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lenes and compounds of allied
pharmacological possibilities is
. extremely wide, and with the steady
. growth of the use of electricity is cer-

-THE use of chlorinated naphtha-

Aain to expand much farther. For
it has been known that many of
compounds cause a troublesome

pi.7.8e0e, and there is a large literature

zAvestigations have not been concerned
with chloracne but with the possibility
‘.lyxtemic effeets following ingestion
G‘l.nhalation of such products. In the
- "pring of 1936, the Halowax Corpora-
A division of the Bakelite Cor-
alon, called our attention to three
cucases of jaundice in workmen
Usng chlorinated naphthalenes and
Onnated diphenyl, and requested
= ¢ the subject be investizated ns
. " Received for publication June 30, 1937.
283

——————'-—m

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

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

t The Halowax Company makes many
products besides ehlorinated naphthalenes,
and it has come to our knowledge that all of
these products are indiscriminately ealled
“halowaxes’’ by purchasers and users, and
are lumped together as poasible causers of
acne and even of systemie discase, Since
“halowax" is merely a trade designation,
care should be taken to deserihe compounds
by their chemical names and thus avoid
condemnations which are both troublesome
and mislcading. '
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have a cirrhnsis of the liver with acute yel-
low atrophy superimposed upon it. This
man had been exposed to low concentrations
of vapors arising from a mixture of tetra
and pentachlornaphthalenes, together with
approximately 10 per cent of a 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 treatment with arsphenamine
or exposure to dangerous concentrations of
carbon tétrachloride.

Patient £. This was a young man who
died in February, 1936, after an acute illness
characterized by jaundice. He had been
exposed to fumes arising from a mixture of
penta and hexachlornaphthalenes. There
i3 no record of chloracne. The patient
worked with a large number of other people
of whom but one (Patient 3), a close friend,
bad significant illness.

Patient8. Another young man employed
with Patient 2. He became jaundiced in
March, 1936, and died after an illness of 2
weeks. A carcful autopsy resulted in a
diagnosis of acute yellow atrophy of the
liver Here agsin no history could be ob-
tained as to a precipitating cause, and there
was no record of preceding attacks of
jaundice.

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

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

who had been exposed to tnchlq,
naphthalene. Of these 13 were f,
to have mild digestive complajpy
anorexia, nausea and vertigo, b!:t.
Courtois-Suffit remarks finally, «
sorption is certainly possible and
have for proof of it some of the d]g'u_ :
tive and general complaints wh
have been due toit. But they appe: ¢
to be of little consequence consider;
the mildness of the digestive troubly
and the abscnce of respiratory phg.
nomena.”
In Touraine’s cases the exposure wag: g
to a trichlornaphthalene, whereas t& S
American cases of acute yellow atrophy’ ",
were exposed to compounds of highee’ %
chlorination. Our own experimen{y 7
indicate that trichlornaphthalenes re
quire enormous dosage, far beyond3
anything encountered in industry, &Y
order to produce liver damage. Td-
eky (1927) reported a number of c&vu
of chloracne in persons exposed 0¥
chlorinated naphthalenes with a chlo- .
rine content ranging from 14 to 53 pet
cent. He found that the lower tha’d
chlorine content the less the acos '4,}
Mittelstidt (1935) examined 2 number” A
of cases of chloracne due to trichlor
naphthalene and reported a number o ;
vague general complaints but nothing’;
in the nature of scrious discase. Re-;
garding his animal crpcrlmcntatlonv
Lehmann (1919) reported that lm“r
mals fed chlorinated naphthalencs re
fused to eat after a time and lh&t-.
whether poisoned by inhalation of by
feeding, at death showed * pccullﬂf' :
lesions in the fiver. Flinn and Jarik yige:
(19363) gave subcutaneous injections
enormous doses of chlorinated nﬂPb“\'of
thalenes dissolved in paraffin oil ¥
rabbits. The compounds used ‘“"“
as follows: :

=g

qé

pel. 192 19 7l

1A mixture of
naphthalene

g, A mixturt of
chlornaphth
A mixture of
chlornapht!

In addiion, subl
) were collected

& ’nbcutnneou\l)
. Noue of the anir
" the sublimate frow

after 2 months wer
sutapsied.  The fi
mals receiving 3)
day and the last
Those receiving th
were oven more
Autopsy in thes

- .griking changes
* described, cntire

“scute vellow atre

- puggestive to eaus

clude that “certa
thalenes or imp
them are capable
atrophy of the lix
At the begim
Flinn and Jarvit
fact that there |
of acute yellow
in men working v
thalenes but giv
tothem. These
the same ax tl
beginning of thi-
Cue may =u
literature upon
these substaner:
1. With the
tion of neute A
and Jurvik (193
OF even xipwes
upon human be
2 There iz e
) that tl. theseres
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FEFFECTS

_.A mixture of tri and tetrachlor-
naphthull‘nv

mixture of tetra and penta-
chlornaphthalene.
3. A mixture of penta and hexa-
il chlortiaphthalene.

a'addition, sublimates from (2) and
.l "were collected in oil and injected

taneously. o

.rNone of the animals recetving (1) or
sublimate {rom (2) died, and even
L eler 2 months were quite normal when
l'.sa(op:l(‘d The first death in the ani-
n:.k receiving (3) oceurred on the 12th
-day and the last died on the 26th day.
Thase receiving the sublimate from (3)
<& were even more severely affeeted.
\ *.f’Autopsy in these animals revealed

T A
.

l'.

""‘hlmbcd entirely characteristic  of
5 icute yellow atrophy but sufficiently
saggestive to cause the anthors to con-
%' dude that “certain chlorinated naph-
Ahalenes or impurities contained in
e are capable of producing yellow
Atrophy of the liver in the rabbit.’
= At the heginning of their paper,
; Finn and Jarvik (1936) mention the
1 that there have been three cases
o acute yellow atrophy of the liver
‘R men working with chlorinated naph-
ﬂnlen(\ but give no details in regard
4"°tbt‘m These eases are undoubtedly
1’* same as those deseribed in the
inning of thix pager
~Cne may =ummarize the meagre
ture upon systemic effects from
substances as follows:
. < L With the exee (tion of the men-
o of acute vellow atrophy by Flinn
qlbd Jaevik (1036) there are no reports
- even Sugprestions of
'_°P°n human b,
2 There is evie

~ertons eoffects

tee 14920

CFelky,

t Lo .
the degree of chiborination is i

£ griking changes in the liver, not, as
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nificant in relation to the production
of aene.  In the work of Flinn and
Jarvik (1936).the compounds produe-
ing serious liver injury were the nost
highly chlorinated  of those  tested,
though the chlorine contents as given.
by analysix vary surprisingly little.

3. There are no published  fgures
upon the amounts of various chlorin-
ated naphthalenes in the air which will
produce injury of any =ort, and while
the work of Lehmann (1919) and of
Flinn and Jarvik (1936) point to the
liver as a possible stte of injury this
indication rests upon
dosage as to fail to apply direetly to
hnman exposure,

such  extrene

IxruimeNTan Wonrk

In appraising the possible toxicity of
any in industry it s
first necessary to determine the prin-
cipal route of absorption:  In the ease
of the corupounds under consideration
there can be no doubt that inhalation
i= their chtefl means of entering the
bady.  They
variety of operations and volatilize in
varied degree. They are often applicd
in =olution in =uch volatile solvents as
The
amounts reachineg the air ander sach
hardly detectable,

substance met

are used hot i great

airhon tetrachloride and toluene,
circumstanees are
It will however he shown that earbon
tetrachloride sedds to the toxicity of
the chlorinated naphthialenes and allied
compounds, and il there i pos<ibility
ol inhaling these campenmds in other

parts of the fetory then inhalation of

ecarbon tetrachloride adds o decided
hazavd,  Uieder suech elreumstanees
solvents sueh a~ toheene <hondd he

el
Observation o o number of plants

catses = 1o feel that even thoauh

STLCOPCB4023591



T s e T

0
Ly

QTR TR T T

i by

!
RAYY JOURNAL OF INDUSTIRIIAL 1

workmen may be extremedy divry ol
cureless, comparntively little of these
waxes s eaten. They ave tenacions
substanees, insoluble in water, and it
they get on the hands they stick there
and are not transferred to the food.

Skin ab=orption is the third possible
meuns of entering the body. It may
occur hut at best must he slight when
compared to the steady inhalation of
finely divided or gazcous material in
the air.

YGIHENE AND TOXTCOLOGY ~

ttor, Fhey thrive apon o dieg
~trnilar to man, and in the cose
chlorinated compounds it s

that dict may be very -"i.‘i“iﬁ("mn, ;
Finally, their normal ('h:u':n-(or‘bﬁm?‘:‘
have heen deseribed =0 well ax to maky 158
the detection of abunormalities bothu-’

casy and certain.

Mcthod of exposure.-="The inhalation

experiments were carried oul in foyp

large air-tight wooden  boxes, cach
capable of holding ten rat cages, size

- =
~

W23+ T2arsts |

Frao 1, Front view and inflow end of two boxes with rat eages in place and dooes apen,

Lehalation experiment< are then the
imost important sourees of information,
but to thewm we have added g certain
number of ohservitions npon ingestion
and subettancows injeetion of varvions
compontids,

Liehalating I‘,‘.I'/II rime nls

White  rat~

caploved  throughont,

Aurmals, been

have
They permi
the vuse of o large number f aniads

i relaniy ey saudh indudation tustalla- -

U7 x T, I two iers of five
eages esteli,. When the experiment was
nat in progress the duors were opened
wide and  the enges kept in place
(fiwure 1), :
At the center of one cred of cach lox
the inflow endd air was introdueed
throweh u pipe 7 oinehes in dinmeter
Hieare 200 Faels hox was mlnip]“"l

with s individual variadiesspuee? clees

tric blower whiely blew e aiv llu'ullllh

~several feet of T-nel |li|u‘ Lwefare enter-

by

ol 19,00 R
(ll(' (.(ul ol th

e .
daveedd 1t

meter wots hne
the flow of e i et
d be adjusted o

coutl - '
a calibratin

{rom
deficctor placed at
pipe into tl.m hox -
are o uniform ¢
stream of air to th
At the appostte
outflow el —the
nas exhausted thr
futed with a damp
a large central exl
About 4 inches {
the 7-inch pipe inte
of the substances
duced inta the i
ctally  designed
(igure 4), 71 incl
¢ diameter of 1L e
hold the heated
were made with o
that extended to
top of the tlazk w
this fitted a shor
length. This ~he
into a large rubbe
tightly into a hele
pipe on the wusler
flask in turn was
heater made to
helow the ~ide ar
top. Rubher tu
side arm with 2«
voir'and a gentle
throngh the mel
motion aned assur
Into each fhisk wa
centigrade  thern
kept in phiee and
time ahaove the
whiel it ‘I:l~~('-|l ¥
Approxinately
chlorinatel naprht
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ing the emd of the hox.  An orifice
meler Wi placed in the pige line, and
the flow of air in cubic feet per minute
could be adjusted and read off direetly
from 2 calibration curve. A\ vane
. deflector placed at the entrance of the
'p,pc into the box was adjusted to as-

are a uniform distribution of the

At the opposite end of the box—the
‘outflow end—the air from each hox
" was exhausted through a 7-inch pipe
"+ ftted with a damper and conneeted to
s large central exhaust fan (figure 3).

About 4 inches from the entrance of
the 7-inch pipe into the box, the fumes
of the substances listed were intro-
duced into the inflowing air. Spe-
cially designed pyrex glass  flasks
{figure 4), 73 inches long and with a
diameter of 1} inches,. were used to
hold the heated waxes,  These flasks
were made with a stde arm and tahe
that extended to the bottom. The

this fitted a short tube 1} inches in
kngth.  This <hort tube was inserted
o into a farge rubber stopper that fitted
T tightly into a hole eut out of the T-ineh
pipe on the wnder <ide (figure 21, The
Rask in turn was placed in an electrie
heater made to cover it completely
below the side arm and ground glass
lf’l')- Rubber tubing conneeted the
ﬂd.(‘ arm with a compressed air reser-
YoIr and a gentle stream of air hlown
through the melted wax Kept it in
motion and aasured uniform heating.,
nto eacl flusk wins inserted o longe stem
tentigrade  thermometer which wis
."Dt in pliee and conld he read ot any
“"\F above the T-ineh pipe throueh
which it passedd -(figare 2).

'\D])rnxiln:m-l_\' 30 . of pulverized
- thlorjy

fream of air to the two.tiers of cages.

FEFFECTS OF CHHLORINATED HYDROCARRONS INT

eldorinated diphenyviweree placed in the
Lottom of cach Hask and inclted in the
eleetrie: heater, Fresh sumples were
used every other day, but it was often
found necessary to add 20 pm. of new
material even after one run sinee so
much had sublimed.  Whatever the
case, the colleeted  sublimate was

Fia, 20 Fleetrie heater for maintaining
ehlorinated enmponids at a constant tem.
pernture in place at inflow end of hox

always removed from the apper part.

of the flask and aelean top ased each

day. No ~mple was ever used for

more than two runs,

Tl Task plus the contents was eare-

fully weighed at the beginning of the

run and at the end, aned the loss in

A wiphthalenes or 20 gL of weirht tsed to endenlate the avepgee

STLCOPCB4023593
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connections to exhaust system.
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amount in a cubie meter of air per
minute ns determined by a series of

1. 3. Outflow end of two hoxes showing

flowmeter readings, The fgyres ob- Dok Chow supl
’ w' mllk &nd c
‘s This first grot
. on July
T e to num
L &omphthalen
% yeth. Theexp
. ecmpounds  ces
15th On Octc
<. tre animals we
3. T from grouf
¥\ iled after 2
- 15th, in order t«

t:\..lll('(l \\'(‘l:(' .nut :1.|)<uhm- I."'(':mse of “;;
slight variations in the air Ilmn'ng G
through the boxes and  beeause of -
deposition of material on the thee. #¥
mometers and on the inside surfaees of
the box, but they checked well wity
direet  determinations through g5
sumples. R

Approximately 1 hour was allowed <&
for the wax in the flasks to mnels and 33
come to a constant temperature, At.'
that time the box doors were tightly
closed, air bubbled through the flasks, E$
and the blowers turned on.
the beginning of the exposure period,

This wag

By means of rheostats on the fans and
dampers in the outflow pipes, the
amonnt of wir Howing through the .
boxes was adjnsted and an attempt
wis maude to keep the four boxes as

. .Mhlomnpbthal

unifornt as po=sible - u=ually between tetrachlornapt
165 and 175 e.fun, R
In t.h(- first group of experiments the ! " Peats 1ad hexac
following substances were tested: L
1.\ mixture of trichlornaphtha-
lenes plusa trace of tetrachlor- %0% penta and
napthalene.  Chlorine content Jezes plus 107, «

49.9 per vent.
2.\ mixture of penta and hexa-
Chlorine ey

, Gilorinated dip

chlornaphthalenes,

cantent BL6 per cent.

Frs B Pvres ghss tlask

T T it in G et gt R 0t A0e e | VT

3.\ mixture of 90 per cent penta
and hexaehlornapht halenes
plis 10 per cent refined ehlorin-
aled diphenyl, Chlorine con-
tent 63,0 per cent,

1. Chlorinated diphenyl,

peried would
the affected

“hlorine .
Ch S2.The averag

*18 bours da:
mornin,

content 63.0 per eent. )
The compounds were selected asrep- ¢
pesciting o eertain enge in chlorinas
tioy svedd <o beeeness ol their inelu-trial
e e I sl instanee S0 anis
el < aposed, 10 rats beine I"-’“‘Cd

o v They were [ed Puring

STLCOPCB4023594
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x;&‘ Chow supplemented by lettuce,
- g, milk and cod liver oil,

s first group of experiments was
on July 1, 1936- and the last

to number 2 (penta and hexa-
.'-‘Mphthalenes) was on November’
; yAb. The exposure to the otherthree
‘@mpounds ceased upon November
‘fsth. On October 15th representa-
"tdeg animels were taken out of expo-
&5z from groups 1, 2, and 4 and were

EFFECTS OF CHLORINATED HYDROCARBONS

289

wax concentrations were somewhat
higher at the inflow end of the boxes.
Preliminary runs showed that once
* properly adjusted, wax concentrations
in the air remained very uniform from
day to day, but to insure absolute
safety readings of temperature, air-
flow, etc. were made every night be-
tween 10:00 and 12:00 p.m. as well
as on starting and stopping. At dif-
ferent times during the course of the
experiment tests for free chloride were

}2ld after 2 months on December

3 &b, in order to see whether this clear made but were uniformly negative and
5 :
';{; : TABLE 1
£E : CoxprrionNs MAINTAINED IN INRALATION EXPERIMENT FROM JULY 1 TO NOVEMBER 16 AND (S
1%2; .

~. ‘ cRLO- AY. CONCENTRATION ToTAL D::{_r
,' 3 MATERIAL co?cx:::xr M OF AIRIN BOX m:ixz ";E'“:
:- e *C. mq';‘/'cu. range hours Rours
HL : :
K . maphthalenes plus traces of .
4% blornaphthalene............ 49.9 | 150-160 ; 1.31 j High 2 €0 | 1896 16
% Low 0.10

62.6 | 160-170 { 1.16 | High 2.10 | 1864 16

m penta and hexachlornaphtha-
) plus 10, chlorinated diphenyl.] 3.0

-

P ated diphenyl................ 65.0

ort
} a3 - .

l.ow 031
163-175 | 1 37 } High 3 17 1896 16
Low 0 64

165-175 | 0.57 | High 1.19 1896 16
low 023

%W would bring about recovery in

-.& affected livers. Animals from
imP 3 were similarly removed from
“p““’e on QOctober 4th and killed

2 X Samination on December 4th.

urs daily for 6 days a wecek.

<02 morning at about 9:00 exposure
_'?;t;d’ and between this time and
"'U%hedm the rats were cleaned, [m.l,
V‘M rete.  In order to secure uni-
r '7 of exposure the cages were
oD a regular schedule, since

showed that under the temperatures
uscd no decomposition occurred.

Table 1 shows the temperatures at
which the various substances were
held, the average concentrations per
cubic meter of air, and the averape
exposures from July 1 to November
16 and 18.

The concentration of chlurinated naplh-
thalenes and chlorinated diphenyl in the
atr of workrooms.—Tabile 1 shows that
animals hiave been exposed to varied
concentrations of the substances under

TR T —t——r } Boah w1 2 el

L33

),

-

R

-
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test.  The concentrations employed
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ey
u._g(.fﬁgz,;._r
AT YR 3&-?%5‘243, 3

16
e "{-_

23

F. Hemperly.

The method and apparatus used for
determining concentrations of chlorin-
ated hydroecarbous in ate were adapted

from well-known procedures.  The air

T,
SERNT AR

in question ix passed over heatey Dlatj}-. pomewhat
may be regarded as fairly representa- num in an electrically heated quamQ chbcn:’a's
tive of industrial experience.  Prior to tube and the cffluent gas serubbeg m : Jevices &1
the initiation of inhalation experi- acolumn of glass beuds muistonedm‘th ; In both
ments a number of estimates of chlo-  sodiwum earbonate containing a trace o : "mwd'h
rinated hydrocarbons in the air of dif- sodium sulfite. The beads are gh} waold and
ferent factories. were made and the wu.ghod down and the chloride dem‘ -'.“pdium ce
sucTioN . In our ct
- ’pt to be
| fess than
; t
ol P;Exﬁr:.(msm: DIAM. f' q::::lll);' f
i3 2~ go small t
T soutp Guass seans either gr:
MM DIAM. For this1
use the n
fs sensiti
NOT DRAWN TO SCALE as 0.1 mg
o e It is d
gé should e
? 350, conversic
3 pound &

2z. ?G oM. 1 N 75 bse
Y — 3cm. : subseque
‘ - unless th
> ks that t
Hid , any chl
f a2 ~ determin
- cuatiz g distingui
4HRINSIDE RESISTANCE FURNACE TMHM (A3IDE ¢ gases but

OIAM. 20FT HICHROME WiZe 01ANM. % A

{1 orM /1) s the resu
prvere TN Fol KL T8 pedin
Tip 15.24 « 3.8 ¢ 0.00Z54 Cr. " At the
Fic. 5. Dimensioned sketeh of combustion tube and absorption apparatus. ft?rmatio
nnated :
concentrations chosen for inhalition mined nephelometrically as  silver “Zag different
experiments depended on these exami-  chloride. ‘ instance:
nations.  The technie of analyxis and Tebbens (1937) has recently de- ! repeated
the apparatus employed were the work  seribed o methad and apparatus \\‘hic‘h : the amc
of Frederick R Millbiser and Willian  should be equally satisfactory for ths those us

work., In figure 5 we show a dimen-
sioned sketeh of the combustion tube

must, Ix

. l b ’ .Thﬁ
and nhsorption apparatus as use Vo {:gu}ui
us in both our l:\lmr:\m_ry and ﬁel.d & T’be“g(;i
problems.  The absorption tube B 18 suction p

STLCOPCB4023596
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L _ewhat easier to wash down than is
ng's but the essentials of the two

W are the same.*
%% In both cases conversion of the chlo-

é"u;d and subsequent absorption as
‘jodium carbonate should be complete.
fa our case concentrations in air are
Fgpt to be very low—the objective is
Jos than 1 mgm. per cu. m. Conse-

e goently the amount of silver chloride

" either gravimetrically or by titration.

For this reason we have been forced to

" gye the nephelometric procedure which

b rensitive to concentrations as low
03 0.1 mgm. per cu. m. of air.

¢ It is doubtful if the sampling rate

- thould exceed 1 liter per minute as

pound to hydrochloric acid and its
* subsequent absorption are not efficient

" unless the velocity of the gas stream is

= 48y chlorinated substance will be
56 determined.  Furthermore it does not
§3; Gstinguish between solid particles and
.1, Bres but determines them all alike and
28 results must, of course, be com-
¥ Pated in terms of total chlorine.
8 At the present time we possess in-
e %0 ation as to the amounts of chlo-
4 ated naphthalenes in the air of 30
tey @lerent plants, and in a number of
. ‘tances the measurements have been
Mpeated several times. Frequently
k amounts have been greater than
used in our experiments, but it
Bust be remembered that the rats

T e
Tl Th'{combustion and absorption appa-
{23 hy o2Uited to field sampling i3 now made
DT llson Products, Inc., Reading, Pa.
g °q\llpment includes flowmeter and
R Pump with a carrying case.

EFFECTS OF CHLORINATED HYDROCARBONS

gasted hydrocarbons to hydrochloric

201

have been exposed for 16 hours to an
atmosphere constantly impregnated
with the substance under test, whereas,
human 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 systemie poisoning and
the annoyances that arise from cases
of acne.

Resulls of Inhalalion Erperiments.

1. Animals exposed to a mixture
of trichlornaplithalenes plus small
amounts of tetrachlornapthalene.
Living animals were apparently en-
tirely normal. Autopsies performed
necar the end of exposure scemed to
show slight swelling of the liver, and
microscopie examination occasionally
showed swollenand hypergranular liver
cells. The changes were, however,
never more than slight.

2. Animals expoesed to a mixture of
penta  and  hexachlurnaphthalenes.
No abnormalities were observed in the
living animals.  Rats were killed and
autopsied every 6 weeks,  [n the first
animals sacrifieed liver changes were
observed.  These were swelling  of
celly, slight granulation and hyaliniza-
tion.  In Septoember and October these
conditions were somewhat 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 a mixture of
90 per cent penta and hexachlor-
naphthalenes 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 animals
exposed to penta and hexachlornaph-
thalenes. These advanced in grade
during August and September and
then became stationary.

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.

Suminary of the first inkalalion ez-
periment.—In these experiments care-
ful observation of appearance, body
weight, activity, blood, and urine
showed no abnormalities of any sort.
Yet after 6 weeks' exposure all the
compounds with chlorination above
trichlornaphthalene caused minor de-
grees of liver damage, and no changes
whatsoéver in other organs. There
was no acute yellow atrophy or any-
thing suggesting it except that a slight
degree 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

PI%
4%

exposed to these compounds Withoyt i,

illness of any sort. '

The functional appraisal of the lfm'
damage caused by certain chloringisy'y
naphthalenes and by chlorinated g
phenyl.—There are no tests of liver SRR
function useful in such minor degree™s
of liver damage as were produced i
these experiments. Indeed the apii§
mals resisted the injury so perfecu,-- A
as to display no abnormalitics except R
upon histological examination of tha
liver. The situntion was perhaps
similar to that met in industry, whem":”
barring acne, the health of workers in}
these compounds has been good with %5
the exception of the fact that in iso.¥
lated instances jaundice has occurred"
which upon at least three occasions 3
has gone on to acute yellow atrophy. |

During recent years this disease bag3
been seen following administration o
carbon tetrachloride, arsphenaming

- "
and cincoplien. In the case of carbon 3%

acute yellow atrophy that occnsional!y_.j-
complicates use of the other two druggis
no cause can be assigned.  One canno®
produce acute ycllow atrophy with S
arsphenamine, but somchow or othet
this now and then does happen to pa
tients under antisyphilitic treatmeak

It occurred to us that something Of e
the same sort might be involved in thi
problem. The human cases have been ¢
senttered and few. They have beed @7
isolated instances out of large groups X5
of healthy employees who have h‘d."}'
equal degrees of exposure. [t was ouf 43
idea that perhaps many of these pCOPle__'
got liver changes such as existed in 0w
rats, changes not recognizable through
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ans other than autopsy exami-

».-: me
‘ =y If, upon the substratum of

nﬁoﬂ.

o -gach cbanges, they got an acute liver

o Ssturbance, acute catarrhal jaundice,

got 8 very common disease but one

any of us may experience, would

% felatively innocuous disease go
iyt aer to acute yellow atrophy?

5 3 g4 Kpowing that our inhalation rats

" e decided to test their resistance to
~1 gobstances known to cause.liver de-
*‘wruction. Cacbon tetrachloride and
" aleohol were selected. Having infor-
pation that 1.0 cc. of carbon tetra-
ehloride plus 1.0 cc. of cthyl alcohol
per kilogram would kill 14 per cent of
sormal white rats, we reduced the dose
ta 0.75 cc. carbon tetrachloride and

& 875 cc. of ethyl alcohol.
-2 -« This mixture was given by stomach
“.tube to the following groups of ani-
- - wmals and with the results found in the

tetrachloride and ethyl alcohol by
stomach tube

:E‘Hchlornaphlhalcne plus trace of lelra-
larnaphthalene. Fed at 9:00 a.m., Nov.
_'. 198. 10rats. No deaths.

.:1 died Nov. 11th between 4:30 and
10:30 p.m. i
‘ 1 died Nov. 12th at 3:20 p.m.
2%+ ldied Nov. 12th at 4:30 p.m.
"1 died Nov. 13th between 9:30 and
11:30 a.m.
ldied Nov. 15th between night of Nov.
l4th and 12:30 p.n. Nov. 15th. 2
died Nov. 16th between 10:15 p.m.
Nov. 15th and 9:00 a.m. Nov.
16th (stiff).
per cent penta and herachlornaph-
and 10 per cent chlorinated diphenyl.
10:00 a.m., Nov. 10, 1936. 10 rats.

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

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

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

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

1 died Nov. 13th betwcen 5:00 and
10:00 p.m.

4. Chlorinaled diphenyl. Fed at 10:00
a.m., Nov. 10, 1936. 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 a.m. (stiff).

1 died Nov. 13th between 9:30 and
11:00 2.m.

1 died Nov. I6th between 10:15 p.m.
Nov. 15th and 9:00 a.m. Nov. 1Gth
(stiff).-

Controls: Fed at 9:30 a.m., Nov. 12, 193G.
10 rats. 1 killed Nov. 13th for normal liver.

This tabulation summarizes into the
facts that:

1. No normal-rats were killed by
carbon tetrachloride and ethyl alcohol.

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

3. The penta and hexachlorinated
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
atrophy usually accompanied by
jaundice.

This ftest of lver function was ae-
complished with a substance which
itself is an organie chloride and ecuri-
ously enough it is the only substance
we were able to find that was effective.

ey
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In animals with the minor degree of
liver injury which has been deseribed
we were unable to produce acute yellow
atrophy or any variety of liver cffect
with arsphenamine, cincophen, butyi
chloride, ethylene chioride and tetra-
chlorethylene, but carbon tetrachlo-
ride was uniformly effective in dis-
closing the existence of liver damage.

Recovery from liver damage following

. remoral from exposure.—Animals ex-
posed to trichlornaphthalenes plus
o traces of tetrachlornaphthalene being
practically normal on removal from

. exposure need no consideration. In
e the case of the penta and hexachlor-

TE3,

"."‘D-
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TABL

CoxpiTioNs MAINTAINED pUnING INuavaTioN oF IHicu CoONCENTRATIONS OF
THICHLORNAPHTHALENES PLUS TETRACHLORNAPHTIIALENE

et
A

Y

signs of liver injury will be m&n" 7

months in returning to normal, "

\' . in other
LA
B Y one mA

g5, d;l?ma
T . tomc
Yo ey st

The cffect of high concentrationy
b

trichlornaphthalenes with traces of Lelrg B
chlornaphthalene.—The first group of X

i

. : . e

inhalation experiments showed thueSHd . 3pon it
this material in concentrations aver fﬁ‘?mﬁom
ing 1.31 mgm. per cu. m. of air wuy PREERE® %
relatively innocuous, judged both by 339 . The «
direct observation and by the carboqg ({2 - penta
tetrachloride test. This i3 an in~ '-.'_ﬂy_-rc ¢
teresting fact since such compounds® ' ¢ gge don
cause acne, though less potently thag 2 pat in

substances of higher chlorination. :

_ported
could
P pothing

E2
Coxpitt

MATERIAL TEMP.

AY. CONCENTRATION
OF AIR IN HOX

tetrachlornaphthalenc

°C.

Trichlornaphthalenes plus traces of | 137-200 { 10.97 § Iigh 16.49 1232

mg.feu.

range houre
nt.

Low 5.78

naphthalene, rats after 2 months’ re-
moval from exposure still showed
swollen liver cells, increased granu-
larity, hyalinization and mitotic fig-
ures. The condition was not advaneed
as comparcd with rats killed at the
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 ehlorinated diplienyl
and for eblorinated diphenyl wlone.

Apparently the changes induced in
the liver eells by these substanees are
exceedingly persistent and one must
cxpeet that an individual showing any

so that fumes from four glass contaln-.
ers were delivered to the airline instead 2

s - * subject

shown in table 2. The animals sub-3 tarize
jected to these conditions showed no - waste:
clinical coffects of any sort. After 135 3¢ - the an
month the liver cells were slightly’ ‘& md de

swollen and over-granular and thegss
were oceasional mitotic figures.  Thest
changes were similar to the carly !
offects of more highly chiorinsted 2

componnds,  and  progressed only 3% and 8
slightly during the third and foul:lh Iy €xposy
months,  When rats in this conditlon.-'_ _ killed
were given cachon tetrachloride Bﬂdi’}ﬁ‘ . fa‘tty
aleohiol, in some instances their livers :‘ . “'_'h r
showed massive central necrosis and 2 " inima

g
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587 pers this did not develop.  Fifty
Y29 ks wUre used in this experiment and
2 El'¢ may conclude that while the tri-
hlorns bthalenes are in no degree as
’:;Em' s+ ag those of higher chlorination
,:r:-mm not entirely free from effects
s=2a the liver if high enough concen-

s are inhaled over long periods.

&

E A ke effects of high concentrations of
'f"?.da and hezachlornaphthalenes.—
IJ3 W . 1
2ttp There can be no doubt as to the dam-
; ‘-‘g"# done the liver by these compounds
7 (heo AR el in the concentrations so far re-
SL T ferted no symptoms were caused that
lnth&_‘_‘-’% ﬁ""e.muld be recogniz.e(l clinieally and
HegAT: phing approaching acute yellow

ﬁ% és a-

ALY
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the liver after 33 days of freedom from
ihalation. It is thus evident that
penta and hiexachlornaphthalenes are
markedly toxic compounds and that
recovery from their effects is extremely
slow.

The effects of penla and herachlor-

naphthalenes, the mizture of these with
10 per cent chlorinated diphenyl, and of
chlorinated diphenyl alone, when inhaled
in low concentrations through an 8-hour
day instead of a 16-hour day as in the
first 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

10::::mo.‘45 MANTAINED DURING [NtALATION OF HiGH (CONCENTRATIONS OF [PENTA AND
£ HEXACHLORNAFPHTHALENES

MWATERIAL

i
[
AV CONCENTRATION [l

QF ALR IN BOX

i
TOTAL | AV. DAILY
?l:xl'n.ql:x:i EXPUSUKE
1

"""’{_ru' i range Aours i . Aaury
..... 137-195 | 8.88 High 14.0 6Us 16
l Low 5.75

;#trophy occurred except through the
of the carbon tetrachloride test.

cember 1, 1936, 80 rats were
jected to the conditions sum-
ized in table 3. This experment
terminated on January 21.  All of
animals lost weight and appétite
e b (deaths begun after 8 days of expo-
et Fifty-five rats died, most. of
e heavily jaundiced, 8 were killed
AKX microscopic examination, 9 were
;!i]ed by the carbon tetrachloride test
o 4 8 lived through the period of

s
LTINS

o

we
. Oa

;

M- . .
dae i = iGPosure,  The livers of the animals
m Y0 Y N . .
- R ed for examination showed marked
) T i

_,’h-,':_.,..~.a,_~'ﬁly degeneration, central in type
. APl s . . Lo
FEPEEA 8 Pecrosis of liver cells. Surviving
2,2

S, nals showed pronounced changesin

inhalation experiment was arranged
under the conditions shown in table 4
which are quite comparable to those
in table 1 except for the shorter inhala-
tion periods. Fighty rats were used
for each of the three compatinds tested.
None at any time showed the slightest
evidenee of illness.  Microsceopic ex-
amination beginning after 6 weeks'
exposure showed swollen liver cells,
excess granulation, hyaline inclusions

‘and occasional mitotic fignres,  These

eliinges did not progress and were very
sitilar to those in the animuls exposed
for 16 hours under the conditions et
forth in table 1. "The earbon tetra-
chloride test was uniformly fatal to
them and vne must conctude that con-

el X%,
%

T

iy sY .0

etk

STLCOPCB4023601



296

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

ol 19,10
centrations of these compounds such  men never inhale enoush of any R . bons 1
as were employed cause a certain de-  these substances to get acute yelloy ey a
gree of liver damage even if inhaled for  atrophy. They may, however, -'lcquin-'e- o kﬁhzgp
but 8 hours daily. This injury is a substratum of liver damage gk - nle ol

; ; UpoR B
resisted suceessfully by the rats just as  which acute yellow atrophy mayp; _ .y f?r

was the 16-hour injury but it is none velop. Experience in a number d’d’
the less there and destroys the ability  plants has shown how easy it ig :
of the animal to resist the carbon reduce concentrations of these c
tetrachloride test. ~ pounds practically to the vaniship orae

4.
. T to«
point, and cvery cffort should be ma&,}‘&t O el
=

Summary of inhalation experiments. to attain such conditions. : et fa.rv:':S
The findings that have been described . ) AR _OT; ‘chl}(
briefly will be amplified upon the - Gross Feeding Ezperiments R -'-"&tul:hlar
pathological side in a further paper by The various compounds used wm; o oa May
Dr. G. A. Bennett. What has been ground as finely as possible and mim'! s ' gatil ..\'0"
given is, however, sufficient to indi- with a standard balanced ration fo 33 ming 3 gt

TABLE 4 s 10 the |

CoNpITIONS MAINTAINED DURING INHALATION OF Low CoNCENTRATIONS OF THRrrx "

A o e

Coxroonps purinG 8-Ilour InsTEAD OF 16-Hlocn PErtons " throught
: - i ," gnimals
; ’ﬁ t MATERIAL Teur. M oraminsox - |ezroscar % which di

TN _
5 °C. mg./cu. range Lours m 0[ r
- _ ARERRCE - - wasting)
Penta and hexachlornaphthalenes...... 149-193 | 1.44 High 2.58 920 ™. death w:

Low 0.42 ; A

909% penta and hexachlornaphthalenes - pinatory

plus 10% chlorinated diphenyl....... 150-197 | 1.66 High 3.30 912 g '&m tot
Low 0.56 Histol

Chlorinated diphenyl.................. 153-174 | 0.93 | High3.23 920 dight ch
Low 0.03 of great

. n Teira

cate that compounds more highly the white rat. The food was pl&@d % Feeding
chlorinated than trichlornaphthalene in a single containcr, at which the 10,33 dosage o

are capable of causing liver injury animalsin a cage had an equal chance iz
when inhaled steadily in quite low the amount of the compounds addci, .
concentrations.  Itisan extraordinary being reduced as the number of rS“_:;.;...".-' 29, 1936

‘Allthe s

thing that even the most secarching lessened during the feeding pcri?d- -;ﬁ < At au

A examination (ails to show injury inany  The experiments were designed to gl\‘___.-:: R ‘Ogical]y
31 other region. It is not easy to grade an idea as to the possible toxicity.d;- e b fected.
SPEE 3 the toxicity of the different compounds  the compounds selected and, if toXiC{U ,-\?‘: 3. ing, hyy
SR b s tested, but the chlorinated diphenyl is  was observed, some idea as to the site Amy . sons g
BN ok certainly capable of doing harmin very  or sites of damage. . ‘:;f " therene
1 r'?' - low concentrations and is probably the The experiments were successful ‘u;:g:', T Yasatr
2L ¥ most dangerous.  Industrial experi-  both respects, and indecd one may 3Ll Penta
ence combined with these experiments  anticipate that future appraisals of ‘-b‘g-:; * Feeding

make it appear probable that work- possible toxicity of chlorinated ll)dm-é;z~ dosage

e dba LR G

.' s WLV " a”
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]
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often be made by siinple
;._-::lzydo not require the elaho-
spparatus ?nd the expense neces-
Sa1y for inhslation nx'pcrufm.nts. Tlxc
weetial reason for this opinion resides
‘hu, identity of the lesions produced
€7 both methods, and the fact that the
M reeont compounds so far -studied
i‘ﬂ!ﬁ to arrange thf'msvlves 1dcntlcf1.lly
éfu’ asg toxicity is conc?rncd which-
CEEK gyer way they arc administered.
S35, . Crichlornaphthalene  plus traces of
] ‘.'WIqrnaphthalene.—Fceding began
' May 4, 1936 and continued
wiil November 2, 1936.  In the begin-
tdag 3 gm. of this mixture were added
+ t9 the food for 10 rats each day,
3 ~:d this concentration was maintained
Tl throughout the experiment. All the
: :‘r" wfmajs were killed except the last
S "“"ldied on Nov. 2. There was no
43 of weight and no appearance of
?‘i'v_aﬁing illness of any sort. The single
7 drath was due to some varicty of re-
-+ gréntory infection which had no rela-
“- %on to the material inhaled.
motHistological examination showed
,."'ﬂdxt changes in the liver but nothing
: o great significance.
ii:~Tetra and pentachlornaphthalcnes.—
2 Reading began on June 29, 1936. A
SE7bage of 0.5 gm. daily was employed.
é! ,the'&nimals sickened gradually and
.f-:':gglether killed or died by August
,_v‘u 8utopsy both grossly and histo-
: ¥ the liver was the single organ
<. &ected. The liver cells showed swell-
hWGrgranulation, hyaline inchu-
and  vacuolation. Here and
Decrotic cells were found.  There
!‘58 tremendous accumulation of fat.
‘ P‘P"“ and hezachlornaphthalenes.—
5% teding began May 4, 1936, 2 3 gm.
gr being used. By June 6, nine

Y.

3,

2y
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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 #l. At
autopsy «the liver alone was affected,
the lesions observed heing similar to
those that have heen deseribed for
tetra and pentachlornaphthalenes but
worse. o

90 per cent penta and  herachlor-
naphthalenes and 10 per cent chlorinated
diphenyl.—Feeding began May . 4,
1936 on a 3 gm. dosage. On May
16th feeding was stopped but all
the animals went on to death, the Iast
dying on June 8th. An autonsy the
liver lesions were extremely scevere and
of the usual type.

On account of the high toxieity of
the 3 gm. dosage, four rats were given
a 0.5 gm. dose every other day.  Feed-
ing began June 24, 1936 and the last
animal was killed Sept. 11th. There
were no deaths but all 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 dixcontinued on May 10th.
Seven of the 10 rats were dead by May

A2th. The three  romaining  rmats

gained in weight but were saerificud
for autopsy purposes on July Sth.
The liver changes began at onee.
There were no changes in other organs,

A second group of 10 rats was fed n
much smaller dose -0.5 gm. every
other day.  Feeding bepan May 20,
1936, The first rat died on May 29th
and four more before June 20th. The
remaining were sacrifieed.  Those rats
that died showed losses in weight,
while those sacrificed had recovered

904327 ;
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their initial loss in weight and were

gaining.  The liver lestons were similar’

to those found in rats fed penta and
hexachlornaphthalenes plus 10 per
cent chlorinated diphenyl but not so
marked. .

Summary of gross freding experi-
ments.—Of the various materials fed
rats in large doses trichlornaphthalene
plus traces of tetrachlornaphthalene
was quite innocuous. Tetra and
pentachlornaphthalene showed definite
liver damage. Penta 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
effective than when mixed with highly
chlorinated naphthalenes. In no case
did the compounds used produce acute

yellow atrophy bhut the lesions ob-

served indicate this might he possible
if one found a dosage which could act
for the proper period of time.

Feeding Precise Doses by Stomach Tube

The compounds employed were sus-
pended in gum acacia. In figuring the
dosage the total amount a man of 50
kg. would inhale in an 8-hour day
assuming an air concentration of 20
mgm. per cu. m. was first caleulated
and reduced to milligrams per kilo-
gram. The rats and rabbits received
this dose cach day. The compounds
used were those employed in the gross
feeding experiments and the resalts
were essentially sumtlar though the
lesions were less severe,

Subculancous Injections
The same gum acaein suspensiony
were injected subcutancously into rats

[Nept. 19:7:_'

and rabbits, the dosage being raley AR
lated on the basis of 4 mem. per ey, m.%
of air. Again similar results “'El’tk
obtained. In all such eXperimenty &
there must of necessity bhe dxﬂ'orenm

in tHe degree of effect but mvmab{
the liver was the sole organ aﬂ'ected
and the lesions were those 'drnady
described many times. -?“

Discussiox

These experiments lcave no doubt
as to the possibility of systemic cﬂ’cch‘
from the chlorinated naphthalenes and-,_,

chlorinated diphenyl. As in the cas’ %

of the effects upon the skin, the degree 3% X
of chlorination seems to dctcrmme the *

3!

systemie toxicity, and it is a striking » )~§..

thing that when trichlornaphthalene is %
reached systemic cffects are never.3}
marked and are produced with tbe"
greatest difficulty. It is mest remarke,
able, too, that all the compound.s
tested attack the liver and the liver;
alone. During the past few months}
we have determined the orgamcnlly*_
combmcd chlonde in the livers of

and hc.\nchlornaphthalcnc> but harai_.

found no increase over normal figures, 35

though the livers, as determined histos;
logically, were very severely aﬂ'ccted.
At the present time we are conduclml
inhalation experiments on a chloria+
ated diphenyl containing 55 per cent
of chlorine instead of G4 per cent 83
in the case of the experiments reportedy

in this paper and on a compound mth
a chlorine content between tri 80
tetrachlornaphtladene,  We are a|30'
determining the degree to which the 3

diet may increase or deercase to‘(lCltT' i <»-
this heing suggested by similar (\ork e

upon earbon tetrachloride,
In the basis of these ("(pcnman! =
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SAENE p 3"3:325}2{
: ,}1‘,«’2‘%‘; i
AN

e e

&

-Bﬂ many field determinations of

el compounds in the air of work-
it appears safe and it is cer-
Muly easily attained, to ventilate so
‘q‘w the air breathed does not contain
_é‘fgwm 0.5 mgm. per cu. m. of any
P ofi{hése compounds above trichlor-
"‘gébth.dcne. In the cascof the latter
m“d concentrations of 10.0 mgm.
e pcrmi&cible. We know from
ay examinations in many different
% ofixts that such concentrations have
3% Leeg greatly exceeded during the past,
2 years, and we are conscious of the
fxt that our rat exposures have
‘been inexorably constant whereas
,;_Ea.m exposure is never so ordered.
- Tooe and careful observation may

~ehange these opinions as to standards,

%t today we are convinced they are
Yafe. Impregnating tanks and other

Sive: Srangements utilizing the chlorinated
9 Redrocarbons are easy to hood and to

J&t'hots-SornT: Etude sur l'intaxication
f%ﬁ;,mf&sionnelle par le trichloronaph-

 laltne. Ann. de méd. légale, 14, 422
‘),'g-r (1331).  Abstr. of paper hy ToTRAINE,
,_'{‘-"‘5.:1-' AND MENETREL, B.: Dermatoses
®Y3 . Prolessionnelles par la naphtaline et

'18d

G derivés. Prat. méd. franc., 15,
- 835 (1934).
!‘.IU. F.B., Axp Jarvik. N. E.: Action of

\_(:“{.-min chlorinated naphthalenes on the

i E""- Proc. Soe. Exper. Biol. & Med,,
» 118 (1936).
L‘"L\'x. K.

-

v B.: Kurzes lLehrbuch der
KA Arbeits- ung Gewerbehyvgicne. S, Hir-
£ 5, Bl Leipzig, 1919 (p. 251).
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pounds, these substances are very
little toxic and operations employing
them can easily be safeguarded. It
may be argued that where possible
trichlornaphthalene should be used,
but this compound will cause acne and
if employed very carclessly might do
more. [urthermore, higher chlorina-
tion is often essential for highly prac-
tical reasons. The solution consists in
thoroughly adequate ventilation plus
good housckeeping 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 earbon
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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Dr. Cecit. K. Drisger: We have had
quite a long morning, but since Dr. von Oct-
tingen has to leave, [ am going to ask him
to say a word.

Dr. W. F. vox Oerriscen (Director,
Haskell Laboratory of Industrial Toxical-
gy, Wilmington, Delaware): I wish to con-
gratulate Dr. Drinker and his group on the
very interesting and excellent work on the
subjeet. I also wish to congratulate the

. Halowax Corporation on the fact that they

didn’t spare any effort to clucidate the proh-
lem so that the dangers which apparently
are connected with the use of this material
can be controlled.

I personally bhelieve that there is no toxie
material which cannot be used safely if it is
handled properly. In order to handle such
materials properly during thedifferent oper-
ations it is absolutely essential to be famil-
iar with the toxicity and especially with the

vept, iy ol 19, !
DiscrssioN S ter
) —\ - f”‘full'y
incline them ta. Tirst of all [ sha| uk“!-:!.".‘ sdapted
De. Sayers if he will open the di_qmm-(‘?f. St Anc
for us. .s{ % hous to
(s s fac
Dr. R. R. Savers (Chief. Divisjoy d’:g X oxir
Industrial Hygiene, National Institqg, d‘" '\ sy 8PV
Health, U. 8. Public Health Service, Weh 7 " pqver JU
ington, D. C.): Dr. Drinker, Ladies W) 1 mi;ht.
Gentlemen: Itgave meagreat dealof plegy 4% ;, _ were qul
ure to have the opportunity to listen (o (g s P fappeat
excellent and interesting discussion u,“"f:, with "h’*’
presentations made this morning, [},'??‘ “lectric
Drinker, and I might add, the members Q(,Ft' aemor or
the Halowax Corporation, have discuug[-_”’" wdi.l'”
this matter with us, as well as the magge ™y proxima
facturers of the diphenyls. By Vs to s stec
We have heen doing some work but ad = b.otwm.c‘
nearly as extensive as that carried on hers, laspectir
The work that we have been doing seems tg - blde “p&
confirm the work that Dr. Drinker has can PR “b‘ ﬁre\
ricdon. [ think thercatecertain partaofit P wuze. .
that we can very well keep in mind. ‘ . Here -

mechanism of the action. Since thereis no
animal which corresponds in all its physio-
logical characteristics to the human being
it is important that such compounds be
studied with different species of animals so
that one can get a cross-section of the poten-
tial dangera.

In addition, this fact illustrates the im-
portance of the pre-employment and peri-
odical examination of workers in such work.
As was pointed out by Dr. Drinker, there
are individuals who are apparently more
susceptible to certain toxic agents than
others. On the other hand, we have to try
to detect the very first signs of incipient
poisoning in order to prevent more serious
damage. In the present instance it is very
difficult to find these very first symptoms
because there are no adequate methods, but
[ teust that in time the scientific profession
will supply the medical profession with
ndequate methods whicl will allow the
physician to determine incipient dnmage of
the organ before serious clinical aymptoms
become manifest.

Thank you.

Afternoon Session

Dr. Crere K. Duivkenr: In this discus-
sion [ will call on one or two individuals and
[ shall expect others to speak as their notes

Weare dealing with toxic substances, bt ZXiRE: Now we
we are dealing with toxic substances ckli:ﬁ e doe to !
and every day in industry—harmiul subs“3; |n.hn:te
stances, hazardous substances. That thess V:_ 1 am inl
can be controlled is well known, no mnttd"‘:}» 5 st lu;
what they are, and that we can use them and 4 B.u.un.ns

use them in a safe manner. Dr. Drinkg{:'*
has called your attention to the fact th.l.l
this apparently has been done and can btl-
done in any of the plants where halowarls,
uged. [ have information from one or tx0 fi&
of the other men who arc in the audienes
that in plants where damage has been doat;
—skin damage and apparently liver damsgt 55
to some of the workers—the manulacturers &
have since corrected the conditions and sp- i

, . o better.
parently have ardequate enginecring c.on-‘{- rabmaric
trol supplemented with edequate mcdml:.' rou-fam
control. . ‘ . of their ¢

Aftee all, the proof of the pudding ia @ ,‘ 5

the eating.  If the man does nat get the dW.% o Da. C

ense your engineering control i3 successful. e 7~ you care
If he does get the disense, no matter W.hl" <

you have done in the way of engineering 47 Da. A
you haven't been successful, e must £ ¢ = of Oc.cu
hand in hasd. Neither profession sloas s ntclicul‘
can be succexaful. We have got to work TR T Conn.):

tagether whether we like it or not. 1 bW‘_,l',}_— S : I-Dytl;ir;g

pen to like it.
There is one-other thing. Asf{arasma
rials are concerned I think we ought *@
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ugh to use every onc of them suc-
. If this material is particularly
fot s certain purpase we should use
Another msterial that was used pre-

e

gammable, caused a disaster in which
q? Amately 167 men lost theie livea. I
wpmximate’ly 167 because they were
: just sure whether it was 167 or 168.
o Jymight have been one or two more but they
qm quite sure that 167 lost their lives. It
= bagpened when they had insulated a cable
9 ‘¢a) this material. They had an armored
Alhetrie cable. It was covered with lead
'jﬂ)“ oa the outside. It was 1200 feet long
. god was being lowered into a mine shaft ap-
- prwaimately 3000 feet deep. It waslashed
x It slipped and fell to the

: Whea the foremnn was
i.;hap«u'ng it be set it on fire with hiscar-
S Mdecap-lamp. The carbon monoxide from

> ¥ pise. Many of course escaped.
TGN Hers we have one hazard, a fire hazard.
By 47: e we have another one, a health hazard

X348 to the toxic materials. Ve have to
_b,_,élh.lta them. Certain of these materials,
r7#-1am Informed, are also lammable. I am
o0 fust sure how flammable they are but
Sk fsmmnability probably decreases as your
S tion inereases. But your toxicity
w1888 Increases as your chlorination in-
SheC mmses, according to Dr. Drinker, and I
s,k that checks with other findings. We
= these hazards to balance but we can
L omtrol them. I feel quite confident that
3% e,
X7, Pethaps we can find other substances that
W better even than this material. At thé
fuent time I am advised that we have no
- I'am advised that in ships, such as
lnes, it is quite important to have a
.:E;‘-;mmable substance for the insulation

- electrical wire,

Dx Cron K, Drinken: Dr. Gray, would
TWeare to Bay a word?

d%: ALRERT §. GRav (Director, Bureau
&&CUDBlional Disenses, State of Con-
: ‘)“ gcp&rtment of Health, Hartford,
£ /¢ Dr. Drinker, 1 don't think there is
:Wlhmg t!"“ I'can say except that we used
e Taterial in Connecticut and we had a

e

‘a’ﬁ- {o this for insulation purposes, which

3 qyf' :
Ay W T L :
.v:;‘;'%?cf.
i3

EFFECTS OF CHLORINATED I[YDROCARBONS 301

number of so-called cases. All [ ean say is
a confession of ignorance on our part at that
time and [ was very glad to sce that your
digging into the litcrature as thoroughly as
you have hasn’t elicited any further infor-
mation than we were able to get, basically.
About all we could find was nbout the two
cats that our friend, Lehmann, experi-
mented with. e gotin touch with him and
he confessed that the amount that he had
given the cats and his method of determin-
ing it were probably subject to very serious
scientific criticism, and we agreed with him
on that point. '

We felt, and [ am very glad thatitis what
you feel as a result of your experiments,
that if we put in an efficient ventilation sys-
tem sufficient to prevent the dermatitiy, we
probably wouldu't have liver damage.
That is what we did entirely empirically.

I think that is about all [ have tosay. [
have been delighted to be here and to have
a3 many members of my stafl here as [ could
jack out of the office. We have been de-
lighted to listen to the discussion.

Dr..Cecitv K. Drixger: May we now
make the discussion general and those wha
have questions please volunteer.

Mr. Maxrreo Bowoitca (Directar,
Division of Occupational Hygiene, Massa-
chusetts Department of Labor and Indus-
trics, Boston, Mass.}: [ would like tusecond
very strongly what Dr. Sayers has said with
regard to the approach to this problem in
proper control rather than by prohibition,
which scems to me wholly unnccessary not
only in this case but in the case of other
toxic substances with which we have to deal.
The problen of proper ventilation scems to
me relatively simple from what [ have 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 necessary that there
should be a very adequute inspection of
the plants using the materials and [ can
assure you that that will e the case here in
Massachusetta,

\When this teoubile ficst broke in this state
a little over a year ago we izsued a quite
strongly worded warning letter toall plants
using these substances and it has all along

e
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been my plau to follow that up with 8 fur-
ther letter bringing the situation as we now
xnow it, as a result of Dr. Drinker's work,
to the attention of users in this state. In
that letter we shall unquestionably advo-
cate the concentrations that Dr. Drinker
has suggested this morning,

One point that T think is worth comment-

ing 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 identificd at present only
by numbers. If we list those numbers in &
warning letter which we send out there are
likely to be changes in those numbers. The
Halowax Corporation is a progressive con-
cern and it is going to be putting out bigger
and better halowaxes all the time. The
company'scojperation in this presentinves-
tigation has been such that I fecl assured
that they will take the proper steps to see
that we in the atate offices and also the users
of the products will know what we are using.

I wonder whether Mr. Brown would care
tosay anything akaout that.

Ma. Sanororp Browx (President, Halo-
wax Corporation, New York, N. Y.): There
are some aspects of this situation on which
I think I can enlighten the medical and
state and civic authoritics, with respect to
the commercial and practical aspects. If
you go into the research lahoratories of any
large chemical manufacturing company
today you will find anything from onc to a
thousand different new chemical products
which have not yet been put on the market.
Some of those may or may not be toxie.
The problem so far as the chemical manu-
facturerisconcerned is a question of timing.
You have heard this excellent presentation
given thig morning by the Drinker brothers
23 to the work that they have done here.
Should you take a product of which you
have developed, say, 5 ar 10 gm. and spend
850,000 on research to determine whether or
nat it is toxie or should you wait until you
havedetermined whether you have n market
forit?

If you are producing only ane hundred
substances o year you ean see that that
would run inte hoxenr numbers in the wuy

| terested in public health, going back overy &

KAy
(Sept. 1oy 1988 pol. |

of dollars and cents before yon opgp ;558

any. That iy the problem wa have had Vi :::hn
this case. It has heen an the Markey (o VEPRG ot
25 years.  Until within the past 4 "Psyu,u“: > men!

there hag never been any intimation u‘“l-
would cause any systemic effects, Thog 8
sands amd thousands of workmen have des 3
with millions and millions of pounds of cop ¥
tain of these materials, particularly the ¢ <59
chlornaphthalenes. Then we come to U
higher stages, combined with chloringted s
dipheny! and other products, and 5"‘““5..
this problem is presented to us. R

We had asked various authorities h.

perind of 15 to 20 years, to investigaty {5
but there wasn't much enthusiasm for 2
Mr. Bowditch suggested that we take it
with the Drinker brothers at this instity.
tion, which we did. You know the results
of that work. !
Now s0 far ns these changes are cagh3
cerned, they are beyond our control ts g%
certain extent. We will manulacture g%

chemical and physical characteristics. It
is supplicd to & eable manufacturer, 1§ A2
composed of certain constituents. - There
may be some tetrachlornaphthalene, .,,

chlornaphthalene, paraffin, a little pitci'_

diphenyl. It does a certain job but- 2
wants it to a little more plastic or he wants
its viscosity or the specific gravity chanpd-"
Passibly by a change in those constituents 43
of only 1 per cent we can get that particulst g
property. We can’t sell it to him zs tB#
same product 80 we put a new number oni
Basically, however, if the variation in tha
chlorinated naphthalene or the chiorinated
dipheny! constituent hasn't changed, tha
toxic property of that will not change. ¥ <
When it comes to a question of codperst
ing with the state autharitics in that coo
nection, if there were some major chult_'
made in & product we would have no hesi- 1
taney in advising them and we would ;
ndvize sur customers.  Virtually every con
sumer of these materinls at some t!me -,5':"
another has heen given their technics A
chemienl designation along with thcil: VaIr m
ous properties, whether they he physicsl € A%
chemiral. Ry
Those are some of the practical prblem‘r,‘; 3
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which all manufacturers of chemicals
confronted today, particularly in the
3% egthetic organic field where the develop-
A -_1.-:‘,”‘ is 50 rapid that our salea departments

s qven keep up with the rescarch depart-
in knowing what they are

}Lu. F. R. Kamver (Assistant to Man-
 aper, York Wireworks, General Electric Co.,
" Yuk, Pa.): I am certainly pleased to have
‘e opportunity to say a few words with
. geference to the experience we have had at
i ene York plant. I perhaps should say that

Ay in this case experience alone has been

35iaa best teacher. I have lived with the
woblem at York with the men who went
t&roogh the experience from its beginning.
-4 Jtls only 1} years ago that we had in the
mighborhood of 50 to 60 men afflicted with
"warious degrees of thizacne about which you
ol know. Eight or ten of them were very
gererely afflicted—horrible specimens as far
% a8 tbeir skin condition was concerned. One
~ an died and the diagnosis may haveattrib-
| his death to exposure to halowax

3 but.we are not sure of that. There
"’Sssan atrophied condition found as a result
. el beautopsy but we are not definitely sure
Lo @as il was or was not connected with his
AUk, Knowing the man as I did when he
7 G o employed, with the superficial examina-
2" thea that he had, he appeared to me very
"\i‘“ pallid in hia appearance, and [ would
wH# 81y {rom my noor knowledge of the
\'.-“'- PRyzieal make-up of the human being that
-:3 ¢ presented a healthy appearance. How-
‘::‘“?' it was only for a 6 months’ period {rom
o5 :i,hl time of his employment that he com-
3¢k Jeuined of this constipated condition and we
2 Mvised that he see his home physician. It
crapidly developed to the point where he was
the hospital and in a very short time he

“_?R More serious tha i
o n that perhaps is the fact
it Bt we had 50 other men in very bad condi-
y 19 {ar as the acne was concerned. The
teaction that severa! of vur exccutives
w24 to throw it cut—get it out of our
Paat. They didn't want anything like
= { for treating wire. Dut that was casily
&% -4"-. but not 5o easily done. We might just
e *ell have thrown our business to the four
; and said, “We’'ll close up,” because

V'
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there was no substitute and there i3 none
today in spite of all the effurta we have made
through our own research laburntories to
find one. )

But we did develop—and [ was mast
closely associated with it—and set up a
routine for bringing these men hack 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. Isaac R. Pels at Johns Hopkins.
Through their recommendations and studies
we employed a trained nurse and two local
physicians and you might say catablished a
small hospital and its facilities at the plant.
Through the application of quartz light,
x-ray, mechanical removal of comedones
and the trcatment of pustules that de-
veloped in later stages, an utterly strict
routine where the worst cases were adminis-
tered to each 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 have in this year and
a half brought each and every man back to
& normal skin condition. Those who were
very seriously afflicted do show scars, but
otherwise their skin is as healthy in appear-
ance as 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 ago.

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

of clothing from street clothing to work’

clothing when they come to work and the
roverse of that process, with the assurance
that & shower will be taken before the strect
clothing is again put on, we have found no
recurrence of this skin trouble. Each and
every man working with halowax products,
either from solution, from solid compounds
or handling the wire insulated and treated
with it, isexamined twice yearly with a com-
plete physical examination, including blood
annlysis and efforts tn determine any liver
damage.

However, there is the point which was
very definitely brought out thiy morning.
We do not know as yet when thia thing
starta. [ believe it would be of great help

- B S e e S sl e
~ er s . RS
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to us all in industry if some very funda-
mental work was done on humans, as Dr.
Jones mentioned before we came into this
meeting, some control in fundamental work
to determine soine 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 has shown up in any one man. We
havelearned and appreciate the fact that we
must handle hazardous materinls, but we
have learned how to handle them. It has
been a very great experience for us and for
myself, and again the best teacher.

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

Mr. F. R. Kaimer: We have had two
examinations 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
examinations. The compound is one that
is not manufactured by the Halowax Cor-
poration that is used rather infrequently,
perhaps not more than 50 gallons of it in a
6 month period. Itisin the form of a paste,
reduced with solvent to a paste form, and it
wag not known that it contained a chlorin-
ated solventin certain percentage. Wedis-
covered it only recently through the analy-
sis of & sample and we found that that was
the cause of throwing the results off to a high
value. Itwasthenabout8mgm. percu.m.,
I believe.” That is going to be eliminated
now. Thatisa combination of toluene and
carbon tetrachloride solvent. When that
compound is exposed to the air the chlorin-
ated solvent odor ia completely masked by
the toluene. Itislost. Iwasahletodetect
it only by removing the head of the drum
and immediately smcelling the odor of earbon
tetrachloride. As soon as that head was
removed for a period of 10 seconds the toly-
ene predominated and we had no knowledge
of the other being in there.

Mn. Antuer G, Beven (Research Fngi-
neer, United American Boseh Corporation,

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

. o
Springfield, Mass.): Do [ understang y“"',
to aay that those men who were ;m;cw"“b l@ﬁ
arc back on the same job? 7% po*
o o
Mr. F. R. Kaner: They all returned g 22 “ bor
normal skin health, as [ say, and are work. ks the
ing on the same job. )= peo
= et
Dr. Cecit K. Drivnken: Dr. Schwm;'" &
you have seen a good deal of this genenj +8 “’"(
subject. 3 b ‘
et
D=. Locis Scuwantz (Mediral Dirsetop ne:
Dermatoses Investigations, United Stateg™ :
Public Health Service, New York, N, Y,).™ !
I am primarily interested in dermatitis aad 55 :;ﬂ
it was only because of my rescarches in that _\ st
ficld that [ happened to come across in[or-fg‘- ) st
mation given to me by Dr. Gray that thery ._;,.‘ be
were same cases of yellaw atrophy of the ! A\
liver attributed to balowax. I can oa 3 FS
talk from personalexpericnce about the skiy % e
cages. 1 know from what | have seen and> pir
from what I have heard from doctors wheX poi
have been treating these cases that if they* et
are treated like an ordinary acne vulgu’u? : i
and kept away from further large exposure Jyco k" < e
they all get well, with the same results s ¢ h ple
acne vulgaris. Those who have large pos:z *
tules may have scars resulting and those N * pem
who have superficial pustules or only com :«;,3; Tt
dones won't have any scars. ht toe
As far as prevention goes, [ felt even be-{%2 tog
fore this investigntion was undertaken thad h 1
this substance, like any other poisonous the
substance, can be handled and used in ine; -

dustry provided proper safely precautioady

in Pennsylvania when this was discussed.’
About ventilation and safety preesd;
tions, [ think that while we cannot, with‘cﬂ,-
present knowledge, detect by any cheml'Cﬂ;‘».
tests the carly symptoms of intoxicatioh !
from this substance, the skin offers aa eary '3:_,_
way of proving whether your method d'.
ventilation is efficient or not. If there &t
any cases of nene or of this dermatitis occur
ring in a plant where halowax or the chlone- ¢
ated naphthalene or chlorinated dipbeal#y
are used, then that shows that there 18 89
ficient concentration of these substances 18 -__.-
the air to cause plugging of the follic'lcs 82 &
to cause a skin condition. 1f there s ®
cicnt concentration to do that there 87 7 2
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1]
" g.ent concentration to cause systemic Mn. Warnex A Coox: [ am not quite
o ing in the few people who are hyper-  sure that [ have in mind exactly what you
_."'b?:ive to the action of these hydrocar- want in that regard. In connection with

wes Everybody is not hypersensitive to  sampling?
e If they were, of the thousands of

ls who have heen handling these sub- Dr. Ceciv K. Drixxer: Yes, In con-
ghances, more would have contracted this nection with the whole technic of determin-
and it would have been reported  ing the material in air, length of sampling,
.'"qmuch earlier. This material wasused type of apparatus, and so forth. It has
ja Germany as early as 1914 or 1915. been suggested that we endeavor to agree
.- Whils I cannot add anything to the upon some uniform procedure for that and
* gethods outlined here for safety in the way as figures begin to come in, as they will in
&f veatilation and so forth, I can say that the course of the next couple of years, we
i you go into & plant and find that there is  will at least have them on a comparable
~ gay sene present among the workers with  basis.
- @ls material you will know that there is
"peSclent of the substance in the air to cause Mr. Warrex A, Coox: In that regard
" seaeand consequently sufficient perhaps to  there isno question but what thedetermina-
be dangerous to the few people who are tions and results of analyses of the concen-

kypersensitive to its action. tration of injurious materials in air, corre-

_;-; Da. Crcit K. DriNkeR: There is a prac- lated with pathological findings or freedom
: Ueal point in regard to the question of deter-  from pathological findings, are real factors
2 wmining these substancesin air. My brother in further substantiating toxic limits which
w_g pointed out this morning that there are are originally given us from animal experi-
hra: several pieces of apparatus for doing this. mentation. In order to obtain data which
330 18 bas seemed desirable to a number of the are of value along thatline it is desirable to
~_men who are here that during the next cou- know to what extent, in terms of milligrams
pla of years, while we are in a position of per cubic meter, workers are exposed to
bearning, that we endeavor, if we can, to in breathing any potentially injurious
:ea.ﬁne our analyses to one piece of appa- material.

i

2
Y
H

{us, s0 that at least our results will be as It seems to me that one of the things that
Ttxaparable as we can make them from place  should be done, which many of the plants
- f“bp!u:e. and many of the organizations equipped to

" I don't know much about this phase of make determinations of injurious materials
e < UM qubject: perhaps, Mr. Cook, you have in air should do, is to make an effort to
'-'.‘._‘.llidu. or two about that. develop one group and series of results
- which will represent average exposures of
’t{l. WarreN A. Cook (Chief Industrial  workers to chlorinated naphthalenes. In
enist, Bureau of Occupational Dis- getting that figure I think that it is of great
: $aes, Btate of Connecticut Department of * importance that we should consider average
Beslth, Hartford, Conn.). On the deter- daily exposure. There is a tendeney very
2P minstion of the halowax [ wouder if it often in taking samples of air to determine
:;.".-;,_'ouldn't be preferable to have Mr. Hem- maximum exposures, to get the exposure
'-’f; Perly discuss the method he has been using over & 1§ or 20 minute period when the
% woughout the country for the determina-  worker may he actually tending a pot where
- _'._ > of chlorinated naphthalenes. the material is heing used, whereas during
322 the subscquent half hour he may bhe 40 or
- & Da, ?!CIL K. Drixker: I think so far 50 fcet away from that particular location.
atis concerned it is best to leave that  Therefore, for one thing, it seems to me it
ussions with Mr, Hemperly and Dr.  would be extremely desirable to obtain in-
l. afterward. But the question of  formation in as many plants and as many
: 3 f.mlning some unifarmity of techuic for locations as possible of the average expo-
ARV while ot least is, I think, a matter of gen-  sure, taking into consideration not only the

;& interest to us. worker’s maximum exposure while actually

:'Bn.nd
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at work with these matecials but also his

much smaller exposure and possibly even
lack of exposure as he may go to other parts
of the room or cven to other departments
during the course of the day.

Another type of determination which -°

seems to be extremely desirable to have is
concentrations of the chlorinated naph-

_ thalenes at certain reference points. I

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 chlorinated
naphthalenes were being handled, 3o that
next year he could go back to those same
locations or others could take determina-
tions at those same locations, which are
definitely fixed and recorded, and learn
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 origi-
nelly 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 makiag these
determinations these reference points so
that in Massachusetts and in Connecticut,
at one plant or ot another, a considerable
group of workers could be taking samples at
this one particular point with refercnce to
the source of generation of the vapor. Such
results would permit a comparison of knowl!-
edge between plants.

In that regard it happens that there is a
committee of the American Public Health
Association which is charged with the devel-
opment of chemical methods for determina-
tion of almosphieric contamination such as
that now under consideration. 1t seemis to
me that it might he a very desirable project
for that committee to consult with the in-
vestigator of the IHarlowax Corporation and
suggest to all of those whao are doing work
of this type, after some discuasion, what
reference points could be adopted and also
whiat should be done in connection with get-
ting these average expusures.  Asa matter
of fact our committee will discuss that very
feature and possibly include it in our report

>

35

" RpRRE
¥

>
t“ g

hefare the A, P'. I AL in October ag one of !
the projects which we shall rarry oyt
that time.

Aa [ have not given this consideration,
am afraid my discussion is not gs connec&ed"‘.
as [ might wish it to be. We have a res :{‘\f
problem here and one that deserves somy ¥
study. &P

ciation Comnmittec if a sub-committee from 155
this meceting, collerted perhaps by my 3
brother and those of you involved with these®
problems, were to make a recommendatiog®
to the A, P. H. A. a3 ta the things you harg?
brought up and as to suitable appn.ruu,~ :
and let the final statement come from the
Assaciation after they have considered that?
material?

Mr. Wanrrexy A. Coox: I think thats
would be a splendid idea because we harg?
a bulk of information on this particular
material. A number of individuals hare {3
given much thought to the development of %
apparatus, both the combustion method
which we have here and alao the continuooe,
record type of apparatus which Profezs
Drinker mentioned this morning. 1 thin
that it is a sufficiently important project’
that a sub-committec made up from this
group could give that committee a very
definite stcer. Y

[Personnel of the Sub-committee: W. A
Cook, chairman, A. L. Coleman, H. B. B+ {
kins, W. . Fulton, S. W. Gurney, E. R-"
Hayhurst, W. F. Hemperly, F. \. Sebl, lﬂd‘
A. N. Setterlind.)

Mn. Herver B. ELxiys (Chemist, Dirk~yg
sion of Occupational Hygiene, Massacho
setts State Department of Lahor and Ind?"
trins, Boaton, Mass.): In connection with
what Dr. Schwartz has said, T am not sur¥" ok
that [ am in complete agrecment a3 regd -
the use of skin lesions as. warning agenb
It is my understanding that in insulabed
wire plants the chlorinated diphenyls u".'
very commonly compounderd with the chlo- 2
rinated naphthalenes. It is alsomy Uﬂd"';
standing that these are more likely to C‘_“’"

a severe skin irritation than the straigtd,
chlorinated naphthalencs. On the 085°

N
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{rom Dr. Drinker's work one would
that the straight chlorinated naph-
¢ was nearly as toxic at least as the
are of it with a small amount of chlo-
iphenyl.
;‘}d?.:efhﬂlsond:’nser factory where we had
S gur cases there is no chlorinated diphenyl
l‘p“‘, and no acne of the type described in
=4 reports on the insulated wire factories.

ing to the laboratory studies but there

ith . B 3 j‘:ilab“ﬂ quite a little human experimenta-
‘ndatiog; 153 54 o the last several years, especially at

\;,_.u plants where we have been manufactur-
J.'h‘ this chlorinated diphenyl. It has been
ar observation that although on one occa-
~daa we did have a more or less extensive
serles of skin eruptions which we were never
- oble to attribute as to cause, whether it was
Ywparity in the benzene we were using or to
Gechlorinated diphenyl, we have never had
. ey systemic reactions at all in our men.
:We have examined them very closely both
oifraca what laboratory tests we thought
“afght help us and from the clinical view-
t Also from chlorinated diphenyl
s there have been no cases of systemic
-§soning reported.
5% [ don't believe that we can transpose the
:_g;ibcntory results into the actual humans
¢ withaut paying considerable attention to
% e volstility of different substances and the

t Wew

SooDx. Jomn A. Hooker {Consulting Der-
% mabologist, Halowax Corporation, Detroit,
33 ,_'_.lkh-): I have had considerable expericnce
?tﬁh the dermatological angle of this prob-
- The expericnce at the Halowax plant
%28 Wyandotte definitely was that the derma-
* did increase when compounds were
,“d rather than the straight chlorinated
> Mphthalencs.
?rom the discussion we have heard today
3 -.‘A‘J 3k the observation Dr. Drinker made
P the chances are that dermatological
Uz Ioblems will disappear along with the other
3 Pr?bnbly true. However, [ think that

precautions, certain insurance meas-

You might say, should be taken in
men who are going to work with
T Products, even though we are going
i :
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to attempt to get the concentratinns low,
We saw this morning that the eflect of these
products was on the liver and that if some
one working in these products developed
liver damage from some other source the
chances of his having scrious trouble was
increased. Therefore, inasmuch as there is
no test to tell whether a person has had liver
discase, certainly in the preliminary medical
examination of applicants for work the his-
tory at least should be gone into very carc-
fully for a history of previous liver discases.

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

[ think those things should be done even
though we feel that if the concentration of
these vapors in the air is kept as low as was
recommended this morning, the chances of
having toxic effects are very small,

Mgr. F. R. Kaiuer: I wouldlike to clarily
a 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 materials with chloronaphthalene
than with the straight chloranaphthalenes.
Did you mean by that, that the acne condi-
tion actually was more pronounced with the
compounds than with the straight elloro-
naphthalene or was that dueto the fact that
you were in a plant operated in a different
fashion? In other wonls, you handled your
numerous wire compounds in more of 2
batch operation. That is my understand-
ing from Mr. Brown.

ls it a fact that the stenight chloronaph-
thalenca are less harmful in a0 {ar as acne
is cancerned or is it beenuse of the handling
af batch compounds?

Du. Joun A lH{ooxey: That iz a question
that would be difficult to nuswer. 1 hased
my statement on the fact that in taking a
gencral survey of these cases after [ started
working with them the men in the plant said

T e
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that they developed acne more often and
more severely after they started making
compounds. It may be that it was in the
methad of the handling.

Mn. F. R. Kaivenr: You say that the con-
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 assaciate insofar as
these various other mnst‘ituculs are con-
cerned, such as various plasticizing agents?
How much do we know about those insofar
asdevelopment of acneis concerned? Some
of these compounds have 2 half dozen con-
stituents in them other than chlorodipheny!
and chloronaphthalene. We are at the
present time considering the chloronaph-

thalenc as the basic element responsible for -

the acne condition which we have. We
know very little about what the other mate-
rials may or may not do.

Dr. Joux A. Hoorey: I don’t know
about these ather materials. Perhaps Dr.
Schwartz would know something more
about them.

Dr. Lours Sciwanrtz: It is well known
in industry that there are many compounds
that cause acne. For instance, paraffin
acnes and oil acnes have been known for a
long time. Paraffin acnes, wax acnes, are
simply a mechanical plugging of the fol-
licles of the skin by the minute particles of
wax that {all on the skin. | think that the
acne caused by these chlorinated naph-
thalenes and diphenyls, herause it is caused
by both—1I was down at the Swan Chemical
Company where they make chlorinated di-
phenyls and they have acnc there just the
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" take maxima as well as averages in getting
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vulgaris is mngt apt te occur. The sehagy "
ous glands are meat active and they geep '
have it much more than the alder paopty }l'
whom the schaceous glands are not o0&
active. 278
We keep a clipping of all articles relsy k
to industrial dermatitis in my office and
recently read an article in a2 German m
zine in which they report in Gcrmnuy K
similar acne condition {rom chlorinated
phenols and chlorinated benzenes and aoly ";.,n
waxes. [t scems that this acne-like condtZ
tion is not peculiar to halowax or chlg 3
ated naphthalenes ar diphenyls but m Y
occur with any condition that blocks up the
sebaceous follicles of the skin. 4

Dr. Rorar Meexer (Special Age
State of Connecticut Department of Labor

at the threshold dose or the dangerous {me!
pregnation of the atmospherc with thesa¥
poisonous compounds. [ just wanted te§
drop that as a hint for this committee to
consider in its work. K

In apite of what you said at luncheos;
Dr. Drinker, I still think it is rather impar}
tant to determine how the plugging of the
pores actually does occur, whether they are ¥4
plugged as Dr. Schwartz has suggestedy!
from the particles falling an the outside of .
the skin or whether they are plugged, as w:
many doctors have informed me, from insids ;
as it were. The fumes are breathed, Ui.l
substance gets into the blood stream. It i8¢
thrown off through the pares of the skia acdg
the pores are plugged. | think it is ratbefg
important to determine that because B, 3

3

P

sameasoverat Wyandotte where they make
the chlorinated naphthalenes—I helieve
that that is caused by the same thing, a
blocking up of the follicles of the skin, the
formation of the comedone and then the
comedune hecomes infected and forms o
pustule. They duon’t afl 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.

[n those people who are in the acne age,
the youngsters of 18, 20, 22 and 23, acne

gcems to me, {rom the slight knowledge thxt'\
I have of the industrial application of hsloy
wax compounds in insulating wires, that
the plugging of the skin, if it is just an out§
side plugging, may take place cither {ro®
handling a snlid substance or from ﬁ'_
coating on the wire after it becomes C°.‘
I haven't heard anybody say aay=d3
ahout those Massachusctts cases of X
severe dermatitis and [ amn not so sure but
what there was sbme question of liver dam= 35

rge there. Nobady hassaid anything °b°::£
them at all. There is no question th._,
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F . the condition, whatever the mmplif‘a-
VAL Y g might bave been, came from handling
':" A wire, in 8 confined area of course.
_ & J(hink ;his necds a great deal more study,
"‘.?.a'pﬁnker, than you and your associates
*ﬁ*" been able to give it as yet. All [ am
xS excions sbout is the way we can administer
RN {ective labor Iaws in order to protect
21 ‘M the employer and the employee.

i + ] ligtened with very great interest to the
tions of suggested pots for the appli-
EF e tion of halowax, chlorinated naphthalene

¥ sad diphenyl. It seemed.to me that they
very much to be desired. T don’t see
ky the application of the halowax com-
! , I it is necessary, as I assume it is,
oo ig3e this rather dangerous substance, can’t
.+ b done in a practically closed pot. If you
Dr. Drinker, I wish you would ask
Mr. Reeves of the Rockbestos Products
.. Oscporation to tell how they have hnndlpd
‘R I I am any judge of equipment and
'mlely devices they have come as ncar to
47 eliminating entirely from the atmosphere
W .l ¢ontamination from fumigated or evapo-
R ) .'; sfed balowax as anyone. All of the appli-
e L35 ‘aation of balowax, either in the melting pots

o where it is applied to the wire, is done
S igmder hooding and with ventilating appa-

Do)
k8

> /s, Jelp the picture along. Our experience has
- 9%em mote or less parallel with Mr. Kaimer's
2 ',‘?l;humuch a8 we manufacture the same type
¢.8 wire. We have avoided the serious pie-
pue that he ran into, probably due to the
d that shortly after 1923 we were using
“-R-ne a2 asolvent for asphaltic materials.
3;'! got into anemia difficultics with ben-
e fumes and had to install a complete
tlating system to remove all those
et {rom the machines that applied the
®pounds to the wire. Following the
lation of that equipment we were able
PEANEES & substitute for benzene, 8o we got it
A of the pictyre.
P Wo are still in the same fix as every one
% agfarng inding a substitute (uc halo-
P& Thereis none that we know of. Can-
tly when we went to the use of halo-

e
-

Ea
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wax we had a head 2tart a3 far as the
ventilating system was concerned, since
ours wag already installed and adaptable to
a compound with a benzene solvent rather
than a melted halowaxcompound. Inorder
to keep the fumés of a highly volatile sol-
vent under control we did develop a prac-
tically complete enclosure for the edntainer
in which the compound was placed and
exhausted that container in order to prevent
any escape of the fumes from it. 1Yhen we
changed to the halowax compounds we fol-
lowed the same scheme of applying the
compounds and used a completely enclosed
pot. Thereisa holein one side for the wire
to go in and one on the other side for the
wire to come out. There is enough exhaust
suction on the enclosure to prevent any
fumes from getting out of the openings
where the wire entersand 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 ventilat-
ing system intcrlocked with the door that
the operator opens so that when he opens
it he increases the amount of air travel
about ten-fold.

Dr. Rovat MeekEgr: What is the veloc-
ity when the door is open?

MRr. B. H. Reeves: With the door wide
open, at breathing level the velocity is 200
fecet. That is the lincar wvelocity. We
check that every week on every opening at
every machine with a velometer, & small
instrument which is easy enough to operate
and reads directly. Whenever the velocity
falls below that figure the pipe conneceting
that machine is taken down and cleaned,
because there will be condensation inaide
the pipe to cut dawn the air low and reduce
the ventilation eflicicney.

Dn. Roras Meexker: What do you think
of that trap device shown?

.Mg. B. H. Reeves: [don’t know what to
think of that. [ don’t know whether it
would be practieal or not. [ was going to
ask Dr. Drinker whether in passing the air
laden with halowax fumes through the boxes
of ruts there waa any deposit of halowax in
the enclosure.
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De. Ceern Ko Diavken: Yes. It s
detectable readily through the outflow pipe.

Mr. B. H. REeves: Those in the far end
probably didn't get the concentration.

Dr. Cecit K. Drinken: We change the
position uf the boxes each day. The ones
furthest away move into the nearest posi-
tion, so that over a perind of weeks all are
exposed equally.

Dr. Esery R. Havuvest (Consultant
in Industrial Hygiene, State Department of
Health, Columbus, Ohio): I would like to
ask if it wouldn't be possible to put a cold
water line around that trap and deéposit it
all before the air escapes from the trap.’

Mgr. B. H. Reeves: We have tried cool-
ing the surface of the exhaust pipes in order
to concentrate the deposit in one place and
make it unnecessary to remove long lengths
of the ventilating system. While we have
found a slight advantage in doing so it
hasn't at all paid for the expense. It is
much easier to take the piping down. Con-
sequently [ doubt the possibility of remov-
ing it all by cooling the surfaces of the trap.
It might be possible, by building a labyrinth
of refrigerating coils, to collect it. But
then you would have the problem of remov-

_ing it froms the enifs after you had collected

it and it would involve rather complicated
procedure.

Dr. B. L. Vossurcu (Mediecal Director,
General Electric Company, Schencctady,
New York): We have heard about the pos-
sibility of preventing liver damage and skin
trouble arhong manufacturers of wircs and
cables and so forth, but like the old rhyme,
every dog has flecas and the fleas have fleas,
we algo have customera who use wires and
cables in tunnels, in enclosed spaces, splic-
ing them together and doing all sorts of
things. Iamnotatall certain that we know
what the concentration of these chlorinated
hydrocarbons is under those conditions.

About the time we were having su much
trouble at our York factory some of our
custumers hegan complaining.  We thought
we were having a hysteria of halowax mania
throughout the country. Soine of their

TR s
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complaints were hona fide.  We had pq d‘f:' 2o
Geully in handling cold wire and the mygy =x
had no skin trouble. Yet when they gy =5
the same thing with passibly the appticy
of hent in tunnels, ships and so forth,
actually did develop trouble, 2
We have used, of course, the icterus indé

tiog
th

in following some carbon tetrachloride eppe 2% N
Bhiae. 1 : i}
and I wondered what you have to gay shogt: !‘FP!‘
that. Is that of no value at all in the u1 :' to:
of liver damage in this matetial? - g ( )
o obi
Dn. Cecie K. Drixxer: 1don’t think s : :. ‘:

until it gets so extreme that we know it 1y 3 :

way.

Da. B. L. Vosnurcu: [ did write don
few questions that came to mind, Someq’
them have been answered and some ag
foolish but 1 shall ask them anyhow,

It occurred to me that if trichlornaphs 83
thalene has been proved to be praclicdl;i
innocuous, isn’t it a problein of researdh
largely for the Halowax Corporativn to am
only that one material adopted with ¢ X
known chlorinsted compounds to meet tha ¢

= POy
requirements of customers? That is ooeigas wrat
of the foolish ones probably, but I shall & . ed e
just ask it. {“f .

Furthermore, how long is it reasonable &
expect the liver to recover after it has beewy
pretty well damaged. 1 tatked to you ad 5

the animals as yet. P

Dr. Cecit. K. Drivken: In that case ¥8 g
set aside a certain number of animals W
recover, after knowing that a certalg
amount of damage had been done. Tbﬂ‘_
we started to kill them but we invariahly /3
ran out of rats before they ran out of lesioo® X
We don't know how long it lasts. €

5

Dn. B. L. Vosntnan: Have you 3";';
thein caleium and glucose ns you would wi
carbon tetrachloride?

]

Da. Cecit K. Duxker: Not yet, but " -
are doing an experiment now with one grovP S LT a"!
on a very high celcium dict and anothef Tas ﬂ" 3
group on a calcium free diet. The whak;( R

question of calcium in the diet, of giviak;
milk daily to these people may be ¥or-g
while. :
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:-Dl- B. L. VossUrait: I just had those
43 "o g in mind. 1 would like to hear
Afr. Brown would say as to the possi-
of using only this one innocuous

proe sted naphthalene. .
e P

A y our problem exccedingly, not only
3 the commercial standpoint but from
e boxicity standpoint. But if we did so
’ ok that Mr. Kaimer would be the first
“‘.5. ebject because be wouldn’t be able to get
\"ghe bechuical effects he desires in the cable.
£ Tte same thing applies throughout all the
g’-uy where we are using these higher
~ghtorinsted products.

e program for this continuous work that
‘sl be done under the ditection of the

,fhutntion and whether or not within this
Zqmmplicated chemical structure there is
m' one thing that causes the trouble. If
<9 eould take hexachlornaphthalene and
%" 9gmore | per cent of some unknown constit-
<Y>#ast with which we are not now familiar
<z gd eliminate the toxicity, that would be
#3 § levely solution. Whether we will ever be
“ to attain that I don't know. That is
®8¢ of the things we have in mind.

i~ A8 [ said before, that is one of the things
. \WHR which all manufacturers of these syn-
Betie organic products are confronted at
i 090 rlage, either in their laboratoriesor in
. wemercial developments. It is largely a
"5 rﬁon of timing as to when you should do
54 ™ work, how much you should do, and
& £ you know how to do it.

3o leuu that frat.
.;'
ﬁ_ - D2 CreiL K. Drivken: Unless there is

otherimportant matter I will declare

23N
o . - R R Savers: May [ say a word
"lul regard to what Dr. Hookey stated
—Oyphilis? If you are going to eliminate
.!O‘u’ workers who happen to develop
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syphilis during the time they are working
for you, you are probably going to luse some
very important employees. 4 woulid seem
that it would be worth while to give serious
consideration to secing that ponditions 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 a good or sufficient reason for dis-
charging those employces who do develop
syphilis. We have not found that to be
true in other places and I question whether
thisis one of the places. Imay bein error.

Mg, Saxprorp Browy: I want to take
this occasion to express on behalf of the
Halowax Corporation my thanks for the
excellent cooperation we have received from
various state authoritics and our customers
as well in this investigation. I believe you
have all formed the opinion, based on what
you have heard this morning, that our whole
motive here is to conduct this on an ethical,
scientific and conatructive basis.

In collaboration with the Monsanto
Chemical Company we have a much more
comprehensive program in view to carry on.
Therefore we want to continue that same
type of cooperation.

There is one thing that [ want to bring up
in that connecction, which will have to be
observed by the state autharitics, when they
go out to make these inspcctions. That is
the necessity of not creating mob hysteria
on the part of the workmen in the plants
where these inspections are made. Mlr.
Hemperly has run into soine very interest-
ing situations in the various cxaminations
he has made. [know that he would he 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 have that if we are to get the resulta
that we arc shooting for nvee the next sev-
eral months or years. This thing may con-
tinue, probably will continue for years.
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