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A Preliminary Report of the Dermatological and Systemic Effects
.of Exposure to Hexachloro-naphthalene and Chlaoro-diphenyl.

N
InTRODUCTION

The demand 'in industry for electric insulation with fire-resistant and
water-proof qualities has led to the| usarof increasing quantities of
chiorinated naphthalenes and chloro-diphenyl. While the dermatological
effects of other closely related organic ‘chlorine substitution compounds
have lieen studied, there is little mention in the literature of hexachloro-
naphthalene and chlore-diphenyl. As early as 1918 Wauer (1) de-
scribed a condition which he termed “Pernakrankheit,” resulting from
exposure to perchloro-naphthalene. Teleky (2) found that the gravity
of ‘the injuries and the clinical symptoms would appear to depend, in
direct proportion, on the halogen content of the chlorinated derivatives.
In 1929, J. Nicolas and J. Lacassagen (3) reported a man suffering
from chlor-acne of the greater part of the hody. These investigators
were able to distinguish it [rom ordinary acne as a result of the localiza-
tion of the former, ’

At the last meeting of the American Public Health Association at
Milwankee, Louis Schwartz (4) reported the ‘occurrence of “an acne-
like condition of the exposed parts and soinetimes of the covered parts,
if the fumes penetrate the clothing, of 'workers expnsed to the volatile
fumes of these substances,” In his paper he stated that patch tests with
these substances give negative results. :

Curmicar. ann Puysical. PROPERTIES

Chlorinated naphthalene and chloro-diphenyl are orgaunic substitution
products. Under trade names they are sold to industry either in the
solid or liquid form, combined witlt other plasticizers such as resins,
waxes, and pitch.compounds,

The hase of the products encountered in this investigation was hexa-
chloro-uaphthalene with chloro-dipheny! present in amounts‘not over ten
per cent. The addition of the larter to the synthetic wax tends to lower
the melting point of the compound. Synthetic dyes, added in quantities
of less than one per cent, give the desited color to the different products.

The compounds have a faint aromatic ‘odor, are insoluble in water and
are umaffected by dilute acid and alkaline solutions, They are, however,
soluble in organic solvents, such as carbon tetrachloride, naphtha, béenzol,
acetylene tetrachioride, acetone, gasoline, ete. The melting and builing
points of these compounds are dependent on the nature and amount of
the different ingredients presenf,and’ vary between 140°-275° F. and
500°-752° F., respectively. In their fluid or molten state the waxes
have a very low viscosity and readily impregnate textile fabrics. Some
of the chlarinated products contract only slightly ‘during solidification,
have a low cocfficient of expansion as compared with natural waxes, and
are non-inflamymable. e
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Prant’ Process

The fabric covering of wire and cable in the plant studied was im-
pregnated by passing the wire to be insulated through the melted wax
or by immersion of the material in a solution of the wax. In the former
methad the operating temperature of the wax was maintained at 270° F. |
at which temperature volatilization and condensation of the wax oc-
curred, In the Jatter method impregnation was:effected by passing the
wire through a solution of the wax, in either toluene or a mixture of
carbon tetrachloride and ethylene dichloride, at rovr temperature.

]
"' " 'Mebtcar FinpinGs

: Little mention is made in the literature concerning the systemic ef-
fect as a result of exposure to hexachloro-naphthalene and chlore-
diphenyl. That the, dermatitis resulting from exposure to these chlor-
inated derivatives can he produced by skin. contaet with them, may best
be illustrated in the presentation of Case Number 26 (See P, 12), What
role the effect of the absorption, ingestion, aad inhalation of these com-
pounds has, in combination or separately, deserves more detajled study.
Whether they may .be considered as etiological factors to the production
of acute yellow atrophy of the liver has not been determined.

TADLE I. NUMBER AND PERCENTAGE OF PERSONS SIINWING CHLOR-ACNE
. ACCORDING TQ DYQREE OF SEVERITY

Number of Persons Per cent of Peesons
Degree of Severlty -

- . Male Female Male Female
Kegative 2 2 17.6 25.0
Daubtiul - 2 R 235.0
Mnd ... [18 [ LR 5.0
BURHE  cecrccsncee e e "% : w2 | 20
Moderata T .e 8.2 I P
Advanced ... : o wyop 1% - 16.0 I anee

TOLMIS  eeeeeeeemcmmns cmnemmmssnmennnes 118 8 9.1 ] . 100.0

Physical Examination—A partial physical examination was.made
on one hundred and one persons, who were exposed to either the solid,
liquid, or vapor state of the wax.. Of this nuunber seventy-eight per
cent were found to be allected with the dermatitis. A second ‘group with
well definedd dermatases was selected for complete physical examination
in an attempt to determine the presence of any systemic effect. In the
latter group were twenty-three mea (two of whom were controls) and
two wonten. Table I shows the' occurrence and degree of severity of
the dermatitis in both groups. Any correlation of the incidence of the
dermatitis according to operations in the plant studied was found to Le
impractical, as a result of frequent transfer of the workers from one op-
eration to another. Those persons having the greatest exposure con-
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stituted only twenty-six per cent of the total group examined and may
account for the relatively low percentage of thuse having a moderate or
advanced dermatitis, .

In the group of twenty-five selected for complete physical examina-
tions only those persons with a well defined dermatitis were chesen. An
attempt was made to obrain those individuals with long exposure and
those with exposure of shorter durations. The average length of ex-

- posure of this group was 24.3 months. Talle I shows their age dis-
teibution and it will be noted that eighty-seven per cent of the total
group examined were under forty years of age.

TADLE 1. PERCENTAGE DISTHILDTION BY AG PITIUE GROU;‘GIVEN COMPLEVE
PHYSICAL EXAIMINATIONS

Exposed Controls
Age Group ‘ |
(Yents) Male Female . Mk | Yramule
"

Numbere ! Prr cent § Number | Percent | Nuraber | Per cenli Number | Per cent

]

| b

Doder 20 a.ace....o 1 4.8 B pa— P T
. . n s2.4 ] 100 iee - ' .
bt [} 23.8 ——— - 1 60 I veme | aeee
O .. S| 18| e | e 3 0 e -
Totald 2 100.1 2!l H 00 .l

The length of exposure before the appearance of the dermatitis, which
factor was found to be somewhat dependent on the severity of ‘the ex-
posure, is shown in Table IIl. In only one person, who was in direct
contact with the vapors of the hot wax, did the chlor-acne appear before
two months exposure. Fifteen months were required for the earliest
manifestation of the dermaltitis in two other cases, each of whom had a
more remote exposure, while the average length of exposure for the en-
tire group was approximately 5.9 months, -

TABLE U, NUNMHER SND PERCENTAQE OF PEMSONS SIUWCING THEIR LENGTH OF
EXPONURE BEFORE FINST APPEARANCE OF ‘1L DERLATTTIN

Afale Fennle
Menths of Exposurs
Number FPer cent .Numher Pet ceal
1 .8 - bt
5 n.8 1 50
] 2.6 - . .
e
s, e - -
s 0.8 . - -
2 0.6 1 50
ST T — T 100.0 t 10




A complete history, which included chief complaints, ohjective symp-
toms, previous illnesses, family, personal, and occupational histories, was
obtained "from each individual. Particular attention was given, in ob-
taining the history, to the individual’s susceptibility to skin diseases. A
preexisting acne vulgaris was present in one person, who noted as a re-
sult of his exposure, an accentuation of his symptomns. Symptoms refer-
able to the skin were usually given as chief complaints.

Table IV gives the percentage frequency of ohjective symptoms as
campared with the degree of involvement.  Pruritis, remissions, and pro-
gressiveness of the dermatitis, were the objective symptoms most fre-
quently elicited. Sensary \disturbance of the skin was present in anly
one individual. A small area on, the anterior thigh of this worker
showed a loss of heat and cold sensations, Two men, included in the
group given a partial physical examination, complained of the rancid
odor associated with sebaceous secretions.

TABLE V. NUMBERVAND PERCENTAGE OF PERSOGNS ' HAVING SYMPTOMS
INDICATED, AY COMPARED WITU THE DEGREE OF INVULVEMENT

Degres of Involvement

Bymptoms : J Advanced HModetate Sitging
! !

Nuwber | Fer ceat s Nuwber Per cent ! Nuwb.r I Per ceut
REMISSIONS ceuesammcnermennnmenne a2 9.3 2 100 T | * w3
CPEaEts Of SKIN aoooeewemecccmacseenn H w3 2 100 I ! 75.0
Progressive Dermatitle .- 5 8.5 I 1 | 5% 5 | e2s
Lemsitads  _eevemeeeoe ‘ 3.8 1 | o= | T ) oms
Bural ot Skiu . 3 ﬂ.l\, — - E 3 , 3.5
Pustulur Stuge Paluful ocemeonns o 6 38,5 - . [ - P
Coostipation meaceaemcnennnancmnaio-.] 2 15.4 P 1 1.5
Poly - avan L sb l L
b LT 12) T O, 1 1.7 e - - ——en
Abdomins] Pufo P . — 1 ® - e
DIOTIREs ot eree e memeaacae - — - ! . ! i 12,3
Headsche ....... z 1 1.7 - . -
Beosory Skin Listurdance —oooo.eee... - ———— 1 1) P ! o

$ Two male controls had pone ol the obove syinptoos.
Two femaoles, with alight decmatitis, are Included.

Evaluation of symptoms referable to other systems and regions, as a
result of ‘additional exbosure of the group to organic solvent vapors (tol-
uene or a mixture of carbon tetrachloride and ethylene dichloride), is
difficult. e

Each person given a complete physical examination was at work on
the day of the examination. Data was obtained on present and greatest
weight and showed practically no variatian, Five minute oral tempera-
tures were found to be normal. Examination of the head and neck was
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essentially negative in the entire group except for the presence of cervicle
adenopathies in a few cases. In one individual a small pedunculated
turuor, which developed following trauma to a papule, was found in'the
region of the right temple. The tumor was spherical in shape, about
the sive of a large pea, and was attached to the skin by a pedicle, Tts
surfple, devoid of hair, was marked with indefinite convolutions. - The
tumor was reddish in appearance and showed signs of inflammation of
one of its’lobulatjons, the result of an injury produced by scratching.
Physical examination of the ehest was essentially, negative in the en-
tire group. The pulse and respiratory rates, obtained with the indivi-
dual at rest, and blood pressures, recorded jwith a standard inercury
syphgnomanometer, were found to be within normal limits,
Observations were made particularly for evidence of tenderness or
‘muscular rigidity over the region of the liver during ahdominal exam-
ination. This condition was found to be present in one individual, whose
liver margin could not be palpated. Other clinical and lahoratory find-
ings in this case failed to indicate additional evidence of liver damage.

TABLE V. NUMBER AND PERCENTAGE OP PERSONS HAVING CHLOR-ACNE ON THE
INDIOATED BODY BURPACKS

Humber of Per cent ot
Body Buriaces Persons Peravus
¥ace 2 95.5
Cheeks . 113 6.5
Forehead \ 19 2.5
Angle ol the Jaw . n 1.7
Cheek P L] ] 20.0
Al ubove Surtnces | . ] AT
|
NECK 1] 8.4
Poaterlop . 18 00.4
Anterfot ... ' 12 52.1
Doth Surfaces .. I 10 (LR}
ARBIS 10 82.5
EXCE0BOT  cocneecmornae . 1D 82.5
Flexor | - -~
FOREARMY  ..... ! 15 €5.1
Extensor .eeaciaes J 4 0.8
Flexor 2 8.7
Doth Surfuced .eeeromecrmaacaa. Y ) 4.3
CHEST - 12 82.1
Upper Sterpum 10 43.4
Pectoral Reglon 4 1.4
Both Surfaces - . 2 a1
AUDOMEN ... [ 2.1
Recll 9 0.1 .
Flapkr ... - -
DACK . 8 18.1
Scapul 18 15} .
Thoracle g . g
Lunibar  ........ H . !
All wbove Surfoeey o :
BUTTOCK [ [ 2.0
11 FI— 18 8.4
THIGHR oo oeoe oo ===} ” :H
. 8 .
Flexor ... .
Doty Surfaces 4 7.4
2 T 30.4
LEGH  ciieainiacee
Extensor - 7 W4
FIEXOF  eevemncccessunremocmecyacamaanamcane Sp— - .
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* Examination of the skin was made with the subject stripped and ex-
posed to an excellent source of light. Of .the entire group, thirteen, or
fifty-six per cent, were found to be in the advanced stage of the derma-
titis, while the renuinder had it to a less marked degree. Four distinct
lesions of the chlor-acne were noted, all of which were present at the
sume time in the moderate and advanced cases, However, in the early
‘stages, comedones and small papules made their appearance, while at
later stages, pustules and schaceous cysts of the skin occurred. Healing,
Jfollowing the pustular stage, usually occurred in a similar manner as
the same process in ywne vulgaris. At this stage dried serum was found
over the pustuied Which bad been ‘traumatized. As healing progressed,
slight scaling of the skin was noted over the site of the pustule. The
-scales were usually very small and dry in character. Tendeucy to in-
creased oiliness of the skin was not evident. Pitting of the skin was
found in fourteen persons, or 60.8 per cent of the group, and the site
most frequently affected was the posterior lateral neck.  In these cases
there was evidence of depigmentation in the cicatricial tissue. '

A predilection of the dermatitis for the extensor surfaces was especial-
ly evident on the arms and forearms, and to a lesser extent, on the
thighs and legs in the group given complete physical examinations.
Table V shows the percentage frequency of the chlor-acne for various
regions of the body. When the dermatitis occurred on the face and
neck it terminated at the bhair line and in no instance was the scalp in-
volved. Gross involvement of the sebaceous glands of the nose was
absent, a tendency to diminution in the intensity being apparent at the
mid-line of the face. Tn a few cases comedanes were present on the
dorsal surfaces of the hands and feet.

In the group 'examined differences of complexion apparently had little
effect on the susceptibility, The influence of age and sex on the indi-
vidual's susceptibility was not deterinined, for the greater number of
those examined were between the ages of twenty and thirty years, and
only two women were found working in the plant who had definite ex-
posure. p

Laboratory Findings—Appreciable changes were not evident 'in
the erythrocyte and haemoglohin determinativns. The total average
leucocyte coufi was unchanged except for a slight increase in the group
having an advanced chlor-acne, In this group the average leucocyte
count was 11,130 cells per cubic millimeter, without a corresponding
average increase in the polymorphonuclear leucocytes.

Routine examination showed albumin in the urine of three persons,
wlho were twenty-five years of age or less, as the only evidence of renal
pathology. '

The icterus mdex and Van den Bergh determinations were made with
a Klett colorimeter and the results are given in Table VI, Coincident
with the time the first tests Wére made, all operations of the plant were
stopped, so that those persons (10 in the exposed group and 2 controls)
showing an icterus index greater than the upper normal limit, were per-
mitted a week’s rest at home, At the end of this period, a second deter-
mination was made, and in practically every case the icterus index had
returned to nornml,

8
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TABLE VYI. RESULTS OF ICTEHUS INDEX AND YAN DEN BERGL DETERMINATIONS

N

Flrst Determivation Btconf)ﬂcrmlnnllon 1
¥ )
Case .. Ictetus Ven den Dergh— Icterus 1 Yoo dvm Dergh—
Index gy, blliyubin lodex . oigs. blitrubin
per 100 c.e. per 100 ¢.e.
]
1 i I .
HY el i
3 8.8
‘ 6.1 f I
6 6.6
8 5.4 |
1 1.5 . ' .
B 0.5 . | -
9 8.2 J— H J—
10 5.0 — '
u 5.3 ——— :
12 7.2 V 7.5 .
13 bu ' ———
u 5.4 H —
15 5.1 caen
18 8.4 4.5
17 2.2 I 6.5
18 6.0 . 3.9
190 0.4 ! ——-
20 5.5 i .
21 10.0 '
22 4.0
o) 6.2 .
2t 4.9 —
- 5.8 w———

¥ Becond determiumtion made alter an Inlezyal of saven days.
' Determinations pot msde.
8 Second determination not made.

Figures 1, 2, and 3, and a brief summary of the clinical and laboratory
findings of three advanced cases are presented to show the nature of
the dermatitis encountered in this study.

Case Number 4—White male; complexion brunette; aged 26 years.
Chief Complaint—"Pimples."

Analysis of Chief Complaint—First noted the dermatitis about twelve months
following first exposure. Eruption first noted on checks and then gradually
spreading to forehead and neck, The dermatitis next made its appearance
on the arms and anterior chest. Pruritis present particularly during hot
weather'Notices remissions of two or threc days. Notes persistence of
papules for a period of six months. Burning semsalion not present. States
that the pugtules are painful,

Past Medical History—Essentially negative,
Family History—Negative,
Occupational History—Negaltive,

Physical Examination—Apparently healthy adult male.  Height 67 inches.
Weight 152 pounds (greatest weight 155 pounds)., Pulse rate at rest: 78,
Respiratory rate: 14. Blood pressure 142/94. Head and Neck: chronic
right otitis media;* cervicle lymph glands not palpable, Chest: normal
shape; percussion normal ; breath and voice sounds normal; no rales, Heart:
apical impulse, 5th interspace midclavicular line; no murmurs. Abdomen:
flat; no areas of tenderness or rigidity; no masses. Skin: comedones;
papu!u' pustules; pitting of the skin especially prominent postetior lateral
neck. Lesions ‘especially prominent over cheeks, forehead, and posterior

. 10
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lateral neck, Upper Lip and Nose: clear. Arms: all stages of dermatitis
present vver extensor surfaces, Foreanms: relatively unafTected except for
a fuew comicdones vver extensor suriaces, Chest and Dack: occasional
comedo, papule, and pustule, particularly over upper portion of the sternum
and wver scapule.  Abdemen: all stages of dermatitis over both rectt
Thighs : distribution on extensor surfaces, Buttock: dermatitis present am'l\
uniform both sides. Legs: rare comedenes over extensor surfaces, Scalp:
clear. Hands, Feet, and Nails: negadive,

Laboratory Findings—Blood Examinativn: erythrocytes 4,940,000; leucocytes

9,050 haemoglobin 100. Differemial Count: palymorphonuclear leucocytes
66 per cent; small lymphocyles 12 per cent; large lymphocytes 20 per cent;
basophiles{0.5 per eent; eosinophiles 1.5 per cent. Icterus Index 5.1, Urinaly-
sis: rehetion aeid; specific gravity 1.020; albumin negative; sugar negative;
microscopic examination, many pus cells in small ¢lumps; no casts; no
ceythrocytes.

Case Nuinber 5—White male; complexion blonde; aged 24 years.

Chiel Canplaint—"Pimples,”

Analysis of Chicf Complaint—Dermatitis developed about three ntonths after

first exposure.  Eruptivn first noted on face at the angle of the jaw. Noted
gradual extension of the condition aver the rest of the face during a period
of one montl’s time, Dermatilis next involved the arms and neck. Pruritis
noted at times especially aller ot bath or in warm weather. Burning
sensalion not present. Remissions of two or three days.

Past Medical History—Usual childhood diseases.

Family History—Esseatially negative. .

Occupational History—Negative,

Physical Examination—Apparently healthy adult male,  Height 68 inches.

V/eight 132 pounds (greatest weight 140 pounds). Pulse rate at rest: 70.
Respiratory rate: 16, Biood pressure 140/80. Chest: normal shape; per-
cussion nurmal} breath and voice sounds nurmal; no rales. Heart: apical
impulse, S5th interspace midclavicular line; no murmurs, Abdomen: flat;
no arvas of tenderness or rigidity; no masses. Skin: comedones; papules;
pustules; pitting of the skin, Face: dermatits pronounced vver the angle
of e jaw and checks. Neck: posterior lateral neck most markedly in-
valved. Chest and Back: essentially negativee Arns and Forearms: dis-
tributivn of dermatitis noted over extensor surfaces but less marcked on the
foredrms. Thighs: small patches present anteriorly above the kaces, Legs:
essentially negative. Hands, Feet, and Nails: negative, Scalp: elear,

Laboratef$ Findings—Blood Examination: erythrocytes 5,190,000; leucoeytes

9,05¢; haemoglobin 100. Differential Count: polymorphonuclear leucocytes
67 per cent; small lynphocytes 25 per cenu; large lympliocytes 4.5 per cent;
cosinopliiles 3 per cent; basophiles 0.5 per cent.  Ieterus Index 6.6 Van den
Bergh 0.33 mgs. bilirubin per 100 ¢, e.; icterus index (7 days later) 5.0,
Urinalysis: reaction acid; specific gravity 1.015; albumin 3 -+; sugar
negative ; microscopic examindtion negative.

Case Number 26—Infant male; complexion blonde; aged 284 years.

History Olstaived from Mother—Child's father had been working at the plant

for ahout two months when the mother first noticed development of the
dermatitis. Mother gstatgd that tlie child’s father returned home in his
soiled working clathes and that it was his habit to play and romp with his
son, without changing to clean clothing. She also stated that father and
son slept together, the father always sleeping in his underwear. The
dermatitis made its first appearance on the child's anteriar thighs ahove the
knces.  She next noticed small paiches on the Aexor surfaces of the forearms
which gradually extended to the extensor surfaces. Finally, the dermatitis

. 12
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developed on the neck and face.  Mothér stated that she nuted child scrach-
ing occasionally. She has noticed a diminution in his appetite.  Constipa-
tion not present. 'No vomiting, Stools mormal in color and consistency.
No jaundice. No hacmaturia, No polyuria, Mother stawd that child
has been active, sleeps well, and is apparently unchanged except for the
ANUTERIA,

Past Medical History—Pertussis at age of six months.

Family History—Fathier suffering from generalized chlor-acne as result of ex-
posure 10 liexachloro-naphthalene and chloro-diphenyl. Mother shows der-
matitis ; cheeks; buttock; and extensor surfaces of thighs,  Sister, 11 moulhs
old, with chlor-ggne in the comedo siage uver both cheeks,

Physical Examin'allion—Well deyetoped infant male,  Weight 35 pounds, Axil-
lary temperature: 101°, Pulse rate at rest: 140, Respiratory rate: 26,
Head and Neck: essentially negative except fur acute left atitis media; ante.
rior cervicle lymph glands palpahle, Chest: normal shape; breath and voice
sounds normal;yno rales. Heart: no apparent enlargement; no murmurs,
Abdomen: convex; no tenderness or rigidity; liver edge nut palpabte, Ex-
tremities : negative, Skin: comedoues; papules; pustules; slight pitting of
the skin. Face: comedones and papules abundant over cheeks and forehead.
Nose and Upper Lip: relatively unaffected, Neck: anterior and posterior
neck involved with occasivnal pustule. Arms and Forearms: all stages of
the dermatitis -present particularly on the exicnsor surfaces. Chest: few
cumcdones over superior portion of the sternum,  Back: few comedones and
papules uver scapulie.  Abdomen: essentially negative. Thighs: dermatitis
present on both lateral and anterior surfaces, Legs: occasional comedoines
over extensor surfaces, Scalp: clear. Hands, Feet, and Nails: negative,

PREVENTION

The production of industrial dermatoses is partially dependent upon
the nature and severity of the exposure and upon individual susceptibil-
ity. The relatively high percentage of those individuals affected, follow-
ing exposuce to hexachloro-naphthalene and chloro-diphenyl, in a total
group of one hundred and twenty-six persons examined, indicates a need
for the adoption of prevemtive measures where these compounds are
used in industry, Prevention of skin contact with these substances would
depend somewhat upaon the process employed. In those processes where
the compounds are heated to a temperature sufficient to cause volatiliza-
tion and subscqucm’g‘ondensntinn in air, either closed methods, operating
under partial vacunim, or exhaust ventilation should be instituted, In
those processes where the compounds are liandled in the solid or liquid
form, other means of firevention must be adopted. When the operation
is such that contamination of the exposed portions of the body and
clothing is unavoidable, adequate protective clothing, lockers, and ‘other
sanitary facilities, should be provided. Further prevention of skin con-
tact with these substances, for persons handling the finished product in
the plant and for the conswmers, could be had hy application of pro-
tective coatings applied to the Haished: praduct.

+“SUMMARY

1. Hexachloro-naplithalene and chioro-diphenyl produce, on contact
with the skin of some individuals, an acne-like dermatitis after varying
degrees of exposure.
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2. From one to fifteen months exposure to varying amounts of
hexachlore-naphthalene aud chloro-dipheny! on the group examined was
required belfore the onset of the dermatitis,

3. The dermuatitis, in the group of twenty-three persous examined,
resulting from exposure (average length of exposure approximately 24.3
months) to hexachloro-uaphthalene and chloro-diphenyl had a predilec-
tion for the face and the extensor surfaces of thé body.

4, Systemiic effects produced as a result of ‘expqsure to hexachloro-
naphthalene and chloro-diphenyl should be further studied,
' B
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