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A CRITICAL REVIEW [NCLUDING A COMPARISGN OF TWO SERIES OF CASES OF ACNE
- FRONM CHLORN4PHTHALEMI AND PITCH FUMES.
K D. Crow}

A review of the subject of chioracne will be {ollowed by a companson of the mant -
facturing processes and cases produced during two factory outbreahs of chloracne and
pitch acne both due to fume exposure.

My definution of chioracne s the production in the human subject of a type of
acne with charactenstic clinrcal features, so far produced only by aromatic chion-
nated hy-drocarbons of varuing structure. .Acne caused by paraffins, whether chion-
nated or not, 1s chmcally distinct from cliloracne and ail such cases should be regarded
s ol acne. Acne due to pritch and heavy coal tar distillates 1s also usually distinctive,

Chiotacne has previously been reviewed only once by Braun in a German mono-
graph 1n 1933°. Tlus was essentialiv biblwgraphual apart from s report of the
author's own work Moreover, there have sice then been some ymportant develop-
ments in our understanding of this condition.

It also scems unlikelv that we shall ever again see the thousands of cases of chlor-
acne v hich occurred n the 1930°s and 4¥'s, and since there may be some of us today
who have never encountered thts now uncomnion mdustrial discase a reminder
of 1ts characteristics may be of valne,

It 1s unnecessary to mahe more than the briefest mention of the early history of
this condition, {ur in most cascs the chenustry tnvulved was hnotn only vaguely if at
all, and the great valuc of the carlv works was ther recugnition that the acne thev
were observing was chinicallv distinct from that due to products of coal tar and para-
finnic ails. Firat Von Pettmand w1397, anl then Heraheimer?? olserved this dis-
tinctive acne among workers engaged in the manufactur: of hydricilonc acel by
the old method using tar lined absarption towers and the newer clectroh tic method
using anodes of tar, bitumen and charcoal. Only workers cxpused to the tar were
aflceted.

Although Heraheimer at tirst blamed nascent chlurine— hence the term Chluracne
—he soon agreed that chlonnated arumatic hydrocarbons were the most likely cause.
For manv y cars sumy authors clung stubbornly to the nascent chlonne theury and even
suggested that the chlorme in chivronaphihalenes was casily reluased to do vs deadly
work 7478 whereas in fact 1t was the very comverse which made them sich use-
ful industrial matenals ! 1t was of course suggested that all the cases described as
chloracne were in fact tar acne and that chlonnation had nuthing to do with it at all*e,
but these carly obscrvers* were fannhiar winh coal tar acne, and thewr descriptions
of chloracne, in particular the emphasis on the peculiar cyst-like iesions®? Jeaves hittle
doubt that they had correctly distinguished butween the two conditions.

The substances which [ shall now consider in detail are Chlornaphthalenes,
Chlordiphenyls and Terphenyls, Chlordiphenyl Ethers, Furanes and Dioaanes,
Chlorophencis and Chlorobenzenes {fig. 1).

CHLORNAPHTHALENES
The uction by the chlorination of naphthalene of numerous isomers with wax-
like ties was first noted by Laurant m [853% but it was not unal 1900 that
J. W, Aylsworth in the U.S.A. took out several patents after noting some of the

{The Dowling Oration, delivered at St Thomas' Hospital on Friday, 17th Apnl, 1970,
{Princess Margaret Hospital, Swanden, Wiits.
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Fig 1 —Reprasentative formulse of some substances discussed 1o the text

MONS 202207



81

remarkable properties of these matcrials, i ¢ chnical inertness, hugh dielectnic constant,
low viscosity close to the melting point, low shnnkage, non-inflammabelits . fungrcidal
and insecticsdal properttes and strong adhesion to various surfaces including metal.
Their use by the Germans in World War [ as substitutes for natural waxes and rubber
led to the first large outbreahs of chioracne Partly for this reason and due aiso to the
post-war reappearance of traditional materials there was a great decline in their use
untd the mud 1030's, when their great supenonty to parafhn wax brought them to
the notice of capacitor (electnical condenser) and cable manulfacturcrs¢d.it.263s
Large scalc usage recommenced and with it great outbreaks of chloracne Their
industrial applications rapidly widened tv uiclude numerous other uses , as synthetic
waxes¥¥ and umpregnants, hugh pressure additives {or lubncants??4? wood preserva-
tives*?  flame proofers and many functions now superceded by siiicones and plas-
ticstl.?e,

MANUFACTURE

The method of manufacture s sample | it 15 achieved by the direct, continuous
chlorination of molten naphthalene under hugh pressure which results in a mixture of
chlomaphthalenes from alpha monochler- to octochlor- The commercial products
are distilled and graded simply according 1o their chlorine content and all are there-
fore miatures of tarous 1somers Wwith one or two main dernatives predominating.
Some typical examples of Halowax'®'® chiornaphthalenes are shown in Fig. 2.

The ability of all chloracne producing substances to induce chloracne depends
upon two thungs, their physical state and the degree of chlonnation.

PHYSICAL STATE

From the physical standpoint chlornaphthalene fumes are far the most potent ;
solutions less 80, and contact with the solid substance of Little importance eacept
under speuial conditions

The tumes from malten chlornaplithaienes are in fact a sublimate, and become
profuse at temperatures far beiow the bahng pmnt. \When acneigenuc thus is the
property which makes them difficult to use safelv m industry. Thar abiiity to con-
dense on culd surfaces™ may cause them to accurnulate in the ducts of entating
systems, thus reducing their efficiency, Ralutions may well be less trouhle<onie because
it is easier to avoid skin contact but again chloracne is frequent?®, Although it has
often been stated that the sahid wax in macroscopic particles causes sexere chloracne,
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 in [043%* described chioracne from solid particles among
shupvard cable strippers but in the vety same articie he mentions theit exposure to
fumes, and 1t is known that these workers habitually melted the waxes to seal the
cabie ends and jonts and were indeed fume exposed®?$l. On the other hand pro-
longed contact plus friction may be significant, and a German child whose feather
mattress was annually rubbed all over with a chlornaphthalene cobblers wax to
prevent escape of feathers, produced chloracne on lus cheeks and the sides of his arms
and legs*®. This cleared up when the mattress was destroved, The same authors
spate that they had observed chloracne in leather and tent factones, which disappeared
when a ginthetic chlornaphthalene wax was abandoned in favour of a return to the
traditional bees-wax. These latter cases, occurmnng only three vears ago, serve as a
warning that, although the higher chlorinated naphthalenes are Lirtle used 1n industry
today we may still come across them from time to time under certain circumstances.

ionally workers, usually of dirty habits, may produce chioracne in the

(R} Trade Mark of Koppers Co Inc, Pittsburg 19, US A
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same way in their ctuldren whom they cuddle on retum from work and also in theu
wivesit.e?
So much then for the physical state . even more important is the degree of chlon.
ation.

DEGREE OF CHLORINATION

Until 1057 there was general agreemcnt among all authors that as the degree of
lsorination increased so did the systermuc toxieity and the acneigenic properties of
<hilomaphthalenes. As a result of Shellev and Khgman's'® expertments on human
volunteers, the unexpected fact emerged that whereas tnn and tetra, hepta and octa-
chlornaphthalenes were cntirely non-acneigenic the penta and hexachlor derivatives
produced very severe chloracne indeed. Since Shelley deliberately chose suspensions
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of fine particles rather than solutions, varying soivents and solubilities canaat have
accounted for the surprising failure of the two most highly chionnated dern atyves
to have any acpeigenic effect. Hambncl 3% in 1957 cmploying the extremely sensitive
experimental technique described in 1941 by Adams et al! using the inner side
of the rabbit ear, had already demonstrated that mono- and di-chiornaphthalenes
did not produce chloracne, thus clearly incriminating only the penta- and hesachlor
derivatives. This work 15 strongly confirrmed by the massive outbreaks of chloracne
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which occurred during the late 1930's and 40's largely in the manufacture and use
of electnc cablest?:?? 384 whose outer covernng was a fabric ympregnated with penta
and hexachlomaphthalene 1t therefore seemed clear that the assumption of steadils
increasing toxcity with inereased chlorination had been based on insufficient evi.
dence. Animal expeniments on systemic toaiaty had paralieled the acncigenic efiects
but hepta and octachlornaphthalene had never been tested in thuy respect, a fact
now most difficult to understand. There 1s no reason to dispute the fact that mone
and dichlor, hepta and octochlornaghthalenes are non-acnesgenic but the position
with regard to tn1 and tetrachlornaphthalcnes, which invanablv ewust e 3 minture,
is more confusing. Scieral reports of chloracne from trichlomnaphthalene used as a
paper capacitor impregnant appeared in the French and Belgian lhiterature n the
early 1930's but they do not stand up well to citical analysis. Although the injorma-
tion 1s incomplete 1n many respects there are various reasons for believing that other
factors were probably responsible for the acne 1n these cases. It is, for instance, well
known that moiten pitch was extensicly used at that time to seal capacitors
after mmpregnation”, and was also miaed with the tnichlornaphthalene iseli
in certain cases't. It therefore seems likely: that pitch was at fault, a suggestion
strongly suppotted by Duvouwr?®t. It 13 even possible that pitch may have conferred
upon the musture acneigenic propetts not possessed by tri and tetrachlomaphtha-
lenes alone. The presence in seme of these cases of a co-existent vesicular dermatitis
on the face!*%Y, and in others of a Ehotosensitivily”. the description of which
was identical to that of pitch smarts!?, 15 probably relevant. Thus 1s further con.
firmed by the fact that, since pitch has disappeared from capacitor manufacture, so
have reports of acne, dermatitss, and photosensitivity from tri and tetrachlomaph.
thalene, although these substances have continued to be used extensively for paper
impregnation. Furthermore. the substquent observation of vast numbers of worhers
exposed to various chlomaphthalenes only, has produced no further evidence of
contact dermatitis. A report by Nakauchi*¥ describing two cases of chioracne in a
capacitor plant using a tri tetrachlornaphthalene wax for impregnation 15 valucless
in the absence of detaiis of the chemastny or process of impregnation or, more impor-
tant, of scaling. On the other hand, the same author, although providing no expen-
mental data at all, exposed rabbit cars to the vapour of tnchlomaphthalene for
sererzl months and noted the development of comedone-hihe heratoscs and hy per-
keratosis. Assumung that the chemistt, was correctly reported such gross exposure of
the very highly sensitive rabbit ear may represent conditions which are nut capable
of extrapolation to the human situation,

Certainly my own work conhrms my opimon that there is no evidence that tri/
‘tiqtra chlornaphthalene nuatures are acnewgenic or dermatitic under mdustrial con-

itions.

PRESENT USES

B I think it is important to know the present uses of chlomnaphthalenes in Great
ritain.

All major manufacturers of these products either ceased production altogether
several years ago and handed over to smaller firms, or make a range of products which
doe’s not include chiormaphthalenes with more than four chionne atoms per molecule.
Extersive enquiries in the United Kingdom lead me to believe that these matenals
are at present used here for paper capacitor Impregnation, only as tri and tetra.
chiornaphthalene and on an Increasingly small scale ; also in timber preservatives
as monc, di, tn and tetrachior derivatives. Nevertheless, the hugher chlorinated pro-
ducts are still manufactured abroad and therefore are avadable, so that the possibiny
of their nce must aiways be suspected in chloracne of unknown ongin. When
1 fecently examined capacitor impregnation processes using tri/tetrachlornaph-
thalene nuxtures once again 1 found no cvidence of chloracne.
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which occwred dunng the late 1930's and 40's largely in the manufacture and use
of electne cabies!®:7:3°.4* whose outer covering was a fabnc impregnated with penta
and hexachlornaphthalene. it therefore seemed clear that the assumption of steaduy
increasing toxicity with increased chlonnation had been based on insufficient ewi-
dence, Animal experiments o systemic toxicity had paralleied the acneigenic effects
but hepta and octachiornaphthalene had never been tested in this respect, a {act
now most difficult to understand, There 1s no reason to dispute the fact that mono
and duchlor, hepta and octochlornaphthalenes are non-acnergenic but the position
with regard to tn and tetrachlomaphthalenes, which invariably exist as a minture,
is more confusing Several reports of chloracne from trichlormaphthalene used as a
paper capacitor impregnant appcared in the French and Belgian hterature in the
early 1930's but they do not stand up well to critical analysis, Although the snforma-
tion 1s incomplete 1n many respects there are vanous reasons for believing that other
factors were probably responsible for the acne in these cases. [t 15, for instance, well
known that molten pitch was eatensively used at that time to seal capacitors
after impregnation™, and was also mixed with the tnchlornaphthalene itself
in certain cases!, It therefore seems likely that pitch was at fault. a suggestion
strongly supported by Duvoir®® It is even possible that pitch may have conferred
upon the mixture acneigenic propertics not possessed by tri and tetrachlornaphtha-
lenes alons. The prescnce 1n some of these cases of a co-existent vesicular dermatitis
on the facel%4? and in others of a Ehotosensltjvn}"', the descnption of which
was wlentical to that of pitch smarts!'?, 1s probably relevant, This 1s further con-
firmed by the fact that, since pitch has disappeared from capacitor manufacture, so
have reports of acne, denmatitis, and photosensitivity from tri and tetrachlornaph-
thalene, although these substances have continued to be used extensively for paper
impregnation. Furthermore, the subsequent obseriation of vast numbers of workers
exposed to various chlornaphthalenes only. has produced no further evidence of
contact dermatitis. A report by Nakauchi®¢ describing two cases of chloracne in a
capacitor plant using a tn /tetrachlornaphthalene wax for impregnation 15 valueless
in the absence of detaus of the chemistry or process of impregnation or, more impor-
tant, of sealing. On the other hand, the same author, although providing no eapers-
mental data at all, exposed rabbit ears to the vapour of trichlornaplithaleuc for
several months and noted the development of comedone-like keratoses and hy per-
keratosis. .\ssurning that the chemistry was correctly reported such gross exposure of
the very highly sensitive rabbit car maj represent condiions which are not capable
of extrapolation to the human situation.

Certainly my own work confirms my opimion that there is no evidence that tri/
;etra chlomaphthalene mixtures arc acneigenic or dermatitic under industnal con-

1tions.

PRESENT USES

B I think it is important to know the present uses of chlornaphthalenes in Great
ritain,

All major manufacturers of these products either ceased production altogether
several years ago and handed over to smaller firms, or make a range of products which
do#’s not include chlomnaphthalenes 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, oniy as tr1 and tetra-
chiornaphthaiene and on an increasingly small scale ; also in timber preservatives
as oono, di, tri and tetrachlor derivatives. Nevertheless, the higher chlonnated pro-
ducts are still manufactured abroad and therefore are avaiable. so that the possibiity
of their Ftesence must always be suspected in chloracae of unknown origin. \When
I recently examined capacitor impregnation processes using tni/tetrachlomaph-
thalene mixtures once agan [ found no evidence of chioracne.
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CHLORDIPHENYLS AND TERPHENYLS

Whilst the uses of chlornaphthalenes are contracting so the applications of
chlordiphenyls in modern technology are constantly expanding

They are produced, like the chlornnated naphthalencs, by the direct chionnation
of molten d:pll:renyi and, bike chlornaphthalenes, are mixtures of ;somers usually with
one matenal) predominating. They wese hittle used until about 1030 when the Westing-
house Company discovered thair great advantage over nuneral oils in the manufacture
of high voltage paper capacitors and as transformer als.

They vary from colourless mobile quids (the monochlor) through ever thicker
oily luids to an off white powder—octochiordiphenyl The chlorterphensis are usually
resinous solids and there are also numerous mixtures of chlonnated diphenls and
terphenyls, most of which again exist as Jow melting point thermoplastic resinous
substances.

Chlordiphenyls reseble the chlornaphthalenes in their great chemical inertness
and resistence to oxidation, non-inflammability, flame proofing qualities and a very
high dielectric constant 1.e. insulating ability, These qualities, together with the fact
that Lquids, unlike waxes, do not form voids of spaces when impregnating paper,
made them seem ideal matenals for paper capacitor impregnation especially for
voitages over 250 A.C. but they are great junic solvents, unfortunately thie more
80 a5 their chlorine content decreascs and the dielectric value correspondingls nises,
The great problem here lics 1n the fact that not only traces of mossture but also the
minutest onic contamination 15 fatal to capacitor functicning. Tle major difficulty
was to produce strong, thun Kraft papers which were 1onically pure. Lventually these

roblems were solved and large scale manufacture of chlordiphenyl capacitors began
K‘I Britain around 1950. Pentachlor-diphenyl was first used for this purpose but it had
the serious draw -back of being unusal-le at temperatures below 0°C when it solidified
and for low temperature A.C. use paraffins continued to be used. Finally the ionic
difficultics of using the greatly superior trichlordipheny! as a high voltage capaditor
impregnant were overcome and 1ts usc 15 now almost unn ersal. Iecause the capacitor
industry is the country’s largest user of chiordiphenyls I have drsucussed st at some
length. As the number of avaiable compounds has tncreaced, their uses have multi-
plied constantly until tedav there arc well over It different industnal applications for
Iy chlurinated diphenyis and terphensls®. A detailed analvsis s thereiore quite
g:)'ond the scope of this article but their uses stemn essentiallv from their three major
roperties ; resistance to oxidstion, non-inflammability, and high dielectric value,
rshall mention one specific use because it has been the cause of the only twe outhreaks
of chloracne from these materials published since the 1040's. This 1s their function
as heat transfer agents in chemical engineening 3-89, Previous chioracne had resulted
from crude and careless manufacture in the early days*? or admixture with chlornaph-

thalenes.

TOXICOLOGY

Once again, as in the case of chlornaphthaienes, their acneigenic potential 1s
similarly dependent upon thew physical state and the degree of chlonnation. The
published work on the toxicology of the chlorinated polyphenyis is small, due largely
to the jesser problems posed by ther industrial uses, Nevertheless their tovicity to
experimental animals is greater with an mcreasing namber of chlonne atoms certainly
up to 7. Thus Miller's rats*® all survived over 60 dayvs after receiving ten 0 5 mi
doses of trichlordiphenyl on alternate days, whereas Drinker et al.'® Lilled 50} of
their rats with the same dosage of heptachlordipheny} in less than 4 doses.

Unlike the chlornaphthalenes they do not sublime at low temperatures vwhust at
moderate working temperatures fuming 1s shght and when cold entirely absent,
Relatively miid fume exposure in the capacitor industry caused occasional chloracne
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with pentachlordipheny ls* although this was not to be compared with that from
penta and hexachlornaphthalene Since the change to tnchlordipheny | how ever even
this has entirely disappeared®® as [ can confirm {tom my own recent inepectivn of
some twao tiurds of the Eritish capacitor industty whuch was usiig tlus matenal
extensively Contact with the cold hquad chlordiphenyls, although undesirable
because of skin absorption, appears to pose no acnergentc hazard

The lesser tovicity s confirmed by the entire absence 1n the hterature of any
reports of chloracne from chlordiphenyls contaming less than four chlonne atoms.
Furthermore, as will be seen 3n a later section of this paper, although these substances
are hepatotonic, thus efiect also scems to be munimal with oniv towur or tess chlonne
atoms per molecule as the human ingestion of tetrachlordiphenyl in Japan has well
illustrated.

CHLORDIFHENYL OXIDES

Experiments haive been made with chlordipheny! oxides or, more correctly, the
dibenzofuranes as pussible alternatises to chlordiphenyls. There is some cohfusion in -~
the literature Letween these compounds and the true ethers of chlordiphenyls. The
distinction 1s most important for the ecthers*d, hike ali such compounds whether
aromatic or aliphatic, are relatinelv incrt even when chlorinated, whereas the furanes
are chemically and biologicallv much more active. The chemical differences are
clearly shownin fig 1 The systemuc toxicity and acneigenic properties of the chlordi-
benzofuranes or chlordiphen:l-oxides caused industry to abandon them and the
question 1s now largely academic.

CHLOROPHENOLS

The study of the chionnated phenols 1s probably the most fasanating aspect of
the entire subjuct of chloracne because of 1ts complexity. They range from mono to
ntachlorophenol with, of course, varous isomers of the lesser chlorinated com pounds.
hey are used almost exlusiely as insecticides, fungicades and hierbicides. or as
chemical intermudiates, Conse:uently thiey may contact the human subject either
dunng their usc or their chermcal manulacture. They are preparcd by the alkaline
hydrolysis of crude chiorobenzene, one chionine atom of which is replaced by the
hydrosyi group. Because of impuritics in the basic chivrobenzencs any single Chemical
product will eontan other chlorophenols and reaction products, the jatter varving
according to temperature, pressure and other vanatns in the chiumical procesecs
in use, Theic variations, as we shall see later, may be of significance as far as acneigenic
potential and systemic toxiaty are concerned, Ther direct arritant effects upon the
skin and mucusa are vanable for each compound and 2lso depend upon therr physical
state, In very dilute solutions their systenuc toxiaty is severc?™ ¥, whereas they
have little cutaneous effect bevond that of the solvent ; but in strong soiutions thev
can be not only toxic but also powerful skin irritants. In finely powdered form,
especially when highly chlorinated, they are extremely irritating especially to the
eyes and upper respiratory tract, and it 1s 1n thus state that tbev hase produced most
of their chloracne, Indeed in large plants manufacturing varnous chlorinated poly-
pheny is and chlorophenols today it is the fine dust of the Jatter which 1s the man
chioracne producer if it 1s not most carefuliy controlled®, It is therefore not sur-
nsing that in 1937 Butleri® reported extremely severe and generalised chloracne
men shovelling a fine powder of sodium tetrachlorphenate and ortho (2 chloro-
phenyl).phencl 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 Stiagily and Gaines 1n 194079
but no details of strengths or soivents were given. Curious features of this and similar
outbreaks were the grossty imitant nature of the solutions with the production
of bullae and uicers but the chloracne was apparently typical. Around 1930 the more
effective pentachlorophenoi replaced the lower chlorinated dervatives as a wood

preservative,

MONS 202213



86

Chloracne from pentachloropheno! solutions has never been recorded despite gross
shin contamunation Nevertheless hne dusts have continued to produce 1t alwavs 1n
the manufacturing plants. Baader and Bauer in 19572 repurted an outbreakh of
particular intersst because of the association with peripheral neuropathy and ofe-
cranon bursitts. Plant conditions were evidently bad, for severe irritation of the
eyes, nose and respiratofy tract werc universal thus implying considerable airbome
contamination with fincly powdered matetial’®,

Kimmig and Schulz in 193745, faced with a severe outbreak of chioracne 1n a
chemuical plant manufactuning 2, 4, 5-trichloropheno! and using the technique des-
cribed by Adams et al in 1941}, quickly established for the nirst time the vital but
elementary fact that wheteas the plant’s crude trichlorophenol had an acneigenic
effect on the inner side of the rabbit ear painted with 5%, solutions in polrglycals,
neither the intial reaction product crude 1, 2. 4, 5-tetrachlotobenzene nor punfied
2, 4, 5-trichlorophenol. did so even in 102}, dilutions

Et was therefore assurmned that a reaction product of the alhaline hydrolysis of the
chlorobenzene to trnchlorophenol nught be responsible. The residues in the reaction
vessels and pipe-work of the plant were so compley as to defy analrsis, and so for
two years they proceeded to test on the rabbit ear over 100 substances » hich might
theoretically form under the conditiuns of manufacture Manv interesting facts
gradually emerged. Nesther true diplicucl ethers nor thewr chivtinated denvatives
were acneigenic of tovic, whereas chlordaphens i vnides or, more cotrectiy, chlordy-
benzofuranes were poteut acneigens o en in U.u5Y%, solutions and also highly Lepato-
toxic, a single dose of 0.5 to 1.0 mgms per hgm, of tnchlorndibenzofurane bemng kethal
to rabbits. {inallv they found a substance so potent that 0 WH®, sclutions were
strongly acnugemict”, This matenal was the chlorinated dibenzyl cvelic cthes,
tetrachlurdibenzodwxane s systemie liepato-toxicity paralicted 1ts acneigenicity
and V.05 mgms 1n a singic dose was lethal to rahints

Althougl the position of the chlunne atomns was not absidutely eertain®®, what
was thought to be 2, 3, 6, 7-tetrachlordhbonzodionane was molated by Kimmig fromn
tle residues resulung from the formatinn «f tnchlorophenal by the atkahne hy dichoas
of tetrachiurobanzol, and 1ts theuretread formation was postujated as shownin tig 3
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The presence of erythema and swelinig of the face and chronic blepharo-conjuncti-
vitis all suggested exposure to fine chiorophencl dust, and when this was rectificd the
chioracne ceased

Kimmig suggests that, if not tetrachlordibenzodioxane itseif, then substances
closely related to 1t are probably responsiblc for chloracne, not only Irom trichiore-
phencls, but possibly tetra and pentachiorvphenols also, all of which are similarly
produced by alkaline hydrelysis and heat from the relevant crude chlorobenzenes

The great :mportance of this clussic work lav 1n its emiphasis on the basic necessity
of establishing whether or not a suspected substance 1s still toxuc when highlv purified

At the same time alsoin a trichlorophenol plant, Dugois and Colomb in two 1dents-
cal articles®® described chloracnc of great severnity and with evidence of s3stemic
toxicity in a number of workers who, without protective clothing, were washing out
with hot water the accumulated sodium chloride in the reaction iesseis, Tweve
years later in the verv same factory Dugots, agam in two identical articles??, des.
cribed an apparently unique outbreak of chloracne from a single exposure, of only a
few hours duration, to residues released by an explosion of the pipe work. Eiplosions
suggest increascd pressure and possibly heat, factors both increasing the chanec of
dibenzodiosane formation, Chloracue in these cases, Just as in Kimmig's, was pre-
ceeded by ervthema and ocdeina uf the face.

Although Dugeis’ paper was short and without detail or explanation it mentions
the 1solation of a tettachlor.aied ether oude, a chentically nieaningicss term, but one
15 left wondering whether tliey had n fact 1soluted the tetrachlordibenzodioaane
described by Kinimig elesen years before Chloracne from a single exposure to anv
material is so unusual that one cannot exclude systemic absorptiun as Dugos sug-
gested, cspeciallyv as malaise, anuvrena, Joss of weght and milky serum with rased
cholesteru]l and fat wire also mentivned briefln. Nesertheless one cannot possibly
agree with Dugoss in ruling out external contact, since Linn-Jones and Knzek'
produced acne un thic tabbit ear with only three pantings af a 6 0f?, solution of
tetrachlordibe nzodiovane,

In 1984 Bleiberg® hinked for the first time chloracne and hepatic putphyria,
again in a plant manufacturmg Whchlora and trichlorophenols for conversion to the
relevant phenoxyacetic ackl weed hallers

In my opmon it is of the greatest sigaicance that there was no direct relatuun-
ship between the chiluracne amd the porply ria, sume cases iias ing oneLondition with-
out the other. This unique otcurrence required an miestigation of the same calibre
as himrmg's but unfortunatch the industrial and chemical information was incom-
plete and somectimes incurrect. Neverthefess wlulst prophinia from chlarophenols
chnically or experimentaily has never been recorded®® there is abundant evidence
of its production both climcally and expersmentally from chlurobenzenc 1semess of
many dafferent hinds*?, Thercfore there seems uttle reasun to doubt that the chior-
acne was probably produced by chlorodibenzodioxanes or simdar substances as
Kimmig and Schuiz had aiready demonstrated, whilst the porphvria was most
likely induced by the crude chlorobenzenes used to produce the chlorophenols.

CHLOROBENZEXNES

What evidence is there that chiorobenzenes themselves cause chioracne 7 In fact,
very little. Exposure to various chlorobenzene isomers has occurred on a vast scale
over the vears both externally and Internally 1z human subjects® and eaperimental
animals without causing chloracne,

The only cases reported in human subjects vere in men who were grossiy esposed
to the fine dust and vapour of ¢crude trichior and hexachliorobenzenes, producing a few
rather atypical looking cases of chloracnewhich ceased when the procestwas extracted.
This report by Bowen and Moursund® was lacking in chemical and cngineering
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detanl and 1n view of the complexity of the reactinn products in such chemical manu-
facturing plants thus interesting report requires Jurther confirmatinn

On the experlmenta[ side Rimington and Zeigler*®, {eeding rats numerous
chlorobenzene 1somers, found that only 1. 2. 3, 4-tetrachlorobenzene produced patchy
hatr loss, keratotic plugging of the follicles and disappearance of sebaceous glands,
these changes resembling those of chioracne The other chiorubenzencs tested tnclud-
ing 1, 2, 4, S-tetrachlorobenzene wcre without effect. A)l tlus rather suggests that
chloracne may be produced only by ertain chlorobenzenes, and indeed even by one
1somer and not another. Further research is clearlv indicated

There haie been reports, mostly very old?, of chloracne {rom other matenals,
but none of these stand up to critical analy sis

RATE OF ABSORPTION AND SYSTEMIC TOXICITY

Now we accept that chloracne is caused by esposure to certain chemicals but a
vital question remains , are the effects purely external, secondary only to systemic
absorption, or a miture of both ?

There can be Little doubt that the vast majority of cases preduced by industry
have been due to external contact alonc, especially when only one side of the body
has been invoived!t. Furthermore wiiere undoubted systemic effects have occurred
there has been gross external contact alsot 20 23 29, There was always a duubt there-
fore whether tnternal administration couwd cause chloracne at all, and if so what
part it played in any particular case

The first concrete evidence appeared in 1945, when a fat-like substance found 1n
the bornb rutns of Berlin was used to fri: vegetables and six pevple were poisuned- s,
There were no deaths and apart front general symptoms, marnly gastrointestinal,
first redness and oedema, and then severe chioracne appeared, involving only the
face and ncck in three cases, the chest and back also tn thiree uthere, an interesting
observation indicating that distnbution i itself does not allow one to distinguish
between cxternal and mternal causation Such analvtical data as were avanable
suggest that they had probably mgested hexachlornaphthalene. but the wlentity of
the poison has alway's been tiwe subject of tvme doubt. Fucther support was provided
by the eventual discovery that the mysterious "X disease "3, 3 fatal wasting sick-
ness with hyperkeratosiy and diatation of follicles which had decunated! cattle in the
U.S.A. and Germanv from 1941-1954, was duc to the accidental ingestion by them
of penta and hexachlurnaphthalenes in Jubricating vus and greuses*® and timber
prescrvatives’, So sensitive were cattle that a single oral dose of 1.0 gram of huva.
chiornapiithalenc would kit a 2 cwt. calf in 14 days®.

The final conclusive proof that chloracne can result from systemic intoxication of
the human subject with no external contact at all came from Japan in June 1969 ;43

This was the report of an outbreak of poisonsng due to tetrachiordiphensiwhich,
for three day's oniv, leaked from the heat exchange system in 3 factory manufactur-
ing cooking oil. The edible ol contained an average of 2000 p.p.m. of tetrachiordi-
phenyl and most patients probabiy touk something like 1.0 gram per month for +3
months. Apart from fatigue, malaise, and nausea the earliest visible fif@hgs were
ophthalmic with swelling of the eyehds and discharge, due to increased actnity and
Jeystic swelling of meibomian glands. 113 of 138 cases developed chloracne, which

* began slowly two months later and developed relentlessiy for ser eral months more.

As in Hertzberg's cases the chioracne was most severe on the face and neck but
also the genitalia, though less 30 on the trunk andscarcely at all on the imbs. In the
more severe cases there was often a widespread follicular hyperkeratosis also observed
by Duvernet3 from trichlorophenol deriv atives and from chlomaphthalenes by Hois**
and Braun®,

The other most distinctive feature of the Japanese cases was a generalised pig-
mentation of the skin affecting also the lips, gums and nails, Also observed was
enlargement of Montgomery's glands, and hyperheratoss of palms and soles, Perhaps
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most interesting of all were somne non<lermatological findings such as nedema of ali
four imbs, penpherat newropatlis and bur<itis—aiso reported Ly Baader and auer
from pentachlorophenol posoning—whilst the newborn mfants of affected mothers
had generahsed hypuepigmentation ancl he perheratoss.

Persistent hy perhipaeria affecting the trigh ceride {raction of the serum was how-
ever the moust conststent hnding 1t had only Le<n reported twice before frem trichioro-
phenol by Dugois®® and by Goto who reposted even more severe clevation of serum
tngh cendes an 10 cases of pentachlorophenol puisoning®?

CLINICAL TFEATURES

In almost every report, whatever the causative cheinical, the clintcal features
have been most consistent’”.
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Fra, 8 —T) prcal case uf patch acne,

The most distinctive and almost invanable cutaneous lesion. usyaliv absent in oil
agne and rarely seen n pitch or tar-acne (I1g. 8) both of which are also more inflam-
matory, 15 the chloracne cyst® | skin coluured, varving from | mm even to | ¢m
in diameter, and with the central opening difficult gr impossible to detect (Fig, 7).

If these cysts are absent then chloracne should be diagnosed with great caution,
except in exrlr or very mild cases. Comedones and small evsts are thercfore the basic
lesions and may be very few or so numercus as to present confluent sheets. Inflam-
matory papules and pustules are not so common, much Jess so than in o1 acne, and
are almost mvariably associated with friction from clothing, being commonest there-
fore on the back of the neck, shouiders, chest, gemitalia, buttocks and thighs, and
affecting onlv the more severe cases Acne from paraffintc wils and tar products are
both more inflammatory than chloracne, especially the first named.
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F1c ¥ —Ty prai caw of chlomcne

DISTRIBUTION

This is predomunanthv facial cven wlhen the poisen hias been mgestil, the malar
arcas, jaws and behind the cars being sites of particular predilection. [ mild ¢ awes
these areas alonc mav be insolved, The newe s invariably spared eacept when poson-
ing 13 systemic. Thus distnbution 18 not specific to chlorinated aromatic hvdrocarbons
but to any acneigenic lume ur dust [r, 38 we shall see, acne from peech fines behavis
in eaactly the same wav, With mincreasing severity the rest of thie face and teck soon
follow, whalst the outer upper arms, chivst, back, abdomen. oyter thughs and genstalia
may be involved in varving degrees in the worst cases. The flexures, hands, icgs and
feet escape in almost every case,

ADOLESCENT ACNE

The i‘r:disposing wffects of adolescent acne, so often quoted, have no sound statis-
tical backing so that the question must remain unanswered.

PRURITUS

# This is more difficult to assess, reports of its occurrence being fairly evenly divi-
ded 174477 Although no-one volunteered 1t, in response to a direct question a little
under half of my own cases adruitted itclung, Of a series of clinic patients with acne
vulgaris the same question met with an almost uniformiv negative repiv It 15 there.
fore possible that where 1tching 1s not mentioned in the literature it was nesther asked
about nor voiunteered. In no single report of chloracne from anv substance other
than chlomaphthalenes, including the numerous and meticulously investigated
Japanese cases of systemic tetrachlordiphenyl poisoring, has itching once been
mentioned. Pruritus mav therefore be specific to chlornaphthalenes but without more
evidence this must remain speculative.
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DURATION OF EXPOSURE BEFORE ONSET

This 1s wsually werelevant because the degree of cxposure is $0 vanable One can
only say that even with external contact of the grossest und most authors agree that
four weeks or more are needed for lesions to appear.

PROGNOSIS

The prognosis both as tegards the duration of the lesions and degree of scarring
is naturally depundent upon the seventy of the disease. This wijl be seen in greater
detail when considenng my own cases. Some of the worst recorded instances of scar-
ring have followed evposure to vanocus chlorophenols, possibly due to the intense
toxicity of the chlordibenzodionanes probably invoived,

HISTOLOGY

Findings 1 the expennmental human subject have been confirmed by those 1n the
rabbit ear canal™, in both cases heaachlornaphthalene being the acneigenic agent
used,

First of all there is a steady thickening and hy perheratosis of the eprthelium in
in the infundibulum of the piloscbaceuus fullicle, This 18 accompanied by a slov disap-

arance of the sebaceous giands, until eventuaily a keratin filled syst-hke diatation
is lormed. In some cases the exit 1s tinv whiist others are Little morte than a shallow
trough. Shelley*? suggested that the disappearance o) the scbaceous gland was due
to back pressure but accepted that squamous metaplasia occurred as previously
shown by Etsen et al. in 1955, Hambrich®* with senal biopsies showed that the
disappeatance of the sebaceous glands had aiready begun fine dass after the frst
acneigenic apphications long belore amy badck pressure was possible, and thereafter
steadilv progressed. e therefore suggested that chloracne producing chemicals
initiated syuamous metapiasia and that when all sebaceous material present had been
shed a large, diated, squamous epithelium lined and keratn nited palusebacecus follicle
was fermed Thore is of coursc gencral agreensent thiat, «s in acne vuigans, rupture ot
the fuliicle produces the inflammatury provess,

TREATMENT

Most authors have accepted it as hopeless but strong exiobants in the hands of
Dussart?? cleared 56 mild cases 0 from one week to hve months. Dermabrasion
was successfully used by Flubler®® and also by mysell. Dugois®! clasmed success
from the :ntravenous infusion of caicium ethylenediamine tetracetic acid wn very
severe cases of chloracne and pesoning from trichiorophenol residues but no details of
his results were given. Otherwisc expression of comedones and incision of cysts has
been the stand-by of most physicians, but with little success,

GHLORACNE IN A PAPER CAPACITOR PLANT USING TRI/TETRA AND
PENTA/HEXA CHLORNAPHTHALENES FROM 1936 TO 1963

Very briefly a capacitor or condenser is a means of storing and suddenly discharg-
ing electrical energy. Basically 1t consists of an insulator or dielectnc betwesn two
conductors each with a terminal. The majority consist of a sheet of papet sandwiched
between two sheets of thin metal foil a long length of which 15 rolled up like lavatory
paper to provide 3 large surface area. In this particular process the rolls of foul and
paper with their termimnal wares were packed wnto, and pressed flat in metal clamps
used over and over agan by four women seated very close to the drying ovens and
impregnating vessels, After drying for 24 houts at 115°C to temove every trace of
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moisture from the paper, racks of ¢apacitors were heated in a vacuum vessel for 24
hours at 110°C and then impregnated with molten tn/tetrachlornaphithaiene run in
from a rescrvair.

Aiter pumping cut the molten wax the impregnated units were removed by hand,
covled and passed to the dipping section [f supply exceeded demand umpregnated
capacitors were stored by embedding them in the impregnating wax in metal travs to
prevent ingress of mowsture. \When reads for dipping thus wax was melted in the ovens
and the racks of units removed. Exposure to tri/tetrachlornaphthalene fumes was
very gross indeed 10 this section for the followug reasons ~—

}. Fuming of molten wax residues at 110°C when emptying umpregnating tessels.

2. Failure to reabss that fumcs {rom wax reinajrung on ¢lamps from proy tous -
pregnation would escape constantly from the non-aurtight and unventdated
ovens,

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

Nevertheless, during its existence from 1958 10 1963 no single case of chioracne
occurred amiong vworkers in this section, thus indicating most cleariy the non-
acneigenic nature of tri and tetrachlormmaphthalene fumes. After impregnation
the unit was dipped into a tougher wax mefting at 130°C and consisting of roughly
equal parts of penta- and hesachlornaphthalene with 5% pentachloidiphenyi as a
plasticizer This dipping section was a long narrow ared mside the main workshop
enclosed by partitions 7 ft. tugh. There were two dips, the first in vacuo at high
temperature and the second a covier one at atmospheric pressure After dipping the
wax was removed from the terminal wires by dipping them in molten solder on which
floated a metal plate with a hoie wn it. This both cleaned and retinned the wires in
one operation at tlic same time unfortunately vapourising the chiomaphihalene.
Then the performance data were painted on the capacitor apd finaliy 1t was coated
with an isocyanate resin, The fume escape from dipping was sexcre. Tluswas due to —

1. Ineffective extraction wiuchin anv case unly partially covered the fume pruduc.
tion from the dipping 1essels and their electrically heated replenishment tanks.

2. Removal of umts from Lhe dipper whiist still wet and fuming strongiy.

3. Cleatung out the dippang 1anks weekh . This led to gross fume exposurc for two
to three hours esery week. The molten wax at 1600 was ladled out by hand
into travs, the residuc removed by a drawn cock under the yessels and trichlore-
thylene added, the lid screwed doun, the nuxture boled and then dtawn off,
The stop tock was closed and fresh solid v ax added.

Other sources of penta/heaachlornaphthaicne fumes were the evaporation by
molten solder of all the wax on the termunal wires, the extraction being too veak ,
and the dravning of a curreat of fume laden air from the dipper and the sire tinness
to the very powerfully extracted lacquering bench, thus sccondarnily 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
deveioped chloracne only on the fume exposed side of their faces proves the external
nature of the chloracne stimulus in thus process.

. In 1858 extraction was increased but was still inadequate and no fucther change

‘was made until October 1960 when dipping was totaily enciosed, wire tinning very

powerlully extracted, and the layout of the process opened by the removal of all

itions. To the Company's despair chloracne contwinued to occur, though much

ess severely, among the dippers and wire solderers. Careful observation of the process

S00N reve that tiny wisps of {fume escaped occastonally even from the enclosed
dipper, due to exhaust vents becoming choked with sublined chlommaphthalene,

Furthermore wire solderers on piece work could, if working very fast. remeos e
an occasional umit {rom the exhaust hood v hist a tiny wisp of fume remaimned to
contaminate the air. This wel! illustrates the chleracne producing petency of even the
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smallest regular fume exposure to penta and hexachlomaphthalenes, an important
observation not true of the equivalent chlorinated diplicny s,

Alternative materials had been uiged for a long time and finally a mixture of three
parts of tri/tetrachlornaphthalenc and one part of polysty rene provided a satisfactory
altemative From the time of its adoption chloracne ceased, agamn confirning the non
aenc-producing nature of chlornaphthalene with less than five chionne atoms per
molccule.

Because of the constant vanations {rom hour to hour and day to day, any attempt
to relate fume level in milligrams per Litre to the degree of chivracne would have been
too inaccurate to have had any practical s zlue and was 1ot attempted. or the saine
reason It 15 valueless to record the time taken for cliloracne to appear except to say
that the grosser the exposure the more rapidly it developed and vice vers,

FIRST PRECAUTIONS COMPLETE REDEGICN HMEXAPENTA
10 INTRODUCED OF EXTRACTION CHIORNAPHTHALENE
ABANDONED
e

NUMSER OF CASES

b ovinn

1980 94

MILD B

mooerate bl
seveme L1

Fic, 4 —Incdence of chioracne 10 capacitor plant

Similarly, and also because of continuous tumover, 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 long tune, however, at my first inspection
in 1957 almost every worker m the dipping section had chloracne.

Fig, 4 clearly shows the progressive improvement followmng the instirution of
preventive measures at the end of 1957 and again after almost total enclosure of
the process late in 1860. The increased percentage of moderate and severe cases after
the initial precautions was due to the eliminatron of general fume level which had
previously caysed many indirectly exposed muld cases, whilst quite severs fume
exposure continued at special points,
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Fig. § empliasiscs the concentration of lesions on the malar areas and this appears
to be an essential feature of fume eaposure as we shall see in the comparison of acne
due to pitch fumes. Although cysts are almost always prescnt in chloracne, very mild
cases may present a few comedones only. It can be seen that wmflammatory lesions

nismoER OF CASES

CHEEKS JAWS AND FOREHEAD MECK OTHEN
Crin ANEAS

COMEDONES ONLY ® CASER
3 COMECONES AND CYSTS 20 CASES

COMEOONES CYSTS

HELAMMATORY 11 CASES

Fic. 5.—Distribution and type of lesions in 40 cases of chioracne

were almost alwavs associated with clothing fnction but ¢ysts and comedones were
always present in these arcas also, agaun a sharp distinction from pitch acne and |
believe an important one.

Fig. 6 shows the duration of the disease. Whilst the vast majonty 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 459, of patients, up to ten vears
after they regarded themselves as clear, stil had small numbers of residual black
heads and occasional small ¢y sts which, despite constant squeezing, had consistently
re-appeared. There was scarring of sevenity in 10°;, all of them being se\ ere cases with
inflammation, In 25% there was a very fine pitting of honeycomb atrophy type on
the cheeks and in the remainder none at all, It must be remembered that all the abcve
data refer oniy to penta and hexachicrnaphthalene and cannot therefore necessanly
be assumed to be true for other chloracne producing matenals.
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Fic 8 —Duaration of chioracne

PREVENTIVE MEASURES

The main preventive measures adopted were based on those propased by
Cranch{l5) —
1. Complete extraction of fumes {which was never achieved).

2, Neck and wrnist fitting whute ovcrails changed dady and cleaned in trichiore-
thylene,

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

5. Rapid tumover of workers until extraction was perfected in order to mumimuse
the duration of exposure.

PITCH ACNE

I now intend very briefly to compare chloracne with the clinical details and prog-

., Nosis of a series of 34 cases of acne due to fumes from pitch, Since the exposure was

* virtually identical in each senes of cases any clinical and,‘or prognostic differences

shouid be significant.

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

i¢ materia} consisting of a mivture of molten pitch, asbestos, and powdered slate,

rom a mechanical miner it was removed in large masses like baker's dough on to

matal 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 great,

From the oven the specified amount of hot dough was taken out and weighed on

a work bench on katchen type scales and then beaten with an iron bar, It fumed most

MONS 202223



strongly dunng all these operations ang the extraction, which was of poor qualty,
was high up and onlt over the work bench. Its cffects therefore was to draw the furnes
from the beaten dough up into the worker s face. Tume c¢\posurc was gross and
continucus, The cooling mass was then removed to a hydraulic press for moulding,

Despite the wearing of asbestos gloyes, wiping dirtv hands on the legs of trousers
accounted {or the lugh incaidence of folliculitis on the thighs,

Fig. ® shows even more clearly than in chioracne the great preduection of the malar
areas in response to furnes, The purely comedonic nature of ihe facia! lesions 1s most
striking and 1n marked contrast to the minture of comedones and cvsts present in
most cases of chloracne® The description of simularly profuse comedonte eruptions in
some of the older accounts of so-¢alied chioracne from trichlomaphthalene again points
to pitch as the probable hazard in tliese cases. mentioned earler in thus paperis-s,

80
F D COMEDONES
® H rarvus ano rustues
%0
N
g 1
1 F {
-]
L
w H r” H |
o MALAR EARNS CHEERS CHIN - FOREMHEAD NECK ME TrnGrb
AREAS
COMEDONES ONLY 17 CASES
FOLLICULITIE ONLY | ]
COMEDES AND FOLLICULIIS n

F10. 9.~Pltch acos. Dutnibution and type of lesions 1n 54 cases

The inflammatory lesions although again. as in chioracne confined to areas of
clothing friction were, in great contrast, almost uniformly devoid of blackheads,
:alin. unlike chloracne, folliculitis was seen in six cases without any comedones at

aven on the face. .

There were several cases in whom small numbers of residual blackheads remained
for many years. These patients, like the chioracne ones, were insistent that these
comedones were not present until the industnal acne developed.
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The main differences from chloracne were therefore as follows —
}. The cysts so typical of chloracne were rarely observed.

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

3 Papules and pustules ic. folliculitis, on the thighs and forearms were rarely
accompanied by comedoncs but were relatiscly common.

4. In general &ItCh acne clears much more rapudly than chloracne and scars less
but, as with the latter. many men had a few persistant comedones which,
despite regular squeezing, were still reappearing even ten \ears later.

CONCLUSION

And now ! hope jou will forgive me 1f I conclude with the obvious. Despite the
problems posed by dificult management and mdustrial relations as I know only too
well, in the investigation and reportang of every outbreak of industnal disease the
attempt must be made to obser e certain runimal cnitena

The first and bv far the most important is accurate information on the chemaetry
concerned, which includes not only nvformation from the users’ engineers and chemists
but, much more important, the chemical nianufacturer of the basic nlaterials In tins
connection the role of contaminants or unwanted reaction products must never be
forgotten, may indeed be critical, and must alwavs be investiated ™ 4

Now to suggest that no report of iadustrial disease 15 complete without a full
description of the procese concerned and the cxact pomt or puints at wiich thase
affected fit into them seems aimost absurd, but 1t s astenishing how often n the
literature these simple facts have been nmurted 72,

Finally, much expenmental work remains to be done. Although the usual warmning
is necessary when anterpolating between the expenmental and the human awnal, a
good correiation anppears tn ot between acrptform lesions ]7I‘Ol£hi wd l;} onterintl
contact on the rablst ear and chloracne w1 man. Furthernore, a< far as it govs, 1n the
only two recarded outbreaks of chloracne i man from mnweastian of chlonnated arnma-
tic hvdrocarbons both compounds have alke been capuhble of producing cliloracne on
the skin of man and the rablit ear by external contact3? 42,

This correlation is important because of the much greater difhculty of producing
in experimental arumals chloracne-like lesions from ingestion of the suspected tovc
substance and the impossibulity of doing o0 1n human volunteers .\ great extenqien
of work on the rabbit car as well as further investigation into the fascinating hyper-
lipaemia with a vanetv of commercial and haghly punfied aromatic chlonnated hydro-
carbons would therefore seem to be potentiaily rewarding.
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