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ERUPTIONS
[nlgaris and Its Pathogenesis

MARION B. SULZBERGER, M.D, ADOLPH ROSTRENBERG, JR. M.D.. and 1. J. SHER. M D

Frem the Department of Dermatology and Sxphilis
Hospital of Colu

Part |

PILOSEBACEOLS IRRITANTS; OBSERVATIONS

IN ACNES QF KNOWN EXTERNAL AND IN-

TERNAL ORIGIN, AND PARTICULARLY IN

ACNES DUE TO HALOGEN INGESTION D Fiol-

LICULAR ACNEFORM RESPONSES TO PATUH
TESTS

As the follicle is frequently the primary
site of the pathologic process i acne of
known external etiology, in acnes in which
mternal administration of bromides and
iodides is the eliciting cause. in acneform
eruptions due to the products of the
tubercle bacilli, and in the ordinary form
of comedn acne or acne vulgaris sive
juvenilis, it seems permissible to discuss
these conditions as a group. Moreover. the
choice of this grouping is motivated by
certain analogies which will be the chject
of further discussion. The groupiny is.
of course, more or less arbitrary. with nno
intention of implying that the pathegenetic
process underlying these forms is neces-
sarily the same.

Among the external causes of acne,
chivrine gas, tars, oils, waxes, and greases
are well-known offenders.  As prototypes
of acne of external origin, three recently
vhserved cases may be cited.

Two young men and a young woman.
all three without previous attacks of acne
although in the acne ages (18, 23. and 27,
respectively), all employed by the same
firm and in the same kind of work, became
suddenly afflicted with severe acne. These
acne eruptions had begun within two
months after the patients had commenced
working at a job involving contact with
hot oils and waxes, which not only touched
the exposed parts of their skin, but also
permeated their clothing. The patients

JRead in par® at the Annwal Mccting of the Medival

af the New York Post Gruduate Medical Schoel and

whig Umicersity

<tated that. of approximately 100 other
emplovees at the same work, over 40 were
similarly and abruptly atfected with the
same form of acne dermatosis. The three
patients we examined presented a classic
but verv severe widespread comedo acne
af the face. forehead, cheeks. chest, and
back, with papules, pustules, and cystic
lesions (see Fig. 1), Many lesions were
also found in atypical localizations, on the
arms, forcarms, and thighs.

In spite of cessation of contact with the
harmful agents (these patients dil not re-
turn to work), and «espite the most inten-
sive treatment, the pathologic condition
continued for an astonishingly long time
(7 months, 1 vear, and over 1 year.
respectively ).

At various sites and at varying intervals
of time. patch tests performed on these
patients. with the very waxes and greases
with which they had come into contact, id
not reproduce the acnefurm eruption, nor
did they cause an eczemaious respoise, nor
in any way give evidence of a hvperseiisi-
tivity' of the skin to the materials appiied.

These cases tllustrate the clinical action
of a substance with a capacity and a pre-
dilection for causing irritation of the pilo-
sebaceous apparatus.  Such a substance can
produce the entire picture of a typical acne
vulgaris eruption, including the comedo.
papule, and pustale, the more cvstic and
deeper lesions. and the end result in char-
acteristic pitted scarring,

These cases also demonstrate other im-
portant points: Iirst, that the acne erup-
tion may persist with surprising chronicity
and refractoriness to therapy. even after
the proven cessation of contact with the
actual causative substance; and, second.
that the application of a patch test, with

Society of the State of New York, Utica. May 16, 1934
899

AL

Y-

o awmL

RAL *N

IR

-

AL TSNS

MAXUS1178101

yTTTLIN O



P W I N A R N e R

%00 ACNEDORN FRUPTION,

the actual causative agent of the acne. newd
not neces:arily be successtul in the experi-
mental repraduction af the derinatosis,
The second group of acteinrm eraptings
consists of those not due to pilecchacenus
irritation from without, hut to the hema-
togenous distribution of the pilnichacenus
irritant.  Bromides and indides are well
known-causes of such eruptions. That these
halogens (as well as other <ubstances di«-
tributed by the bload stream) can cause
acneform eruptinns scems to he dependent,
first upon the fact that the rich circinnid
arrangement of blood ve:zels and the

hemodynamic phennmiena around the fnl-
licles are particularly conducive to a con-
centration of circulating substances at these

Fig. 1.—Acne due to external contacts with grease
and oil

sites  (Jadassohn')  second, that these
halogens tend to be excreted through the
sehaceous glands (R. O. Stein.* Klecherg,’
and others); and third, that these sub-
stances, for some as yvet unknown reason.
seem to possess a special capacity for jrri-
tating the piloschaceous apparatus.

As evidence of the existence of this third
factor, it may be stated that during the
last two years we have tested all our cases
of bromo- and iododermas by mecans of
patch tests, with ointments containing 23
and 50 per cent potassium iodide and
potassium hromide, respectively, In
several cases, the patch test produced an
eczematous response of diffuse and non-
follicular nature. (This, to a certain
degree, confirms the findings o Bloch and

S—SULZRCRGER T L. N Y State ]

Nov. 1, 1634

Tenchiccy - On the wther hand, particularly
it aencsern eruptions due to halosens. we
oberved not infrequently a response to the
patch teste not of diffuse and eczematous
character. hut distinctly  follicular  and
acneform m appearance, cloely reproduc-
ing the follicular acneform eruption from
which the patient was suffering « Figs. 2
aned 3.

Asotar as we know, the ohservation of
this acicform responze to patch test in
cazes nf acneform eruptions has not hereto-
fure received attention.  This {orm of
reaction woubd scem to be of impurtance
as an indication that a certain suhstance
possesses a particular capacity for irritat-
ing the pilozebaceous apparatus of the

—g g . -

4

-~

-

Fic. 2.—Acneform responies to patch tests with bro-

wirle and ilide nn previensly unaTected ~hin of chest
of patert with acre yulzaril,

patient, or, stated cornversely, as evidence
ot a hypersusceptibility of the patient's
pitosclaceous apparatus to the particular
substance applierl.

Two further obscrvations seem of in-
terest in this connection. The first is that
chronic iodide and bromide acnes can he
chinically  almost indistinguishable from
acne vulgaris (Fig. 3). We have seen
such caszes due to the chronic ingestion of
indized salt or to the very occasional use
of hromides. The second observation is
that, even in classic cases of acne vulgaris,
in which it was impossible to elicit any

MAXUS1178102
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history of halogen ingestion, and which
were in no way to be suspected of a drug
etinlogy, bromides and iordides nccasionally
clicited an acncform and follicular re-
sponse when applied by means of patch
test (Fig. 2).

The third group of follicular and acne-
form eruptions, namely, those due tn the
hematogenous distribution of the tuhercle
baccilus and/or its products, would seem
to have many similarities as far as the
mechanism ot their genesis is concerned,
with the hematogenous halogen acnes. For
example, lichen scrofulosorum. hetter

called tuberculosis lichennides, which is
probably one of the most common forms
of tuberculid, is characterized by its pre-
dilection for follicular lncalization.

ACNEFORM ERUPTIONS=SULZRBERGFER FT AL. a0l

most indistinguishable from acne rosacea.
namely, that known as the rosacca-like tu-
hercultd of Lezomdowskv* (For a com-
plete report on this form of tubereulid.
see MacKee and Sulzberger.?)

The analogy hetween these tuberculous
acnes aned the halrgen acnes is ohvious. In
the one case. the products of the tubercle
hacillus, hematogenously distributed, selec-
tively irritate the pilosebaceous apparatus.
In the other case. the circulating halogen
produces this eftect.

At the Post Graduate Hospital, within
the past four years, we have rtoutinelv
tested a large number of patients (more
than 100) with tuberculin patch tests.
Many of the positive reactions to these

Fig. ‘4.~—A\:ne\'arm r!ﬂt!fn!l ta patch test with old
tuberculin on previcusiy unatiected <kin of patiertt with
acneform tuberculoderm.  (Rocacea-like tuberculide.)

- B e e e S
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s evidence tests were of the follicular tvpe. This

«: patient’s " 4 4 form of reaction has been the rule. pur-

particular . A « « ficularly in the acncform tuberculids and
. No Snetormsdsponss" e TolSTE VAR Si%on e in lichen scrofulosorum (Fig. 3). * The {l

em of in- follicular response to tuberculin patch tests
"irst is that Furthermore, most dermatologists now indicates that thc statement made above. i
ies can be agree that the tubercle baccilus and ‘or its in regard to bromine and iodine, applies Ak
ible from products can, in certain exceptional cases, to tuberculin as well. For tuberculin i
have seen ) produce eruptions so closely simulating would seem to be a substance possessing |
1gestion of .. acne vulgaris that it is in some cases im- a particular capacity for irritating the pilo- |
isional use Yy possible to differentiate clinically between sebaceous apparatus of certain individuals; ik
‘rvation ,15 E them. . . ® The chronic use of iodides and bromides can pro- !
e vulgaris, J A third type of acneform eruption of duce not only acne vulgarisiike eruptions. bat Sl Al
elicit any 3 tuberculous etiology is one which is al- il Chericiig® "esembling acoe rosacea and rosacea. |
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or, stated conversely, there is, in these
individuals, a particular hypersusceptibility
of the pilasebaceous apparatus to tuber-
culin.*

While the acneform eruptions discussed
are not excessively rare, the fourth group,
acne vulgaris. is of far greater frequency
and, therefore, of far greater practical
interest. Unfortunately, the pre<ent knowl-
edge as to the pathngene<is of this condi-
tion i3, to say the least. deplorably Hmited.
The older theory of the hacterial eticlogy
of acne vulgaris remains unproved and. to
a great degree, discredited : the dicease can-
not be reproduced experimentally, in man
or in animals, by means of the accused
micro-organisms (Stein®). The newer
theories dealing with the endocrine nature
of the disease are vague and require
crystallization and confirmation.

In view of this lack of knowledge, re-
search into the cause of acne has lacked
direction and guidance. It woull, there-
fore, seem permissible and even desirable
to suggest a working hypothesis which
might prove of some value, if only In
stimulating investigations along organized
lines. [rom many hypotheses suggesting
themselves, it scemed neccessary to us to
select one suitable for  experimental
investigation.

The hypothesis we have chosen includes
the above outlined observations in acneform
eruptions of known etiolugy, and it seeks
to establish a common or related patho-
genesis in acnes known to be of external
causation, acnes known to be due to cir-
culating hematogenous noxae, and acne
juvenilis.

PART i

A WORKING HYPOTHESIS FOUR THE STUDY
OF ACNE VULGARIS

From the phylogenetic and rntogenetic
points of view, the sebaceous glands and
the hair follicles are to be considered in-
vaginations of the surface epithelium. The
cells of the hair bulb continue to undergo
the same changes as those of the surface
epithelium, namely, the changes of corni-
fication ; the sebaceous gland cells become
differentiated in that they undergo not
horny but fatty alteration. and these fatty
cells form the secreta (holocrine secre-
tion). It is obvious that an irritative

* Similarly, trichophytin and oidiomycin patch tests
are likely to produce follicular reactions.

-3
£y

iy

State J. M,
e

v
Now
stimulus with a capacity and predilection
for atfecting the pilosebaceous apparatus
may produce hyperactivity:  (a) of the
schaceous gland; (&) of the hair bulb;
and (¢) of the follicle wall and the epi-
dermis at the points where the invagination
takes place. It is. in particular, the hyper-
activity of the epidermis of the follicle
mouth, which seems to play a leading
role in the formation of the primary lesion
of acne vulgaris, namely, the comedo. For,
as Kyrle,” Stein,? and others have shown,
the first step in comedo formation is the
epithelial irritation leading to hvperkera-
tosis at the follicular mouth, which gradu-
ally narrows the {ollicular orifice and
finally forms a horny plug in the ostium.
The hyperkeratosis and occlusion of the
follicle, plus a hypersecretion of the simul-
tanenusly irritated gland, bring about the
furmation of the sebaceous and horny
plug known as the comedone.

it is our opinion that variations in this
mechanism may, in themselves, be sufficient
tu cause the entire picture of acne vulgaris
and the accompanying (and {requently
preceding) seborrhea. For one may have:
ta) stimulation of seborrheic glands, with
as vet uneccluded follicles, giving rise to
seborrhea; (&) occluded follicles forming
comedones (see Kyrle*) ; and (¢) occluded
follicles with hyvperactive glands, in ‘which
the dammed-up secreta and anv adjuvant
substances coming from the circulation and
excreted with the sebaceous material
necessarily become concentrated.

This concentration of possible irritants
and/or the mechanical irritation from pres-
sure alone could. possibly, account com-
pletely for the subsequent lesions of
papules, pustules, and abscess. It cannot
be denied, however, that nucro-urganisms
may play a role in the formation of the
imflammatory and pyogenic development of
the lesions. Such micro-organisms—as
acne  bacilli, staphylococei, micrococei,
pityrosporons, bottle  bacilli.  demodex,
etc.—not obligatory pathogens and normally
found saprophytically on the skin and in
the ostium of the follicle, become im-
prisoned within the follicle, under the
horny plug. In this manner, these
organisms may meet favorable conditions
for growth and for the development of
pathogenic activity in a follicle already
damaged by stagnation and pressure. Or,
the circulating substances may, in other
ways, aid the pathogenic activity of
bacteria (sce Haxthausen, quoted by

i —————. . . o S——
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Stein,®) ; or. on the other haned. the hypeo-
thetical substances may cause irritation
only in follicles already abnormal. for in-
stance, with anatomically deficient nutlets.
While these possihilities must naturally be
considered, it does not seem to us that
the action of the bacteria in acne can he
primary: nor does our hypothesis neces-
sitate the assumption of anv  hacterial
activity whatsoever nor of any antecedent
anatomic abnormalities. Doth of these
factors are unproved and would necessitate
additional and complicating hypntheses.

If one sees as a primary cause of acne
vulgaris a circulating substance or circulat-
ing substances with the capacity and pre-
dilection for stimulating, exciting, or
irritating the pilosebacenus apparatus in
certain predisposed individuals. it is abvious
that close analngies exist between acne
vulgaris and acneform eruptions due to the
Lalogens and tuberculosis. and also those
due to external pilnsebacenus irritants.

It follows that one must lonk for the
cause of acne vulgaris. either in the
abnormal guantitative or qualitu!ive pres-
ence of pilosebaceous stimulant< or, in an
ahnormal susceptibility of the pilnschaceous
apparatus to such stimulants, nr in a com-
bination of these factors.

In other words. to prove our hvpothesis
we must find either a substance nr sub-
stances pathologicallv  (quantitatively  or
qualitatively) present in acne vulgans: or
some substance or substances found and
nnrmally innocunus, hut to which the pilo-
schacenus apparatus of acne patient: can
be shown to be hvpersusceptible, ar hnth,

Ohservations of the clinical coursc of
acne vuigaris have naturally directed atten-
tion toward a certain group nf possible
causative agents. While acne vulgaris is
practically unknown in infants and young
children, it is an exceedingly common mani-
festation in the years immediately pre-
cedipg sexual maturity and in carly
adolescence. A mild degree of acne is
almost physiological in these years. Brunn
Bloch™ * examined 2,136 girls hetween the
ages of six and eighteen years, and 2.055
boys between the ages of six ane nincteen
years. He found that comedones hegan to
appear in these children between the ages
of six and seven: and that, at the age of
seventeen, 80 per cent of the girls had
some degree of acne; and that, in bovs,
the condition developed earlier. so that,
at thirteen vears of age, 71 per cent of the
boys were affected. He found, further-

ACNFFORM FPEUPTIONS—SIUTLZRLRGER 1T L. 3

more. a ~vichronous appearance of acne
lesirms and of pubic and axillary hair, and.
in girls, nf the first menstruation. Theze
figures compose a statisticat substantiation
of the accepted clinical fact of the obvious
comnection hetween the awakening of the
sexual endocrine activity and the appear-
ance of acne vulaaris.

Llowch’s findings <howed not only that acne
begins earlier in males, but that severe cases
of acne were more than twice as ¢ommon in
boys as in girls; at nineteen years of age. there
were 3 boys with severe acne to 2 girl's with
cases of equn‘aient severity, This finding fits
in with our hypathesis. It would seem to indi-
cate one of two things: cither, that the male
possesses intrinsically a follicular apparatus more
sensitive tn hormonal stimulation, and with a
greater capacity for reacting to such stimuli; or

Tig. 5.—Exacerbation of aenc vulcaris after 48 hrurs
of ingestion of mocderate doses of KI. The face was
practically clear before this melication.

that more hormonal pilosehacenus stimulants (ir-
ritants) may he formed in the male than in the
female. The formation of the beard and the
heavier by hairs in the male would tend to
substantiate this concept.  True cunuchs, that is,
those cmasculated before puberty, gencrally have
no beards or very sparse heards, and their
growth of secondary scxual hair is likely to bhe
of the female type. It has further been cstah-
lished that true cunuchs dn not bccomc bald.
{In the 340 eunuchs examined, no sign of
schorrheic alopecia could be found—Sabouraud.?)
This observation seems to us to be of primary
importance and can perhaps bhe explamed in
accordance with the theory that the male type
of baldness is, in some way, the result of re-

peated overstimulation of the pilosebaceous ap-
paratus of the scalp (see Hebra, Kaposi, Riehl.
and others quoted by R. O. Stein,? page 62),

MAXUS1178105
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ael that this overstimulation i<, i ‘uyro, de-
pendent upon male gonad activity

There are yet other obs<ervations in acne
vulgaris, which point to the circulating
products of endecrine glands as heing. in
some manner closelv connected with the
development of the disease. There are
numerous reports dealing with this sub-
ject. In this country, L. Hellander" and
Schamberg,'* among others, have called
attention to ohservations suzgesting such
a connection.  More recentlv. Kurzrock
and Rosenthal' reported that the urinary
excretion of estrin was stubnormal in
women suffering from acne. It is fre-
quentlv observed that acne: exacerhate
cyclically in connection with the menses;
and that some cases are combined with
dvsmenorrhea. The acnes of older women
{chin acnes, ctc.) appear in a preclimateric
manner, at the time when there iz, accord-
ing to endocrinologists. nnt inirequently a
terminal endocrine dyvsfunction.  Preg-
rancy often affects the pilosebaceous ap-
paratus; and the influence of the pregnancy
upon the acne dermntnsis, as well as upon
seborrheic conditions, may sometimes be
apparent. Just as acne vulgaris does not
occur before the beginning of sexual ac-
tivity, so also the disease dnes nrt exist
in the aged.

In view of all these considerations, it
seems a logical conclusion that the products
of the gonads and or of other endecrine
glands in which there is increased or
altered activity at the time of puberty, of
pregnancy, and  of  menopause, cither
directly or indircctly contribute to the
stimulation of the pilosebaceous apparatus:
this stimulus physinlogically produces the
heard and the sccondary sexual hair: and,
in some cases' pathologically, the formation
of the comedo, and thus lays the founda-
tion for acne. (Not only the sebaceous
glands undergo such hormonal stimuli. but
the embrologically related apocrine glands
and the mammary glands of the fe-
male are synchronously and similarly
stimulated. ) ’

According to the concept outlined, acne
vulgaris (and seborrhea and haldness,
which are so frequently and familiarly as-
sociated with this dermatosis) would seem
to be based upon an abherration in the
normal and physiological process of hor-
monal pilosebaceous stimulation.

There are certain guides which can be
used in the search for the hormone or
hormones which may be activelv engaged

L1330
in the stimulatizn of the pilnselaceous
apparatus,  During the last meonth: of
intra-uterine life. there iz a marked stim-
ulation af the epithelium and particularly
o1 the hair bulb and the sebacenus glands,
which leads. as is well-known, to the
fermation of the vernix caseosa and the
lanugn hair i the ifetus.  This hyper-
activity ceazes with Lirth, and both the
vernix ciseesa and the phyziologic hyper-
keratosi= of the newharn rapidly disappear.

At first ¢lance. it may appear to be no
more than a chain of remarkable coinci-
dences that the siimulation of the fetal
pilosebacenus apparatus  (vernix casensa
and lanugo hairy should occur at precisely
the time when the maternal. and probably
al<n the fetal. circulation contain the high-
est level of certain sexual hormones (cg,
prolans. estriny : and that the hyperactivity
o the pilosebacenus apraratus should cease
abruptly when the infan: is cut off from
its supply of maternal hormones: and that
there should be a renewed hyperactivity on
the part of the pilosebacenus apparatus at
precisely the time when the individual be-
gins to produce hi: own sexual hormones.
But this chain of events ceases to be merely
an extraordinary crincidence, and hecomes
a hasis for experimental investigation. when
ane  hvpothecates the direct or indirect
causal relationship between the hormones
arel the stimulation af the pilosebacenus
apparatus,

Iart 11T
PRELIMIN ARY EXFERIMENTAL KFFORT

Two pos:ible mvdes of approach pre-
sented  themizelves  for experimentation
along the lines of our hypothesis.  The
first, to attempt to demonstraze. in cases of
acne vulgaris, a pathologic quantitative or
qualitative hormnnal aberra:ion. partic-
ularlv in regard to the hormonal content
oi the blond stream. the skin. and the piln-
sebaceous apparaius. The zecond. tn at-
tempt to demonstrate a hypersusceptibility
of the pilosebacecus apparatus of acne
patients, directed toward normal harmones
ar their derivatives or constituents.

We have chosen to begin with the second
of these approaches. It seemed possible
that increased thyroid activity, frequently
coincidental with increased gonad activity
and leading to increase in circulating
thyroxin (the iodine-containing hormone),
might explain acne vulgaris as essentially
of the same nature as a very chronic iodide
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acne. To imvestigate this possibility, paich
tests with both thyroxin and indide oint-
ments were applied in the usual manner in
75 cascs of acne vulgaris, None of theze
cases reacted to the thyvroxin test, and only
4 reacted to the iodide. However. in these
4, the patch test produced typical and per-
sistent lesions in the previously unaffected
arcas to which the iodide test had been
applied (see Fig. 2). This number of
positive reactors even to strong (50 per
cent) potassium iodide tests is tno small
to he considered as strengthening the pos-
sibility that acne vulgaris is essentially a
modited indide acne (thyroxm-derivative
acne},

Nevertheless, hefore coming to the con-
clusion that these results cutirely comtraclict
the possibie role of iodine compounds in
acne vulgaris, a continuation of experi-
ments and modifications of technic seem
indicated, This is particularly apparent
when one remembers that many true iodide
and bromide acnes o not necessarily give
positive reactions to indide patch tests: and
that even in cases of acne due to external
irritants, we were unable to elicit a positive
reaction by means of the patch test applica-
tion of the causative substances.

In a second series of experiments. we at-
tempted to study the possible effect of
indlides in acne vulgaris. not by external ap-
plication of patch tests, hut by ingestiem
and hematogennus distribution to the skin
and piloschaceous apparatus. In 20 cases
of moclerately severe acne vulzaris. in
which there was no history of halhgen in-
gestion, and in 21 control individuals ¢ per-
sons without acne). potassium indide was
given hy mouth and in moderate dnses (3
teaspoonfuls daily during two weeks, of the
following: potassium iodide, 10.0 in aqua,
qs. ad 120.0).

In 20, 1.e.. 100 per cent of the acne vul-
garis cases, the ingestion of iodidc as pre-
scribed caused, after 2 to 3 days, distinct
cxaccrbations of the dermatosis, with the
formation of many new lesions, and flarc-
ups of cxisting oncs. (See Fig, 5) 1In
some cases, only previously affected areas,
i.c., the typical acne sites, were affected:
in others, a few acne lesions appeared in
previously unaffected sites and in atypical
localizations, for instance, on the forearms.
buttocks, etc. (It seems noteworthy that
these patients had all had negative patch
tests to iodine in various forms. In some
of them, such patch tests, repeated after the
appearance of the exacerbation caused by

e e vy - P = ¢ % 14 ey oy 4
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K1 ingestion, still fafled to elicit a pnsitive
response.)

In onlx one of the 21 control cascs did
the admmistration of this amount of the
iodide prodvece acne lesions; and in this
one, only two small papules appeared on
the forehead after two wecks of the iodide
medication (the patient stated that he had
hadl similar lesions in the past).

This experiment shows that patients with
acne vulgaris ditfer from the norm in their
reaction to iodides: and that their pilo-
sebaceous apparatus is pathologically hyper-
susceptible to the direct or indirect effects
of the drug. 1. It is impossiblc to inter-
pret this finding or, at present. to discuss
the possible relationship of the dewonstra-
ble ifodide hypersensitivity to the actual
causatice factors in acne vulgaris. 2. But
this clinical fact remains: relatively small
quantitics of ingested fodides reqularly pro-
duce new lesions and exacerbations of acne
in acnc paticuts.

It was a logical consequence to the ahove
results to have the third investigative meas-
ure consist in the attempt to treat acne
vulgaris as though it were a<tually an iodide
or bromide acne; and to see whether the
results of this therapy would be sufficiently
favorable to serve as a therapeutic test.
The therapy consisted in the administration
of sodium chloride by nmouth. We pre-
scribed this in a form which we have found
very effective in the treatment of indnder-
mas  and  bromodermas, and which  we
heliecve to he superinr tn other methods
of sodium chloride administration in
these dermatoses.  The patient is in-
structed to take 16 gm. nf sodium
chloride daily, in addition tn the normal
intake; administered in the form of
1 gm. enteric-coatedd sodium chloride
tablets, as prepared for us and now mar-
keted by Eli Lilly Co. The results of this
therapy were extremely gratifving in a
few cases, but on the whole did not pro-
duce the rapid amelioration sn frequently
seen in true iodide and bromide acnes.
The mmmber of cases reacting favorably is
too small for us lo consider these results
as proof of the possibility that acne vud-
garis is a modificd fodide acne.

It must be remembered, however, that
acne may persist for a very long time,
even after the cessation of the action of the
eliciting agents. This is shown, for ex-
ample, by the persistence of the cases of
acne of external cause for long periods
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after cessation of contact with the eliciting
agent. (See Part 1)

The next series of expertments was per-
formed to determine whether or nnt acne
vulgaris paticnts possess a pilnsebaceous
hypersusceptibility to various hormones
other than thyvroxin, and to suhstances
other than iodides.* For thiz purpase, we
carried out patch tests in the usual manner,
employing the following hormones and
other substances on a series nf 37 acne
patients:

(1) Potassium iodide 5 per cent in aqua dest,
later replaced by KI 23 per cent in aqua dest.

(2) Potassium indide 5 per cent in lannlin,
later replaced by KI 23 per cent in lanolin.

(3) Lanolin,
(4) Thyroxin, 1:1.000, in aqua dest.
(5) Parathormone.

(6) Acne vaccine (Parke Davis Ci's com-
bined).

(7) Antuitrin S.

(8) Follutein.

(9) Amniotin.

(10) Theelin.

(11) Antuitrin,

(12} Pituitrin.

(13) Glucose 10 per cent in agua dest

(14) Syrup. simplex.

(15) Lugol's solutinn, 30 per crnt

(16) Chocolate in lanolin.

(17) Choenlate in talc.

All of these tests were ncgative, Tt
must again be stated that we do not con-
sider the negative results of these relatively
few experiments as conclusive.  Centinua-
tion and modification of method iz here
necessary. It is to be pointed out. in par-
ticular, that our list of hormones ic incom-
plete: for example, no experiments were
undertaken with progestin and intermedin.
Furthermore, the solutions emploved may
have been too dilute, or possibly even tono
concentrated. In these experiments we
were limited to the emploviment of the
commercially availahle concentrations, [t
would seem desirahle to repeat these ex-
periments, and cspecially with stronger
solutions.

It should also be remembered that the
action of hematogenously distributed hor-
mones may differ radically from that of
externally applied hormones. Such a

® Perhaps even more fully than thyroid harmone,
theelin _and the chemically related male sex krrmrre
would fulfill many of the requirements of oar hyprthesis,
¢.g., (@) present in both sexes; (h) increase at the end of
pregna (¢) warving amounts secreted at different

plusesn:rthc menstrual cycle: (d) ah-ent in castrates;
(¢) promote cornification (vagina),.
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rifterence in the action of hematogenously
distributed and externally applied sub-
stances is the rule in many forms of drug
cruptions, in which the external application
or the injectin into the skin frequently
proeduces no reaction, while the ingestion
even of small quantitics of the same drug
prodduces the dermatosis. This ditfference
n reaction to externally applied and to in-
gested 1odide has been demonstrated in the
reported experiments in acne vulgaris.
Such differences in reaction. though unex-
plamed. are irequentlv encountered. The
same difference of action of iodides may
often be seen in dcrmatitis herpetiformis.
In this disease the internal administration
oi iodides causes a high percentage of
exacerbations of the dermatosis, while the
patch test application clicits a decidedy
lower percentage of positive reactions.

Uninrtunately, and for obvious reasons,
no attempt could. as vet. be made to study
the possible effects of the internal adminis-
tration «i the hormones which were em-
pioved in patch-testing the acne patients.

In clusing. we should like to point out
that our hypothesiz speaks not against. but
rather in favor of the correctness of the
clinical observation that certain cases of
acne arc harmed or even produced by drugs
and feedds, such as, for instance. dides,
chacolate. cheese, milk. etc. (See. for.in-
stance. Cleveland White.” ) Perhaps sub-
stances other than hormones, for example,
other metabolites, may play a role. For, if
the follicular apparatus in an individual
tends to hecome  hypersensitive, such a
hypersensitivity may be directed nat to
hormenes, but to other substances: or, the
ex:isting hyperseasitivity may become poly-
valent and embrace in its scope other sub-
stances as well.  Nor, as we have said
ahove, d» we wish to exclude absolutely
the possibility that bacterial action enters
into the pathogenesis ni acne vulgaris: for
the follicle and gland. first stimulated hy
hormonal or other influences. may then he-
come more casily susceptible to bacterial
noxae,

Furthermore. the bencficial cffects of
the best availahle modern acne treatment,
namely. x-ray and desquamating pro-
cedures. obviously counteract the patho-
Ingic occurrences which we have outlined.
The x-rays, by reducing the activity of
the hyperstimulated gland and follicle
crifice; and the desquamating measures.
by removing the obstructive horny plug.
These measures are still: thase of choice,
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in acne therapy. Fortunately, excellent
results may be obtained through their em-
ployment in the majority of cases of acne
vulgaris. Where they fail. the sodium
chloride treatment will occasionally hring
success.  Prolan injections will help in a
certain number of acne patients.  And
ather methads will help in yet other cases.
However, a certain number still resist every
known form of treatment.

[t is to be hoped that a clearer under-
standing of the seemingly basic endocrino-
logic phenomena involved will lead. in the
near future, to a more causal and effective
therapy of acne vulgaris: and perhaps even
to new and adequate methods for combat-
ing the closely related sebarrhicas and
seborrheic alopecias.*
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20 WEsT 3911t STREET
DISCUSSION

Ds. Hermay Suarur:  While we find it
necessary to dissent from the validity of Dr.
Sulzberger and his collaborators’ procedures and
the soundness of their hypothesis, we are indehbted
to them for a fairly complete selection of the
clinical facts from which to discuss their hypoth-
esis pro and con. .

They point out that acne-like papules occur
(1) from the exposure to external irritants
(greases), (2) the ingestion of iodides and
hromides, and (3) the toxins of tuberculosis;
and while conceding that all these follicular

ACNECORM TR0 \VS—NULZBERGER ET L1, i

papules are not identical with those of acne vul-
garis, they all represent pathology about the
came anatomical structures. And without ex-
pressly saving o, they are accepting a sameness
about all these lesions in terms of the function
oi these structurcs: hence, their refcrence to pilo-
selaceous apparatus, a functioning unit, not an
anatomical cne, The pilosebacecus apparatus in
man is a ve-tieial organ harking back to the day
when we were completely covered with hair.
We have several million such units now feebly
functioning to cover u< with hair. Briefly, it is
a hair root and a hair channel fined by modified
skin and lubricated by an oil from a paren-
chymatous secreting organ emptying its sebum
into this channel. It functions in response to
stimulation like other organs and, like them, is
exposed to overstimulation, understimulation, and
malstimulation (irritation). But before consid-
ering the eflects of stimuli on the pilosebaceous
apparatus, we must thoroughly appreciate the
prime importance of anatomical fitness to func-
tion. The follicular canal must be smoothly lined
and the oil effectively lubricating. Grease rubbed
into the follicular openings may readily destroy
the anatomical fitness to function and under
stimuiation evidence this disability by the evolu-
tion of an inflammatory reaction, the papuile.
Ingested jodine is stored in the skin and excreted
in the hair: in excessive cquantities these are
tissue irritants causing inflammatory reactions
wherever they lodge. lodides and bromides can
produce not only follicutar papules but destruc-
tive lesions of large areas of skin. The circu-
lating toxins of tuberculosis do not limit their
irritating action to follicles necessarily ; other
and bigger lesions of skin have been attributed
to this species of irritation. All these circum-
stances are but evidences of anatomical change

due to local irritation, resulting in structural un--

fitness and emphasized and exaggerated in that
unfitness in the presence of normal stimulation to
the apparatus to function. None of this is evi-
dence of any special irritability of the pilo-
sebaceous apparatus for these substances, nor of
unusual affnity of these substances for this
apparatus.

It must be conceded that no known external
irritant or circulating foreign substance is re-
sponsible for acne vulgaris and that the condi-
tion so uniformly appears synchronously with
the maturity of sex function that it seems reason-
able to suppose that the organism elaborates at
about that time a substance or substances that
operate, on the one hand, to influence the sex
organs and, on the other, the pilosebaceous appa-
ratus (a secondary sex factor). And with the
throwing into the circulation of this pilosebaceous
“gpimulant” acne appears. To me this is reason-
able physiology and in keeping with clinical facts.
Dr. Sulzberger and his collaborators accept this
statement of the situation but in terms of their
hypothesis see in this elaborated stimulant a
basis for the acne, to them this substance or
substances probably elaborated by the glands of
internal secretion have a perverted influence upon
the pilosebaceous apparatus, to the extent that
these substances are irritants and may produce
acne after the fashion of iodides, tuberculosis
toxins, and grease. We know of no substan-
tiating evidence for this and cannot accept it.
To us the explanation is as simple as when
grease locally applied is the cause of acne,
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namely, that the anatomically unfit fallicular
units (reflect on the comedone and 1its relation-
ship to acne vulgaris). when put under the im-
petus to function. show their unfitne-< by a
follicular papular reacticon.

Our essavists undertonk to test clinically their
hyputhesis by the use of the patch test,  Of
slight moment is the fact that these tests were
all substantially negative. | am willing t» az.ume
that they were all positive, that they all pro-
duced {ollicular papules, and under these circum-
stances they would prove nothing with respect
to their hypothesis concerning the pathogenests
of acne vulgaris, to wit, that the body elaborated
stimuli to pilosebaccous apparatus circulating as
specific irritants to set in motion the cham of
events leading to the follicular papule. May 1
say in closing that the difference in the points
of view of our essayists and oursclves may apprar
in the following analegy: A moving autemobile
is losing oil from its crank case and finally the
motor breaks down. Qur essayists say that the
damage was done by the presence of gasoline in
the gas tank. because if there were nn gas in the
tank the car could not move, and if the car were
not moving the motor would not have hroken.
\We say, in our simple way. perhap:, that the
trouble resulted from the loss of the ol and
that using the gasoline to drive the car was one
wayv to show that the car was unfit for use.

Dr. Marion B. Svirzerrgrr: I helieve that
Dr. Sharlit and [ are in oractically complete
agrecment, except perhaps on one pomt. Lo
course, grant that the acne lesions appear in
follicles which are in some way alerrant or
altered at the moment at which the sthnulant
begins to act. However. it is a quustiun in my
mind as to whether this aberration i< as simple
as Dr. Sharlit imagines, and consists simply in

ACNEFORM ERI PTIONS—SULZBERGER ET AL.
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a nevotd abnormality in the excretory passaze.
There are many facts which speak against this
assumption Cfer it must be stll rezarded a: a
pure aszsumpti i, there heing ahsolutely o prod
of the preexicoeace of such an anatemic abaer-
mality in the follicles of acne patients: cli
aned histalagic e.idence both speak azaina t=

Furthermere, sivould there be a preexisting
predisposiny apatomic or functivnal ahn-rmal
the <timulu~ wizh produces the acne erupitn
i these tollicies would sull have to be conaad-
cred part of the pati:ogenetic process: just as
for instance, phenalphthalein ingestion and «is-
tribution must be considered as part of the
pathogenetic medchanism in the productien of a
phenoclphthalein dermatosis, which subsequently
appears in apparently normal, but ceriainiy in
<ome way predisposed area of the skin. To u-e
Br. Sharlit'= parahle «of the automabile. let us
assume that an automohtle is defective 1 some
wav, just as the iollicle may be defective 1n some
way. We have, in the case of the follicle. nn
way of discovering its defect and no way of
repairing it.  This may be the case in a delec-
tive automobhile as well.  The automohile i:
capable of functioning provided it is not o.er-
luaded or driven too quickly, just as the I llicle
is capable of iunctionmg and dues not becime
the seat of the pathologic process unless it and
the sebaceous gland hecome stimulated bheviad
the point of tolerance (:peed and overlnady.

The best way to keep the autamohile in the
story from breaking down is to prevent it being
overloaded or driven at an exceszive speed. Simi-
larly we are trying to ascertain what horm.ncs
ot syhstances bring ahout the overlhading of the
fullicle and the excessive schacerus secretivn and
thus perhaps learn to prevent or counteract this
factor.

PRACTICE

The problem of the prisun ductor in Sing Sing,
it appears. is to keep the well from pushing
their way into the hospital, for anywhere from
100 to 130 show up each morning for sick call,
out of an average of 2,0 convicts, lured by
the prospect of hetter food, more comfort. and
surcease from work. Dr. Charles C. Sweet
tells about it in Medical feonomics. Ns a matter
of fact, the doctor assures us, prison life is
good for the convict and thanks not only to
the medical care that they receive but to the
enforced regularity of their lives as regards
exercise, eating, and hours of sleep. mest
prisoners improve remarkably in health -wvithin
two or three months after coming to Sing Sing.
A picturesque figure is the hospital artist.
This man, a negro and a lifer, says Dr. Sweet,
is present at every operation. At a point where
the pathological feature of the case 1s  rmnst
clearly revealed, the operation is halted for a
few seconds while he makes a pencil sketch
and gets an accurate mental image of that ficld.
Afterwards, in his office the final touches are

IN A
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put ta the picture, and the corminleted pen dras
ing is fled with the patient's chart.  Tluese
picture records, in color, are nut only interceting
but extremely valuable as part of the surc:cal
records.

Whenever it 15 necessary to do o Lloeed rans-
fusion, donors are always chosen from am g
the prison population. The evening bLefire tie
transfusion is to he made, an announcement
goes out on the institution’s radiv that blr«l
donors are going to be needed. The men vt
this message in their cells, and the next morning
invariably a great number of volunteers -1
up at the hospital to have their blood typed
As many as three hundred men have appeared
at one time in response o such a request, despite
the fact that it is usually necesrary to test inur
or five before finding a suitable derior.  The one
sclected stays in the hospital that day and that
night, and gets as his only special reward a
chicken dinner, which he probably shares with
somebody in the ward. perhaps the man tv whom
he has just given part of his vwn blood.
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Dermatitis from Synchetic Resins {
and Waxes’

I3

4

LOUIS SCHWARTZ. MD.. FA.P.H.A.
Senior Surgeon, . S. Public Health Service, New York. N. Y.

ERMATITIS in the muanufacture
of natural resins and from their
use has heen reported by numerous ob-
servers,! hut dermatitis in the manu-
facture of synthetic resins and from
their use has not been frequently re-
ported 2 or studied.
The principal synthetic resins manu-
factured in the Unitéd States are:

1. Phenol-formaldehyde resins, cold  under
varivus trade names, such as Bakelite, Durite,
Durez, Resinox, Indur, etc.

2. Urca-formaldchvde resins, sold under
trade names such as Beetle, Plaskon, Unite

3. Coumaron resin, made f{rom coal tar
residue

4. Ester gums, which are natural resins,
swuch as Rosin, Dammar and Copal, in which
the acid of the resin has heen combined und
neutralized with glycerol

5. The glvptal resins, which arc a com-
bination of glycerol and an organic acid, such
as phthalic and malleic acids

6. The vinyl resins, which are vinyl csters,
cthers or halides combined with phenol,
formaldchyde and hexamethylenctetramine

1. Furfural resins, obtained {rom combining
furfural with phenol (furfural obtaincd from
corn cobs by treating with H,SO, and frac-
tional distillation) -

£. Chlorinated resins, obtained by chlo-
rinating various oiis and balsams

9. Chlorinated wasxes, obtained by chlo-
rinating  mineral oils, paraffin, naphthaicne,
di-phenyl, cte.

These resins are used for many

purposes:

* Kead ULefore the Endusteial llvgiens Nection of
the American  Public  llealth  Avowintion  al the
Sigty-lowrth  Annual  Meeting i Midwauber, Wie,
Ovtober A, 1914,

For nuaking plistivs, such as telep
ceivers, pipe stems, push buttons, ear P

vuar  holders, hottle caps, butloas, - B8

irtificial  teeth  plates,  arnaments, b
AT, 1B

Fur making  varnishes, flexible conliig

L t
toor tnishes,

For makinz cements, wali boards (N

Jishes, water containers, insuhlor!_.
compounds, and numerous other objects B8
fur clecteical insulanions on condcmﬂ'l‘
Wires.

The most important of the re
from a standpoint of volume -
skin hazards, are the phenol-formsgy
hyde, the urea-formaidehyde
coumaron resins.

PIHENOL-FORMALDEHYDE lrsqﬂ 3

These are made in two P
varieties: .

1. The cast resin, which is finished LB
Lictory

2. The molding resin, which is o8
molding companies and completed 18,
maokling process o

f
Phenol or cresol, formaldehyde 8

.

" ammonia are mixed in proper PfVey

tions in a kettle and heated a suliy
length of time and to the
temperature. They combine wig
deawn out of the kettle in the forig
a syrup.  This is run into panégy
allowed to cool, when it -
This is known as “ first stage F33g
or * alpha resin."” The pans &gy
heated, the resin re-melted and POg
into suitable moids. These ar® §
in large, mineral oil filled carriers

1586)
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placed into curing ovens, where the
are heated and go through the so-called
beta and gamma stages into the com.-
pleted cast resin.

After being taken out of the uven,
the resin is taken out of the molds and
oil, and washed with soap and water
and dried, and it is then ready to be
carved or lathed or bored into whatever
object is desired.

During the course of these opera-
tions, formaldehyde is given off and the
air of the room is strong with the odor
of it, unless adequate forced ventilation
is emploved. Workers in the rooms
who are sensitive to formaldehyde may
develop dermatitis of the face, neck,
and arms, as well as of the cuvered
parts where there is friction, such as
the belt line, the ankle at the shoe top,

.and the wrist at the cuff line

The oil used in the curing process
dissolves out of the resin some of the
phenol and formaldehyde and, if used
over and over again. it can contain
considerable quantities of these sylb.
stances.  One sample which wus
analvzed after it came out of the ovens
contained 2 per cent each of phenal
and formaldchyde,  The men handling
this il have their clothes splashed with
it and at times suffer not only from il
acne and dermatitis of the legs, thighs,
and other parts touched by the oil.
soaked clothing, but also from derma.
titis due to the irritating action of the
phenol and the formaldehvde contained
in the oil. The eruption in these caces
is usually a diffuse erythematous base
on which there are scattered the papules
and pustules of an oil folliculitis.

The girls washing the oil off the
resin, with soap and water, may also
develop dermatitis of the hands and
arms from the oil and also from the

-. strong soap solution with which their
: hands are constantly wet, In many

factories, the oil is treated with sodium
bydrate after each baking in arder 10
neutralize the phenol and formaldehy de

it may contain, but if this is not care-
fully done, dermatitis may result from
two much aikali.

The skin hazards to (he users of
these cast resins are Practically nil, be-
Cause when they are finished no phenol
or formaldehyde are given off from
them.

The molding resin is made up in
nNumerous qualities, containing different
proportions of phenol and formalde-
hyde and ammonia. It is carried to
the alpha stage or beta stage, and then
is ground, heated, and mixed with
ground wood, zinc stearate, soap, dyes,
and hexamethylenetetramine in 3 mix
mill.  From this mill it is discharged
un to conveyors, where it is air cooled,
While cooling, it forms lumps which
are ground in mills to proper sizes fit
for molding. The workers engaged in
mixing, grinding, and packing the mold-
ing resin are ail exposed to the dust of
the irritating chemicals it contains, as
well as to the formaldehvde which it
Lives off, the odor of which permeates
the rooms, Dermatitis is a frequent
accurrence in this occupation, especially
if the rooms are not properly ventilated
to draw off dust, and if the muachines
and jobs where there is dust are not
properly protected by suction hoods.

In a factory employing about 400
workers, where no great care was tuken
to allay and prevent dust, 27 cases of
dermatitis occurred in 8 months. Patch
tests performed on 10 cases with various
resins, hexa, 4 per cent solution of
formaldehyde, and 2 per cent solution
of phenol, showed that hypersensitivity
to  hexamethylenetetramine and 1o
formaldehyde was the cause of 80 per
cent of the occupational dermatitis in
this plant. Hypersensitivity to phenol
was also found, but in lesser degree than
to formaldehyde and hexa.

The actual cause of dermatitis from
cxpesure to hexa and formaldehvde is
the xame.  They bath finally decompose
in the presence of warmth and moisture
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intn formic acid, which is the real skin
irritant,

Dermatitis from the dust of tihe mold-
ing resins usually occurs at the points
of friction with the clothing-~the wrisg,
the belt line, the shoe tops atd the
collar line. Iy may, however, wccur
on the covered parts when the (v
penetrates  the clothing.  The .kiy
around  the evelids may also be .
fected. The eruption consists, ustraliv,
of scattered papules and vesicles o an
erythematous base.

It gets well if the worker SV away
from work, and returns again if he re.
sumes  work.  In  this factoey, (i
dermatitis wis more prevalent in (i
winter because the workers Jdid noy
take showers in cold weather fter
their shift, whereas in the summer they
WOre muore likely to d? SO,

UREA-FORNMALDEHVDE Resiny

These are made by mixing urea il
formaldehyde in a Kettle. No heat is
required, the reaction generating (s
own heat. .\ svrupy. liquid resuits,
This is mixed with bleached sulphite
pulp, under heat and pressure, and
dried in tray dryers. It is then mixwi
in a ball mill' with pigments, zinc
Stearate, and a smajl amount f
hexamclhylcncletrarnine, about % per
cent. It is then screened, and is ready
for shipment. Minyte amounts (frac-
tions of | per cent) of other ingredients
are added to diflerent brands,

The nmanufacture of (he urea-
formaldehyde resins on 2 commercial
scale is more recent than that of the
phenol-formaldchyde resins, hence the
two {actories studied had mare madern
machinery and safety appliances than
the phenol-formaldehyde  resin  fac.
tories. There were adequate ventila-
tion facilities and good [facilities fur
dust prevention. As a result, among
190 employees over a period of over
2 years, there had occurred only 4
cases of dermatitis. They were all due

AMERICAN JouRrNAL oF P'ubLic Hearty
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1o hypcrscnsi(ivity to  formaidehyde.
I'wo  chemists in (ke experimental
laboratory of these plants were hyper-
ensitive to fnrmaldeh_\'de and suffered
with dermatitis  when expased to it
One of them expused his forearm in
MY presence 1o the muuth of ap open
hottle of  furmalin and  lmost  im-
mediately an ervthema developed oa
the exposed skin.

I a molding plant in Ohjo enmploying

about 300 workers, where phenol-
Inrmuldeh_\'dc and urea-formaldehyde
resing are used, 26 cases of dermatitis
neeurred in the niest [0 months of 1934,
and inca malding plant in Pennsyl-
v half of the workers developed
dermatitis in the hot months of 1935.

The process of malding s practically
the same for all the resins, The powder
s placed in a il machine ~ and
pressed inta proper  shapes  for  the
molds.  The pills are then piaced into
the molds where they are subjected to
heat and pressure which shapes and
hardens  them. During the molding
pProcess gases are given off from the
molds and the odor of formaldehyde
Is strong in the room and irritates the
nose and throat and eyes of those
unaccustomed to it.

There is an excess of powder in the
molds which flows out during the mold-
ing  process and js only partially
“cured.”  This is called the “ flask.”

When the molds are opened the flash -

is cleaned off the molds and filed off
the molded object.

Patch tests with the resins with
which they worked were performed in
the winter on 2 active cases of derma-
titis, and 10 workers who had recovered
from dermatitis, pave only 2 positive
reactions, | to the phenol-formaldehy.de
and ! to the urea-formaldehyde resia.
The examination and history of the 10
cases who had derinatitis but were free
of it when the patch tests were made,
showed that 2 hagd dermatophytosis
and 1 probably had peyriasis roses. It
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is probable that a considerable number
of the 26 cases reported in 1934 were
not of industrial origin.

The same plant was visited in
August, 1935. Twelve cases oi derma-
titis had occurred since the first visit
9 months before. This time 9 workers
who had dermatitis during this period
were patched with suspected sunples
of urea-formaldehyde and phenol-
formaldehyde resins, as well as with
hexamethylenetetramine. Four showed
no reactions after 24 hours tu any of
the 7 patches applied. Iive shuwed
positive reactions to one or more of
the resins, and of these §, 3 showed
positive reactions to hexamethvlene-
tetramine.

Two of the 4 cases whu showed no
reaction had eruptions At the time the
patches were applied. One was a case
of dermatophytosis and the other an
eczema which dated back® to childhod.
The weather was cold (less than 70°)
during the period the patches were on,
and this may have a bearing on the
reactions, because, of the 20 ciuses re-
ported in 1934, 18 had occurred during
periods of hot weather in Mav, June,
July, and August.

There can Dbe little doubt that a
considerable percentage of the derma-
titis in this plant was of occupational
origin.

That hexamethylenetetramine is a
major causative factor, is shown by the
fact that most of the cases occurred in
workers handling the phenol-formalde-
hvde resin. which contains more of it
than does the urea-formaldehyde resin,

Hexa, which was extenzivel: used in
the rubber industry as an accelerator
and caused dermatitis, has now lwen
almust  entirely  displaced by other
accelerators, It is necessary in certain
phenoi-furmaldehyde molding resins in
order to furnish the necessary amount
of formaldehyde and ammaonia required
to go through the gamma stage---or o
completion.

DERMATITIS
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In the urea-formaldehyde resin, hexa
acts as a stabilizer to prevent the resin
from hardening before it is molded.

The ventilating and dust prevention
conditions in the molding plants were
poor. There were no suction hoods
over the molding machines. The suc-
tion hood over the * pill machine "' was
out of order. There was only window
ventilation in the workrooms, and
wash-ups or showers after work were
not compulsory. With proper dust
allaying facilities, such as forced venti-
lation, suction hoods, wet sweeping of
Hoors  aiter each shift, compulsory
showers, protective clothing and oint-
ments, the incidence of dermatitis in
this plant could be decreased.

Dermatitis may occur in users of
molded phenol-formaldehyde and urea-
formaldehyde resin wares if the hexa
is not all combined. Theoretically, it
is all combined in the completed resin,
but practically (as in some imperfectly
cured pieces or pieces in which there
was too much hexa in the molding
compound to be completely taken up),
there may be a sufficient amount re-
maining to cause dermatitis in hyper-
sensitive people. The same thing may
be true of the phenol, if not com.
pletely  combined.

Dermatitis has been reported as due
to contact with finished resin products,
such as dermatitis of the ear from
telephone receivers, and of the hands
from varnishes.

In order to show that a dermatitis
may have been caused by contact with
a resin, it must be established that:

1. The dermatitis followed
the resin

2. That portion of the skin which came
in contact with the resin was first affected

L A powdered portion of (be suspected
resin placed on the clear skin near the
cruption in the form of a patch test, gives
a pasitive reaction if left ond4=96 hours

contact with

To determine the actual chemical in
the resin which caused the dermatitis,

635060778
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the nature and chemical composition
of the resin must be determined, and
patch tests performed on the patient
with each of the chemicals composing
the resin in order to determine to which
of them the patient is hypersensitive.

The patches of the chemicals should
be in such dilutions as will not cause
reaction on the normal skin if allowed
to remain on for 24 hours.

A 2 per cent aqueous solution of
phenol can remain on the normal skin
in the form of & patch test, for 24 hours
without causing a reaction,

A 4 per cent solution of formalde-
hyde can remain on the normal skin, in
the form of a patch test, for 24 hours
without causing a reaction.

Powdered  hexamethylenetetramine
may remain on the nprmal skin, in the
form of a patch test, for 24 hours
without causing a reaction.

Powdered coumaron resin may re-
main on the normal skin, in the form
of a patch test, for 24 hours without
causing a reaction.

Coumaron resin is used in varnishes,
adhesives, rubber, paint, chewing gum,
lacquers, paper and fabric sizing, print-
ing inks, and waterproofing.

It is made from the crude coal tar
distillate, which comes off between
150° and 200° C.

This distillate is re-distilled to re-
move impurities such as benzol, toluol,
zylol, naphthalene and tar acids—and
a sharply fractionated naphtha is
obtained. The naphtha is dried in
lead-lined or stone-ware receptacles by
treatment with H,SO,, in the propor-
tion of 3 to S parts per 1,000. After
standing a while, the acid is drawn
off and fresh H.SO, is added slowly
and agitated until 3 to S per cent of
acid is added. The kettle-is-kept cold
during the reaction with brine-cooled
refrigeration, '

After the reaction takes place, the
mixture is allowed to stand until the
tar and sludge settle. They are then
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removed and the remaining oil is
pumped (0 a neutralizing tank and
treated with caustic soda 1o destroy

the remaining acid. The oil is then ’
to remove the-’

washed with water
soluble matter, and it is allowed again
10 settle and the water is removed.

The oil is now distilled and the
solvent naphtha is distilled off and the
naphthalene is removed by live steam.
After this, there remains a heavy oil
boiling at 320°-330° C., which is re-
moved from the resin.

COUMARON RESINS

There are no skin hazards, outside
of acid and alkali burns, in these opera-
tions, because they are totally gen-
closed.  No skin lesions were fdind
in a large plant and the medical
records for a number of vears showed
no cases of dermatitis.

Dermatitis has occurred from -cou-
maron resin in varnish which was used
on heddle frames in a cotton mill. The
skin on the forearms of the weavers
was struck continuously by the moving
heddle frames and some deveMped
dermatitis.  Patch tests showed that
they  were sensitive to chlorinated
ceresin  and coumaron resin
virnish.  The varnish grades of cou-
maron resin, especially the darker
resins, may contain sulphuric acids re-
sulting from the sulphuric acid treat-
ments, if they are not carefully pre-
iared, and it is these acids that cause
dermatitis.

SYNTHETIC WAXES
The principal synthetic waxes manu-
factured in this country are chioro
naphthalenes and the chloro diphenyls.
They are both used for practically the
same purposes—as  electric insulators
on condensers, as insulators on electric
wires, in paints, varnishes, and lacquers,
and as oil in transformers.

The chlorinated naphthalenes . are -

made by passing chlorine through

in the-
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g oil is naphthalene and replacing of (he
ank and bydrogen atoms with chiorine. One
destroy or more of the hydrogen atoms can
t is then be replaced, forming mano, di, tri, up
ove the to per chioro naphthalene, in whick 8
‘ed again of the hydrogen atoms are replaced with
oved. chlorine, the formula being C,,Cl,.
and the The more chlorine, the more solid is
{ and the the material.
ve steam. In making chlorinated diphenyls, i
heavy oj} is first necessary to manufacture
ich is re- diphenyl, C,;H,o.  This is manufac-

tured by passing benzol, CeH,, through
molten lead, at a temperature of about
800° F., where 2 molecules of benzol

iy outside combine to form | moiecule of dipheny],

3¢ opera- bydrogen being set free.

- ta.l!;Pe en- Dipbenyl is a solid, crystalline-like
re found substance. This is melted in clused
medical cylinders and chlorine s bubbied

$ showed through, replacing the hydrogen. One

or mare of the hydrogen atoms can be

n cou- replaced, forming mono chloro diphenyl,
used di chloro diphenyl. up to deca chigro

wt. The diphenvl, C,.Cl,,. Hydrochloric acid
weavers is a by-product of this reaction. The
¢ movin chioro diphenyls are liquid or semi.
developed solid, up 0 the hexa chioro diphenyi.
ved that Nonochloro dipbenyl, C,.HCI, sold
dlorinated under the trade name of Arachior, is

in  the used as an insulator for automabile
of cou- " electric wires and in condensers, and

darker also as a de-lusterer of ravaon,
acids re- . In the manufacture of (he chlorg
id treat. diphenyls, the workers are expused (o
ully pre- a benzol hazard when the diphenyt is
made, as well as to a hazard from the

at
cau,e inhalation of the fumes of dipheny,
The workers engaged in chlnrin:ning
the diphenyi, especially that part of
the operation where the crude Arachlor
is being re-distilled to remove impuri-

liphenylg, - .- ties, are affected with an acneike con.
cally thee | dition of the skin. This also wccurs
nsuht&";’ in workers exposed (o the fumes of the
n electric 1¥ chloro naphthalenes, or Halowax. The

fumes of these compounds cause acne
on the face and neck and  may
penetrate the clothes and cause acne-
like lesions to develop on the covered

DerMatiTIS 591

parts, the shoulders, and the belt-line,
and even on the penis. The lesions on
the skin resemble acne.  They begin
as small, pale, elevated Papules, many
having no openings in them. They de-
velop into  harg Cyst-like elevations
under the skin, some of which go
un o suppuration, forming boils. Some
of the lesions also oceyr at the mouth
of the follicles ang resemble the
Cumedones and pustules of acne vul-

In addition ¢o these skin lesions,
Symptoms of systemic poisoning have
occurred among workers inhaling these
fumes. Those working with the chior
diphenyls have complained of digestive
disturbances, buming of the eyes, im-
potence and hematuria, The latter
Symptom developed among a number
of men making amino diphenyl, which
is used in the manufacture of a rubber
antioxidant. Cases of death from yellow
atrophy of the liver have been re-
ported among workers exposed to the
fumes of the chioro naphthalenes.

Patch tests performed with Halowax
and with the chiore diphenyls have
vielded negative results. The skin
lesions probably result from the
mechanical plugging up of the follicles
of the skin with the waxes as the fumes
solidify on the skin.e The chlorine
present in the waxes may have an
irritating effect on the plugged follicles
and cause suppuration.

PREVENTION
1. The protection of the workers from the
irritating chemicals that compose the resins and
waxes from the resing and wazes themselves.

closd.  If this is oy possible. hoods with
suction exhaust should be g0 placed over
%R processes that dust and fumes are pulled
away {rom the worker and out of the room.
——— .

*1 have recently seem  the wife and
child of & worker whe had
comedones and pustules from contact with
his work clothes which were saturated with
halowax and which be was accustomed to
wear at home. L s

| 650007,
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2. The workrooms themselves shoyid be
ventilated by intake and exhaust fans tq
femove dust and fumes,

3. The floary, walls, and ceilings shouid be
washed down a frequent intervaly 1o keep
them free of dust.

4. Two lockers

be in sepa.
fite roams, with the shower baths between
the locker rooms. The worker coming to

At the end of his shift,
he pocs through (hjs door 10 the waork
clothes  locker room, takes off  his work
clothes leaves them on the fluor of
beneh 1o be waded and then goes ta (he
shower biths ang bathes and dries,  Then
he pgocs 10 the sreet clothes locker room,
Puts on his clothes ang Rues out of the door
leading to the street. It has been estimated
it onc plant wheee such 3 system was insti.
tuted that 6 cents 3 day per worker wijl take
Care of furnishing clean work clothes cach
day.

5. New  workers who are hypersensitive,
but have only milg eruptions, should be given
protective ointments and clothing and kept

4 connecting door.

63000781
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At work for aboyt 3 or 4 weeks with the
hepe that they will develop an immunity or
hecome * hardened. " If this does not occur,
they should be taken off the job.

Amination of workers 1 detect cases of
dermatitis  and  workers in  chiorinated
naphthalenes  and diphenyls should be
periodically  examined  for symptoms of
s¥slemic poisoning,

8. Laws should be Passed making it com-
pulsory for factories where there
hazards (o adopt these measures,
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A.LC.P. Guide for Public Health Nurses

AGUIDE Jor Public Health Nurses

published by the New York City
Association for Improving the Condi.
tion of the Poor, is a unique publica-
tion. A Systematic  description of
cardiac¢ Conditions, for the benefit of
public health nurses and 3 guide to the
care which they can give patients has
recently been prepared by the Bureau

of Educational Nursing and has been
subjected to the criticisin of outstand-
ing cardiologists.

Similar  guides covering  syphilis,
child  development, ang tuberculasis
have recently been revised and, although
intended for the nursing staff of the
ALCP,; they will readily be of in-

terest to a wider circle,
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LIVER LESIUNS CAUSED DY CHLORINATED NAPHTH.A-
LEXNE®

Bty
FREDERICK B. FLINXXN axp NORMAX E. JARVIK

(Received for publication Julr 21, 1937)

In this country nine cases of yellow atrophy of the liver have oc-
curred in shops in which chlorinated naphthalenes are being used 1o,
impregnate wire and other electrical equipment. The total number
of emploxvees esposed in the three plants was approximately 250.
The fact that three of these cases.have occurred. in each of three dif-
ferent plants. all widely separated and under different manazement
but using the same type of material. indicates the possibility of 2 com-
mon etiological factor. The averawe time of exposure varied from 4
10 6 months.

Yellow atropity of the liver is a rare diseaxe. Oxler 1 reparted
three cases among 28.000 patients exatmined. The records of 5.0
autopsies at the Presbyterian Hospital in New York, show three acute
cases and ffteen sub-acute cases. Up to 1013, Umber 2. in Ger-
many. had not seen a single caxe among 4 autopsies perrormed. In
1020. he reported two cases in 20U autopsies. and in 1921, eleven in
149 autopsies. Seyxfarth (37. also of Germany. had had ounly oue
case up to 1915: but between 1915 and 1921 he found twenty-uine
cases of vellow atrophy. The increase in the number in Germany.
appeared during the World War. at which time the use of chiorinated
naphthalenes aiso inereased.. The majority of the cases. however.
occurred in women during the middle or latter halt of presnancy.
and no record of exposure to chlorinated naphthalenes in these cases

has been reported.

e have been unable to find reports in the literature of any case
of vellow atrophy oceurring among the workers expused to chlorinated
naphthalenes either in this country or Europe. The hazard com-
monly recognized has been a cutaneous one. the lesion being in the

1 From the Institute of Public Health; Columbia Universiry. New York. N. Y.

We want to thank Dr. William C. Von Glahn for his assistance in studyving

the pathology of the animals autopsied.
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form of an acne comedon. Oue hundred and two cases of dermatitis
were found among 124 workers in Pennsyivania and a few mild cases
in another plant. These cutaneous lesions kave been reported by
Wauer (4). Koelsch (3) and Teleky (6 under the name of ‘‘Perna
Disease.’ which had resulted from exposure o a perchlornaphthalene.
Perna wax is, in general. a mixture of chlorination products of naph-
thalene. It is yellow to dark brown in color. soluble in fats, contains
14 to 45 per cent of chlorine and sublimes at 130° C. Teleky showed
that the cause of cutaneous injuries was definitelr due to the easily
volatile chlorine compounds contained in ‘‘Perna’ to the extent of

only 5 per cent. Lehmann (7) experimented with animals. and
found that this chemical produced lesions of the liver which resembied.
acute vellow atrophy.. Observers in France and Germany agree that
in spite of the claim of individual susceptibility. 30 per cent of the-
workers showed cutaneous lesions.

The failure to find reports of any cases of atrophy among indus-
trial workers exposed to chlorinated naphthalene may be explained
by the history of similar industrial diseases. The medical profes-—~
sion at the beginning did not recognize the connection of the patho-
logic condition with an industrial exposure. Frequentiy. correct
diagnoses are not made when the first cases make their appearance.
In this instance the first cases in each locality were diagnosed as ca-
tarrhal jaundice in spite of the faet that catarrbal jaundice is rarely
fatal. Post mortem examination which revealed the correct nature
of the disease was not made until the second or third case appeared.

In the factory to which we were called o determine the etiological
agent we found three types of chlorinated napathalenes in use. They
are sold under the name of halowaxes and. iz this paper. will be des-
icnated as compounds 4. B. and C. Compound C was introduced
into the factory at the beginning of the 6-mouth period during whieh
three cases occurred.

Compound 4 is a mixture of tri- and tetrachlornaphthalene.
Compound B is a mixture of tetra- and pentachlornaphthalene and
may contain some trichlornaphthalene. Compound C is a mixsture
of penta- and hexa-chlornaphthalene which is plasticized with a rela-

tively small percentage of asphalt.

4 boils between 600 and 630° F.: B boiis between 615 and 655°
F'.; C boils between 630 and 730° F.

We determined the chlnn-:e content and the melting point of each
of these materials. The sublimate given off by B at 192° C. and that
given off by C at 1727 C. were collected and analyzed.
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LIVER LESIONS CAUSED BY CHLORINATED NAPHTHALENE

Compound Chlorine percentage Melting point
B 479 89 - 90°C.
B v 48.8 117.5-122° C.
C e s 7.0 123 -132°C.
B sublimate . ............ 3533 37 - 389°C.
C sublimate ... ......... 33.1 117 -123°C.

Yhile the circumstantial evidence pointed to the chlorinated
naphnthalenes as the etiological agent. we included in our study other
materials that were being used in the plant during the period in which
the disease developed. These substances were found not to produce
the liver lesions. We therefore concentrated on the naphthalenes and
used them in amounts that would be certain to produce results if they
were at all toxie. In the preliminary part of the study we were not
interested in determining the muinimum toxic dosec.

The first symptoms noted by the affected-employee were a ‘run-.
down’’ condition and jaundice, As the jaundice inereased there ap-
peared an increase in ceneral malaise. anorexia. attacks of dizziness.
loss of weight and a tendency to vomit. Severe abdominal pains
across the upper quadrant were noticed. The blood picture was nor-
mal except for a low blood sugar which in several cases was around "0
d 6~ mgm. per 100 ce. ~——rr— ’9
‘ A typical gross-autopsy finding showed an extensive necrosis. ‘. ’S \fcl

fibrosis and regeneration of the liver acute enterocolitis with edema. v
fibrosis of the pancreas. acute pancreatitis. jaundice. ascites, edema
of lower extremities. and subpleural hemorrhages. N e
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EXPERIMENTAL

It has been our experience that the rabbit is the best laboratory
animal for the study of liver lesions. Rabbits weizhing approxi-
mately 2 kilos were used in the studv. We also included a few rats
and guinea pigs in these experiments. which brought the total num-
ber of animals used up to two hundred.

Dose. Fortunately for our investigation the State Division of
Occupational Hygiene of Massachusetts had made a test of the air in

. the plant we were investigating when the last case appeared. Their
findings are as follows: Rolling Department, 1 to 2 mgm. of wax per
cubie meter of air: Soldering Department, 1 to 2 mgm. of wax per
cubic meter of air; Impregnating Department, 11 to 20 mgm. of wax

per cubic meter of air.
Our observations in this plant and laboratory experiments made
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LIVER LESIONS CAUSED BY CHLORINATED NAPIITHALENE 25

cells remain ther often have compact. biue-staining areas in the cytoplasm. In
this section, as in rabbit no. 533, there are wide spaces bordered by liver cells
aud at times containing large plugs of bile. It can be clearly seen that these
spaces are distended bile canaliculi. Calcification is present in many of the
areas of necrosis, stroma as well as liver cells. Large foreign bodx giant cells
are found about the caleium. Some of the liver cells contain large droplets of
fat, but total amount of fat is not great. Many liver cells contain bile. Cir-
rhosis negative: no proliferation of bile ducts.

Iron stain: Heart: No pigment. Long: No pigment. Spleen: Small amount
of blue pigment. Liver: Pigment red. Kidner: Very small amount of fine, red-
staining pigment in epithelial cells of convoiuted tubules.

For the purpose of determining the effects of smaller amounts of
chlorinated naphthalenes we fed guinea pigs 5 mgm. per kilo of com-
pound B for from 2 to 5 months. The pigs showed no clinical symp-
toms before death. The autopsies presented very much the same
type of lesions as in the rabbits which had been receiving the large
dose byxr injection. The liver surfaces were pebbled. and yellow areas
beneath the capsule and deeper into the organ and areas of necrosis
involving entire lobules were common.

A group of rabbits was injected with 2 mgam. of compound B per
kilo of bodyx weight. After a period of time sores began to appear
in the skin. Histological section of these sores showed them to be
areas of multiple, small necroses. As they only occurred in the
chlornaphthalene animals we feel that this condition is due to the
esposure.

The rabbits were killed afrer ¥ months and autopsied. The pie-
ture of the liver showed the same type of necroses and yvellow areas.

Our findings indicate that this small exposure does affect the liver
of the rabbit although in these cases it will take a longer period of
time to produce the lesions obtained by shorter exposure to the larger
amount.

DisctssioN

From the facts presented one arrives at the conclusion that cer-»
tain of the commercial, chiorinated naphthalenes are toxic if they are

absorbed by the body. . This conclusion is warranted by the follow-
ing facts: (1) there was 100 per cent fatality among the animals re-
ceiving injections of compounds B and C aud sublimate C; (2) the
livers of the animal8 receiving the injections showed the early stages
of acute atrophy of the liver; (3) in spite of the rarity of this disease
there occurred three human cases of yellow atrophy of the liver in

each of three widely separated plants all using the same type of ma-\
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20 FREDERICK B. FLINN AND NORMAN JARVIK

Whether the toxic material is the chlorinated naphthalene itself.
or some impurity contained in the commercial produet. is the subject
of further studv. However. one may take into consideration the

—following facts. Several addition compounds of naphthalene are

known. They are probably the intermediare produect of naphthalene,
such as penta- and hexachlornaphthalene. One would expect the
chlorine addition products of naphthalene to be relatively unstable.s
As a matter of faet. the simplest one, naphthalene dichloride, slowly
evolves HCI at temperarures as low as 40° to 50° C.. giving the rela-
tively stable monochlornaphthalene. a true chlorine substitution prod-
uct. The higher chiorine addition products. and the compounds
containing both the substituted and added chlorine which may be
PTesent as impurities. are nore stable than naphthalene dichloride
but. under certain conditions, they will give up HCI to form true
chlorine substitution products.

This is only a working hypothesis. However. the observation can
be explained by assuming the presence of a trace of these relatively
unstable addition products. which may be absorbed by the skin and
there give off HC! bur which. upon suitable heating. would be partly
or completely destroved so that the vapors would be relatively less
toxic. This may be the explanation in the case of compound B. In
the case of compound € one must vonclude either that the toxie im-
purities, if any are present. are not destroved by stmple heating or
that this particular polychlornaphthalene is toxice per se. It is rec.
vgnized that batches of chemically pure naphthalene will chlorinate
in different ways at times,

SUMMARY

1. A 100 per ceur fatality occurred when rabbirs were injected
subcutaneously with chlorinated naphthalenes B and € and the fumes
of C. Guinea pigs fed by mouth gave the same result.

2. The liver lesions are those found in the early stages of vellow
atrophy of the liver. Xfter-a-tonger-exposure, small doses will cause
lesions similar to those produced by the larger doses.

3. The cases of vellow atrophy of the liver among the employvees
using these chlorinated naphthalenes are probably due to an exposure
to some chlorinated naphthalene.
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INDUSTRIAL HYGIENE
AND TOXICOLOGY

YortME 19 SEPTEMBER, 1937

NusMser 7

THE PROBLEM OF POSSIBLE SYSTEMIC EFFECTS FROM
CERTAIN CHLORINATED HYDROCARBONS*

Cecin K. DRNkER, MapELENE FIELD WARREN AND GRANVILLE A.
BexyETT

Deportment of Physiology, Harcard School of Public Health and Department of Pathology,
Harrard Medical School, Boston, Mass.

lenes and compounds of allied

pharmacological possibilities is
extremely wide, and with the steady
growth of the use of electricity is cer-
tain to expand much farther. For
years it has been known that many of
these compounds cause a troublesome
acne, and there is a large literature
upon this phase of the subject. Our
investigations have not been concerned
with chloracne but with the possibility
of systemic effects following ingestion
or inhalation of such products. In the
spring of 1936, the Halowax Corpora-
tion, a division of the Bakelite Cor-
poration, called our attention to three
fatal cases of jaundice in workmen
using chlorinated naphthalenes and
chlorinated dipheny!, and requested
that the subject be investizated as

* Received for publication June 30, 1937.

THE use of chlorinated naphtha-

rapidly and thoroughly as possible.t
In brief these cases were as follows:

Patient 1. Male, age 21. The previous
medical history of this man was in no way
significant except for the fact that he had
an attack of jaundice about 6 weeks prior to
his fatal illness. Late in December, 1936,
he became badly constipated and had much
abdominal pain and distention. When ad-
mitted to the hospital he was alightly jaun-
diced and was evidently very ill. He was
somewhat anemic and his skin, particularly
upon the arms, face, chest and back, showed
many pustules. He died after a brief period
in the hospital, and at sutopsy was found to

t The Halowax Company makes many
products besides chlorinated naphthalenes,
and it has come to our knowledge that all of
these products are indiscriminately called
“halowaxes” by purchasers and users, and
are lumped together as possible causers of
acne and even of systemic disease, Since
“halowax’ is merely a trade designation,
care should be taken to describe compounds
by their chemical names and thus avoid
condemnations which are both troublesome
and misieading.

283
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have a cirrhos:s of the liver with acute yel-
low atrophv cuperimposed upon it. This
man had heen exposed to low concentrations
of vapors arising from a mixture of tetra
and pentachlornaphthalenes, together with
approximately 10 per ceat of a refined chio-
rinased diphenyl. While both he and others
engaged in the same work had chloracne,
there were neo other disturbances of health
in feilon workmen. nor was there any pre-
cinitating cause for the acute yellow atro-
phy su~h as treatment with arsphenamine
or exprsure to dangerous concentrations of
carbon tetrachloride.

Patient 2. This was a young man who
died in February, 1936, after an acute illness
characterized by jaundice. He had been
exposed to fumes arising from a mixture of
penta and hexachlornaphthalenes. There
is no record of chloracne. The patient
worked with a large number of other peopie
of whm hut one (Patient 3), & close friend,
had significant illness.

Patient 8. Ancther voung man employed
with Patient 2. He became jaundiced in
March. 1936, and died after an illness of 2
weeks. A careful autopsy resulted in a
diegnosis of acute yellow atrophy of the
liver Heore again no history could be ob-
tained as to & precipitating cause, and there
was no record of preceding attacks of
jaundice.

In addition to these three very re-
cent fatalities, we have learned of four
other possible cases, none of them
fatal. All of these have had jaundice
and the entire group consists of iso-
lated individuals who have been picked
out of large groups having the same
exposure. In but one instance, Pa-
tient 1, is there record of antecedent
disturbance of health, and the general
health of fellow workers has been good.

Such cases have not been reported
in the medical literature and only occa-
sionally can one find reference to sys-
temic effects of any sort. For exam-
ple, Courtois-Suffit (1934) reports on
work done by Touraine and his asso-
ciates (1934) who examined 60 workers

who bad been exposed to trichlor-
naphthaiene. Of these 13 were found
to have mild digestive complaints,
anorexia, nausea and vertige, but
Courtois-Suffit remarks finally, “Ab-
sorption is certainly possible and we
have for proof of it some of the diges-
tive and general complaints which
have been due to it. But they appear
to be of little consequence considering
the mildness of the digestive troubles
and the absence of respiratory phe-
nomens.”

In Touraine's cases the exposure was
to a trichlornaphthalene, whereas the
American cases of acute yellow atrophy
were exposed to compounds of higher
chlorination. Our own experiments
indicate that trichlornaphthalenes re-
quire enormous dosage, far beyond
anything encountered in industry, in
order to produce liver damage. Tel-
eky (1927) reported a number of cases
of chloracne in persons exposed to
chlorinated naphthalenes with a chlo-
rine content ranging from 14 to 53 per
cent. He found that the lower the
chlorine content the less the acne.
Mittelstidt {1935) examined a number
of cases of chloracne due to trichlor-
naphthalene and reported a number of
vague general complaints but nothing
in the nature of serious disease. Re-
garding his animal experimentation,
Lehmann (1919) reported that ani-
mals fed chlorinated naphthalenes re-
fused to eat after a time and that,
whether poisoned by inhalation or by
feeding, at death showed “peculiar”
lesions in the liver. Flinn and Jarvik
(1936) gave subcutaneous injections of
enormous doses of chlorinated naph-
thalenes dissolved in paraffin oil t0
rabbits. The compounds used weré
as follows: '
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1. A mixture of tri and tetrachlor-

naphthalene.

2. A mixture of tetra and penta-

chlornaphthalene.

3. A mixture of penta and hexa-

chlornaphthalene.

In addition, sublimates from {2} and
(3) were collected in oil and injected
subctitanteously.

None of the animals reeeiving (1) or
the sublimate from (2) died, and even
after 2 months were quite normal when
autopsied.  The first death in the ani-
mals receiving (3) oecurred on the 12th
day and the last died on the 26th day.
Those receiving the sublimate irom (3)
were even more severely affected.
Autopsy in these animals revealed
striking changes in the liver, not, ax
described, entirely characteristic of
acute vellow atrophy but suffictently
suggestive to cause the authors to con-
clude that “‘certain chlorinated naph-
thalenes or impurities contained in
them are capable of producing vellow
atrophy of the liver in the rabbit.”

At the beginning of their paper,
Flinn and Jarvik (1936) mention the
fact that there have been three cases
of acute vellow atrophy of the liver
in men working with chlorinated naph-
thalenes but give no details in regard
tothem. These cases are undoubtedly
the same as thouse described in the
heginning of this paper.

Cne may summarize the meagre
literature upon systemic effects from
these substances a= follows:

1. With the exception of the men-
tion of acute yellow atrophy by Flinn
and Jarvik (1936) there are no reports
or even suggestions of serious effects
upon human beings.

2. There is evidence (Teleky, 1927)
thut the degree of chlorination is sig-

LFFLCTS OF CHLORINATED HYDROCARBONS 285

nificant in relation to the production
of aene. In the work of Flinn and
Jarvik (1936) th:- compounds produc-
ing serious liver injury were the most
highly chlorinated of those tested,
though the chiorine contents as given
by analysis vary surprisingly little.

3. There are no published figures
upon the amounts of various chlorin-
ated naphthalenes in the air which will
produce injury of any =ort, and while
the work of Lehmann (1919) and of
Flinn and Jarvik (1936) peint to the
liver a= a possible site of injury this
indication rests upon such extreme
dosage as to fail to apply directly to
human exposure.

EXPERIMENTAL WORK

In appraising the possible toxicity of
any substance met in industry it 1s
first necessury to determine the prin-
cipal route of absorption. In the case
of the compounds under consideration
there can be no doubt that inhalation
is their chief means of entering the
body. They are used hot in a great
variety of operations and volatilize in
varied degree. They are often applied
in solution in such volatile solvents as
carbon tetrachloride and toluene. The
amounts reaching the air under such
circumstances are hardly detectable.
It will however be shown that carbon
tetrachloride adds to the toxicity of
the chlorinated naphthalenes and allied
compounds, and if there is possibility
of inhaling these compounds in other
parts of the factory then inhalation of
carbon tetrachloride adds a decided
hazard. Under such circumstances
solvents such as toluene should be
used.

Observation in a number of plants
causes us to feel that even though

MAXUS1178126
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their initial loss in weight and wern
gaining. The liver lesions were similor
to those found in rats fed penta and
hexach]ornaphthalenes plus 10 per
cent chlorinated dipbenyl but not so
marked. -

Summary of gross Jeeding e~pori-
ments.—Of the various maierials fod
rats in large doses trichlornzphthalene
plus traces of tetrachlornaphthalene
Was quite innocuous. Teira and
pentachlornaphthalene showed definite
liver damage. Penta and hexacldor-
naphthalenes caused a stmilar grade
of injury. The addition of chlorinated
diphenyl to penta and hexachlornaph-
thalenes increased the toxicity, € hlo-
rinated diphenyl alone produced liver
lesions but in the dosage used was less
effective than when mixed with highly
chlorinated naphthalenes. In no case
did the compounds used produce acute
yellow atrophy but the lesions ob-
served indicate this might be possible
ii one found a dosage which coyld act
for the proper period of time,

Feeding Precise Dos. s by Stomach Tube

The compounds employed were gys-
pended in gum acacia, ]p figuring the
dosage the total amoun: a man of 50
kg. would inhale in an 8-hour day
assuming an air concentration of 20
INgm. per cu. m. was first calculated
and reduced to milligrams per kilo-
gram. The rats and rabbits received
this dose each day. The compounds
used were those employed in the gross
feeding experiments and the resuits
were essentially similar though the
lesions were less severe.

Subcutaneous I njections

The same gum acacia suspensions
were injected subcutaneously into rats

[Sept. pgs

and rabbits, the dosage being caley-
lated on the basis of 4 mgm. per oy, m.
of air. Again similar resultg were
obtained. In a] such experiments
there must of necessity be differences
in the degree of effect, but invariably
the liver was the sole organ affecteq
and the lesions were those already
described many times.

Discussrox

These experiments leave no doybt
as to the possibility of systemie effects
from the chlorinated naphthalenes and
chiorinated diphenyl. As in the case
of the effects upon the skin, the degree
of chlorination seems to determine the
systemic toxicity, and it is a striking
thing that when trichlornaphthalepe is
reached systemic effects are never
marked and are produced with the
greatest difficulty. It is most remark-
able, too, that ali the compounds
tested attack the liver and the liver
alone. During the past few months
we have determined the organically
combined chloride in the livers of ani-
mals very severely poisoned by penta
and hexaclﬂomaphthalenes but bave
found no increase over normal figures,
though the livers, as determined histo-
logically, were very severely affected.
At the present time we are conducting
inhalation experiments on a chlorin-
ated dipheny] containing 55 per cent
of chlorine instead of 64 per cent as
in the case of the experiments reported
in this paper and on & compound with
8 chlorine content between tri and
tetrachlomnaphthalene. We are also
determining the degree to which the
diet may increase or decrease toxicity,
this being suggested by similar work
upon carbon tetrachloride,

In the basis of these experiments
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MORPHOLOGICAL CHANGES IN THE LIVERS OF RATS
RESULTING FROM EXPOSURE TO CERTAIN
CHLORINATED EYDROCARBONS®

GravviLre A. BExyeTr, Cecr K. DRINEER, AND
MapeELEINE FIELD WARREN

Department of Pathology, Harvard Medical School, and the Depariment of Physiology,
Harvard School of Public Health, Boston, Massachuseils

HLORINATED hydrocarbons,
C particularly chlorinated naph-

thalenes and chlorinated di-
phenyl, have been used extensively
in certain industries. Their use in the
manufacture and preparation of many
types & electrical equipment is con-
stantly increasing. Although it is
known that some of these compounds
cause acne, only recently has the
possibility of more serious systemic
effects been recognized.

During the spring of 1936 we were
informed of the occurrence of three
fatal cases of jaundice in workmen
using chlorinated naphthalenes and
chlorinated diphenyl. At the request
of the manufacturers of these com-

-~ pounds, we undertook an investigation

193: Received for publication September 5,
.
This is the second of three gagers read
at a symposium on chloricated hydrocar-
bons given at the Harvard School of Public
Health, Boston, June 30, 1937. The third
paper will appear shortly.

to determine what systemic effects,
if any, would result from the adminis-
tration of a number of these com-
pounds to experimental animals. _

The known findings in the three
fatal cases of jaundice, together with
a review of the pertinent literature
have already been reported (1).

The present paper describes the
pathological changes observed in rats
that had been exposed to various
chlorinated naphthalene compounds
and to chlorinated diphenyl.

MATERIALS AND METHODS

A detailed description of the ap-
paratus and technic employed by the
authors in this investigation has been
published (I). White rats, main-
tained on a diet of Purina Dog Chow,
supplemented by lettuce, eggs, milk,
and cod liver o}l, were used throughout
the experiments. '
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The chlorinated bydrocarbons tested
were the following:

Compound A. A mixture of tri-

@ and tetrachlornaphthalenes.®
Chlorine content 4%.4 per cent.

Compound B. A mixture of
tetra- and pentachlornaphtha-
lenes. Chlorine content 56.4
per cent.

Compound C. A mixture of
tetra- and pentachlornaphtha-
lenes plus chlorinated diphenyl.
Chlorine content 43.5 per cent.}

Compound D. A mixture of
penta- and hexachlornaphtha-
lenes. Chlorine content 62.6
per cent.

Compound E. A mixture of
penta- and hexachlornaphtha-
lenes. Chlorine content 62.6
per centa

Compound F. A mixture of 90
per cent penta- and hexa-
chlornaphthalenes, plus 10 per
cent chlorinated diphenyl.
Chlorine content 63 per cent.

Compound G. Chlorinated di-
phenyl. Chlorine content 63.0
per cent.

These preparations were selected
because of their relative importance in
industry. It should be noted that
they also represent a wide range of
chlorination.

All of the above materials were
administered orally in varying doses.
Compounds A, D, F, and G were
selected for the inhalation experiments.

* This compound contained only small
amounts of tetrachlornaphthalenes. In
this paper it will therefore be referred to as
t.richri’ornaphthalenu.

t This compound consisted of a mixture
of compounds B and G but in addition con-
tained two plasticizers whick have been
considered to be inert. Without these
materials the chlorine content of thi= com-

und Bould be hetween that of compounds

and D.

jrol. 29 no. 2

Inhalation Erperiments

We were most interested in the
results of the inhalation experiments
because they more nearly simulate
the type of exposure to which the
workmen are subjected (1). Tbe in-
balation experiments were carried out
in air-tight wooden compartments
through which air, containing the
volatilized compound being tested,
was driven by electrical blowers.
With this apparatus we were able to
test simultaneously the effect of four
compounds. Eighty rats were ex-
posed to each compound. The meth-
ods for determining the daily air

. concentration (mgms. per cu. m.)

of the chlorinated hydrocarbon being
used, as well as the rate of airflow
have been described (1).

Compound A (trichlornaphthalenes)
was administered by inhalation to two
groups of animals. In the first of
these experiments, the rats were ex-
posed to low air concentrations (aver-
age 1.31 mgms. per cu. m.) 16 hours
daily for 134 days. In the second
experiment the concentration was
increased to an average of 10.97
mgms. per cu. m. This 16 hour daily
exposure was continued for 102 days.

Compound D (hexa- and pentachlor-

naphthalenes) was administere®iigge

three groups of rats. In,the first
experiment the exposure consisted of
16 hours daily for 134 days,.with an
average air concentration of 1.16
mgms. per cu. m. In a second experi-
ment the average air concentration
was 1.44 mgms. - per cu. m. This
was maintained 8 hours daily for 143
days. In the final experiment, the
average air concentration was in-
creased to 8.88 mgms. per cu. m. and
exposure, 16 hours dsily, was con-
tinued over a period of 52 days.

~
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Compound ¥ (hexa- and penta-
chlornaphthalenes 90 per cent plus
chlorinated dipheny!l 10 per cent) was
administered in low concentrations
to two groups of rats. In the first
experiment an average air concentra-
tion of 1.37 mgms. per cu. m. was
maintained 16 hours daily for 134
days. In the second experiment, an
average air concentration of 1.66
mgms. per cu. m. was inhaled 8
hours daily for 143 days.

Compound G (chlorinated diphenyl)
was administered to two groups of
animals in low concentrations. An
average concentration of 0.57 mgms.
per cu. m. was employed 16 hours
daily for 134 days in the first experi-
ment. In the second experiment (em-
ploying an average air concentration
of 0.93 mgms. per cu. m.) the animals
were exposed 8 hours daily for 143

days.

Feeding experiments

All compounds tested were employed
in the feeding experiments. A
weighed amount of finely ground
material was mixed with rat food.
This mixture was placed daily in one
food container to supply the rats in
s given cage. Thus each animal had
an equal opportunity to ingest the
compound supplied. As the number
of rats per cage was reduced, the
dosage supplied was proportionately
decreased. Most compounds were
supplied in large and small amounts.

Supplementary experiments were
conducted on a smaller number of
rats by feeding several of these com-
pounds in small known amounts by
stomach tube or by injecting them
subcutaneously as suspensions in gum
acacia.

CHLORINATED HYDROCARBONR gu

Carbon tetrachloridc and alcohol
administralion lo experi-
mental animals

Seemingly the incidence of acute
yellow atrophy in workers exposed to
chlorinated napbthalenes and chlo-
rinated diphenyl is very low. This
single fact is of some importance in
that it suggests that certain indi-
viduals may be more susceptible to
the compounds or that in these in-
stances the liver damage may have
been intensified by some other agent.
With this in mind, groups of animals
that had been exposed for varying
periods of time to certain chlorinated
naphthalene compounds and chlorin-
ated diphenyl were subsequently
given a sublethal dose* of carbon
tetrachloride and ethyl alcohol by
stomach tube (0.75 cc. of each per
kgm.). This dosage did not result
in a single death among the 16 control
animals and the degree of liver damage
produced was quite constant and never
very great. Administration of carbon
tetrachloride and alcobol to rats
exposed to the more highly chlorin-
ated napbthalene compounds and
chlorinated dipheny! caused extensive
liver damage and proved widely fatal.
Therefore, the use of carbon tetra-
chloride and alcohol has been employed
regularly on representative groups of
rats from each inhalation experiment.

Ezamination of tissues

Animals were sacrificed for patho-
logical examination after varying peri-
ods of exposure. Complete autopstes
were performed. Liver weights were
recorded. In -representative animals

® One cubic centimeter of carbon tetra-
chloride plus 1.0 cc. ethyl alcohol per kilo-
gram when administered orally to normal

'él):ibe rats causes & 14 per cent mortality

Jersey City Medical Centor -
MZDICAL LIBRARY
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from each "experiment, al] organs
excepting the central nervous system
were eXxamined microscopically. The
livers of ail animals were studied
microscopically. Tissues were fived
in Zenker’s fuid, 10 per cent formalde-
hyde solution, and absolute alcohol,
The routine Paraffin sections were
stained with eosin methylene blye.
Other stains em ployed were bematoxy-
lin and eosin, phosphotungstic acid
bematoxylin (Mallory), Foot's modi§-
cation of Bielschowsky’s stajn (reticu-
lum), Best’s carmine stain, and Iron
reaction with ferrocyanide of potas-
sium (Mallory). In addition, frozen
Sections from certain liver specimens
were stained with scarlet red, Lugol’s
solution, and methyl violet.

Restirs
Compound A. Trichlornaphthalenes

(a) Ezrposure by inkalation to loy
concentrations (average 1.31 mgms. per
cu. m.) I8 hours daily.—The S0 ratg

subjected to these conditions showed
no il effects. Autopsies were per-
formed on ZToups of 3 to 8 apimalg
after 37, 72, 105 and 134 dayy’
exposure. There were ng significant
abnormalities in ljver weights.*  Vae-
roscopically the majority of the livers
appeared normaj although an occa- -
sional one wag Paler than normgl,
Rarely slight mottling wag observed.

Microscopically, the liver cells often

appeared slightly enlarged, more gran-
ular thap normal, and ge ionally
they were vacuolated. These slight
abnormalities and the presence of a
rare mitotic figure Suggested that very
slight injury to the liver cells had
occurred. There wag 0o demon-
strable increase in the above changes
after the first €Xposure period (37
days). Occasiopa] livers of rats ex.
posed for the tota] period showed

Caleulations Pertaining to the weights

of livers in these and 3ubsequent animals
are besed on data in H. H. Donaldson’s

Fics. 1 anp 2. Camera lucida deawings
showing the portal areas of the livers of

within 48 days after éxposdure was berun,
One should note the marked accumulations
of hyaline globules in the cell cytoplasm,
and the markad swelling of liver cells, Ia-
creased numbers of mitotic figures were
also present,. Similar changes are 3 pareat
in figure 2 which Wa3 made from the liver
of & rat exposed 125 days: Degenerstion in
the centr, portions of the liver lobules is
als0 present,.

fed small doses of tetra- and pentachlor-.
paphthalenes. The changes shown in fig~
' ure 3 were present after 28 dayy’ exposure,
those in fgure 4 Mter 48 days’ exposure.
Note the mitotic fizures in figure 3. The
compound responsible {or the changes con-
tained no chlorinated dipbeayl. OQtherwise

it wag similar to the compound responsible
for the lesions ﬂ!u.str:.ted in figures | and 2.

medium sized vacyoles. This was more
Frominent ta the central portions of the
i o0 1Dcreased spacing he-
tween liver cells and between liver cells
and’ s:'nusoidl'd endothelium (g present,

recipitate, strands of fibrin and leucocytes
gsd developed betwesen liver cells. T ese
ipaces were bounded by distorted Mver
cells, Seq also plate (I, 6g. 1. »
Camera lucids drawings v 10e

.
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no definite microscopic change.  (Sce
fiw. 3, plate I1.; All ather OTEANS Were
nornial.* '

Further evidenes that the liver
tissue injury had  been very  slight
wax obtained from the carbon tetra-
chloride and alcohol test.  Of 10 rats
expused for 144 davs in the above
manner and then fed 0.75 cc. per
kgni. each of carbon tetrachloride
and ethyl aleohol by stomuch tube,
none died. At autopsy and on mi-
croscopic examination there was little
or no evidence of liver injury greater
than that produced hy the same dose

of carbon terrachloride and aleohol

in normal control rats.  (See plate IV,
figs. 1 and 2, and plate V, fig. 1.}

The livers of § animals exposed to
trichlornaphthalenex for 105 days and
autopsied after a 2 month recovery
period showed no definite pathological
change.  This is further evidence that
this compound is only slightly toxic.
These findings represent a marked

* In none of the experiments to follow
were significant changes found ine any
organ other than the liver.

contrust to the persistept hepatie
lesions resulting from exposure tg the
compounds of higher chlorination.

(bY Exposurc by irhalation 1o high
concentralion (10.97 mgms. per cu, m.)
$6 hours daily —In this experiment,
the concentration of trichlornaphtha-
lenes wis approximately eight times
that previously employed. Exposure
wax continued for 102 days. The 50
animals suhjected to this concentra-
tion appeared normal. Groups of 3
to I7 rats were sacrificed after eXPO-
sure pertods of 31, 48, 59, 72 and 102
day=. Most of the livers wero pale
yellow in ecolor and slightly mottled.
There wax, however, no significant
variation in liver weight. Micro-
scopic examination revealed swollen
liver cells with slightly  increased
granularity and vacuolization of the
eytoplasm.  Oceaxional degenerating
and regenerating cells were observed.
These changes, which were slightly
more marked in the central portion
of the liver lohules, were present after
the firt month of exposure. They

PLATE 11

Fiax. 1. 2. axp 3. Liver changes result-
ing from the administration of trichlor-
naphthalenes are illustrated in these camery
lueids drawings. In figures 1 and © are
shown the most marked changes vhserved
after prolonged (10 and 136 days respec-
tively) feeding in daily douses of 3 gm. per
10 rats. The changes shserved ronsisted of
slight to moderate swelling of liver cells,
increased granularity of the evtoplasm and
finally. after prolonged exposure, fatty
vacuolization of the majority of cells and
complete fatty degeneration of occusional
cells. Figure3isa drawing from a section
of the liver of a rat expused by inhalation to
low eonientrations of trichlornaphthalenes
for 106 davs. No striking or constant
changes were ohserved in rats so treate.
Occasional cells are slightly swollen and
show increased grunularity of the evto-
plasm. A rare mitotic figure was ohserved
in accasional sections. .

Frcs. 4, 5. axn 6. Microscopie changes

observed following the sdministration of a
mixture of pentu- and hexachlornaphtha-
lenes are illustrated in these three draw-
ings.  Figure 4 shows the changes ohserye
after feeding this preparation in 3
daily doses per 16 ruts. for a periggh 30
duys.  The liver eclls are markedly“swollen
and vacuolated. There is slso necrosis
and degeneration of seattered cells. Large
intercellular spuces are ohserved, (See
plate V1. fige. 1 and 2). Less marked buge
similar changes are ohserved in the livers
of ruts fed smaliler doses of this preparation
(see fiz. 3). (26 davs’ exposure.) Figure 6
illustrates the liver cell chamees that oc-
curred after inhalation of low tconcentra-
tions. of penta- and hexachlornaphthalenes
for 75 days.  Note the swelling of the liver
celis, the increased vacuolization and pres-
ence of large numbers of hyaline globules
within eells.  \iwotic figurez were fre-
quently observed.
Camera lucida drawings X 393,
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were =omewhat mereased with longer
exposure.  After 102 davs the lhver
cells were more markedly swollen and
contained large and small fat vacuoles.
Small hyvaline dropivt= o the eell
evtoplasm were oceasionally observed.
Mitotie figures, although never numer-
ous, were increased fin number.  No
structural change< had oceurred in
the liver lobules,

Carbon tetrachloride and ethyl al-
cchol were administered by stomach
tube to 9 rat< Kept under these condi-
tions. At autopsy their livers were
slightly 1o moderately enlarged. They
were vellow in color and the majoriry
of them were mottled, The miero-
scopic findings were variable.  In one
animal the ohserved necrosiz was no
greater than that seen after the
administration of a similar dose of
carbon terrachloride and aleohol to
normal coutrol rats. The livers of 4
ammals showed inecreased fatty de-
generation in the central portions of
the lobules with small necrotic foei.
In the 4 remaining animals extensive
central necrosis had occurred. In the

mo=t marked of these (fig, 2, plate V),
the eentral one-half or twe-thirds of
each liver lobule was necrotie and in
oceasional areas two or more adjacent
lohules had underzone degeneration.
Hemorrhage and extensive leucoeytie
infiltration  had oeccurred in these
necrotic  areas. The less damaged
liver cells at the periphery of the
lohules  showed large numbers of
mitotic figures, indicating aceelerated
regenerative activity.

(¢) Erposure by feeding.—XNine of
the 10 rats fed tnchiormaphthalenes in
doses of 3 gm. per day per 10 rars
were sacrificed ar varving periods of
time from @ to 136 days. The tenth
rat died of a respiratory infection after
182 days" exposure. There was no
significant abnormality in the weight=
of the livers of these aals. After
2 months" exposure, microscopic exam-
ination of the livers showed slight
swelling of liver cellx. This was
accompanied by increased vacuoliza-
tion of the eyvtoplasn: due to the
accumulation of abnormally large

PLATE 111

Fic=. 1.2  axv 3. Liver changes resulting
frony the administration. by feeding and
inhalation. of a mixture of penta- and
hexachlornuphthuienes (17) and chlor-
inated diphenyl (107) are illustrated in
these drawings. Figure 1 is a drawing
made from a xection stained with P.T A H.
In addition to other changes it demon-
strates the presence of large and smuall
intercellular spaces, interpreted ax dilated
bile capiliaries. These spaces contained
serous precipitate, fibrin. and oecasional
leucocvtes. Note the sharply  outlined
boundaries of the spaces and the manner
in which these spaces ramify between cells.
This rat was expnsed by the feeding of large
daily doses for 12 davs. Similar but Jess
marked changes resulted from the feeding
of small doses over a period of 28 davs
(see fie. 2). After 75 davs’' exposure by
inhalation to low concentrations of this
preparation, marked liver changes. con-
sisting of eellular swelling, vacuclization.

g?d hyvalinization were¢ apparent (§g.

Fics. 4. 3. axp 6. The mirrosenpic
changes resulting from exposure to chior-
inated diphenvl are illustrated in these
figures. Figure 4 was made from the liver
of a rat fed large daily doses ifor oply 6
davs. Marked swelling of cells and rapid
regenerative activity are apparent.  Figure
5 illustrates the chunges that were uni-
formily produced by the feeding of small
doses of this preparation. Note the ex-
tremely numerous hyaline inclusions in
liver cells. This rat was exposed for 20
days.  Very gimilar changes were produced
ba the administration of this compound by
inhualation methods (6g. 6). The rat from
which this drawing was mude had been
expused to low cuncentrations for a periud
of 17 days.

Fra. 1. Camera lucida drawing X 95,

Fias. 2 1o 6. Camera lucida druwings
* 393.
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Ieremsed pumivers,
indicating aceelerated Fegrnerative ae-

(See plate I1, figs. T and 200 There tivity.  The mieroseopic rhanges re-

were no architectural changes m the
liver.

Because the effects resulting from
large  doses o trichlornaphrhalenes
were slight, this eompound wus not
fed in small amount~.

Compuund B, Tetra- and penta-
chlornaphthalenes

Erposure by feeding.—This prvparu-‘
tion was employed only in feeding
experiments.  The daily food ration
for 10 rats contained 0.5 gm. of thix
compound. Al animals fell ill and
either died or were sucrificed hy the
sixty-third day.

The livers were pale vellow in color,
friable, and occasionally showed mot-
tling. There were no significant varia-
tions in weight=. On microscopic
examination the same changes were
ohserved in all ratx. These consisted
of moderate ro marked swelling and
rounding of the liver cells. The
sinusoids were markedly narrowed.
The majority of the liver cells con-
tained large numbers of smali fat
vacuoles. This finding wa~s most
marked and first observed in the

central portions of the lohules. In
the least altered cellx there wax promi-
nent mussing of hasophilic granules
near the nuclei. Occusional necrotic
cells were observed. Mlitotic figures

sulting from the feeding of tetra- and
pentachlornaphthalenes are illustrated
in plate 1, figures 3 and 4. They are
those of diffuse fatry infiltration and
fatty degeneration.

Compound C.  Tetra- and Pentachlor-
naphthalenes plus Chlorinated
Diphenyl

Erposure by Jeeding. —Feeding (3
em. dosex daily per 10 rar<) was
continued with but one 4 day inter-
ruption for 130 days. Ten rats were
so treated.  Seven rats were <actificed
ar varying periods of 47 to 124 days.
Three rats died after exposyre penods
of 122 to 130 day=. In all animalx the
livers were enlarged (33 to 90 per cent).
The average weight increase wax 71
per cent. They were also {riable, pale
vellow in color, and somewhat mortled.
On microscopic examination, constant
changes were ohserved. Practically
every liver cell was swollen and
rounded. Their eytoplasm contained
large  numbers of hyaline bodiex.
These were circular or ovai in =hape
and varied in size from about hali the
size of a red blood corpuscle to twice
the size of the nucleus of a liver cell.
(See fig=. 1 and 2, plate I.)  In nuner-
ous instances, many small -hvaline
bodies had fused, forming large circular

mas=es ax large or larger than a normal

PLATE IV

FiG. 1. Photomicrograph X 45 illustrat-
ing the extent of the liver damage produced
in 48 hours by 0.75 cc. per kgm. each of
carbon tetrachloride and ethvl alcohol
when administered by stomach tube to o
normal control rat. The degenerative
changes were limited to the central portion
of the lobules.

Fic. 2. Photomicrograph > 220 of 1

section of liver tissue from a rat expused hy
inhalation methods to trichlornaphthalenes
in low concentration for 150 davs. Follow-
ing this exposure 0.75 ce. per kgm. each of
earhon tetrachloride and ethy! saleshol was
administered by  stomuach tuhe. The
animal survived and was saerificed 17 davs
luter. No significant liver changes are
demuonstrable.
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liver e, These Do stained b
hantly  with COSHL (v, They  were
often Liminated and occasionally eon-
tuimed  spall eear far vacuoles jp
their centryl portions.  Mitatj, fgures
0 liver colls wepe sufficiently numeroy-
to indicate gy rereased  raqe of re-
generation (fig, |, plate 1), In the
livers of 2 rats exposed for 124 an 125
days resphetively,  there were,  in
addition to the ahove chunges, large
areas of complete Jiver eell degeners-
tion (fig. 2, plite D7 For the most
part thisx was limited to the central
hall or third of th liver Johules.,
O('('zwiunall_\', however, there Was eop-
plete degenerarion of all liver ¢olls
exeept for a narrow zone of cells around
the portal aregs. Ip suel livers there
wax a heavy polymorphonuclear and
mononuclear inflammarory cejl infil-
ration in the necrorjc areas where
liver cells were being removed.

The most cons=picuous featyre J% the
microscopic changes in the livers of
these rats wa< the presence of Jarge
numbers of cifoylar hyaline droplets
in the eytoplasm of the liver cellx,
This marerial gjg not stain in a manner
characteristic of amyloid  and s
SLAININE properties were not like those
of the hyvaline observed jp alwholie
cirrhosi<,  1Ip frozen =ertions stained
with Scharlach R, the staining rege-

—

Fic. 1. A plwtumi(-rugruph X120 shoy-
ing small aregs of Neerosis i cengral aré‘s
of the liver lobules. Thije rat hud heey
expased hy inhulation to jow coneentrations
of t,rir-hJornaphthulvnea for 134 days follow.
ing which carbon tetrachloride ang ethy!}
aleohol wepe administered hy stomach tyle
In doses of .73 ¢c. each per kgm. The rat
Was sacrificed 3 dayvs later. The extent of
Recrosis is similar t that resulting fron,
varbon tetrurhioride and aleahal alone,

F1o. 2. In this phﬁtumk-ruwaph x 43
are shown the Most marked ljver changes

INDUSTRIAL By GreNg

PLATE v

AND TU.\I(")I.(JHY NET I

Ven of these baogje Was ineconstant
The larger vactolated Lyylin,. bodies
contained smyl] droplets of [y whije
the Majority of the snuller dropler
did not stain red. Althougl, <imilar
hyuline droplets  wep obxerved
livers of rars expeed to varions chlori-
nated naphthalenes, thij. type  of
degeneration vecurred e, vurlier
and ta a mgel, more marked degree
in those rars that were exposed  to
preparations containing chlorinated
diphenyl (figs j and 2, plate 1) or ¢4,
chloringted dipheny! ajone (fe-~. 4, 5,
and 6, plare 11T

Compoind [ Penta- gni hezachiog-
naphthalirnes -

(a} Erpusure by inhalation ¢, low
concentrativne {areragr 1 i mgms, per
Cioom) 16 Royrs darly — uighty rats
living under these conditions appeared
hormal throughout the EXDOSUTe perio]
(134 days). Repre<entative animals
were sacrificed in EToups of 3 to Y5
animals after Varying exposure periods
ax dexcribed in the experiments en-
ploying trichloraphthalenes. There
Were no significant alterations in liver
weights.
ity of the livers were light vellow iy
color and sightly  mortjedrs
the initial expysyre period off
there was evidence of slight

that were vhserved following the adminjs.
tration of cyrhon tetrarhloride and aleahol
(0.73 ce. of egeh perkem.) to rats which had
been exposed hy inhaiation methods ta high
foncentrutions” of trich[ornaphthulencs.
This rat hag been ¢ e trichlor-
Raphthalenes for | menth. Very extensive
Reerosis was present in the central areqs
each liver lohyle. P occasional areyg ¢
major portion of Several adjacent [nhyles
Yere necrotic. This rat weg. sutnpsied 48
hours after the admjnis:%wn of carbon
tetrachinride, -

I\Iacro.-:(-upimll_v the major-

o
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liver cell which appeared swollen and
more  grapular  than normal. The
evtoplusm of  oceasional cells con-
tained small acidopbilic hyaline drop-
jet= and there was a moderate excess
of fat in the form of tiny vacuoles
(A, 6, plate I, Al microseopic
abnormalities inereased slightly during
the second period (37 to 72 days! but
no significant advanee was deteeted
hetween the 72nd and 134th day of
exposure.

The livers of rats expused for 103
day= and then removed from exposure
for a period of 2 months still showed
cellular changes similar to those ob-
servedd at the beginning of the recov-
ery period. In a few of the specimens
they appeared slightly less marked,
indicating that some repair had taken
place. In no instance wa= there
evidence of increased damage.

Carbon tetrachloride and ethyl alco-
hol administered to rats exposed in
the above manner for 144 dayx proved
highly fatal, 9 out of 10 rats dying
within the first 6 day=—6 within 72
hours. At autopsy the livers of thesc
rat= were yellow and mottled and
they were inereased in weight (16 to
44 per cent). Microscopic examina-
tion showed widespread central neero-
six similar to that observed in early
acute vellow atrophy of man (see

o

fiz- 1 und 2. plate VI The eentral
one-hinli or two-thirds of each liver
lobuie  showed  complete liver eddl
neerosis  and  degeneration. Diffuse
extrava=ation  of ervthroextes had
ocenrred and nunterous polymorpho-
nuclear and mononuclear lencoeytes
had invaded the neerotic areax. In
the narrow periportal zonex where the
liver cells were les< markedly damaged,
there were large numbers of mitotic
figure= (Ag. 2. plate VII).

(h) Expesurc by inhalation W low
conrentrations (arerage 1.45 mgms. per
cuw. m) 8 hours daily.— Animals were
subjected to these conditions for 143
days. Groups of animals sacrificed
after 42, 77, 98, 119, and 143 duys’
exposure showed liver changes that
were essentially like those seen in
rat< exposed 16 hours daily. The
carbon tetrachloride and alcohol test
was uniformly fatal and produced
liver change~ that were identical to
those already described and illustrated
(Bg~. 1 and 2, plate VII}.

{¢) Erposure by inhalation to high
concenirativns {average 8.88 mgms. per
enw. m) 16 hours daily—Penta- and
hexachlormaphthalenes when adminis-
tered in thix concentration proved
highly toxie. FEighty animals were

PLATE VI

Fic. 1. Photomicrogruph X 220 of the
liver of a rat expused to penta- and hexa-
chlornaphthulenes by the feeding of large
duily doses for 16 davs.  The liver vells are
swollen and markedly vacuolated. There
is distortion of the liver cell columns. In
frozen section preparations stained with
Scharlach R. there was evidence of marked
fatty degeneration. In addition to these
changes. numercus oval. round and irregu-
lar intercellular spuces are present through-
out the liver lobulex. Such spaces contain
a granular serous precipitate. strands of

fibrin and oecasionul leueocytes. These
spaces. insofur as ecould he determined,
were due to ditatation of the bile capillaries
and canalicuil.

Fic. 2. Thi= photomicrograph X 215
when compured with the above figure dem-
onstrates the similarity of the liver changes
prudured by the same compound admin-
istered in a different manner. In this
instance the rat inhaled high concentrations
of penta- and hexachlornaphthalenes for 38
days.

MAXUS1178136




P P wpln ¢ 4 ) At

<+ emnonia- s e Y PN T e Pt IOt soptre-Peryirs S5rm- BabA s s a0 ot mabe < s 1y

TRV Pt g 11 ey e b e A P S

§ R Al v e a b

vees vy
R A

R IO S

TR g v ‘F—-mmm;-_;;-*.mm,_ﬂ_

Prge

12

u~cd, all of which Josr werght  and
appetite. Four died by the end of the
first month, 35 within 32 day~.  Maost
of these were markedly  jaundiced.
The remainder were sacrificed  for
pathologics]l  examination  or  sue-
cumbed to the effects of  earbon
tetrachloride and aleohol. Omly R
animalz survived the 32 day exposure.
The majority of livers were moder-
ately or markedly enlarged. They
were all yellow and in addition the ma-
jority were markedly mottled. Ocea-
sionally they were granular and their
cut surfaces showed minute spaces
which became more prominent after
fixation. After an § day exposure,
the liver cells were markedly swollen
and moderate fatty degeneration was
present. This was mest marked in
the central areax although all portions
of the liver lohules were affected.
The extent of liver injurv rapidly
increased =0 that after 30 days’ expo-
sure, marked structural a~ well ax
cellular changes were apparent. The
microscopic appearances were identi-
cal to those to be deseribed in rats
fed large doses of penta- and hexa-
chlornaphthalenes (fig=. 1 and 2, plate
VI and in rat: fed similar doses of 90
per cent penta- and hexachlornaphtha-
lenes plus 10 per cent chlorinated
dipheny! (see fig. 1, plate III and
Bg~. I and 2. plare VIIT

JOUENAL OF INDUSTRIAL HYGIENT

AND TOX ool red 2w 3

Rat~ removed from exposure he-
tween the third and fifth week con-
tinued to div, the ongest <urvival time
being 35 davs.  Microscapie examina-
tion of the livers of these animals
reviealed no evidence of recovery,

Administration of earbon  tetru-
chloride and aleobol again  proved
fatal to animalz exposed in the above
manner.  The livers of such animals
showed the  charaeteristic massive
necrosi= previously deseribed and iflus-
trated.

(d} Erposurc by feeding.—When fed
in doses of 3 gm. daily to a group of 10
rat=, penta- and hexachlornaphtha-
lenes produced marked cellular and
struetural changes in the liver in a
short period of time. All rat lost
weight and appeared ill from the
beginning.  The longest survival time
wax 33 day=. Although the liver
edges were biunt and rounded, there
were no  significant  weight  varia-
tions. The livers were friable, yellow
and mottled. MMicroscopically they
showed marked swelling and varuoliza-
tion of the cells. There wax alxo
complete  degeneration of seattered
vells.  Qecaxional mitotic figurex were
observed (see fig. 4, plate II).  Suit-
able stuins revealed very marked fatty
degeneration.  Qccasional eells con-
tained oval shaped or circular acid-

PLATE VI

Fic. 1. A low power photomicrograpl
X 45 illustrating the marked degree of
degeneration of liver tissue resulting from
the administration of a small dose of carbon
tetrachioride and cthy] aleohol (0.73 ce. of
each per kgm.) to an animal that had been
exposed previously by inhalation methods
to Jow concentrations of penta- and hexu-
chlornaphthalenes for 134 days. This
animal died within 24 hours after the adniin-
istration of carhon tetracnioride.

Similar degrees of necresis resulted from
the administration of carbon tetrachloride
and alcohol to rats which had been exposed
te 4 mixture of 90¢; penta- and hexachlor-
naphthalenes and 10¢% chlarinated diphenyl
or to refined chlorinated diphenyl.

Fic. 2. A higher power photomicrograph
X 225 of the liver illustrated in the ahove
figure. ’

MAXUS1178137
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ophilic hvaline inclusions,  In addition
to the=e cytological changes there were
numerous varving sized intercellular
spaces throughout the livers (see
figs. 1 and 2, plate VI and g 1,
plate III). These spaces were usually
circular or oval in shape, although
many of them ranified between cells
in the liver columns or between liver
cells and the sinusoidal endothelium
in such a way as to suggest that they
represented greatly dilated bile eapil-
laries or canaliculi (fig. 1, plate I1D).
They contained serous precipitate, a
few strands of fibrin, and occasionally
a few leucoevtes. Rarely one ob-
«erved one or two degenerating liver
cells within these spaces. 1n somie of
the more markedly damaged livers,
red blood corpuscles were also present.
The above microscopic changes ap-
peared identical to those observed in
the livers of rats subjected to high
concentrations of this compound by
inhalation methods (figs. 1 and 2,
plate VI). They were also similar to
the changes that resulted from the
feeding of another penta- and hexa-
chlornaphthalene compound (figs. 5
and 6, plate I} and from the feeding
of a mixture of penta- and hexachlor-
naphthalene (90 per cent) and chlori-
nated diphenyl (10 per cent).

W hen this preparation of penta- and
hexachlornaphthalenes was fed in
smaller amounts (0.5 gm. every second

Irad 20, ma. 2

dav to a group of 4 rats) the above
deseribed liver changes oceurred less
rapidly and to a lesser degree (se¢
fig. 5, plate II.

Compound E. Penta- and Hezachlor-
naphthalenes

Erposure by feeding.—Feeding in
dosex of 1 gm. daily for 10 rat= was
continued with but one 4 day inter-
ruption. All 10 rats had died or had
been sacrificed by the fifty-fifth day
These livers were friable and yellowish,
and exhibited moderate to marked
mottling. One animal was jaundiced.
Of the 5 animals that were sacrificed,
three showed enlarzement of the
liver (30 to 40 per cent); the remaining
livers were normal in size. On micro-
scopi¢ examination the livers of rat=
exposed for 2 weeks showed marked
cellular changes that appeared to be
degenerative in nature. Although the
liver cell injury was somewhat greater
in the central portions of the liver
lobules, no portion of the liver was
spared. The liver cells showed vary-
ing degrees of swelling, increased
granularity and vacuolization of the
evtoplasm. Early injury was indi-
cated by a massing of basophilic
granules and small rod-shaped struc-
tures near the cell nuclei. The pe-
ripheral portions of such cells were
acidophilic and vacuolated. Small
irregular spaces were present between

PLATE VI1II

Fic. 1. A photomicrograph X 95 of the
liver of a rat fed a mixture of 90%¢ penta-
and hexachlornaphthalenes and 10% ¢hlo i-
nated diphenyl. in 3 gm. doses per 10 rats for
12dave. Thisratsurvived for 23 days after
feeding was stopped. A comparison of the
liver of this rat with those of rats sucrificed
earlier indicated that the liver chazges had
progressed considerably after adminiztra-
tion of the compound had been términated.

One should note the marked change in the
liver architecture. The spaces like those
previously illustrated Tfigs. 1 and 2. piate
VI) are very large and the remaining liver
tissue is compressed. The liver cells show

\ marked fatty degeneration.

»  Fia. 2. A higher power photomicrograph
% 235 from another area in the liver illus-
trated in the above figure,

]
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50 per cent). Such livers were yellow
and mottled. Again there was exten-
sive and widespread liver necrosis on
microscopic examination (see figs. 1
and 2, plate VII).

(b) Ezposure by feeding.—When fed
in large doses (3 gm. daily for 10 rats)
this compound proved to be very
toxic. All animals appeared ill and
feeding of the compound was stopped
after 12 days. Despite this the rats
continued to die, the last dying on the
35th day. Subsequent microscopic
examination revealed that the liver
changes had dontinued to progress
after feeding was stopped. Macro-
scopically, the majority of the livers
were enlarged, the largest showing an
increase in weight of 118 per cent;
the average increase was approxi-
mately 40 per cent. All livers were
yellow, friable, and many of them were
markedly mottled. Subsequent micro-
scopic examination indicated that
much of the mottling was due to
hemorrhage into spaces within the
liver tissue. In addition, the external
and cut surfaces of the livers appeared
slightly pitted or granular. The micro-
scopic changes observed in the livers
of the animals autopsied after 10 to
14 days’ exposure consisted of moder-
ate to marked swelling of liver cells
accompanied by marked fatty vacu-
olization.  Qccasional liver cells
showed additional signs of injury such
as nuclear degeneration and poly-
morphonuclear leucocytic invasion.
Scattered circular or oval shaped inter-
cellular spaces (fig. 1, plate III) like
those previously described in experi-
ments where penta- and hexachlor-
paphthalenes were employed (figs. 1
and 2, plate VI} were observed. In

the less markedly damaged livers,
such spaces contained serous precipi-
tate, strands of fibrin, and amall
numbers of leucocytes. In rats sur-
viving 18 to 35 days, these spaces were
much larger and often had attained
the size of a normal liver lobule (see
figs. 1 and 2, plate VIII). In these
more severely damaged specimens,
extensive hemorrhage had occurred
(fig. 2, plate VIII). In sections
stained with P.T.AH. these spaces
were seen to be bounded by flattened
liver cells which showed sharp cell
borders. Liver cells between such
spaces were distorted, swollen, and
showed marked fatty degeneration.
In many of these livers there was a
slight increase in connective tissue
between the remaining cords of liver
cells and around recognizable portal
areas. Proliferative changes were
occasionally observed in the bile ducts.
This was indicated by increased num-
bers of ducts in certain areas and by
mitotic figures in the bile duct epi-
thelial cells. No recognizable dilata-
tion of medium sized or large bile
ducts was present. In many sections
the architecture of the liver was so
completely altered that it was difficult
to recognize the portal areas. In all
sections there was evidence of fatty
and byaline degeneration of the re-
maining liver cells. Slight polymor-
phonuclear leucocytic infiltration was
present. This was somewhat more
marked in the periportal areas.
Feeding of this mixture of penta-
and hexachlommaphthalenes and chlo-
rinated dipb'nyl in smaller doses (0.5
gm. every second day for 4 rats)
resulted in liver damage that devel-
oped less rapidly. The rats were
sacrificed after exposure periods of

MAXUS1178139
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21, 34, 58, and 81 days. Their livers
were yellow, increased in size and
showed slight mottling. Microscopi-
cally, the chief abnormality observed
was marked fatty vacuolization of liver
cells. No intercellular spaces like
those described above were present.

Compound G. Chlorinaled Diphenyl

(a) Ezposure by inhalation.—Expo-
gure by inhalation methods to low
concentrations of chlorinated diphenyl
was carried out on two groups of
animals, each comprised of 80 rats,
in a manner identical to that de-
scribed in the foregoing sections. In
the first group a 16 hour daily expo-
sure, with an average concentration of
0.57 mgms. per cu. m., Was employed.
The second group of animals was
exposed 8 hours daily to an average
concentration of 0.93 mgms. per cu. M.
Neither group of rats appeared il
Representative animals were sacrificed
in groups of 3 to 21 rats, after varying
periods of exposure. In the first
experiment, the animals were sacri-
ficed after 37, 72, 105, and 134 days of
exposure, in the second experiment
after 42, 77, 98, 119, and 143 days.
The livers were pale or slightly yellow
and somewhat mottled. There were
no constant variations in the weights
of the livers. The microscopic find-
ings in the two groups indicated that
the different exposures had resulted
in the same degree of liver injury.
The pigmentation of the liver and
Kupffer cells was somewhat greater
in animals exposed 8 hours daily. In
both experimental groups the carbon
tetrachloride and alcohol test was
highly fatal and led to the same exten-
sive central necrosis of liver tissue
that was observed in rats exposed to-

the toxic chlorinated naphthalene
compounds (figs. 1 and 2, plate VID.
The microscopic changes resulting
from exposure to low concentration of
chlorinated diphenyl alone were simi-
lar to those resulting from inhalation
of penta- and hexachlornaphthalenes,
plus 10 per cent chlorinated diphenyl.
The most conspicuous change was
hyaline degeneration (fig. 6, plate III)
although swelling of liver cells, in-
creased prominence of cytoplasmic
granules and increased vacuolization
were present. Mitotic figures were
present in increased numbers. No
microscopic evidence of recovery was
found in the livers of rats exposed for
105 days and then removed from
exposure for a period of 2 months.

(b) Ezposure by feeding.—When fed
in large daily doees (3 gm. for groups
of 10 rats), chlorinated diphenyl
proved highly toxic. Feeding was
discontinued after 6 days. Seven rats
died within the first 8 days. The 3
remaining rats gained in weight after
the feeding was stopped and were
finally sacrificed. The last animal was
sacrificed 63 days after feeding was
begun. The majority of livers showed
a moderate increase in weight. Micro-
scopically there was evidence that liver
injury had occurred within the first
few days. The cells were swollen, at
times sufficiently to obscure the sinu-
soids. The cytoplasm of the liver
cells was acidophilic in staining quality
and contained small vacuoles. Small
eosin-stained hyaline granules and
globules were present. Mitotic figures
were numerous (see fig. 4, plate 1II).
There was little inflammatory cell
infiltration and no structural changes
were observed.
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When smaller doses (0.5 gm. every
second day) of this compound were
administered to 10 rats, the first death
occurred after 9 days. Two addi-
tional deaths occurred after 12 days
and two more by the end of the fifth
week. The remaining animals were
sacrificed between the 40th and the
190th day. The livers were enlarged,
the average increase in liver weight
being 33 per cent. They were pale
and slightly mottled. The most out-
standing microscopic abnormality was
the presence of large numbers of
varying sized acidophilic hyaline glob-
ules in the cytoplasm (see fig. 5, plate
1II). These hyaline globules, although
larger and more numerous, appeared
identical to those encountered in the
livers of rats exposed to other chlori-
nated diphenyl preparations. The
liver cells were markedly swollen and
showed fatty vacuolization. There
was also increased regenerative activ-
ity. No structural changes were ob-
served in any of the livers.

Discussiox

Published reports concerned with
the possible systemic effects of chlori<
nated naphthalenes have been few in
numbers. Lehmann (3) in 1919 re-
ported that animals exposed to chlori-
nated naphthalenes by inhalation or
feeding refused to eat and at death
showed “peculiar” lesions in the liver.
In 1936, Flinn and Jarvik (4) reported
the results observed following the

_daily subcutaneous injections into 30

rabbits of enormous doses (30 mgm.)
of certain chlorinated naphthalene
compounds dissolved in paraffin oil.
The rabbits receiving a mixture of tri-
and tetrachlornaphthalenes lived and
when sacrificed, after a8 2 months’

exposure, no pathological changes
attributable to the compound injected
were demonstrable. The mixtures of
tetra- and pentachlornaphthalenes and
of penta- and bexachlornaphthalenes
proved highly fatal and degeneration
of liver tissue was observed. From
their findings Flinn and Jarvik con-
cluded that certain chlorinated naph-
thalenes or impurities contained in
them are capable of producing yellow
atrophy of the liver in the rabbit. It
is noteworthy, in the light of the
present experiments, that the com-
pound of lowest chlorination (a mix-
ture of tri- and tetrachlornaphthe-
lenes) had no apparent effect on the
well being of the animals and did not
produce demonstrable changes in the
liver although injected daily for a
period of 2 months.

The present experiments demon-
strate that chlorinated naphthalene
compounds and chlorinated diphenyl
are capable of producing marked liver
damage in the white rat without
demonstrable microscopic changes ap-
pearing in the other organs. Further-
more, the cbaracteristics of the liver
lesions resulting from comparable
amounts of any given compound are
the same, regardless of the method of
administration (inhalation, feeding, or
subcutaneous injection).

An attempt has been made through-
out this study to grade the toxicity of
each of the several compounds tected
in accordance with the severity of the
liver damage produced. Although
some of these compounds appeared to
produce similar degrees of liver injury,
the toxicity of each compound seemed
directly related to its degree of chlorin-
ation. Thus, a mixture of trichlor-
naphthalenes (chlorine content 49.4

MAXUS1178141
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per cent) proved to be the least toxic
of any of the compounds tested,
whereas chlori dipheny! (chlorine
content 85.0 per cent) was highly tofic
even in very low concentrations.

Trichlornaphthalenes, when com-
pared to other napbthalene compounds
of higher degrees of chlorination, were
relatively innocuous. Even after pro-
longed feeding of large *}:nts of
tus material, the fats sb®wed no

vidence of ill health. A{ter 2 months’
exposure, microscopic examination of
the livers revealed only slight to
moderate degrees of fatty infiltration
and degeneration of liver cells (piate
11, figs. 1 and 2). Timese changes wef
glight when compared to those result-
ing from short exposures to compounds
of higher chlorination. Exposure by
inhalation to low concentrations of
trichlornaphthalenes produced liver
cell alterations that were never more
than minimal (see fig. 3, plate II).
Such animals withstood additional
liver injury from carbon tetrachloride
and Swohol in & manner indistinguish-
able from that of the norma! animal.
Somewhat greater liver injury re-
gulted from inhalation when the air
concentration of this compound was
increased more than eight times that
used in the previous experiment but
again the liver changes were slight
compared to those produced by com-
parable exposure to the more highly
_chlarinated compounds.

The mixture of tetra- and penta-
chlornaphthalenes employed in these
experiments appeared to be consider-
ably more toxic than was the mixture
of trichlornaphthalenes. Animals fed
amal] doses of the former of these
preparations fell il and died or were
sacrificed by the 63rd day. Their
livers showed extensive fatty infiltra-

120 JOURNAL OF INDUSTRIAL BYGIENE AXND TOXICOLOGY

|eol. 20, no. 2

tion and fatty degeneration (figs. 3
and 4, plate I). _

Feeding of tetra- and pentachlor-
naphthalenes in combination with
chlorinated dipbenyl resulted in pro-
nounced liver changes. These livers
had increased in weight (average 71
per cent), Microscopic examination
revealed a peculiar type of hyaline
degeneration  involving practically
every liver cell (see figs. 1 and 2, plate
I). This type of cell degeneration
waf mere marked and octurred earlier
after exposure to preparations con-
taining chlorinated diphenyl than to
any other compounds tested. Fur-
thermore, it was most marked in the
livers of animals exposed to refined
chlorinated diphenyl (figs. 4, §, and 6,
plate III).

_ Comparable exposure of rats to
penta- and hexachlornaphthalenes
(Compound D), penta- and hexachlor-
naphthalenes (Compound E), and
penta- and hexachlornaphthalenes (90
per cent) plus chlorinated diphenyl
{10 per cent) (Compound F), resulted
in liver changes having few detectable
differences. The morphological
thanges were slightly greater in the
livers of rats exposed to the last
pamed compound. In these instances
the hyalin degeneration of the cell
cytoplasm was more marked. Al-
though rats inhsling low concentra-
tions of compounds D and F showed
no demonstrable signs of ill bealth,
microscepic examimation of their livers
revealed marked liver cell injury (fig.
6, plate II, and fig. 3, plate III).
These lesions were still demonstrable
after a 2 months’ recovery period.
Further evidence that liver damage
had resulted from inhalation in low
concentrations of these compounds
was obtained from the carbon tetra-

-~
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chioride and alcohol test. Such tests
were almost uniformly fatal and
resulted in widespread liver necrosis
(figs. 1 and 2, plate VII). These
three compounds proved to be very
toxic and resulted in & most unusual
type of liver change when administered
in large amounts by feeding (see fig.
1, plate III, fig. 1, plate VI, and figs.
1 and 2, plate VIII). Identical
changes were observed following inha-
lation in high concentrations of com-
pound D (see fig. 2, plate VI). In
such livers the most conspicuous
feature was the presence of large
intercellular spaces. Examination of
routine sections, supplemented by
specially stained preparations indi-
cated that these spaces had resulted
from dilatation of bile canaliculi.
The reason for such dilatation was not
apparent. There was no correspond-
ing dilatation of the large and small
bile ducts at the periphery of the liver
lobules and no inspissated bile was
ever observed. The organically com-
bined chloride in the livers of these
rats was no greater than that observed
in the normal animal. Although seri-
ous liver damage results from exposure
to high concentrations of these com-
pounds, the resulting changes are
most unususl and do not resemble
those of acute yellow atrophy on
microscopic examination.

Of the various chlorinated hydro-
earbons tested, chlorinated diphenyl
gave evidence of being the most toxic.
Wher administered by inhalation in
very low concentrations (average 0.57
to 0.93 mgms. per cu. m.) liver cell
changes were very pronounced after
the first exposure period. The most
striking change was the hyalinization
of the cell eytoplasm (see fig. 6, plate
III). Such cellular alterations were

CHLORINATED HYDROCARBONS 121

essentially unchanged after a 2 month
recovery period. In these animals
small sublethal doses of carbon tetra-
chloride and alcohol uniformly pro-
duced extensive liver necrosis and was
bighly fatal to them (figs. 1 and 2,
plate VII). Chlorinated diphenyl fed
in small doses produced similar but
more marked liver injury (see fig. 5,
piate IIT). In large doses this com-
pound was highly fatal. The liver
changes in animals dying after short
exposures were inconspicuous and
consisted mainly of swelling of cells
and active regeneration (see fig. 4,
plate III). However, animals re-
moved from exposure before being
fatally poisoned, subsequently devel-
oped hyaline degeneration of liver
cells similar to that produced by pro-
longed administration of small doses
of this compound.

Thus the results of the present
study, as well as certain field studies
that have been made (1) suggest that
the solution of the industrial hazard
involved is dependent largely on a
reduction of the air concentration of
these compounds to a level that will

.not produce liver damage, The pres-

ent experiments indicate that lower
air concentrations must be obtained
in the case of the more highly chlori-
nated naphthalene compounds and
chlorinated diphenyl than for trichlor-
naphthalenes if a safe environment for
workmen is to be assured. Because
of the pronounced toxic effect of amall
doses of carbon tetrachloride on the
livers of animals already injured by
exposure to chlorinated naphthsalenes
and chlorinated diphenyl, its use as a
solvent for these compounds would
appear to be very hazardous.
Although this investigation v

designed to determine what syst
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effects, if any, would be produced in
experimental animals by a group of
chlorinated hydrocarbons, the patho-
logical changes produced have been of
such a nature as to justify further
comment. Exposure of rats to bighly
chiorinated naphthalene compounds
and chlorinated diphenyl results in a
type of liver injury differing consider-
ably from the liver lesions resulting
from carbon tetrachloride 5, 6
and chloroform poisoning (7). The
changes resulting from exposure to
the compounds employed in this study
involve all portions of the liver lobule.
This is true despite the fact that the
initial morphological changes are more
pronounced in the liver cells nearest
the hepatic veins. The changes ob-
served are degenerative in nature,
The successive degenerative changes
were cloudy swelling, fatty infiltration
and fatty degeneration and finally,
the complete disintegration of the cell.
Degeneration characterized by the
accumulations of large amounts of
acidophilic hyaline material was also
observed. This feature was much
more marked in the livers of animals
exposed to the compounds containing
chlorinated diphenyl. It is of interest
that widespread degenerative changes
of all liver cells can exist for several
months without producing any evi-
dence of ill health in the animals or
without causing important structural
changes in their livers. Such findings
suggest that the alterations take place
slowly and that the scattered necrotic
cells are efficiently removed and re-
placed by new cells which also become
ivjured. There was no observable
morphological evidence to indicate
that the regenerating liver cells had
acquired an increased resistance to
the injurious effects of the compound

being used (8). The fact that liver
cell changes were still Present after &
2 month period during which the ani-
mals were removed from exposure to
the more highly chlorinated com-
pounds is further evidence that this
type of injury is persistent and only
slowly recovered from.

The administration in high concen-
trations of two compounds of inter-
mediate degrees of chiorination re-
sulted in marked structural changes
in addition to marked degenerative
changes in liver cells. The most
conspicuous change was the occurrence
of progressively enlarging intercellylar
spaces. These were interpreted as
markedly dilated bile canaliculi, We
are unaware of such changes having
been previously described. o

From the above it is apparent that
exposure to highly chlorinated naph-
thalenes and chlorinated dipheny! not
only results in liver changes having
marked differences from those caused
by other well known toxic agents, but
also that the characteristics of the
liver changes produced can be mark-
edly altered quantitatively and quali-
tatively by varying the degree of
exposure. For these reasons one
would seem justified in suggesting that
detailed studies on animals in which
the types of liver injury observed in
these experiments had been produced
might further our understanding of
liver cell function.

Summary

1. Studies concerning the effect
upon wkhite rats of a group of ¢hlorin-
ated naphthalene compounds and
chlorinated dipheny! are reported.
This investigation was undertaken
because of the recent occurrence of
3 fatal cases of jaundice in men work-
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ing in industrial plants where these
compounds were being used. The
compounds tested were selected as
representative of a certain range of
chlorination and because of their
relative industrial importance.

2. Four of the compounds tested
were administered by inhalation. The
air concentration and exposure periods
were varied. All compounds were
tested by feeding in large and small
amounts. In addition three of them
were tested on small numbers of ani-
mals by subcutaneous injections. The
effects of any given compound did
not appear to be influenced by the
method of administration. However,
marked quantitative and qualitative
differences in the efiects of each of
several compounds resulted from vary-
ing the air concentrations in inhalation
experiments and the dosage employed
in feeding experiments.

3. Macroscopic and microscopic
examination of the tissues of rats
exposed to these compounds indicated
that the injurious effects are mani-
fested solely in the liver. Blood
examination during life revealed no
significant abnormalities.

4. The liver changes resulting from
exposure to the chlorinated hydro-
carbons employed have been described
and illustrated. As indicated by their
ability to injure liver tissue the toxicity
of these compounds increases with
increasing degrees of chlorination.
Thus a mixture of trichlernaphtha-
lenes is relatively innccuous in low
concentrations and when compared
with compounds of higher chlorina-
tion, its toxic properties even in higher
concentrations are relatively slight.
Chlorinated diphenyl appears to be
the most injurious compound of all
those tested.

5. Administration of small sublethal
doses of carbon tetrachloride and ethyl
alcobol to rats whose livers have
already been injured by the com-
pounds under consideration is highly
fatal and produces massive necrosis
of the liver.

6. The significance of this study in
relation to the industrial problem
involved is discussed.

7. It is suggested that the types of
liver injury observed in this study
might be employed in experiments

designed to study liver cell function.
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little difficulty with some of the tcrms.
n this chapter it would have becn nell to
xplain the difference in gcarral besween
cute and chropie effects. as with many
a1batances there ia little simiiar:tyv and the
yronic effect is usuallv the more serious.

1f the subject of workmen's compenration
.a8 8 place in a book on industri:) health,
ne development of occupational disease
agislation should have bern mentioned.
“he two general types of o:cupational dis-
ase acts (all-inclusr~e and specific) with
heir advantages «¢: disadvantages are
sorth a paragraph or vwn.

The chapter on ““First-Aid Treatment of
njuries’’ treats only the traurcatic in-
uries. Burns are take:: care of in another
hapter, but under first-aid a few words
vor ave been helpful describing what to

0 cute cases of poisoring. cvanide,
.o ,pills, etc., where the patiunt is still
reatoing but where prompt ucti«n is neces-
ary.

1t does combine in one ccimnact volume
:nd in a readable stvle mu-h information
'0 industrial safety and he:ltn that other-
vise would require reference to many
ources. For the beginuing students of in-
iustrial engineering, industrial safety and
realth, or persomnel relations, it should
yrove 8 belpful book. The operating
‘ngineer and manager will want more com-
slete information on the particular expo-
ures in his plant and the industrial
shy: cian, if interested in prevention, will
xan: more on the engineering methods of
sontrol.—S. W. Gurncy.

INDTSTRIAL CaNCER. By E. W. Baader,
in “NEUE ERGEBNISSE ATP DEM GEBIETE

DER KEEBSERAN Adam and
Auler, Leipzig, 1 (29,
A valusble study th- history

>f industrial canc el. known
forms of industrizl cluded: the
li:ng and nasal canc ogland in
r kel workers, the ] of genera-

: - workers in Japarn, an e liver cancer
¢. fshers in the Curische Haff, caused by
b ¢h, Opiatorchis felineus. —L. Teleky.
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THE SYSTEMIC EFFECTS RESULTING FROM EXPOSURE TO
CERTAIN CHLORINATED HYDROCARBONS* '
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HLORINATED naphthalenes

and dipheryls, because of their

electrical, heat and moisture-
resisting properties, and because they
are non-inflammable, are used exten-
sively for insulating wire and in the
manufacture of electrical condensers.
The chlorinated naphthalenes are
naphthalenes in which one or more of
the hydrogen atoms has been replaced
by chlorine. There is, thus, a series
of these substances beginning with
monochlornaphthalene and going on
o the octochlor derivative. In in-
dustry they usually occur in mixtures
i which more-than one chlorinated

ln's‘Received for publication September 13,

. The chlorinated naphthalenes are some-
imes referred to as ‘“‘Halowax’’ by pur-
POrnz‘m and users. While the Halowax Cor-
it al 'on manufactures these substances,
the ": ml.:_ufactures many others. Since
Bame 'rm Halowax'' is merely a trade
Com Or substances manufactured by this
eri pany, jt thould not be used indis-
%mm r t-l:i)r'-deln all instances, substances
nly,

o signated by their chemical

product is present. On the whole,
the higher the chlorination, the more
toxic this material becomes. In the
manufacture of chlorinated diphenyls,
CH, is converted into Ci3H,o which, in
turn, is chlorinated to CpCl;; the
substitution products range from the
monochlor to the decachlor diphenyl.
A rather characteristic acneform
skin eruption resulting from exposure
to these substances has been recog-
nized for a great many years—indeed,
ever gince they began to be manu-
factured about 25 years ago. These
skin eruptions came into some prom-
inence in Germany during the war and
have been attracting sporadic interest .
in this country ever since. An in-
vestigation of this condition, as it ap-
peared among a group of young work-
ers engaged in the manufacture of
electrical condensers, was reported in a
recent issue of this Journal (1).
Experience has shown that the medi-
cal practitioner is still somewhat un-
familiar with the skin eruptions, even

MAXUS1178146
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though they are by no means uncom-
mon in the industries where the chlo-
rinated naphthalenes and diphenyls
arc used. The reason for this is that
any one physician is Likely to see such
cases only rarely, unless he happens
to be practicing in the immediate vi-
cinity of one of these factories where
large numbers of workers are em-
ploved. That tbe relatively rare sys-
temic effects resulting from such
exposure almost invariably go un-
recognized is not surprising under the
circumstances. It is of the greatest
importance however, that physicians
become acquainted as promptly as pos-
sible with the clinical and pathological
pictures presented by these patients,
particuiarly as regards systemic ef-
fects, since failure to detect early
clinical manifes:ations of toxicity, and
to remove susceptible individuals
promptly from further exposure, may,
on occasion, result fatally.

REVIEW OF LITERATTRE ON SYSTEMIC
ErrecTs*

Experimental studies.—The first
mention in the literature of systemic
effects from chlorinated naphthalenes
is that of Lehmann in 1819 (2). He
found that animals which were fed or
which inhaled these substances lost
appetite and at death showed ‘‘pecu-
liar” lesions in the liver.

In 1936, Flinn and Jarvik 3) ex-
perimented on rabbits with three dif-
ferent compounds; (A) a mixture of
tri- and tetrachlornaphthalene, B)
a mixture of tetra- and penta-chlor-
naphthalene and (C) a mixture of
penta- and hexa-chlornaphthalene.
They also used sublimates of (B)

* A review of the literature on skin mani-

festations appeared in the article by Mayers
and Silverberg mentioned above (1).
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and (C) given off at 192°C and 1°2°C
respectively. Large doses, &pi=ox.
imstely 15 mg. per kg were n;=tnd
subcutaneously each day.

Animals receiving compourc i)
and the sublimate of compour. 'B)
showed no lesions attributable 1¢ " ~ece
substances when killed at the ¢ 2 of
2 months. The 30 animals, hov:er,
which had received the higher -.lo-
rinated compounds (B) and (T and
the sublimate of (C), all died = -om
12 to 26 days. Autopsies ur-izly
showed extensive damage.

The next important study . be
published was that of Drinker. ¥ :ven
and Bennett (4). These it = -iga-
tors administered chlorinatec :-iro-
carbons by inbalatior, subcutse sty
and by mouth. to white rat: Mix-
tures of (a) tri- and tetrachlorz:~<ka-
lene; (b) penta- and hexact:—zph-
thalene alone, and (¢) with 107 =Zned
chlorinated diphenyl; and (¢ zori-
nated diphenyl were used.

Briefly, these experiment: =swed,
that the tri- and tetrachlor-z<ha-
lenes produced relatively uni— .~ant
pathological changes in the tr ntil
extrernely high concentran.. were
used. Animals exposed for { s—gs to

the higher chlorinations, has—:=, in
relatively low concentration: =z.arly
showed minor degrees of livs zage

I S e N
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even though, as a group, th~ =~< no
clinical evidences of su ity
while alive. Exposed to s xigher

concentrations, the rats i wzight
and appetite, and began ¢¥z w=er 8

x
i
i
b
%
i
E
days’ exposure—many %I. .avere
jaundice. Examination o .- bhver
of these animals at autop— <—ealed
marked central fatty cermaration

with necrosis of liver cell:
It is of coosiderable in:-—- thst
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2) given off at 192°C and 172°C
-tively, Large doses, 8pprox-
ly 15 mg. per kg, were injected
taneously each day.
imals receiving cozpound (4)
:he sublimate of compound (B)
>d no lesions attributable to these
ances when killed at the end of
nths. The 30 animals, however,
n had received the higher chlo-
ed compounds (B) and (C) and
-ublimate ¢f (C), all died in from
o 26 days. Autopsies uniformly
ved extensive damage.
se —ext important study to be
ids aas tuet oi Drinker, Warren
ett (4). These investiga-
aaministcred chblorinated hydro-
»ons by inhalation. subcutaneously
. by mouth, t0 -chite rats. Mix-
»¢ of (a) tri- and _etrachlornaphtha-
:: (b) penta- :nd hexachlornaph-
Jene alone, and .c) with 10% refined
orinated dipbenyl; and (d) chlori-
-ed dipheny] were used.
3riefly, these experiments showed,
it the tri- and tetrachlornaphtha-
.es produced relatively unimportant
thological changes in the liver until
tremely high concentrations were
ed. Animals exposed for 6 weeks to
¢ higher chlorinations, however, in
latively low concentrations, regularly
.owed minor de damage
-en though, as a gave Do
inical evidences toxicity
hile alive. 1 higher
oncentrations, th weight
nd appetite, and after 8
.ays' exposure—many with severe
aundice. Examination of the liver
f e animals at autopsy revealed
na. central fatty degeneratioD
aith necrosis of liver cells.
It is of considerable interest that

Feb. 1099!

tbe exposed rats, which gave no clini-
cal evidences of dizcase, prowmptly died
{rom acute yellow atrophy of the liver
when given a very smal! dose of carbon
tetrachlonide—a dose well toierated by
control animals.

Two otber points of interest were
brought out by the study: (1) in the
rats, which on autopsy showed even
marked pat! niogical lesions of the
liver, no abnormualities were found in
the other organ-—a finding not um-
common in experiments on animals,
but rather rare in humans who die
from acute vellow atrophy of the liver;
(2) even the less important patho-
logical changes induced in the liver by
these chlorinated hydrocrbons in the
lower concentrations were found to be
very persistent, beiug present even 2
months after cessation of exposure.

Clinical Reports.—Clinical reports of
cases of systemic poisoning from the
chiorinated naphthalenes are as yet
rare in spite of the length of time that
these substances bave been in use.
No doubt the infrequency of such re-
ports has been, in part, due first, to the
fact that cases of systemic poisoning
are uynusuai  occurrences—the  ele-
ment  of individual susceptibility
Appearing to play an even more im-
portant réle than usual in this situa-
tion—and second, to failure on the
part of physicians to recognize cases of
poisoning. TUntil recently there has
""‘_" genera! lack of knowledge of the
toxicological properties of these chlo-
Anaied hydrocarbons, and there is
:tll;lll relative'ly little information avail-
Sble regarding the clinical picture of
U.dustrial poisoning from them.

D‘E’f danger'that lies in such a lack
tion tOgvledge is exemplified in a situa-
at recently came to the atten-

SYSTEMIC EFFECTS OF CHLORINATED HYDROCARBONS 31

tion of the Labor Department in New
York State, in which a physician had
been treating a severe case of jaundice
in a young woman exposed 10 chlorin-
ated naphthalenes. After a long and
serious illness, when the girl was on
her way to recovery, the physician
expressed the opinion that within a

few weeks she would be able to return

to her former work. Whatever the
cause of the jaundice in this case, there
is good reason to believe, on the basis
of the experimental work previously
cited, that further exposure to such
substances would have entailed a
grave risk to the patient’s life. '

In 1934, Courtois-Suffit (3) reported
on the work of Touraine who, with
his associates, examined 60 workers ex-
posed to trichlornaphthalene and
found mild digestive disturbances and
dizziness in 13, but nothing of & more
serious nature.

In 1935, Schwartz suggested the
possibility of systemic disease from
exposure to these substances in a talk
before the American Public Health
Association (6).

In 1936, three fatal cases of jaun-
dice in chlorinated naphthalene work-
ers were recognized in this country.
These were reported by Flinn (3) and
Drinker (4) who summarized the cases
briefly.

All three of the men were young and
in none could any predisposing cause
other than their industrial exposure be
found to account for their illness.
Two of the men who had worked side
by side died within 2 months of each
other. Both had been exposed to
mixtures of penta- and hexa-
chlornaphthalene, and one had been
exposed to a mixture of tetra- and
penta-chlornaphthalene with 10%
chlorinated diphenyl. In both, the
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diagno-is of acute vellow atrophy of
the liver was made on autopsy. In
the third case no autopsy was reported,
but death occurred after an acute ill-
ness characterized by jaundice. In
one cose dermatitis characteristic of
the effect of chlorinated naphthalenes
had preceded the jaundice.

I addition to these fatal cases,
Drinker (4) also mentions four cases
of npon-fatal jaundice among indi-
viduzls with similar exposure. No
details are given.

CasE HisToRIiES

Because of the obvious need for
more clinical data in regard to the
eficets of chlorinated naphthalene ex-
posure, we are reporting 3 cases in
persons who, after exposure in the
course of their work to these known
hepatoxic substances, died of acute
vellow atrophy of the liver, and in
whose cases no other etiological factors
could be discovered even after very
careful investigation. The first case
was seen in consultation at the Lin-
coln Hospital in New York City by
Adelaide Ross Smith. The second
and third cases were seen in consulta-
tion at the New Haven Hospital by
Dr. Leonard Greenburg, (now Execu-
tive Director of the Division of In-
dustrial Hygiene of the New York
State Department of Labor) when he
was Commissioner of Health of New
Haven, Conn. The plant conditions
under which the patients had worked
were carefully investigated.

Casel. H.F.*

A 17 year old girl was admitted to the
Lincoln Hospital, New York City, on the

¢ Grateful acknowledgement is made of
the courtesy extended by the staff of Lin-
coln Hospital and the Medical Examiner’s
Office in granting permission to use the
records in this case.

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY voi. 21, na. ¢

service of Dra. Kenneth Tavlor, Edwin
Hauser and Scott Johnson on April 26, 1932
in & semi-comatose condition. Sbe was
intensely jaundiced on admission.

Her past medical history, obtained from
members of the family, was entirely nega-
tive with the exception of a tonsillectomy in
1930. Until the onset of the present illness
she had been unusually healthy and free
from symptoms of any kind.

The occupational history was as follows:
After being graduated from grammar school
she attended high school for 1 year and then
obtained a job, her only one, with a concern
menufacturing electrical condeasers for use
in radios. Sbe worked at this one place for
7 months and stopped working there 7 days
before her admission to the hospital.

Her work consisted of soldering and
labelling condensers. It is possible, from
the information given, that she may also
have assisted in the sealing operations, but
this could not be definitely ascertained.
In any event, in the soldering of the con-
densers she was exposed to the fumes of tri-
and tetrachlornapbthalene with which the
condensers were originally impregnated.
At the same time she was exposed to fumes
of the higher chlorinated naphthalenes from
the sealing operations conducted in cicse
proximity to the tables at which the sclder-
ing was done.

The present illness began about 5 months
before admission to the hospital—or ap-
proximately 2 months after starting work in
the plant—at which time she noticed several
pigmented areas on her face. These con-
tinued to increase in severity and extent,
and caused her to visit the outpatient de-
partment of the Lincoln Hoapital. Herey
sugar was found in her uripe and she was
referred to the skin clinic where a diagnosis
of acute catarrhal jaundice was made. Her
rectal temperature, at that time, was 100°.
A diffuse papulo-pustular eruption was also
present on her face. On being questioned
about it, the patient stated that it had been
present to her knowledge for about 2
months.t From then on she suffered from

t Investigation revealed the fact thst
some of her co-workers were also suffering
from & similar scneform eruption, and one

irl discontinued her work because of it-
Eone of these other girls suffered any
systemic disease.
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impairment: 100% retention in 5 min,,
859, retention in 30 mis.

Blood chemistry: Non-protein nitrogen,
28 mg./100 cc.; Urea N, 11 mg./100 ec.;
Serum total proteins, 6.15 mg./100 ec.;
Serum total albumin, 2.66 mg./100 ec.;
Serum total globulin, 3.49 mg./100 ec.
A/G ratio, 0.76; Blood sugar, 68.0 mg./100
cc.; Blood caleium, 10.32 mg/100 cc.;
Blood phosphorus, 4.12 mg./100 cc.; Serum
fatty acids, 11.3 mg./100 cc.; Serum lipoid
phosphorus, 7.5 mg./100 cc.; Serum total
cholesterol, 10.5 mg./100 cc.; Serum free
cholestercl, 63.0 mg./100.

Sugar lolerance test Was within pormal
limits.

X-ray of abdomen showed hepatic flexure
of colon unusually high.

Course. The patient was put on 8 high
carbohydrate diet and his general condition
improved but the jaundice persisted. He
was discharged on May 16, 1934 with the
diagnosis of toxic hepatitis.

He wes admitted again on June 1, 1834
complaining of abdominal swelling of 3
days’ duration, weakness, anorexia and
edema of the legs which bad developed soon
after his discharge. The pbysical exam-
ination showed deep jaundice, systolic mur-
mur, abdomen distended and tympanitic
with dullness in the flanks, moderate pitting
edema of the legs. Examinations of the
urine, blood and stool showed no important
varistions from the original findings with
the exception of a drop in white cell count
to 6,400 with 74% polys., and a decrease in
serum albumin to 1.88%. Serum CO4 con-
tent was 54.54. Serum chloride was 98.0
mg./100 cc.

The patient's course after the second
admission was rapidly downhiil. The die-
tention could not be controlled and he soon
passed into complete coma. A convulsion
occurred on June Bth and on June 10th he
died.

Anatomical diagnosis.® Extensive nec-
rosis, fibrosis and regeneration of liver,
acute entero-colitis with edema, fibrosis of
pancreas, acute pancreatitis, jaundice, as-
cites, edema of lower extremities, focal

* Autopsies on thisand the following case
were performed on the pathological service
of the New Haven Hospital by Dr. H. M.
Zimmerman, Grateful acknowledgement
is made of his courtesy in permitting use of
the records.

pneumonis (bilatersl}, subpleural hemor-
rhages, cloudy swelling of kidneys.

Case 3—C. C.

A young man 22 years of age was admitted
to the New Haven Hospital on February 23,
1935 with the complaints of jsundice, ab-
dominal pain, Dauses and vomiting of
bloody material. The history given was as
follows:

He bad worked ip the same wire coating
plant as the previous patient (F.D.). The
present illness }ad begun with jasundice 2
months previousiy with no other symptoms.
This continved for sbout 1§ months.
Two weeks be’ore admission be became
more jsundiced and concomitantly de-
veloped upper abdominal pain, malaise,
nauses and faally vomiting—the vomitus
becoming bicocy in character. He was
treated by his farnily doctor with no relief.
His condition betame worse and he fnally
became delirions and incoberent. Hos-
pitalization was advised.

Summary of phrsical eraminaiion—The
patient was comat:se, irrational and vomit-
ing bloody mater.al. Positive findings of
significance were as follows: Temperature
pot elevated. Rlood pressure 102/68.
Generalized jaundice, petechiae over the
extensor surfaces of the arms; tenderness
over the upper quadrants of the abdomen.
No liver dullness percussable.

Course—His condition became rapidly
worse, coma setting in soon after admission.
The vomiting continued. The patient died
about 24 hours after admission.

Anatomical disgnosis—Extensive pecro-
sis and regeneration of liver; jaundice,
acute lymphadenitis of portal nodes; as-
cites; perienteritis of jejunum; cloudy
gwelling of beart and kidneys; acute pul-
mobary congestion; bealing exanthematous
rash of fore-arms.

DISCUSSION

These three cases show the occur-
rence of similar pathological changes in
the liver in three young adults known
to have been working with chlorinated
naphthalenes and diphenyls—all were
exposed directly or indirectly to the
higher chlorinated bydrocarbons. In

‘
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osneumonia (bilsteral), subpleural hemor-
rnages, cloudy swelling of kidrneys.

Case 8—C. C.

A young man 22 vears of age was admitted
to the New Haven Hospital on February 28,
‘935 with the complaints of jaundice, abd-
‘ominal pain, nauses and vomiting of
‘loody material. The history given was as
‘ollows:

He bad worked in the same wire cosating
;lant as the previous patient (F. D.). The
oresent illness bad begun with jaundice 2
aonths previouslty with no othersymptoma.
This continued for about 1% months.
Two weeks before admission be became
aore jaundiced and concomitantly de-
‘eloped upper abdominal pain, malaise,
.susea and finally vomiting—the vomitus
ecoming bloody in character. He was

reated by his family doctor with no relief.
1is  -~dition became worse and he finally
.ec delirious and incoherent. Hos-
i tion was advised.

dSaummary of physical ezamination—The
atient was comatose, irrational and vomit-
og bloody material. Positive findings of
ignificance were as follows: Temperature
ot elevated. Blood pressure 102/68.
aeneralized jaundice, petechiae over the
xtensor surfaces of the arms; tenderness
ver the upper quadrants of the abdomen.
70 liver dullness percussable.

Course—His condition became rapidly
‘orse, coma setting in soon after admission.
‘be vomiting continued. The patient died

bout 24 hours after admission.

Anatomical diagnosis—Extensive necro-
is and regeneration of liver; jaundice,

cute lympbadenitis of portal nodes; as-

ites; perienteritis of jejunum; eloudy
welling of heart and kidneys: acute pul-
10DAry congestion; healing exanthematous
1sh of fore-arms.

DI8:

These three
ence of similar pa
he liver in three ts known
o have been wor lorinated
aphthalenes and diphenyls—all were
x 1 directly or indirectly to the
ig.  ‘blorinated bydrocarbons. In

be occur-
hanges in

Peb. 1939)

all three cases, a most careful investi-
gation failed to reveal any other pre-
disposing cause for the condition. In
the first case in particular, that of a
healthy voung girl on her first job,
the absence of any conditions predis-
posing to liver damage either preced-
ing or following her exposure to the
substances in question is especially
clear.

It is of interest to note that two of
the cases apparently had suffered from
at least one previous attack of hepati-
tis followed by a certain degree of
improvement before the onset of the
fatal attack.

In view of the fact that Drinker,
Warren and Bennett found no lesions
in organs other than the liver in their
experimental animals, it is noteworthy
that such lesions were conspicuous in
all three of the cases here reported.
Such lesions, are, indeed, usual find-
ings in cases of acute yellow atrophy
of the liver in humans regardless of
etiology. On the basis of present
knowledge, it would be impaossible to
say whether they are the result of
primary intoxication or are merely
secondary to liver damage. In the
light of the animal experiments, how-
ever, one would incline to the latter
view and speculate as to the part
played by length of exposure, in the
final pathological picture.

It has been mentioned that in
Drinker’s (4) experiments, rats with
N0 evidence of -clinical disease while

Ing exposed to the chlorinated naph-
thalenes, promptly died from acute
Yellow atrophy of the liver when given

Otes of carbon tetrachloride so small *

12 to be harmless to control animals.

prompts speculation as to
“hether death from acute yellow
Mrophy of the liver in workers simi-

SYSTEMIC EFFECTS OF CHLORINATED HYDROCARBONS 37

larly exposed occurs only in those
baving some pre-existing substratum
of liver damage—such as might follow
an atiack of catarrhal jaundice, for
example—and that this might ac-
count, in part at least, for the fact
that only a very occasional worker out
of a large group will suffer from §¥s-
temic effects of exposure to these sub-
stances. In the three cases reported
however, no history was given sug-
gesting that any hepatic disorder prior
to :xposure had occurred.

‘The presence of a papulo-pustular
eruption in two cases is of interest.
In one it antedated the systemic symp-
toms. This type of eruption is char-
actenstic of the dermatitis caused by
chloinated naphthalenes, and until
receatly was the only disturbance at-
tributed to them.

The presence of “aggregations of
comecones” such as were found in
Case I is also characteristic of the
skin eruptions produced by these sub-
stances. The question as to whether
or not the skin eruption in such a case
is in any way connected with the onset
of systemic effects cannot be answered,
since thus far no correlation has been
established between skin lesions and
systemic disease (1).

It is interesting, therefore, that in
Case I the skin eruption apparently
antedated all evidences of systemic
disease. Had the girl been promptly
removed from further exposure, when
it was first observed, it is possible that
her life would have been saved; or had
the physicians first called upon to
treat the jaundice (of whatever origin)
in her case, or in the second case here
reported, recognized the danger of
continuing exposure to the chlorinated
naphthalenes, these deaths might pos-
sibly have been averted.
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REcoMMENDATIONS FOR MebicaL
CoNTrOL

I. The authors wish to stress the
need for the conscientious reporting
by physicians of all illnesses oceur-
ring among workers exposed to the
chlorinated naphthalenes and di-
phenyls, particularly cases which have
been carefully worked up, so that the
clinical disease entities resulting from
such exposure can become further
clarified and thus more read’ly recog-
nized in the future. Few:r errors in
the diagnosis and management of these
cases would occur, and workers’ lives
could undoubtedly be saved in this
way.

2. Persons suffering from the typical
acneform eruptions should be vemoved
from further exposure. -

3. Persons who have, at any tine in
the past, had any liver disease- -even
a mild catarrhal jaundice—sho id not
work with these substances ; nor should
workers with a history of typhoid
fever, malaria, gall-stones or other dis-
eases known to affect the liver ad-
versely.

4. Persons receiving arsphenamine
treatment for syphilis; or those whe
are taking drugs believed to be in-
jurious to the liver in susceptible

[vol. #1, no. 2

persons, should not be further exposed
in their work to potential liver poisons.

5. Persons werking with the chlo-
rinated naphthalenes and diphenyls,
if requiring a general anesthetic for an
operation, should not be given chioro-
form or avertn, and vice versa. indi-
viduals who have recently received
such anesthetics should not imme-
diately thereafter go back to tpeir
former work or to work with other
substances believed to be potentially
toxic to the Liver.

6. Pregnant women should not be
exposed because the liver, in preg-

DAncy, appears to be peculiarly suscep-

tible to injury.

7. Experience seems to indicate tha:
by proper attention to ventilation and
medical supervision of workers the
chlorinated naphthalenes and diph-
nyls can be used in industry with
safety.

Stanaary

The systemic effects resulting from
exposure to certain chlorinated naph-
thalenes are discussed, and the litera-
ture of the subject briefly summarized.
Three liver deaths in workers handling
these substances are presented in some
detail, with autopsy findings. Recom-
mendations for prevention are given.
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OBSERVATIONS ON THE FATE OF PENTACHLOROPHENOL IN

8E OROTECTED Av

- ~ -
T -

THE

ANTMAL ORGANISM* :

WILLARD MAacHLE, Wu. DEICEMANY AND G. THOMAS

From the Ketiering Laboratory of 4 pplied Physiology, College of M edicine,

University of Cincinnayy

Cincinnati, Okio

HE manufacture of pentachlorophenol and

sodium pentachlorophenate, and the use of

thesc materials for the preservation of
wood and other products have created certain
opportunities for human exposure to them and
to soluticns containing them. Absorption may
occur as the result of the inhalatior of dust in
the manufacture or bandling of pentac hlorophenol
or its sodium salt, while percutaneou: absorption
may result from contact with solutions containing
pentachlorophenol or its sodium salt.

The acute and chronic effects of pe wtachloro-
phenol upon experimental animals hay. been de-
scribed in previous communications (1, 2, 3, 4, 5)
but further information was needed in o der to
pave the way for studies on human beings.  First,
it was necessary (A) to determine the largest
amount of pentachlorophenol that couw!l be in-
gested daily without causing retention in the blood.
Then, because the rapid elimination of pentachloro-
phenol in the urire had suggested that determina-
tion of the urinary concentration might offer a
means of estimating the extent of the absorption
of the compound, it was desired to learn (B) the
relationship between the concentrations in the
blood and urine following its ingestion.

(A) DETERMINATION OF THE Maxnuum Damny
Orar Dose or PENTACHLOROPHENOL THAT
WiL Nor Catse RETENTION Iy THE Broop
O? RaBarT-

Previous observations (4) bad shown that the
daily feeding of 3 mg. of pentachlo-ophenol per
kilogram of body weight to rabbits, over a period
of 90 days, caused accumulation of the tompound
in the blood up to an approximate concentration
of 0.6 mg. per 100 ml. In similar manner, each
of 15 rabbits was given 90 doses (on successive
days’excepting Sundays) of the sodium salt in the
form of a 0.25 per cent aqueous solution, each dose
being equivalent to 1 mg. of pentachlorophenol per
kilogram of body weight. None of the animals

* Received for publication January 23, 1943,

showed signs of poisoning. The analjcy -
for the bloed, (drawn as in Previous experiy,.

TABLE 1
PeExTACHLOROPEENOL v TEE BLOOD ©OF Rys
Forrowmve REePEATED Omar Doses or &,
P}:N'rwex.oxomzmu:. Eice EqUuivaresr ¢ ,
07 PENTACHLOROPHENOL PER Kirocrax of L
WEGET

DENTIFICATION { NUMEXR OF ' e
NUMERER ! ORAL DOSKS ; rExNo;
! | mei%m
D 6865 , 2 ' n
D 6866 3 o
D 6367 7 0
D 6868 9 [
D 6869 ‘ i1 | 0
D 6870 ‘ 14 ’ 0
D 6871 i 16 ' 0
D 6872 i 18 i 0
D 6873 20 0
D 6875 23 0
D 6876 26 i 0
D687 | 30 ! 0.15
D 6864 33 0.1§
D 6865 37 0.:6
D 6367 40 0.10
D 6867 44 0.10
D 6868 48 0.10
D 6870 52 0.40
D 6872 56 0.20
D 6873 61 0.10
D 6874 | 68 0.2
D 6875 52 ; 0.15
D 6876 5 0.15
D 6864 77 0.30
D 6865 81 0.15
D 6867 85 0.2
D 6870 % ; 0.30
e

mi.

16 bours after administration), are summarized
Table 1. The chemical method of apalysis &

* The volume of samples was 10

192
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(B) TEE RELATIONSHIP BETWEEN BLOOD AND
URmNARY CONCENTRATIONS OF
PENTACHLOROPHENOL

Single ora! doses of sodium pentachlorophenate
equivalent to from 50 to 200 mg. of pentachloro-
phenol per kilogram of body weight were admin.
istered to rabbits. (Tbhe lethal oral dose is about
275 mg. per kilogram.) The animals were kept
under restraint for 8 hours, during which time
their urice was collected by catheterization and
samples of blood were obtained by cardiac punc-
turc. Eight hours after the administration of
50 mg., the blood level was 4 mg. per 100 ml.,
the winary concentration 92 mg. per 100 ml.; at
the correspending time after the administration of
100 mg.. the blood level was 10 mg. and the urinary
concentration 344 mg. per 100 ml.; after admin-
istraticn of 200 mg. the respective results were
13 mg. and 372 mg. (Figures 1, 2, 3). Deter-
minations made 24 hours later revealed very
considerable decreases in concentration in both
blood ana urine,

D1 .crssiox AND CONCLUSIONS
Sodium entachlorophenate, fed to rabbits

HYGIENE AND TOXICOLOGY

daily (excepting Sundays) until 99
equivalent to 1 g of peutachlompqu~
kilogram of body 'weight, had beeg Bven, o
only a douttful retention of the cmnpmmd;~
blood. Aralyses carried out during the %‘
the experiment gave results which were “
negative or only siightly above the limits o o
analytical error. -

Comparison of the blood and UTINATY copy
trations oi pestachlorophenol during the for
8 hours following the ingestion of 50, 100 uy
200 mg., respectively, per kilogram of [,
weight. demonsirates a sharp rise in Uiy
pentachlorophezol in response to a slight inCreg.
in the blocd level. The constancy of the relate,
ship between urinary and blood concentram
over several hours, and the very much higher o
centration of the compound in the urine thas o
the blood. confirm earlier observations and suggre
that urirary determinations may offer a sensite
means of estirrating the extent of human absos
tion and. cansequently, the severity of exposir »
pentachicrophenol during its manufacture
handling.
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THE ETIOLOGY OF ACNE WITH SPECIAL REFERENCE TO ACNE
OF OCCUPATIONAL ORIGIN®

A. TEELWELL JoNEs
I. C. 1. (General Chemicals), Lid., Gaskell-Marsh Works, Widnes, Lancashire, Englang

N SPITE of an enormous litera-

ture and very considerable volume

of work, precise etiological fac-
tors in relation to acne vuigaris remain
unknown.

Acne vulgaris is & very widespread
and common condition and many
cases are savallable to every practi-
tioner for study. The occurrence of
acpe in industry has also received
considerable attention and a deter-
mination of the cause of this type
might throw considerable light on the
etiology of acne vulgaris. Acne has
also been described as arising from the
action of bromides and iodides taken
internslly but the lesions produced
differ fundamentally from acne vul-
garis in that the essential lesion, the
comedone, is absent. Acne arising
locally from oil and tar has also a
widely different distribution. In the
occupational acne to be described the
fundamental lesion is present and the
condition is strictly comparable with
acne vulgaris. A brief review of
factors associated with acne vulgaris
upon which most observers are agreed
is instructive.

It is agreed that the essential lesion
is the comedone, which is caused by a
hypersecretion of sebum and hyper-
keratosis of the mouth of the lanugo

* Received for publication April 1, 1041.

290

follicle, the blackhead being formed by
the oxidation of the keratinised cells.
It can only occur where sebaceous
glands are present and these are larger
and more numerous in certain regions,
The regions most commonly affectegd
are the forehead, temples, cheeks and
chin, especially on the sides. The
chest, back and deltoid region may also
be affected.

The reasons for localization are dis-
cussed more fully later.

The disease occurs most commonly
at puberty, i.e. at ages 12-18, and
remains until 20-30 vears of age.

Bloch (1) has demonstrated the
“statistical relation between acne and
puberty” and considers “the same
cause is responsible for both. Thys
acne is 8 consequence of the physio-
logical function of the sexual glands
and variations in degree are due to
the follicular apparatus of the in-
dividual differing in its sensitivity to
the hormone.”

There is a growing literature on the
relation between acne vulgaris and
bormone factors and Werner (2) states
that an endocrine factor may initiate
the skin disturbance, the infective
process being secondary.

Lawrence (3) and Templeton and
Truman (4) report beneficial results
from hormone therapy, e.g. Anuitrin
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' in BCDE vulgaris and menstrual dis-
orders. Wile (3) concludes that al-
though there is a diminished secretion
of estrogen in many cases of acne there
;¢ not sufficient proof of its significance
to justify its general therapeutic use.

A survey by Hinrichsen and Ivy (6)
of the incidence of acne includes groups
of subjects living under different social
conditions. They conclude that acne
appears and reaches & more Bevere
gtage at an earlier age in girls than boys
which is in harmony with the fact that
sexusl maturity occurs earlier in girls.
For all grades of acne there was no
gignificant gexual difference in its
incidence. The frequent use of creams
and lotions does not alter the incidence
of acne in ite broadest sense but mayv

ibly decrease the incidence of
pevere involvement. '

Acne then, results from a hyper-
pecretion of sebum which occurs tem-
porarily at puberty or more commonly
in relation to seborrhea, a true hyper-
secretion of & more permanent char-
acter.

The sebaceous glands are not sup-
plied with nerves and an increased
pecretion can therefore only occur
under limited conditions:

(2) From an increase in size of the

gland,

(b) From stimulation of the gland,

(i) From congestion of the
capillaries (heat, exercise,
alcohol).

(ii) From irritation by (a) ex-
cretion, (b) local irritation.

There is fairlv general agreement
upon other related factors. The sex
distribution is equal. Heredity, in-
asmuch as seborrhea is often a familial
factor, is a definite related condition
to acne vulgaris and also occupational

OF ACNE 201

acne—the greasy skin favors the
growth of organisms and causes dust
to adhere. Local irritation from dirt,
dust, oil, tar and turpentine is of con-
siderable importance as a predisposing
factor. Season and social position are
not widely accepted as predisposing
causes. The problem of diet is re-
viewed by Hellier (7) who concludes
that excess of carbohvdrate and fats
increase the tendency to acne.

There is a considerable doubt as to
the relation of bacteria to acne and
several organisms have been stated to
be a casual factor.

(1) The acne bacillus described by
Unna in 1893 and cultivated
by Sabouraud in 1897. It isin-
variably present in comedones
showing no sige of inflamma-
tion and also in those which
have broken down.

(2) The acne bacillus in combi-
nation with staphylococci.

(3) Staphylococci alone particularly
staph. albus.

A harmless mite (Demoder follicu-
lorum) is also present.

Goldsmith (8) reviews the relation
of staphylococei and the microbacillus
to acne and concludes there is no direct
relation.

AcNE IN INDUSTRY

Brief Historical Review
The occurrence of acne in industry
has been noted for many years and has
usually been described under the name
of “chlor acme.” Very many sub-
stances have been blamed as the cau-
sative agent and it was soon recognized
that the name “chlor acne” was a
misnomer ingsmuch as exposure to
chlorine or to many compounds con-
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taining chlorine, does not give rise to
the disease.

Bettmann (@) reported cases in
workmen engaged in unpacking a
hydrochloric acid tower constructed
with tarred plates. Numerous other
chlorinated organic products have
been blamed.

Herxheimer (10) observed and de-
scribed the disease in workers engaged
in the electrolytic manufacture of
chlorine and stated it only appeared in
association with some form of coal tar.
Carbon electrodes were in use. He
considered the cause might be chloro-
benzene formed by the passage of
chlorinated phenol into the blood.
The disease is considered an ordinary
tar or paraffin eczema by Barres and
Courtois-Suffit (11).

Rambousek (12) blamed chlorinated
tar products given off in the electroly-
tic manufacture of chlorine by action
of this product on the carbon anode.
The anodes were made {rom tar,
bitumen and ground charcoal and the
containing vessels painted with pitch
varnish. The cases of acne disappeared
on the substitution of magnetite for
carbon as the anode. He also de-
scribed an outbreak during work with
a hot mixture of saltcake and tar.

Wauer (13) described “Pernakrank-
heit” resulting from exposure to higher
chlorinated naphthalenes.

Koelsch and others (14) blame
chloronaphthalenes as does Teleky

(15) who further states the injuries
produced are proportional to the
chlorine content of the product and
considerable improvement results if
the chlorine content is decreased from
30 to 8%, the loosely bound chlorine
being eliminated.
Nicolas and Lacassagne (16) report

a case with widespread lesions dig
tinguished from acne vulgaris by the
localization of the eruption.

Flurv and Zernik (17) describe
acne-like inflammation of the sebace.
ous glands due to chloronaphthalenes
and occurring on the uncovered skip
of the face and arms and covered partg
where rubbing takes place.

Schwartz (18) described chlor acne
on exposed and covered parts of the
body from the fumes of chlorinated
paphthalenes. Patch tests were nega-
tive.

Jones and Alden (19) suggest as the
ultimate cause styrene di-chloride and
chloroethvlbenzene.

Mavers and Silverberg (20) de-
scribe cases of skin disease resulting
from exposure to chlorinated hydro-
carbons. The most important skin
lesions were of an acne-form nature.
Chlorinated diphenyl is also very
similar in action to chlorinated naph-
thalenes.

Aene in a Chemical Industry

Duringthepastﬁywslhavehad
the opportunity of studying occupa-

tional acne in a chemical industry.-

Every man has received a complete
phvsical examination but females are
excluded because of the small number
engaged and the fact that no females
have been exposed to agents known to
cause acne. Table 1 indicates the
number of employes engaged in the
industry, by age groups, and in table 2
is shown the type of skin disease
discovered.

The Incidence of Acne.—The diag-
nosis of acne has been established by
the presence of comedones sufficiently
obvious to warrant treatment. The
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TABLE 1

EwrrLoves ExaMINeD

| racromT ! FACTORY 2

ETIOLOGY OF ACNE 233

The incidence of sueceptible (age

15-30; empioves at Factory | 20.0%;
The 1ncidefice of susceptible (age
15-30; emploves at Factory 2 . 32,05,

s ey ———— J,"’“‘ Thus there is approxima't,ely an
S , g equal percentage of susceptible em-
15 i 6 — 12, — ‘ 18 ploves and an equal incidence of acpe
1520 “‘;' 12 ! :;‘: 1; ! 32‘3‘1 in both works. It will be seen later
g;g 1 i; o Ii “I; 8 | 335 that the cases of occupational acne
30-35 ' 211 32 i 121, 18 ! 382 are approximately equal at both works.
3540 . 171 31 | 127: 24 | 353 Table 3 indicates the ape distribution
4045 | 149 26 . 122| 21§ 318 gpg severity of the cases of acpe.
45-50 | 138 20 ’ 114{ 2t | 302 112 cases occurred between the ages
50-55 | 144’ 21 9 12| 276 - e
5560 | 1210 8 64# 7 [ 200 of 15 and 30 = 66<; of total cases
60-65 [ 142 4 ' 55. 2 203 128 cases occurred between the ages
—— |~ ! ' of 15 and 35 = 705 of total cases
Total ...|1,5% 215 | 1,08 127 ’2,966 . _
= 701 ‘ 212 |F The Incidence of Occ-upatwnal Acne.
i | ' —The cases of occupationa) acne have
TABLE 2
ExpLoTES FOUND T0 BE STFFERING FROM SEIN DisEase
K : i : ! i
EE
AR SN A AR
R R SRR A IR DN FUE- A0 S D A DR I
= © c ! -
E E3 3 E2 8 AENEIF *J, BlE
s‘;E"E‘:E;iEIs;E!EE;:%E
Factory 1.....0 99 | 16 |13 7‘6;’5 2i— 1= 5{2 11178
Factory 2..... ! 70:‘59 8, 3 3.1 32;313!1i5’i3’—-—181
Total .....| 169 | 75 {21 10| 9?6[44{3 $:101008 1|1 | a0

classification adopted by Bloch has
been roughly followed, i.e.

+ = 5-20 comedones
+-+ = 20-50 comedones or papules
and pustules.
+++ =50 or more comedones or

papules and pustules.
The total incidence of acne was 169

easesor.... ... . . . 8.T%
Acne expressed as s percentage of
total skin diseases. . . . . 47 0%

The incidence of acne at Factory 1 5.6
The incidence of acne at Factory 2 5.77¢;

occurred in the following occupa-
tions.

A. Workers engaged in a process
using molten chloronaphtha-
lenes.

B. Workers actuallv engaged in the
manufacture of chloronaph-
thalenpes.

C. Workers engaged in experimental
processes with chlorinated
naphthalenes and chlorinated
diphenyl.

P 4

O 4
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D. Cases occurring at other or
customers’ {actories.
The cases occurring in the first three
oups are sct out in table 4.
Description and Occurrence of Cascs.
—The cases | have had the oppor-
tunity of observing have arisen during
the manufacture of chlorinated naph-
thalenes or from the use of these bodies

to impregnate various articles.

decomposition product of the bodies i«
responsible for the development of
arne which is due to a specific effect of
the chlorinated naphthalene. Acpe
has therefore, been produced unde;
conditions of exposure to the fumes of
heated chlorinated naphthalepeg
(One case occurred from exposure tq
the fumes of chlorinated diphenyl.)
No case of acne has arisen from

TABLE 3 '
ANALYBIS OF CABEE OF ACNE
i FACTORY 1 ‘\ FACTORY 3
1
AGE R
[ Blight | Moderste! Be | Blight |Moderste | Be . roTaL
Bl =l T W e o e
5 | 1 1 — 2 -] - - _ 2
15-20 \ 14 14 2 30 3 5 - 8 38
20-25 | 17 8 2 prt 2 13 2 17 4
25-30 1 4 9 1 14 3 10 3 16 30
30-35 | 2 3 - 5 1 9 1 11 16
3540 | 5 2 — 7 — 1 1 2 9
8045 | 1 2 ! 4 - 4 1 5 9
45-50 | — 4 1 5 — 5 - 5 10
50-55 | — 3 - 3 — 2 - 2 5
55-60 — 2 —_ 2 — 2 — 2 4
6065 | — —_ — —_ — 2 — 2 2
Total.. ..ottt i 99 70 169
TABLE 4
IxCIDENCE BY AGE GROUPS
axovr |mu.!1no{:o-zs zs-;ol Iwiwiwlw'm
H | } 1
i | :
A—Factory 2., ... !4|-—1—31!1'—‘1| |—|
B—Factory 2......... | 13 — ; 1 ¢ 5 | 1 : 3 3 — i —
C—Factory 1...... .. P20 | 8 |_ 7 | 3 i | — I — I
It 1\ : ' { !
Total . ............ i37;s{s§93353}4\ | — |

During the process of manufacture
it is impossible to determine the pre-
cise stage of chlorination most likely
to cause acne but cases 1-4 (table 5A)
have occurred from exposure to a prod-
uct approximating tetrachloronaph-
thalene.

It does not appear possible that any

T

handling the cold products within the
works, although approximately 50 men
have been exposed to this risk. Very
many times this number have been at
risk handling the products in the cold
state outside the works, but no cases
of acne have been reported. The con-
ditions necessary for the production of

MAXUS1178159
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scne are that the chloronaphthalenes
chall be present in a finelv divided
state. This may occur when the
products are volatilized by beating or
are present in a solution which is al-
Jowed to evaporate or as dust. These
conditions have been widely recognized
snd may occur under varving con-
ditions of manufacture and use of the
products. It is instructive to note
that employes exposed to constituent
products do not contract acne. Thus
po cases of acne have arisen during
the manufacture and use of chlorine
where I have had the opportunity of
examining repeatedly 150 men over
s period of 6 years. 4 workers exposed
for varying periods from August 1936
to monochloronaphthalene have not
contracted acne.

Tables 5A and 5B indicate the
employes affected with occupational
scne and points of interest and photo-
graphs are referred to subsequently-.

Case No. 1, A. C,, is described in
detail as being the most severe and
lustrating many typical features of
the disease.

Case I—A. C. Age 48 years. Pipefitter.
Was medically examined on July 7, 1932
previous to starting work at Factory 2.

Medical and Family History. Nothing
serious or relevant. Conclusion- Physique
rood. Fit for any employment. Note:
Few acne spots were present at the time.

Hrustory. Commenced work in 1932 a8 &
pipefitter.

In January 1933 commenced work on a
process using molten chloronaphthalenes in
an open vessel. No particular precautions
were taken with regard to ventilation as at
the time it was not 8uspected that the
manufacture and use of chloronaphthalenes
required special Precautionary measyres.

The summer was very hot and he wag
perspiring freely from this and his other
work. He wore a bjye flannel shirt ang
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poticed the dve raxn. tn whick he attributed
hie skir lesions.

Condition or Dec. 20, 1833. Physically
sound. Eves dark brown. Hair dark
brows and fairly thick. No anemis. Slight
icterus of conjunctivae Perspires nor-
mally. Blight seborrhea of ecalp. Teeth:
Uppers. denture: lowers fair. Persona)
cleanliness good. Teetotal. Skin dark,
fairly moist but not greasy.

The eondition commenced in April 1983
a8 “pimples” an the lower part of both arma
(8exor aspect) and betweep the legs.

Conatitutional disturbance. Complains
of feeling “below par.” Becomes tired
easily. Loes of rest due to irritation of the
skin. liehing very marked. For the past 3
weeks hae had pain after food with naugea.

Local disturbance (see fig. 1). There
Was no preliminary irritation, ervthems
or edems. No other members of hig
family or associates heve been affected.
The skin is normaj between the lesions de-
scribed and there is no alteration in the
normal pigmentation of the skin. The
scalp. forearms, axillas and hands are free
from lesions. The Jace shors ¢ few come-
dones only. The observations are of inter-
est and are further discusaed later in view of
the nature of hit work at which he wore a
shirt with sleeves rolied above the elbows.
Comedones are Very numerous on the peck
and extend slightly into the hair but infec-
tion is alight. Few comedones with slight
infection are present behind the ears and
under the chin, The comedones are numer-
Ous upon the chest and many infected
follicles are present. The breasts are espe-
cially a%ected with large follicles. Secon-
dary infection is prevsalent upon the upper
abdomep and comedones are numerous upon
the back, especially in the lumbar region.
Comedones are Very numerous upor the
armeé and many are infected. The upper
part of the thighs. the serotum and the
penis have many infected follicles.

Progress. Removed from work with
chlorinated maphthalenes in January 1984,
Improvement commenced on the face, back

and arms. Leuiomonthechstpeni:ted'

up to November 1935 whepn the infection
subsided. Few blackheads remained.
Several dull red pigmented acarg remain to
date. (See photograph.)
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TABLE 5A
CasEs or ACNE
Group ‘A", Cases 14 inclusive. Workers engaged in the urc of chloronaphthalenes.
Group “B”, Cases 5-17 inclusive. Workers engaged in the manpufacture of chlore
naphthalenes.
| ,
| EXPOBTRE | I g l TTME Yaxmy
TO AECOYE
case % Total ol;}::}}’r { : ; DISTRIBINVION | sxvemrTY i"r:;: :‘:::"':Ar.l.
| Degree period, | [WITH CATSATITL
5. months i E i AGENT
< ! - H
B : -
1. A.C ... 43! Severe 12 Apl. 1933| 4 | General- Severe {2 yrs.
i l ised
2. T.J. .. ... |25 Severe 12 Mar. 1933; 2 | General- Severe |dyrs.
ised
3. H. A, ... 34| Slight 3 May 1934; 3 | Face Slight 2 wks.
: 4 W H. ... 47, Shight 13 May 1936, 13 | Chest Slight
| 5. E. A. D.. |42i Mod. 40 | Dec. 1935 24 | Face Slight  |Not removed
i severe
P 6. W. P. .. |38 Mod. 36 | Mar. 1935 16 | Face, neck.| Mod.  [8+ mos.
i N \ severe Cysts severe
: 1 present
; 7. J. A. T. .38 Mod. 18 :Sep. 1835 18 | Face Moderatei4d mos.
: E severe !
R.T.C _|24; Mod. 5 Dec. 1835, 5 . Face Moderate!l yr.  Pro-
severe gressive 6
" mos. after
removal
S 9. M. S......[30! Mcd. 53 |Feb. 1936] 44! Face Moderate(l yr.
i . severe .
g . 10. W.H...... 28! Mod. 18 Sep. 1937| 24 | Face Slight Not removed
4 " severe
i_— 5 1. C. M...... 26/ Mod. 17 | Dec. 1835, 2% Face Severe |6+ mos.
- L severe ‘
' 12. W. W 41| Mod. 4 |July 1937; 13 | Face Slight |4 moa.
severe |
13.R.T...... 35, Mod. 3 Dec. 1937 251 Face, fore- | Severe {4+ mos. Pro-
severe i arms, gressive 3
| neck mos. after
i i - i removal
14, J. S .126: Slight Occa- | Jan. 1936, ? ! Face Moderate'
sional E ‘
15. A. C... .. 126 Moderate, 5 Norv. 1937| 1, Face Slight Not removed
16. J. McD. ... 25i Modera.te? Occa- | Jan. 1936 ? 1, Face Slight
i sional | P
17. J. T. L....i41} Slight Oces- ; Sep. 1935, ? | Face Slight !
L gional ! i ! ! ‘
Case 2—T. J. Age 25 years. Pipefitter. History. First emploved at Factory 2in

1923 as & laborer.

s Was not medically examined until Dec. 28,
Family History.

1033 when the acne was well established. Nothing relevant.
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Personal History. Nothing serious or
rdt;::ﬁ:ﬁ: Condition. Physically sound.
Pbvsique fairly good. E_ves Erey. H{tir
ligt-ﬂ brown, medium thick. No anemia.
No jsundice. Teetb—!)enturea (4 vears),
iaerspires normally. No seborrhea., Per-
sonal cleanlinese—fairly good. Teetotal,
Ekin—moist, dark, smooth, greasy. Had
pever had apv skin trouble before January
1933 but had s few blackheads. He also
wore 8 blue flannel shirt, and noticed the
dve ran. i
" The acne commenced in March 1933,
ually st first. The irritation was
marked especially when he became warm.
Pimples appeared on the lower part of the
beck and stomach (i.e. top of the pants),
and spread to the back, arms, face, back of
bead, legs and scrotum.

Consittutional  Disturbance. None,
General health good.

Local Disturbance. The eruption is not
anvthing like 8o extensive as the previous
case. It is to be noted he was not so ex-
posed to fume. No members of his family
or nssociates have become affected.

The skin is normal! between the lesions
described, and there is no alteration in
pigmentation of the skin elsewhere. Practi-
cally the whole of the body is affected with
comedones, but infected follicles are few.
The scalp i free.

Face—Comedones very numerous. In-
fected follicles few. Neck—Comedones
very Dpumerocus, especially behind ears.
Some cyvsts are present. Back—Pustules
old 2nd new numerous. Comedones few.
Ankies—Pustules numerous. Buttocks—
Some infected follicles.

Progress.  Blow but steady progress was
made after removal from the process.
Mary blackheads remained on the face
until March 1934 but few became infected.
Numerous blackheads were present on the
buttocks until August 1937.

I'have had the opportunity of study-
ing the mode of production of cases of
acne arising from exposure to chlori-
nated naphthalenes in industries other
than the actual manufacture of the
product. They have indicated that

ETIOLOGY OF ACNE 207

eXpOsure to VAPOT is & necessary factor
and handling the cold product does
not produce acpe.

Cases of particular interest were ob-
served in 1936 (D. Limited 21.12.36)
when 2 boys were exposed to vapor and
developed acne of the face and neck
after a latent period of 5 months.
Their hands and arms were mostly
exposed but no lesions developed in
these areas.

Predisposing Factors and Suscep-
tilelity. —In my opinion the majority
of workers will become affected with
acne if exposed for more than 2 to 3
weeks to concentrations of fumes which
are considered more than slight. In
most operations it is only possible to
estimate the amount and duration of
exposure. Qut of 81 workers exposed
to fumes 37 became affected with
acne, ie. 459%. The exposure was
more than slight in only seven of the
unaffected cases. Four of these em-
ployes were more than 40 vears of age,
the other three being 24, 25 and 33
respectively.

In cases described by Fulton and
Matthews (21) 101 persons or 785
became affected. Jones and Alden
(19) state that 23 people out of 24
were affected from the late summer
of 1932 to October 1933. Flury and
Zernik (17) state that susceptibility
Is very variable and estimate that 50¢;
of workers suffer.

Table 7 indicates susceptibility in
employes exposed to some risk of acne
but not affected with the disease.

Certain other factors are related to
susceptibility.

Age. The most important factor
causing occupational acne is the degree
and period of exposure and the age
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TABLE 5B
Canra or AcNE
Group “C”, Casen 18 37 inclusive. Workera engaged in research on chloronaphthalenes,
EXPOAURE ;rocm.on:nrrln ll:ﬁ:ﬂll T CALORNI- g DATE OF
cAan AQGE ___“_‘_‘11‘1‘}".;"(? . ATED DIPRENTL ::I::’:";:: g E DIF"I":I:;L‘:ON CALRN ATYERITY l‘:::“nnl;,l.:ﬂn :::::;,"ﬁ'
Degron Perind Degroe Perlod K
mos.
18. C. 1. 8, 27 | Occarional | 3 yre. | Ocea- 1§ yra. | Aug. 1937 7 | Face. None | Chlorinated | Slight Not remov- | 6 mon.
and slight sional previously naphtha- ed
(conaid- and lenea
erable slight
before
Dec.
19356)
21 | Slight 4 yra. | Moderate| 2% yrs, |July 1937 ? | Face. None ? Moderatel Not remov- | 9 mon.
Previoualy ed
3t | Moderate 4} yre. | Maderate] 4 yrs. | Oct. $937| 7 | Alongand un- | Chlorinated Moderate| Not. remov-
der mandi- naphtha- ed
ble. None lenes
previovsly
19 | Moderate | 16 mos. | Moderate] 7 mos. | Nov. 1937| 9 | Face. None " Slight Not remov-
previously ed
18 | Modernte | 20 moa. | Moderate| 3 mos. | Oct, 1937 | 8 | Face. None * Moderate| Fel. 1, 1038 | 3 mos.
. previgusly
18 | Slight 2} yrn. | Slight 8 moa. | Nov.1937{ ? | Face. None “ Slight Not remov- | 2 moa.
previously ed
174 Moderate 9 moa. | Nil — Oct. 1937 | 7 | Forchead and “ Severe Nov. 18, # mos. Worwe
forearms, 1937 immesdi-
None previ- ately'nlter
ously removal
. C. 26 | Moderate R mos. | Slight 7 mos, | Mar, 1937 4 | Forchead and “ Moder- | Mar.24,1937) 8 mos. Be-
: around eves. ately came
None previ- revere worse im-
iously. No mediately
rnecondary after  re.
infection maval
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25. P. 8. C. 26 | Muwderate & mos. | Slig’ 7 mos. | Mar. 1937] 4 | Forehead and " Moder- | M "~1937{ 8 mos. Be-
around eyen. ately came
None previ- aevere . worae im-
tously. No mediately
accondary alter  re-
infection maoval
’ v - » PR R e WesS T
20, NOHLGo 2T D Maderate 1S e, | Nl : 'g Jun, VAT A2 Pohows, face d - P Moder- 5 Ny A 12100a
| | bl fores : niely i .
i arms, None wevere .
\ previously \I,
20 1« 19 Rlight 2 3mes, | Nl B Sep. 37t 7 | Chin, None ? Slight ;
previously ‘ .
PAY I 21 | Muoderate 3ovrs, Nl Feb, 1035 2} Faee Chlorinated Mader- Not remoy- | s
‘ naphthn- ately 1 P DS
l lenes Kevere puuurvlm-"
1 ! sened i
PN £ T A 1S Maoderate P, 1 Nil Oer 10371 8 1 Faee. None ¢ Rlight Not 1emov-
[ previously i ed
300 Do M. 18 | Ovensional | 12 mos, Nl Sep W7 | 7 | Faee " Stight Not remove  Homes,
* H - ’ il |
1 :
31N, o | Slight PV mos Shight 31 mos. | Mar sy 3 Lronad eves, " | Slight N remov- 2 e
2 | None previ- el
= | tlllSl_\' 1 i
3TN 20 5 Slight Fmos, TN Nov, 1oa7t 24 Face. None ' ’ Slight Paee 31,1937 1 mo
| previonsty | '
380 Gl 23 | Shight l 4 maos Nil Sep 1037 5 Face nnd fare- | o L Slight Nl remov- s
1 arms. None! ! el !
.i previonsly ;
340 21 | Slight LB mos, \ Rlighit 3 mos Aploasy 3 Faeo,  Had Chlorinated J Slight Not remm
E sehorrhoen diphenyl ] ed .
! previonsly .
36, b AL 22 | Shipht D opon, I‘ Nil I'eb, 1838] 13 Faee Chlorinated ( Sheht Not remov-
l napht i \ cd |
! lenes
a6 WL, 24| Shight 5mos. | Nil Sep 7L 7 | Faee and ol “ \ Maoder- Nuot |':‘|nn\-»l S oo,
i hows, None nte eel |
: : previonsly &
7.1 GO0 17 | Bhght L - Nil Nov 13T Face Y ~ Stight | Not remon- |
: l ‘ H ! ! ed I
LI T I A r.r"w UN’ T T e
A S g Jm-;-ya? Ph R e~
NP Ly f""--’-';f; g T fs TNl o B LR w-.?".. 2 SRRt m ' ". ; :
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factor i= not =0 evident as i arne
vulgaris,

700, of eases ocenrring were in the
age group, 15 to 30 vears, while only
344, of the peaple exposed fell n this

Type of skin aud prosence of skin

dixcase.— The choosing of workers fory
emplovment where there is 4 risk of
acne obviously excludes those affected
with aene or schurrhea. This factor

Fii. 1. Caseno 1. A C,

age group. Generallv speaking. the
disease developed more easily and the

latent period was shorter, while the

mild cases took longer to subside, in
vounger emploves.

Photegraph May 13. 10H

therefore cannot be extimated. It 12
probable that they are more suscep-
tible and in one ecase where the acne
developed in a worker affected with
<ehorrhea hefore the rizk was realized,
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Fii. 2. Case no. 1. AL C. Photograph November. 1937 -
f ' LA
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i
stimated,  Itois . " .
¢ more s Fii. 3. Case no. 2. T. J. Photograph  Firc. 4. Case no. 6. W. P. Photograph
NOre. suseep- May 13, 1934 December 1. 1937
where the uene .
voaflected with of the skin, hair or eyes With sus- 10 skin dizease generallv (Klauder and
ik wax realized. » ceptibility to acne or skin disease in  Brown. 22).
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: month~. O theereteyt grounds thi. ! .
. ; 1 probahile s a- inerensed aetivity of the
s 1t skin glands oceurs, with less evapory. 3
£ i tion and eonsapientiv more seeretioy
: : in the =kin cau-ing adherence ang -
= : soluttior of  the  chloronaphths. '
r B o .
i g lene-. 2
I Cleanliies. Tii i~ a factor of the
,;; : ' very greatest impertanee. ] am cap.
P vineed that where the general level of
i E : cleanhiness of the individual i= low the
2 : acne develops more rapidly (see Case -
H 13} and vire versi. .
H One man (Case 37 exposed more than
2 : anv other emplove to the fumes of
: B8 L . chloronaphihizlens< remain= frec fr
k : Fic. 5. Case no. 11, C, M. Photogruph ' 1 ) from
: December 10. 1937 gene and the reason appears to be
2!
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Fic. 6. Case no. 13 Photograph Apnl 1o 193%
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Scason. The seasonal influence ap-  personal cleanlines<. This employe is
pears to be of small importance.  Al- an expericnee D proees< worker who s
lowing for the latent period there  fullv aware of the importance  of
appears a slightly greater tendency for  cleanlhiness. The factor of cleanliness
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tes geperally 1D the prevention
mpdustrial dermatitis.

General Heclth. AU workers were

examined before engegement, during

df‘aﬂlﬂ’l History. 1 bave been unable work with chloronspht:halenes and
TABLE 6
FXPOSED Emprovzs WEO HAVE NoT CoxTracTED AcNE. REPEATED EXaMINATIONS,
1932-1939
‘—-:—‘::_.—-f EXPOSTRE ux DPRGAXT OF EXPOSTRE
-
- §7-56 | Use of chloronaphthalene 1-6 wks. 3 aligh:, ] moderate
4 1 ooss | Mig. “ Odd spells to 3| 11 * 3 «
54 yrs.
1047 Resesrch i * 1 mo.—5 yr8. 12 ¢ 7 .
l and chlorinated diphenyl | 2 days-6 mos. Sligh:
TABLE 7
SuscEPTIBILITY
—"—_(
AGE FERIODS
s |1 | 2 |- | e &l | o8
EEREREREEE R R RN
a— I : | —
e —18i8]9!3!3:4 1]|—1]1
Cases Of BCOE - - i
sﬂb:rstrisk,notaﬁected.... —_ 1 9 9 7 9 2 4 — 3
Kamber Dot affected where ex- i
posure is considered to be i
enough to cause ace..........| = | — 1 1 — 1 1 1 ;_ 2
TABLE 8 after the development of acne; a study
SEAsONAL INFLUENCE of the results of examinations pro-
vided no relevant iriormation. No
MoxTH ciam general defect, type of development
:uvv ...................... 3 or physique pred.ispoaed to the de-
FebIUATS .« o eoeeennrnnrnees 3 velopment of acne. No disturbance
March. .o 4 of health occurred during or after the
Apric - g development of acne or during work
:: - with chloronaphthalenes. A study of
Rs 1 sickness records has pot indicated any
ARUEL . . e -7— related factor.
ber. . ..o ] .
z:’;:b:)r. o 6 The Mechanism of Production of Acne
November. . ... .............. 2 1. General. The precise mechan
December... .- of production of acne has remained

% trace any related factor under this
beading. No case of any member of
a worker’s family being affected has
ecome t0 my notice.

undetermined and in the case of acne
arising from chlorinated naphthalenes
it is unknown whether the effect is a
local one or arises from absorption of
the product into the body. Dis-
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cussing the matter in hix book, Prosser
White (23) supported by others, con-
siders it & direct external effect, while
other authorities report & dermatitis
due to elimination by the skin glands.
The relationship, if any, between acne
due to iodides and bromides and that
due to chlorinated naphthalenes and
acne vulgaris has not been elucidated.
Sulzberger, Rostenberg and Sher (24)
pote the similarity of acneform erup-
tions produced by external agents such
as oil and tar, by internal agents such
as iodides and bromides and acne
vulgaris. To explain follicular erup-
tions caused by halogens the following
reasons have been advanced:

1. The rich convolution of blood
veszels around the follicles.

2. Their special capacity for ir-
ritating the pilo-sebaceous ap-
paratus.

3. The excretion through the
sebaceous glands.

4. The response to patch tests is
follicular, i.e. the pilo-sebace-
ous apparatus is oversensitive.

Patch tests have generally been
negsative in cases of acne from chloro-
naphthalenes. Mayers and Silverberg
(20) applied patch tests with oint-
ments of potassium iodide and potas-
sium bromide to cases of “chlor-acne”
without finding evidence of hyper-
susceptibility.

Oppenheim (25) describezs an oc-
cupational acne due to bromine occur-
ring in men manufacturing gas bombs.
The eruption was situated on the fore-
head and cheeks and slightly on the
peck and chest. He did not decide
whether the condition was due to ab-
sorption and excretion or to a local
action.

In his report for 1936, H. M. Chief

Inspector of Factories states that ty
weight of evidence seems to point i,
the skin affection heing the result of
external irritation, as opposed ¢,
interna! sabsorption and execretioy,
In support of this he states that no free
chlorine or decomposition product of
the wax compound was found in the
atmosphere of the “spinning” proceg
held responsible for nearly all the skijp
cases ip one firm. An important case
has been described by Fulton and
Matthews (21) of a skin eruptiog
occurring in an infant aged 2% years,
The eruption was of an sacneform
nature, mostly affecting the cheek and
forehead and extensor surfaces of the
arm and forearms. The father has g
generalized chlor acne as a result of
exposure to hexachloronaphthalene
and chloro-diphenyl. The mother was
affected on cheeks, buttocks and ex-
tensor thighs and a sister aged 11
months had comedones on both cheeks.
The father returned home in his soiled
working clothes and played with the
child without changing. The father
and son slept together, the father
alwavs sleeping in his underwear.

In considering this case it is instruc-
tive to read the remarks of Macleod
(26) on the grouped comedones of
infants and voung children. The
comedones tend to be grouped in
clusters, are medium in size and wide-
spread in distribution. He suggests
they are due to local irritation from
the skin of the mother or the wearing
of dirty, greasy clothes. They have
been described in several members of
one family and s bacterial origin is
suggested.

Acne occurs in paraffin workers from
a direct effect on the skin. Through
the courtesy of Dr. Scott of Broxburn,
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Lothian, I was able to see cases
¢ the Scottish  Shale Oil Industry
s d obtain his opinion as to the cause,
:—nhich is purely mecha.n‘i('a!. In type
and distribution the lesions are quite
distinct from “chlor-acne’” and are
F-evented by the application of lano-
fine and the use of washing facilities.
There are many points of great
interest in the determination of the
method of production of acne of oc-
cupstional ongm )

1. The latent period which occurs
between exposure to the prod-
ucts and development of acne.

2. The site and type of the eruption.

3. The changes produced in the skin.

4. The systemic effects of chloro-
naphthalenes.

The Latent Period. This is referred
to by most writers on occupationsl
acne. In my cases this period varied
from 1 month to 2 years. The aver-

period was 7 months. Fulton and
Matthews (21) give as an average
period, 24.3 months. Severe cases
developed in 5 to 9 months but only
one person who was in contact with
vapors of the bot wax developed acne
before 2 months. It would indicate
that the lesions are not produced by
s gimple obstruction of the glands, but
that some physiological change is pro-
duced in them, i.e. hypersecretion.
This might be owing to external or
internal action. Of equal importance
is the observation that repeated crops
of blackheads occur after removal
from contact with chloronaphthalenes,
even with adequate treatment. Inthe
absence of gross infection this period,
in moderate cases, is about 4 months.
In severe cases with infection 2 or more
vears elapse before the eruption sub-
gides.

The &ite of eruption and difference
from acne vulgaris. At first sight it
would be thought thar if acne of oc-
cupational origin is produced by a local
action it would occur on exposed parte
of the ekin, and possibly elsewhere if
produced by internal absorption. It
must be remembered, however, that
the histological structure of sebaceous
glands and hairs in various parts of
the body determine the site of the
acne lesions. The function of the
sebum is to hinder rapid evaporation
and conserve heat. The sebaceous
glands are most densely situated where
subdkaneous fat is minimal e.g. on
scalp, nose, lip, chin, the middle Line
of the front and back of the trunk,
ie. those areas which especially nked
to be protected against loss of heat.
The scalp is almost never affected al-
though it abounds in sebaceous glands
and & reason for this has been advanced
by Bregman (27). He states that the
sebaceous glands in the parts of the
skin where acne vulgaris usually occurs
are covered with lanugo hairs and
therefore lack strong vigorous ar-
rectores pilorum. The expulsion of
the contents of sebaceous glands, ade-
quate under normal circumstances,
easily becomes inadequate with hyper-
secretion of sebum as occurs at
puberty. In my ecases the distribu-
tion of the lesions has been seen
earliest and most commonly upon the
face. Commencing on the outer side
and below the eye to the malar
prominence, the comedones became
widely distributed over the cheeks as
is clearly shown in photographs of
cases 6, 11 and 13. Numerous come-
dones are present behind the ears.
Few are present on the forehead and
the nose is characteristically spared, as
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ts the mid-line of the face . nerally.
In severe cases the lesions arc ound on
the neck, chest, upper abdon:~n. arms
and extensor aspects of the forearms,
particularly about the elbow. (photo-
graph case 13). The back. thighs and
buttocks may salso be affected. I have
not seen the eruption on the legs.
The most characteristic feature i< the
enormous number of veryv fine black-
heads around the eye and this observa-
tion. with the absence of the very
noticesable greasiness, distinguishes the
eruption from acne vulgeris. Second-
ary infection is present to a far less
degree than would be anticipated from
the number of comedones. When it
does occur it proves to be a very in-
trattable condition resulting in the
formation of cysts (case 6) and violet
scars (case 1). 2 severe cases (num-
bers 1 and 2) showed widespread
lesions with secondary infection. The
distribution in these cases was very
interesting. The forearms were very
slightly affected and the face and neck
affected to a lesser degree than the
chest. The men were engaged in a
process using molten chloronaphtha-
lenes where ventilation was poor.
They wore blue flannel shirts with
short sleeves. The absence of the
eruption on the forearms and the mild
type on the face indicates to my mind
that these areas were washed more
frequently than other parts of the body
and supports the view that the erup-
tion is due to an external action on the
skin. The back of the neck was af-
fected with many comedones and two
factors probably explain this dis-
tribution; firstly, the scant cleansing
and secondly the rubbing of the shirt
neck. Case ] was not in the “acne
age” and the face therefore less suscep-

e f

tible, whereas the bodv developed acne
owing to the clothes rubbing the ir
ritant well into the skin.

Precisc Local Changes. The prol,.
able mechanism of production is that
chlorinated naphthalenes are depositeq
on the skin and clothes in fine particleg
and being lipoid soluble, are dissolveq
in the sebum. The sebum is chiefiy
composed of the esters of the higher
alcohols and fatty acids, a small qQuan.
tity of fat as triglveeride and traces of
cholesterol. The solubility of chloy.
inated naphthalenes in lanoline (takep
as a substitute for sebum) is consider.
able and experiments prove that more
than 1 part of chloronaphthalenes dis-
solves in 8 of lanoline. In the absence
of cleanliness the chloronaphthaleneg
irritate the sebaceous glands, causing
an excess of cell growth and secretion,
followed by plugging of the gland ang
possible  secondary infection. As
previously stated, cleanliness is a most
important factor.

Jones and Alden (19) have described
the microscopical examination of the
skin of the chest of a negro, aged 26
years, who had a typical acne arising
from chlorinated diphenyl. The man
commenced work in April 1930 and
worked regularly until the end of 1933.
He first noticed blackheads on the face,
neck, arms and legs in May 1933.
The skin was seborrhoic and nothing
abnormal was detected on physical
examination. Cystic dilation was
noted in hair follicles and sebaceous
glands with destruction of the hair,
marked thinning and atrophy of the
epithelium of the follicles and a heavy
plug of keratinized material partly
filled the cystic cavity. In some areas
there was a superficial plug at the
surface opening; others showed the
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n and the plug deeply
-."f“:d OI;,'I; purulent exudate was
most ¢ . There was a zone of moder-

connective tissue surround-
M“;‘::n:;]arged follicles with slight
u’ ms aod infiltration by lympho-
evtes, but no leucocytes were noted.
E’th edematous changes were noted
in the occasional sebaceous glands
= t but they were strikinglv few.

t glands were normal.

“&?ﬁ:mggles produced in the skin
may be marked in localized and vary-
. 'p,n.s of the body, the rest of the
:fn being normal, again indicating a
Jocal external action of the causative
.‘;nn;much as animals do not suffer
from acnpe, little aid can be obtained
from experimental studies, Reference
bas been made to patch tests which
are invariably negative and in view of
the long latent period, such tests would
pot be expected to give positive results,
Repeated patch tests might prove
positive. I exposed the skin of g
pormal area of human back (17 times)
w the vapor of highly chlorinated
saphthalenes from Nov. 19, 1937 to
Feb. 22, 1935. The skin was not
tieansed after the applications but no
scoe was produced. The experiment
was conducted as follows:

About 200 gm. of the materis) were
placed in a liter flask which was closed
with a rubber bung carrving two glass
tubes (i) inlet, reaching almost to the
surface of the chJoronaphthalenes, (2)
outlet, connected by rubber tubing to
the inlet tube of the reservoir. The
matenial in the flask was kept moiten
by & low flame. Air was pumped into
this flask from an enema bulb at the
fate of one squeeze per second, which
#wept the vapor into the reservoir.
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The reservoir consisted of the top half

of a large flask, aroynd the edge of

which pressure tubing (slit length-

wise) was fitted to make a4 more even

and resilient joint when applied to the
v.

The neck of the reservoir was fitted
with a bung CAarrying two glass tubes.
(1) Inlet, which reached three-quarters
of the depth of the vessel o ensure g
direct impingement of the vapor on
the skin, (2) Outlet, leading 1o 5
Dreschel bottle partly filled with water
to act as & trap and a flow indicator.
The heating of the flask was regulated
to maintain a constant supply of vapor
in the reservoir.

A series of investigations was con-
ducted to determine any alterstions in
the bacterial flora of the skin during
exposure to chlorinated naphthalenes
as described in the preceding experi-
ment. No change could be deter.
mined por were any new features
determined in the bacteriological ex-
amination of cases of established acne.

Since no specific reactions for chloro-
naphthalenes could be found, experi-
ments to detect their excretion by the
skin and urine were considered im-
practicable,

Systemic effects associated with oc-
cupational acne. A study  of the
systemic effects of exposure to chlori-
nated naphthalene gheds little light
upon the production of acne. Unless
the lesions are widespread people
affected complain of little except the
disfigurement and irritation. Vague
symptoms such as lassitude, anorexia,
malaise and depression may be com-
plained of in serious cases. Nothing
is to be detected on physical examina-
tion, although all emploves exposed

g ki,

i

~ aal

e
"4&-&

LY

o l’f”’.‘h..,
U

MAXUS1178172



[P S R T

PR Y T ‘-szt:wbhw’:’c

e T

d.at

st bt ey S LII | LB R

e

e

-

(XX

Ve e e s

e CT R

308 JOURNAL OF IRICSIRIXE RYGIENL AND TOXICULDGY |vee 40, a0

received repeated complete physical
examinations.

Casc 1, the most serious Thave seen,
was investigated in hospital. He com-
plained of malaise, anorexis and lassi-
tude. His conjunctiva had 2 slight
jcteric tinge but nothing abnormal
could be detected. Liver tests were
not performed.

Investigation of the urine showed no
albumin or sugar, IMucus was excessive,
a few epithelial cells and occasional
leucocytes and red blood cells were
present, no casts or renal cells were
observed.

A fractiona) test meal showed a poor
secretion of HClL. The total acidity
curve was normal for the first half-hour
and then dropped from 2088 to 10
in one hour and & quarter.

No occult blood was present in feces.

Chloride estimation. Blood: Total
Chlorides = 583 mg. NaCl in 100 cc.
Urine: 9.23 gm. NaCl in a 24 hours’
gpecimen. Both these were non-fast-
ing specimens.

Fulton and Matthews (21) state
that blood and urine examinations in
their cases reveal nothing abnormal.
10 exposed cases and 2 controls showed
the icterus index (as tested with the
Klett Calorimeter) to be raised. but

" it returned to normal after 1 week.

The effect of chlorinated hydro-
carbons on the liver has lately received
considerable attention. In 1835 Doc-
tor H. Tavlor in a private communica-
tion indicated to me that exposure to
chloronaphthalenes (in very high con-
centrations), caused severe damage to
the liver, kidneys, and lungs of rats
after a period of a few weeks. The
chloronaphthalenes were heated and
the atmosphere blown over the rats 1D
the form of a mist.

Drinker. Warren and Bennett (28)
state that chlorinated naphthaleneg
and chlorinated diphenyl attack the
liver and the liver alone. The higher
the chlorination the greater the injury,
Compared with benzene and leag
tetraethv! they are only slightly toxic
and operations employing them capn
be easily safeguarded. The precise
fate of chlorinated naphthalenes in the
body is unknown. It has been sug.
gested that since they are rapidly
oxidized, the chlorine combining with
sodium, the opportunity for it to
produce acne-like eruptions such as
occurs with bromine is impossible.

The systemic effects are discussed
and the literature reviewed by Green-
burg et al. (29). 3 liver deaths are

noted in detail. Reoommendaﬁon.'

are given for the prevention of such
cases and it is advised that persons
suffering from typical acneform erup-
tions should be excluded from further
exposure. Drinker (30) also discusses
the systemic effects and states that
neither a high calcium diet nor the
administration of xanthine prevent
liver injury. When a mixture of penta
and hexachloronaphthalene is given to
dogs by mouth the urinary chlorides
rise, indicating that in some way the
body cells detach chloride from this
body. A high chlorine content n the
naphthalene does not enhance toxicity.

Genner and With (31) at the Finsen
Institute at Copenhagen have in-
vestigated the relationship of skin
diseases such as lupus, psoriasis and
eczema to disorders of metabolism
traceable to the liver. It was poted
that tarrv applications to the skin
caused transitory interference with the
functions of the liver. In other re-
spects the findings did not support
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the theory that hepatic disorders are
related to skin diseasc. Abnormal
sctivity of the sebaceous glands is
poted in association with puberty and
endocrine disfunction, also as g result
of the action of iodides, intestina]
toxemia and avitaminosis. It is also
enhanced in pulmonary tuberculosis
and hyperthyroidism and over-action
of the anterior pituitary and by
cholesterol-like bodies containing the
estrogenic  principle (Desaux, 32).
Digestive disturbances lower the re-
gistance of the skin to infection as also
do blood states such as anemia, and
sedentary occupations cause s poor
peripheral  circulation. Sulzberger
(33) has pointed out that many
derivatives of tar are structurally like
the estrogenic hormone. Lesions
other than acne resulting from ex-
posure to chlorinated naphthalenes
have not been described in Great
Britain. (J. C. Bridge, 1936 (Report,
H.M. Senior Medical Inspector of
Factories.)
Prevention

Successful prevention might possibly
provide a clue to the precise method
of production of acne. In &ll cases the
acne arose after exposure to the causa-
tive bodies in finely divided condition,
most commonly as fume. This pro-
duced acne by reaching susceptible
areas of the skin either by direct Jocal
action or by absorption and subsequent
excretion. As previously stated it is
my opinion that local action is the
mechanism of production. The fun-
damental principle in prophylaxis,
therefore, is to prevent the worker
eoming into contact with fumes or fine
particles. Normal methods of work-
ing and successful prevention of the
condition unfortunately do not enable

ETIOLOGY OF ACNE 309

one to discriminate between the two
possible methods of production. Re-
duction of external fumes ic obtained
by enclosure of the plant and adequate
ventilation by exhaust above the level
of the chloronaphthalenes, Ventila-
tion of the building is difficult as the
bodies have a high specific gravity and
therefore, a high vapor density. The
avoidance of over-heating is of great
importance and a temperature of 10 to
15°C. above the melting point is all
that is required for industrial purposes.
Protection of the skin and adequate
removal of the bodies should prevent
the development of lesions. If, how-
ever, acne develops under these con-
ditions stringently observed, it would
indicate that the bodies were absorbed
into the svstem and subsequently
excreted. If skin protection was ade-
quate it would indicate lung and/or
bowel absorption. Personal protec-
tion places a considerable onuys on the
worker which has been proved time
and time again to be unsuceessful in
any form of safety, also the bodies
have been proved capable of causing
systemic effects. I tried various skin
protectives yet acne still developed
after reducing exposure to a minimum,
Owing to the solubility of chlorinated
naphthalenes in fats the greatest care
is necessary in selecting a protective
agent.

“Lemon Cream” and also a mixture
of equal parts of lanolin and cotton
seed oil have both been given an ex-
tensive trial.

Lemon Cream .

<
Ivory soap flakes. ... . . 7.48
Chemically pure glycerine. .. 26.40
Sodium silicate (P84). ... 249
Tragacanth ..... . . . .. 0.20
Oil of lemons...... .. .. 0.16
Water. ... ... .. .. 41.60
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In cases where | have watched the
cleansing of the skin 1 am not satished
with the value of any protective tried,
but co-operation is difficult to obtain
as employes have a complete disregard
for the early manifestations of acne.

The following protectives are recom-
mended: A, by the Halowax Corpora-
tion; B, by Mayers and Silverberg (20).

A

Zn.oxide. ............ § oz.

Lot. calamine. ... .... § oz,

Balicylic acid.......... 20 gm.

Ad. Lan. Byd......... 4 fluid oz.
B

Pot. sulphette (509,

filtered solution}.... 60 gm.
Zn.oxide............. 30 gm.

Precipitated sulphur. . 30 gm.
Glycerine BP.... .. .. 5 cc.
Soluble fiuid rose...... 1 cec.

Closely connected with protection
is the removal of the chloronsphtha-
lenes from the skin and prevention
from long and close contact. I am
convinced this is the most important
factor in prophylaxis after reducing
fumes to & minimum. The provision
of adequate washing facilities with hot
water and shower baths should be
under supervision by the foreman or
other responsible person. It is sug-
gested by Mayers and Silverberg (20}
that owing to the fact that chlorinated
naphthalenes are insoluble in hot
water, cold cream should be smeared
on the skin to remove the wax before
washing. I have no experience of this
method but have found the use of hot
water and Neko soap (Parke, Davis &
Co.) to be adequate.

General Prevenlative Measures

General preventative measures are
advised by manufacturers of chloro-
naphthalenes:

1. Education of the workers ag ¢,
the cause and method of production of
acne.

2. The provision of a complete
change of clothes for workers (over.
alls—light colored, highly Btarcheq,
closely woven, full length sleeves ang
a proper neck; full length undey.
clothing laundered at least once ,
week).

1 tried the effects of hoods ang
Gamgee masks but the condition wag
aggravated by this procedure. I eon.
sider the cause to be excessive sweat.
ing and rubbing into the skin of the
chloronaphthalenes which collected un.
der the mask.

3. Adequate locker accommodation.

4. Avoid touching body and face
with the hands; no rags for wiping
nose and face. Wash before meals.
No meals on the plant.

Other mesasures mayv also reduce
the incidence of acne:

1. Medical selection of workers:
(a) Avoid adolescents. (b) Avoid
employes with oily skin and established
acne or seborrhoea. :

2. Medical inspection at frequent
intervals: (a) Eliminate susceptibles.
(b) Remove from contact all early
cases.

3. No other work to be performed
involving excessive perspiration.

STMMARY

Acne arises from exposure to the
fumes and fine particles of chlorinated
naphthalenes in a very high percentage
of workers exposed.

The latent period and effect of
cleanliness, the absence of systemic
effects and the distribution of the
eruption indicate that the occurrence
of acne is due to a local effect on the
skin.
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Experience has indicated that pro-
vided simple precautionary measures
gre adopted. products known to give
rise to acne may be manufactured and
used with safety.
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The information contained in this
paper is published by permission of the
Directors of Imperial Chemical In-
dustries Limited, to whom the thanks
of the author are due.
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‘dling this type of material in the San Diego Division
of the Consolidated Vultee Aireraft Corporation there
has not occurred a single case of serious intoxication
from exposure to any toxic material throughout this
large piant.

Chlorinated Naphthalenes and Diphenyls
LEONARD GREENBURG, M.D..

Executive Directer, Divisicn of Industricl Hygiere,
New York State Department of Labor

THE chlorinated naphthalenes comprise a group of
chemical substances made by the addition of vari-
ous amounts of chlorine to a naphthalene base. The
amount of chlorine may vary from three to six or pos-
sibly more atoms providing compounds from trichlor-
naphthalene to hexachlornaphthalene.

In the same manner, the varying amounts of chlorine
are added to a diphenyl base providing a group of
compounds of varying chlorine content.

As a rule, the final substances, as used in industry,
are mixtures of differing chiorinated naphthalenes.
Earlier, these were, as a rule, possessed of a lower
degree of chlorination-and later on the compounds were
usually of a higher degree of chlorination with varying
amounts of chlorinated diphenyls added thereto.

These substances are not new. Perchlornaphthalene
waa used in Germany during the last war.

It i3 to be clearly understood that these groups of
compounds are not manufactured by any one company
but rather by approximately five in the United States.
and they are sold under varying trade names by the
manufacturers.

The chlorinated naphthalenes and diphenyls are val-
uable industrial products. Because of certain prop-
erties which they possess, we may briefly state these
valuable properties as follows:

1. Resistance to water and alkali.

2. High insulating value. They possess high dielec-
tric constant.

3. Thermo plasticity.

4. Quite stable chemically.

5. Flame resistant.

For these reasons, these substances possess much
value industrially in the making of electric condensers,
and in the insulation of wire and cable, ete.

Method of Use in Industry

THE chlorinated naphthalenes and diphenyls are used

in industry by two methods:

1. A cold method in which the material is dissolved

in a solvent usually a mixture of petroleum naphtha

and tol
2. A

plastic

4 wherein the material is rendered

Toxic

N TH tates, the first three cases of acne

prod rinated naphthalenes were reported
by Sulz his co-workers in 1934. Fulton and
Matthews,? of the Pennsylvania Department of Labor,
reported 101 cases of dermatitis in a wire insulating
plant in 1936.

In 1936, Dr. Louis Schwartz,? of the United States
Public Health Service, described cases of acne pro-
duced by chlordiphenyls, and in the same year, Jones
and Alden* reported similar findings.

In 1938, Mayers and Silverberg described acneform
skin eruptions in workers making electrical con-
densers.3

Round Table Discussion, Regulation in the Use oLToxie Substances.
- e W e vmr RateE oy fomee ™.
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Time does not permit a discussion of the histology
of these dermatological changes produced by this sub-
stance.

[n general, it can be said with a fair measure of
certainty that these changes are brought about in the
<kin, primarily by the contact of the skin with the
vapors of these compounds, or by actual contact with
them in the form of solid or particulate matter. We
hawe found, for example, that workers exposed to
Symes have more acne than those exposed to dust
alone, and we have also found that workers exposed
to the soiid material or its particuiate form have de-
veloped dermatitis. In this connection, the re
Fulton and Matthews i3 very interesting. They
and describe a case of an infant, 2%; years of a
developed the dermatitis as a result of contact wi
soiled working clothes of its father who was
habit of playing with the child prior to changi
clothing. ~

More recently, Schwartz® has described cases
dermatitis among cable strippers employed at ship-
building establishments and working with cables
which had been impregnated with these compounds.

Systemic Effects

IN rHE United States, systemic effects in the form of
acute vellow atrophy of the liver were reported by
Flinn and Jarvik? in 1936 among men working with
tetra and pentachlornaphthalene. These findings were
verified by animal experimentation. In 1937, Drinker,
Warren and Bennett® reported such liver changes

among animals exposed to the material by inhalation, .

and similar findings were obtained with the chlorinated
diphenyl compounds. These latter authors also men-
tion four ron-fatal cases among humans and the three
fatal cases previously cited by Flinn and J arvik.

I should like to cite two or three cases which we
have encountered in our own experience? and which
may be of interest from the point of view of duration
of exposure prior to this type of poisoning. A girl 17
vears of age was engaged in soldering alectrical con-
densers which were impregnated with tri- and tetra-
chlornaphthalene for a period of approximately seven
months. The autopsy for this case showed mild to se’
vere degeneration of the liver and presented a clear
picture of what is generally known as acute yellow
atrophy. It was apparent in this case that the latter
organ displayed areas of healing and new areas of
pathology.

In the second case, a man 24 years of age developed
jaundice after five months of exposure in the coating
of wires with wax containing the higher chlorinat
naphthalenes. He was away from work for a period
of time and four months later the jaundice became
quite intense, with general malaise and loss of appe-
tite. After two months more of work he was sent to the
hospital, where he rather rapidly passed away. Thﬁ
autopsy in this case showed extensive areas of necrosis
and fibrosis of the liver with regeneration.

In a third case, published by Dra. Mayers and
Smith,1® of the staff of the New York State Depart
ment of Labor, an 18 year old girl became il after
five months of exposure in the soldering of electric
condensers. The waxes in this case were compos€
principally of trichlornaphthalene. She was hospital
ized and recovered after a long and slow period ©
convaleacence.

Recent Industrial Experience

DmuNe the past year the Division of Industrial HY-
giene of the New York State Department of L&
bor has conducted an investigation_in twn eahle nlan
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-ation, a large number of cases of dermatitis
und, and :everal deaths due to liver damage
w~ ' '~s in the industry.

ation of workers in the two factories
r vely few cases of enlarged liver—five in
aipation.
arison in these two piants showed a very much
-neidence of acneform dermatitis in one of the
13 compared with the other; nameiv 217% as
:«d with 607%, the former being in the cold
establishment and the iatter being in the es-
nent employing the nhct process onlv. The der-
appeared to take place on the average in about
.ths in the hok process plant as compared with
.hs in the cold process plant.

ions

ESULT of our general re-study of this whole
sdlem and our experience in two recent out-
as well as several isolated experiences we desire
several basic conclusions:
lorinated naphthalenes and diphenyls are in
highly toxic compounds and must be used with
care. Industrial hygienists should make every
» see that such exposures are controlled, in so
umanly possible. In this effort, we do not be-
safe to rely on limiting atmospheric concentra-
t rather to depend on a maximum of mainte-
id engineering control.

Xic exposures may be more readily controiled
e cold or solvent method of impregnating cable
v~ than where the hot process is used.

1own cases of liver disease in our experi-

Ky lable history and experience generally
0 e..posure to vapors or fumes from the hot
There i3 no clear evidence in our experience,
1 it is possible that skin absorption may pro-
stemic poisoning. Physiologically we see no
vhy this is not possible. However, most der-
cases do not develop liver damage.

¥, U should like to call attention to a group of
:ndations which were agreed upon by all of the
-nvolved in the last outbreaks of poisoning as
" utmost importance in control of this hazard.

endations

3 there is a very good reason for using the hot
hod of impregnation all new installations
-se the cold or solvent method of impregnation
orinated naphthalenes and diphenyls. Where
method is now being used it should be changed
cold, if possible, or surrounded with every
rotective measure.
reral hygienic
10 case should t
‘ing control of t
he operations i
Mlowing hygieni
actice where the ds are handled.

-wo lockers for eal exposed to chlorin-
Xes (one for working and one for street

should be followed,
lowed to supersede
acurce of the ex-

may be considered

A" ~rk clothes above the underwear should
L [ laundered at least twice a week by the

n
"he urkers shouid change to clean underwear
1d of each shift before getting into his street

‘upervised cleaning: (1) At noon the workers
:move outer clothing and scrub hands and face
ipervision. (2) At the end of the shift they
€ required to take_a sunerviasd shnwer hafara

L Ty NUL RS I S NP
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‘e) Protective skin creams or protective clothing
should be provided by the management at the discre-
tion of the foreman, nurse, medical, or plant super-
intendent.

(f} All departments handling chlorinated synthetic
waxes should be thoroughly cleaned acenrding to a
prearranged schedule. This should include the removal
of all depnsits of waxy material from the machines,
dovors and surrounding objects. Workers doing the
cieaning should be provided with protective clothing
and supplied air or organic vapor masks where exhaust
ventilation is inadequate or not possible.

3. The foremen of all departments where this ma-
terial is handled should be apprised of the toxic nature
of the material and instructed in safe handling pro-
cedures. These men should make it their duty to check
up on the workers in their departments and instruct
them in safe practice. .

1. Pre-employment and periodic physical examina-
tions should be made of all exposed workers., These
should include the taking of a full clinical history,
with special emphasis on gastro-intestinal disturbances
and dermatitis, In addition, the skin should be care-
fully examined periodically and the more reliable liver
function tests performed. Gastro-intestinal complaints
developing in a worker at any time should be a signal
for an immediate medical check-up. A history of liver
disease, jaundice, or antisyphilitic treatment should
automatically exclude a worker from jobs involving
a possible toxic exposure. Pregnant women should not
be employed where there i3 a possible exposure to the
synthetic chlorinated waxes.

5. Engineering control of plant operations cannot
be overemphasized but specific recommendations are
not applicable to all cases. It would be wise for a plant
using this class of materials to check their control
measures with the state industrial hygiene agency, the
insurance carrier and some competent consultant be-
fore occupational disease occurs.
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Abstract of Discussion

\ ANFRED BOWDITCH (Boston): A few issues ago an
. article appeared in the Journal of the American
Medical Association dealing with that subject of cable
wire treating. One of the two authors is here; he might
say a word or two on that subject.

R. [RVING R. TABERSHAW (Boston): Those were experi-
ments to remove wax from the skin, and, as you
know, it is practically impossible to get off. DR. GREENBURG
mentioned scrubbing, but that doesn’t do it. As a matter
of fact, workers themselves have attempted eve.rythinz.
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Preventive Industrial Dentistry

R. C. R. TAYLUR discussed “Preventive Industrial Den-

tistry.” o .

Preventive industrial dentistry had its beginnings n
the early 1000, cecuring increased actention after World
war I But it was not until 1942, when a consultant was
added to the U. S Public Health Service staff, that con-
siderable impetus was given to the movement. More re-
cently a group of industrial dentists has been formed by
Dental Asscciation tar the study and plan-

the American £
The State of Michigan also has a dental

ning of services.
consultant. )

It is important at the preseng time to plan additional
fparures, and also to plan permanent programs.

\n example of what can be done was detailed with
reference to the emergency dental clinic set up at Ypsi-
lanti, Michigan, where a U. 8 Public Health Service
dental consultant was detailed, War workers are here
given first attention, and others as opportunity permits,
including extractions, fillings, x-ray films, and treatment
of Vincent's angina and gingivitis.

As yet no data have been gathered on the saving of
lost time, but this is now being obtained. The important
thing about the whole set-up is the ability to cooperate
with community dentists and to provide facilities for
workers on an emergency basis.

The Pomona plan was referred to, where dentists set
aside one day a week for workers, and also use evening
hours for day workers.

Industrial physicians can participate to good advantage
in this program, along with the employer, the emyployee,
and dentists.

Examples of clinical dental problems were described
and commented upen and, finally, a pre-payment plan for

Chlorinated Compounds

_ Precautions in Handling—

R. A. G. CRANCH, Director of Union Carbide &

Carbon Company’s Toxicological Laboratory,
submits the following precautions for handling certain
chloro-naphthalene, chloro-dipheny], and related chiori-
nated compounds. These were developed. under his
direction, by the Halowax Products Division, (30 East
42nd St., New York), and are presented here not only
for their value in avoiding harmiful effects from these
chlorinated materials but alse on account of the ap-
plicability of these precautions to operations where
analogous materials are employed. The practice of
the manufacturer in distributing this information to

all of its customers, and to health agencies generally,
ia to be commended.

gecauTions for Handling Chloro-Naphthalene,
) .Chloro-Diphenyl, and Related Chlorinated Com-
pounds: .

These compounds constitute a group of synthetic
waxes made by the chlorination of a coal tar derivative.
The compounds most commonly handled in industry are
those containing chlorinated naphthalenes, chlorinated
diphenyls, and chlorinated diphenyl oxide. These ma-
terials have certain characteristic toxic properties.
Their toxic action is evidenced commonly in the
development of a form of acne, which usually does
not appear until after some weeks or months of
continuous exposure to these materials. This ex-
posure may be either to fumes from the hot ma-
terial or from continued contact with the solid
material. It can on}y follow repeated or continuous
contact, and will not develop because of short and
infrequent exposured. It closely resembles common
acne, but differs in that it is usually encountered on
the face — including forehead and temples — neck,

’ 2 .f +ha thinha nuter surfaces
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children with respect to controlling dental problems ip
the younger group was mentioned as a possibility. )

C.C.A, Program

\ % HOWARD STRONG closed the sessions, speaking on
+ «The Industrial Health Program of the Chamber
of Commerce of the United States of America.”

The general public health aspects of this program were
outlined. being described by several publications of the
Chamber which <were distributed at this session.

It is the purpoese of the Chamber of Commerce of the
U.3.A. to stimulate local programs. secure local coopera-
sion, not with respect w0 technical problems. but rather
to help to spread and apply general information.

Use is made of an advisory council chosen from differ-
ent communities, as previously announced. Cooperative
relationships are carried out with official agencies, such
as the American Medical Association, the American Public
Health Association, the U. 5. Public Health Service, and
others.

It is believed that the Chamber of Commerce has a.
major job to do in educating the public, to help the public
become more health-conscious, and to provide informa-
tion for public release to the press, radio, printed bulle.
tins, and other forms.

The second phase of this program is action as a result
of information released. Health committees have been
formed in city chambers of commerce and examples of
the public health activities of these were summarized.

Booklets and bulletins have been prepared for distribu- ir
tion on various health problems. e

It is proposed that an annual appraisal of community -
health programs be made by state health departments. & 5
with the advice of the (. S. Public Health Service.

w
of the arms, and sometimes around the waistline. & =
rather than simply on the face and back, which are
the more usual locations for common acne. Usually the 5
acne from this industrial exposure is accompanied bY =
a larger proportion of comedones (blackheads) than . -

is the case with common acne; also, itching may bea- -
prominent symptom. “
In exceptional cases liver damage may occur through:
inhalation of the fumes. This is a rare form of poison
ing, in contrast to the appearance of acne, and seerns
to have no relation to the extent or duration of the
acne, which may have occurred, but is dependent o
other factors. It does not "result from casual exposurts
but i3 a cumulative effect. 3
Experience has shown that, despite their toxic proP
erties, these chlorinated materials may be safely uses.
if proper control measures are observed. Under g%
operating conditions the appearance of acne should %3
reduced to & minimum, and easily brought under ¢ : 3
trol. With these precautions, cases showing liver dad
age probably would never occur.

Preventive Measures
\Y ECHANICAL: Wherever these materials are handl®g
- good housekeeping conditions must be maintain®e
There should be no careless scattering of material.
equipment and work places should be thoroughly clea™ g
preferably every day. Those engaged in this work shot y
take the same personal precautions as are outlined }
operators. Equipment should be of an enclosed tyre. 35
fumes and vapors removed by exhaust ventilation. Thi*
especially important where the materials are handled 1%
hot condition. Where the so-called cold process is use®
which the chlorinated waxes are dissolved in a solvent.
precautions should be taken to control the vapor 8
off by the solvent itself at room temperature, and bY ¥
compound as wel. when the colvents are driven off 1%’
by heating.

Our engineering department is ready at any time
advise regarding proper design for ventilating equip™™
for proposed of installed processes. The efficiency ¢

N
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‘«ting instailations can be checked by special equipment,
which we will make available when required,

v;iENTC: Care must be used in the selection of workers.
H Young people are more prone to develop acne. It
=ould not be desirable to employ such individuals on this
xork unless their :xin is clear, dry, and free from exces-
.ve waxy ‘ecretion. Those showing an »ily skin with a
rencency zo the formation of blackheads or acne should
<ot be 2mployed. Those having 3 history of skin disease,
iver disorders, or alcoholism should not be emrployed.
These recently exposed to chlorinated volatile soivents. or
‘sose under treatment requiring the use of the heavy
metais. as in syphilis, should not be employed. After em-
picyment, there should be close supervision of the workers
g detect any evidence of acne in its earliest stages, or any
evidence of digestive disorders, jaundice, or other symp-
:oms suggesting liver involvement. Employees showing
uch gymptoms should apply at once for treatment by a
Jquulified physician who is aware of the possibilities pres-
ent in their industrial exposure.

ERSONAL HYGIENE: (a) All unnecessary prolonged con-

tact with these materials should be avoided. This as ta
vapors from the heated material, and exposure to the solid.

tb) There shouid be a complete change from street
:lothes to working clothes before going to work. Work
~lothes should be supplied inciuding such items as starched
and laundered cover-alls of light color and close weave;
~xks; caps; and underwear (preferably union suits with
‘ung sleeves and legs). Gloves and aprons should also be
-upplied where indicated. Sleeves should be buttored at
‘ne wrist, Cover-alls should be buttoned at the neck. Fresh
otk clothing should be supplied for regular operators
‘®ice a2 week or oftener, daily in hot weather. It should
2t be taken home for laundering. Provision should be
nade by the employer for this. If exposure is occasional
¢ Intermittent, a different schedule might be warranted.
\ t¢) Separate lockers should be provided for street
“othes and work clothes, which should never be kept in
“o%e contact in the same locker.

id) It is essential that face and hands be washed before
“atng, and that a shower be taken on quitting work. It is
<ommended that the daily shower should be supervised
2 make certain that washing is thoroughly carried out
<{ore resuming street clothes and leaving the work place.

I‘E’ A suitable skin cleanser should be provided. Strong
"'-\'.ents ar soaps containing mineral abrasives should be
Yoanled. Powdered soap containing a corn meal abrasive
'fprobably the most suitable soap, but there are a number
ab:’ece_’my developed cleansers based on suifonated vege-

‘¢ ail, which may prove to be very satisfactory.
.\.‘“ Protective creams offer an additional protection
" applied to the face and hands, or to other exposed
:ﬂ furfaces. These should "be applied before work and
:;\ﬂed at least once or oftener, if necessary, through the
H':i'd Conta'ct of soiled hands with the face should be

. ed. Soiled waste or rags should not be used on the face.
.t &) Employees should be cautioned as to the effects
,:‘r::"'““'e use of alcohol, exposure to chlorinated hydro-

2R solvents, or continued exposure hile under medi-

o mvolying the use of the heavy metals, such as
evide, or bismuth, They should also report at once any
tice of dermatitis, or digestive or liver disturbance.

Light, Tempercture, Humidity

~Effects in the Working Environment—

ANNA M. BAETJER, S5¢.D., v
Associate in Physiological Hygiene,
School of Hygiene and Public Health,
Johns Hopkins University

I :’E EFFECTS of Temperature, Humidity, Air Move-
Z"t and Radiant Heat.
'es:":e Effects of High and Low Temperatures:
L N B AR Lo - Tt
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to work and their relation to accidents, together with
suggested methods of obtaining op’ num conditions
and of preventing :heir harmful effects. These physical
factors are of importance to industrial workers be-
cause they contrsl the amount of heat which can be
lost by the body. If suficient heat cannot be lost, the

tion and, at high temperatures, the metabolism in-
crease. Because »f -he cutanecus dilatation, the dia-
stolic blood pressire may Jail. if not well compensated.
When excessive s-veating occurs, salt and water may
be lost from the bedy in sutficient amounts to cause
a fall in the concentration of sodium chloride and de-
hydration of the blood. All of these factors place a
marked strain on the circulatory system, the heat
regulating mechanism and other structures of the
body, which, if extreme, may lead to heat cramps,
stroke or exhaustion. Heat cramps are characterized
by spasmodic cramps of the skeletal muscles. They
may be cured by sodium chloride given either by
mouth or intravenously. They are due to the loss of
sodium chloride and water from the body through the
sweat, and may be preventad by taking salt and water
by mouth at intervals during the work shift. Heat
exhaustion presents the svmptoms of shock to a
greater or less degree. [t is presurhably due to a fail-
ure of the cardiovascular svstem to compensate for
the adjustments necessary in exposures to high tem-
peratures, It is reported that the incidence of heat
exhaustion in industrial workers has been greatly re-
duced since salt or salt and sugar tablets have been
provided. Heat stroke (or sun-stroke) is characterized
by a very high body temperature, often associated
with delirium and convulsions. The reason why the
heat-regulating mechanism fails in these cases i3z not
understoed. It should be noted that many industrial
cases show symptoms common to more than one type
of heat disease. This iz especially true of_heat cramp
and exhaustion.

The chief effects of exposure to low environmental
temperatures among industrial workers are local
changes in the skin and subeutaneous tissue of the
extremities leading to acute transient inflammatory
reactions, frost-bite, chilbiains, ete., which may, if
extensive, lead to necrosis and gangrene of the tissues.

B. Effects of Temperature and Humidity on Re-
sistance to Disease:

Exposure to high temperatures followed by chilling
predisposes industrial workers to acute respiratory
diseases such as pneumonia, but does not appear to
affect the incidence of tuberculosis. Chronic rheuma-
tism appears to be higher in some industries where
sudden changes in temperature and excessive moisture
are present. Expcsure to high temperatures may also
increase the rate of absorption of harmful chemical
substances. There is at present no very sound evidence
that either high or low humidity per se affects the
resistance to disease.

C. Relation of Temperature to Work and Accidents:

The acute effects of high temperature are greatly
increased when a man is doing heavy physical work,
since exercise itself causes an inerease in heat produc-
tion, pulse rate, respiration and body temperature. At
the same time, workmen are unable to do as much
physical work at high temperatures. Even a slight
rise {n air temperature decreases the capacity for
physical work, and at very high temperatures the

ability to work is greatly curtailed. Low air tempera. -—~

tures zuificient to cause numbness also reduv~—
ability to work. It i3 reported that th-
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Industrial Intoxication Due to Pentachlorophenol
PROF. DR. DR.H.C. E. W. BAADER

Director of the Klinik fur Berufskrankheiten
Hamm / Westfalen
and
DR. MED. H. J. BAUER
Neurological Clinic of the University of Hamburg

(Director: Prof.

F THE halogenated derivatives of benzol,
pentachlorophenol is becoming increasingly
important as an insecticide and fungicide. Along
with its sodium and potassium salts it is being
used extensively to impregnate wood. leather,
paper, paints, and glues as a protective medium
against the action of bacteria, moulds. algae,
and insects. For this purpose pentachlorophenot
pessesses a number of advantages: it is a potent
insecticide and fungicide, with an antiseptic ac-
tion 30 times stronger than that of phenol (Ehr-
lich and Bechold). is inexpensive, fairly in-
soluble in water and has a low vapor pressure
( Fairhall).

In the technical production of pentachloro-
phenol, chlorine and partially chlorinated benzol
are vaporized and brought to reaction in a quartz
tube. The reaction product is finely dispersed
hexachlorobenzol, hvdrogen chloride, and chlor-
ine. Hexachlorobenzol is extracted and mixed
with sodium hvdroxide. with swhich it reacts at
a temperature of 240° C to form the sodium salt
of pentachiorophencl. Free pentachlorophenal is
obtained by the reaction of the sodium salt with
dilute hydrochloric acid. The final product is
centrifugalized. dried. and filled into barreis.
Fig. 1 is a schematic illustration of the produc-
tion process.

Our attention was focused on the industrial
hazards involved in the production method de-

scribed by compensation claims of 10 to 17 .

workers.emploved in the pentachlorophenol pro-
duction department of a west-German plant.?

To our knowledge, industrial intoxications of
the type described in this paper have not been
published previously, although 2 number of
authors, notably Americans, have pointed out
this industrial hazard, and performed animal
experiments to study the toxicologv of penta-
chlorophenol.

All of the workers gave a case history of

” severe skin eruptions and furunculosis. All but
" one still showed definite signs of extensive acne,

more than a year after discontinuation of pro-

- duction. Eight of 10 men examined gave a clear-

cut history of neuralgic pain of the lower ex-
tremities in the course of their skin disorders or

*Dr, med. O. BRINKMANN of the department of the State
Industrial Physician (Staatlicher Gewerbearst) of Westphalia-
Lippe abo examined the cases in question and arrived at
similar resuits as the authors. The problem, of  industrial
pentachlorophencl intoxieation was discussed at “the last meety
ing of German industrial physicians ag w-tph. oy,
October 15, 1950, by Brinkmann and one of us (Bauer).

Dr. H. Pette)

{one case) shortly before. Four still complained
of bronchitis, which had been quite severe in
seven during pentachlorophenol production. In
addition to these complaints. various other dix-
orders were reported.

The department in question had been engaged
in the production of pentachlorophenol from
August. 1948, until February, 1949. In addition
to this substance, there had also been some
experimentation in the production of trichicir-
phenol. No further produczion took place =ince
February, 1949, and with the exception of a
vertain amount of contact which some of the
workers had with pentachiorophenol and assc-
ciated products in the transier of machinery
and apparatus, none of the workers had contact
with other noxious products later.

A distinetion must be made between the symp-
toms -due to irritation of the upper respiratory

YTy AL IS SETIR D AN
e S D R
i
Fg. L.
Schematic illustration of pentachlerophenel praduction
process.
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Fig. 2.

passages and the eyes,,which occurred during

exposure, and usually subsided in the course

of a few hours, and the chronie disorders, most

. of which began or reached their greatest severity

S weeks, or even months. following exposure. All

of the men complained of irritation of the eves

” : with pronounced lacrimation, irritation of the

i - nasal mucosac. coughing, sSneezing, and chest

oppression during work.. -Chronic bronchitis -de-

veloped in seven of the cases mentioned. and

subsided in all but two cases within a few weeks
following discontinuation of production.

The first signs of aene were reported by the
foreman of the plant in December. 1918, almost
five months afrer the beginning of pentachloro-
phenol production. No new cases occurred until
February. 1949, when four other workers began
to develop an acne. The other five workers, i.e..
one-half of the men examined. did not notice
any skin eruption while engaged in the produc-
tion process. In these. first signs of a skin dis-
order appeared in March (one casel, April (three
cases), and May ione caser of 1949.

According to their own case histories, medical
- records, which were available in all cases, and
- findings at the time of examination by the
. authors June, 19501, all workers presented es-
sentially the same disorder: an acne disseminata
punctata with wvaryving degrees of secondary
& pustular infection, small and large furuncles,

. brown pigmentation, and some cicatrization. In
all cases, the skin disorder was most severe
during the spring and summer of 1949. More
than a vear later, however, four.of the workers
still had severe degrees of acne, and four others
. still showed definite signs of the disease. In one
cagse, the remaining acne lesions were slight,
. and in only one of the men had the condition
- cleared up completely.

» Eight of the 10 workers examined gave a case
3 history of neuralgic pain of the lower extremi-
bs ties~ In one case, this disorder began almost
B three months before the first signs of acne; in
. all others, it occurred simultaneously with the
¥ skin eruptions or weeks to months later. In all
¥ cases, the condition is referred to as neuritis or
Sciatica by the examining physician. In descrip-

(1
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Fig. 3

Fig. 4.

limbs, parestnesias, severe pain of the gluteal
and femoral region and along the course of the
sciatic nerve are mentioned. Unfortunately, no
detailed analysis of sensibility and reflexes was
made. Since the present examination revealed
no definite signs of neuritis in a neurologic sense
in any of the workers. we prefer to leave the
yuestion oper. as to whether neuritis or neuraigia
is the more appropriate term to describe the
painful condition experienced by the penta-
chlorophenol workers.

A number of other disorders were registered,
of which heart complaints (palpitation, short,
ness of breath: in four cases. disturbances of.
Jibido (four cases: and, curiously. "bursitis of
the elbow (four cases: merit mention. For the
last mentioned condition. work histories of the
patients in guestion afforded no mechanical ex-
planation.

No laboratory atudies were conducted during
exposure or at the period of maximum develop-
ment of the disorders described. Present ex-
aminations gave no conspicuous results. A slight
increase of the blood sedimentation rate in six
of the 10 cases. with values ranging from 11 to
24 mm, according to the Westergren method,
was associated with the acne condition still pre-
vailing. Examination of the urine revealed
traces of albumin in two cases, one of which was
diagnosed as a chronic nephritis, possibly due
to anti-syphilitic medication. There was a slight
increase of the CaCl.-coagulation threshold in
four cases, positive thymol turbiditv test in one
of these and two additional ones. JModerate
anemia, without conspicuous color index shifts, :
was found in two cases. The white blood count
revealed moderate degrees of leucocytosis not
exceeding 12,100 in four cases. Differential
counts were inconspicuous. Summarily, it may
be said that the laboratory results yielded no
new aspects of essential importance.

In an evaluation of the disorders described,
there is no question of the relation between the
work performed and the irritation of the eves
and upper respiratorv passages occurring dur-
ing exposure. The subsequent occurrence of the
same type of skin eruptions in all of the workers

{
§

E tions of the condition, weakness of the lower | involved in the production of pentachlorophenol,
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Stin eruptions in pentachlorophenc! workers.

and the occurrence of neuralgic conditions of the
loweyr extremities in eight of 10 workers points
to a definite connection between the exposure to
pentachiorophenol and or its intermediary prod-
ucts. Whether the other disorders mentioned

are also attributable to a noxious ac

tion of chemi-

cal substances encountered during work may not
be decided bevond a certain degree of proba-

bility on the basis of available da

ta.

While it is impossible o rule out the action
of other intermediary products ‘monochloroben-
zol) completely, the conditions of work point
strongiy to the dominating role of pentachloro-
pnenci and hexachiorobenza! ir producing the

disorders desecribed. In some of

technical experimentation involving trichiorom

poenol and terrachlorobenzol may al

the workers,

so have played

a role; however. all of these men spent most of
their time in the production of pentachiorophenol.

Figs. 2-6 are photographs of

the skin dis-

orders found in all, and Fig. 6 shows the bursitis
which was present in four, of the pentachioro-

pheno! workers.

Experimental Data

ON OETTINGEN has summarized
on the halogenated derivatives

the literature
of phenol in

Bulletin No. 190 of the National Institute of
Health. Quoting the results of Deichmann,

.Machle. Kitzmiller and Thomas i

n rabbits, he

states that pentachiorophenol is readily absorbed

through the skin and from the gastro-intestinal

tract. Absorption studies indicate that it is
distribuced throughout the entire organism, and
that within the limits of the dosage employed
7 b¥ the authors yuoted, 70¢ are excreted essen-

7 tially within 24 hours with the u
e #F€ metabolized. Other studies em
peritoneal injection in rats vielde
centagex of metuabolization. It is po

rine, uand 9¢,
ploying intry-
d higher per-
inted out that,

INDUSTRIAL MEDICINE axD SURGERY June, j0--

Fig. &.
Bursitis of elbow in pentachiorophens! worker,

in contrast to phenol. pentachiorophenol is ne:
conjugated with suifuric oy glucuronic acid,

The application of pentachlorophenol to the
sKin resulted in eXtensive local damage. the in-
tensity of which wux determined [n part by the
solvents used.

The experimentul administration of pen-. -
chlorophenoi produces ceniral depression folle -
by an increase in respiratory rate and volu:: ..
increased puise rute as=ociated with a primayr:
rise and subsequen: fall of blood pressure, prc-
£ressive neuromuscular weakness, and terminal
rise of bodyv temperature. The givcogen content:
of the liver are depieted. suggesting that fina)
convulsive seizures may be due to hypoglyvcemia.
There is increased peristalsis and diuresis, later
oliguria. In fara) poisoning. heart failux:e is the
cause of death.

In chronic pentachlorupnencl poisoning the
animals became listless, defecated frequentiv,
became less active. showed slight motor weak-
ness and, prior tv death, convulsive seizures.

Pathological examination revealed matrked
rigor mortis, extensive damage to the cardio-
vascular system. especially the small vessels,
swollen thymus, diiatation of the heart, conges-
tion of the lungs, trachea and bronchi, enlarged
hyperemic and sometimes edematous liver, con-
gested kidnevs and hemorrhages, leucocytic_m'
filtration, and albuminous fatty degeneration.
The brain and spinal cord showed slight chromu-
tolysis of nerve cells and diffuse areas of lymunno-
cytic and mononuclear infiltration on histological
examination : Kehoe, Deichmann, Gruebler, Kitz-
miller, Thomas, Boxd, McGavack, Terranova,
Piccione—quoted from von Qettingen),

Experiments on rabbits were conducted re-
cently by the Gewerbehyyienische Laboratorien
of the Farbenfubriken Baver, Elberfeld. Finely
pulverized pentachlorophenol was appiied to the
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%.:' Left: Normal rabbit's ear. Right: Acne eruptions on
:'f‘. rabbit's ear powdered 10 times with pentachlorophencl.
. g e e L -
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& Fig. 8.

g}: Skin of raboi?! powdered with pentachlorophenct
s 11 days.

ears of the animals with a cotren swab dailv
for a peried of 10 duvs. On the fourth to sixth
day a slight ervthema of the =kin resulted:
two to three days luter. 4 pronounced sweliing of
the hair folliclex was seer. which increased in
intensity for some davs foliowing the discontinu-
ation of pentachlorophenol application. Similar
results were obtained with a 3 pentachloro-

,,.,‘
W P )

37,
. Phenol mixture with taleum :see Fig. 7.

> Emploving u similar technic on the shaved
- skin of rabbits, we could observe intense loeal
irritation following the application of pulverized
. Pentachiorophenol three to four davs after ex-
2 Posure. The skin became red. and the veins
dilated and prominent. Small excoriations de-

out signs of external injury of the skin. an in-
filtrated, brown-red. plateau-like area resem-
bling tanned ieather developed. Histological ex-
Amination revealed extensive necrotic changes
In the upper sub-epithelial layers. There was a
Massive accumulation of leucocytes immediately
,i}mve the muscularis, suggestive of phlegmono-
Ms. In other skin areas neodular infiltrations
®uld be found. Our findings seem to coincide
®ith the lesions described by Fairhall as the
Yesult of prolonged application of u 1¢, solution
Pentachiorophenol to the skin (see Figs, 8-10,.
Without a discussion of the extent to which
ondary infection may have plaved a role in
Toducing the lesions described. it seems essen-

INDUSTRIAL MEDICINE axp SURGERY

-nounced systemic lesions do occur as the result of

Fig. 9.
Skin of rabbit, dusted with pentachiorophencl. Histolo-
gical section shewing necrosis of subepithelial jayers
and massive leucocyte infiltration.

tial that they could be produced by the gentle
application of pentachlorophenol with a cotton
swao., & procedure involving no mechanical in-
jury of the skin.

Studies on the systemic effects of experimen-
tal pentachloropheno! intoxication produced in
the manner descrived are still under way.

Comment

HEREAS the animal experiments described are

suggestive of a similarity in the mechanism
of skin lesions produced experimentally to those
vceurring as the result of an occupational haz-
ard in man. there is as ver no definite informa-
tion available indicating that the systemic lesions
found in animals parallel those found in man.
The occupational cases presented in this study
clearly indicate one thing. however, that pro==

exposure to pentachlorophenol and related com-
pounds. The clinical findings point to a striking=~
simijarity with the intoXications due to chlorin-
ated naphthalenes (Perna-diseuase described by
Teleky:. in which typical skin changes desig-
nated as “chloracne” and identical with those
found in our cases;neuralgic disorders and da
age to the livery,mayv vccur. The fact that skin
lesion= are nut confined tu the expoxed areas,
strongly sugpests that the extensive ulterutions'
of thix vrgan cannot be explained by mere con-:
tact. More plausible is the assumption . that they

L S
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Fig. 10.
Same specimen as Fig. 9. Nodular infiltration in skin
area dusted with pentachiorophenel.

are a partial (to be sure, the most conspicuous)

manifestation of a general intoxication involving

the internal organs as well. Assuming this, and
considering the similarity to intoxications due

to chlorinated naphthalenes, it seems important

to consider the possible toxic effects on the liver.
We are reminded of the occurrence of a number.
of fatal cases of toxic jaundice in workers ex-
posed to chiorinated naphthalenes ({Schwarz,

Good and Pensky, Flinn and Jarvik, McLetchie
and Robertson—quoted from Hamilton and Har-
dy). Whether the occurrence of neuralgic con-
ditions is dependent upon toxic alterations of

nerve tissue is still open to investigation. Re-
sults of animal experiments cited above (chroma-
tolysis of nerve cells, lymphocytic and monoc-
nuclear infiltration) are strongly suggestive of
such changes. For practical purposes in dealing
with workers exposed to halogenated benzol- and
phenol-derivatives, it seems well to consider this
possibility in view of the present tendency to

INDUSTRIAL MEDICINE aAxD SURGERY

June, 15:,

attribute all conditions resembling sciatica 1,
mechanical alterations of the vertebral colump
It is recalled that sciatica was the initial ﬁnding'
in one of our cases later developing the tvpica]
picture with generalized acne.

It has already been stressed that, in addition
to pentachlorophenol, a number of other chior.
inated benzol derivatives may have played a pur;
in producing the clinical findings. On the evi.
dence available at present, it is hard to assess
the exact role played by one or the other of the
chlorinated benzols and phenols involved. Con-
sidering the amounts of potentially hazardous
substances involved, the results of .animal ex-
periments, and the similarity of the disease to
the condition produced by highly echlorinated
naphthalenes, however, we are inclined to con-
sider pentachlorophenol as the noxious substance
primarily responsible.

Summary

EN cases of industrial intoxications due to

pentachlorophenol are reviewed. An outline
of the production process, results of animal ex-
periments, and the clinical symptomatology,
which is characterized by irritation of the mu-
cosae and upper respiratory tract, neuralgic
pain, and generalized acne of many months
duration, are introduced.
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Indust. Hypg. Newsletter, T:7 (Dec:

Connecticut Commitee

HIRTY members were assigned to the committee by the House of Delegates. At the

first meeting keld in the State society building on May 24, 1950, DR. R. J, HINCHEY
was appointed secretary and eight members were elected to the executive board: Drs.
BARTON, CARTER, CLARKE, GRAY, KILGUS, PHARRIS, VESTAL, and YEAGER. Reports were
discussed concerning publications, small plant industrial medical coverage, industrial
dentistry, standard practices in methods of air sampling, multiphasic screening exami-
nations, proposed industrial heart clinic at Yale, policies concerning workmen's com-
pensation legislation, various meetings of medical and related professional groups,
manufacturer’s association and labor organization liaison activities, “ultrascnic noise”
developments, alcoholism in industry, and section on occupational health plans. The
formation of county committees on industrial health in five counties was reported, and
it was agreed that the major effort of the committee this year would be to implement

the development of county committees.

—From ‘“Report of the Committee on Industrial Health,” by JorN N. GALLIvAN, M.D., Chairman, in

Conmecticut Stats Med, J., May, 1951,
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.. Thyroid function may be deprcsv:d in a higher
nmgc 0. casex if urethane lhcrap\ is maintained for
f‘ﬁ.r perte” This possibility is currently being in-

g;ned
‘ SUMMARY

-eniv paiicnts were treated with rectal suppositories
grethane. The therapeutic eflectiveness of recially ad-

4

grapafF

ministered urethane is equivalent to that of orally admin-
istered urcthane. Urethane administered rec:ally is as
effective as Fowler's solution in spacing itradiation ther-
apyv. Undesirable side-effects were minimal. It is con-
cluded that rectal administration of urethane is preferable
to oral or intravenous administration.

2065 Adelbert Rd. (6) (Dr. Weisberger).

CHLORACNE FROM AN

—_.

e first outbreak of acne-like lesions due to high
¢ chlorinated compounds in industry in this coun-
«<was noted by Schwartz ! in 1936. Subsequenll\ dur-
world War Il various reports of acne-like lesions in
akers exposed to certain chlorinated naphthalenes and
nvls followed. Collier * reported 12 cases of chlor-
¢ of the face in workers exposed to the fumes or dust
j chlorinated naphthalene and one fatal case due to
a vellow atrophy of the liver, Fifty-five cases of acne-
gm dermatitis were reported by Kelley © in 200 persons
'osed to chlorinated naphthalene (Halov.ax) Good
o Pensky * described 52 cases in electricians, who
adled the cold-finished product for the most part. In
¢ of their cases was systemic involvement found.
rartz’s report * concerned the involvement of elec-
s. who installed and stripped wires in ships during
¢ war, The chlorinated paphthalene, which was im-
gnated into the asbestos and wrapped around the wire
.psulation, flaked off in the stripping process. 1n the
s described, two months elapsed before the appear-
&= of the chloracne of the face. There was no systemic
vement. Peck.® Cranch,” and Greenburg * discuss
¢ chlorinated naphthalenes and chlorinated diphenyis,
appearance of the dermatological lesions, their value
sdustry. and precautions in handling these chemicals.
Toe value of the chlorinated naphthalenes and di-
vis in industry is due primarily to their resistance to
and alkali, high insulating value (high dielectric
mant), thermoplasticity, chemical stability, and flame
ce, as described by various writers.®
The characteristic lesions of chloracne are pinhead to
ized pale straw-colored cysts formed by the plug-
of the orifices of the sebaceous glands, resulting in
tion of the secretion and in the keratinization of the
membrane. Comedones are present but are not a
¢ feature. In pearly every worker exposed suffi-
i to these chlorinated compounds for a few months
lesions will develop. The exposure mav be either to
from the hot maierial or to the solid material on
ued contact. Repeated or continuous centact is
ial. Lesions have not been reported after short or
uent exposures. Vesiculoervthematous eruptions,
=21 in acute eczematous contact-type dermatitis and
4™ ervthematous eruptions with pruritus, have also
" described.

'

UNUSUAL EXPOSURE TO

AROCHLOR

J. Wister Meigs. M.D., Jack Jonathen Albom, M.D.

and

Bernard L. Kartin, M.D., New Haven, Conn.

This paper reports the development of lesions of chlor-
acne in seven workers employed in a chemical plant con-
cerned with organic chemical production.

HISTORY OF EXPOSURE

A chemical company had for some months been using
molten salt at 350 F as a medium for supplying accu-
rately controlled quantities of heat to a large jacketed
reaction chamber. Because of the dangers of solidifica-
tion of the salt in the return line. as well as the corrosion
problem. it was decided 10 use a chlorinated diphenyl
(Arochlor) as the heat exchange material. The same
apparatus was used. This included an oil-fired furnace
containing the heating coils, a steel pipe supply line to the
reaction chamber, a return line to a large sump pump.
and an outfiow line from the sump to the furnace (see
figure). The reservoir for the sump pump had a capacity
of about 400 gal. (about 1,680 liters).

The chemical product, deslgnated as organic acid A.
was manufactured with the use of molten salt for hea:
exchange from January to December, 1949, At that time.
chiorinated diphenyl was substituted as a heat exchange
material. It was soon apparent that under certain condi-
tions there was slight leakage of vapors from 2 number
of places, particularly around the cover of the sump. and
also from all gasketed connections in the system. Because
of the known toxicity of these substances, the assistance

Frem the depantments of public health and interna! medicipe, Yale
Univers:tiy Schoo. of Medicine.

Associate Professor of Occupational Medicine, Department of Public
Health (Dr. Meigs.. Assistant Clinical Professor of Dermaiciogy. Depur.
men: of Inierral Medicine (Dr. Albom), and Assistant Chnical Professor
of Medicine. Depariment of laternal Medicine (Dr. Karug), Yaie Uni-
versity Schoo! of Medicine.

1. Schwarz. L.: Dermatitis From Synthetic Resins and Waxes, Am. J.
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7. Crapch. A. G.: Chiorinated Compounds: Precautions in Hanclling.
Indust. Med. 13: 110 (Jan.) 1944,
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& Toxicol 20:244 (March) 1938. (b) Schwanz.* {c) Greenburg*

MAXUS1178187



e Ay,

8  CHLORACNE~—MEIGS ET AL.

of the Bureau of Industrial Hygienc, Connecticut State
Department of Health. was sought and received. A field
study under conditions of obvious vapor leakage was said
to have shown negligible air concentrations of the chlori-
nated diphenyls in the actual breathing zones of the
workers. In this study. which was four months prior to
the dermatological findings reported here, the air con-
centration of chlorinated diphenyls was reported by the
bureau tc be 0.1 mg. per cubic meter of air. The rec-
ommended maximum allowable concentration is 1.0 mg.
per cubic meter. The figure shows that most of the leakage
was at points outside the building but under a roof. No
one worked regularly at the points of leakage. Neverthe-
less, repeated attempts were made to contro] vapor leak-
age, without complete success. This operation continued
for 19 months without incident or recognition of skin of
other manifestations of exposure to chlorinated diphen-
yls. Each employee had a complete physical examination
by an internist prior 1o working in this epvironment.

Reaction
Chamber

OPERATOR

L7

FURNACE
A

ASST. OPERATOR
x

ASST. OPERATOR
x

SUMP FOR CHLORINATED DIPHENYLS

Schematic drawing of the heat exchange svstem in which the chlorinated
dipheny! was used and the points at which workers were exposed 10
fumes.

An operator making organic acid A (“operator,” fig-
ure) was sent to one of us because of acute contact der-
matitis of the face. In addition to the contact-type of
dermatitis, there were poted pinhead-sized straw-colored
cysts and comedones on both cheeks and the forehead.
A diagnosis of chloracne was made, and the source of
exposure was determined. Examination of other workers
in this working environment uncovered six additional
cases. In all the face was involved especially the cheeks
circumorbitally, the forehead, ears, and in one case the
mastoid region. All employees were examined carefully
by an internist. The seven employees in whom chloracne
had developed had liver function tests performed. Tests
included direct and total bilirubin determinations and 24
and 48 hour cephalin flocculation, thymol turbidity, and
alkaline phosphatase determinations. Six of the subjects
had completely normal test results. One employee had
borderline cephalin flocculation and thymol turbidity.
Thirteen months later repeated liver function tests
showed an unchanged cephalin flocculation and im-

proved thymol 1urbidity. Results of complete blood cell

of vapors, showed only negligible amounts of chlorinaied |

JAMA, April 24, yo5y

counts and urinalysis were normal in all instances. Ay
had normal blood pressures with no other clinical ey"
dence of any chiorinated dipheny! toxicity. "

After the recognition of these cases of chloracne, g
but one of the gasketed joints in the heat exchange lsu
tem, including the cover of the sump. were welded m
gether. A hand hole 6 in. (15 cm.) in diameter was Jef.
with a gasketed cover so that the system could be drainea

or filled when necessary. After that time 10 vapors were

visible, and the odor of chlorinated diphenyls was bare:
detectable in the immediate vicinity of the sump pum !
Continued careful observation of workers has l’eml:J
no new cases of chloracne. ~

COMMENT

The unusual feature of this outbreak of dermatitis wa.
the long period of exposure before any cases were recog.
nized. The sudden recognition of seven cases after exp{_
sure up to 19 months was due to the especially caref;’
examination of the skin of all exposed employees after
discovery of the first case. Of 14 men exposed or po{g_-.,
tially exposed to the vapors of chlorinated diphenyis. -
presented clinical evidence of chloracne. There was p-
a very good correlation between the apparent degree ¢
exposure and the development of signs of disease. Fc-
example, a foreman, an assistant foreman, and a plar.'-_

superintendent whose duties would appear to have ex. 5

posed them only incidentally to the toxic agent had mil2
to moderate signs. The mean length of exposure of thoxs
in whom signs developed was 14.3 months and of those
who did not show signs was 11.4 months, but there wa.
considerable overlap. with chloracne developing in ons
worker after onlv 5 months in contrast to another wr.-
showed nosigns evenafter 19 months’ exposure 1o vapo::
Since the manifestations were exclusively on expomed
areas of the skin, it appears that the vapors were d:-
posited directly on exposed skin and did not go throv=:
the clothing. The nature of each factor determining the
appearance Or nonappearance of lesions is not clear. Skir
pigmentation may be a factor. Three of the workers were

Negroes, and none of them had chioracne. No correlatiog

with perspiration could be made, but all cases were di>
covered toward the end of the summer.

Prevention consisted of controlling the leakage of
vapors. The fact that tests of the air, even in the presenx

hydrocarbons indicates that this type of intermitient bt
fairly long continued “mild” exposure is DOt INNOCUME.
The low concentration of the chlorinated diphenylir the °

air might account for the fact that lesions developes ® &

only 50% of those involved. =

SUMMARY
Seven cases of mild to moderate chloracne of the face’

and head occurred among 14 chemical operators @«

posed from 5 to 19 months intermittently to smal! co-,
centrations of the vapors of 2 chloripated dipheny! (AFS

chlor). Leakage of these vapors from a heal

system occurred chiefly outdoors, but chloracne wat
served among men working inside the adjacent builds
In all cases the condition cleared up after treatme
Control of vapors by welding all joints in the he
change system prevented recurrences.

310 Cedar St. (Dr. Meigs).
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-mmmm-u onl -J.or‘hcmm
Pvolved in oatic A

Stwmitted by the Monsarts Quedoal Cmpany, Ritre, ¥, M.

I. Osners) bjeotives
de To detarmine the potantial acnegunicity and yvtemdc offects of
Froducts svelved in the gynthenmis of L8 trichlarophenaxyncetic
acid, A .
- Bs 'To further sxplare the pethoguneais of *cccipetional acns®, and
Uw syndreas which h!u.liad from «xpose to Sperations cancerned

vith the productios of 24,52, described in 3 previcus reparts
from this Ladorstory,

II. Eperisental b ecground

A sy of the litaraturs rought to 1{ght ane pepar wkich concaned
1ts0lf with experimental vark Performed oo rebldts. Adams et al.’
aaeunoﬁ the resctions of radiits to compounds Teported to have

am Acneforn dermtitis in san, They concluded that thelr evie
dance "showy this soomforn dermatitis to be the visinls rupon- ot
the skin to ar Lrritant acting opon Lt from the extarior, and that

| this rm took ﬂ'u form ef epitielial yperplasia, secondary in-
, flammatary snd degererstive changes, and fimmlly, regerarative

F‘m.".' . ) \- '.7381

- muann. dmhdhluwhumhrlmqlandu
this labaratary Ln eomnectics with Another investigation in which known
“mm vere applied ia the prescrived mTar, Dair results wmre
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Bot reproduced. s method a3 tharefore regmrded as useless fer

the present stady, -

changes io the skcin of rats froa bireh ta- 31 dayw,

i, Dy 0 to day 17, s.hmmmmaddodtlaly
and dermal fat iocreases,
3. My 18w ay 2z, Sebmcecus cell enlirges and £111,
with sobam st the pande of darmal Iat,
C. Day I to tay 24, s.h-.eo.u.l&npp-ruhnedcq
phase, - )
Be Iny 28 to day 11, Stretum gurxtrativam 1g sctivated, and

sebacecus oellis are replaced rapidly

from the desper laywrs of the eell wll,
Rare then vas a nown pattern of d-nlap-;::t of setmceous glanas
vhareby the applicatien of a suspectad acnegenic mturial, in tUe
Fopar tims sequance, might alter Phmse "C* of the cycls and perimps
luduchnpluthuhmﬂlwmeneu eqcﬂb}ntow-
obearved {2 act.. | T

L I .
Several other reesons supparted the selection of the rat as an ax=

pertmectal animal. Iirst, the hair cyels and concoritant epiderml
changes 4n the rat l;-ro Qu m.. Secondly, the sebacsous glands
of the rat are wll dafined and ®aslly recognisable Mstologically,
Thirdly, there vi-o lﬂhhb deta on the effect of applying various
nh;iul substances wpon the opldarmiy of un nt‘.

£347332
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In the initial grogp of operinents one of ths suspectad ache gens,

g L,5 tr!.c!'.hruuh and sevwral control substances wars appli

for pariods of varying mnn and initiated during ths first month
of 1tfe (in oc_:uld-ngea of Parnellis description of the developaant -
of sebacecus (.h'ndn). Whan completaly negative results vers obmd
:Ln these mnu t.bo application ef thw sane substasces u various

nid.ner the mouss in the anagum, oF grovth phase. Ancther Lovestipater
Was of the opimion that & 0,6 per ceot molution of e thylebolantiTene

mmmmcodm--ﬂnarm—pummar&amm-

'alr wasin the telogen, or resting phass, Hence in the second rowp
of «parinents tho FLts vere subjected 1o test o arious stages of
the Mmir cyels,

Bopose ef Present Eimu-

A, To atudy the effects of repeated applicatiors of the products

rubmitted, and of known Achegens, on the d-nl.&p‘.ng sebaceous
£land and nair folliels of yomgr rata,

"B To stady the effects of the products sbmitted, and 0f known sepe~

Cs08 whanh applied during spectfic Fuiges of the hair cyels, o4,
Anagen, talogen, .

Ce To study the offscts of ;cﬁut'ad ipplications of the products
submittsd, and of knoum 4CDegvns, wpon the skcin of Muman velure
toars, vith particular reference to the pilossiacecus urd s,

£3<7333

1 -
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ﬁ' D.

Ao

E.

-l

To obtain information regarding the effects of the percutanecus

abecrptice of the substances submitted, whan they are spplied

mntwmmm&mhdpcuaetm

IV, Materisls and Metheds

Exparimental Ln!..-.hl

mnunnmum-ummzmm-m-wm»-

taired froa Oarvartn Parms, Rockland, New York., The resultant

littars averaged 10 = 12 animalas, Uu::i.n; ws carried cut st the

md of J veoks. Mats wers not rebred for st lsest cce month: fol=

lowring weaming, m.b-hnu ware used tizvughout the «perie

mantal vark.

L
2.
3.

b

5.
b,
Ts

Fenwchlorcamisols

Cwricals ploywd:

2,L,5 trichlorcanisols

Materixls from the-

2,4,5 ricilarvphencxyacetic scid L,L,5~T promss -

veringyr Cake® (crude 2,L,5
tri chlarophenaxysodica acetats)

Nt St 1P Nt et e et

Acotons C.P., ;.ndne ‘puvity 0.792

"Balanax 1000 '
) Inown scoeguns employed

"Falowax 1O1L* . . ") as contrels

™he test u'ohu.m used for application upon the skin were Fopared

a8 § per omt by veight in acetane slution exzept in the case of

"iringer Cake®, wtich was &omlved in wtar,

8327334
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Surary of npc"lunhl Conditions and Dboqrﬂtlona.
_mt!!'“ nl

B'ﬁ §!§ iy ,H Eil

-\
Tenw
orpad
TwETD
- -7
opdooec D TH

! “Yenlachlarcanisols
c.r. (Mh* Normsl Sone (5 ona. 1= 10O -3 ) 59 1.06 | Acetons| Wone | Wormml
' , +_Boatons)
) . chlorcaniscle
0.0. (f—h)‘ Porml Rone (S meo. in 100 3 59 | 1.08 | Acetone’| Mone formal
: . agetons) )
. ; frichloro- .
Yol {female)| LA | Wormal Pone phenoxyscetie 3 ] 9 1,06 | Asetons fone _lon-l
v luld (S pre. in .
100 gue, acetone)
!nr?ﬂd\lco-
C.M. (temle) 60| Woarmal Rone phencxysoetie 9 $9 | 1.06 | Acetens| Nome Borwal
1 Addd (S gue. in
W0 gre, sostone)
. Severes aome wal- 15,5 Trichloro-
P.0. (mle) | 19 | worsml | gerie of feoe, anisole (5 pns. 69 98| 2.30 | Acotons| YNome Normal
Toplionl therepy. in 100 .
uouu‘u;m
. Llone valgaris 1" ro- '
8.0. (female)] IS | Worma) ] eld, Pece soarred. hl:oh (S pa. 61 98 | 1,38 :| Acetone| WNome Worval
Reourrent sone wl- | in 200
grie, obﬂldﬂ'l. lul.onor
fopiosl therepy.

A
.
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Animm)s .ware Palinted datfly with o Ny wetted camelis hais
Breab (Ko, 1-3536 type camells lir brush - M. Orwatecher, .
1.}, man.u; ¢ &ily spplication consisted ol 3 separate
paintings with » fully wetted hmah.l later L2 the sourse of
Whe cparimants, § Nlly wmtted 8pplications of thy trush vers
mde sack &y, The total ®@se per @y of sach substance ap-
Plied wap ctlenlated and Tecarded, h.uy Painting of the m-.
™ls ms contirued for an kP opristaly planned langth of tize,
(See Wbles for total dose aPplied in each SIparinent and m;‘-
tioo of exposurs,) Following this, the amimis YeTe Ansrthe~
udcnu:ﬁugﬂ,unuuewuuaumu.maunu:c
axination, )

-

In the inovestigntions wign Trichloreaniscls and the Halowaxss,
- teea thent pericds of "Irn.ng Gration ware wmployed and (ni.
Hated i Al farant PhRses of the rat taip ayels,

£327335
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The axism) axperimsntatiosn was oon trolled by treating s litter

mite with the varicls used a8 & solrwnt for the chamical being

sppraised, Other controls ware used in &Zferent phases of

the toh.l ecparinantal process, and vere as followe

8. mu'-bd. )

b, Bubbed = the &d2 of the aziml was swoked 20 times & th
4 2% by 2 pause pad.

c. Brusbed - the siin of the animal we stroked or Erushed

15 tines vith a &y camsl's badr trush,

d, Mtrolatim = the skin of ths acimm]l was rubbed with whits .

petrolatzm.

& Puaan kpl‘tl-ﬂ-!
A ks test gite meam=ing s;prerimstaly 2 inches if dlameter
ard looated over the centar of the -c-.puhusund.\ he siin
e vas painted dally wth ane of Um m-u-wm.- under
tast for varying periods af e ap indicated ‘a.n Tablss IV and
Yo T s 21ta ‘s observed st frequent mm, aad st
the cosms ¥ of the applicatiocns, biocpsy of ths skin wms
carried out, without ansstbesis, nsing & rotary=diven sleo-
‘wriec punch, Ixcised tisrass wers fixed in a 10 per ceot so-
lution ef formilin, sectioned and stained vith Hematexylis and
MIL. Sarial secticns of each H.ap'ly vere studled micTo=
socpioally,

: - | 8327336
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D. Summary of Bxperimental Procedures; ]
Tis details of sach cperimant are recordsd in Tles I - VT and
- my be sutwmrised as follows; -
i, Expericents fl = A6 (Twble I, Secticas A and B),
2,L,5 Hwh and the enml‘nbn.ncu wvers. applied
- repsatedly won the sin of youag rets. These applicatisns
. weTe imitisted st Wricus ages Aring the first seaths of 1ife
254 raintained for pariods ef wrying durstien,

L Zrperiments #7 - #8 (Table IT).
gL,5 trichlarcaniscls and the omtrol substances vers lppl:.‘ad
repeatedly wpon tie mermnumgm:pm
©f the bair cyels. The first prowp of rats ws teated &sring
J mcomsgive anagen prases, and the second group during 3 suc=
osssive telogen phases of the Mair cyels. -

3. Experimact 9 (fabls II),
%,L,5 wiechlorophencxyscetic scid, pentachlarearisole and
Niringer Caia® ware applied rvpmtedly uwpot the siin of rets
en 60 dayy is a.n‘nt.t-pt to detaricing the affect of Such pro=
longed contact with the skin of animmis prior to ayplications
of the same sudstances upen moms sidin,

In mu fl = #9, inclurive, the aximals vers carsfully
observed for svidances of gystemic intaxieation,

- L Drperiment M0 (Mable IV), 8327337 o
"Aalowax 101L%, 1 known acnegen, was applied repeatedly .upon

MAXUS1178197



mmmlm“u I:u-.nnhjoeu mam;od
of 27 days,

5. Experimant £11 (fable . .
Puctachlorcentsels and 2,L,5-7 were applied repeatedly wpen
m;mwmmdzm-e:mmmu (2 4a
*Mah groop) over & pericd of 59 days. 2,L,5 trichlarcaniscls
was |ppundmﬁ_nm.1metnt.hn sicin of!pcnum
bda:n-vumtmapﬂodor”m.

L 29 Scmmmry of Yindingy

4. ruitipls daily applications of o s pe cmt solation of wichlorow

MnhwmsMQfm-Jgnu,ﬁw"pcww

to 11 arn, Frodited nalther gross or pcum.ar;al ehu:pa ia the
LR nor evidence of systamie uuﬁuum.

B, There were no @ fferences iz the effects induced by applications
of trichlorcanisels, repardlass of vbetber such spplicstions were
mmwﬁmmmpm. artamhhpnpb-ao‘funnt

T bair cyels; in eltwner @de, they vers comtimmed over 3 succesmve
periods totaliag 7 to 39 ys. "

G Rspeated spplications of S per- cent soluticns of pestachlercemisals,

£,L,5 triehlorophencayscetic acid and Tdringear Cake¥, upen the srin
“"'lpocﬁn uvqnofrwng,n.huu, over the period of &0

days falled to prodics changes Ln the ald.n ar other orgns.

-

. 3 o 327338
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De Application of § per cent soluticns of *Balowmx 10CLT and "Salowarx .
101L® wpon the skinm of respective proupe of mals rsts over pariocds
#u}lmmaummﬂwplutr-aﬂ.nrothcem.

. Applications of & § per cent soluticn of 24,8 trichlorcaniscls .
upen hoan nk:u;, mds ovar 3 3-.antb period, produced no changes
ia h skin,

Y. Application of S par cent solutions of pentachlorcamisele and
£,4,57 oo momp scis over & pariod of 2 weoths produced po
changns 4in the sictn, - )

G. Application of a § par eent solution of "M lovax 101L* vpon buman
- 8Kis over & L-week pariod produced no changes in the sicin,

Intereretations and Consideraticns for Pitoe .Investd o tien

It 4 fxirly svident from e results of these Cchainants that bedther

" the cutaneous d'nnpc o e Fystaic eoffects sustained by exposed

mhuwrﬂm“dwmmm“ofhoth tupocud
-urm.lcofth-hmnmmlluhu "Balowmx 1001° and "Halo=
vax 101L*, in the mamber describded. Quantities as gres: u}?z ngns
ef mMuhm‘m Balovaxss uwpos te sicin of rets were ap- -
Plied over s period of 3 days (31 applications). As much as 1.2 -
of £,L,5-7 and of pantachlorcanisols were spplied over the pariod of
€0 days without any poticeabls elffett, and 1.5 pm of "Wringer Caa"

vers applisd over & rixilar period with no change. In humns, éontact
.With 0.5 gms of bhnx &vided 1nto mmaller doses applied co 23 days,

£327339
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Raliaiakd LI Ty

AU, T T

-m- L]

and with 105 g of pentachlareaniscls, @vided into sqal individual
doses o 53 days, and with 1.06 ges of 2,L,5-1, 1n correspanding manner
o 53 &ys, as wall a2 1.3 gue of 3,4,5 trichlorceziscls on 58 days,
frodused mo inhrisus ef facts.

It 13 cpparent that the factors which traight about the cutanecus and
fystexic affects amcng the uu-ta-n in ths plant vers oot Aplicated in
the arim) o bhsae sIparinects. Some ﬁ--ﬁ.n-at questions to be raised
in comection Lt owr falilure to induee clirdieal or pathological ef~-
focts witd either the L specific mterisls from the 2,L,5-T process

ar with the Known acomgens, are these:

Ao Dmntmwewnpc:pcmnmmltwwchmu-

vwrtigtion?

3. Vere the cocentraticna of thae materials, applied upan the akin
of the rat o e: man, ar psrhans sb-q;b-d into ths tissues, from
Uls sourcs, sdequate to stimilate e cutanecus -rtogu-r

s+ 1n view of the further Question wiich 1is irplied in the latier
Pt of Questions 2, above, should not other routas of sbearption

18t0 the bo" be congidmred in the pathogeneris of “chloracne®?
- .

Py the tmplicstion ¢f thepe questions w may be guided into the.
vl aperimecTial apprcaches to the problam which sheuld be oo o
iared for the mrtimatian et. this invertigmtive progun)

T ' , ) “327340
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1. leaammermﬂtwpwluunmdm-
altared through contact with the coocentrations axployed
in t.bo mmmer indicated, L1t may be possibls to induce pilo- -
sebacecus c.h.!:.po in tes rats v!._u-. Bigher epicutanscus coh=
ecni:rluc_u of acnegens and other types of «xposurs. FRever-
theless, & variety of other amimals should be employed for
the epicutansous appraisal of known acosgens and the z,'L.S-'t
materials. It vould seen logical 1 employ animals subject

.tat.bctpmnmm development, or ths experimsntal io- -
duction, of follicular inflammation, such as the dog o -
eat. It wvauld be wall to consider alsc, specific sites:
gmimummmmmh, in which there is an
" abxndance of large sebacecus glands, Such & cite is the

«xtartal suditory camal of the rabbit (pot the siin of the

suricls vhieh was smployed by Adans and his co—warkers).

The wsefulness of tiis area for the investipation of

satacecus gland problems has been suggested by Hcr.up:us

and described recently by Pambrick and Blark®,

2. Since the dosages of matarials vere applisd uniforsly

Arcughout each aIperiment, the doss/weight relation-
I-N.P changsd greatly io mny instances, vith the rapid
oovth of the -rwnc rats, vhich grovth wes oot inkilidted
by the aperimental procedres, for the d—day old rste
“the dose calculated in gw/iile was 4n same instances

greatar than 1.0, but with rai:td increass in veipght €327341
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L.

-wl2 =
the dose in afd..l..; dearsased 1o ar nt-th as 0.3, It is also
posxible that § pmr cent cancentrations vers insufCcient to
produce pllosstmcecus changes in amimal or buman sdia,. In
futare woerk it s uauh& that much Mipher concentrations
e used over lxrgmr ATesS of the sida of both sxperimsntal

arisals snd boman sabjects.

1n the course of the cccupatisoml exposre at the kito plant
there ware oppartunities not coly for cutanecus contact with
the cherdical -m—nll bt for @hﬁ.n and posgidls ingestice
of these materials as well., Sioce in oe_-.wmo.l_th- Cu=
tanecus involvensnt ws vy wide-epread, endogpencus Aswrie
bution of the taxic materisl to the affected orpos, including
the skin, was a possikility, Respinmtery steerptica of the
acnegens should be considered seriously in tiis eom-etu;n.
1o futars investigations azirals sbould'be subjectad to Tespir=
atary l:fnma o the mpoehd. scoegens, and parhaps to their
ingestien, It 45 likaly that cutansous abscrption of acheguns
wder wperinsstal conditions -y.ho 1iaited.” To _cnhnnc- mach
sbearpticn the sddition of parfsctanta to the applied FTp I
tions ms ried, . . . ’
e €327342
It s pos:.cie that soms or sll of the L substances from the
2,L,5=7 miarials chosen for the 4nitia) investigmtics are- pot
..u_upu.te. Boveribeless, since the methods of spprrisal pro-
doced nepative resilts with known acnegens, these L, a8 well
as the remsinder of the ma tarials m;-ntud, mould be ine

hoﬁpw in futare swdies. )
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Til.

. the potantial msard {5 still esant, .

Lscommandations -

e irvestigmtion witeh bag been carTisd cut tUms far with Nooganto
M erials and DowD ameguas should be regarded . axplaratery, This
initial axperiencs indloatas clearly that the eotire problem requirss
oonei derabls aperisental prohing, and that iavestiptive activity
sheuld be rTied out mimultanecusly in ssversl dirsctions if Frogress

uuh-bo

That nev cases arise curreatly 4in the 2,4,5-7 synthertia, d.upua care=

208 rouﬂu:muua-et the process and ingtitgticn of rigd yglemie
Fremutions, indicates that actegens ars still being evolved and that -

-

Tt semms advisabls, therefors, tut s Aundasestal investigaticn of

s pnt-bnpé-uu of "thlorecne” and & detailed aprraisal of the materials
itd.eh- BYe rise o the MMWitre yndrame*, be arrisd cut. Methods of .
study must be deweloped tefeore the major objectives can e approached,
It vill require the coaiMined sikill and opewrisnos of several sciantifdic
Elsciplines to devise adequate methods for Ldeot ficatiom and appraiml
of the acnegens imvolved., Such an iswstigtion requires lonp-ters
placning and argnimition, so tmt the problem sy be apprcached from
i-fed directicns cimultansously, It should be conxidared oo o time
mels of not less than ) to § ywars. .

The prograa for-the next ¢ years should include the following peneral

sparisentss

o . , 8327343
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As D-tm. the cutanecus arq systexic -:roeu of known Sche gena
124 the materials from the 2,5 6-7 Process, whe applied in nigh
Smesntrations and over Larpe aress of the s:u: of variouws ez-
perisenta) m.-.h inelnding bp. cata, rau, calves, ete,

3. Determing the MiAnecus and fystamic offecta of known atne guns
4nd chamical matacials from the 2,L,57 mrocess, whes admind g tared

D. Contimme the hummn Sperinents, in whiet hnrn amoc-u and
| chaxica) materisals from the 2,L,5~T process are to be applied
repsatadly in ua-. concantrations upan utnoau Areas commanly
affected, such as malar exinercas, preswricilar treas, als mu,
snd large areas of the lmek, Surface sctive Ageats ray be naed

@ incresss the percutanecus absorpticn of the ADepens and to
sulancs the Pethelogical changes,

en & method hn tean developed that is upshh of Lna.::"..nc pi.la-
seba oecns ehl.ncn iz the lth lr-i..h comparadls te t-hou wvhich
Oeew!.n-n, the eytologlc an: Mcmsnl of wchchagn
vhich may be induced by Mnm senegms chmld be carried Uty

€3
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Tis might ineluds the consddaration of alterations o Upias,
phatases, other ut-n.u.s,
l:iﬁoe.hﬂ.ﬂur-

Phose
(ElYTOMS, and keatin, a3 determined

kn- T Kettaring qu‘ta-y,

in the Department of Prevective -
Msdicine, tollege of Medicine,

Dniversity of Qrednnaty,

Epoisental vark angd repart by, : )

Willian R. Suekley, x.p, .
Marmret u‘.lk', 3.s.
Raymond R, &l‘md' M.De
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Swwary of Experimental Conditions snd Observations

’ (Section A) - ariments §]1 — f3a.
Junber Age Age Com- Muamber Duration]|Total
of Start pletion " of of Quan- Aini~| MWao=
iAnise 1y of ‘of Age at Applice{ Applica-~ Uty ol scoplo
. (male Date of | Test Test Nearopey | tions tions Applied | Mnd- Nad-
Tost Haterinle Controls | vats) [pirth | (paye) | (pays) ([!.J___(Ey_') (Days) |(Orams) |ings ings
Untreated 8-11-%) - - 4 - - - q o
u;;uuua _% . - - - - -
_ [~ Untreated | Y ¥ = < = p- =
Acalons 1 J k] 10 1 0
"Halowax 1001«
(A by wt, in '
™ 1 . 3 10 1 1 8 0,08y [Mone | gone
» Yy chloyo~
aniscls (5% by ) . .
wi. in acetome) 1 ) ) 10 1 1 [} 0,084 Mone Bone
- Dniceated ) | » - - 32 - !.,. -
Acetons ) B L )8 2 F{)
thToux YOIV T i) 1 7 2[: 5] L300 [None - Yone
LIS v chlaes .
anisole 1 . 3 N 2 2l 29 D, 280 None None
O . i
N o
e
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nee 1 (2)
Section A — Fxperiments 1 — §3 {Qontisued)

Age Age Oom Wumber [Daxation] Totald
start | plation| . of L of Quan- Clini~
of of Age st Applica-pplica~ | tity . oal
Toet Test locro‘q tions [tione spplied | rina-
Tost Malerisls  (aye) | __{aye {paye) l(nye) | {Oreme) | toge
_.; . - [ . !l’ -
3 [ ] -
e Jowax 1001% 1 1 51 [ ] 0q 202 Tone
LL,5 trichlaro- '
anisols 1 1 2 21 L] 0,252 Bone
*fa Towax YOOL® 1 1 T (%1} Tone
4K, riddoro-
anisole 1 3] ol 15 1] Ly o Jone
(go'ouon p) = Fxperimente gl —~ §6 ___'
Untreated s-1n-53l n - 11 - - -
r—mh.ud a u_ L o - ; -
oelong [d |3 1 -
ke ¥ N ; *; 1 0, fore
sniseols 1 » 21 N ! 9 ‘1 0,108 None
] treated | 1 6-19-531 1) - - 1 - -
g trealed L X - b ] - -
Lrealed [ 1 1A | A - -
@ | Tostere. 17 : 1 Al % | Wong —Pons
-%1.\..‘%1"651- 1 : )| 1Y — |2 ] 20 B2 | Jong__ |Hone
ey uﬁl’?- '
sniscle ‘ L. " I Le 1) 11 0,016 Pong
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TAHIR T (3) ‘
(Section B) ~ Experiments fli — 6 (Oontined)

) Mumbey Age Age Com~ Number |Duratiom | Total
, of Start pletion of of Quan- Clind~ ploro-
Animals of of Age at Applice~|Applice~ | Wity oal 1o
: : (male Dats of | Test Test Wecr tione ticas Applied | Mnd-
Tost Materisls Contyols | rate) Imrth | (pays) | (nys) | (Dayew {Days) i{Deye) | (Orems) inge Hnge
L ts 0-2-=N 1] 1 ] - >3 - - -
htatd 1 : 1 = )2 = = -
? [realed & 41 - - - po
nireated . 5 82 - - -
Acelone ’ 34 4] [ )| » s
Aubbed :
Control | . 25 62 6) n X%
Pelrolalum
. Control 1 K 2 €2 6] N % .

, FiaYowax 100T® 1 ¥ % ¥ 1 P 0, 7" Fone ne '
“tialowax TDTL® 1 . 2 3 11 3 0,17 None  Bone
2,4,5 triohloro- . ,
anjsole . 1 . 25 62 6) J1 % 0, )12 None

e o

%\J} t
Eil .
w .
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onen Fhases of The gal fRlr Grol

d ' » T
: S5 F E ;
i {
Bubbed or
. Srushed Control| - us
Acetone - s
*Tlomx 1014 0.76 1:€ | None
£, §. i chloro 3 T
' anlsoles 0.70 118 None
} —————————————— z
Asstone - 138 | done
24,5 Mchhrﬂ
anisels * _ . 0,62 1)8 Yons
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TABLE ITI

The Effects of Repsated Applications of 2,h,S Trichlor o Acdd,
Fmﬁ;ﬂ;ruanﬁ and "VWringer Cake® d N ol Ra or ]

Susmary of Experimental mr\;lulonl and Coeervations -

Experinent §9 ‘ -
Maber Age Total Climical
. Famber Age Stlart of Gompletion | Quantity Age’ sad
Test Materiale of Date of | of Test Applications | of Teet Applied | Neorepey| NMiaresoopie
and Conmtrols Animale | Birth (nys) (Days) (Dnys) Da rindings ,
. doatone 2 1-1-5% u 60 110 1 - m Tone
84,5 md\}wo{ | .
catle .
::::ﬂ,- ) . L 60 1o 1,20 nl Hone
Pentachloro=. ‘ ‘ “ . ’
anisols ) . ul 6o 110 1.2 nmi None
“ringer Oake® ' ' '
(S pne dissolveq
in 100 gue
distilled vater ) : . Ll 60 110 1.50 in None
[

T

MAXUS1178211



TARR IV
The Bffects of n?gm EEunum of "Malowax J01L®
» o the Wormel Sin of Fimas SubJeals

Suwwmary of Experimental Conditions and Obesrvetions

= ' ¥ |edy 4
i b LI o BRE isF | BE
g 55 v B~ g i :
b S ™ “es BET P4 P
B - §s | E* Y
n - @& . i x- !
R hnd :
uM. (female)] 66| worsal | wons | *mlowex 201e | *mulovex 20m | 2 11 | 0.8 | Wooe | morsm1
oo (Sow. in | (5 puo. In ) '
100 pna, 100 gms,"
scetone) _ o, octane) _
8.5, (femals) Vi Normal | MNone *Mlowax 1004* | "Halowax 101L" ) n 0.l None lﬂ'-.l
(5 ome, 1n (5 gre. 1o
100 gns. 100 >,
scetone) n, ootane)
f.J. (female)] &5 Borm] | Wone | "Aalowax 1014° | *Malowax 1014° 1) 27 0..|6 Wone | Mermal
‘ (Spe. 10 , ] (5 puse In Cot
100 gms, 100 gms,
acetons) n, octans)
,aq'o'- (female) é Normal | Wone' | *Halowax 101L* | *Helowax 101Lw !-J 4] 0.16 | Wone | Mormal
\1 ' (5 DRe, in (s "o in . N
100 gme. 100 pne.
ﬁ aoetone) . B, octans)
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TABLE ¥I

1 tal lata on ted Cu Mostions of

-

Matertal iimi * | Aoplications| Mplicetions | Piodiee | Misyescete
L] B
2,0,5 Trichlorcanisele ‘ 18 1 -¥» 6-12" Pore None
" Lovax 3001° 7 7-2 8- ooe Wone
*ialowax 1014" L Nn-» None

. | ¥-1n*

Anh-h wore trested through ;vnly,m phase of Uwree consecutive hair cyolas.

—_——
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CELORINATED ARCMATIC CYCLIC EmHHRS AS TES CAUS“ OF
CHLORACKE /

By J. Kimmig and K,H,Schulz —-”Zr

University Clinic of Dermatology, Eamburg-Eppendorf

Naturwiss.,, 44, 337-338 (1957)

Personnel engaged at various siages in the usual indusirial hydrolysis
of tetrachlorobenzene to form trichlorophenol and in the furtkber pro=-
cessing of the latter present dermatological symptoms of varying inten-
sity, On the basis of anamneses and diegnoses, these symptitoms are
ascribavle to chloracne. The clinical picture is characterized by
‘comedones, pustules, and smaller sebaceocus reiention cysis affecting

_the face, neck, chest, back and the limbs., In gome ceses the hepatic

tissues are alsoc affected.

Animal expe:iments were carried outl with a view to determining the
etiology of this intoxication. Chloracne-inducing substéncgs adminis-
- tered exvernally to rabbits' ears resulted in inflammation. The

~Picture evolved in the course of 2 to 4 weeks was compereble to that
due to chlorecne in man, Furthermore, it was established that neitier
the starting meterial, 1,2,4,5-tetrachlorobenzene, nor the resulting
trichlorophenol can be held responsible for the above dermatological
complaintis, Therefore the intoxicating factor had to be sought in tke
by-products, occasionally present as impurities in the trichlorophenol

. . . 1
and its subsequent derivatives-,

- 4 number of compounds, that might possibly b%formed under the manufaciucr--
ing conditions was prepared by the manufacturers, taking into accoun® )
the latest concepts concerning the reaction mechanisa of the high-
preasure phenol proc9552° We tested these compounds on rabbiis' ears,
and found the following derivatives to be very highly active:

. . 1) trichlorodibenzofuran, 2) tetrachlorodibenzofuran, 3) 2,3,6,7-tetra-
\ chlorodivsenzodioxin (2,3,5,7-tetrachlorodipbenylene dioxide}?\—_“_*—_‘*—*—
\

DS 30019431 o
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The variously chlorinated diphenyl ether, together with the unsub-
stituted and monochlorinated dibenzofuran were completely inactive,

The chloracne-inducing action appeared to depend on the number and

position ol the chlorine atoms in the benzene ring, and on the cyclic

ether siructure,.

The highest activity was exhibited by 2,3,6yZ—tetrachlorodibenzo—

————

ioxin, which produced the characteristic gymptoms in raboiis' ears,

—-——y

.

even when used in 0.01 to 0.002% solu*iona. When hicher con¢entrations
&

were used, the anizals soon died of hepatic necrosis. The hign general

toxicity of this compound is shown in the case of peroral adminis+tration.
Single orel doses of 0.05 +o 0.1 mg/kg of body-welght resulted in de=z+tn
e e e ey

within 1 to 2 weeks, Auilopsy revealed extensive necrosis and engorge=-

Pes

ment of the liver.

“herees nothing definite is kncwn as yet about the formation of

chlorinated dibenzofurens in the high-pressure poenol process, it bas

been estebtlishned that teirachlorcdibenzodioxin is formed vy the conden-
sation of *%o molecules of sodium trichlorophenoxide, accompenied by
,u/:ﬁvta

Disiod oo o ¢
—,_\ < . ,(_,['.r_ .. ,/‘v‘.'z_._ ,‘_1

ar

the elimination of two molecules of NaCl.

. | v
C_/\/O.\n C:v\.“/CA / Cl\/\./o\/\—/Cl ’ ol L f
ci K - I { /\/\ Ve ) J =
—\/\G NIOMCI a III <l Hy_/‘c r”—q, fan At \_./
I II /
\-_
Pone e et (2,39, 8 Fetuc Trad oo o,

wnere 1 and II raepresent two molecules of sodiunm 2,4,5-trichloro-
peenoxide and III is 2,3,6,7-testrachlorodibenzodioxin (2,3,6,7-tetra-
cnlocrodipnenylene dioxide),
Mo:eove:,_Esj;acbisccdi:en:adioxiﬁ, identical to tze synthetic
compouznd, was isclaled Irom the by-producis arising in the industrisl
bigh-pressure phenol process,

Another ”‘hor5 chlorinated dibenzodioxin for a different reascn, and

- -

e

n, -n which the positions of the Cl

ot

obtained a *tetrachlorosdibenzodiox

atoms were unkaown. In its chexical and toxicological properties, tkis

-

H-

"’z

compound differed only elightly from ours, synthesized, or isolated from

DSG0u1ausg
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In a chemical assistant engaged'in the
laboratory preparation of thi s compound, contact with the latter
led to severe chloracne. The compound, prepard by the above methods,

resulted in similer sympitoms in animals.

t should be added that neither pure 2,4,5=tricklorophencl, nor pure

[ ]

pentachloropnencl induced inflazmation in radbits' ears. It is therse-
fore to be concluded that the much-discussed cases of chloracne follow=-
ing contact with pentachlorophencl are no% to be attributed to this
compound, buit to toxic by<products rela%ted to those described in this
article., Analogously %o the above reaction, the heating of sodium
pentachlorophenoxide should lead o chlorinated dibenzodioxins, pri-

marily to octachlorodivenzodioxin,
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CLINICAL AND EXPERIMENTAL INVESTIGATICNS CORCERNING THE
ETIOLOGY OF CHELORACNE

by K.E., Schulz

Arch.klin. exp, Derm., 206 (1957)
589 - 596

- - —— = -

A number of workers in a chemical factory at Hamburg developed certain
dermatological symptoms between the middle of 1954 and spring 1955,

Cn the basis of anamneses and diagnoses, these symptoms were attributead
to chloracne. Altogether 31 people were affected, whose individual
clinical pictures will not be discussed iﬁ the present article. The
clinical picture corresponded to that frequently obtained in occupations
necessitating contact with perchlorinated naphthalenes and diphenyls,
The symptoms comprised numerous comedones, pustules, some furuncles and
retention cysts, all affecting invariably the face, neck, and the nape
(see Fig. 1), and in some cases also the back, chest, genitals, and the
limbs,

Fig. 1:

Chloracne arising from
contact with technical
trichlorophenol
(chemical worker,

aged 35)

DSO0uUlQub(
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In additieon to dermatological symploms, geveral patients presented
chronic corjunctivitiS' and blepharitie. General gubjective com-
plaints, euoh as loss of appetite, debility and nausea werIe often
expressed. FortunatelY, howeverT, ob;ectlvely detectable affections
of the 1iver, kidneys; central nervous pystem, and tbe nemopoietic

appaTratus, were &lways avsent.

All the patents nad worked in the 'Trichlorophenol Section' of the
factoTy manufacturlng 2,4 ,5- trichloropbenoxyacetic acid, which is
a widely used, bigbly active herbicide, prepared from a-hexachloro=
cyclohexane in e multistasge process whose 1ast WO gteps, oeing the

most jmportant ones in the present context, are 88 followss

1. Preparstion of trichlorophenol vy the alkaline hydrolysia of
tetrachlorobenzene, carried out at 17000 in the presence of sodium

hydroxide and methanolt

OB
4 NeOH NeOH “) Ci
Cl—ﬁ ~F Ch,OH Cl—\ s
Tetrachloro- 2 ,4,5= -trichloro=

penzene pnenol

2. preparation of the final product PY the addition of chloroacetic

gcid and sodium hydroxide to the trichlorophenol:

OH O CH,COOH

7 | 4 Cl CH, COOH | ” 1
4+ C1CH COUT i
m_l%y_c — s OH .

N C\.-— {
b x

2,445 trichloro- 2,4,5" -trichlorophenoXy=
phenol acetic acid

1t was B8OOI found thatl only those workers were affected who Were

XV engaged in the preparation and the further processing of trichloro=

poenocle

DSGOUIqLbI
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It should be mentioned in this connection that cases of chloracne
have been found among personnel engaged in the menufacture of tri-
chlorophenol in chemical works not only in Hamburg, but also in
Southern and in Western Germany, these cases being occasionally

accompanied by severe afflictions of the liver,

Prichloropnenol itself waa first assumed to be the original cause

of intoxication. According to previous reportsl, contact with highly
chlorinated phenols, €.8. pentachlorophenol, causee chloracne. Tnis

assumption, however, soon had to be abandoned, for the following two

reascons:

1, Work with trichlorophenocl had proceeded for two years without
resulting in any parmful effect. The complaints first arose after &
change in the preparation of trichlorophenol, whose details can no

longer be neglected.

2, The results of the animal experiments clearly disprove the causative

function of pure 2,4,5-trichlorophenol.

Animal experiments

Tne animal experiments were carried out on rabbits' ears, on which

Hofmann and Neumann4, Braunz, and Land656 and others used highly chlori-
nated napbinalenes and induced symptoms Vvery similar to those of chlor=-
acne in buman subjects., In each animal, the<¥hside of one ear was painted
daily with the gubstances to be tested for their chloracne~inducing
activity, whilst the other eaT, gerving as & control, vwas treated witih

the sol&ent ohly. The duration of the experiments veried between 3

aend 8 week3s.
The chemical plant mentioned above supplied the technical 2,4,5~tri-
chlorophenol (95% pure), which was employed in 2% and 5% solutions in

polyglycol and resulted in the following gymptomss: inflammation of the

@RTB, accompanied 0¥ tbe reddening of the surface and moderate swelling,

DSGOUIqLbZ
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developed in about 5 to T days; ‘a few days later the picture changed -
the diffuse inflammation had subsided and new symptoms appeared, which
closely resembled those of chioracne in man., Follicles,filled with
hyperkeratotib material, projected out of the plane of the skin, 80
+nat the surface of the letter assumed a sandpapery sappearance (see

Fig. 2). In contrast, eara treated with the solvent alone developed

ne aymptoms.'

Fig., 2

Rabbit's ear after &
3-week treatiment with
a 3% solution of tech-

nical trichlorophenol

in polyglycol (follicular
hyperkeratosis, follicular

distension)

From the histological point of view, an ascanthotic thickening of the

piderczis was observed, togetner wiith ederca and moderate cell infil=-

4]

+raticn in the cutis. The follicles were stirong and their epithelia,
distended elmost infundibularly and filled witn keratotic material,

were extended,

Unlike technicel trichlorophenol, chemicelly pure, twice-distilled
trichlorophenol did not induce tnese eymrptoms even after an B-week

application., Experiments using the distillation residue gave once more

the same positive results, The results are shown in Table 1 below.

DSGUuiqugs: B
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Table 1.
ing tbe

loTacne

Substance

cblorophenol

2 ,4,5-0ri
grade)

(technical
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inactive in the animal experiments. The tri- and the tetrachlori-
nated dibenzofurans, on the other hand, exhibvited a strong hepatic
toxicitye. Daiiy painting of the earTs (over an area having a diameterT
of about 3 cm) with 0.1 end 0.5% solutions led to death in 2 to 3
weeks, Autopsy ravealed an appreciable engorgement of the liver end
distended necrotiic tissues, occasionally imbibed through hemorrhages.
A single peroral application of a dose of 1 mg/gg led to severe
hepatic conditions, which could be studied with the aid of the Bof{oann-
Oettels.modification of the bromosulfthalein reaction. The symptoms
described above appeared also on the ears of the animals, obut to &
smaller extent, &S in the experiments with the distillation residue.
Therefore the question still remains whether tri- and tetrachlorinated
divenzofursns were the true cause of the cases of chloracne under

‘consideration.

Although the question may be posed whether the hihly chlorinated
naphthalenes and diphenyls, whose chloracne=-inducing activity has long
been known, could be regerded as the cause in the present case &8 weli,
from a chemical viewpoint it is herdly probable thet these compounds

can be formed undeT the reaction conditions in question,

Clinical observation led & step nearer to elucidating the nature of the
cause. A chemical laboretory assistent bas recently developed severe
chloracne. This patient had been engaged in the laborstory preparation

of highly chlorinated diphenylene dioxides in a laboratory outside
Hamburg, where, after about 10-14 days, he developed chloracne in con-
juncf%on with facial cermatitis. Since +he patient worked with chemically
pura compounds, it must be assumed that bhigbly chlorinated diphenylene

dicxides are capable of evoking sympioms of chloracne in mén.

Cl Cl
‘ b/ 0\12\_
AN

Tetrachlorodiphenylene dioxide

- (positions of the Cl atoms are uncertain)

These oompounds may have & csusative function in the chloracne cases
DSpouuiQlbe
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_found in the chemical plant &8 well, Bince, fron & chemical view=

point, chlorinuted diphenylene dioxides D&y pe formed in the hydrolyais

of tetrachlorobeﬁzene into trichlorophenole

Animal oxperiment3 with chlorinated diphenylene dioxides are in pro-
gress, and the resulils obteined B0 far indicete thav tetrachlorodipheny—

lene gioxide bas & nigh hepetic yoxicity in raebbitse.

Altnough the proof is still incomplete and the distillation residue

of the tecnnical trichlorophenol Las not veel investigated, it is roped
thet & contribution nas bpeen pade to the etiolo&y of chloracne, parti-
cularly with the aid of the highly chlorinated diphenylene dioxides.

FurtheT investigstions are aimed 8% the final elucidation of this

probled.
2222222122

gzakall (Hamburg) Comedones 0 the zygomatic arch of patients
wearing spectaclesd are probably ascribable to the chafing of the gsurface
cells of +he horny layer, followed bY cell proliferation with inereased
borny formation. The lnner surface of the spectacle frame in contact
with the gkin becomes rough in use, and gives rige tO friction.

Pinkus [’J. invest, deIrles 19, 431 (1952);7 ngs shown that & weakening
of the borny layeT leads 1o cell prollferatlon, with sncreased horn

formation. The removal of four gsurface cell-layers is gufficient to

result 1in cell proliferation.

p, Keller (Aix-la—Cbapelle): 1s it possible that the formation of
large comedones around the eyes in patients wearing Bpectacles is due

to & chlorine content of the syntbetic material of the frame i

These
comedones aere found in a tank officerT around that eye only, which be
used with the periscopes and the formation of the comedones persisted

{or yea~Ts afterwards. .

b
Translator's notel Sic.
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0. Braun-Falco (Mainz) : With respect to Prof, Keller's remarks

concerning the follicular 'spectacles hyperkeratosis!?, this is
believed to have a physical cause (e.g, the pressure of the frame),
and resembles in this connection the comedones appearing after xe-ray

contaot irradisastion,
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-KESEARUH LIBRARY--CONCODD-

CHLORINATED ARCMATIC CYCLIC ETHEIRS AS TES CAUSD O y
CELORACHE r\r("-/ ‘:
| et

By J. Xizmmig and K.H,Schulz ———”ZT

Uzniversisty Clinic of Derzatology, Zanburg-Zppendors

~-

Natarwiss,, 44, 337-338 (1957

Pergonnel engaged at verious stages in the usual indus<-ial hydrolysis

of tetrachlorobenzene to forz irichiorophenol andé in the fu-tre= pPro=-
cessing of the latter present derzatologicel sympioms of varying inten-
sity. On the basis of anazzeses ang diagnoses, these srympioms are

ascritadle to ciloracne. Tte clinical Picture is characterizeqd by

cozedones, pustules, and smaller sebaceous reteniion cysis effecting
iie face, neck, ches%i, back ané the linbs. In some czses the Denatic

tissues are also effected,

Aninel experiments were carzied ou: with a view t9 determining the

etiology of this intoxicatioxn, Chloracne-inducirg subszznces adpinis-
vered externally to rabbits' ears resulied in inflaznztion., The

ot

Picture evolved in the course of 2 to 4 weeks was comgpareble g %ha

ez

48

o
due to chlorecne in man, Furtherzore, it was established that nsis

]

e stariing material, l,2,4,5-tetracblorobenzene, nor ihe resulting

nol can be held responsidle for the above derzatological

compleinis, Therefore th inloxiceting factor had io be sougnt in t:ze

by-products, occasionelly present as impurities in the tricnloropherol
1

end iis subsequent derivatives~,

.. - ! ; : .
T of cozmpounds, thai zigh: vossibly be;o::e: unzer the zanufactur-

g cocnditions was presared by the manulaciurers, taXing inze account
e latest conceptis concerning ihe reac:ion Recranisa of

the kigh-
e 2 s 4 . . e
regsure prenc. prccess , We tested these coZpounds on rabhits ears,
anc found the following derivatives to be very highly active:
1) trichlorodibenzofuran, 2) tetrachlorodiberzofuren, 3) 2,5,6,7-tetra-

chlorodibenzodioxin (2,3,6,7-tetracnlorodlpbenylene dioxide).
—
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The variously chlorinated dipkhenyl etaer, together wita the unsub-

ituted ang Donochlerinated dibenzofuran were completely inactive,

UD

The ¢hloracne-inducing aciign appeared to depexd or the number and
ot mclhlerlncuciag 8

position of the chlorine a%cms in the benzene ring, aand on the cyclic /
e

vher siructure, {«4/

TZe bighest activity was exhibizted oy 2,3, 0/4-.e:racuxo*oqluenao-

—

cioxin, which procuced the characterist vf/:;;:o:s in raboits! ears,

even wiben used in Q.01 <o 0.002% solutions., Wzen higher conceatratiorns

et

were used, the animals soon died of hepatic rnecrosis. The high general

3 St A

Texicity of this compound is shown in the case of peroral admini tretion,

Single oral doses of 0.05 %o 0.1 mg/kz of body-weight resulted in deahn

wiikin 1 to 2 weeks, dutopsy revealed exiensive necrosis and engorge-
— ,

z2n<t ¢ the liver,

Wherees nothing definite is knowa as yet abdbout the formaiion of

chlorinated dibenzofurans in the Righ-pressure poenol process, it kas

b2en estahlisned that tetrach‘orcq senzodiexin is foraed by the conéen-
sation of +two molecules of sodium tricoloroptezoxide, accocpenied by

. .. -,
t2e elizination of two molecules of NaCl, WATEE

DM—,«;-—J refeT e
N PR E
G~ ONa Cin . _~<! CiWo\/\,/‘— v

! ; " R W i ‘Vl.vf\f\." ., M;'-
o1 il - “ | “ N / G . ——
T~ .\'.o/l\/'\cx a” L’\ VAR, YOV S V-G A
I B ¢4 I;I 3
~ : - / b 3 8- f‘ LL ol ';'_.d“z i" -5‘—4 e .'4-‘ A
/4/\: PPN [ ,‘7. e s - -
wioere I and II represeat two Wolecules of scdius 2 y4,5-trickloro-
Fienoxide and III isg 2,3 6,7-ue.racnxorodibenzodioxin (2,3,6,7-tet:a-

chlcrodipnenylene dioxide),

Xcoreover, tetracnlozodibenzodioxin, identizel ts the synthetic
ccnpound, was isolated from the by-producis azising in the industrizl

Bigh-pressure phenol Lrocess,

- o

her author5 Rlorinated dibenzodioxin for allierent reescn, and
?

o

O
o

obtained a tetrachlorodibenzodioxin, in which tre Positions of tne Cl
atczs were unknown., In its chemical and toxicological properties, tkis

compound differmd only slightly from ours, 8ynthesized, or isolated from

DSG0u|qusg
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'technicai trichlo:ophené;. n & chenical assis*ant engaged in the

laboratory prepa:ationrof tr s cozpound, contact with the latter .
led to severe chlorscne. The cezpound, prepard by the above methods,
resulted in siziler syzpioms in exizalas,

* shculd be added tzzt neithe- pure 2,4, ,5-trichlorophenol, nor pure

7
-

ot

e

4]
4

achleroprencl induced inflazmation in rabbita! eers, It is there-

Y]

fore to be concluded thzt zhe zuch-discussed ceses of chloracne followa

ing contact with pentachlorophenol are no: to be attiributed to this

(3

compound, but to toxic by-producis related to ihose described in this
article. Anelogously %0 +‘he atove reection, the hkeating of sodiunm
pentachlorophenoxide should lesd to chlorinated dibenzodioxins, pri=

narily to octechlorodibenzodicxin,

Relerences:

K.,H. Schulz, Leciture delivered a: the 23rd Corference of German

[
[}

Dermatologists, Vienna, May 23-27, 1956,

2. 4, Lutiringhaus and D. Aztrss, Crhem., 3er. 85, 472 (1956).

G. Wittig and L. Pokzer, Chexz. Ber. 8%, 1334 (1956).

3 i, Stockzanr, Persoral coz=unication,
Transicted
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CLINICAL AND EXPERIMENTAL INVESTIGATIONS CONCERNING THE
ETIOLOGY OF CELORACNE

by K.HB, Schulz

Arch,klin. exp. Derz., 206 (1957)
589 - 596

A number of workers in a chemical factory at Hamburg developed certain
dermetological symptoms between the middle of 1954 and spring 1955,

Cn the basis of anamneses and diagnoses, these symptoms were attributead
to chloracne. Altogether 31 people were gffected, whose individual

clirnical pictures will not be discussed in the present article. The

" clinicel picture corresponded to that frequently obtained in occupations

rievessitating contact with perchlorinated naphthalenes and diphenyls,
The syzpioms comprised numerous comedones, pustules, some furuncles and
reteniion cysts, all affecting invariably the face, neck, and the nape .

(see Pig, 1), and in some cases also the back, chest, genitals, and ihe

limbs,

Pig, 1.
Chloraczne arising from
cocrtact with technical
trichlorophenol
(chemical worker,

aged 35)

DS G0ulquby
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In addition to dermatological symptoms, several patients presented
chronic conjunctivitis’ and blepharitis. General gubjective com=
plaints, such as loss of appetite, depility, and nauses were often
expressed. FortunatelYy, however, objectively detectable affectibna
of the liver, kidneys, ceniral neIrvous system, and tbce pemopoietic

apparatus, were always absent,

411 tre patents hed worked in the 1prichlorophenol Section' of the
factoTy, manufacturing 2,4,S-trichlorophenoxyacetic acid, which 1is
a widely used, nighly active herbicide, prepared froz a-hexachloro=
cyclobexaneé in a multistage process whose 1a8t two 8:iePpB, being the

cost important ones in the present context, are a8 foliows:

1. Preparation of trichlorophenol by the alkaline hydrolysis of
tetrachlorobenzene, carried out at 170°C in the presence of sodium

hydroxide and methanol:

Tetrachloro- 2,4,5-trichloro-
benzene phenol

2. Preparation of the finsal product by the addition of chloroacetic

acid and sodium hydroxide to the tricnloropnenol:

OH . 0 CH, CO0H

: |
#N\—Cl 4+ Cl CH, COOH <
A OCH LT
C].J \}L o+ Nes OH Cl—f._\\

E -

2,4,5-trichloro— 2,4,5-trichlorophenoxy-
phenol acetic acid

It was soon found that only those workers were affected who werTe
{r engaged 1in the preparation and the further processing of trichloro-

phenol.

DSG00iqyg |
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It should be mentioned in this connection that cases of chloracne
have been found among personnel engaged in the manufacture of fri-
chloropbenol in chemical works not only in Hamburg, bu% also in
Souttern and in Western Germany, these cases being occasionally

accozpanied by severe afflictions of the liver.

?richloropnenol ijtgelf was first assumed 1o ve the original cause

of intoxication. According to previous reportsl. contec: with highly
chiorinated phenols, e.8g. pentachlorophenol, causes ctloracne. This
assucption, however, 800D nhad to be abandoned, for the following two

reasons:

1, Work with trichlorophenol had proceeded for iwo years without
resulting in any peraful effect. The complaints first erose after a
cnange in the preparation of irichlorophenol, whose deieils can no

longer be neglected.

2, The results of the animal experiments clearly disprove the causative

function of pure 2,4,5-trichlorophenol.

Anizal experiments

The animal experimenis Were carried out on rabbilts' ears, on which
Eofpann and Neumanna, Braunz, and Landes6 and others used highly chlori-
nated napbthalenes and induced symptoms very similer to those of c¢hlor-
acne in human subjects. In each animal, thefghside of one ear was painted
daily with the substances to be tested for their chloracne=-inducing
activity, whilst the other ear, Berving as a control, was treated with

+ne solvent only. The duration of the experiments veried between 3

end 8 weeks.

Tnhe chemical plant mentioned above supplied the technical 2,4,5-tri-
cnlorophenol (95% pure), which was employed in 2% and 5% solutions in
polyglycol and resulted in the following symptoms: inflammation of the

ears, accompanied by the reddening of the surface and moderate swelling,

DSGOUIQyb2
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developed in about 5 to 7 days; a few days later the picture changed =~
the diffuse inflammation had subsided and new symptoms appeared, which
closely resembled those of chloracne in man. Follicles,filled with
typerkeratotib material, projected out of the plane of the skin, so

tzat tbe surface of the latter assumed & sandpapery appearance (see

LA} ]
(¥

€. 2). In contrast, ears treated with the solvent slone developed

rnc sycptoms,

e

. 23

¥l
n

Facvbit's ear after a
3-week treatment with
& 3% solution of tech=-

nical trichlorophenol

in polyglycol (follicular
byperkeratosis, follicular

¢istension)

. U . . .

e A b
- iy, beet "t - L~ .
- N A - " Py RN : X .o
i—-“:.’::‘-l-‘df'.n.‘i'.';- IR VIR | & PRS-

Proo the histological point of view, an acanthotic thickening of the

rmis was observed, togethber with edema and moderate cell infil-

I

i
'l
Q.
[y+]

<razicn in the cutis. The follicles were strong and their epithelia, .
cistended almost infundibularly and filled with keratotic material,

xere extended.

Urlike technical trichlorophencl, chemically pure, twice-distilled
trichlorophenol did not induce these symptoms even after an 8-week
spplication. Experiments using the distillation residue gave once more
the same positive results, The results are shown in Table 1 below.
DSUouiays3 T
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Table 1. Results of animal experimenta carried
out with & view to determining the
etiology of chloracne (vy paxntzng

raboits' ears)

Concen- R
supstance strur’ 11 \ ¢retion
- S

mymaaipp———
2,4.5-Trichlorophenol
(tecnzical grade) m(; a 5 ++ glight

2 ,4,5- Trlchlorophenol

(chezicelly pure) al 5-10 P P
. Cl
1,2,4,5-Tetrachloro- Cl Gl

benzene 5-10 P P

s‘lllation residue

trichlorophenol 1-5 +r glignt

4 = None

I+ eczerges {rom these results that the substance causing chlorecne is
nov :rlchlorophenol jtself, put arises in all probability as & bY-

product in the alkaline hydrolysia of tetrachlorobenzene into trichloro=

Furiher investigations’ aimed at gainirg moTe informetion of the nature®
of <he suls tances causing chloracnes. Since, ow...nb 1o extreneous circum-
gtences, the residue could motb be separated, syntue.1c compouncs were
used in these exPeriments. Naturally. such compounds were selec.ed

that were 1ikely to be formed in the jndustrial production of tricrcloro-

phenol {rom tetracblorobenzene. Tphe results are listed 1D Table 2.

i

« Carried out in collaboration with Dr. S0TEE: Head of tbe Trichloro=
pbenol Seoc%tion.
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(vy painting 7T
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Mono- ai=-» tri=»
Q c

ant tetrachlorin-
/ D—(/ \
Oy \/-m

atred dipbenyl
6 glight

etneTs

Diphenylene oxide
X \0/\\

(dibenzofuran)
1
Konochlorinated . /ﬁr_,,(z)
aipenzofursh VAN.Y4 5-10 P I
Cl

Positio=s
of the \
cl atom%

mri- and teira
chlorinated di-

uran

venzof

neithel ihe unsubstituted noT

+hers spowed that
d ethers wasg capable of pro-

phenyl e

Experiments with di
»
arny of the mono~=» tri- snd tet:achlorinate
s chloracneé in the rabbits' earBe
ssiviey

ptoms O
reaction conditions is po

- thne releVant T
(aiprenylene oxide) were P

¢ucing BY®
ex s

Since,their forzaid
+he chlorine derivativas of dxbenzofuran

n ¢iffers from diphenyl ether in the presence of &

petween w0 benzene ringse.

rested. Dibenzofura
ing closure

C
ryran -4

The unsubsti

gk ing place
d to be

;jnated compou

nds were foun
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inactive in the animal experiments, The tri~- and the tetrachlori-
nated dibenzofurans, on the other nand, e xbibited a strong hepatic
toxicity. Daily painting of the ears (over an area having a dianmeter
of about 3 cm) with 0.1 end 0.5% solutions led to death in 2 %0 3
weeks, Autopsy revealed an appreciable engorgement of the liver and
gdigtended necrotic tissues, occasionally imbibed +nrough hemorrhages.
A single peroral gpplication of a dose of 1 mg/gg led %o severe
hepatic conditions, which could be studied with the aid of the Hofzmanz-
Oettel5 modification of the vromosulfthalein reaction. The symptoms
described above appeared also on the ears of the animals, but to a
spaller extent, as in the experiments with the distillation residue.
Therefore the question still remains wbether tri- and tetrachlorinated

divenzofurans were the true cause of the cases of chloracne under

‘considerations

Al+hough the question may be posed whether the hihly ¢chlorinated
raphtbalenes and diphenyls, whose chloracne-inducing activity has long
peen krown, could be regerded as the cause in the present case a8 well,
{ron & chemicel viewpoint it is hardly probable that these compouncs

caer. be formed undeT the reaction concditions in question,

Clinical observation led & step nearer to elucidating the nature of the
cause. A chemical laboratory agsistant hes recently developed severe
chioracne. This patient bad veen engaged in the 1 aboratory preparation

of highly chlorinated diphenylene dioxides in a laboratory outside
Esnmburg, where, after about 10-14 days, he developed chloracne in con=
juncé?on with facial termatitis. Since the patient work d with crexzically
purz compounds, 1% pust bpe assumed that highly chlorinated diphenylene

L=

cioxides are capable of evoking sympioms of chloracne in man.

Cl Cl
‘ ( /O\ld
o g

Tetrachlorodiphenylene dioxide

(positions of the Cl atoms are uncertain)

Thege oompounds may pave a causative function in the chloracne cases

DSOGUlaLby
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found in the chemical plect as well, since, froa & crezical viev¥-
point, chlorinoted diphenylene dioxides m&y pe forzed in sme bydrolysis

of tetrschlorobedzene into trichlorophenol.

Animal experiments withb ohlornzated diphenylene dioxides &Y€ in pro-

gress, and the results obtained 890 fay indicee tzat tet:achlorodipbeny-

lene dioxide bes & high nepetic coxicity in —20bit6.

Althoughb tphe proof is B%ill incomplete and the gistillation residue

of the technical trichlorophenol pas not been investigated, it is roped
that a contribution has been pade to thne etiology of crnioracneé, parti=-
cularly with the aid of the highly chlorinated diphenylene dioxides.

Further investigationa are aimed at the final eluciéetion of this

probled.

Discussion

A. gzakall (Hamburg): Comedones 0D the zygomatic erch of patients
wearing Spectacles are probably ascrivable to toe crafing of tpe suriace

cells of the horny layeT, followed bY cell ~pliferetion with jncreased

o)

horny formation. The inner gurface of the spectacle frame 3inD contact
with the skin becomes rough‘ in use, and gives rise to friction. '
Pinkus [fJ. invest., derRey 19, 431 (1952);7 has BDOVRL thet 8 weakening
of the borny layer leads tO cell proliferation, wizh inereased Dorn
formatione. The removal of four surface cell-layeTs is gufficient to

result 1in cell proliferation.

P, Keller (Aix-la-Cbapelle)x 1s it possibdle <natv ihe formetion of

large comedones around the eyes in patients weariZég gpectacles ig due
to & chlorine ocontent of the syntbetic materiel of +he frame 7  Thnese
comedones were found in & tank officeT around i-atl €YE only, which he
used with the periscope; and the {ormatiocd of +thoe comedocnes persisted

for yeaTs8 afterwards.

*
Trsnsletor's note: Sic.
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0. Braun-Palco (Mainz) 1 With respect to Prof, Keller's recarks

cbncerning the follicular 'spectacles hyperkeratosis!, this is
believed to have a physical cause (e.g. the pressure of the frame),
and resembles in this connection the comedones appearing aftexr X=ray

cecntact irradiastion,
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-RESEARCH LIBRARY--CONCOR!

OCCUPATIONAL CHLORACNZ CAUSED BY AROMATIC
CYCLIC ETHERS

by
J. Kimmig and K. H. Schulz
——— .

University Clinic of Dermatology, Bamburg-Eppendor{

Dermatologica, 115 (1957) 540 - S46
ermatologica, 115 (1957) 5 .5

Thirty-one cases of chloracne were found among workers
engaged in the production of 2,4,5-trichlorophenol and
in the conversion of the latter inte 2,4,5-trichloro-
phenoxyacetic acid and its esters. Animal experiments,
carried out by painting rabbits' ears, have shown the
cause of chloracne to be not trichlerophenol itself,

but toxic by-products formed in the al ine hvdrolysi _
of 1,2,4,5-resracitorovenrseminto 2,55 i Faphenal .
Compounds that may arise in this process were synthesized,

and tri- and tetrachlorodibenzofuran and tetrachlorodi-
benzodioxin were found to be highly active. Furthermore,
2,3,6,7-tetrachlorodibenzodioxin was isolated as a by-
product formed in the manufacture of trichlorogphenol,
and the possibility of its formation from sodium tri-
chlorophenoxide was established.

Chlorinated compounds, used as industrial materials or formed as by=-
products, occupy an important position among the chemical and physical
intexicants capable ¢f producing acne and folliculitis.

The first cases caused by these compounds were observed at the beginning
of the century with the introduction of the electrolytic chlorine process.
The view put forwdrd, and later corrected, by Herxheimer, according to
which the disease is i has led to the confusing

but common designation "gh;g;iigg“.

Since the introduction of chlorinated naphthalenes, used in various ,
branches of industry on account of their useful properties (resistance
to acids, non-inflammability, waterproofness, good igsglgtion), contact

L I

with these_compounds has often resulted in chloracne

Both Wauer9

and Teleky” have suggested the term "Pernakrankheit" ("perchloro-
naphthalene disease"), which again is unsatisfactory in many respects.

-~ Y>g -:L}L 'P
DSCO00IqubY oJulst s,

EXHIBIT "J"

[T —
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ving been used with more than 100 substances in the past two years,
he rabbit-ear test enables the chloracne-inducing activity of a
substance to be ascertained with high probability.

The first results were reported by ocne of us7 at the 23rd Congress of
German Dermatologists in Vienna. t was first shown that, contra-y

to previous assumptions, 2,4,5-tighloroRISol hediBf ilbutiinibntabai de T ed

as loracne-inducing factor. This emerged from the observation
that the expecres symptoms were pot @mﬂ%ﬁs with
a 5% solution of pure z,ﬁ.g-trlcgforopheﬁol in polyglycoi, but they

r duced by the technic gt. Since tReAkanting material,
1 2.5,5- ﬂ:agﬁgm:fw its' ears, it was

to be assumed that the intoxicagt was_amo d in
the alkaline hydrolysis of 1,2,4,5-t etracz4orobenzene into

2,4,5=-trichlerophenol.

c ‘ OH
! |
, A N
' | DAL )
Cl=~ — C]-\/ :
a a
112‘475-te‘tra- 2.)1"'.5"triChl°ro-
chlorobenzene phenol

Since the distillation residue could notf at first be separacted, a

WWH& P Gl 440, which
were likely to oe formed in the hycdrolysis of tetrachlorobenzene at

180°C, these compounds being the cplgrize derivatives 9f gdighenyl

ether and of dibenzofuran (diphenylene ox¢de).

. SR T Ty T U

Wnilst the chlorine derivatives of dighenyl ether anid unsubstituted and
monochlorinated dibenzofuran were inactive in the animal experiments,

trichloro- and tetrachlorodibenzofuran resulted in the expected symptoms
even when they were applied in 0.05% solutions. V////
e symptoms, both compounds/exhibited strcng
The oral adminisiracion of a Single single dose of
Bevere hepatic conditions in rabtits. However

chlorinated dibenzofurans could not be detected as a by-product in the
production.

The clinical examination of a labqratory gssistant who developed a
severe case of chloracne after contac:t with tetrachlorogibegzedioxin .
indicated the possible causative function of chlorinated dibenzodicxins
(diphenylene dioxides). Further experiments with rabtits' ears showed
tetracnlorodibenzodioxins, especially 2,3,6,7-tetr achlorodibenzodioxin,
to be very highly active. Three or four painting with 0.01 - 0 .005%
solutions, applied at intervals of 3 to L days, were found to be sufficient
to produce severe inflammation and follicular hyperkeratosis. A single
‘Ea dose of 0.05 = 0.1 mg/kg (per os) resulted in severe hepatlc conditiens,

and, in most cases, in death within 8 to 20 days. A0 revealed

distended necrotic tissues and engorgement of thz'

D P Cetm e e s g Sm e rs A 4 e e A o e Sy o= s = = = o m e ——a— [N
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OCCUPATIONAL POISONING IN THE PRODUCTION OF CHLOROIPMHENOL COMPOWIDS ,:F.Tl,‘ a8
Ny b=

. o
by H. - H'@d U. Spiegelberg, Hambursg ,/l?' LT
RN

(From the Neurclogical Clinic (Director: Prof, Janzen), |

the Bermmtological Clinic (Director: Prof. Wimmmmps, and ‘v, e
. .A ‘s

the Cliniec for Psychiatric and Nervous Diseases (Director:” . e

. \ I — I‘
Prof. Bilrger-Prinz), University Hospital Hamburg-Eppendorf) &)

Archiv fUr Geiverbepathologie und Geiverbehygiene, 18 (1961) 538-555

Introduction

In at least three factories in Western Germany groups of workers engaged in the
production of chlorinated phenols have recently developed acne which took a pro-

tracted course and was folloved by further complicationms.

Baader and Bauer and also Brinkmann (1950/51) reported cases among a group of
“wroyewimmen in a factory situated in Nordrhein-Westfalen. In this factory the

workmen were engaged in the production of pemnbdechiessphsmed. In addition to a
comcdo-acne associated with secondary pustular infection and furuncle formation

of various degrees, most of the/affected vorkers complained even in the early

stages of their skin disease of
i Sitipuon iRl e, and indefinite W Reviewv
of the documentation based on 17 cases® led to the following results:

All 17 affected cases had acne; out of these 4 could be regarded as sévere, 8

as moderately severe, and 5 as medium severe to light; almost all patients had
m In 4 cases

bursitis of the cubital joint could be established.

As far as other complications were concerned, W
Ww-md— et L
M case; <Gmwpatients developed i "ROGPIVER (in T cases 1ntens:.vegr

in the lover limbs, MMM in SegERETIr NPT,

vithout atrophy, and in 2 cases the -Achidlesetandon -SAlle initiitduitehanisaiaped’

™M

o

vo)

%We wish to express our gratitude to the Berufsgenossenschaft der Chemischen ~

- L4 . 1 . i o

Industrie for putting at our disposal their records and other do nts, and 8

for their understanding attitude during prolonged clinical observations. 0
e ) )
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B seven of the patients complained of psychological disorders such as continuous
3 TEoeme——

A zTeater puster cf ﬂ-h—mm ?raf. Eerzt) occurrcd g

fecvowims. in the middle fwwswekwnx! atornsg workers engaged over a long period (in

mOSt cases for several years) in the mtmw (saponification

of 1,2,4,5-tetrachlorobenzene to 2,b,5-trichlorophenal by treatment with methanolic
sodium hydroxide). Similarly to a third group of cases in the Hemburg district,
to be discussed in greater detail below, persons vorking with trichlorophenol

frequently (QUGLOPSA-disaRAars, Iw=wanpresses some time wPrersheguratnetien
Qthtururs tionédrRiROMNLe. In a discussion following a lecture by Spiegelberg

at the Congress of Northwest German lleurologists ang Psychiatrists, held in 1960
in Luneburg, in vhich the author descrmedittruﬂ‘mmpim

<isewsd¥re after occupational poisoning, Jmkmmmm
exong--wonke il actarsasviRr the middierphine lapd .
=

The third group consisted ofmm These had been
working in the trichlorophenol department of the factory in which a herblc:x.dal @

substance, W vas produced from technical 2,4,5-
tnchloroghenol bx heating in autoclaves with sodium hydroxide and monochlorocacetic
aczgl. Af'ter completion of the estenhcatm
;;;:peated recrystallization. The task of the workers consisted first of all

in the filling of the autoclave; for this purpose trichloroghenol had to be
taken out of open barrels by means ol ghgyely, During this procedu;e a fine dust

grose and spread all over the premises,
Y

Other procedures were connected with the filling and operation of centrifuges,
. and with the inlet and outlet tube systems. As those workers who had been’ in
particularly close contact with trichlorophenol developed the most intensive
skin lesions, it seemed quite plausible to regard the technical trichlorophenol
as the causative agent. The correctness of this view will be discussed below -

in connection with the probtlenm of etiology.

DS 00012624
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The present author's cliniecal observations

At the present tlme.wmmmnt‘.

gatmregne , prolonged Wof the lover lmbs“
conrivsieniii, but Zajaly for merked peyowopathojogigsl-divongery. The foll- l

owing table shows the complaints and damage to health established in these patients.

In all cases the skin lesions developed on the whole according to an identical

pattern: QX33 pumarous comadas developed, initially on the faga (particularly

the cheeks above the zygomatic are, the forehead, the temgles, the sgin and the
eara), and letcr scecondary infection led to the development of folllculltls,

pgg;u;gg, furuneles, and retenticn °¥g5§ Still later, these lesions spread in
mOSt cases onto the lateral parts and the back of the neck, the upper half of

the back, the chest, lower arms, the genital organs and the thighs. Numerous
furuncles developed mainly on the back of the neck, and on the back, These

efllorescences were usually extremely densely arranged, and hardly any follicle

renained unaffected.

In some of the workers who had apparently suffered a more inteasive exposure
the described acneiform lesions were preceded by a dermatitis associated with
erythema and edema which extended to the periorbital region, the cheeks, and

the forekead. Almost at the same time, blepharocogjunctivitis developed in
some of the patients; similarly to the skin lesions, this condition took a

ehrenic course,
e -~ W

The summary of the findings set forth in the table shows that, in addition to
the described changes, scme patients had partly spots and partly larger areas

of pigmentation og the face, which endowed the skin with a q;::z.BIEI:EEEiF

i
appearance,
-

The eiimicwimpiatyre, taken as a vhole. is %’Wm\

~4gesTS by PEHTEY i mETfMERG) and leser -By-seme-ot =

Wm“,) in persons eﬂosed ) chlor:.nated naph-
m

_thalenes, da: :henyls, and other

> DS 00012625

nds. (For more details see W.Braun
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and also A. Rissc=Cundermann (1959)). These forms of ocecudpational pPoisoning are
acnerally referred to by the term chloracne or "Perna-disease", although these

terms do not exprcss correctly the precise nature of the condition in question,

%
In our cases the dermatological manifestations took o particularlymg é

course., The SIFPFEFCTCITTHOGIAR'S S applie_d by us (W and

external keratolytic and antibacterial treatment combined in more severe cases

vith IpSTENTE SaRINT Tl anttihi oot ainis r i ipEdRgy t© Prevent the

formation of new comedos, retention cysts, and furuncles during the first one or

tW0 Years, < with the toxic substanc

in question. At present, in most of the patients residual changes consist in

densely arranged deep scars, which are particularly disfiguring when localized

on the face (pseudoatroghodermia. vermiculata).
All affected workers without exception complalned of m

\m frequently accompanied by “ywiwms part:.cularly in the proximal leg
muscles. These conmplaints were pronounced even in early stages of the disease,
T .

/v

sometines even preceding the development of more serious skin lesicns. The records

or spontaneous communications by the patients revealed the presence of paresthesias
enly in 2 out of 9 cases.@f&iled to demonstrate in any of the cases localized
paresis or atrophy, weakening of the reflexes, or the absence of muscular extension
reflexes which would have suggested toxic polyncuropathy @ Two of the subjects
investigated indicated <haddmifut et fiiii-dtwincciriorerobinlg, cormbined with iso-
lated epicritical disorders, Electromyographic examination revealed no reliable
signs of neurogenic lesions, as one would have expected in the case of lesions
of the peripheral nerves., The fact that experiments based on serial stimulation
revealed the premature developrment of fatigue requires further confirmation both
vith regard to the method and the findings obtained, These findings show -.that

( the deseribed neuromuscular disordérs do not fit into the picture of a toxic
polyneuritis or pelymeuropathy.

dr-Dietare, vhich consisted

of very labile frequencies, and of partly assymetric dysrhythmic complexes. One
of the patients showed accentuated dysrhythmia and increased cerebra.l excitability

after photic stimulation, The EEG changes obtained by us were not cha.racte;utzc.
and y:.eld.-.d no important nev racts pointing to the correct diagnosis.

DS 00012628
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Some of the workers investigated by us complained of Mewdaghe, attacks of venbigs,
and o tendency to Agikestasiovcallapse. %fmwmvestigated shoved
marked signs of excessive vegetative irritability sycp uw
ipwrensedagueasionon hands and lens as well as in the axilla, increased dermo-
graphism, and a suggestion of a positive Chvostek sign, B as s taken
in Out-patient Departments were all found to be in the normal range, In S out

Aof 9 patients the blood Pressure was aroungd the lower lmf the normal range.

A tendency towards mmr“ could not be observed ejther in out-patient(

nor in in-patients, .2 c8ses there was g susaicion ggm'ﬁ-dmge.
"
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Fig. 1 Fig, 2 Fig. 3

Fig. 1-3. Chloracpe developing during éxposure to technical
trichlorophenol

Mpresentedw Such as a feeling of fullness -

and pressure in the stomach and the hepatie region, and complaineq of slight

abdominal pains, ﬂmmwmﬂm#mq, including 3 cases
of bypoacidity and one case of hyperacidity. In ope case“EPRNLrINiy could be
established by radiological investigation,

‘ In the course of observations on Out-patients as vell as on in-patients great

’ DS 00012629
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efforts were made to establish the presence of TIVEFTHRFH™M, Lability tests leg
in all cases to nerative results, but in 2 cases the broroghthalein test revealed

a slight delay in thc excretion of that substance. InethreercesesCppanl i,
led to-seohoeriwwisyindimgt. 11 2 cases the lesions consisted of mild perihepatic

changes; in the third case the sections revealed the presence of a @wbtymiteng
with mild inflammatory snd <Sehewtitwghmmgess in this latter case the cliniesl

and histological picture was WM‘%

In the same case deposits of both an iron-containing and lron-free yellow-brown

pigment were observed; this pigment, however, was not identical with the gray
iron=free pigment found by Kalk and Wilghirt in cases of chlorophencl poisoning.
The presence of red cells in the urine of one of the patients who showed no oﬁ
signs of kidney lesions remained unexplained.

All cases suffering from cnlorophenol poisoning underwent detailed psychiatric

and psychopathological investigetions, and the-osyehoretaciegacel~diverasts found E
in these cases are of particular interest, In 6 cases the course of the disease
could be followed up for about tWo years., It proved possible to take obaective

anarmeses and also to carry out experimental nsychologlca.l investigations¥*#

With a great degree of conformity, all patients describecd a subjective syndrome

of complaints which extended, in addition to symptoms suggestive of polyneuropathic
lesions of the extremities, or cardiovascular and abdominal symptoms, to the
psychological and intellectual sphere, but above all to the vitality and the

erctional-irmpulsive hehavior of tae pat:.ents (Burger-Prinz). The patients partiec—
k k ' ‘ > Z, such as feeling C

ularly complained of
of aenersi~weskness; NLE
and e POSTTNE PN T

of a4 cadasaion. and toward S yypuivritadinf aavs Frequently the patients
: Emotional changes

whienai-dnstebilV Yerivaiddty, o tendency to PSRN
B i Lk b il i i ek S

*Prof. Dr. HORNBOSTEL and Dr. SCHONFELDER, I.Med., Univ,-Klinik Hamburg-Eppendorf.
*%In this context we express our gratitude to W, von Schubert for carrying out the
tests in question (Rorschach-Psychogram and the Hamburg-Wechsler 1nte11;¢ence
test for adults).

»
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mnerﬂWﬂ—urm vere symptoms observed in all @

cases examined by us. The subjects revealed 210080 AR LiwINe prINtEreS Y IUNC

cfpwikigoams, they “aswdrwmsalipeand showed a diminished capacity both in the phy-
sical and the psychological and intellectual sphere.

the subjective and objective psychopathological anamnesis can be
esser regular-

This picture of
rounded off by a number of other symptoms recurring with greater or 1l
. disorders of the basic instincts could be observed in practically all cases.

then also Of wirgpeuotedvidiin Their smwet@ T EFTYriowrail and occasionally emme
womured. In most patients wiENprEASieslaMSSHAEE"

Sore patients complained of <oy ikl goruail-agReRk)
W. Most of the patients became ia
' Finally, there was a tendency to hyperesthesia with s
~avioigi®, /lmost all patients stated that the described psychopatiaologice

drome was subject to considerable variations.

intensity of the symptoms in the sense of diurnel variations with

Changes in the
a predeminance in the early morning, mid-morning or in the evening were described

by the patients; some were free from complaints for intervals of several days

or weeks.

For the sake of completeness, two further rare phenomena vill be described here.

Two of the subjects stated that exposure to cold (cold showers or ablutl.ons) led

- 40 a more or less prolonged M from the general complaints and the polyneuro-

One of the patzents adopted peculiar eating habits which cbange

pathic symptoms.
from tize to time: e.g. for a while he 1ived exclusively on brown bread, then

changed to milk-soups and in another period he consumed daily three litres of

milk neglecting any other food.

In contrast to the polymorphous and polysymptomatic subjective picture, it does

not take long to enumerate the objective psychopathological .signs. In the course
of exploratory talks, the ma.]or:.ty of patlents displayed ‘W
i They gave the impression

. DS 00012631
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vins WewivRug their psychonmotor processes were ~ax-amd-~tired. The picture

‘vas that of a reduction in drive on the basis of an organic cerebral lesion, rather

than that of inhivition. 4s rensards the emotiocnal behavior of the patients, they
seemed to be at tirzes less accessiile and reszonsive, and on other qccasions, on

the contrary labile and easily upset. Two patients were found to be true hypo-
chondriacs, and another one showed a slight tut distinct Jagsf{eEanidevmanmal ‘/

SEpscnekitp.

The psychological tests are important, as they reveal more subtle defects in intel-
lectual performance and psycho-organic ermotional disturbances. The majority of
patients wno underwent the Hamburg=-Wechsler intelligence test for adults shoved

a sirnificant incrcase in the proportion of decerposition (Wechsler) which at

least points to IeewsoT HESoiPRs Iy Prese v iNte Y1 S0vmrespeer®A, 1o the Rorschach )

psychogran coartation of the type of emotionsl response, signs of 5}#
FRTS of con ign, decreased spegd, and stickiness of thcught pro=-

3, Y

cesses, as well as a tendency toward perseveration suggested organic changes in

the brain,

Discussion

)

Observations on three independent groups of workers exposed to chlorophenol, with

1. Initial dermatitis of the face and conjunctivel irrigggéon, folloved by acne,
whieh in scme cases may also develop more gradually. The acne spreads mainly

over the face, later extends to the back of trhe neck, the shoulders, and the upper
parts of the trunk. In severe cases the wvhole body is covered with comedos, reten-
‘tion cysts, nodules, pustules, furuncles, end spotty pigmentation. In some cases
the mucous membranes of the face and the upper respiratory tract shov a higher

- degree of irritation, and are parﬁly associated with prolonged blepharoconjunctivitis. -

e o

2. In some cases disorders of the interneal organs, PErtiwcheriyrthe¥TEER vhich
shows deposits of an iron-free gray pigment, give a characteristic picture in

_bicpsy samples, In some cases WFSHEAL{WsS and in & few cases MiTCERGiulniwEEIN

N

e w

M > DS 00012632
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only on the rabbit ear but also on human skin, one of us (Schulz) carried out
an experiment on himself: a circumscribed skin area on the lower arm was twice
painted vith a 0.01% soluticn. Two days later a mild dermatltls developed, followved
after several days by follicular dermatosis and coredos which could be easily
demonstrated histologically. This seems to constitute sufficient evidence for

the etiological importance of the substgnce in question in the origin of the
“conditions descrided in this paper. It does not seem impessible that other chlori-
nated aromatic compounds of highly toxic properties may be formed, which had hither-
to escaped identification and investigation by animal experiments.

The experimental) and clinical observations constitute an impressive example of

the fact that substances involved in large-scale chemical production processes - .
in small quantities as side products may be of importance in the occupational
rathology of the substance in question. This aspect should not be overlooked in
examinations concerning the mass occurrence of occupaticnal poisoning. If it can

be shown that the contaminations of a main prod&ct are responsible for the occupational
disease, & basic preliminary condition for successful prophylax:s of the dlsease

vill be fulfilled.

In our special case we have been able to change the production technology by a
modification recommended by the plant chemical team. These changes made it possible

‘to avoid the formation of the highly toxic multiply chlorineted dibenzodioxin }é'
and dibenzofuran. Ever since, the plent continued to praduce 2,%,5-trichlorophezcl

and to transform it into the herbicidal substance 2,h,5-trichlorophenoxyacetic

acid, but no symptoms of intoxication have been observed among the starr.

Baader, E.W, and H.J,Bauer, Indus rial 1ntox1catzon due to pentachlorophenol.
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Screening Tests for

Urinary Ur0p0rphyrin

Technical Considerations and Presentation of a New Method

Richard S. Goodman, MD, and Leonard J. Lyon, MD, Chicago

Elevation of urinary uroporphyrin oc-
curs regularly in the porphvrias and is a
relatively :pecific phenomenon. Urinary
uroporphyrin must he purified and con-
centrated for qualitative demonstration
at low but clinically zignificant levels. A
new procedure based on the adsorption
of uroporphyrin to talc. its insolubility
in ether. and its hrilliant red fluorescence
under ultraviolet light is a rapid and
highly sensitive :creening test. Unlike
other methods now in use. this test is
significant when negative. Urine speci-
wens from 12 patients with porphyria
and 74 of 75 random hospital specimens
of urine containing 30 to 100 mcg. per
liter of added uroporphyrin gave posi.
tive tests while weak positive reactions
were seen in only 6 of the same 73 speci-
mens without added uroporphyrin.

-

errors of metabolism characterized by over-
production of the porphyrins and their precursors,
and capable of producing characteristic cutaneous
and ucute symptomatology. While the diagnosis
can sometimes be made clinically, it must always
be proved by laboratory means.

Ideallv. quantitative urinary and fecal studies
should be carried out whenever porphvria is sus-
pected. Practicallv. the limitations of time: cost,
and complexity of quantitative techniques, and the
lack of necessarv instrumentation often limit initial
diagnostic ¢fforts to the use of screening proce-

THE PORPHYRIAS are inherited and acquired

dures tor the qualitative demonstration of porpho-

bilinogen and porphyrins in the urine.
Watson et al. have reviewed the subjects of quali-
tative testing tor porphobilinogen.’ This com-

From the Section of Dermalnioey, Department of Medicine, The
Univerity of Chicago.

Read in part betore thr 20th Annual Meeting of the American
Academny of Dermatgioey ad Syphilology, Chicago, Dee. 4. 1961, and
the Chicayo Dermatolozical Society, May 16, 1962,
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munication will survey the problems attendant to
qualitative demonstration of urinary uroporphvrin,
including some commonly used methods and their
limitations, and will describe a new and more sen-
sitive technique.

Some Characteristics of Porphyrins and Their
Analytic Implications

All qualitative tests for porphyrins depend on
demonstration of the characteristic red porphyrin
Huorescence under ultraviolet light. This Auores-
cence is so intense that concentrations as low as
1 meg. per liter in pure solution can be visually
detected.

Porphyrin fluorescence is significantly affecied
by the wave length of the exciting ultraviolet light.
Porphyrins will Huoresce when excited by light in
the 3,600 to 3,700 A band (maximum 3.650 A).
4,000 to 4,200 A band (maximum 4,050 A), and in
the bands near to their other absorption maxima,
but the wave lengths closest to 4,030 A are the
most efficient,*

Unfortunately, other fluorescent substances in
urine * * can totally or partially mask the porphy-
rin fluorescence at low but clinically significant
concentrations. Almost all urines when excited by
3,650 A light (which is obtained bv means of the
Wood's ultraviolet filter) display a blue-white fu-
orescence, apparently emitted by products of nico-
tinic acid metabolism.® This Huorescence. often
intense under the 3.650 A light, is absent or mini-
mal under the 4,050 A light. Likewise, the vellow
fluorescence found in a majority of urines even
atter acidification is excited to a much greater de-
gree by 3,650 A than by 4,050 A light.

Because we were unable to find an inexpensive,
commercially available 4,050 A light source, we
devised a simple adapter to take the place of the
Wood’s filter over the bulb of the readily available
mercury vapor diagnostic lamp. The adapter is
mude from a coffee-can cover and supports a blue
filter. This filter transmits ultraviolet light in the
4,000 to 4,400 A band with a peak transmission at
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100 A and 4 minimal transmission in the 3.600 to
.700 A band.

\We have also found it helpful to view the result
ing Buorescence through a po. 1 yellow photo-
araphic flter. This eliminates incidental blue light
refected from the surfaces of the glassware and is
especially helpful in detecting porphyrin fuores-
cence .1t Jover concentrations.

[V N

Solubility and Significance: of Urinary Porphyrins

Differentiul solubility of porphytins in organic
soivents. a function of the pumber of carboxyl
groups on the aliphatic side chains, permits their
definitive separation by extraction techniques. Sep-
aration of coproporphyrin from uroporpbyrin forms
the basis of qualitative and quanttative urinary
porphyrin analysis (Table 1). (ProtoporphyTin, nor-

Table 1.—Use of Organic Solvents to Separate Porphyrins®

Extractadility Cosropor- Protooor-

Extraction by ot Uroporphyrin pnymn paynn
0-BUt200i it —or= - -
ELDYL 8CCTRLE onervereeacnan = - +
Etbyl ether ....ocooieniiannnn - - -+
Chioroform ... ..o ienonn _ = -

— = weil vXirnelevt: — = 00U extructed; = = pPOOris extracted, or

oniy ubder special cooditioas.
* Trom Seanartz et uh.’

mally present in the stool, almost never appears in
the urine, even in persons who have porphyna.)

Coproporphyrin is found in most urines in qual-
itatively demonstrable coocentrations, the normal
daily excretion being 100 to 300 mcg. per day.’
These values are increased by modest consumption
of alcohol in the absence of anv demonstrable
hepatic dvsfunction. Elevation of urinary copropor-
phyrin to several milligrams per liter occurs in
heavy metal poisoning and in a variety of hepatic,
hematologic, and neoplastic disorders.” a

Conversely, urinary uroporphyTin is not qualita-
tively demonsizable at the normal levels of 10 to
30 meg. per day.” Although intermittent findings of
urinary “noncoproporpbyrin” from 30 to 500 mecg.
per day have been reported as incidental findings
in some severe systemic diseases® this sporadic
elevation is distinctly uncommon and occurs far
less often than the corresponding elevation of
urinary coproporphyrin.® Considerable elevation of
urinary uroporphyvrin is demonstrable in the symp-
tomatic phases of the porphyrias. Lower concea-
trations of urinary uroporphytin, from 200 to 500
meg. per liter, are highly suggestive of latent por-
phvria or of porphyria in remission.

Porphyrins ¢an be quantitatively adsorbed to .

the surfaces of a variety of inert materials. Alumi-
num oxide, calcium phosphate, Fuller's earth,
kieselguhr, lead acetate, and magnesium. oxide
have all been used to concentrate porphyrins from
large volumes of urine as a preliminary to chro-
matography, cryvstallization, quanttatve determi-
nation, or qualitative demonstration. ’

‘e v
e~ .
.~
-
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Techniques for the Demonstration of
Uroporphyrin in Unine

The casual demonstration of porphvrin fluores-
cence in a raw or acidifed urine bv placing the
specimen under the \Wood's Sltered light or other
fltered light has no real signiScance. This can
often be demonstrated in normal urines which con-
tain relativelv small amounts of the nonspecifc
coproporphyrin. Converselv, when considerabie
blue-white or vellow macking fuorescence is pres-
ent, a common occurrence under the Wood's
fitered light, the lack of characteristic porphyrin
fuorescence does not guarantee the absence of
excesses of uroporphyrin.

In all of the commonly used qualitative and
quanttative methods, uroporphyrin and copropor-
phvrin are separated by differential extractions.
Ethvl acetate and ethyl ether are most often used.
The former has the advantage of being nonexplo-
sive, but the latter provides a more rapid and
clean-cut separation of the coproporhyrin from the
uroporphyrin.?

The persistance of deteczable porphyrin fuores-
cence after extraction of ccproporphiytin from the
urine at pH 4 to 6 signifies uroporpbyrinuria. How-
ever, a pegative result does not exciude the pos-
sibility that abnormal uroporphyrin levels are
present with the fluorescence masked and quenched
bv other substances. As much as 1.000 mcg. per
liter of uroporphvrin can escape detection in this
way. At higher levels, porphyrin fuorescence is
alwavs observed. ’

Ideally, a screening test should eliminate the
coproporphvrin, concentrate the uroporphyrin. and
minimize the interfering efects of other substances
present in the raw urine. One widely used tech-
nique is based on adsorpuon of the uroporphytin to
a gelatinous calcium phosphate precipitate aiter
prior “extraction of the coproporphyrin.®'® This
method eliminates most of the pigments and vel-
low fuorescent substances, but carries along sig-
nificant amounts of the bive-white 8uorescing
material. The degree of acsorpHon of the uropor-
phyrin to the precipitate is variabie. and the final
soluton actually represents a 2:5 cilution of the
original uroporphytin. In our expenence. this
method has not been reliable at uroporphyrin con-
centrations of less than 300 mcg. per liter. Oc-
casional negative tests are seen with as much as
1,000 mcg. per liter when the &nal soluticn 5 ex-
amined under the Wood's dltered light.

Another method is based on adsorption of uro-
porphytin to insoluble lead salts. Here lead acetate
is added to urine from which the coproporphyrin
has been extracted.' This method not only elimi-
nates most of the blue-white Suorescing substances.
but also achieves a threeroid concencution of e
uroporphyrin in the test sample. However. the pig-
ments and vellow fuorescing substinces which re-

DS 00024356

MAXUS1178252



T —t

e o e

P L

|\ VT

[ -

st -
bl

Vol 152, No 11

main are also conceuntrated in the &nal solution.

“This method is reliable at uroporphytin concentra-

tions of 200 mcg. per liter when the 4,050 A light
is used. Negative tests at uroporphyrin levels of
500 mcg. per liter are not uncommon when the
final solution is examined under the Wood’s fltered
light.

Tale Disk Method

With * has described the use of a smail. tightly
packed talc disk of 2 to 3 mm. thickness for the
separation of porphyrins from urine. The disk is
prepared by pouring a suspension of tale in water
onto filter paper in a small Buchaer funnel con-
nected to a source of suction. This disk will adsorb
relatively large quantities of porphvrins from urine
passed through it

Blue-white HBuorescing substances pass through
the disk, but pigments and yellow fuorescing sub-
stances are retained with the porphyrins. With **
eluted the porphyrins (and other substances as

Table 2.—Comparison of Qualitative Uroporphynn Tests

Coneentration of
Added Uroporphyrin 5070 Mcg Liter 100 Mcg Liter 200 Mcg Liter

Wavelngth of 3650 4050 3450 4050 168 4050
Exciting UV Light A A, A, A. A, A,
‘aleiurn phasphate ...... H ) -3 IS YA T 23 413
Lesd acetate ............. 1'% 4.4 3.8 /18 5 373
Disk method ............. kY 44 15318 1318 &5 245

Po:ltlvrTotll

well) when he used a 1:9 mixture of 1 N hvdro-
chloric acid and acetone prior to chromatography
or crystallization.

The tale disk method, modified as described
below, is the basis of a simple and highly sensitive
screening test for urinary uroporphyrin.

1. A 20 ml. portion of urine at pH 43 to 3 is

heated at 100° C. (212° F.) for 10 minutes in the

dark. This step converts nonfluorescent porphy-
rin precursors to uroporphvrin while destroying

a certain amount of the coproporphyrin present.

The pH adjustment is conveniently achieved by

adding to the urine 3 ml of acetate buffer at

pH 4.5 (4 parts saturated sodivm acetate, 3 parts
water, 1 part glacial acetic acid).

2. The urine, cooled to room temperature, is

passed through the talc disk with the aid of

suction.

3. The disk is washed. in situ, with 30 ml ot an

50% acetone. 20% water mixture, {This removes

almost all of the interfering substances from the

tale without causing siganificant uroporphyrin
loss.)

4. The porphyrins are eluted from the disk with

10 ml. of a 10% 1.5 N hydrochloric acid, 90%

acetone mixture. {This solution contaips all the”

uroporphvrin and some of the coproporphvrin
present originally, but purified and coacentrated
2 times. If, when examined under the 4030 A

light, it does not fluoresce, or only emits min-

TESTS FOR UROPORPHYRIN-COODMAN & LYON 1089

imal fluorescence, then the test is negative. I
will be necessary to proceed further with about
half of the urines)
3. The acid-acetone eluate is combined with
3 ml. of acetate bufer and extracted for 2 min-
utes with 100 mi.. then 1 minute with 30 ml. ¢f
ethvl ether. iThis extracHon removes all of the
remaining coproporphyrin. The acetone disap-
pears into the ether phase leaving the uropor-
phyrin dissolved in ahout 3 ml. of an aqueous
solution is first acidified with 0.3 ml. to 1 mi
stances. and concentrated 3 to 4 times from the
original urine.)
6. The final aqueous solution is examined in
thin-walled glass tube under the fltered ultra-
violet light. If the 4030 A light is used. the
solution is first acidified with 0.3 ml. to 1 ml
of concentrated hydrochloric acid. A definite
red fluorescence under the 4,050 A light or un-
equivocal pink or magentz under the Wood's
light is considered a positive test.
VWhen a 20 ml. aliquot of urine is used, positive
tests are routinely found at uroporphvrin concen-
trations of 100 mcg. per liter in the raw urine. The

Table 3.—Summary of Cases of Porphyria

Porphabilinogen

Case Type Uroparphyrin (Watson-Schwarts Test)

PCT - Negativa
B S AlP ————— Poaitive
R Free e AlP - Poaitive
e AP Rt ?

1 ALP T—— Pasitive
L AP e Positive
T e e ~ Nzgative
8 s ¥? —_— Negative
N VP ——— Negatice
W VP e Negarive
B3 Ve e Negative
) 6 .. VP R il Neyntive

PUT = pnrphyria cutaces f3cda, 203y strictiori: AIP = acute in-
term:tent porphyia {ciassicsl Swedish); ¥P = atypical sip (Negro
patients).

v Acute sttack less than one jeur ago.

S Acuil ATINCK FHuts ago.
sensitivity of the test may be varied by increasing
or decreasing the size of the urine sample. Exclu-
sive of heating, the entire procedure takes around
10 minutes to perform.

This method has been applied to 73 separate 24-
hour urine specimens obtained at random from the
hospital clinical laboratories. Pure uroporphyrin
[ was added to 20 ml. samples of urine at concen-
trations equivalent to 30 and 100 mcg. per liter.
An equal portion of each urine without added uro-
porphyrin served as its own control. Of the test
urines, 74 of the 73 gave distinctly positive re-
sults. The one false negative at the 100 mcg. per
liter level became deanitely positive at 200 meg.
per liter. Six of the 75 specimens without added
uroporphvrin gave weakly positive results.

A comparison of the 3 methods was carried out
in 23 urine specimens (Table 2). In each, there was
no detectable endogenous uroporphyrin by the disk
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method. The results show that the disk method is

‘consistently pesitive at lower uroporphyrin levels

than the other 2, even if the Wood's fitered light
is used. However, each of the methods is more sen-
sigve when the final solution is examined under
the 4.030 A light.

Elevation of Uroporphyrin in
the Various Porphyrias

Elevated uroporphyrin can be demonstrated in
the urine of virtually all symptomatic cases and
many latent cases as well,'*"* Tn patients who have
the Swedish form of acute intermittent porphyria,
urinary uroporphytin is normal or slightly elevated
when the urine is fresh, but heating in the dark
converts significant amounts of precursors (espe-
cially porphobilinogen and uroporphyrinogen) to
uroporphyTin. Patients who have the South African
form usually have some elevation of urinary uro-
porphyrin. and this is supplemented by conversion
of precursors in the acute phase. Our own experi-
ence in cases of porphvria is summarized in Table 3.

Thus, the qualitative uroporphytin test will be
positive in any form of porphyria if the patient has
symptoms. Although further studies are indicated
for intermediate reactions, a 4-plus reaction may be

LN
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considered diagnostic. Conversely, the diagnosis
of porphyria may be confidently excluded in a
svmptomatic patient whose urinary uroporphyrin
test is negative.

Summary

Elevation of urinary uroporphyrin occurs regu-
larlv in the porphyras, and very uncommonly in
other conditions. The presence of interfering sub-
stances in urine necessitates purification and
concentration of uroporphyrin for its qualitative
demonstration at lower, but clinically significant.
levels. The modified talc disk method is a rapid and
sensitive screening procedure for urinary uropor-
phyvrin. The test is applicable to any type of por-
phyria, and a negative result has much significance
in excluding the diagnosis of all types of porphyria.
An inexpensive adapter can be made for the pro-
duction of 4,000 to 4400 A ultraviolet light. This
light band is superior to that produced by the
commonly used Wood’s light in gualitative testing
for porphyrias.

950 E. 59th St., Chicago 37 (Dr. Lyvon).
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ACQUIRED PORPHYRIA

In this issue of THE JOURHAL (page €8) Cam and MNigogosysn report their
¢lintcal observations made aon 348 patients with porphyria cutanea tarda.
This large number of patients afflicted with a relatively rare disease
wes seen in the course of 4 years, in 3 southeastern ppovinces of Turkey,
vhere Dr. Cam is regional dermatologist. He had been holding this gov-
ermmental position for a pumber of yesrs without having cbserved a single
patient suspected of having porphyria, when first, in the surmer of 19555,
and then, in much larger numbers, during the following surmer, patlents
visiting his clinie showed symptoms characteristic of porphyria cutanea
tarca. He correctly suspected a toxic cause for this sudden appearesnce
of a syndrome which usually is considered of hereditary nature. Through
epidemiological inquiries, his suspicion centered on hexachlorobenzene,

e chemical used since 1955 Py the government to protect seed wheat from
fungal contamination. The time of appearance of so many cases of mani-
fest porphyris and thelr geographic location coincided to such an extent
with the time of introduction of hexachlorobenzene as a funglcidal agent
and its regiomal distribution, that a causal relationship was difficult
to disclaim. Indeed, the porphyrinogenic nature of this balogenated
benezene, which should not be confused with the insecticicde, benzene hexa-
chloride, has subsequently been demonstrated in anire]l experiments.

The concept that some forus of porphyria cutanea tarda mey be acquired
rather than inherited is not new, but the report from Turkey provides tke
first direct evidence, implicating a specific taxin to which the afflicted
patients were exposed. Early investigators of porphyria and porphyrin met-
abolism, including Gunther and Stokvis, believed that in some instances
human porphyria may be acquired rather than inherited. 1In noting the fre-
quent association of this syndrome with chronic alcoholism, Weldenstrom,
Srunsting, Tappeiner, and others have suspected chronic nutritional liver
disease as a possible etriological factor for this disturbance in porphyrin
metabolism. Reports from South Africa, concerning the occurrence of this
synérome in Bantus with nutritional deficiencles, bave furtker strenghtened
this concept. Moreover, the successful production of experimental forms of
hepaetic porphyria in animals, using a variety of cowpounds, including ally-
lisovropylacetylcarbanide (Sedormid) and hexachlorobenzene, hes deronstra-
ted that profound disturbances in porphyrin metabolism may be accuired in
the absence of genetic predisposition. The recent cutbreak of porphyrisnin
Turkey seems to represent the human counterpart to these animal experizents.

In spite of these observetions, it should be remember=d thai, Zor the vari-
ious syndromes of human porphyria, including porphyria cuiares terda, evi-
dence for genetic transmission of the meteabolic defect has teen dexonsirated
beyond reasonable doubt. Thus, a detailed search for a kerecitary pattern,
including determination of fecal end urinary porphyrins in anily members,
would appear essential before the possibility of an accuired cisturbarce is
considered.
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Special Article

Fluorescing Erythrocytes and Porphyrin
Screening Tests on Urine, Stool, and Blood

Investigation of Photosensitivity

Derek 4. Cripps, MD, MS, and Henry A. Peters, MD, Madison, Wis

Selected methods have been described for de-
tecting af increase of porphyrins in the urine,
siool, and blood. These methods are rapid and
are particularly useful for use in outpalients or
office practice 10 evaluate patients with sunlight
sensilivily in whom porphyria is suspecied. Also
inciuded are photomicrographs of fluorescing
erythrocyles and a table giving examples ol
quantitative porphyrin values in stools, erythro-
cytes and urine that may be observed in ditlerent
types of porphyria.

PORPHY'RIA in man may occur from
acquired or inborn derangements of porphy-
rin synthesis, and depending on the primary
site of this synthesis, the porphyvias are
usually grouped into erythropoietic ot he-
patic. Symptoms of photosensitivity in por-
phyria are associated with the presence of
increased porphyrins (uroporphyTin, copro-
porphyrin, and proboporphyrin) in the plas-
ma or erythrocytes. The principal wave-
lengths of light responsible for provoking
photosensitivity are in the region of 400 my
(violet light) and this action spectra ¥ cor-
responds Wwith the maximal absorption
spectra of porphyrins when measured in vit-
ro with a spectrophotometer.* Patients with
porphyria may therefore give a history of

photosensitivity occurring through window

glass which transmits lights of wavelengths
greater than 320 mp but absorbs the sun-
burn wavelengths.

Patients with photosensitivity in whom
porphyria is guspected can be routinely

——
Accepted for publication May 17, 1967.
the departments of dermatology (Dr.
Cripps) and neurclogy (Dr. Peters). University of
Wisconain Medical Center. Madison, Wis.
Reprint requests o 1300 University Ave. Madison,
Wis 63706 (Dr. Cripps).

screened by the foliowing simple and rapid
tests on their urine, stool, and blood. These
tests were selected as they can be conven-
jently performed in office practice or on out:
patients. The fundamentals of these por-
phyrin screening tests have been described
elsewhere for urine,? stool,8:¢ blood,’ and for
Auorescence Microscopy observations of
erylrocytes®; but, these tests have been
mocified and summarized to facilitate the
interpretation of results.

The clinical features of the porphytias are
well documented®1® and need not be re-
peated in this article. Examples of quantita-
tive porphyrins in the urine, stool, and
blood that may be detected in the various
types of porphyria have been summarized in
Table 1, references for these examples are Aas
follows.

In erythropoietic porphyria (a case re-
ported by Varadi!! in 1958, but the porphy-
rin determinations are recent), the uropor-
phyrin and coproporphyrin,
mainly series! are incr i
stool, plasma, and erythrocytes. In erythro-
poietic protoporphyria (12 cases, 118 two
unreported), the urinary potrphyrins are nor-
mal; fecal protoporphyrin is usually in-
creased but may occasionally be normal,16-18
so the diagnosis is made by the detection of
increased erythrocyte protoporphytin. There
has been only one reported patient with
ervthropoietic coproporphyria.“ In this pa-
tient, the urine and stool porphyrins were
normal, but the erythrocyte coproporphyrin
was increased. The number of patients (15
cases, 37071 10 unreportedi  with sympto-
matic porphyria or porphyria cutanea tarda,
summarized in Table 1, is small, but the se-
ries includes several urine and stool porphy-
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PORPHYRIN SCREENING TESTS—CRIPPS & PETERS

rin (including uroporphyrin) determina-
tions on each patient; however, the results
are similar to a larger series of 656 cases re-
ported by Eales.>* In symptomatic porphy-
ria, stool coproporphyrin usually exceeds
the protoporphyrin, and urinary uropor-
phyrins are high. In acute intermittent
porphytia (not associated with photosensi-
tivity), the porphyrin precursors, porpho-
bilinogen and A-aminolevulinic acid, are in-
creased in the urine during an attack,® but
may still be high, although decreasing, in
remission?4-27: fecal porphyrins are usually
normal?®; urinary coproporphytin may be
increased; but, urinary uroporphyrin is
probably increased by in vitro conversion
from porphobilinogen.

In the mixed or variegale porphyria®?
(hereditary), stool porphyrins (particularly
protoporphyrin) are high, and urinary
coproporphyTin may exceed the uroporphy-
rins; during an acute intermittent attack, in-
¢creased porphobilinogen and 4-aminolevulin-
ic acid may be detected in the urine; in
latent forms or asymptomatic relatives the
stool porphyrins only may be increased.

There have been 30 reported cases of
hereditary coproporphyria recently reviewed
by Goldberg et al,®®* which is characterized
by excessive coproporphyrin in the stools
and urine. This condition may be asympto-
matic, but certain drugs, such as barbituates,
may produce acute intermittent attacks, and
increased porphobilinogen and A-aminolevu-
linic acid in the urine. The range of stool
coproporphyrin in 10 cases®® has been ap-
pended to Table 1.

Materials and Methods

Rapid porphyrin screening tests on urine, stool,
and blood
Materials and Apparatus
1. Amyvl alcohol
2. Acetic acid, glacial
3. Diethyl ether: Anesthetic or analytic re-
agent grade.
4. Mixture of reagents, diethyl ether: giacial
acetic acid, 5:1 (by volume).
5. Mixture of equal parts of reagents: amyl
alcohol, acetic acid, and ether.
6. 1.5 normal hvdrochloric scid (HCi). Mix
approximately 120 ml of concentrated
acid to 1 liter of distilled water,

713

7. 3N HCl

§. 0.1 N HC1

9. Test tubes

10. Glass stirring rods
11. Disposable pipettes

12. A Wood's lamp

Urinary Porphyrins (For Uroporphyrin and
Coproporphyrin).—Method 1.-~Put 4 ml of
urine into a test tube; add 10 drops of acetic
acid and 1.0 ml of amy! alcohol. Shake gently.
Examine under a Wood's lamp.

Result.—A positive test is indicated by a
pink or red fluorescence in the upper amyl alco-
hol layer. .

If an unexplained negative test is obtained
on fresh urine, the presence of porphyrinogens
can be confirmed by oxidation to form porphy-
rins with 0.05%, iodine. )

Method 2.—The sensitivity of the above test
can be altered by transferring the upper amyl
alcohol laver to a clean test tube with a dispos-
able pipette and shaking with 10 ml of 1.5 N
HCI (the fluorescence of the porphyrins is in-
creased in HCI).

RESULT.—Negative or faintly pink fiuores-
cence indicates a normal test, with a fotal
urinary porphvrin below 250 gg/liter to corre-
spond with the upper limit of normal porphy-
rins®® suggested in Table 1. A stronger pink or
red fluorescence indicates a positive test.

Interpretction—-The  urinary porphyrin
screening tests detect the presence of uropor-
phyrins or coproporphyrins or both which can
be increased in the hepatic porphyrias and
ervthropoietic porphyria, but not in erythro-
poietic protoporphyria.

Increased urinary porphyrins may be found
in several conditions not associated with photo-
sensitivity, such as coproporphyrinuria of lead
poisoning, liver disease, chemical intoxications,
eg. carbon tetrachloride and infections, and
some anemias.8.29

Stool Porphyrin Screening Tests.—Method 1.
—A piece of fresh stool, the size of & small
cherry stone (about 0.5 gm) is placed in a test

tube and mixed into a paste with 0.5 ml of gla-. .

cial acetic acid by stirring with a glass rod.
Then about 4 ml of ether is added and the con-
tents of the tube thoroughly mixed with the
giass rod. Allow the liquid (acid ether) extract
to clear, and then decant into a clean test tube.
Add 2 ml of 1.5 N HCI. Shake thoroughly and
when the phases are separated, examine under
a Wood's light.

RestLT.—Normal stools yield s negative or
faintly pink fluorescence in the Jower acid layer.
If coproporphyrin or protoporphyrin or both
are present in excess, then the fluorescence in
the lower acid layer is correspondingly in-
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T14 PORPHYRIN SCREENING TESTS—CRIPPS & PETERS

Table t.—Examples of Quantitative Porphyrin
and Erythrocytes in the

Stoots {(ug/gm. dry weight}

Type of Porphyria CPe pPPe URe
Erythropoietic
Erylnropou;llc porpnyria (1 case, 5 determinations) R= 2C,790 3ic -+
MI
Erythroporetic protoporphyna (12 cases. 90 erytnrocyte R 2110132 21 to 1.642 N
angd €9 stool determinations) M 16.9 332
Erythropoietic coproporphyria (1 case} = N N
Hepatic
Symptomatic porphyria (15 cases, B3 unine and R 4010 379 1810272 1.8 to 231
59 stool determinations) M 158 104 66
Acute intermittent porphyria: during sttack, 26 cases; R =1 - N
during remission, 13 cases R 12.7t0 70.4 10.510 115
Parphyria variegatla, cutaneous only (25 cases) R 100 to0 986 12910 1,750 =
M 355 638
Porphyria variegats, during attack (20 cases) R 10510 1,834 7010 1.943 =
M 628 804
Rr 27 75

Normal values, upper limit

«CP. coproporphyrin: PP, protoporphyrin: UR, uroporphyrin, PBG, perphobilinogen: ALA, aminolevubnic acid;

M., mean: R, range; X, example; and N, normal.

tin nerechitary coproporphyria (a2 variant of acute intermitient), the stool coproporphyrin is increased, Intencases.

W was 87 1o 15.420ug/gm, dry weight.

sUroporphyrin can tarm in vitro from porphooiinogen (3 pyrrole). hence, determinstion or fresh specimens

are adwvised.

creased. Red fluorescence in the upper ether
laver is due to chlorophyll derivatives and may
be ignored.

Method 2.—The following method, described
by Eales et al.8 is similar, but has the advan-
tage that a large number of fecal porphyrin
screening tests (441) have been compared with
the corresponding quantitative results.

A small button of stool (enough to cover a
dime) is mixed into a paste with 3 mi of re-
agent (mixture No. 5 containing equal parts of
amyl alcohol, acetic acid, and ether). The soi-
vent laver is decanted into a clean test tube
and 2 ml of 1.5 N HeCl is added. shaken thor-
oughly, and examined under a Wood's light.

REeSULT.—The presence of porphyrin (copro-
porphyrin, protoperphyrin, or uroporphyrin)
in the lower acid layer was graded as follows: 0
(normal), bluish-green fluorescence; =, tinge of
pink; 14, definite pink; 24, marked pink; and
3+, bnlliant red.

Interpretation.—Increased stool porphyrins
may be found in most forms of perphyria (Ta-
ble 1). The ranges of normal stool porphyrins
in nine series were reviewed by Eales,? but re-
main difficult to define precisely. The upper
limit of normal guantitative stool porphyrins
used in Table 1 is selected as a guide,-and
doubtful values have to be interpreted with oth-
er biochemical tests and clinical features.

One difficulty in comparing stool qualitative
screening tests with quantitative results (Table
2) which are expressed in micrograms per gram
dryv weight (for uniformity) is that the amount
of fresh stool used for a screening test varies

because it is not accurately weighed and its wa.
ter content is variable. The ratio of dry to fresh
weight in our last 50 determinations was 1:4
(mean, SD * 2.5).

Increased stool porphyrins noted in patients
without photosensitivity may occur in asympto-
matic porphynias (related family or latent
forms), gastrointestinal bleeding, meat eating,
intoxication, such as lead poisoning, liver dam-
age, and possibly due to alteration of intestinal
bacterial fiora from antibiotics.8.20

Blood Porphyrin Screening Test—Method.
—PFive milliliters of the ether acetic scid mix-
ture No. 4 is placed in a test tube. Four drops

of blood (0.2 ml) are added and thoroughly *

mixed with a stirring rod. The supernatant is

decanted in the second test tube, to which 1.0,

ml of 3 N HC! is added and mixed well, and
the test tube is viewed under ultraviolet light.
The suggested quantity of blood and reagents
are double that originally described.” but can
again be proportionately increased until the
investigator is accustomed to observing por-
phyrin fluorescence.

RESULT.—An intense red fluorescence in the
lower acid layver indicates an excessive amount
of protoporphyrin or coproporphyrin. or both.
Porphvrins in normal blood are usually unde-
tectable by this method. (If 0.1 N HCl is used
rather than 3 N HCI, coproporphyrin only is
extracted). The presence of increased erythro-
cvte porphyrins may also be confirmed by
fluorescence microscopy examination.

Interpretation.—This test is designed to give
a positive reaction if the blood perphyrin level
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Values Observed in Stools, Urine,
Difterent Types ot Porphyria
Erythrocytes (ug/100 mi) Urine (mg/day or uler)
cP PP UR - 7 . CE’ UR PBG* ALA"
T T ’ T T T El’y'hloﬂol_(-;l(
1,256 10 2.370 13510480 1.570 10 2,360 27,57 56546 e N
1.705 336 2.650
1.41t053.6 197 10 2,820 N N N N N
11.6 980
2408 128 128 N N N N
Hepatic
N N N 0.i0210:.27 0.2210i0.9 N N
0.576 4.321
N N N * =: 4.010 162.4 £0to 1749
X 9810 1,134 1.210968.2 * 5.01c 43.2
i N N N 0.03510 5.10 0.005 10 0.89 0.31013.8 0.31027.8
; 0.732 0.207 2.0 4.9
i N N N —— 1010 142 710103
. Wide scalter 45.4 33.8
2.5 52.0 0.283 0.04C 1.9 5.9

is above 52 xg/100 cc, which is selected as the
upper limit of normal3? in Tabie 1. A positive
test result would be found in erythropoietic
porphyria (which would also have a positive
uri e and stool test); and in erythropoietic pro-
topurphyria, but in this case the urinary por-
phyrins would be normal).

A false-positive test could be obtained if the
plasma porphvrins were sufficiently high,
which might rarely occur in cutaneous hepatic
porphyria, and the test should then be repeated
with 0.1 ml of packed red cells. Increased
erythrocyte porphyring may be detected in pa-
tients who are not affected with photosensitivi-
ty, for example, in lead poisoning, iron deficien-
¢y anemia 3! sideroblastic anemia treated with
pyridoxine 32 or gniseofulvin 3¢

Fluorescence Microscopy Screening Test.—
This screening test may be used for detecting
increased erythrocyvte porphyrins, but is partic-
ularly useful for screening possible instances of
erythropoietic protoporphyria in which the
clinical features in remission could be slight.

Method.—A few drops of peripheral blood,
diluted at the ratio of 1:5 approximately, are
examined under a cover slip with an oil immer-
sion objective using an ultraviclet fiuorescence
microscope. If photography for erythrocytes
containing protoporphyrin (Fig 1) is required,
an iodine tungsten light source® can be used,
which will prevent the rapid fading of proto-
porphyrin fluorescence that would occur with a-
mercury vapor ultraviolet fluorescence micro-
scope.

ResuLT.—The number of flucrescing ervthro-
cvtes (fluorocytes) 1,000 ervthrocytes counted
on two occasions in five of the 12 patients (Ta-
ble 1) with erythropoietic protoporphyria var-
ied from 129 to 25% (Fig 1) and corresponds

with counts made by previous observers.®
There was some difference in the individual
fluorocvte fluorescence, but the percentage of
fluorocytes was approximately preportional to

the increased ervthrocvie protoporphyrin
which varied from 467 to 2,820 ug/100 cc. Flu-
orocytes were rareiy seen in normal individuals

that we have screened, but may be observed in
patients with conditions associated with in-
creased ervthrocvte porphyrin. For exarople, in

a patient with iron deficiency anemia and an
ervthrocyvte protoporphyrin level of 90 ug/100

cc, and fluorocyte count was [9;. However, in a
patient with chronic lead poisoning and an
erythrocyte protoporphyrin level of 626 ug/100

cc, the fluorocyte count was 1009, but as might

be expected, individual cell fluorescence was
much less than would be found in erythropoiet- .
ic protoporphyria (with a similar quantity of
ervthrocyte porphyrin), but a fluorocvte count
which was limited to 12% to 25%.

The number of fiuorocytes in peripheral
blood from two individuals with ervthropoietic
porphyria that we have studied varied from 59,
to 69,. More than one half of these fluorocvtes
were nucleated (normoblasts) and the fluores-
cence was greater in the nuclei than the cyto-
plasm (incorrectly printed® but amended in an
erratum) (Arch Derm 93:401 (Aprl) 1966).
The fluorescence in the nuclei may be predomi-
nantly uroporphyrin33 (Fig 2).

CoyENT.—The sensitivity of these porphy-
rin screening tests depends not only on the
efficiency of porphyrin extraction into hvdro-
chloric acid, but the interpretation of the inten-:
sity of porphyrin filuorescence observed by the
investigator with his Wood's lamp in the dark.
For example, the erythrocyte porphyrin screen-
ing test” was based on a trial in which the
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716 PORPHYRIN SCREENING TESTS—CRIPPS & PETERS
Table 2.—Comparison of 441 Conseculive Fecal Porphyrin Screening Tests With
Corresponding Quanlitative Determinaticns®
No. of Samples
No. of Fecal
Grade Specimens Porphyrnin® Varegate Symptomatic Nonporphyric
Q 226 34 = 31 1 11 113
= 6l @3 = 50 a i3 L4
1+ 65 203 = 151 21 7 27
24 46 £52 = &44 39 7 i
34 43 1.237 = &38 43 1 ]

*from Eales et alt

+Facal porpnyrin values are given in micrograms per gram, dry weight.

fiuorescence of pure protoperphyrin in 15 N
HC1 was detectable with our Wood's lamp,
using & concentration of 0.1 xg/ml, but not with
0.05 ug/ml. If the investigator wishes to deter-
mine the sensitivity of these tests himself, it is
suggested that studies are made with a known
concentration of coproperphyrin, which can be
present in all the tested specimens. The con-
centration of coproporphyrin in 0.1 N or 15
N HCl is first determined in a spectrophotom-
eter343% or against a standard in a fluorom-
eter® then, this coproporphyrin in hydro-
chloric acid is adjusted to pH 3.2 (red with
Congo red) by adding solid sodium acetate,
which is added to the ether extract of the speci-
men (eg, urine or stool} to be tested. If 1 ml of
coproporphyrin in a concentration of 0.1 to
0.8 ug/ml is added to the ether extract from
the ervthrocyte screening test, there would be
an approximate increase of 100ug to 800sg
coproperphyrin/100 mi packed cells, and the
intensity of porphyrin fluorescence can be ob-
served and compared by the investigator.

Quantitative Determinations

The methods of determining quantitative
porphyrins we used are as follows: urinary
porphobilincgen and A-aminolevulinic acid
as described by Mauzerall and Granick?®’;
urinary porphyTins as described by Riming-
ton in a Broadsheet3 which is based on
an earlier report3¥; fecal porphyrins as
Jescribed by Rimington,343% which has an
advantage over the method of Schwaniz
et al38 in that determinations are periormed
on random stool specimens and expressed as
micrograms of porphyrin per gram dry
weight of stool. This method is being used
by an increasing number of investigators®
with the result thai quantitative determina-
tions can be more easily compared??; ervth-
rocyte porphyrin determinations are based
on a method described by Rimington et al.3?

Quantitative Erythrocyte and Plasma
Porphyrin Determinations

The method used by us is based on
that described by Rimington3® The increas-
ing interest in quantitative porphyrins has
prompted us to describe the method in de-
tail and to illustrate it with an example of
the calculations used to determine erythro-
cyie porphyrins in a patient with erythro-
poietic porphyria (Fig 2).

Method.~—A measured quantity of blood with
added anticoagulant ethylenediaminetetracetic
acid (EDTA) is used, usually 5 to 10 ml, if
normal porphyrins are expected, but less than 2
mi can be used if the patients have increased
ervthrocyte porphyrins.

The packed red cell volume (V) and plas-
ma volume (V) are calculated from the
hematocrit. The blood sample is centrifuged
at 3,000 rpm for ten minutes to separate the
plasma, which is removed, and the re-
maining red cells are gently mixed with
twice their volume of 0.9% sodium chloride
and again centrifuged. This process is fe
peated, usually twice is sufficient. The plas-
ma and sodium chloride washings for por-
phyrin determinations are added to 50 ml of
an ethyl acetate: acetic acid (4:1 ratio) mix-
ture, and allowed to stand overnight at 4 C
in the dark. If hemolysis (from trauma) has
occurred, the plasma and washings must be
discarded. The remaining red cells are treat-
ed the same way. On the following day, both
tne erythrocyte and plasma extracts can be
fitered through a sintered funnel under suc-
tion to allow separation from the protein res-
idues. The red cell debris is continuously
washed with the ethyl acetate and acetic
acid mixture until the filtrate containing he-
matin and porphyrin becomes colorless. The
filtrate is washed twice with saturated sodi-
wm acetate solution, which forms the lower
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PORPHYRIN SCREENING TESTS—CRIPPS & PETERS 719

phase, which is then transferred to a second
separating funnel. These sodium acctate
washings are shaken with a little fresh ethy!
aceinfe to reextract any remaining copro-
perphyrin and protoporphyrin, and are then
added to the main bulk, which is washed
once with 393 sodiwn acetate solution. The
sociivn acciate washings which contain the
uroporphyrin {raction are combined. If the
red cells should contain an excess of uropor-
phyrin, further extraction of uroporphyTin
from the red cell debris is obtained by wash-
ing them with 109, ammoniumn hydroxide,
witich is then added tu the sodium acetate
washings. Tt was found necessary to perform
this additional procedure for erythropoietic
porphyria, but not in erythropoietic proto-
porphyria.

The main hematin filtrate is then repeat-
ediy shaken with about one fifth its volume
of 3 N HCI until all the porphyrins, copro-
perphyrin, and protopurphyrin are removed,
which is confirmed by exanining the succes-
sive acid extracts for fiuorescence under a
Wood's lamp. If the porphvrin Auorescense
is strong, the acid volume (A) is measured
and an aliquot (B) is then used. Soiid sodi-
wn acetate is adced to the 3 N HC! solu-
tion until a Congo red test paper no longer
turns blue. 'This neutralized HC! solution
(pH 3.2) is then shaken in the separating
funnel with 50-ml portions of ether so that
coproporphyrin and proteperphyrin are ex-
tracted into the upper cther phase. The
ether extract is washed once with 3% sodi-
um acetate and these washinzs are com-
bined with the 3 N HCI which is once more
siiaken with ether to extract any remaining
porphyrins. The (wo ether extracts are com-
bined and washed with a little water. Copro-
porphyrin is extracted from the ether with
succesesive 2- to 3-inl portions of 0.1 N HCI
until the acid extract ne louger shows any
re€ fiuorescence under a Wood's lamp. The
combined acid extracis are mived and the
total volume (v) recorded. Protoporphyrin
is then extracted in the same way, using 1.3
N NCl, and the total volume (v) is re-
corded. B

Meanwhile, the sodium acetate and am-
monium hydroxide washings containing uro-
porpnyrine are brought to pH 3.0 1o 3.2 with
concentrated HCI, transferred to a sepa-
rating funnel, and shaken with about 30 ml

ol ethy] acetate. The phases are aliowed to
separate, the uroporphyrin remainirg in the
upper cthyl acetate laver. The lower
(aqueous) phase is run into a second sepa-
rating funnel and shaken again with about
50 ml of ethyl acetate; after the phases have
separated, this ethy! acetale extrac: is com-
bined with the first one und washed with
distilled water, which is discarded. Gropor-
phyrin is then extracted with 2- to 3-ml suc-
cessive portions of 1.5 N HCI as described
for coproporphyrin and protoporphyrin, and
the volume of acid extract {v) is recorded.

The acid solutions are centrifuged and the
concentration of porphyrin can be deter-
mined in a spectrophotometer=3 (Uvis-
peck or Beckman DU 2) which requires no
standard, or measured in a fluoromater®s
against a standard solution. The follawing
calculations are based on a determination in
a spectrophotometer using the correction
formulac  and constants  sugpested by
Rimington.#4.35 The constant (C) for pro-
toporphyTin is 1.226; for uroporphyrin. 0.832,
and for coproporphyrin, 0.73 (in 0.1 N
HCi) or 0.837 (in 1.5 N HCI).

The optical densities of the acid solutions
are measured in cells of l-cm pathwav at
380u (D 380), 430k (D 430), and the third
measuremen: is the optical densitv obtained
in the Soret region where the peak of maxi-
mum absorption is determined (D Max).
The Soret maximum for coproporphyrin in
0.1 N HCl is usually at 3895z or in 1.5 N
HC! at 4014; for protoporphyrin in 1.5 N
HCl, it is usually at 407u; and for uropor-
phyrin in 1.5 N HCI, the peak is usualiy at
4050,

Calculation.—The [ollowing formula was
used: v
{2 D Maz— (D 430 + D 3%0)] x C x ==
#g porphyrin/100 ml packed red cells
For exaniple, the quantitative erythrocyvte,
porphyrins determined in the patient with
ervthropoietic porphyria (Fig 2) were cal-
culated as follows:

The eriginal biood sample was 2.03 ml,

-and the hematocrit, 247 therefore, the vol.

ume of packed red cells (V) was 0.5 ml. The
volume of acid extract (A) was 116 and the
aliquot (BY of this was 50 ml. For uropor-
phyrin determinations, a 25-ml aliquot was
taken from the total sodium acetate and
ammoniwn hydroxide washings of 125 mil.
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Coproporphyrin: [2 X 0.165—(0.027 + 0.044) ]

- 23.3 116
. LAV L = 2,360ug/100¢
x0:3x0>5x 5‘0)<100 2,360xg/ c

" Protoporphyrin: [2 X 0.032 — (0.009 + 0.003)]

x 1.226 % .1;’_-51 X “13166_ % 100 = 298,g/100cc
Uroporphyrin:  [2 X 0.075 — (0.026 + 0.009)]

19.2 125
x 0.832 x i X 5 X 100 =1.8406g/100cc
This work was supported by USPHS grant AMO
0995 from the National Institute of Arthntis snd
Metabolic Disease. The Broadsheet in which Rim-
ington® described unnary porphvrins was obtained
from Dr. R. B. H. Tiemev, Pathology Laborstory,

Bamstable, Devon, Engiand at 50 cents a copy.
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386 DERMATOLOGY
Patients, with use of blood, throat washin

or rectal swabs in various tissue ]
4 . s tis cultures failed to yi
pathic hemadsorption or interfering agents. © ield oyto-

Occupational Acne. Fabio Londofiol (Bogota, Colombia) re-

gs or swabs and stools

:l:\;f:) ;h; ]rirtl:mture ""3 reports 5 cases of extensive follicular
n engaged in spraying with weed ki i
and Exteron). The patients s o Killex
' . ¢ were aged 21-25 years. The
contains the butyric ester of 2,4-dichlorophenoxyacetic acisp:;z

methyl ester of 2,4,5-trichloro ;
td ] erlo *
The dermatosis has been call:ih chj::icetlc acid and solvent,

e der cne and follicular eleo-
The disease was clini imi i
cally similar in all i
: patients
;::aractenzed bg-a a profuse acneiform eruption, startin:ngn “{ES
ce and extending to the trunk and limbs, appearing 3-9 week:

after contact with the spray. The eruption included comedones,

pustules, sebaceous cysts .
fected skin displayed ysts and furunculoid elements. The af.

a slate gray discoloration, mo i
c , more evide
;}:; ::(;e. In z]alll pz;t:ents, the facial lesions were mainly c!:)tr;en
r small miliary cysts, whereas lesio .
1 ] \ ns on the trunk
ma "
inly inflammatory ( papules, pustules and furunculoid ell:-!

ments) and large cysts (Fi
though more marke (¥lgs. 68 and 69). The dermatosis, al-

seborrheic zones.

d on seborrheic areas, extended over non-

Fig. I}thbpve) ,——C!nest of man, 25, showing
P skin, c es, papules, pustules
u&mmuw cy‘l:s ':.r;d !:drumm;ulo:d elements,
seborrheic facial areas of t;fal:. régtnodones o
'(Courtesy of Londofio, F.: Med. cut

1:225-232, November, 1968.) - ene

(1) Med. cutanea 1:225-232, November, 1066.
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T'he disease was seen in tropical regions where spraying is
usually performed and appeared twice, with a seasonal preva-
lence from November through January (1962-63 and 1963-64).

Bacteriologic examination showed a coagulase- and mannitol-
negative staphylococcus.

Histologic study showed accumulation of fatty material in
the pilosebaceous glands with or without inflammatory reaction
around them. Sebaceous cysts surrounded by acute inflamma-
tory exudate or by foreign-body giant cells and histiocytic
granulomas were observed.

Treatment included elimination of contact with the spray
and administration of antibiotics and estrogens. Dermabrasion
was used on facial lesions, with satisfactory cosmetic results in
all the patients. In 1 patient, ultraviolet therapy was used for
the rest of the lesions.

These eruptions should be considered chloracne and not fol-
licular eleoconiosis, an important differentiation from the eti-
ologic and prophylactic points of view. The condition is defi-
nitely an occupational disease, and the worker thus affected

should receive the benefits of compensation laws.

» [Chiloracne, as illustrated by the author, can be very destructive and lead
to disfiguring scars. It would be important to determine why certain in-
dividuals are susceptible while others are relatively little affected or com-
pletely immune. If screening methods were avaiiable (? patch tests with
occlusion), those individuals susceptible could be excluded from this type
of exposure. We are far behind in the field of occupational counseling.—

Eds.] .
Dogger Bank Itch is discussed by M. L. Newhouse2 (Lon-

don). Dogger Bank itch, an allergic dermatitis first described
by Bonnevie (1948) is caused by the Alcyonidium hirsutum or
A. gelatinosum, which is a seaweed-like colony of the phylum
Bryozoa. It is most commonly found in the Dogger Bank area
of the North Sea. In recent years many Lowestoft trawler fish-
ermen have been affected by a severe dermatitis thought to be
due to contact with the sea chervil, which has been identified
as A. gelatinosum.

Crews of 55 trawlers were interviewed, and the hands, fore-
arms, face and neck were inspected. Skin disease was common;
the prevalence of all occupational skin diseases was 19.79%, and
that of nonoccupational skin diseases was 7.1%. Thirty-two
(7.19%,) of those interviewed were found to have Dogger Bank
itch. Eighteen of these were patch tested with alcyonidium or
serial dilutions of an homogenate of the colonies. Tests were

(2) Proe. Roy. Soc. Med. 59 (pt. 1):1119-1120, November, 1966.
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