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HE use of chlorinated naphtha-

lenes and compounds of allied
pharmacological possibilities is
eiremely wide, and with the steady
@owth of the use of electricity is cer-
faln to expand much farther. For
gears it has been known that many of
- these compounds cause o troublesome
Beme, and there is a large literature
&pon this phase of the subject. Our
Westigations have not been concerned
¥ith chloracne but with the possibility
¥ elfy!temic effcets following ingestion
% inhalation of such products. In the
" §=ing of 1936, the Halownx Corpora-
& division of the Bakelite Cor-

on, called our attention to three

2 cages of jaundice in workmen
Usng chlorinated naphthalenes and
orinated diphenyl, and requested
08t the subject be investigated ay

‘e ..
meed for publication June 30, 1937,

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

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

t The Halowax Company makes many
produrts hesides chlorinated naphthalenes,
and it has come to our knowledge that all of
these products are indiscriminately called
‘‘halowaxes’’ by purchasers and users, and
are lumped together as poasible eausers of
acne and even of avstemic discase. Since
“halowax' iy merely a trade designation,
earc should be taken to deserihe compounds
by their chemical names and thus avoid
condemnations which are both troublesome
and misleading. '
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have a cirrhosis 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 2. This was a young man who
died in February, 1936, after an acute illness
characterized by jaundice. He had been
exposed to fumes arising from a mixture of
penta and hexachlornaphthalenes. There
is no record of chloracne. The patient
worked with a large number of other people
of whom but one (Patient 3), a close friend,
had significant illness.

Patient 8. 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
exposure. In but one instance, Pa-
tient 1, is there record of antecedent
disturbance of health, and the general
health of fellow workers has been good.

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

34

who had been exposed to tfiChlq“
naphthalene. Of these 13 were (, e 01
to have mild digestive complaipi Sty
anorexia, nausea and vertigo, pu R4
Courtois-Suffit remarks finally, ,i,‘{;"}
sorption is certainly possible ang %
have for proof of it some of the digeg.
tive and general complaints whid
have been due to it. But they 8ppety;
to be of little consequence considepiytSe
the mildness of the digestive troubley 5
and the absence of respiratory phe!
nomena.” i
In Touraine's cases the exposure wg %

to a trichlornaphthalene, whereas thy 3}
American cases of acute yellow atrophy 3%
were exposed to compounds of higheg 4&
chlorination. Our own oxpcrime.nt'l-:
indicate that trichlornaphthalenes redii
quire enormous dosage, far beyood:
anything cncountered in industry,
order to produce liver damage. Tét
eky (1927) reported a number of ,
of chloracne in persons exposed W33
chlorinated naphthalencs with a chlo=ye!
rine content ranging from 14 to 53 pei¥;
cent. He found that the lower ths?
chlorine content the less the acae.Sg. .
Mittelstiidt (1935) examined a number T4 ¢

of cases of chloracne duc to trichlord;
naphthalene and reported a number ol
vague gencral complaints but nothing
in the nature of scrious discase. !
garding his animal cxpcrimcntatiora.""
Lehmann (1919) reported that ank,
mals fed chlorinated naphthalencs réy
fused to cat after a time and theb'
whether poisoned by inhalation or by¥e
feeding, at death showed "pcculia_ -’_ 3
losions in the liver. Flinn and Jarvik y38
(1936) gave subcutancous injectiond & _4;
enormous doses of chlorinated "apb‘w
thalenes dissolved in paraffin oil }‘"1,
rabbits. The compounds used werd'sy
as follows:

~3

N\

,.?a,‘? .

sal, 190 80 | (IO R
1. A mixture of
paphthalene
9. A mixtur¢ of
chlornaphth
3. A mixture of
chlornaphth
in addioy, subli

© @) were collected
i nbmmneously.

None of the antn

" the sublimate from

gfter 2 months wer
gutopsied.  The fir
mals receiving (3) ¢
dsy and the last &
11;054\ roceiving th
were oven more
Autopsy in thes
.griking changes
described, cntirel
“acute yellow atre
suggestive to-eaus
elude that “eerta
thalenes or imp
them are capable
atrophy of the liv
At the begim
Flinn and Jarvik
fact that there |
of acute yellow
in men working w
thalenes but give
tothem. These.
the same as the
beginning of this
Cne may =u
literature upon
these substanee:
1. With the
tion of acute v
and Jarvik (193
OF ¢y s~
upon human Le
2 Thete is e
. that the terree
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BFFECTS OF CHLORINATED HYDROCARBONS 85

A mixture of tri and tetrachlor-
: naphthalene.
FAS iA mixture of tetra and penta-
chlornaphthalene,
;‘\ mixture of penta and hexa-
¥ chlortiaphthalene.
saddition, sublimates from (2) and

taneously.
;—None of the animals receiv ing (1) or
mmbllmate from (2) died, and even
;.ﬂuZmonth\ were quite normal when
n(o;,:lod The first death in the ani-
. u.:!s receiving (‘3) occurrml on tho 12th

5"h't'rlbt‘d cntlrolv ch-\mctvrhtu' of
£ seute yellow atrophy but =ufficiently
auggextive to cause the authors to con-
. ddade that “certain chlorinated naph-
thalenes or impurities contained in
sem are capable of producing yellow
8trophy of the liver in the rabbit.”
% At the beginning of their paper,
(FBnn and Jarvik (1936) mention the
g2t that there have heen three cases
(‘ geute yellow atrophy of the liver
men “oerg with chlorinated naph-
lencs but give no details in regard
These enses are undoubtedly

“3‘““ as those deseribed in the

nning of this pager.

e may summarize the meagre
ture upon systemic effects from
sthstanees as follows:

L With the exeeption of the men-

8 of acute vellow atrophy by Flinn

lndJar\ ik (1036 L

Of
SO OVeN suggrestions of serions effeets
Upon Ry b s,

2 There i evidenee (Peleky, 1927
t the dogree of

ore are no |(-|m|l~

chlorination is sig-

nificant in relation to the production
of aene. In the work of Fling and
Jarvik (1936) - the compounds produe-
ing serious liver injury were the most
highly chlorinated of those  tested,
though the chlorine contents ax given.
by analysis vary surprisingly little.

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

rests

Fxrerimestan Wonrk

In appraising the possible toxicity of
any substanee met in industey it s
first necessary to determine the prin-
cipal route of absorption.  In the ease
of the compounds under eonsideration
there can be no doubt that inhalation
is their chief means of entering the
body.,  They are used hot in o great
variety of operations and volatilize in
varied degree. They are often applicd
in =olution in such volatile solvents as
carbon tetrachloride and toluene, The
amounts reaching the air under such
cirenmstanees are hardly  deteetabile,
[t will however Tae shown that earbon
tetrachloride adids to the toxicity of
the chlorinated naphthadenes and adlied
compounds, and {0 there is possibility
ol inhaling these compotiuds in ather
parts of the factory then inhadation of
earhon tetrachloride alds a0 decided
hazaed, Under
~uech g

~tich  elrenmstanees

sofvents teluene <haudd e

st
Olservation i o mamber of plants
feel that thanueh
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workmen may be exteemely divty
careless, comparatively little of these
wixes s ocaten, “They arve tenacions
substances, insoluble in water, and if
they get on the hands they stick there
and are not transferred to the food.

Skin absorption is the third possible
meuns of entering the body, It may
oceur but at hest must he slight when
compared to the steady inhalation of
finely divided or gascous materinl in
the air.

o3

ls2id s

S, iy

tionr. They thrive apon
~silaee to man, al e the ease of “u\-;
ehlorinated compounds it is Dossible .

that dict may he very significany, S8

Finally, their n.mrnml chiracteristig ’l‘!‘
have heen deseribed =0 well as to Mmake 33
A8

i iy Vory e

the detection of abnormalities hoty

casy and certain, e

Mcthod of exposure. -="The inhalation B

experiments were earried out in foye
large  air-tight  wooden  hoxes, each
apable of holding ten rat cages, size

Fra. 1 Front view and inflaw end of two ho

[ubmlation experiments are then the
most important sonrees of information,
but to them we have added o eertain
mimber af observations upon ingestion
and subentancous injeetion of various
coatmponitaeds,

Lohalution Forperiments

Andmals. White s lave heen
comploved  throughaont,

They permit
the use of o biege number of anmals
i relatively anadbinhalaon inseal -

ses with et eages o place and dooes open.

227 x 227 x T, in twa tiers of five
eages enehe When the experiment was
nol in progress the doors were opened
wide and the eages kept i place
tlicure 1),

A the eenter of one eted of each bos

¥

n

the inflow end aie wax introdoeed
thrawgeh o pipe 7 inches o dimneter ~;§
(fenmre 290 Fach hox was c-qnl;'l"“l -
with woinmdividval varinbileospeed clees 3

Jrie Blower which Blew the air through

several teet of Teinely |'i]u' hefore enters

It $ Uk Y “"- ) - ("9' % 2
; jﬁl‘?\\/_é‘b. RSP
oy A

el 1910 Lt

e the el ol thie

meter was ||l.:u‘.m| i
the flow of air i e
could e :uliuslc-«l. 4
from & alibratin
deflector placed at
pipe into the hox
cure & uniform
stream of air m. thie
At the apposite
outflow eridd—the
was exhausted thr
frted with a damygr
a large central exh
About 4 inches
the 7-inch pipe intt
of the substances
duced into the i
cially designed
(figure 4), 71 ineh

r g diameter of 13 in
R

hold the heated w
were made with «
that extended to
top of the flask w
=this fitted a shor
length.  This ~he
into a large rubbe
tightly into a hole
pipe on the under
flask in tirn was
heater made to o
below the side ar
top.  Rubber tul
side arm with a ¢
voir'and a gentle
through the mel
motion and nssur
It eueh ik wa
centigrivde thern
keptin plaee sl
time above the
which it prussed 0
s\ll]'rh\iul:l!!'l_\‘
chlorinated napii
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el 19, 10 T

ing the end of the boxo  An orifiee

meler Wiis placed in the pipe line, and

the flow of air in cubie feet per minute

could be adjusted and read off direetly

from @ calibrntion  curve, A vane
. deflector placed at the entrance of the
ﬁ'p into the box was adjusted to as-
" qure a uniform “distribution of the
gtream of air to the two.tiers of cages,

At the apposite end of the box—the
‘eutflow end—the air from cach hox
pas exhausted through a 7-inch pipe
fitted with a damper and conneeted ta
8 large contral exhaust fan (figure 3).

About 4 inches from the entrance of
the 7-inch pipe into the hox, the fumes
of the substances listed were intro-
duced into the inflowing air. Spe-
cislly designed pyrex  pglass  flasks
(Ggure 4), 73 inches long and with a
diameter of 1} inches, were used to
hold the hieated waxes,  These fasks
were made with a side arm and tube
that extended to the hottom. The
Ak #top of the flask wax ground, and into
this fitted a <hort tube 1§ inches in

B ~ kength,  This short tube was inserted
¥ - ir.lto a large rubiher stopper that fitted
‘ f ll.glntly into a hole cut out of the 7-inch
Ry Fipe on the under side (figure 2), e
£ fask in 1rn was pl; ¢ al i an eleetrie
¥ as plaeed i an eleetru
S heater made to cover it completely
‘1 bl :‘0'0\\' the side arm and ground glass
?;E op. Rubber tubing conneeted  the

gide arm with compressed air veser-
Yoir and a gentle stresm of air Dlown
through the melted wax Kept it in
motion aned assured uniform hestting.,
o each flask was inserted o long stem
fentigrade  thermometer whicl wis
EPin plice and condd e read at any
"hre abone the 7-ineh pipw through
which iy praassed - (figeure 2.
"D])ru.\'iu\:uvly 30 g of pulverized
¢ Orinat (| naphithadenes or 200 g, of

W

-

JRRDY X,

EEFRECTS OF CHEORINATED HYDROCARBONS

UNT

ehilorinated diphenyb were placeed i the
hottam of caeh flask and melted in the
oleetric: heater. Fresh samples were
uzed every other day, bhut it was often
found necessaey to add 20 g, of new
material even after one run sinee so
much had sublimed.  Whatever the

case, the colleeted  sublimate  was

Fra, 2,

Fleetrie heater for maintaining
ellorinated compomids at 0 canstant tem.
peesture in placee ab inflow end of hox.

always removed from the upper part.
of the flask e o elean topy used each
diy. No sample was ever used for
mare than two runs,

The ask phis the contents was enpe-
fully weighed at the beginping of the
e s ot the end, aned the loss in

weteht used to endendate the verqoe
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amount in a cubie meter of air per
ax determined by a series of

Fra. 3. Outflow end of two boxes showing

Howmeter readings,  The
tained were not absolute
slight variations in the air flowing 4
through the hoxes and  hecanse of

mometers and on the inside surfaces of _
the hox, but they cheeked well with 3
direet  doterminations
sumples, :

Approximately 1 hour was allowed

come to a constant temperature, At 3R
that time the box doors were tightly
closed, air bubbled through the flasks,
and the blowers turned on, - This wag
the heginning of the exposure perind,
By means of rheostats on the fans and
dampers in the outflow pipes, the ‘
amount of air Howing  throngh the .
boxes was adjnsted and an attempt
wis made to Keep the four hoxes as
uniformi ax possible - usually hetween
165 and 175 e.fan.

In the fiest group of experiments the _

following substanees were tested:
L.\ mixture of trichlornaphtha-
lenes plusa trace of tetrachlor-
tapthalene.  Chlovine content
19.9 per cent.
2. .\ wmixture of peata and hexa-
chlornaphthalenes,  Chlorine
content GG per cent,

[ NTEA N

yres ighase lask

30N mixture of 90 per cent penta
aul hexaetdornapht hadenes
plus 10 per cent refined ehlorin-
aled diphenyl, Chlorine cons
tent G3.0 per cent,

4. Chlorinated diphenyl.
cotutent 63,0 per cent,

Chlorine

The conmpennnds were seleeted as repe
pesenting a eortain ange in chlorina-
tion vad also heeswse ol their inelustrial
T eneh instanee SO anis

e "
el spased, 10 l':l(~|u'i|l‘.‘,|'l"l(‘cd
o v They were fedd PParing

fignres op, ;1

Intnse of 35

deposition of materinl on the thee. #3886

throweh a5 7

for the wax in the fasks to meln and i.

 TERN

£

. Chow supl
%’ milk and ¢
*"Tm first grot
‘wn on July

g e Lo num

¢ dﬂompbthalen

g6th. The expc
compounds cea

. gsth. On Octc

gve animals we

0 . gare [rom grour
% pilled alter 2
_ 15th, in order tc

Cosptrions MAm

AT

. Trichlornaphthal
tatrachlornaph

- Peala and hexac

0% penta and
benes plus 10%, «

- Qhlorinated dipl
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period would !
the affected

2. The averag
18 hours dai
, Each mornin,
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D'“ Chow supplemented by lettuce,
g, il 80d cod liver oil.

Tile first group of experiments was
¢+ on July 1, 1936- and the last
h to number 2 (penta and hexa-

pbthalenes) was on November
7 4e1h, The exposure to the otherthree
@apounds ceased upon November
Ceeeh. On October 15th representa-

"','g“ gnimals were taken out of expo-
#4755 from groups 1, 2, and 4 and were
“%28ld after 2 months on December
' $8h, in order to see whether this clear

.
B R R P Do
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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 cvery 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
made but were uniformly negative and

TABLE 1
;-' 3 CororrioNs MAINTAINED IN [NRALATION EXPERIMENT FROM JULY L TO Novesmaen 16 axp 18
e
Moty TEup v, coxcesrratton | TOAY oarLr
MATERIAL ONTEN . OF AIR 1N BOX poscne | EX*
€O NT PUBURE
% °C. mq’,r:‘cu. range hours Aours

*>." tatrachlornaphthalene . ... ... ceeel| 199
e
AP AT
62.6
< 89% penta and hexachlornaphtha-
G3.0

+ " femes plus 109 chlorinated diphenyl.

3

150-160 ; 1 31 | High 2 €0 | 1896 16
Low 0.10

160-170 [ 1.16 | High 2.19 | 1864 16
l.ow 0 351

165-175 | 1 37 | High 3 17 1896 16
Low 0 64

165-175 | 0.57 | High 1.19 | 1896 16

Low 023

oLy
! x\:&bd would bring about recovery in
1@ affected livers. Animals from
3 &%p 3 were similarly removed from
?ﬁure on October 4th and killed
3 %% &xamination on December 4th,
F903.5> h; average length of exposure was
) urs daily for 6 days a week.
‘r morning at about 9:00 exposure
‘ﬁfr:d: and between this time and
et . M. the rats were cleaned, fed,
‘um:d' ete. In order to secure uni-
S Y of exposure the cages were
°n a regular schedule, since

showed that under the temperatures
used no decomposition oceurred.

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

The concentration of chlorinated naph-
thalenes and chlorinated diphenyl tn the
air of workrooms.—Table 1 shows that
animals have heen exposed to varied
concentrutions of the substances under
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[}

test. The concentrations employed
may be regarded as fairly representa-
tive of industrial experience.  Prior to
the initiation of inhalation experi-
ments a number of estimates of chlo-
rinated hydrocarbons in the air of dif-
ferent factories were made and the

3UETION
| 5T

,J,__/'—P‘r!x

5
THH, INSISG DIAM,

24T

S OL 1 D GLASS BEADS
1111 DIAM.

in question is paxsed over heateg Dluli:
num in an eleetrically heated Quiarty D
tube and the cffluent gas serubheg *.‘-l_
a column of glass beads maoistene with &

sodium carbonate containing a trace g %
sodium sulfite. The beads are gheiS)
washed down and the chloride deten, Y

zcm >

—

2z. ?G (14
S

Tor

4HHINSIDE

DIAM.
i PIPETTE
TIP

ReslS

20FT, NICHROME Wike
(1 onrt /,

PLATINUM FOIL PACKING

NOT DRAWN TO SCALE

51| A —
R

S5

QUAZL

TMM 103LDE
DIAHM,

NCE FURNACE

1)

6° ¥ }3"x 0.001"

15.24 « 381 ¢ ©.00254 CHM.

Fie. 5. Dimensioned sketeh of combustion tube and absorption apparatus.

concentrations chosen for inhalation
experiments depended on these exami-
nations. The technic of analysis and
the apparatus emplayed were the work
of Frederick I Millhiser and Williaum
F. Hemperly.

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

chloride.

Tebbens  (1937) has recently de ¥
seribed & methad and apparatos whic'h :
should he equally satisfactory for this
Iu ligure 5 we show a dimen
sioned sketeh of the combustion tube
and ahsorption apparatus as used by K
us in both our laboratory and ﬁelf’
problems.  The absorption  tube

work.
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‘amewhat easicr to wash down than is
ng's but the essentials of the two

7 W seq are the same.®
-‘~'in both cases conversion of the chlo-
-xfdﬂl“d hydrocarbons to bydrochloric
“iged and subsequent absorption as
T sodium carbonate should be complete.
‘fn our case concentrations in air are
ept to be very low—the objective is
¥ Joss than 1 mgm. per cu. m. Conse-
% agently the amount of silver chloride
?"ufmﬂy formed in the final reaction is
g9 small that it can not be determined
. ither gravimetrically or by titration.
For this reason we have been forced to

BN “gee the nephelometric procedure which
" " I sensitive to concentrations as low
‘~ " #80.1 mgm. per cu. m. of air.

PREN :° It is doubtful if the sampling rate

> . thould exceed 1 liter per minute as
< eonversion of the chlorinated com-
dpound to hydrochloric acid and its
 mbsequent absorption are not efficient
. tmless the velocity of the gas stream is
¥+ fow. Another precaution to be noted
- I that the method is not selective—
. 88y chlorinated substance will be
o6 éetermined.  Furthermore it does not
{2 i Eatinguish between solid particles and
2.1, Bpees but determines them all alike and
; “,!” Fesults must, of course, be com-
3 pated in terms of total chlorine.

. At the present time we possess in-
4 ation as to the amounts of chlo-
g tinated naphthalencs in the air of 30
' *"tﬁﬂerent plants, and in a number of
-:“; ances the measurements have been
Ppeated several times. Frequently
- ¢ amounts have been greater than
3 used in our experiments, but it

Sre st be remembered that the rats
N
S, The combustion and absorption appa-
U8 suited to field samnpling is now made
Wson Produycts, Inc., Ilteading, Pa.
ol dUibment includes fluwmeter and
i - 00 Pump with a carrying case.

i~y
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D

have heen exposed for 16 hours to an
atmosphere constantly impregnated
with the substance under tesg, 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 trichlornaphthalenec in chlorina-
tion. Fortunately it is casy to veati-
late processes of manufacture which
require these substances and to reduce
air contamination practically to the
vanishing point. Such treatment of
the problem at once removes both the
possibility of systemic poisoning and
the annoyances that arise from cases
of ucne.

Resulls of Inhkalation Erperiments.

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

2. Animals exposed to a mixture of
penta and  hexachlornaphthalenes.
No abnormalities were observed in the
living animals.  Rats were killed and
autopsied every 6 weeks, [ the fiest
animals sacrificed liver changes were
observed.  These  were  swelling  of
cells, slight granulation and hyaliniza-
tion. In September and October these
conditions were somewhat more ad-
vanced, and in November the process
became stationary.  There were highly

3

904321
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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 dipheny!.

Sununary of the first inhalation ex-

4

The functional appraisal of the ipg W&
damage caused by certain chlon‘w
naphthalenes and by chlorinated ;%%
phenyl.—Therc are no tests of live
function usecful in such minor degreeg
of liver damage as were produced iy
these experiments. Indeed the ani. 7
mals resisted the injury so perfectly {7
as to display no abnormalities except %8
upon histological examination of .éﬁ
liver. The situation was perhaps;
sitnilar to that met in industry, \vhem,‘:"
barring acne, the health of workers iy}
these compounds has been good with
the exception of the fact that in isos}}
lated instances jaundice has occurred it
which upon at least three occasions$i%s

During recent years this disease bag;
been scen following administration of &,
carbon tetrachloride,
and cincophen.
tetrachloride it is known that a low

S
ey .n’ﬁﬁ-u an
MyeaRit
4 .v'é %L{'j A

3¢ S

calcium diet and alcohol favor the prog
duction of liver damage. For the}
acute yellow atrophy that occasionally {55

periment.—In these experiments carc-
ful observation of appearance, body
weight, activity, blood, and urine

N

S iy,

showed no abnormalitics 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

complicates use of the other two drugs
no cause can be assigned.  One cannes
produce acute yellow atrophy with &
arsphenamine, but somchow or other:
this now and then does happen to pée
tients under antisyphilitic treatmeotd
It occurred to us that something ol
the same sort might be involved in thn‘

&7

SRR SN RY

problem. The luunan cases have been 2
seattered and few. They have beed )
isolated instances out of large groups XEG

of healthy employees who have had 24

equal deggrees of exposure. It was 0ut Gagd .
idca that perhaps many of these lJOOPleA" g‘f:& e
rrot liver changes such as existed inowf ‘2 '

rats, changes not recognizable throuss .

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

53
>,
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“. o means other than autopsy exami-
: n{ioﬂo If, upon the substratum of
-, :dl changes, they got an acute liver

got & very common discase but one
X any of us may experience, would
g’th\‘elatively innocuous discase go
“aver to acute yellow atrophy?

.4 gnowing that our inhalation rats
ted liver changes, but changes too
t to cause recognizable symptoms,
-ge decided to test their resistance to
) gabstances known to cause. liver de-
“gruction. Cacbon tetrachloride and
eeohol were selected. Having infor-
mstion that 1.0 cc. of carbon tetra-
chloride plus 1.0 cc. of ethyl alcohol
per kilogram would kill 14 per cent of
gormal white rats, we reduced the dose
40 0.75 cc. carbon tetrachloride and
@75 cc. of ethyl alcohol.

-* This mixture was given by stomach
".fube to the following groups of ani-
¥ - mals and with the results found in the
" fellowing tabulation.

Ak,

A

R

" Bals fed 0.76 cc. per kgm. each of carbon
e tetrachloride and ethyl alcokol by

i stomach tube

b, I Trichlornaphthalene plus trace of tetra-
7t ellernaphthalene. Fed at 9:00 a.m., Nov.
‘H.ma 10 rats. No deaths.
-+ & Penta and hezachlornaphthalenes. Fed
'g'-,n::so 8.m., Nov. 10, 1936. 10 rats.
.- 8 died Nov. 11th between 4:30 and
. 10:30 p.m.
1 died Nov. 12th at 3:20 p.m.
420 ldi'ed Nov. 12th at 4:30 p.m.
© ¥ 1 died Nov, 13th between 9:30 and
11:30 a.m.
ldied Nov. 15th hetween night of Nov.
14th and 12:30 p.n. Nov. 15th. 2
died Nov. 16th between 10:15 p.m.
v 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.

ne

(5% ed gy
.

544
o
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% Ssturbance, acute catarrhal jaundice,

G I T, e ey e

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

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

1 died Nov. l1th 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 between 5:00 and
10:00 p.m.

4. Chlorinated diphenyl. Ted at 10:00
a.m., Nov. 10, 1936. 10 rats.

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

2 died Nov. 1ith 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 a.m.

1 died Nov. I16th between 10:15 p.n.
Nov. t5th and 9:00 a.m. Nov. 16th
(stiff).

Controls: Fed at 9:30 a.m., Nov. 12, 1936.
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 exposed
rats were killed, and this finding agrees
with our inability to find lesions of
moment in the livers of the animals
that inhaled this substance.

3. The penta and 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 dixease,

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

This test of liver function was ae-
complished with a substance which
itsell ts an organie chloride and euri-
ously cnough it is the only substanee
we were able to find that was cffective.
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In animals with the minor degree of  signs of liver injury will be
liver injury which has been deseribed  months in returning to normal,
we were unable to produce acute yellow AR
atrophy or any varicly of liver cffect The cffect of high concentrationg '("’ 0 7. eblomar
with arsphenamine, cincophen, butyl  trichlornaphthalenes with traces of mm_"'?'-f‘. foxic 3
chloride, ethylenc chloride and tetra- chlornaphthalene.—The first group o f )
chlorethylene, but carbon tetrachlo- inhalation cxperiments showed t ,{ﬁ %,
ride was uniformly effective in dis- this material in concentrations ave
closing the existence of liver damage. ing 1.31 mgm. per cu. m. of air ‘
relatively innocuous, judged both by 348
Recovery from liver damage following  dircct observation and by the carbog s
removal from erposure.—Animals ex- tetrachloride test. This is an ip.
posed to trichlornaphthalenes plus teresting fact since such compounds®
traces of tetrachlornaphthalenc being cause acne, though less potently thag®
practically normal on removal from substances of higher chlorination, 3
exposure need no consideration. In In order to explore the matter furthey X5

the case of the penta and hexachlor-  oneoftheinhalation boxes wasarranged 3

fny

S

L ‘\‘v},
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i TABLE 2
A
= CoxpttioNs MaINTAINED DURING [NuaLaTiON oF i CONCENTRATIONS OF
"1? TRICHLORNAPHTHALENES FLUS TETRACHLORNAFITHALENE
bk AV, CONCENTRATION TOTAL
E,! MATERIAL TEMP. OF AIR N HOX EXPOBCRE
“C. mo./eu. range houre

ai,

Trichlornaphthalenes plus teaces of | 137-200 | 10.97 { High 16.49 1232
tetrachlornaphthalene fow 5.78

naphthalene, rats after 2 months’ re-  so that fumes from four glass contain-
moval from exposure still showed erswere delivered to the air line instead # 3
swollen liver cells, increased granu- of one. This resulted in the conditions g = e sabject
larity, hyalinization and mitotic fig- shown in table 2. The animals sub-3
ures. The condition wasnot advanced  jected to these conditions showed no-
as comparcd with rats killed at the clinical cffects of any sort. After 154
time of removal from cxposure but on  month the liver cells were slightly’
the other hand 2 months were insuffi-  swollen and over-granular and the
cient for recovery. were oceasional mitotic figures,  Thesdg

The same findings were true of the changes were similar to the carly |

3

Z\ mixture of penta and hexachlorinated  offeets of more  highly chlorinated : " Killed !
% naphthalenes and ehlorinated diphenyl  compounds,  and  progressed only 3¢y and 8
o and for chlosinated diphenyl alone, slightly during the third and fo}lf‘h, , expost
:’ ?‘Zi Apparently the changes induced in months,  When rats in this condition ¢ . killed
!’:j ) the liver cells by these substances are were given earhon tetrachloride and ¢ o :.. fatty

: e

; ; : : ir livers S with
exceedingly persistent and one must  aleohal, in some instances their live REY thr
expeet that an individual showing any  showed massive central necrosis 8¢ Soegl,

A
= _if;,
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G
=
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G‘:“
s
A
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i gihers this did not develap,  Fifty
] wure used in this experiment and
s sy conclude that while the tri-

# phthalenes are in no degree as
V,QN. as those of higher chlorination

g j{m are not cn.tiw}y free from effects
o= the liver if high enough concen-
oA Zatong are inhaled over long periods.
= . .

‘\%‘m effects of high concentrations of

LR and hezachlornaphthalenes.—
Ak

(0 Shgpe can be no doubt as to the dam-

"ﬁa done the liver by these compounds
in the concentrations so far re-

the liver after 33 days of freedom from
inhalation. It is thus evident that
penta and hexachlornaphthalenes are
markedly toxie compounds and that
recovery from their effects is extremely
slow.

The effects of penta and herachlor-
naphthalenes, the miziure of these with
10 per cent chlorinated diphenyl, and of
chlorinaled diphenyl alone, when inhaled
in low concentralions 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 [6-hour periads, a further

Vet
i3 TABLE. 3
?;Canmoxs MAINTAINED DURING [NttaLATION OF HIGH CONCENTRATIONS OF PENTA AND
xR

HEXACHLORNAPHTHALENES

HATERIAL

TEMP, ‘

T N
i
AV, CONCENTRATION { TOTAL i AV, DALY
OF AtR IN HOX EKI‘HRHIC‘ EXPISCHE
'

137-195 | 8.88

! 1
mg.feu. range Aours Aaurs

m
High 14.0 GUs
Low 5.73

2

pov> & of the carbon tetrachloride test.

! QXDosure,

i

.;75' . .
R Recrosis of liver cells.

7Y RES
HERNe
NS

Sl o
Aot

Nz, Oa December 1, 1936, 80 rats were

)

t/mblected to the conditions sum-
earized in table 3. This experment
@28 terminated on January 21, All of
“48e animals lost weight and appetite
ad deaths begun after 8 days of expo-
e Fifty-five rats died, most of

S fhem heavily jaundiced, 8 were killed
microscopic examination, 9 were

ed by the carbon tetrachloride test

8 lived through the period of

The livers of the animals
saled for examination showed marked
LN _‘Y degeneration, central in type
. Surviving
:‘_’lmals showed pronounced changes in

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.  Iighty rats were used
for each of the three compounds tested.
None at any time showed the slightest
evidence of illness.  Microscopic ex-
amination beginning after 6 weeks'
exposure showed swollen liver eclly,
excess granulation, hyaline inclusions
and occasional mitotice figures,  These
changes did not progress and were very
similar to those in the animals exposed
for 16 hours under the conditions set
forth in table 1. The cenrbon tetra-
chloride {est was uniformly fatal to
thenv and one must conclude that con-
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centrations of these compounds such
as were employed cause a certain de-
gree of liver daumage even if inhaled for
but 8 hours daily. This injury is
resisted successfully by the rats just as
was the 16-hour injury but it is none
the less there and destroys the ability
of the animal to resist the carbon
tetrachloride test.

Summary of inhalalion experiments.

296 JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY (S, ’937
%

E
men never inhale enough of any .' ¢
these substances to get acute yoljgs”
atrophy. “They may, however, acquin 7oy R
a substratum of liver damage upo'?r ‘,* a1y for i
which acute yellow nlrophy mayd@,t ;, o :

velop. Experience in & numbep
plants has shown how casy it iy (2%
reduce concentrations of these ..‘s"
pounds practically to the vanishi

point, and every cffort should be madg

to attain such conditions, G

mm toc
" g0 far as

The findings that have been described . . W3 ey
briefly il bo amplified upon the Gross Feeding Ezperiments 23 WT;}:Z’;
pathological side in a further paper by The various compounds used werg? 328 on May
Dr. G. A. Bennett. What has been ground as finely as possible and mugd i. antil Nov
given is, however, sufficient to indi- with a standard balanced ration {m 5 ging 3 &v
TABLE 4 "q' g the

ConDITIONS MAINTAINED DURING INstaLATION OF Low CoONCENTRATIONS oF THREER ’.' ‘ o gnd this

Coyrounps puriNg 8-Hounr InsTeaD oF 16-llocr Pertops e :
)

AV, CONCENTRATION TOTAL | AV. DUBA,

MATERIAL TEUP. oF AtR IN BOX ExroscRE | exroscel o G ¢ which di

my./eu, range bours b-!'::‘. 5 ‘ '~'_"' kﬂ‘ f)f Y‘

m. A1 - wasting |

Penta and hexachlornaphthalenes.. ... . 149-193 | 1. ¢4 High 2.58 920 8 1% i death w
Low 0.42 )

90% penta and hexachlornaphthalenes

upmaton

plus 109 chlorinated diphengyl. ... ... 150-197 | 1.66 | Migh3.30 | o12 8 5% .n tot.
Low 0.56 R Histol
Chlorinated diphenyl.................. 1563-174 | 0.93 High 3.23 920 8
Low 0.03

cate that compounds more highly
chlorinated than trichlornaphthalene
are capable of causing liver injury
when inhaled steadily in quite low
concentrations, It isanextraordinary
thing that even the most searching
examination (ails to show injury in any
other region, It is not casy to grade
the toxicity of the different compounds
tested, but the chlorinated diphenyl is
certainly capable of doing harm in very
low concentrations and is probably the
most  dangerous.  Industrial  experi-
ence combined with these experitents
make it appear probable that work-

the white rat. The food was plaoed ;
in o single containcr, at which the 103
animals in a cage had an equal chancg ¥,
the amount of the compounds add
being reduced as the number of rﬁh
lessened  during the feeding pcnOd-
The experiments were designed to give
an idea as to the possible toxicity o &
the compounds selected and, lftow:ll .
was observed, some idea as (o the site ;
or sites of damage. %
The experiments were suecessful in 'x:r
both respeets, and indecd one may h«
:\uhup.xtc that future mpr aisals Of
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. _&ons may often be made by simple
e o and do not require the elabo-
'psrntus and the expense neces-

i
]

2.9
Rl

WX for inhalation experiments.  The
el | eatial reason for this opinion resides
) ‘hm identity of the lesions produced
¥ hoth methods, and the fact that the
et compounds so far studied
‘ {o arrange themselves identically
b far as toxicity is concerned which-
5 grer way they are administered.
\~Grichlornaphthalene  plus traces of
'ﬁwlarnaphthalene.——Feeding began
& May ¢, 1936 and continued

[ 2y

a4

WS4

TSGR .
= x&’{: i gti] November 2, 1936, In the begin-
J’?:i ggs.‘l gm. of this mixture were added

%2 fo the food for 10 rats cach day,
i% gad this concentration was maintained
i theoughout the experiment. All the
S entmals were killed except the last
“4deh died on Nov. 2. There was no
Kifem’ of weight and no appecarance of
S, .;‘_“;'mﬂing illness of any sort. The single
S dath was due to some varicty of re-
3 glatory infection which had no rela-
- om to the material inhaled.
se:Histological  examination  showed
Mt changes in the liver but nothing
+ @ great significance.

so~Tedra and pentachlornaphthalenes.—
"Mng began on June 29, 1936. A
Shibage of 0.5 gm. daily was employed.

2
&

525' A the animals sickened gradually and

ByleRbes e either killed or died by August
38 -I‘P', 1936.
' ”é‘ autopsy both grossly and histo-
. ¥y the liver was the single organ
*.8eeted, The ljvor cells showed swell-
hlr'r)crgranulation, hyaline inclu-
and vacuolation. [ere and
Neerotic cells were found.  There
.‘ ?;5 tremendous accumulation of fat.
2 htdxa:a and hezachlornaphthalenes.—
> & i‘!%g bf‘gfln May 4, 1936, 2 3 gm.
A3 ¢ being used. By June 6, nine

s
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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 il. At
autopsy sthe liver alone was affected,
the lesions ohderved being similar to
those that have been deseribrd for
tetra and pentachlornaphthalenes but
worse.

90 per cent penta and  herachlor-
naphthalenes aned 10 per cent chlorinated
diphenyl.—Fceding began  May 4,
1936 on a 3 gm. dosage. On May
16th fceding was stopped but all
the animals went on to death, the last
dying on June S8th. .An autopsy the
liver lexions were extremely severe and
of the usual type.

On account of the high toxicity 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. [1th. There
were no deaths but all the animals lost
weight. At autopsy the liver as usual
was the single organ affected, the
lesions bheing characteristic and ox-
tensive.

Chlorinated diphenyl.—Feeding he-
gan May 4, 1936 on a 3 gm. dosage
and was dizcontinued on May 10th.
Seven of the 10 rats were dead by May

12th. The three remaining  rats

gained in weight but were sacrificed
for autopsy purposes on July 8th.
The liver changes began at oncee,
There were no changes in other organs,

A second group of 10 rats was fed
much smaller dose 05 gm. every
other day. Teeding began May 20,
1936.  The first rat died on May 29h
and four more before June 24th. The
remaining were suerificed.  Those rats
that died showed losses in weight,
while those sacrificed had recovered
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their initial loss in weight and were
gaining.  Theliver lesions were similar
to thosc found in rats fed penta and
hexachlornaphthalencs plus 10 per
cent chlorinated diphenyl but not so
marked. .

Summary of gross feceding experi-
ments.—Of the various materials fed
rats in large doses trichlornaphthalene
plus traces of tetrachlornaphthalene
was quitc 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 but the lesions ob-
served indicate this might be possible
if one found a dosage which could act
for the proper period of time.

Feeding Precise Doscs 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 o, . was first ealeulated
and reduced to milligrams per kilo-
gram. The rats and rabbits received
this dose cach day. The compounds
used were thoxe employed in the gross
feeding experiments and the results
were essentinlly similar though  the
lexions were less severe,

Subcwlancous Injections

The same gum acacia suspensions
were injected subeutancously into rats

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

v
and rabbits, the dosage being cq]q, X

lated on the basis of 4 man. per ey, BP0 Sfecent €ON
Bxi. .

on mar

of air. Again similar results v, fheHRGS & ita
obtained. In all such oxlwrimc:\:‘f.‘ ' ‘;f":]“'c‘:sn.‘!
there must of necessity be differon ey SESER mtihc air
in the degree of effect but invmiauy *g 4 @ore than €
the liver was the sole organ aﬂ’ccted" ¢ of these ¢
and the lesions were those alreg ¥ paphthalent
described many times. ' nf-:'fv gempound ¢

DiscussioN

These experiments leave no (loubt;
as to the possibility of systemic effects aY
from the chlorinated naphthalenes and™;
chlorinated diphenyl. As in the can’7%
of the effects upon the skin, the degree %
of chlorination secems to determine the
systemic toxicity, and it is a striking 2!
thing that when trichlornaphthalene is,',,

reached systemic cffects are never 3PS -

marked and are produced with the %%
greatest difficulty. Tt is most remarke, '
able, too, that all the compounds e
tested attack the liver and the liver st
alone. During the past few months£%
we have determined the organically"_

fro

and hexachlornaphthalenes but hsve 38
found no increase over normal figures s
though the livers, as determined histos78
logically, were very severely aﬂccted,‘.
At the present time we are conducting
inhalation experiments on a chlorite)
ated dipheny! containing 55 per cenb &
of chlorine instead of 64 per cent dSieft
in the case of the experiments reported 254
in this paper and on a compound with 2 ,}
a chlorine content between tri ﬂ“d".'
tetenehlornaphthalene,  We are 3""-‘44
determining the degree to which _".n
diet may inerease or deerease to.\'icith".

EA

Arheit
tel, 1o

this heing sugpested by similar %0 ] )

upon earbon tetrachloride.
In the basis of these cxperimen

1s. %4
e
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an many field determinations of
9 cent compounds in the air of work-
it appears sz:ife and it lis cer-
G\ ily attained, to ventilate so
e m?:irybrcathed does not contain
PBr % (han 0.5 mgm. per cu. m. of any
Bf{hése compounds above trichlor-
Y g&twcne. In the case of the latter
Y espound concentrations of 10.0 mgm.
. permiscible. We know from
sqay examinations in many different
" ofiets that such concentrations have
fleen greatly exceeded during the past,
. gears, and we are conscious of the
gmt that our rat exposures have
: been inexorably constant whereas
J552E % biasan exposure is never so ordered.
3385 fhoe and carcful observation may

Uafe. Impregnating tanks and other
% emangements utilizing the chlorinated
5, figdrocarbons are easy to hood and to

2 sedegquard.  Compared with benzene,
it tetraethyl and many other com-

& ‘f&;}:hou-SurrlT: Etude sur I'intoxication
I%_ll’v(usionneﬂe par le trichloronaph-

605N taltne.  Ann. de méd. legale, 14, 422
22 (1981).  Abstr. of paper by TOTRAINE,

3'_’2;;"-- AND M#xgTreL, B.: Dermatoses
£33, Polessionnelles par la naphtaline et
&8 derivés, Prat. méd. frang., 15,

5 88 (1934),
o Fibex )

g

¥ €ettain chlorinated naphthalenes on the
3531 .

YO Uver, Proc. Soe. Exper. Biol, & Med,,
3,118 (1935).,

o .hn
a’ YAy, K. B.: Kurze« Lehirhueh der

'heitf‘ und Gewerhehvgicne,  S. Hir-
; ¥l 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,
hut this compound will cause acne and
if employed very carclessly might do
more.  Furthermore, higher chlorina-
tion is often cssential 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 ecarhon
tetrachloride is used, ventilation should
be excellent, but in our opinion it
would be better to dispense with car-
bon tetrachloride and depend on other
solvents, especially upon those con-
taining no chlorine,
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DiscussioN

Dr. Cecin K. Drisgenr: We have had
quite a long morning, but since Dr. von Oct-
tingen has to leave, I am going to ask him
to say a word.

Dr. W. F. voy OEertivcexn (Dircctor,
Haskell Laboratory of Industeial Toxicol-
gy, Wilmington, Delaware): I wish tncon-
gratulate Dr. Drinker and his group on the
very interesting and excellent work on the
subject. I also wish to congratulate the
. Halowax Corporation on the fact that they
didn't spare any effort to clucidate the prob-
lem so that the dangers which apparently
are connccted with the use of this material

JOURNAL OF INDUSTRIAL HYGIENE

AND TOXICOLOGY

incline them to. First of all I shay

De. Sayers il he will open the d“C\un 3?
for us.

Dr. R. R. Savens (Chief, Divisioy R 5
Industrial Hygicne, National Instityte o ¢
Health, U. 8. Public Health Scrvice, Wah 7Y
ington, D. C.): Dr. Drinker, Ladics 1 YIH0
Gentlemen: Itgavemeagreat dealof pleu_$l %
ure to have the opportunity to listen toth.
excellent and interesting discussion wd'
presentations made this morning, Dy
Drinker, and U might add, the members of |
the Halowax Corporation, have dlscuued
this matter with us, as well as the magee™

r :

b
4,
g
353 can be controlled. facturers of the diphenyls. s}‘\”’- 3 to 8 stee
LER I personally believe that there is no toxie We have heen doing some work but agp T5HE: bottom o
S material which cannot be used safely if it is  nearly as extensive as that carricd on here, 9 inspectir
137 -'1’ ) handled properly. In order to handle such  The work that we have heen duing seems ty r?‘ bide "P;
- materials properly during thediffcrent oper-  confirm the work that Dr. Drinker has ean Y3081 1 the fire
}’é' ;', ations it is absolutely essential to be famil-  ricdon. [ think thercarccertain partaofi} - |ine. ‘\v
it iar with the toxicity and especially with the  that we can very well keep in mind. R % X Here
0] mechanism of the action. Since thereisno We are dealing with toxic substances, bt AIAES Now we
A animal which corresponds in all ita physio-  we are dealing with toxic substances esch ‘(%8 doe to
,({ ! logical characteristics to the human being and every day in industry —harmful sub.* ! ;JA;"N‘“?
-'_.(.',‘l-.‘ - it is important that such compounds be stances, hazardous substances. That thets ff-siind B Ak
dut studied with different species of animals so  can be controlled is well known, no matter 35 Bot Just
% P thatone can get across-section of the poten-  what they are, and that wecan use themand ﬁf’ m&bé
0 tial dangers. use them in a safe manner. Dr. Drinke 5% g :!hl’gn{m‘
In addition, this fact illustrates the im-  has called your attention to the fact thﬂ. S e
portance of the pre-employment and peri-  this npparentl} has been done and can be'u Creases,
odical examination of workers in such work.  done in any of the plants where halowax h & \i:lnk tha
As was pointed out by Dr. Drinker, there  used. I have information from one or t-u_. ve u"e’
are individuals who are apparently more  of the other men who are in the audienss, AETESE eantrol L
susceptible to certain toxic agents than that in plants where damage has been doo “;mh
others. On the other hand, we have to try  —skin damage and apparently liver damage are l::t:epr
to detect the very first signs of incipient to some of the workers—the manufacturers ) L
poisoning in order to prevent more serious  have since corrected the conditions and ap ~;, mn 1
damage. In the present instance it is very  parently have adequate engincering con- £08c3 b -
difficult to find these very first aymptoms  trol supplemented with adequate medical . :‘;:‘ﬂ‘:x:\n'
because there are no adequate methods, but  contral. of their e’
3ot [ teust that in time the seientific profession Alter all, the proof of the pudding ia in "{
gl will supply the medical profession with  the eating.  If the man does nat get the dis- )&N‘ D Ci
a1 o adequate methods which will allow the cnse your engineering control is successiul. : you c!.ne
1N physician to determine incipient damage of 11 he does get the disease, no matter what
&ve 1 1}‘ the organ before serious clinical symptoms  you have dune in the way of cngmccrmg. '3 Du. A
4\ \ ;1.9',.. become manifest. you haven't been successful. & of Oceyy
(i-.‘,i'.-'-. Thank you. hand in hand. Neither profession sloos necticut
SN £5=' B . can be successful. We have got to wWork '§ Coan.):
Vg '-: Afternoon Session together whether we like it or not. 1 bap; : lnytl;ir;g
dhato Da. Ceere K. Davkrenr: In this discus-  pen to like it. ' this mat
‘”g];j: . sion I will call on one or two individuals and There is one-other thing. As far symate
LA

L I shall expect othera to speak as their notes  rials are concerned 1 think we ought t0
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enough to use every one of them suc-

If this material is particularly
W for 8 certain purpose we should use
o - Another materisl that was used pre-

2]
RN

3
ke

@smmable caused a disaster in which
R ,uly’lﬁ'l men lost theirhlivos. I

; ximatély 167 because they were
: tg:'f::,t sure whether it was 167 or 168.
Jef: fimight have been one or two more but they
‘#W quite sure that 167 lost their lives, It
o ed when they had insulated a cable
', ith this material. They had an armored
237 Beetelo cable. It was covered with lead
o oa the outside. It was 1200 feet long
3" ged was being lowered into a mine shalt ap-
gresimately 3000 feet deep. It was lashed
to o oteel rope. It slipped and fell to the
Bettom of the shaft. When the foreman was
'f; bapecting it he set it on fire with his car-
2% Bide cap-lamp. The carbon monoxide from
.. @4 Brokilled those men that were in that
Jm Many of course escaped.
Y fere we have one hazard, a fire hazard.
‘feew we have another one, a health hazard
%fea lo the toxic materials. We have to
{2 4ralaste them. Certain of these materials,
Y2t B em Informed, are also lammable, I am
sy oed fust sure how fammable they are but
2 '_‘.“ff_’,;; probably decreases as your
S .‘:tﬂ_fa'{nxtion increases. But your toxicity
389 Increases as your chlorination in-

that checks with other findings. We
bisgne.these hazards to balance but we can

fi08trol them. I feel quite confident that
%9 tan

o

9053, Porhaps we can find other substances that

B .‘ better even than this material. At thé

v et time I am advised that we have no

. . I'am adviged that in ships, such as

Bebaarines, it is quite important to have a

- 8&-fammable substance for the insulation
electrical wire,

& CrcrL K. Dnivken: Dr. Gray, would
tare t0 say a word?

t
Da, Atrent S, Gray (Director, Bureau
QCCUpntional Diseascs, State of Con-
Ut Department of Ilecalth, Hartford,
)2 Dr. Drinker, 1 don't think there is
g Qtlat [ can say except that we used
) faterial in Connecticut and we had a

(& . . hich:
:hiﬁﬁ {0 this for insulation purposes, w hich

ﬂ’ 30
L Eal Ba Ay
ML

Dy SN,

EFFECTS OF CHLORINATED HHYDROCARBONS 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 literature as thoroughly as
you have hadn’t elicited any further infor-
mation than we were able to get, basically.
About all we could find was about the two
cats that our friend, Lehmann, experi-
mented with. We got in touch with him and
he confessed that the amount that he had
given the 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 I am very glad that it is what
you feel as a result of your experiments,
that if we put in an efficient ventilation sys-
tem suflicient to prevent the dermatitis, we
probably wouldn't have liver damage.
That is what we did entirely empirically.

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

Dr..Ceciv K. DrivgeER: May we now
. . ’
make the discussion general and those who
have questions please volunteer.

Mr. ManrFrep DBowbpitcr (Director,
Division of Occupational Hygicne, Massa-
chusetts Department of Lahor and Indug-
tries, Boston, Mass.): [ would like tosecond
very strongly what Dr. Saycrs has said with
regard to the approach to this problem in
proper control rather than by prohibition,
which secems to me wholly unnecessary not
only in this case hut in the case of uther
toxic substances with which we have todeal.
The problen of proper ventilation scems to
me relatively simple fram what [ have heard
of the gituation thus far. The problem of
maintaining that ventilation properly does
not seem to me quite so simple. 1 think it
is going to be quite necessary that there
should be a very adequate inspection of
the plants using the materialy and 1 can
assure you that that will be the caae here in
Massachusetts.

When this trouble first broke in this state
a little over a year agn we issucd a quite
strongly worded warning letter toall plants
using theae substances and it has all slong
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heen my plan to follow that up with a fur-
ther letter hringing the situation as we now
know it, ay 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 I 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 a

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's codperation in this presentinves-

. tigation has been such that I feel assured

e that they will take the proper steps to see

that we in the state offices and also the users

. of the products will know what we are using.

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

. Ma. Sanprorp Browy (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 authorities, with respect to
the commercial and practical aspects, If
you go into the rescarch lahoratories of any
large chemical manufacturing company

i : today you will find anything (rom one to a
3 they o e . .
faal !f IR thousand different new chemical products
SRR | ¢ which have not yet been put on the market.
p E ﬁ: i. o Some of those may or may not be toxic.
o 7 h_;,.:;- - The problem so far as the chemical manu-
$231 Ny I facturer is concerned is a question of timing.
R :

You have heard this excellent presentation
given this morning hy the Drinker brothers
as to the work that they have done here.
Should you take a product of which you
have developed, say, 5 or 10 gin. and spend
850,000 an resenceh to determine whether or
not it is toxie or should you wait until you
havedetermined whether you have s market
forit?

If you are praducing only ane hundred
substances a year you can see that that
would run intu boxear numbers in the way

(e
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of dollars and cents before you eye,

any. That is the problem wa haye had 2 X with

this case. It has heen on the marke ’l,\:" mt;
o LIRS e
25 years. Until within the past ¢ OF § yegpe Bt gent
there has never heen any intimation 'h\tk' - cen't
would eause any systemic effects. Theg, D meot
sands awc thousands of workmen have degy UG doict
with millions and millions of pounds of cen ) =
tain of these materials, particularly the (4 &8 M
chlornaphthalenes. Then we come to ) egers
higher stages, combined with chlorinate. 40 York
dipheny! and other products, and suddenty & . tls ¢
this problem is presented to us. iy sefer
We had asked various authorities (338 . emr )
_ terested in public health, going back ovegg 44 pghic
period of 15 to 20 yecars, to investigaty ~§ . .- the |
but there wasn't much cnthusiasm fop 2% peod
Mr. Bowditch suggested that we take it g 373 throt
with the Drinker hrothers at this institg.¥ It
tion, which we did. You know the resulg ¥ peig!
of that work, ~":$"- YR
Now so far as these changes are cog-Y2%3 sll k
cerned, they are heyond our control to ¢’ 3 save
certain extent., We will manufacture o0 gatk
product —let's call it 1234, It has certaba§331as |an
chemical and physical characteristics. B wted

20
37

T

is supplicd to a eable manufacturer. It i,.
composed of certain constituents. Them

chlornaphthalene, parailin, a little pit&‘ ¢
or bitumen, and possibly some chlorinated:

diphenyl. It does a certain job bué-& :

wants it to a little more plastic or he want ¥ toa
its viscosity or the specific gravity chanpd;. thin
Passibly hy a change in those constituents 284% . )
of only 1 per cent we can get that particulss ¢ ) phr
property. We can’t sell it to him as £ B4

same product 8o we put a new number on ibH
Basically, however, if the variation in f;-i
chlorinated naphthalene or the chlorinale
dipheny! constituent hasn't changed,
toxic property of that witl not change. "¢
When it comes to o question of codpersbsEs
ing with the state authorities in that codgey

saa
ierd

nection, if there were some major Ch““,' Sl
made in a proaduct we would have no heat= /4%
toney in adveising them and we would ‘
wlvise our customers.  Virtually every con
sumer of these materials at some ![me ﬁ{
anothee has been given their techaical T
chemicnl designation along with their ver g
ous prupertics, whether they be ph)'s'“l“-' ’
chemieal, SEb
Those are some of the prnctical problems ¢

i i
()

~.
SRS 2810 .
3 ,,'ﬁ‘}z_:k{g_? 904334
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‘e ghich all manufacturers of chemicals
2 {ronted today, pacticularly in the
g B9 € ic field where the develop-
‘3 " grgthetic organic hic p
U % 1 is so rapid that our sales departments
LAY e with the rescarch depart-
AN, gt gVEN keep up r re D

5 '.‘,_;.j'u gometimes, in knowing what they are
AN

AL 'Fdﬁll
%ﬁ; F. R. KarveR (Assistant to Man-

‘.'f"i'q‘f. York Wireworks, C:enernl Electric Co.,
. Yesk, Pa.): [ am certainly pleased to have
% &l opportunity to say s few words with
% gefrence Lo the experience we have had at
" eag York plant. I perhapa should eay that

{n this case experience alone has been
dRIL 80 best teacher. I have lived with the
i blem at York with the men who went
:{:wh the experience from its beginning.
-«2 4 {4l only 1} years ago that we had in the
::E;Q;hborhood of 50 to 60 men afflicted with
h«:;‘.‘ﬁ:{an degrees of thisacne about which you
Jiliv7 ‘gl know. Eight or ten of them were very
L0 N gaverely afflicted—horrible specimens as far
#£% 64 their skin condition was concerned. One
*¢’ man died and the diagnosis may have attrib-
| his death to exposure to halowax
e but we are not sure of that. There
/@8 an atrophied condition found as a result
+..@l the autopey but we are not definitely sure
' @48 it was or was not connected with his
£Zad@l.’ Knowing the man as I did when he
\‘;_ wwsemployed, with the superficial examina-
2 (e (Bat he had, he appearcd to me very
£, *¥Adda, pallid in his appearance, and I would
% 5%} ssy from my poor knowledge of the
YN ki al make-up of the human being that
2{ffcla presented o healthy appearance. How-
%:1&ver, It was only for a 6 months’ period from

j&'& time of his employment that he com-

P
7;

2

: ed of this conatipated condition and we

that he see his home physician. It
Y developed to the point where he was
“::e hospital and in a very short time he

R More serious than that perhaps is the fact
3o b we bad 50 other men in very bad condi-

¥ 83 far a3 the acne was concerned. The
o teaction that several of vur exccutives
w28 to throw it out—get it out of our
. They didn't want anything like

: { for treating wire. Dut that was easily
: .1""!:;“ Dot 8o easily done. We might just
g ell bave thrown our business to the four
&nd aaid, “We'll close up,’* because

EFFECTS OF CHLORINATED HYDROCARDONS
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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 labaratories to
find one.

But we did develop—and [ was most
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.
0. H. Perry Pepper of the University of
Pennaylvania 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 established a
small hospital and its facilities at the plant.
Through the application of quartz light,
x-ray, mechanical removal of comedones
and the treatment 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 s week, we have in this year and
a half brought each and every man back to
s 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
s half ago.

VWith the adequate ventilation system we
have installed, with the routine (or change
of clothing from street clothing to work
clothing when they come to work and the
roverse of that process, with the assurance
that a shower will be taken before the street
clothing is again put on, we have found no
recurrence of this skin trouble. Each and
every man working with halowax products,
either from anlution, from solid compounds
or handling the wire insulated and teented
with it, isexamined twice yearly with a com-
plete physical examination, including blood
analysis and cffurts to determine any liver
damage,

However, there is the puint which way
very definitely brought out this marning.
We do not know as yet when this thing
atarta. [ believe it would be of great help
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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 some method whereby we may
determine the inception of any liver dis-
order.

We have had our men examined in groups
three times since the trouble developed and
nothing has shown up in any one man. We
havelecarned and appreciate the fact that we
must handle hazardous materials, 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. CeciL K, Drivker: Can you recol-
lect the air concentration that you are main-
taining now with your present ventilating
equipment?

Mzr. F. R. Kamver: 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
was not known that it contained a chlorin-
ated solvent in certain percentage. Wedis-
covered it only recently through the analy-
8is of & sample and we found that that was
the cause of throwing the results off to s high
value. Itwasthenabout8 mgm. percu.m.,
I believe. That is going to be eliminated
now. Thatisa combination of toluenc and
carbon tetrachloride solvent. When that
compound is exposed to the air the chlorin-
ated solvent odor ia completely masked by
the toluene. Itislost. Iwasabletodetect
it only by removing the head of the drum
and imtmediately smelling the odor of earhon
tetrachloride. As soon as that head was
removed for a period of 10 seconds the tolu-
ene predominated and we had no knowledge
of the other being in there.

Ma. Artien G, Bryer (RResearch Fangi-
ncer, United American Bosch Corporation,

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY
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Fas ol
Springfield, Mass.}: Do [ undeestany Niﬁ

to say that those men who were ‘micted.‘- 5 ;@(5

are back on the same job? AN pou

W e

Ma. F. R. Karver: They all retuened a—l?.’e /' boo

normal skin health, as I say, and are work, ther

ing on the same job. 7 s:

dlise

ver

ta (
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Dn. Lovts Scuwanrz (Mediral Directoe 03 mel

Dermatoses Investigations, United State o 1

Public Health Service, New York, N, Y,); uy

I am primarily interested in dermatitis and’ X :;ﬂ

it was only because of my rescarches in thag »"‘}l",, saff

field that [ happened to come across infors 3 sen

mation given to me by Dr. Gray that therg ¥ 3
wore some cases of yellow atrophy of the
liver attributed to halowax. [ ran ocslyy?
talk from personal experience about the skia'%;
cagses. [ know from what [ have seen ud':
from what I have heard from doctors whe 'ty
have been treating these cases that if they *ox
are treated like an ordinary acne vulgariia
and kept away from further large exposurs Y332
they all get well, with the same results as s
acne vulgaris. Those who bave large pu-.'
tules may have scars resulting and thoss [33e
who have superficial pustules or only comey
dones won't have any scars.

As far as prevention goes, [ felt even be=t;
fore this investigntion was undertaken thel o
this substance, like any other poisonom _‘5
substance, can be handled and used in ‘i‘;.“
dustry provided proper safety precautions ‘f'
arc taken, and I so advocated at the meeting i_i‘"
in Pennsylvania when this was discussed.

About ventilation and- safety precale g
tiona, I think that while we cannot, Wilh?“f. AR
present knowledge, deteet by any chemlf-ﬂ;}, 7
tests the early symptoms of intoxicaticd ;
{rom this substance, the skin offers an esff 43
way of proving whether your method & g7
ventilation is eflicient or not. [f there ar i
any enses af acne or of this dermatitis occus
ring in n plant where halowaxor the chlons Sh
ated naphthalene or chlorinated dipl}‘“’ =
are used, then that shows that there 18 827 S
ficient coneentration of these substanced &,
the air to cause plugging of the follic‘lc! and &
to cause a skin condition, If there 18 0% g
cient concentration to do that there m&Jy =
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“L 18, no- ”

S gt entration to cause systemic
"“&mi‘;\'z ;Z":;m few people who are hyper-
"'b?ave to the action of these hydrocar-
Everybody is not hypersensitive to
~If they were, of the thousands of
le who bave heen handling these sul?-
glagees, more would have cantracted this
&sease and it would have been reported
" gery much earlier. This material was used

¥ *. fa Qermany 28 early as 1914 or 1915.
*. .- ®hile I cannot add anything to the
* gagthods outlined here for safety in the way
+ & ventilation and so forth, I can say that
. *Byougointor plant and find that there is
- gay ecne present among the workers with
- @l material you will know that there is
"gafhelent of the substance in the air to cause
azne and consequently sufficient perhaps to
B dangerous to the few people who are

fypertensitive to its action. )

2. D0 CeciL K. Dringer: There is a prac-
yiteal point in regard to the question of deter-
S minlng these substancesin air. My brother
B+ vpelated out this morning that there are
gaveral pieces of apparatus for doing this.
18 has geemed desifable to a number of the
"_@en who are here that during the next cou-
- pd8 of years, while we are in a position of
fearning, that we endeavor, if we can, to
l éeafine our analyses to one piece of appa-
2 go that at least our results will be as
fomparable as we can make them from place

: ul WarneN A. Coor (Chief Industrial

enist, Bureau of Occupational Dis-

€aseq, State of Connecticut Department of

*" Health, Hartford, Conn.). On the deter-
%ty Bhuation of the halowax I woader if it
£ ;'.:f‘,.'.wdn't be preferable to have Mr. Hem-
2 <) perly discuss the method he has been using
-}‘.-u”“&hout the country for the determina-

1 at is concerned it is best to leave that
; ussions with Mr. Hemperly and Dr.
v orandt afterward. But the question of

. h'i'mining some uniformity of techuic for
B AT .Ie &t least i, | think, a matter of gen-
tnterest to ya.
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Mn. Warnex A, Coox: [ am not quite
sure that [ have in mind exactly what you
want in that regard. In connection with
sampling?

Dr. Ceci. K, Drixker: Yes, In con-

nection with the whole technic of deteemin-

ing the material in air, length of sampling,
type of apparatus, and so forth. It has
been suggested that we endeavor to agree
upon some uniform procedure for that and
as figures begin to come in, as they will in
the course of the next couple of years, we
will at least have them on a comparable
basis.

Mr. Warrex A. Coox: In that regard
there is no question but what the determina-
tions and results of analysecs of the concen-
tration of injurious materials in air, corre-
lated with pathological findings or freedom
from pathological findings, are real factors
in further substantiating toxic limits which
are originally given us from animal experi-
mentation. In order to obtain data which
are of value along that line it is desirable to
know to what extent, in terms of milligrams
per cubic meter, workers are exposed to
in breathing any potentially injurious
material.

It seems to me that one of the things that
should be done, which many of the plants
and many of the organizations equipped to
make determinations of injurious materials
in air should do, is to make an cflort to
develop onc group and series of results
which will represent average exposures of
workers to chlorinated naphthalenes. In
getting that Ggure [ think that it is of great

* importance that we should consider average

daily exposure. There is a tendeney very
often in taking samples of rir to determine
maximum exposures, to get the exposure
over a 15 or 20 minute period when the
worker may he actually tending a pot where
the material is being used, whereas during
the subsequent half hour he may he 40 or
50 feet away from that particular location.
Therclore, for one thing, it seems to me it
would be extremely desirable to obtain in-
formution in as many plants and as many
locations as possible of the average expo-
sure, taking into consideration not only the
worker’s maximum exposure while actually

WATER_PCB-00049371
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at work with these materials hut also his

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

Another type of determinatinn whi(;ir‘

seems to be extremely desirable to have is
concentrations of the chlorinated nsph-
thalenes at certain reference points. [
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, I believe, at

breathing level and a certain measured dis-'

tance from the pots where the chlorinated
naphthalenes were being handled, so 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-
nally determined.

It seems to me that it would be an ex-
tremely desirable thing to have made avail-
able for all of us who are making these
determinations these refercnce points so
that in Massachusetts and in Connecticut,
at one plant or at another, a considerable
group of workers could be taking samples at
this one particular point with reference to
the source of generation of the vapor. Such
results would permit a comparison ol 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 atmospheric contamination such as
that now under consideration, It srems to
me that it might he o very desirable project
for that committee to consult with the in-
vestigator of the Halowax Corporation and
suggest to all of those who are doing work
of this type, after some discussion, what
reference points could he adupted and also
what should be donce inconnection with get-
ting these averuge cxposurey. Asa mattee
of fact our committee will discuss that very
feature and possibly include it in our report
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hefore the A. P, H. A, in Octoher as oneofl' 3
the projects which we shall carey gy at ¥. 3
that time. gl

As [ have not given thiy consideration, § B
am afraid my discussinn is not a4 connected g
as [ might wish it to be. We have g req
problem here and one that deserves gomg

atudy. i

REXE

en)
0
7

-
oy

Dr. Cecie K. Drisker: Would it be of §
service to the American Public Health Agso. 53
ciation Committee if & sub-committee from "5
this meeting, collected perhaps by my %
brother and those of you involved with thesg %%
problems, were to make & recommendation’
to the A. P. H. A. as to the things you have™
brought up and as to suitable appnrat\u,'
and let the final statement come from the *
Association after they have considered theg 1353
material? ¢

MRr. Warrexy A. Cook: I think theti
would be a splendid idea because we have?
8 bulk of information on this particular %S
material. A number of individuals have* Q)
given much thought to the development d‘
spparatus, both the combustion method
which we have here and also the continuom,
record type of apparatus which Professsgi
Drinker mentioned this morning. 1 thinkh
that it is a sufliciently important projecs’
that a sub-committeec made up from this
group could give that committee a very
definite steer. o

{Personnel of the Sub-committee: W. As
Caok, chairman, A. L. Coleman, H. B. Ele{
kins, W. B. Fulton, S. W. Gurney, E. ’.
Hayhurst, W. F. Hemperly, F. V. Sehl, aad &
A. N. Setterlind.] 7

a
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Mn. Henver B. ELrins (Chemist, Divkeld
sion of Occupational Hygiene, Massachu-3)
setts State Department of Labor and Indul-
trins, Boston, Mass.): In connection with?
what De. Schwartz has said, [ am not surs:
that Lam in complete agreement as rcxlfd‘_' .
the use of skin lesions as. warning sgents o
It is my understanding that in insulated
wire plants the chlorinated diphenyls 818 3y
very commonly compaundead with the chl°',
rinated naphthalenes. It is also my uoder
standing that theue are morc likely to C‘_“"‘
a severe skin irritation than the stralé®’, g
chlorinated naphithalencs. On the oY% %

1)

:9?%?#5!

g3 EYE™
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o Dr. Drinker’s work one would
that the straight chlorinated naph-
w!m, was nearly as toxic at least as the

4 uoued'.
ty out u\'

eration, PEGEEEETY plsture of it with a small amount of chlo-
“00neeteq FA "’ﬂ”w dxphenyl.

: RiC7 Vit [ the condenser factory where we had

g :‘;;’ cases there is no chlorinated diphenyl

{i¢gsed and no acne of the type described in
@a reports on the insulated wire factories.

1-Pu R. EMMETT Keury (Monsanto Chem-
Esal Co., St Louis, Mo.): I can’t contribute
4 g to the laboratory studies but there
'%E 448 been quite  little human experimenta-

"7ga in the last several years, especially at
: ;’-"écplmts where we have been manufactur-
\t« fag this chlorinated diphenyl. It has been

: eax obeervation that although on one occa-
-g\,?jdm we did have & more or less cxtensive
é}"‘ earles of skin eruptiona which we were never
S - ghla to attribute as to cause, whether it was
17> begurity in the benzene we were using or to
5 @a ehlorinated diphenyl, we have never had
¢ e8y syatemic reactions at all in our men.
" Be have examined them very closely both

Fha Ty,

"”

ent w LR ders: frem what laboratory tests we thought
nclhod’ o) “mfght help us and (rom the clinical view-
0UoES SIn) pefat. Also from chlorinated diphenyl
fesshitin 5 there have been no cases of systemic

i gbBoning reported.
XK ."- fdon't believe that we can transpose the
3 ‘_,‘s_ﬁbontory results into the actual humans
i‘ziﬂhont paying considerable attention to

d ;1,& volatility of different substances and the
230, By they are being used.

o'+ -

=]

kb ): [ have had considerable expericnce
the dermatological angle of this prob-
£ The expericnce at the Halowax plant
:"-“W!lfldotte definitely was that the derma-
3 s did increase when compounds were

22d rather than th i i
AN ¢ atraight chlorinated
3 lhaleneu.

From the discussion we have heard today
“lnk the observation Dr. Drinker made
the chances are that dermatological
ems will disappear along with the other
Probably true., However, I think that

Precautions, certain insurance meas-
- YOu might say, should be taken in
» men who are going to work with
-9 Products, even though we are going

ey, o
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to attempt to get the concentrations low.
We saw this morning that the effect 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 lcast should be gone into very care-
fully for a history of previous liver discases.

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

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

Mnr. F. R. Kaiuer: I'would like to clarily
a point of Dr. Hookey's.

You mentioned at the beginning of your
talk that your expericnce in acne condition
was more pronounced from the compounds
of various materials with chloronaplithalene
than with the straight chloronaphthalenes.
Did you mean by that, that the acne condi-
tion actually was more pronounced with the
compounds than with the straight chloro-
naphthalenc orwas that due to the fact that
you were in a plant operated in a different
fashion? In other words, you handled your
numerous wire compounds in more of a
batch opcration. That is my understand-
ing from Mr, Brown,

Is it a (act that the stenight chloronaph-
thalences are less harmful in 8o (ar aa acne
is concerned or i3 it because of the handling
of batch compounds?

D, Joun A, Hookey: That is a question
that would be difficult to nuswer. [ based
my atatement on the fact that in taking a
general survey of these casea after [ started
working with them the men in the plant said

WATER_PCB-00049373
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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
method of the handling.

Mr, F.R. Kaiver: Yousay that the con-
dition increases with the incrcased chlorine
content and we are attributing the acne pri-
marily to the chlorine radical. If that is
true, what arc we to associate insofar as
those various other constituents are con-
cerned, such as various plasticizing agenta?
How much do we know ahout those insofar
as development of acne is concerned? Some
of these compounds have a half dozen con-
stituents in them other than chlorodiphenyl
and chloronaphthalene. We are at the
present time congidering 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. Hooxkev: I don't know
about these other materials. Perhaps Dr.
Schwartz would know somcthing more
about them,

DR. Louts Scinwanrrz: 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. Paraflin acnes, wax acnes, are
simply a mechanical plugging of the fol-
licles of the skin by the minute particles of
wax that fall on the skin. [ think that the
acne caused by these chlorinated naph-
thalenes and diphenyls, hecause it is caused
by both—I was down at the Swan Chenical
Company where they make chlorinated di-
phenyls and they have acne there just the
same asoverat Wyandotte where they make
the chlorinated naphthalenes—I[ helieve
that that is caused by the same thing, s
blocking up of the follicles of the skin, the
formation of the comedone and then the
comedone becomes infected and forms a
pustule. They don't all pustulate because
they don't all become infected. Many of
these men never have any pustules. They
just have little white elcvations on their
skin.

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

o PR EAGIE A ag e lady

‘.":':!’L.;_*x(ﬂ& "
(P SRR 2y
anose

o OB BS EA D oD

vulgaris is mnst apt to occur. The sebaeg

ous glands are most active and they 8eom ¢ V38
have it much more than the older Peoply |y f{\":‘
whom the schaccous glands are ngp o,
active, A

We keep a clipping of all articles relyy

to industrial dermatitis in my office and §
recently read an article in a German m
zine in which they report in Gcrmnn,‘ %
similar acne condition from chlorinated? 5
phenols and chlorinated benzenes and sq b?('
waxes., [t scems that this acne-like copdt e
tion is not peculiae to halowax oe chio 37
ated naphthalencs or diphenyls hut eaq
occur with any condition that blocks up thi%y
sebaceous follicles of the skin, %

Dr. Rovar Megrer (Special Agent;
State of Connecticut Department of Laboy;
Hartford, Conn.): I am full of question:
As a statistician I am a little bit suspiciona's;
of averages, so [ should think that we should B
take maxima as well as averages in getting $23]
at the threshold dose or the dangerous ime 18
pregnation of the atmosphere with theeg§3
poisonous compounds. [ just wanted g &3
drop that as a hint for this committee s
consider in its work. Bl

In spite of what you said at luncheos;’}
Dr. Drinker, I atill think it is rather impore:]
tant to determine how the plugging of the ¥
pores actually does occur, whether they are £33
plugzed as Dr. Schwartz has suggested;! A4
from the particles falling on the outside of
the skin or whether they are plugged, 88 &
many doctors have informed me, from inside,
as it were. The fumes are breathed, thef
substance gets into the blood stream. 1t 18
thrown off through the pores of the skin asd§
the pores are plugged. [ think it is rathefes
important to determine that because B3
scems to me, from the slight knowledge that
I have of the industrial application of halos
wax compounds in insulating wires,
the plugging of the skin, if it is just 8o oubs
side plugging, may take place cither [romy
handling a anlid substance or from '
coating on the wirc after it becomes co_ld,‘-‘

I haven't heard anybody eay 80y 3’y
ahout those Massachusetts cases of
severe dermatitis and T am not so suré :
what there was some question of liver dam-;
age there. Nobady has said anything about
them at all. There is no question ¢
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) iti Qiatever the complica-
A e condition, W ¢
e @t “:‘"M bave been, came from handling
e wire, In 8 confined aren of course.
’

]u;lnk this necds o great deal more st.udy,
De, Drinker, than you and your associates
h"" been able to give it as yet. l\l! I am
‘i',:&iou sbout is the way we can ndminister
@ tective labor h(\i“:;lm ordlcr to protect
"o employer an ¢ employee.
.‘.“ku::uedpwith very great interest to the
‘ %;ogmona of suggested pots for the appli-
7§’ Zatton of halowax, chlorinated naphthalene
f*' 4 diphenyl. It geemed.to me that they
% hefy very much to be desired. I don't sce
Ygly the application of the halowax com-
aegnd, If it is necessary, as [ assume it is,
: 6 s0 this rather dangerous aubstance, can't
=\"" ba done in 8 practically closed pot. If you
‘Lm Dr. Drinker, I wish you would ask
¢, Reeves of the Rockbestos Products
-Bacporation to tell how they have handled
*j, U I am any judge of equipment and
- gafely devices they have come as near to
7elimlnating entirely from the atmosphere
2= o8 eontamination from fumigated or evapo-
"‘i,?' sated halowax as anyone. All of the appli-
'sﬂm of balowax, either in the melting pots
;€ where it is applied to the wire, is done
. 5\ﬂu hooding and with ventilating appa-
X .‘.l’s._m, and it seems to be entirely adequate.
Tl .
Vi','::'le Ma. B. H. Reeves (Vice-president and
S5 {.,&urd Manager, Rockbestos Products
'g;',ﬁrpontion, New Haven, Conn.): [ will be
s 5"s ¥y glad to tell of our experience if it will
INP the picture along. Our experience has
b C468 more or lesa parallel with Mr. Ksimer's
yi@eemuch as we manufacture the same type
H wire, We have avoided the serious pic-
M -that he ran into, probably due to the
:‘r that shortly after 1923 we were using
2 hﬂn eagagolvent for asphaltic materials.
d ";w‘ got into anemia difficulties with ben
f2 fumes and had to install a complete
tilating system to remove all those
{rom the machines that applied the
ik, Pounds to the wire. Following the
peer Sllation of that equipment we were able

b8 substitute for benzene, 8o we got it
= of the picture.

[y -

L"c 8till in the same fix as every one
asfarng finding a substitute for hula-
There is none that we know of. Con-

| EF'FF‘JCTS OF CHLORINATED HYDROCARBONS

wax we had @ head start as far ay the
ventilating system was concerned, since
ours was already installed and adaptable to
0. compound with a benzene solvent rathere
than a melted halowax compound. Inorder
to keep the fumeés of a highly volatile sol-
vent under control we did develop a prac-
tically complete enclosure for the container
in which the compound was placed and
exhausted that container in order to prevent
any escape of the fumes from it. hen we
changed to the halowax compounds we fol-
lowed the same scheme of applying the
compounds and used a completely enclosed
pot. There isa hole in 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 eompound or make adjust-
ments.  In that case we have the ventilat-
ing system interlocked with the door that
the operator opens so that when he opens
it he increases the amount of air travel
about ten-lold.

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

Mgr. B. H. Reevrs: With the door wide
open, at breathing level the velocity is 200
fcet. That is the lincar velocity. We
check that every week on every opening at
every machine with a velometer, n small
instrument which is casy enough to operate
and reads directly. Whenever the velocity
falls below that figure the pipe counecting
that machine is taken down and cleaned,
because there will be condensation inside
the pipe to cut down the air flow and reduce
the ventilation cfficieney.

Dn. Rovau Meekenr: What do you think
of that trap deviee shown?

Ma. B. H, Reeves: [don’t know what to
think of that. [ don't know whother it
would be practical or not. [ was going to
ask Dr. Drinker whether in passing the air
laden with halowax fumes through the boxes
of ruts there was any deposit of halowax in
the enclosure.
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D, Cremn Ko Dwivker: Yes. [t g
detectable readily through the vutflow pipe.

Mg, B, H. Reeves: Those in the far end
probably didn't get the concentration.

Dnr. Ceci, K. Drinkenr: We change the
position of the boxes cach day. The ones
furthest away move into the nearest posi-
tion, so that over a period of weeks all are
exposed equully.

Dr. Esxenry R, Havuvrst (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 deposit it
all before the air escapes from the trap.

Mg. 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 unnccessary to remove long lengths
of the ventilating system. WWhile 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 from the coils after you had collected
it and it would involve rather complicated
procedure.

Dr. B. L. Vossurctt (Medical Dircetor,
General Electric Company, Schencctady,
New York): We have heard about the pos-
sibility of preventing liver damage and skin
trouble among manufacturers of wircs and
cables and so forth, but like the old rhyme,
every dog has fleas and the fleas have fleas,
we algo have customers who use wires and
cables in tunnels, in enclused spaces, splic-
ing them together and doing all sorts of
things, [amnotatall certain that we know
what the concentration of these chlorinated
hydrocarbons is under those conditiona.

About the time we were having so inuch
trouble at our York factory some of our
customers began complaining. We thought
we were having a hyateria of halowax mania
throughout the country. Sotne of their
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camplaints were bona fide. Wo hag nod‘r-
fieully in handling cold wire and the p, 76 %
had no skin trouble. Yet when they gp'eb
the same thing with possibly the applicatiog /
of heat in tunnels, ships and so forth, ¢4
actually did develop trouble, >
We have used, of course, the icterus indeg A
in following some carbon tetrachloride g
and [ wondered what you have to say abog'2
that. Is that of no value at all in the “Q
of liver damage in this material? .

Dr. Cecit IK. DriNker: I don't think pg
until it gets so extreme that we know it any
way. .'-

Dr. B. L. Vosntren: I did write dowa ¢3
few questions that came to mind. Somee('
them have been answered and some
foolish but [ shall ask them anyhow, =

It occurred to me that if trichlornaphe
thalene has been proved to be practically £
innocuous, isn't it a problem of research; ;
largely for the Halowax Corporation to v
only that one material adopted with oths
known chlorinated compounds to meet ths 3
requirements of customers? That is osai4$
of the foolish ones probably, but I she
just ask it. R

Furthermore, how long is it reasonable ta¥
expect the liver to recover after it has bees
pretty well damnaged. I talked to you and ;¢
you said you hadn't worked that out wilh
the animals as yet. ®

get aside a certain number of animsle 43
recover, after knowing that a cerlals,
amount of damage had been done, Thea
we started to kill them but we invariably
ran out of rats befure they ran out of lesions..
We don't know how long it lasts. i

Dnr. B L. Vosnruan: Iave you Z":
them calcium and glucose as you would wi S
curbon tetrachlocide?

Dr. Crcis K. Duuxker: Not yet, bub %
arc doing an experiment now with one group :
on a very high calcium diet and anothe? ©
group on a calcium free diet. The ‘f'h,"h_‘/
question of calcium in the dict, of giving 5%
milk daily to these people may be ¥9r"g
while. “
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B. L. Vosscnair: I just had those
3 ong in mind. I would like to hear
: Tiag Mr. Brown would say as to the posai-
’ ol using only this one innocuous

'_‘:_K"- Muwd naphthnlcne.

&39¢a, BANDFORD Browx: That would
KA etily our problem exceedingly, not only
: the commercial standpoint but from
318, togicity standpoint. But if we did so
.3'( thiak that Mr. Kaimer would be the first
ofg@}ect because he wouldn't be able to get
’ ,"‘mhnlcal effects he desires in the cable.
‘nuune thing applies throughout all the
Y where we are using these higher
“ehforioated products.

{be problem as we see it, and it is one
« ‘whleh we intend to study further (we have
e program for this continuous work that
4 @l be done under the direction of the
_."7; Defaker brothers), is to try to find a line of
‘;fhucation and whether or not within this
2 gemplicsted chemical structure there is
tzme one thing that causes the trouble. If
®0 could take hexachlornaphthalene and
“m«- 1 per cent of some unknown constit-
512888 with which we are not now familiar
52 8d eliminate the toxicity, that would be
29 b fovely solution, Whether we will ever be
,‘& to sttain that I don’t know. That is

" @a of the things we have in mind,
. v".M I said before, that is one of the things
. @ith which all manufacturers of these syn-
‘o M‘ organic products are confronted at

' » . . . *
3¢ 08@e stage, either in their laboratories or in

2tion of timing as to when you should do
% work, how much you should do, and

F you know how to do it. You have

fearn that first.

De. Cren, K. Drixken: Unless there is

e Otberimportant matter I will declare
 meeting adjourned.

. R R. Savers: May I say a word
@ “ﬂ‘ fegard to what Dr. Huokey stated

syphilis? It you are going to eliminate
,’0“’ workers who happen to develop

gyphilis during the time they are working
for you, you are probably going to luse some
very important emplayces, (6 woulid seem
that it would be worth while to give serious
considerntion to seeing 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
this ig one of the places. Imay be in error.

MR, Saxororp 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 authorities and our customers
as well in this investigation. [ 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 constructive baasis.

In collaboration with the Monsanto
Chemical Company we have a much more
comprechensive 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 conncction, which will have to be
observed by the statc authorities, when they
go out to make these inspections. That is
the necessity of not creating mob hysteria
on the part of the worknien in the plants
where these inspections are made. Mr.
Hemperly has run into soine very interest-
ing situations in the various examinations
he has made. [know that he wouklld be glad
to relate them and give the benefit of his
experience to the heads of any of these state
departments who will have the direction of
this work. Otherwise | 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 results
that we are shooting for over the next sev-
eral months or years. This thing may con-
tinue, probubly will continue for years.
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