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SYMPOSIUM

b

ON CERTAIN CHLORINATED HYDROCARBONS

Harvarp Scroor o Pustic HeaLta, BosToN, Mass.
June 39, 1937

Program

1. The problem of possible sysiemic efiects from certain chlorinated hydre-
carbons,

Cecnr K. Duwsxez, MApELerNE Freip Wazes axp Grasviie A. Desstrr -’
Deparmmant of Phyni): 5, Horars 2chon of Pu'lir Beaalis snd Deparmens of Pathology,
B rrvurd Medical Sciwol, Bostom, Miss.

2. Demonstration of laboratory methodr for ventilating . perations emoloying
chiorinated hydrocarhuns. A discusssion of permissibis concentrztions of
such compounds in the air. ]

~ C.P.Vierov, MALE.
Assirsret Prafssrwr of In's swiei Hyrione, florcerd Svimel of Putiv Deslih
AXND
Prine Danger, ChE.
Prafessor of Tndusurial Rysiena, b2=:rd Scaoul of Paliic Heiita

3. A doscription of the lesions found in the liver of anima's subjected to
various chorinated hydrocarbons.

Grayvoer A. Bevaery, M.D.
Lssocian im Peivolasy, Harcard Medical Schast

(Tte second and third papers vili appear clicwhere. Copies
of them will be sent to all who attended the sympesium)
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SYMPOSIUM
ON CERTAIN CHLORINATED HYDROCARBONS

Harvarp Scuoolr or PusLic HeaLTH, BosToN, Mass.
June 30, 1937

Program

1. The problem of possible systemic effects from certain chlorinsted hydro-
£ arbous.
Cecn K. Drovxex, MADELEINE FIELD WARREY AND GRANVILLE A. BENNETT

Department of Physisiogy, Darverd Schesl of Public Hrolth and Deparimest of Pathsiogy,
Borsard Modical Schesl, Bisim, Mess.

2. Demonstration of laboratory methods for ventilating operations employing
chlorinated hydrocarbons. A discusssion of permissible concentrations of
such cormmpounds in the air.

C. P, Yacrou, MM.E.
A szistant Professor of Industrial Dygiens, Barvord Schosl of Public Hoalth
AXD

Prrure Dasxcee, Ch.E. )
* Professer of lndustrial Hygiene, Harverd Scheol of Public Beslth

3. A description of the lesions found in the liver of animals subjected to
- various chorinated hydrocarbons.

Cravviir A. Bexserr, M.D.
Associsls in Pethology, Harvard Modicsl Schoel

(Ih.mdnndmhdppnwmimnd:wm. Copies
chﬂlhmMvaluaddthM
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THE PROBLEM OF POSSIBLE SYSTEMIC EFFECTS FROM
CERTAIN CHLORINATED HYDROCARBONS®

Cre K. Drovxxer, MavrrLzing Frzip WarREN anp Graxvire A.
BexxeTT

Deporiment of Physiology, Harverd School of Public Health and Depertment of Pathology,
Harvord Medical School, Boston, Maas.

use of chiorinated naphtha~

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
Ye#rs it has been known that many of
these compounds cause & troublesome
acne, and there is a large literature
upon this pbase 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. Inthe
spring of 1936, the Halowax Corpora-
tion, a division of the Bakelite Cor-
poration, called our atteation to three
fatal cases of jaundice in workmen
using chlorinsted naphthalenes and
chlorinated diphenyl, and requested
that the subject be investigated as
* Received for publicstion June 30, 1647.

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

Potient 1. Male, sge 21. The previous
medieal history of this man was in no way
significant except for the fact that be had
an attack of jaundice shout 6 weeks prior to
his fatal iliness. Late in December, 1936,
he became badly constipated and had much
sbdominal pain and distention. Y¥hen sd-
mitted to the hospital he was slightly 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. Hedied after s brief period
in the hospital, and at sutopsy was found to

t The Halowax Compsny makes many
products begides cblorinated naphthalenes, -
and it bas come to our hwledge that all of
these products are indiscriminately cslled
“halowaxes” by ”tgurchuen -bnld users, mj

™ s causers
mdmue. 8inc
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bave 8 cirrhosis of the liver with acute yel-
low strophy superimposed upon it. This
man bad been exposed to low concentrations
of vapors arising from a mixture of tetra
and pentschlomaphthalenes, together with
spproximately 10 per cent of & refined chlo-
rinated diphenyl. While both he and others
engaged in the same work had chloracne,
there were no other disturbances of health
in fellow workmen, nor was there any pre-
cipitating cause for the acute yellow atro-
phy such as trestment with arsphenamine
or exposurs to dangerous concentrations of
carbon tetrachloride.

Patient 8. This was s young man who
died in February, 1938, after an acuteillness
characterized by jaundice. He bad been
exposed to fumes arising from s mixture of
penta, and hexachlornaphthalenes. There
is no record of chloracne. The patient
worked with s large number of other people
of whom but one (Patient 38), a close friend,
had signifieant iliness.

Patient 3. Another young man employed
with Patient 2. He became jsundiced in
Mareh, 1936, and died after aa illness of 2
weeks. A eareful autopsy resulted in a
disgnoais of acute yellow atropby of the
liver Here again no history could be ob-
tained a8 to a precipitating cause, and there

was no record of preceding attacks of

jsundice.

In addition to these thres very re-
cent fatalities, we bave learned of four
other possible cases, none of them
fatal. Al 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 bealth, and the general

health of fellow workers has been good.

Buch 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 had been exposed to trichlor-
naphthalene., Of these 13 were found
to hsve mild digestive complaints,
anorexia, nausea and vertigo, 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-
nomena.”

In Touraine's cases the exposure was
to a trichlornaphbthalene, 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 cascs

of chloracne in persons cxposed 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.
Mittelstadt (1935) examined a number
of cases of chlorache due to trichlor-
naphthalene and reported s 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 subcutsneous injections of
enormous doses of chlorinated naph-
thalenes dissolved in paraffin ail to
rabbits. The compounds used were
as follows:

LEXOLDMONO01807
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+ trichlor- 1. A mixture of tri and tetrachlor- nificant in relation to the production
~ere f‘f“”d naphthalene. of acne. In the work of Flinn and
mplaints, 2. A mixture of tetra and penta- Janrvik (1936) the compounds produc-
-tigo, but - chlornaphthalene. ing serious liver injury were the most
ly, “Ab- 3. A mixture of penta and hexs- bighly chlorinated of those tested,
e mq we chlornaphthalene. though the chlorine contents as given
"be'd‘{‘" In addition, sublimates from (2) and by analysis vary surprisingly little.
rs which (3) were collected in oil and injected 3. There are no published figures
£y appear subcutaneously. upon the amounts of various chlorin- f
ansidering None of the animals receiving (1) or  ated naphthalenes in the air which will
o troubles the sublimate from (2) died, and even produce injury of any sort, and while
tory phe- after 2 months were quite normal when the work of Lehmann (1919) and of
. autopsied. The first death in the ani- Flinn and Jarvik (1936) point to the
«ssure was mals receiving (3) occurred on the 12th  liver as a possible site of injury this
.ereas the day and the last died on the 26th day. indication rests upon such extreme
s atr?phy Those receiving the sublimate from (3) dosage as to fail to apply directly to
of _lngher were even more severely affected. human exposure.
‘eniments Autopsy in these animals revealed ‘ .
~4ienes re- striking changes in tke liver, not, as ExrerIMENTAL Work
r Mmd described, entircly characteristic of In appraising the possible toxicity of
wstry, in acute yellow atrophy but sufficiently any substance met in industry it is ]
ge. Tel- suggestive to cause the authors to con-  first necessary to determine the prin-
- of cases clude that “certain chloriuated naph- cipal route of absorption. In the case
wosed to thalenes or impurities contained in of the compounds under consideration
.h a chlo- them arc capable of producing yellow there can be no doubt that inhalation
. 1053 per atrophy of the liver in the rabbit.” is their chief means of entering the
ower the At the beginning of their paper, body. They are used hot in a great
‘he acne, Flimr and Jarvik (1936) mention the variety of operations and volatilize in
= Dumber fact that there have been three cases varied degree. They are often applied
+ trichlor- of acute yellow atrophy of the liver in solution in such volatile solvents as
umber of in men working with chlorinated naph- carbon tetrachloride and toluene. The
. nothing thalenes but give no details in regard amounts reaching the air under such
=e. Re- tothem. These casesare undoubtedly circumstances are hardly detectable.
:':nuth?, the same as those described in the It will however be shown that carbon
‘bat anj- beginning of this paper. tetrachloride adds to the toxicity of
sienes re- Cne may summarize the meagre the chlorinated naphthalenes and allied
ud tlut,_ literature upon systemic effects from compounds, and if there is possibility
«ih oF by these substances as follows: of inhaling these compounds in other
'W' 1. With the exception of the men- parts of the factory then inhalation of
- J arvik ‘tion of scute yellow atrophy by Flinn carbon tetrachloride adds a decided
ctions of and Jarvik (1936) there are no reports hazard. Under such circumstances
4 ntph- or even suggestions of serious effects solvents such as toluene sbould be
- oll to upon human beings. : used. '
+d were 2. There iz evidence (Teleky, 1927) Obeervation in & number of plants
that the degree of chlorination is sig- causes us to feel that even though
GBRNOO1937
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worknmen may be extremely dirty and
careless, comparatively little of these
waxes is eaten. They are tenacious
substances, insoluble in water, and if
they get on the hands they stick there
and are not transferred to the food.

Skin absorption is the third poesible
means of entering the body. It msy
occur but at best must be slight when
compared to the steady inhalation of
finely divided or gaseous material in
the air.

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

[Sepe. 1087

tion. They thrive upon a diet very
similar to man, and in the case of these
chlorinated compounds it is possible
that diet may be very significant.
~ Finally, their normal characteristics
have been described o well as to make
the detection of abnormalities both
easy and certain.

Method of exposure.—The inhalation
experiments were carried out in four
large air-tight wooden boxes, earh
capable of holding ten rat cages, size

Fia. 1. Front view and inflow end of two boxes with rat cagesin place and doors open.

Inhalation experiments are then the
most important sources of information,
but to them we have added a certain
number of obeervations upon ingestion
and subcutanecus injection of various
compounds. -

Inhalation Ezperiments

Animals.—White rats have been

employed throughout. They permit
the use of a large number of animals

- ina relatively small inhalation installs-

22° x 22° x 14", in two tiers of five
cageseach. When the experiment was
not in progress the doors were opened
wide and the cages kept in place
(fgure 1).

At the center of one end of each box
—the inflow end—air was introduced
through a pipe 7 inches in diameter
(Ggure 2). Each box was equipped
with an individual variable-speed elec-
tric blower which blew the air through
several feet of 7-inch pipe before enter-
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ing the end of the box. An orifice
meter was placed in the pipe line, and
the flow of air in cubic feet per minute
could be adjusted and read off directly
from a calibration curve. A vane
deflcetor placed at the entrance of the
pipe into the box was adjusted to as-
sure a uniform distribution of the
stream of air to the two tiers of cages,

At the opposite end of the box—the
outflow end—the air from cach box
was exhausted through a 7-inch pipe
fitted with a damper and connccted to
a Jarge central exhaust fan (figure 3).

About 4 inches from the entrance of
the 7-inch pipc into the box, the fumes
of the substances listed were intro-
duced into the inflowing air. Spe-
cially designed pyrex glass flasks
(Ggure 4), 71 inches long and with a
diameter of 1} inchex, were used to
hold the heated waxes. These flasks

were made with a side arm and tube
that extended to the bottom. The

top of the flask was ground, and into
this fitted a ~hort tube 1} inches in
length. This short tube was inserted
into a Iarge rubber stopper that fitted
tightly into a hole cut out of the 7-inch
pipe on the under side (figure 2). The
flask in turn was placed in an electric
heater made to cover it completely
below the side arm and ground glass
top. Rubber tubing connected the
side arm with a compressed air reser-
voir and a gentle stream of air blown
through the melted wax kept it in
motion and assured uniform heating.
Into each flask was inserted a long stem
centigrade thermomecter which was
kept in place and could be read at any
time above the 7-inch pipe through
which it passed (figure 2).

- Approximately 30 gra. of pulverized
chlorinated naphthalenes or 20 gm. of

o e

EFFECTS OF CHLORINATED HYDROCARBONS 287

chlorinated dipheny] were placed in the
bottom of each flask and melted in the
electric heater. Fresh samples were
used overy other day, but it was often
found nccessary to add 20 gm. of new
material even after one run since ~o
much had sublimed. Whatever the
case, the collected sublimate wax

I

T BT —;
[N .

1

F1c. 2. Electric heater for maintaining
chlorinated compounds at a constant tem-
perature in place at inflow end of box.

always removed from the upper part
of the flask and a clean top used each
day. No sample was ever used for
more than two runs.

The flack plus the contents was care-
fully weighed at the beginning of the
run and at the end, and the loss in
weight used to calculate the average

GBRNDOO01939

.

LEXOLDMONO001810

- m— . w——

R e e




Laa .

I Y5 S GPTPa yperry

P

IR

288 JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY  [Sept. 1837

amount in a cubic meter of air per
minute as determined by a series of

w e =y
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Fi1c. 3. OutHow end of two boxes showing
eonnections to exhaust system.-

FiG. 4. Pyrex glass flask

flowmeter readings. The figures ob-
tained were not absolute because of
elight variations in the air flowing
through the boxes and because of
deposition of material on the ther-
mometers and on the inside surfacex of
the box, but _thev checked well with
direet __determinations through air
samples.

Approximately 1 hour was allowed
for the wax in the flasks to melt and
come to a constant temperature. At
that time the box doors were tightly
closed, air bubbled through the flasks,
and the blowers turmned on. This was
the beginning of the exposure period.
By means of rheostats on the fans and
dampers in the outflow pipes, the
amount of air flowing through the
boxex was adjusted and an attempt

--was made to keep the four boxes as

uniform as possible—ususily between
165 and 175 c.f.m.
In the first group of experiments the
following substances were tested:
1. A mixture of trichlornaphtha-
lenes plus 2 trace of tetrachlor-
napthalene. Chlorine content

49.9 per cent. .
2. A mixture of penta and hexa-
chlornaphthalenes.  Chlorine

content 62.6 per cent.

3. A mixture of 90 per cent penta
and  hexachlornaphthalenes
plus 10 per cent refined chlorin-
ated diphenyl. Chlorine con-
tent 63.0 per cent.

4. Chlorinated diphenyl. Chlorine
content 65.0 per cent.

The eompoun‘d:'f:e selected as rep-

~ resenting a certain range in chiorins-

tion and also hecause of their industrial
importance. In each instance 80 ani-
mals were exposed, 10 rats being placed
in each cage. They were fed Purina
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ob- Dog Chow supplemented by lettuce, wax concentrations were somewhat
- of eggs,.milk;ndeodliveroil. higher at the inflow end of the boxes.
‘ing This first group of experiments was Preliminary runs showed that once
wof begun on July 1, 1936 and the last properly adjusted, wax concentrations
her- exposure to number 2 (penta and bexa- in the air remained very uniform from
~of chlornsphthalenes) was on November day to day, but to insure absolute
[ith 16th. The exposure to the otherthree safety readings of temperature, air-
air compounds ceased upon November flow, etc. were made every night be-
18th. On October 15th representa- tween 10:00 and 12:00 p.m. as well
wed tive animals were taken out of expo- as on starting and stopping. At dif-
and sure from groups 1, 2, and 4 and were ferent times during the course of the
At killed after 2 months on December experiment tests for free chloride were
"ty 15th, in order to see whether this clear made but were unifornly negative and
“‘: TABLE 1
riod. Conprrions MatwraiNe 1w INmaLATION EXPERINENT FROM JULY 1 TO NovEMEER 16 AND 18
| .
ilhe WATRELAL S | . gk e ‘:‘E’:’
the ' | e
apt % . ".{"‘ renge Mows | bowre
el Trichlornapbthalenes plus traces of
Teen tetrachlornaphthalene............ 49.9 | 150-160 | 1.31 | High 2.60 | 1898 16
. ] Low 0.10
*the Penta and hexachlornaphthalenes....| 62.6 | 160-170 | 1.16 | High 2.10 | 1886 | 18
Low 0.51
tha- i
loe- 90% pents and hexachlornaphths-
dent lenes plus 10% chiorinated diphenyl.| 63.0 | 165-175 | 1.37 | High 8.17 | 18098 16
Low 0.64
l?. Chlorinated dipbenyl................| 65.0 | 165-175 | 0.57 { High 1.19 | 1808 | 16
Tine . ~ Low 0.23
S P .
l,:: period would bring about recovery in showed that under the temperatures
iz the affected lLivers. Animals from used no decomposition occurred.
cone group 3 were similarly removed from Table 1 shows the temperatures at
exposure on October 4th and killed which the wvarious substances were
orine for examination on December 4th. held, the average concentrations per
‘The average length of exposure was cubic meter of air, and the average
“rep- 18 hours daily for 6 days s week. exposures from July 1 to November
ing- Each morning at sbout 9:00 exposure 16 and 18.
<rial ceased, and between this time and T'he concentration of chlorinated naph-
' ani 4:00 p.m. the rats were cleaned, fed, thalenes and chiorinated diphenyl in the
inced weighed, ete. In order to secure uni- air of workrooms.—Table 1 shows that
rina formity of exposure the cages were animals have been exposed to varied
shifted on & regular schedule, since concentrations of the substances under
)
GBRNOO1941

LEXOLDMONOO1812

—

. ——

St g . aem Bt L e motie e on T 4R ie e LSS IA® am ALy Famn - Wi (s & 9% 0s AAEEEB et Wh TS wmms b e

——




&

oocdits i At St sumsirbusodt o dtaboliie

. e
290 JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY ([Sept. 1587 i vol. 18, no. 7]
: f
test. Tbe concentrations employed in question is passed over beated plati- ) somewbhat e:xsi
may be regarded as fairly representa- num in an electrically heated quartz i Tebbens’s but
tive of industrial experience. Prior to tube and the effluent gas scrubbed in ; devices are th.
the ipitiation of inbalation experi- s column of glass beads moistened with ; In both c23¢
ments 8 number of estimates of chlo- sodium carbonate containing a trace of : rinated hydroe
rinated bydrocarbons in the air of dif- sodium sulfite. The beads are then , acid and sui.
ferent factories were made and the washed down and the chbloride deter- ! sodium carbon
socTion } In our case ct
- l apt to be ver:
I t less than 1 ni;
t quently the ar
""" TAR. 3108 AL 1 sctually forinc.
i so small that i
X A i either gravime
—souip cu',’:,m,,_ For this reaso:.
use the neph=!h
is sensitive to
J NOT DRARNTO SCALK 85 0.1 mgm. pc
_——55 It is doubt{
23 L should exceed
conversion ot
o pound to Ly
ot 3071 : subsequent ab:
! unless the veia
] / ) ' low. Another
- is that the m¢
any chlorinz:
determired.
- e — o distinguish he-
nrINSIDE aioe
‘o :“F? omEiER | BIAR. gases but dete:
| ONM /P the results m
PIPETTE AT A DS puted in term:
TIP 15.24 2 381 s Q.00ZS4CM. At the pre-
Fro. 5. Dimensioned sketch of combustion tube aad sbearption apparatus. ' formation &< °
; rinated naplt!

concentrations chosen for inhalstion
experiments depended on these exami-
nations. The technic of analyxis and
the apparatus employed were the work
of Frederick R. Millhiser and William
F. Hemperly.

The method and apparatus used for
determining concentrations of chlorin-
ated hydrocarbons in air were adapted
from well-known procedures. The air

mined nephelometrically as silver
chloride.

Tebbens (1937) bas recently de-
scribed & method and apparatus which
should be equally satisfactory for this
work. In figure 5 we show a dimen-
sioned sketch of the combustion tube
and sbeorption apparatus as used by

us in both our laboratory and field

problems. The abeorption tube is

different plau:
instances the u
repeated seve
the amounts }
those used in
must be reme
¢ The combu:
ratus suited to :
by Willson Pr.
equipmes
suction pump

—
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somewhat easier to wash down than is
Tebbens’s but the essentials of the two
devices are the same.®

In both cases conversion of the chlo-
rinated hydrocarbons to bydrochlorie
acid and subsequent absorption as
sodium carbonate should be complete.
In our case concentrations in air are
apt to be very low—the objective is
Jess than 1 mgm. per cu. m. Conse-
quently the amount of silver chloride
actually formed in the final reaction is

so smell that it can not be determined -

either gravimetrically or by titration.
For this reason we have been forced to
use the nephelometric procedure which
is sensitive to concentrations as low
a8 0.1 Ingn. per cu. m. of air.

. It is doubtful if the sampling rate
should exceed 1 liter per minute as
eeuversion of the chlorinated com-
pound to hydrochloric acid and its
subsequent absorption are not efficient
unless the velocity of the gas stream is
low. Another precaution to be noted
is that the method is not selective—
any chlorinated substance will be
determined. Furthermore it does not
distinguish between solid particles and
gases but determines them all alike and
the results must, of course, bs com-
puted in terms of total chlorine.

At the present time we possess in-
formation as to the amounts of chlo-
rinated naphthalenes in the air of 30
different plants, sad in s umber of

ces the measurements have been
repestad several timeg. Frequently
the amounts have been greater than
those used in our experiments, but it
must be remembered that the rats

is m: made
%Wﬂlm Produets, In Pa

equipment inelud- “Sowmetar and
suction pump with a earrying case.

;S

have been exposed for 16 hours to an
atmosphere constantly impregnated
with the substance under test, whereas
buman exposure is usually a variable
quantity, intense for a short time and
then negligible. It is our opinion at
the present time that the concentra-
tions of chlorinated hydrocarbons used
in our experiments would be dangerous

for workers in the case of compounds:

above trichlornaphthalene in chlorina-
tion. Fortunately it is easy to venti-
late processes of manufacture which
require these substances and to reduce
air contamination practically to the

vanishing point. Such treatment of

the problem at once removes both the
possibility of systemic poisoning and
the aunoyances that arise from cases
of acne.

Resulls of Inhalation Ezperiments.

1. Animals exposed to a mixture
of trichlornaphthalenes plus small
amounts of tetrachlomapthbalene.
Living animals were apparently en-
tirely normal. Autopsies performed
near the end of exposure seemed to
show shgbt swelling of the liver, and
microscopic examination occasionally
showed swollen and hypergranularliver
cells. The changes were, however,
never more than slight.

2. Animals exposed to a mixture of
penta and hexachlornaphthalenes.
No abnormalities were observed in the
living animals. Rats were killed and
sutopsied every 6 weeks. In the first
animals sacrificed liver changes were
observed. Thess were swelling of
cells, alight granulation and byalinise-
tion. In September and October these
conditions were somewbat more ad-
vanced, and in November the process
became stationary. There were highly
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granular cells, hyaline inclusions and
mitotic figures, but no more than 2
months previously.

3. Animals exposed to s mixture of
00 per cent penta and hexachlor-
napbthalenes plus 10 per cent refined
chlorinated diphenyl. No abnormali-
ties were seen in the living animals,
After 6 weeks the livers showed
changes similar to those in the aninals
exposed to penta and hexachlornaph-
thalenes. These advanced in grade
during August and September and
then became statiopary.

4. Animals exposed to chlorinated
diphenyl. No abnormalities were seen
in the living rats. After 6 weeks' ex-
posure there was slight liver damage
which advanced during the next 2
months. The changes consisted in
slight to moderate swelling of the liver
cells, an increased granularity and
many mitotic figures. Hyalinization

-~ was always present as a result of

inhalation of chlorinated diphenyl.
Summary of the first tnhalation ex-
periment.—In these experiments care-
ful observstion of appearance, body
weight, activity, blood, sand urine
showed no abnormalities of any sort.
Yet after 6 weeks’ exposure all the
compounds with chlorinstion sbove
trichlornaphthalene caused minor de-
grees of liver damage, and no changes
whatsoever in other organs. There
was no acute yellow atrophy or any-
thing suggesting it except that a slight
degres of liver damage was always
present and was quite clear in the liver
sections examined microscopically.
This damage had no detectable effect
on the health of the animals. They
held their weight, ate and behaved
normally, being in every respect similar
to the many people who have been

exposed to these compounds without
illness of any sort.

The functional appraisal of the liver
damage caused by certain chlorinated
naphthalenes and by chlorinated di-
phenyl.—There are no tests of liver
function useful in such minor degrees
of liver damage as were produced in
these experiments. Indeed the ani-
mals resisted tbe injury so perfectly
as to display no abnormalities except
upon histological examination of the
liver. The situation was perhaps
similar to that met in industry, where,
barring acne, the health of workers in
these compounds has been good with
the exception of the fact that in iso-
lated instances jaundice has occurred
which upon at least three occasions
has gone on to acute yellow atrophy.

During recent years this disease has
been seen following administration of
carbon tetrachloride, arsphenamine
and cincophen. In the case of carbon
tetrachloride it is known that a low
calcium diet and alcobol favor the pro-
duction of liver damage. For the
acute yellow atrophy that occasionally
complicates use of the other two drugs
Do cause can be assigned. One cannot
produce acute yellow atropby with
arsphenamine, but somehow or other
this now and then does happen to pa-
tients under antisyphilitic treatment.

It occurred to us that something of
the same sort might be involved in this
problem. The buman cases have been
scattered and few. They have been
isolated instances out of lsrge groups
of healthy employees who have had
equal degrees of exposure, It was our

"idea that perhaps many of thess people

got liver changes such as existed in our
nu,_chmanotreeocninbhthmzh
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sny means other than sutopey exami-
nation. If, upon the substratum of
such changes, they got an acute liver
disturbance, acute catarrhal jaundice,
not a very common disease but one
which any of us may experience, would

_this relatively innocuous disease go

over to acute yellow atrophy?
Knowing that our inhslation rats

had liver changes, but changes too

slight to cause recognizable symptoms,
we decided to test their resistance to
substances known to csuse Liver de-
struction. Carbon tetrachloride and
alcohol were selected. Having infor-
mation that 1.0 ce. of carbon tetra-
chloride plus 1.0 cc. of ethyl alcohol
per kilogram would kill 14 per cent of
normal white rats, we reduced the dose
to 0.75 cc. carbon tetrachloride and
0.75 ce. of ethyl alcohol.

This mixtyre was given by stomach
tube to the following groups of ani-
mals and with the results found in the
following tabulation.

Rals fed 0.76 cc. per kgm, each of cardon
tetrachlorids and ethyl alcokol by
siomach tube °

1. Trichlornaphthalens plus trocs of tetro-
chlornaphthalens. Fed at 9:00 a.m., Nov.
10, 1938. 10rats. No deaths.

2. Penta and hezachlornophthalenes. Feod
at 9:30 a.m., Nov. 10, 1036. 10 rata.

8 died Nov. 11th betwesn 4:30 and
10:30 p.m.

1 died Nov. 12th at 3:20 p.m.

1 died Nov. 12th at 4:30 p.m.

1 died Nov. 13th between 9:20 and
11:30 am.

1 died Nov. 15th between night of Nov.
th and 12:30 p.m. Nov. 15th. 3
died Nov. 16th between 10:15 p.m.
Nov. 15th and 9:00 s.a. Nov.
16¢h (stiff).

3. 90 per cent penta and Aszachlornaph-
thalenes and 10 per cent cAlorinaled diphenyl.
Fed at 10:00 a.1m., Nov. 10, 1906. 10 rata.

1 died Nov. 10th between 5:00 and
10:30 p.m.

8 died Nov, 11th between 4:30 snd
10:30 p.m.

1 died Nov. 11th between 4:30 p.m. and
9:00 a.m. Nov. 12th.

2 died Nov. 12th sbout 1:00 a.m.

1 died Nov. 13th between 5:00 and
30:00 p.m.

4. Chlomnated diphenyl. Fed at 10:00
a.m., Nov. 10, 1938. 10 rats.

1 killed Nov. 10th at 10:30 p.m. (almost
dead).

2 died Nov. 11th between 4:30 and
10:30 p.m.

1 died Nov. 12th before 8:30 8.m. (stiff).

1 died Nov. 13th between 9:30 and
11:00 s.za.

1 died Nov. 16th between 10:18 p.m.
Nov. 15th and 9:00 s.m. Nov. 16th
(stiff).

Controls; Fed at 9:30 a.m., Nov. 12, 1938,
10 nu. 1 killed Nov. 13th for normal liver.

This tabulation summarizes into the
facts that:

1. No normal nts were killed by
carbon tetrachloride and ethyl aleobal.

2. No trichlornaphthalene exposed
rats were Lilled, and this finding agrees
with our inability to find lesions of
moment in the livers of the animals
that inhaled this substance.

3. The penta and bexachlorinated
naphthalene, the mixture of these with
10 per cent chlorinated diphenyl, and
finally the latter substance alone seem
to have produced conditions lowering
the resistance to an agent capable of
producing serious liver disease.

4. The sole lesion produced by this
test of liver function was acute yellow
strophy usually asccompanied by
jaundice.

This test of liver function was sc-
complished with a substance which
iteelf is an organie chloride and curi-
oualy enough it is the only substance
we were able to find that was effective.
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In animals with the minor degree of
liver injury which has been described
we were unable to produce acute yeilow
atropby or any variety of liver effect
with arsphepamine, cincophen, butyl
chloride, ethylene chloride and tetra-
chlorethylene, but earbon tetrachlo-
ride was uniformly effective in dis-
closing the existence of liver damage.

Recovery from kver damage folloiring
removal from ezposure.—Animals ex-
posed to trichlornaphthalenes plus
traces of tetrachlomaphthalene being
practically normal on removsl from
exposure need no’ consideration. In
the case of the penta and hexachlor-
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signs of liver injury will be many
monthninxetumin;ionormd.

The effect of high concenirations of

érichlornaphthalenes with traces of tetra-
chlornaphthalene —The first group of
inhalation experiments showed that
this materia} in coneentrations averag-
ing 1.31 mgm. per cu. m. of air was
relatively innocuous, judged both by
direct observation and by the earbon
tetrachloride test. This is an in-
teresting fact since such compounds
cause acne, though less potently than
substances of higher chlorination.
In order to explore the matter further
oneof theinhalation boxes wasarranged

TABLE 2

Coxprrions Maintaxep porixa Ingatariox or Hien Concexraartioxns or
TRICHLORNAPETEALEXES PLUS TETRACRLORKAPETHALENE ]

wavanar . | u\.-m:u tomat | av. sany
Trichlornaphthalenes plus traces of | 137-200 | 10.97 | High 16.49 | 1232 16
tetracllornapbthalene Low §.78

naphthalene, rats after 2 moaths’ re-
moval from exposure still showed
swollen liver cells, increased granu-
larity, hyalinization and mitotic fig-
ures. The condition was not sdvanced

" as compared with rats killed at the
A time of removal from exposure but on

the other hand 2 months were insuffi-
cient for recovery.
The same findings were true of the
mixture of penta and hexachlorinated
~naphthalenes and chlorinated diphenyl
and for chlorinated diphenyl alone.
Apparently the changes induced in
the liver cells by these substances are
exceedingly persistent and one must

expect that an individual showing any

8o that fumes from four glass contain-
ers were delivered to the air line instead
of one. Thisresulted in the conditions
shown in table 2. The animals sub-
jected to these conditions showed no
clinical effects of any sort. After 1
month the liver cells were slightly
swallen and over-granular and there
were occasional mitotic figures. These
changes were similar to the early
effects of more highly chlorinated
compounds, and progressed only
slightly during the third and fourth
months. When rats in this condition
were given carbon tetrachioride and
aleohol, in some instances their livers
showed massive central necrosis and
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in others this did not develop. Fifty
rats were used in this experiment and
one may conclude that while the tri-
chlornaphthalencs are in no degree as
toxic as those of higher chlorination
they are not entirely free from effects
upon the liver if high enough concen-
trations are inhaled over long periods.

The effccts of high concenirations of
penta and hexachlornaphthalenes.—
Therc can be no doubt s to the dam-
age done the liver by these compounds
but in the concentrations so far re-
ported no symptoms were caused that
could be recognized clinically and
nothing approaching acute yellow

the liver after 35 days of freedom from
inhalation. It is thus evident that
penta and hexachlornaphthalenes are
markedly toxic compounds and that
recovery {rom their effects is extremely
slow.

The effects of penia and hezachlor-
naphthalenes, the mizture of these with
10 per cent chilorinated diphenyl, and of
chlorinated diphenyl alone, when inhaled
in low concenirations through an 8-hour
day snstead of a 16-hour day as in the
Jirst experiment.—Since steady human
exposure to any of the compounds
tested would invariably be for 8 hours
rather than 16-hour periods, a further

TABLE 3

Coxpirions MaIKTAINED DTRING InmaratioN or Hicr CoxcrxNTRaTIONS OF PENTA AND
HEXACELORNAPHUTEALENTS

warsarat e "mﬁ?‘ TOTAL :'. BARTY
“c. "‘"‘ renge Sowre Aowrs
Penta and hexachlornapbtbalenes...... 137-195 | 8.88 | High 14.0 608 16
Low 5.7

atrophy occurred except through the
use of the carbon tetrachloride test.
On December 1, 1936, 80 rats were
subjected to the conditions sum-
marized in table 3. This experment
was terminated on January 21. Al of
the animals lost weight and appetite
and deaths began after 8 days of expo-
sure. Fifty-five rats died, most of
them heavily jaundiced, 8 were killed
for "microscopic examination, 9 were
killed by the earbon tetrachloride test
and 8 lived through the period of

exposure. The livers of the animals

killed for examination showed marked
fatty degeneration, central in type
with necrosis of liver cells. Surviving
animals showed pronounced changes in

inhalation experiment was arranged
under the conditions shown in table 4
which are quite comparable to those
in table 1 exeept for the shorter inhala-
tion periods. Eighty rats were used
for each of the three compounds tested.
None at any time showed the slightest
evidence of illness. Microscopic ex-
aminstion beginning after 6 weeks'
exposure showed swollen liver cells,
excess granulstion, hyaline inclusions
and occasional mitotic figures. These
changes did not progress and were very
similar to those in the animals exposed
for 168 hours under the conditions st
forth in table 1. The carbon tetra-
chloride test was uniformly fatal to
them and one must conclude that com-
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centrations of these compounds such
as were employed cause a certain de-
gree of liver damage even if inhaled for
but 8 hours dailly. This injury is
resisted successfully by the rats just as
was the 16-hour injury but it is none
the less there and destroys the ability
of the animal ‘10 resist the carbon
tetrachloride test.

Summary of inhalation erperiments.
The findings that have been described
briefly will be amplified upon the
pathological side in & further paper by
Dr. G. A. Bennett. YWhat has been
given is, however, sufficient to indi-

men pever inhale enough of any of
these substances to get acute yellow
atropby. They may, however, acquire
s substratum of liver damage upon
which acute yellow atrophy may de-
velop. Experience in s number of
plants has shown how easy it is to
reduce concentrations of these com-
pounds practically to the vanishing
point, and every effort should be made
to attain such conditions.

Gross Feeding Ezperimenis

The various compounds used were
ground as finely as possible and mixced
with a standard balanced ration for

TABLE ¢

Coxnprrions MaINTaINED prRING IxmALATION OF Low CoxcENTRATIONS OF TEBRIE
Courovxps porine 8-Hovr IxsrEap or 16-Horr Prrions

MATENIAL =y, A'm‘;“ I mlr:‘ | AV, DALY
c. "‘i"' rengs Aowrs howss

Penta and bexachlornsphthalenes.. .. .. 149-193 | 1.44 | High2.58 920 8

: Low 0.42
90% pents and hexschiornaphthalenes

plus 10% chlorinsted dipheayl....... 150-107 | 1.66 | High 3.30 13 8
) Low 0.50

Chlorinsted diphenyl.................. 153-174 | 0.938 High3.23 920 B

Low 0.03 -

cate that compounds more highly

chlorinated than trichlornaphthalene

are capable of causing liver injury
when inhaled steadily in quite low
concentrations. Itisan extraordinary
thing that even the most searching
examination fails to show injury in any
other region. 1t is not easy to grade
the toxicity of the different compounds
tested, but the chlorinated diphenyl is
certainly capable of doing harm in very
low concentrations and is probably the
most dangerous. Industrisl experi-
ence combined with these experiments
make it sppear probable that work-

the white rat. The food was placed
in a single container, at which the 10
animals in a cage had an equal chance,
the amount of the compounds sdded
being reduced as the number of rats
lessened during the feeding period.
The experiments were designed to give
an idea as to the possible toxicity of
the compounds selected and, if toxicity
was observed, some idea as to the sitc
or sites of damage.

The experiments were suecessful in
both respects, and indeed one may
saticipate that future appraissls of the
possible toxicity of chlorinated hydro-
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carbons may often be made by simple
feeding and do not require the elabo-
rate apparstus and the expense neces-
sary for inhalation experiments. The
essential reason for this opinion resides
in the identity of the lesions produced
by both methods, and the fact that the
different compounds so far studied
seem to arrange themselves identically
so far as toxicity is concerned which-
ever way they are administered.
Trichlornaphthalene plus traces of
tetrachlornaphthalcne.—Fceding began
on May 4, 1936 and continued
until November 2, 1936. In the begin-
ning 3 gm. of this ‘mixture were added
to the food for 10 rats each day,
and this concentration was maintained
throughout the experiment. Al the

. animals were killed except the last

which died on Nov. 2. There was no
loss of weight and no appearance of
wasting illness of any sert. The single
death was due to svme varety of re-
spiratory infection which had no rela-
tion to the material inhaled.

Histological examination showed
slight changes in the liver but nothing
of great significance.’

Tetra and pentachlornaphthalenes.—
Fecding began on June 29, 1936. A
dosage of 0.5 gm. daily was employed.
All the animals sickened gradually and
were either killed or died by August
29, 1936.

At autopsy both grossly and histo-
logically the liver was the single organ
affected. The liver cells showed swell-
ing, hypergranulation, hyaline inclu-
sions and vacuolation. Here and
there necrotic cells were found. There
was a tremendous accumulstion of fat.

Peiis and hexachlornaphthalenes,—
Feeding began May 4, 1936, 2 3 gm.
dosage being used. By June 6, nine

rats had died. The last one was obvi-
ously ill and was killed for autopsy
examination. All animals lost weight
from the beginning and were ill. At
autopsy the liver alone was affected,
the lesions obscrved being similar to
those that have been described for
tetra and pentachlornaphthalenes but
worse.

90 per cend penia and hezachlor-
naphthalenes and 10 per cent chlorsinated
diphenyl—Feeding began May 4,
1936 on 8 3 gm. dosage. On May
16th feeding was stopped but all
the animals went on to death, the last
dying on June 8th. An autopsy the
liver lesions were extremely severe and
of the usual type.

On account of the high toxicity of
the 3 gm. dosage, four rats were given
2 0.5 gin. dose every other dsy. Feed-
ing began June 24, 1036 and the last
animal was killed Sept. 11th, There
were no deaths but ali the animals lost
weight. At autopsy the liver as usual
was the single organ affected, the
lesions being characteristic and ex-
tensive. .

Chlorinated diphenyl.—Feeding be-
gan May 4, 1936 on a 3 gm. dosage
and was discontinued on lMay 10th.
Seven of the 10 rats were dead by May
12th. The three remaining rats
gained in weight but were sacrificed
for autopsy purposes on July 8th.
The liver changes began at once.
There were no changes in other organs.

A second group of 10 rats was fed a
much smaller dose—0.5 gm. every
other day. Feeding began May 20,
1836. The first rat died on May 29th
and four more before June 24th, The
remaining were sacrificed. Those rats
that died showed losses in weight,
while those sacrificed had recovered
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their initial loss in weight and were
geining. Theliver lesions were similar
to those found in rats fed penta and
hexachiornaphthalenes plus 10 per
cent chlorinated diphenyl but not o
marked.

Summary of gross feeding experi-
ments.—Of the various materials fed
rats in large doses trichlornaphthalene
plus traces of tetrachlormaphthalens
was quite innocuous. Tetra and
pentachlornaphthslene showed definite
liver damage. Pents and hexachlor-
naphthalenes caused a similar grade
of injury. The addition of chlorinated
diphenyl to penta and hexachlornaph-
thalenes increased the toxicity., Chlo-
rinated diphenyl alone produced liver
lesions but in the dosage used was less

—ffective than when mixed with highly
chiorinated naphthulenes. In no case
did the compounds used produce acute
yellow atrophy but the Jesions ob-
served indicate this might be possible
if one found a dosage which could act
for the proper period of time.
Feeding Precisc Doses by Stomach Tube

The compounds employed were sus-
pended in gum acacis. In figuring the
dosage the total amount & man of 50
kg. would inhale in an 8-hour day
assuming an air concentration of 20
mgm. per cu. m. was first ealculated
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 results
were emsentially similar though the
lesions were less severe.

Subcutaneous Injections

The same gum scacis suspensions
were injected subcutaneoualy into rats

and rabbits, the dosage being caleu- -

lated on the basis of 4 mgm. per cu. m.
of air. Again similar results were
obtained. In all such experiments
there must of neceseity be differences
in the degree of effect but invariably
the liver was the sole organ affected
and the lesions were those already
described many times.

Discussiox

These experiments leave no doubt
as to the possibility of systemic effects
from the chlorinated naphthalenes and
chlorinated diphenyl. As in the case
of the effects upon the skin, the degree
of chlorination seems to determinc the
systemic toxicity, and it is & striking
thing that when trichlornaphthalene is
reached systemic effects are never
txrked end are produccd with the
greatest difficulty. It is must remark-
able, too, that all 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 hexachlornaphthalenes but bave
found no increase over normal figures,
though the livers, as determined bisto-
logically, were very severcly affected.
At the present time we are conducting
inhalation experiments on a chlorin-
ated diphenyl containing 55 per cent
of chlorine instead of 64 per cent as
in the case of the experiments reported
in this paper and on s compound with
s chlorine content between tri and
tetrachiornaphthalene. We are also
determining the degree to which the
diet may increase or decresse toxicity,
this being suggested by similar work
upon carbon tetrachloride.

In the basis of these experiments
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and on many field determinations of
different compounds in the air of work-
rooms, it appears safe and it is cer-
tainly easily attained, to ventilate so
that the air breathed does not contain
more than 0.5 mgm. per cu. m. of any
of these compounds above trichlor-
naphthalene., Inthecaseof the latter
compound concentrations of 10.0 mgm.
are permissible. We know from
many examinations in many different
plants that such roncentrations have
becn greatly exceeded during the past
20 years, and we are conscious of the
fact that our rat exposures have
been inexorably constant whereas
human exposure is never so ordered.
Time and careful observation may
change these opinions as to standards,
but today we are convinced they are
safe. Impregnating tanks and other
arrangements utilizing the chlorinated
bydrocarbons are easy to hood and to
safeguard. Comparcd with benzene,
lead tetraetbyl and many other com-

Cotrrots-Scrrir: Etude sur I'intoxieation
professionnelle par le tricbloronaph-
taléne. Ann. de méd. légale, 14, 422
(1934). Abstr. of paper by ToumalNz,
A., axp Mgxtrezn, B.: Dermatoses
professionnelles par la naphtaline et
derivés. Prat. méd. frang., 1§,
335 (1934).

Funex, F. B., axp Jazviz, N. E.: Action of
eertain chlerinated naphthalenes on the
liver. Proc. Soe. Exper. Biol. & Med.,
85, 118 (1836).

Lzsuaxy, K. B.: Kurses Lebrbuch der
Arbeits- und Gewerbebygions. 8. Hir-
sel, Leipsig, 1919 (p. 251).

ol Snmet B T

pounds, these substances are very
little toxic and operations employing
them can easily be safeguarded. It
mey be argued that where possible
trichlornaphthalene should be used,
but this compound will cause acne and
if employed very carelessly might do
more. Furthermore, higher chlorina-
tion is often essential for highly prac-
tical reasons. The solution consists in
thoroughly adequate ventilation plus
good housekeeping around all wax
containers.

A final word of caution bears upon
the use of carbon tetrachloride as a wax
solvent. Obviously this compound
adds readily to the toxicity of the
highly chlorinated waxes. If carbon
tetrachloride is used, ventilation should
be excellent, but in our opinion it
would be better to dispense with car-
bon tetrachloride and depend on other
solvents, especially upon those con-
taining no chlorine.
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Discussion

Dx. Cxere K. Duunxen: We have bad
quite & long morning, but since Dr. von Oet~
tingen has to leave, 1 am going to ask him
to say a word.

Dz. W. F. vox Oxrrisaxx (Director,
Haskell Laboratory of Industrial Toxicol-
~gy, Wilmington, Delaware): I wish to con-
gratulate Dr. Drinker and his group on the
very interesting and excellent work on the
subject. I also wish to congratulate the
Halowax Corporation on the fact that they
didn’t epare any effort to elucidate the prob-
lem so that the dangers which apparently
sre connected with the use of this material
can be controlled.

I personally believe that there is no toxie
material which cannot be used safely if it is
bandled properly. In order to handle such
materials properly during the different oper-
stions it is absolutely essential to be famil-
iar with the toxicity and especially with the
mechaniem of the action. Bince there is no
animal which corresponds in all its physio-
logical characteristics to the buman being
it is important that such compounds be
studied with different species of snimals so
that one ean get a eross-section of the poten-

- -tial dangers.

In addition, this fsct illustrates the im-
portance of the pre-employment and peri-
edical examination of workers in such work.
As was pointed out by, Dr. Drinker, there
are individuals who are apparently more
susceptible to certsin toxic agents thaa
others. On the other hand, we bavs to try
to detect the very first signs of incipiens
poisoning in order to prevent more serious
damage. In the present instance it is very
difficult to find thess very first symptoms
because there are no adequate methods, but
I trust that in time the scientifie profession
will supply the medical profession with
adequate methods which will allow the
physician to determine ineipient damage of
the organ befors serious elinical symptoms
become manifest.

Thank you.

Afternoon Session
Dx. Cecni K. Damexsa: In this discus-

sion I will call on one or two individusls and
1sball expect athers to speak as their notes

incline them to. First of all I shall ask
Dr. Sayers if he will open the discuasion
for ua.

Da. R. R. Sarzas (Chief, Division of
Industrisl Hygiene, National Institute of
Health, U. 8. Public Health Service, Wash-
ington, D. C.): Dr. Drinker, Ladies and
Gentlemen: It gavemea great deal of pleas-
ure to have the opportunity to listen to the
excelleat and interesting discussion and
presentations made this morning. Dr.
Drinker, aad ] might add, the members of
the Halowax Corporation, have discussed
this matter with us, as well as the manu-
facturers of the diphenyls."

We have been doing some work but not
nearly as extensive as that carried on here.
The work that we have been doing seems to
eonfirm the work that Dr. Drinker has car-
ried on. I think there are certsin parts of it
that we can very well keep in mind.

We are dealing with toxic substances, but
we are dealing with toxic substances esch
snd every day in industry—harmful sub-
stances, hazardous substances. That these
ean be controlled is well known, no matter
what they are, and that we can use them and
use them in a safe maaner. Dr. Drinker
bhas called your attention to the fact that
this spparently has been done and can be
done in any of the plants where Lalowax is
used. [ have information from one or two
of the other men who are in the audience
that in plants where damage has been done
~skin damage and apparently liver damage
to some of the workers—the manufacturers
have sinee corrected the conditions and ap-
parently bave adequate engineering con-
trol supplemented with adequate medical
eoptrol. ’

After all, the proof of the pudding is in
the eating. If the man does not get the dis-
ease your engineering coatrol is successful.
If be does get the disease, no matter what
you have done in the way of engineering,
you havea’t been successful. We must go
hand iz hand. Neither profession alone
can be successful. We have got to work
together whether we like it or not. 1 hap-
pen to Like it. .

There is one other thing. Asfarssmate
rials are concerned I think we ought to be
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smart enough to use every one of them suc-
cessfully. If this material is particularly
adapted for s certain purpose we should use
it. Apotber material that was used pre-
vious to this for insulstion purposes, which
was fammable, caused a disaster in which
spproximately 167 men lost their lives. 1
say spproximately 167 becauss they were
never just sure whether it wsa 167 or 168.
It might have been one or two more but they
were quite sure that 167 lost their lives. It
happened when they had insulated a cable
with this material. They had an armored
electric eable. It was covered with lesd
srmor oa the outside. It was 1200 feet long
and was being lowered into a mine sbaft ap-
proximately 3000 feet deep. It was lashed
to a steel rope. It slipped and fell to the
bottom of theshaft. When the foreman was
inspecting it he set it on fire with his car-
bide cap-lamp. The carbon monozxide from
the fire killed those men that were in that
mine. Many of course escaped.

Here we bave one hazard, a fire hazard.
Now we bave another one, a bealth hasard
due to the toxic materials. We bhave to
evaluate them. Cortain of these materials,
I am informed, are also flammable. I am
notJust sure how Sammable they are but
fammability probably dcereases as your
chlorination incresses. But your toxicity
also incresses as your chlorination in-
creases, according to Dr. Drinker, and [
think that checks with other findings. We
bhave these hazards to balance but we can
control them. I feel quite confident that
we ean.

Perhaps we can find other substances that
are better even than this material. At the
present time I am advised that we have no
better. I am advised that in ships, such as
submarines, it is quite important ¢o have s
non-Sammable substance for the insulation
of their electrical wire.

Dz. Cxcri. K. Danexza: Dr. Gray, would
you care to say a word?

Dx. Araxxt 8. Gaay (Director, Bureau
of Occupational Diseases, State of Con-
necticut Department of Health, Hartford,
Conn.): Dr. Drinker, I doa’t think thers is
anything that I can say sxcept that we used
this material in Coaneeticut and we bad &

number of so-called cases. All [ st say is
a confession of ignorance on our part at that
time and I was very glad to see that your
digging into the literature as thoroughly as
you bave hasn't elicited any further infor-
mation than we were able to get, basically.
About sll we could find was about the two
cats that our friend, Lehmann, experi-
mented with. We got in touch with him and
he confessed that the amount that he had
given the ests and his method of determin-
ing it were probably subject to very serious
scientific criticism, and we agreed with him
on that point.

Wae felt, and I am very glad that it is what
you feel ss & result of your experiments,
that if we put in an efficient ventilstion sys-
tem sufficient to prevent the dermstitis, we
probably wouldn’t have liver damage.
That is what we did entirely empirically.

I think that is sbout all I have to say. I
bave been delighted to be bere and to have
a3 many members of my steff here as I could
jack out of the ofics. We have been de-
lighted to listen tn the discussion.

Dx. Crcit. K. Drrwxea: May we now
make the discussion general and those who
have Questions pleass volunteer.

Mz. Maxrrzn Bownrrerm (Director,
Division of Occupational Hygiene, Massa~
chusetts Department of Labor and Indus-
tries, Boston, Masa.): I wouldlike tosecond
very stroogly what Dr. Sayers has said with
regard to the approach t6 this problem in
proper control rather than by prohibition,
which seems to me wholly unnecessary not
only in this case but in the case of other
toxie substances with which we have to deal.
The problem of proper ventilation seems to
me relatively simple from what I bave heard
of the situation thus far. The problem of
maintaining that ventilation properly does
not seem to me quite so simple. [ think it
is going to be quite nmecessary that there
should be & very adequate inspection of
the plants using the materials and I can
sssure you that that will be the case here in
Massachusetts, ’

When this troubls first broke in this state
8 little over a year ago we issued a quite
strongly worded warning letter to all plants
using these substances and it has all along
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been my plan to follow that up with ¢ fur-
ther Jetter bringing the situation as we now
knovw it, as 8 result of Dr. Drinker's work,
to the attention of users in this state. In
that letter we sball unquestionably advo-
eate the concentrations that Dr. Drinker
has suggested this morning.

One point that I think is worth comment-

- jog on in that connection is the question of

identification of the substances. It is ex-
tremely important from the state adminis-
trative point of view that employers using
these substances should know what they are
using. They are identified at present anly
by numbers. If we list those numbersin a
warning letter which we send out there are
likely to be changes in those numbers. The
Halowsx Corporation is 8 progressive eon-
eern and it is going to be putting out bigger
and better halowaxes all the time. The
company s codperation in this present inves.
tigation has been such that | feel assured
that they will take the proper steps to see
that we in the state offices and aiso the users
of the products will know what we are using.

I wonder whether Mr. Brown would csre
to say anything about that.

Mz. Saxprorp Brown (President, Halo-
wax Corporation, New York, N. Y.): There
are some aspects of this situstion on which
I think 1 can eplighten the medical and
state and civie guthorities, with respect to
the commercial and practical sspects. If
you go into the research laboratories of any
large chemieal manufseturing company
today you will ind anything from one to a
thousand different new chemical products
which have not yet been put on the market.
Some of those may or msy mot be toxie.
The problem 80 far as the chemical many-
{acturer is coneerned is s question of timing.
You have heard this excellent presentation
given this moraing by the Drinker brothers
a8 to the work that they have done bers.
Should you take a product of which you
have developed, say, 8 or 10 gm. and spend
$50,000 on research to determine whether or
ot it is toxic or should you wait until you
have determined whether you have a market
for it? ’

If you are producing only cns bundred
substances 8 year you can ses thsi thst
would run into boxear numbers 1o the way

-may be some tetrachlornaphthalene, tri-

of dollars and cents before you ever sold
sny. Tbhat is the problem we have bhad in
this case. It has been on the market for
25 years. Until within the past 4 or 5 yesrs
there has never been any intimation that it
would cause any systemic eflects. Thouy-
sands and thousands of worknien have dealt
with millions and millions of pounds of cer-
tain of these materials, particularly the tri-
chlornaphthalenes. Then we come to the
higher stages, combined with chlorinated
diphenyl and other products, and suddenly
this problem is presented to us.

We bad asked various authorities in-
terested in public health, going back over s
period of 15 to 20 years, to investigate it
but there wasn’t much entbusiasm for it.
Mr. Bowditeh suggested that we take it up
with the Drinker brothers at this institu-
tion, which we did. You know the results
of that work.

Now so far as these changes are con-
cerned, they are beycnd our control to &
certain extent. We will masufacture s
product—Ilet’s eall it 1234, It has certzin
cbemical and physical characteristice. It
is supplied to s cable manufscturer. Itis
composed of cerigin ecvnstituents. There

chlornaphthalene, paraftin, a little piteh
or bitumen, and possibly some chlorinated
dipheny). It does s certain job but he
wants it to s little more plastic or he wants
its viscosity or the specific gravity changed.
Possibly by a change in those constituenta
of only 1 per cent we can get that particular
property. We can’t sell it to him as the
same product so we put & new number on it.
Basically, however, if the variation in the
chlorinated naphthalene or the chlorinated
diphenyl constituent hasn’t changed, the
toxic property of that will not change.

When it comes to a question of codperat-
ing with the state suthorities in that con-
nection, if there were some major change
made in & product we would bave no hesi-
tancy in advising them and we would also
advise our customers. Virtually every con-
sumer of these materisls at some time or
another has been given their technical or
chemical designation slong with their vari-
ous properties, whetber they be physical or
chemical.

Those srs some of the practical problems
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with which all manufacturers of chemicals

are conironted today, particularly in the

synthetic organic field where the develop-

ment is 50 rapid that our sales depariments

can't even keep up with the research depart-

dne.nu sometimes, in knowing what they are
oing.

Mz. F. R. Kauz (Assistant to Man-
ager, York Wireworks, General Electric Co.,
York, Ps.): I am certainly pleased to have
this opportunity to say a few words with
reference to the experience we have bad at
our York plant. I perhaps should say that
sgain in this case experience slone has been
the best teacher. I have lived with the
problem at York with the men who went
through the experience from its beginning.

It is only 1} years ago that we bad in the
ueighborhood of 50 to 60 men afficted with
various degrees of this acne about which you
all know. Eight or ten of them were very
severely afflicted—horrible specimens as far
as their skin condition was concerned. One
man died and the disgnosis may haveattrib-
uted his death to exposure to halowax
vapors but we are not sure of that. There
was an atrophied condition found as & result
of the autopsy but we are not definitely sure

_ thst it was or was not connected with his

work. Knowing the man as I did when he
was employed, with the superficial examina-
tion that he had, be appeared to me very
thin, pallid in his appesrance, and I would
not say from my poor knowledge of the

_physical make-up of the human being that

be presented a healthy appesrsnce. How-
ever, it was only for a 6 months’ period from
the time of his employment that he com-
plained of this constipated condition and we
sdvised that he ses his home physician. It
rapidly developed to the point where he was
in the hospital and in & very shoct time he
died.

More serious than that perhape is the fact
that we had 50 other men in very bad condi-
tion as far as the acne was concerned. The
first reaction that several of our executives
had was to throw it out—get it out of our
plant. They didn’t want anytbing like
that for treating wire. But that was easily
said but not so easily done. We might just
a8 well have thrown our business to the four-
winds and said, “We'll close up,” bacause

there was no substitute and there is none
today in spite of all the efforts we bave made
through our own research laboratories to
find one.

But we did develop—and I was most
closely associated with it—snd set up »
routine for bringing these men back to nor-
mal health conditions. A number of them
were sent to Dr. John H. Stokes and to Dr.
O. H. Perry Pepper of the University of
Pennsylvania Hospital, and the others to
Dr. Isaae R. Pels st Jobns Hopkins.
Through their recommendations and studies
we employed a trained nurse and two local
physicians and you might say established »
small hospital and its facilities at the plaat.
Through the application of quartz light,
x-ray, mechanical removal of ecomedones
and the treatment of pustules thst de-
veloped in later stages, an utteriy strict
routine where the worst cases were admiois-
tered to esch day for a period of 15 to 20
minutes, another group who were less seri-
ous three times a week, and still another
group once a week, we bave in this year and
a half brought each and every man back to
s normal skin condition. Those who were
very seriously affiicted do show scars, but
otherwise their skin is as healthy in appear-
ance a3 my own. [ tell you we are very
proud of the fact that they are still all em-
ployed and the amount of halowax that we
are using today is even greater in quantity
and in types than we were using a year and
a half sgo. .

With the adequate ventilation system we
bave installed, with the routine for change

of clothing from street clothing to work -

clothing when they come to work and the
reverse of that process, with the assurance
that a shower will be taken before the street
elothing is again put oo, we have found no
recurrence of this skin troubls. Each and
every man working with halowax products,
either from solution, from solid compounds
or handling the wire insulsted and trested
with it, is examined twice yearly with s com-
plete phyuical examination, ineluding blood
analysis and efiorts to determine any liver
damage. .
However, there is the point which was
very definitely brought out this morning.
We do not know as yet when this thing
starta. I believe it would be of great help

R
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to us all in industry if somse very funda-
mental work was done on bumans, as Dr,
Jones mentioned before we eams into this
meeting, some contro] in fundamental work
to determine some method whereby we may
determine the inception of any liver dis-
order.

We have had our men examined in groups
three times since the trouble developed and
nothing hias shown up in any oneman. We
have learned and appreciate the fact that we
must handle bazardous materisls, but we
have learned how to handle them. It has
been a very great experience for ua and for
myscll, and again the best teacher.

Dz. Creru K. Dringer: Can you recol-
lect the air concentration that you are main-
taining now with your present ventilating
equipment?

Mz. F. R. Kamupx: We have had two
exeminations made of the air by Mr. Wil-
liam F. Hemperly and they average from 0.2
to 0.6 mgm. per cu. m. We recently dis-
covered one condition which was found as
the cause of a high reading in one of the
examirations. The compound is one that
is not manufsctured by the Halowax Cor-
poration that is used rather infrequeatly,
perhaps oot more than 50 gallons of it in &
6 month period. It isin the form of s paste,
reduced with solvent to s paste form, and it
was not known that it contained s chlorin-
ated solvent in certain percentage. Wedis-
eovered it oaly recently through the analy-
sis of a sample snd we found that that was

" the cause of throwing the results off to s high
value. It wasthenabout8 mgm.percu.m.,
I believe. That is going to be eliminated
now. Thstis a combination of toluene and
carbon tetrachlorids solvent. When that
ecompound is expossd to the air the chlorin-
sted solvent odor is completely masked by
the toluene. Itislost. Iwasabletodetect
it only by removing the head of the drum
and immaedistely smeiling the odor of earbon
tetrachloride. Aa soon as that head was
removed for a period of 10 seconds the tolu-
ene predominated and we had no knowledge
of the othar being in thers.

Mz. Azravs Q. Bsvas (Ressarch Engi-
aeer, United American Bosch Corporation,
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Springfield, Mass.): Do I understand you
tonythtthounuwbomnﬂkud
are back on the same jobt

Ma. F. R. Kaneza: They all returned to
pormal skin health, as I say, and are work-
ing on the same job.

Da. Cecrs K. Damexza: Dr. Schwarts,
mhanmngaoddulolthumerd
subject.

Da. Louis Scawanrs (Mediea) Director,
Dermatoses Investigations, United Sutu
Public Bealth Service, New York, N. Y.):
I am primarily interested in denutxtu and
it was only because of my rescarches in that
field that I happened to come across infor-
mation given to me by Dr. Gray that there
were some cases of yellow atrophy of the
liver attributed to balowax. I esn only
talk from personal experience sbout the skin
esses. I know from what 1 have seen and
from what I have beard {from doctors who
bave been treating thess cases that if they
are trested like sn ordinsry acne vulgaris
and kept away from further large exposurs
they all get well, with the same results as
acne vulgaris. Those who have lsrge pus-
tules may have scars resulting and those
who have superficial pustules or only come-
dounes won't bave sny scars.

- As far aa prevention goes, I felt even be-
fore this investigation was undertaken that
this substance, like any other poisonous
substance, ean be handled and used in in-
dustry provided proper safety precautions
are taken, snd I soadvocated at the meeting
in Pennsylvanis when this was discussed.

About ventilation and safety precau-
tions, I think that while we cannot, with our
present knowledge, detect by any chemical
tests the early symptoms of intoxication
from this substance, the skin offers an easy
way of proving whetber your method of
ventilation is efciant or not. If there are
any cases of acne or of this dermatitis ocecur-
ring in a plant where halowaz or the chlorin-
ated naphthalene or chlorinated diphenyls
are used, then that shows that there is suf-
ficlant concentration of thess substaness in
the air $0 cause plugging of the follicles and
to eause o skin condition. If there is sufi-
ciant concentration to do that there may be
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sufficient concentration o cause systemic
poisoning in the few people who are hyper-
sensitive to the action of these hydrocar-
bons. Everybody is not hypersensitive to
them. If they were, of the thousands of
people who have been handling thess sub-
stances, more would have contracted this
disease and it would have been reported
very much earlier. This material was used
in Germany as early as 1914 or 1915.

While I cacnot add anything to the
methods outlined bere for safety in the way
of ventilation and so forth, I can say that
if you go into a plant and find that there is
any acne present among the workers with
this material you will know that there is
sufficient of the substance in the air to cause
acne and consequently sufficient perhaps to
be dangerous to the few people who are
hypersensitive to its action.

Dr. Czcit K. Drincza: There is a prae-
tical pointin regard to the question of deter-
mining these substancesin air. My brother
pointed out this morning that there are
several pieces of apparatus for doing this.
It has seemed desirable to & number of the
men who are here that during the next cou-
ple of years, while we are in & position of
learning, that we endeavor, if we can, to
confine our analyses to one piece of appa-
ratus, 00 that at least our results will be as
comparable as we can make them from place
toplace. :

1 don’t know much about this phase of
the subject: perbaps, Mr. Cook, you have
an ides or two about that:

Mx. Wazzew A. Coox (Chief Industrial
Hygienist, Buresu of Occupational Dis-
eases, State of Connecticut Department of
Health, Hartiord, Conn.). On the deter-
mination of the balowax I wonder if it
wouldn’t be preferable to have Mr. Hem-
perly discuss the method he has been using
throughout the eountry for the determina-~
tion of chlorinated naphthalenes.

Da. Cecrs K. Dawvxes: I think so far
as that is concerned it is best to leave that
to discussions with Mr. Hemperly and Dr.
Brandt afterward. But the question of
determining some uniformity of technie for
a while at least is, I think, a matter of gea-
eral interest to us.

Mz. Wazazx A. Coox: I am not quite
sure that I have in mind exactly what you
want in that regard. In conaection with

samopling?

Da. Ceenn K. Drinxxr: Yes, In con-
nection with the whole technie of determin-
ing the material in air, length of sampling,
type of apparatus, and so forth. It has
been suggested that we endeavor to agree
upon some uniform procedure for that and
as figures begin to come in, as they will in
the course of the next couple of years, we
will st least have them on a comparable
basis.

Mz. Wazrzx A, Coox: In that regard
there is no question but what the determina-
tions and results of analyses of the concen-
tration of injurious materials in air, corre-
lated with pathological findings or freedom
from pathological findings, are real factors
in further substantiating toxic limits which
are originally given us from animal experi-
mentation. In order to obtain data which

are of value slong that line it is desirable to

koow to what extent, in terma of milligrams
per cubic meter, workers are exposed to
in bresthing any potentially injurious
material. )

It seems to me that one of the things that
should be dons, which many of the plaats
and many of the organizations equipped to
make determinations of injurious materials
in air should do, is to make an effort to
develop one group and series of results
which will represent average exposures of
workers to chlorinated naphthalenes. In
getting that figure I think that it is of great
importance that we should consider average
daily exposurs. There is & tendency very
often in taking samples of air to determine
mazimum exposures, to get the exposure
over & 15 or 20 minute period when the
worker may be actually tending & pot where
the material is being used, whereas during
the subsequent half hour he may be 40 or
80 feet away from that particular loeation.
Therefore, for one thing, it seema to me it

would be extremely desirable to obtain in-

formation in as many plants and as many
locations as possible of the average expo-
surs, taking into conziderstion not only the
worker's maximum exposure while actually
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st work with these materials but also his
much smaller exposure and possibly evea
lack of exposure as he may go to other parts
of the room or even to other departments
during the eourse of the day.

Another type of determination wbich
seems to be extremely desirable to have is
concentrations of the chlorinated nsph-
thalenes st certain reference points. 1
believe that Mr. Hemperly very carefully
duplicated these reference points in each
of the plants where he took his determina~
tions. He took the samples, ] believe, at
breathing level and a certain measured dis-
tance from the pots where the chlorinsted
naphthalenes were being bandled, so. that

_next year he could go back to those same

locations or others could take determina-
tions at those aame locations, which are
definitely fixed and recorded, and learm
whether, due perhaps to clogged pipe lines
or to fans which might become loaded with
the condensed chlorinated naphthalene,
there might be poorer ventilation than origi-
nally designed and higher concentrations

of the chlorinated naphthalene than Vorid-‘

nally determined.

It seems to me that it would be an ex-
tremely desirable thing to have made avail-
able for all of us who are making these
determinations these reference points so
that in Massachusetts and in Connecticut,
at one plant or st another, a considerabls
group of workers eould be taking samples at
this one particular point with reference to
the source of generation of the vapor. Such
results would permit s comparison of knowl-
edge between plants,

In that regard it happens that there is a
committes of the American Public Health
Associstion which is charged with the devel-
opment of chemical methods for determina-
tion of atmospheric contamination such as
that now under consideration. It seems to
me that it might be a very desirable project
for that committee to consult with the in-
vestigator of the Halowsx Corporation and
suggest to all of those who are doing work
of this type, after some discussion, what
reference points ecould be adopted and siso
what should be done in connection with get-
ting these average exposures. Ass matter
of fact our committes will discuss that very
featurs and possibly include it in our report

.t b,

before the A. P. H. A. in October s one of
the projects which we shall earry out at
-that time.

As 1 have not given this consideration, I
am afraid my discussion is not as connected
as I might wish it to be. We have s real
problem bere and orie that deserves some

Dz. Ceenn K. Drixxex: Would it be of
service to the American Public Health Asso-
* eiation Committee if & sub-committee from
this meeting, collected perhaps by my
brother and those of you involved with these
problems, were t0 make s recommendation
tothe A. P. H. A. as to the things you have
brought up and as to suitable apparatus,
snd let the final statement come from the
Associstion after they have considered that
material?

Mz, Wanzexy A, Coox: I think that
would be a splendid ides because we have
s bulk of information on this particular
materisl. A number of individuale have
given much thought to the development of
apparatus, both the ecombustion metbod
which we have here and also the continnous -
record type of sapparatus which Professor
Drinker mentioned this morning. I think
that it is & sufficiently important project
that s sub-committee made up from this
group could give that committes & very
definite steer. ’

(Personnel of the Bub-committes: W. A.
Cook, chairman, A. L. Coleman, H. B. El-
kins, W. B. Fulton, 8. W. Guraey, E. R.
Hayhurst, W. F. Hemperly, F. W. Sehl, and
A. N, Betterlind.) :

Mz, Hzavzy B. ELxxs (Chemist, Divi-
sion of Occupational Hygiene, Massachu-
setts Btate Department of Labor and Indus-
tries, Boston, Mass.): In eonnection with
what Dr. Schwarts has said, I am not sure
that I am in complets agreement as regards
the wse of skin lesions as warning srents.
It is my understanding that in insulsted
wire plants the chlorinated diphenyls are
very commonly compounded with the chlo-
rinated nspbthalenes. It is also my under-
standing that thess are more likely to cause
s severe okin irritation thaa the straight
chlorinated naphthalenes. Oun the other
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band, from Dr. Drinker's work one would
judge that the straight chlorinated naph-
thalene was nearly as toxic at least as the
mixture of it with & small amount of chlo-
rinated dipheayl.

In the eondenser factory where we had
our eases there is no chlorinated diphenyl
used and 0o scne of the type described in
the reports on the insulated wire factories.

. Da.R. Euxrrr KeLLy (Monsanto Chem-
ical Co., St. Louis, Mo.): I ean’t contribute
anything to thelaboratory studies but there
has been quite a little human experimenta-
tion in the last sevcral years, especially at
our plants where we have becn manufactur-
ing this chlorinated dipheny). It bas been
our observation that slthough on one occs-
sion we did have & more or less extensive
series of skin eruptions which we were never
able to attribute a3 to cause, whether it was
impurity in the benzene we were using or to
the chlorinated diphenyl], we have never had
any systemic reactions at all in our men.
We have examined them very closely both

" from what laboratory tests we thought

might help us end from the clinical view-
peint. Alio [eom chlorinated diphenyl
alone there have been no cases of systemic
poisoning reported. .

I don't believe that we can transpose the
laboratory results into the actua! humans
without paying considersble attention to
the volatility of diferent substanees and the
way they are being used.

Dr. Joux A. Hooxey (Consulting Der-
matologist, Halowax Corporation, Detroit,
Mich.): 1 bave bad considerable experience
with the dermatological angle of this probe
Jem. The experience at the Halowax plant
at Wyandotte definitely was that the derma-

- tosis did ineresse when eompounds were

used rather thsa the strsight chlorinated
naphtbalenes.

From the discussion we have heard today
I think the obeervation Dr. Drinker made
that the chances are that dermatological
problems will disappear along with the other
is probably true. However, I think that
eertain precautions, certain insurance meas-
ures, you might say, should bs taken in
hiring men who are going to work with
thess products, even though we are going

to sttempt to get the concentrations low.
We saw this moming that the effect of these
products was on the liver and that if some
one working in thess products developod
liver damage from some other source the
chances of his having serious trouble was
incressed. Therefors, inasmuch as there is
no test to tell whether a person has had liver
disease, eertainly in the preliminary mediesl
examination of applicants for work the his-
tory at least should be gone into very care-
fully for a history of previous liver diseases.

There are other things that should be
taken into consideration also. One is the
history of syphilis, because syphilis does
have sn effect on the liver. If there is any
history of syphilis I don’t think that that
man should be hired. A Kahn test should
be taken and I think that it would be a good
plan to take Kahn tests on men at stated
intervals, because they might develup
syphilis after they are hired.

I think those things should be done even
though we feel that if the concentration of
these vapore in the air is kept ac low as was
recommended this morning, the chances of
baving toxie eflects are very small.

Mn. F. R. Kauer: I would like to clarifly
s point of Dr. Hookey's.

You mentioned at the beginning of your
talk that your experience in acne condition
was more pronounced from the compounds
of various materisls with chloronaphthalene
than with the straight chloronaphthalenes.
Did you mcan by that, that the acue eondi-
tion actually was more pronounced with the .
compounds than with the straight chloro-
napbthslene or was that dueto the fact that
you were in & plant operated in & different
fashion? In other words, you handled your
numerous wire compounds in more of a
batch operation. That is my understand-
ing from Mr. Brown.

Is it a fact that the straight ehloronaph-
thalenes are Jess harmful in so far as acne
is concerned or is it because of the handling
of batch compounds?

Dx. Jomx A. Hooxzy: That is a question
that wouid be difficult to answer. I based
my statement on the fact that in taking s
genersl survey of these cases after | startad
working with tham the men in the piant said
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that they developed scne more often and
more seversly after they started making
compounds. It may bé that it was in the
method of the handling.

Mn. F. R. Eanaxn: Youaay that the eon-
dition increases with the increased chlorine
content and we are attributing the acne pri-
marily to the chlorine radical. If that is
true, what are we to sssociate insofar as
these various other constituents ars con-
cerned, such as various plasticizing agents?
How much do we know about those insofar
ssdevelopment of acne is concerned? Some
of these compounds bave a half dozen con-
stituents in them other than chlorodipbenyl

“and chloronsphthalene. We are at the
present time considering the chloropaph-
thalene as the basic element responsible for
the acne condition which we have. We
know very little sbout what the other mate-
rials may or may not do.

Dz. Jome A. Hooxsr: I don't know
sbout these other materisls. Perhape Dr.
Schwarts would know something more
sbout them.

Dz. Lovis Scawarts: It is well known
in industry that there are msny compounds
that csuse acne. For instance, paraffin
acnes and oil acnes have been known for a
long time. Parafin acncs, wax acnes, are
simply s mechanical plugging of the fol-
licles of the skin by the minute particles of
wax that {all on the skin. 1 think that the
scne caused by these chlorinated nsph-
thalenes and diphenyls, beesuse it is caused
by both—1 was down st the Swan Chemical
Company where they make chlorinsted di-
phbenyls and they have acne there just the
same as over at Wyandotte where they maks
the chlorinated napbthslenes—I believe
that thet is caused by the same thing, a
blocking up of the follicles of the skin, the
formation of the comedons and then the
comedone becomes infocted and forms a
pustule. They don’t all pustulate because
they don’t all become infected. Many of
these men never have any pustules. They
just have little white elevations on their
skin,

In those people who are in the acne age,
the youngsters of 18, %0, 22 and 23, acne

vulgsris is most apt t0 oocur. The sebace-

. ous glands are most active and they seem to

bave it much more than the older people in
whom the sebacecus glands are not so
sective.

We keep » clipping of all articles relating
to industria} dermatitis in my office and 1
recently read an article in 8 German mags-
sine in which they report in Germany a
similar acne condition from chlorinated
phenols and chlorinated benzenes and solid
wazxes. It scems that this acne-like condi-
tion is not peculiar to halowax or chlorin-
ated naphthalenes or diphenyls but can
occur with any condition that blocks up the
sebaceous follicles of the skin.

Da. Rorar Mxzxrs (Specisl Agent,
8tate of Connecticut Department of Labor,
Hartford, Conn.): I am full of questions.
As a statisticisn I am s little bit suspicious
of averages, 20 I should think that we should
take maxima as well as averages in getting
at the threshold dose or the dangerous im-
pregnstion of the atmosphers with these
poisonous compounds. 1 just wanted to
drop that as s hint for this committes to
consider in its work.

In spite of what you said at luncheon,
Dr. Drinker, I still think it is rather impor-
tant to determine how the pluggiog of the
pores sctually does oceur, whether they are
plugged as Dr. Schwartz bas suggested,
from the particles fslling on the outside of
the skin or whetber they are plugged, as so
many doctors have informed me, from inside-
as it were. The [umes are breathed, the
substance gets into the blood strcam. Itis
thrown off through the pores of the skin and
the pores are plugged. 1 think it is rsther
important to determine that because it
seems t0 me, from the slight knowledge that
I bave of the industrial applicstion of halo-
wax eompounds in insulsting wires, that
the plugging of the akin, if it is just an out-
side plugging, msy take place sitber from
handling & solid substance or from the
coating on the wire after it becomes cold.

1 haven’t heard anybody ssy aoything
sbout thoss Massachusetts cases of very

severe dermatitis sad I am not so sure but
what thers was some question of liver dam-
sgetbers. Nobody has ssid anything about

them at all. There is 20 question there
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that the condition, whatever the complica~
tions might have been, came from bandling
cold wire, in & confined ares of eourse.

I think this needs a grest deal more study,
Dr. Drinker, than you and your sssocistes
have been able to give it as yet. All [am
curious about is the way we can sdminister
the protective labor Iaws in order to protect
both the employer and the employee.

I listened with very grest interest to the
expositions of suggested pota for the appli-
cation of halowax, chlorinsted naphthalens
snd dipbenyl. It seemed to me that they
left very much to be desired. I don’t see
why the application of the Lalowax com-
pound, if it is necessary, as I assume it is,
to use this rather dangerous substance, can’t
be done in & practically closed pot. If you
please, Dr. Drinkee, [ wish you would ssk
Mr. Reeves of the Rockbestos Products

. Corporation ta tell how they have handled

it. If { am any judge of equipment and

. safety devices they have come as near to

eliminating entirely from the atmosphere
all contamination from fumigated or evapo-
rated balowax as anyone. All of the appli-
cation of halowsx, either in the melting pots
or where it is applied to the wire, is done
under hooding sad with ventilating appe-
ratus, snd it seems to be eatirely adequats.

Msa. B. H. Resves (Vice-president and
General Manager, Rockbestos Products
Corporation, New Haven, Coan.): I will be
very glad to tell of our experience if it will
help the picture along. Our experience has
been more or less parallel with Mr. Kaimer's
in as much ss we msaufscture the same type
of wire. We have avoided the serious pic-
ture that he ran into, probably due to the
fact that shortly sfter 1923 we were wsing
benzene as a solvent for asphaltic materials.

We got into anemis difficulties with ben-
gene fumes and had to install & complete
veotilating system to remove all those
fumes from the msachines that applisd the
compounds to the wire. Following tbe
fnstallation of that equipment we were sble
to get & substituts for bensens, 20 we got it
out of the picture. :

We are still in the sams fix as every one
olne is a3 far as Snding & substitute for halo-
waz. Thaereis nons that we knowof. Con.
sequently when we went to the uss of halo-

wax we had & head start as far as the
ventilating system was concerned, sinoe
ours was already installed and adaptable to
s compcund with a benzene solvent rather
than s aelted balowaxcompound. Inorder
to keep the fumes of & highly volatile sol-
vent under eontrol we did develop s prac-
tically complets enclosure for the container
in which the compound was placed sad
exhsusted that container in order to prevent
any escape of the fumes from it. When we
changed to the halowax compounds we fol-
lowed the same scheme of applying the
compounds and used s completely enclosed
pot. There is & bole in one side {or the wire
to go in and one on the other side for the
wire to come out. There is enough exhaust
suctioun on the enclosure to preveat any
fumes from getting out of the openings
where the wire enters and leaves. Of course
periodically it is necessary to open the pot
to replenish the compound or make adjust-
ments. In that case we have the ventilet-
ing system interlocked with the door that
the operator opens so that when he opens
it be increases the amount of air travel
about ten-fold.

Da. Rorat Mzzxen: Whst is the veloc-
ity whea the door is open?

Masz. B. H. Rezves: With the door wide
open, st breathing level the velocity ia 200
feet. That is the linear velocity. We
check that every week on every opening at
every machine with a velometer, 8 small

instrument which iz essy enough to operate- -

and reads directly. Whenever the velocity
falls below that figure the pipe connecting
thet machine is taken down and cleaned,
because there will be condensation inside
the pipe to cut down the sir low and reduce
the ventilation efficiency.

Da. Rovan Mresxs: What do you think
of that trap device ahown?

Mz B. H. Raaves: 1 don’t know what to
think of that. I don’t kmow whether it

-would be practical or not. I was going to

ask Dr. Drinker whetber in pessing the air
laden with halowss fumes through the boxes
of rats there was any deposit of balowax in
the enclosurs.
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D2, Ceciu K. Danexea: Yes. It is
detectable readily through the outflow pipe.

Mz. B. H. Rexves: Those in the farand
probably didn’t get the concentration.

Da. Ceoiu K. Daixxra: We change the
poeition of the boxes each day. The ones
furthest away move into the ncarest posi-
tion, s0 that over a period of weeks all are
exposed equally,

Dr. Exzzr R. Harmrast (Consultant
in Industrial Hygiene, State Department of
Health, Columbus, Obio): I would like to
ask if it wouldn't be poesible to put s cold
water line around that trap and deposit it
all before the air escapes from the trap.

Mz, B. H. Rrrves: We have tried cool-
ing the surface of the exhaust pipes in order
to concentrate the deposit in one place snd
make it unnecessary to remove long lengths
of the ventilating system. WWhile we have
found s slight advantage in doing so it
hasn't at all paid for the expense. [t is
much easier to take the piping down. Con-
sequently I doubt the possibility of remov-
ing it all by eonling the surfaces of the trap.
It might be poesible, by building s labyrinth
of refrigerating coils, to colleet it. But
then you would have the problem of remov-
ing it from the coils after you bad collected
it and it would iuvolve rather complicated
procedure. -~ - .

Dr. B. L. Yosaurcu (Medical Director,
General Electric Company, Schenectady,
New York): We bave beard sbout tbe pos-
sibility of preventing liver damage and skin

* trouble among manufscturers of wires and

eables and so forth, but like the old rhyme,
every dog has fieas and the eas bave fieas,
we also have customers who .use wires and
cables in tunpels, in enclosed spaces, splie-
ing them together and doing all sorts of
things. 1am notatall certain that we know
what the concentration of these chlorinated
hydrocarbons is under those conditions.
About the tims we were having 80 much
trouble at our York fsctory some of our
customers began cormplaining. We thought
we were having s hysteria of balowas manis
throughout the country. Some of their

complaints were bona fide. We hod no dif-
ficulty in handling oold wire and the men
had no skin trouble. Yet when they did
the same thing with possibly the applieation
of beat in tunnels, ships and so forth, they
actually did develop trouble.

We have used, of course, the ieterus index
in following some carbon tetrachloride cases
and | wondered what you have to say about
that. [s that of Do valus st all in the case
of liver damage in this material?

Da. Cecrt K. Drinxes: [don't think so
until it geta 50 extreme that we know it any
way.

Da. B. L. Vosaonca: I did write down a
few questions that came to mind. Some of
them have been answered and some are
foolish but [ shall ssk them anyhow.

It ocecurred to me that if trichlornaph-
thaiene has been proved to be practically
innocuous, isn't it a problem of research
largely for the Halowax Corporation to use
ouly that one material adopted with other
known chlorinated compounds to meet the
requirements of customers? That is one
of the foolish ones probably, but I shall
just ask it.

Furthermore, how long ia it reasonable to
expect the liver to recover after it has been
pretty well damaged. [ talked to you and
you said you hadn’t worked that out with
the animals ss yet.

Da. Croit K. Drixxen: In that esse we
set aside a certain number of sanimals to
recover, after knowing that a certain
amount of damage had been done. Then
we started to kill them but we invariably
Tan out of rats before they ran out of lesions.
We don't know how long it lasta.

Dxz. B. L. Vosavzax: Have you given
them calejum and glucose as you would with
earbon utruhlolfido?

Da. CscrL K. Drxxzr: Not yet, but we
are doing an experiment now with one group
on a very high esleium dist sand snother
group on a caleium free diet. The whale
question of calefum in the diet, of giving
milk daily to these people may be worth
while.
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Dx. B. L. Vossumax: I just bad those
questions in mind. 1 would like to hear
what Mr. Brown would say as to tbe possi-
bility of using only this one innocuous
chlorinated nsphthalene.

Mz, Sawxpromn Browwn: That would
simplify our problem exceedingly, not only
from the commercial standpoint but from
the toxicity standpoint. But if we did so
I think that Mr. Kaimer would be the frst
to object because he wouldn’t be able to get
the technical effects he desires in the cable.
The same thing applies throughout all the
industry where we are using these higher
chlorinated products.

The problem as we sce it, and it is one
which we intend to study further (we have
our program for this continuous work that
will be done under the direction of the
Drinker brothers), is to try to find & line of
demarcation and whether or not within this
complicated chemical structure there is
some one thing that causes the trouble, If
we could take bexucllornaphthalens and
remove 1 per cent of some unknown eonstit-
uent with which we are not now familiar
and eliminate the toxicity, that would be
a lovely solution. -Whether we will ever be
able to attain that I don't know. That is
one of the things we have in mind.

As ] said before, that is one of the things
with which sll manufacturers of these syn-
thetic organic products are confronted at
some stage, either in their laboratories orin
commercial developments. It is largely o
question of timing as to when you should do
the work, how much you should do, and
whether you know bow to doit. You bave
to learn that first,

Da. Czcir K. Dmixxen: Unless there is
some other important matter I will declare
the meeting adjourned.

Dx. R. R. Saveas: May I say & word
more with regard to what Dr. Hookey stated
on syphilis? If you ars going to eliminate
all your workers who happen to develop

syphilis during the time they are working
for you, you are probably goirg to lose some
very important employees. It would seem
that it would be worth while to give serious
consideration to seeing that econditions are
proper and suitable for them to continue
working for you and that they have proper
treatment. In other words, I don't believe
that is 8 good or suflicient reason for dis-
charging thore employees who do develop
syphilis. We have not found that to be
true in other places and I question whether
this is one of the places. Imay be in error.

Mz. Saxpronp Browx: I want to take
this occasion to express on behalf of the
Halowax Corporation my thanks for the
excellent cooperation we have reccived from
various state suthorities and our customers
as well in this investigation. I believe you

* bave all formed the opinion, based on what
you bave heard this morning, that our whole
motive here is to conduct this on an ethical,
scientific and constructive basis.

In collaboration with the Monsaato
Chemical Company wne have a much more
comprehensive program in view to carry on.
Thercfore we went to continuc that same
type of cooperation. .

There is one thing that I want to bring up
in that connection, which will have to be
observed by the state authoritics, when they
go out to make these inspections. That is
the necessity of not creating mob hysteria
on the part of the workmen in the plants
where these inspections are made. Mr.
Hemperly bas run into some very interest-
ing situations in the various examinations
be has made. [ know that he would be glad
to relate them and give the benefit of his
experience to the heads of any of these state
departments who will have the direction of
this work, Otherwise I can see where we
will be unable to get the full codperation of
not only the individual workmen but the
plant foremen and the management, and we
must bave that if we are to get the results
that we are shooting for over the pext sev-
eral montbs or years. This thing may con-
tinue, probably will continue for years.
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