyl as a
plasticizer, This dipping section was a long narrow area inside the man worksho
enclosed by partitions 7 ft. high There were two dips, the first in vacuo at h:gﬁ
temperature and the second a cooler one at atmosphenc pressure, After dipping the
wax was removed from the terminal wires by dipping them in molten solder on which
floated a metal plate with & hole 1n 1t This both cleaned and retinned the wires in
one operation at the same time unfortunately vapounsing the chlomnaphthalene
Then the performance data were painted on the capacitor and finally 1t was coated
with an isocyanate resin. The fume escape from dipping was severe, This was due to -

1. Ineflective extraction which in any case only partially covered the fume produc-
tion from the dipping vessels and their electrically heated repiemishment tanks,

2, Removal of units from the dipper whilst still wet and fuming strongly.

8. Cleaning out the dipping tanks weekly Thus led to gross fume exposure for two
to three hours every week, The molten wax at 160°C was ladled out by hand
nto trays, the residue removed by a drain cock under the vessels and tnchlore-
thylene added, the hd screwed down, the mixture boiled and then drawn ofi,
The stop cock was closed and fresh solid wax added.

Other sources of ta/hexachlommaphthalene fumes were the evaporation by
molten solder of all wax on the terminal wires, the extraction being too weak ,
and the drawing of a current of fume laden air from the dipper and the wire tinners
to the very powerfully extracted lacquermg bench, thus secondarily exposing three
further workers to a fume hazard. The first was the printer and the others the lacquer-
ers especially the two nearest the dipper. The fact that some of the lacquerers
developed chloracne only on the fume exposed side of their faces proves the extemnal
nature of the chloracne stimuius in this process.

In 18568 extraction was increased bu! was still inadequate and no further change
was made until October 1060 when dipping was totally enclosed, wire tinning very
powerfully extracted, and the layout of the process opened by the removal of alt

artitions. To the Company's despair chioracne continued to occur, though much
ess severely, among the dippers and wire solderers. Careful observation of the process
$00T Teve that tiny wisps of fume escaped occasionally even from the enclosed
dipper, due to exhaust vents becoming choked with sublimed chiomaphthalene.

Furthermore wire solderers on piece work could, if working very fast. remove
an occasional unit from the exhaust hood whilst a tiny wisp of fume remained to
contaminate the air This well illustrates the chloracne producing potency of even the
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smallest regular fume exposure to penta and hexachlornaphthalenes, an unportant
observation not true of the equivalent chlormated diphenyls.

Alternative matenals hag been urged for a long time and finally a mixture of three
parts of tri/tetrachlothaphthalene and one part of polystyrene provided a satusfactory
alternative. From the time of its adoption chloracne ceased, again confirming the non
acne-producing nature of chlomaphthalene with less than five chlorine atoms per
molecule.

Because of the constant vaniations from hour to hour and day to day, anyattempt
to relate fume level in milligrams per bitre to the degree of chloracne would have been
too inaccurate to have had any practical value and was not attempted. For the same
reason it is valueless to record the time taken for chloracne to appear except to say
that the grosser the exposure the more rapidly it developed and vice versa,

FRET PRECAUTIONS COMPLETE REDEMGN HEXAPENTA
1 INTRODUCED OF EXTRACTION CHLORNAPHTHALENE
ABANDONRD

£
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1| : | |

1987 58 T = T™Y) e
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Fio 4 —Incidence of chloracne in capacitor plant

Similarly. and also because of continuous turnover, any figures relating the number
of cases to the total at risk would be highly inaccurate and will not be presented,
When the labour force had been static for a Jong time, however, at my first inspection
in 1967 almost emorker in the dipping section had e,

Fig. 4 clearly the progressive improvement following tbe institution of
preventive measures at tbe end of 1957 and again after almost total enclosure of
the process late in 1960, The increased percentage of moderate and severe cases after
the initial precautions was due to tbe elimination of general fume level which had
previowsly caused many indirectly exposed mild cases, whilst quite severe fume
exposure continued at special points,
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Fig. 8 smphasises the concentration of lesions on the malar areas and this appears
to be an essential feature of fume exposure as we shall see in the companson of acne
due to pitch fumes. Although cysts are almost always present in chloracne, very mild
cases may present a few comedones only. It can be seen that mﬂamrnntoryrreﬂom

NUMBER OF CASER
-4

]
' l I"-

MALAR EARS CHEEIXS JAWE AND

Fio 8 —Distribution and type of lesions in 40 cases of chioracne

were almost always associated with clothing friction but cysts and comedones were
always present in these areas also, again a sharp distinction from pitch acne and I
believe an important one,

Fig. 8 shows the duration of the disease. Whilst the vast majority of cases clear
within four years, some of the severest ones still have lesions even at ten years. One
unexpected finding was the fact that no less than 45% of patients, up to ten
after they regarded themselves as clear, still had small numbers of residual black
heads and occasional small cysts which, despite constant squeezing, had conmstent]
te-appeared. There was scarring of severity in 109, all of tbem being severe cases wi
inflammation. In 28%, there was a very fine pitting of honeycomb atrophy type on
the cheeks and in the remainder none at all. It mustL remembered that all the above
data refer only to penta and hexachlornaphthalene and cannot therefore necessarily
be assumed to be true for other chioracne producing matenals.
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Fia ¢ —Duration of chloracns.

PREVENTIVE MEASURES
The main preventive measures adopted were based on those proposed by
Cranch{18) :—
1. Complete extraction of fumes (which was never achieved).

2, Neck and wrist fitting white overalls changed daily and cleaned in trichlore-
thylene.

3. Frequent and thorough washing.
No eating or drinking in the plant.

5. Rapid turnover of workers until extrection was perfected in order {0 minimise
the dunation of exposure,

-

PITCH ACNE

I now intend very briefly to com, chloracne with the clinical detafls and prog-
nosis of a series of 54 cases of acne due to fumes from pitch. Since the exposure was
virtually identical in each series of cases any clinical and/or prognostic differences
should Ke significant.

The exposure in this case arcse in 2 plant moulding various objects from a thermo-

1c material consisting of a muxture of molten pitch, asbestos, and powdered slate,

rom & mechanical mixer it was removed in large masses like baker's dough on to

metal trolleys. They were then removed to thermostatically controlled ovens set

ostensibly at 180°C but often much higher due to malfunctioning thermostats. These
were not extracted at all and when opened fume exposure was t.

From the oven the specified amount of hot dough was taken out and weighed on
a work bench on kitchen type scales and then beaten with an iron ber. It fumed most
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strongly during all these operations and the extraction, which was of poor quality,
was up and only over the work bench. Its effects therelore was to draw the fumes
from the beaten dough up into the worker's face. Fume exEosure was gross and
continuous, The cool?ng mass was then removed to a hydraulic press for moulding.

Despite the wearing of asbestos gloves, wiping dirty hands on the legs of trousers
accounted for the high incidence of follicuiitis on the thighs.

Fag. 9 shows even more clearly than in chloracne the great predilection of the malar
areas in response to fumes. The purely comedonic nature of the facial lesions is most
stnking and in marked contrast to the mixture of comedones and cysts present in
most cases of chloracne?, The descniption of similarly profuse comedonic eruptions in
some of the older accounts of so-called chloracne from tnchlomaﬁhtha.lcne again points
to pitch as the probable hazard in these cases, mentioned eariier in this paperit4s,

0

T D COMEDONES
o B rrues ano rusTuLes
2

Wl

MALAR  EARS CHEENS CriiN  FOREHEAD NECX

AREAS .
COMEDONES ONLY 37 CADES
FOLLICULITIE ONLY L
COMEDES AND FOLLICIAITIS 3

F1o 9. —Pitch acns Distribution and type of losions in 54 cases

The infiummatory lesions although sgain. as in chloracne confined to aveas of
clothing friction were, in great contrast, almost umiormly devoid of blackheads,
Aflin. unlike chloracne, folliculitis was seen in six cases without any comedones st
all even on the face.

There were several cases in whoin small numbers of residual blackheads remained
for many years. These patients, like the chloracne ones, were insistent that these
comedones were not present until the industrial acne developed.

MONS

212458



7

The main difterences from chloracne were therefore as follows '—
1. The cysts so typical of chloracne were rarely observed.

2 There was an eruption of pure comedones on areas exposed to fumes without
{riction.

3. Papules and gustulu 1 ¢. folliculitss, on the thighs and forearms were rarely
accompanied by comedones but were relatively common

4 In general pitch acne clears much more rapidly than chloracne and scars less
but, as with the latter, many men had a few persistant comedones which,
despite regular squeezing, were still reappeanng even ten years later,

CONCLUSION

And now 1 hope you will forgive me :f 1 conclude with the obvious. Despite the
problems posed by difficult management and industrial relations as I know oaly too
well, 1n the investigation and reporting of em' outbreak of industrial disease the
attempt must be made to observe certain minimal criteria

The first and by far the most impottant is sccurate information on the chemistry
concerned, which includes not onli):einiomation from the usars’ engineers and chemists
but, much more important, the cherical manufacturer of the basic materials. In this
connection the role of contaminants or unwanted reaction products must never be
forgotten, may indeed be critical, and must always be investigated!®. 9,

Now to s t that no report of industrial disease is complete without a full
description olugtﬁ process concerned and the exact point or points st which those
aflected fit into them seems almost absurd, but it is astonishing how often in the
Iiterature these simple facts have been omitted 73,

Finally, much experimental work remains to be done. Although the usual warning
is neom when interpolating between the experimental and the human amymal, a

ation sppears to exist between acneiform lesions produced by external
contact on the rabbit ear and chlorscne in man. Furthermore, as far as it goes, in the
only two recorded outbreaks of chloracne in man from ingestion of chlorinated aroma-
tic hydrocarbons both compounds have aiso been capable of producing chloracne on
the lim of man and the rabbit ear by eaternal contact 345,

This correlation is important because of the much greater difficulty of producing
in experimental animals chloracne-like lesions from ingestion of the suspected toxic
substance and the impossibility of doing so in hwnan volunteers. A great extension
of work on the rabbit ear as well as further investigation into the fascinating hyper-
lipaemia with a variety of commercial and highly purified aromatic chloringted hydro-
carbons would therefore seem to be potentially rewarding.
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