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lenes and compounds of allied
pharmacological possibilities is
. egiremely wide, and with the stcady
@owth of the use of electricity is cer-

THE use of chlorinated naphtha-

faln to expand much farther. For
ears it has been known that many of

A compounds cause o troublesome
«.7.8e0e, and there is a large literature
. @pon this phase of the subject. Our

: hjl.\'estigations have not been concerned
Bith chloracne but, with the possibility
el Bystemic effccts following ingestion
% inhalation of such products. In the
- ¥png of 1936, the Halowax C‘orpora-
8 division of the Bakelite Cor-

on, called our attention to three

'cases of jaundice in workmen
m& chlorinated naphthalenes and

agr conmated diphenyl, and requested
< t the subject be investigated as

] ..
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rapidly and thoroughly as possible.}
In bricf these cases were as follows:

Patient 1, Male, age 21. The previous
medical history of this man was in no way
significant except for the fact that he had
an attack of jnundice nbout 6 weeks prior fo
his fatal illness. Late in December, 1936,
he became badly constipated and had much
ahdominal pain and distention. When ad-
mitted to the hogpital he was slightly jaun-
diced and was cvidently very ill. e wes
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 found to

t The Ialowax Company makes many
products hesides chlorinated naphthalenes,
and it has come to our knowledge that all of
these products are indiscriminately called
‘‘halowaxes’’ by iurchucrz and users, and
are lumped together as possible causers of
acne and even of avstemic discase. Since
“halowax' iy merely & trade designation,
earc should be taken to descrihe compounds
by their chemical names and thus avoid
condemnationa which are both troublesome
and misleading. '
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: ’ have a cirrhosis of the liver with acute yel-  who had been cxposed to tri b . 1. A mixture of
‘- . low atrophy superimposed upon it. '!'his naphthalene. Of these 13 we Cllog, y ) napl\(lmlvm-
. man had been exposed to low concentrations ' R . re fo QU ivture of
. . of vapors arising from a mixture of tetrs to ha‘:e mild digestive complaip "5" 2.\ mi htl
L ' and pentachlornaphthalenes, together with ~2norexia, nausea and vertigo, bu 3 chlf)rllill“ ;
2 ‘ a-pproxim-ntely 10 per c_cnt of a refined chlo- Courtois-Suffit remarks ﬁnully' AL 8N m"xmm o
'l'. . rmutcdddl.ph;:‘r:yl. While b;t}l;: i:ie u:;i others® sorption is certainly possible angd chloruapl;t:.\
R engaged in the same work had chloracne, , . . ion, sublr
i l o there were no other disturbances of health :l'n'xe fordprcof of it some of the dlgi‘f' . ln f‘d(az‘:ll[;ct.c(l
8T in fellow workmen, nor was there any pre- Ve a0 gcnem! complaints whj ... (8) werc €O ,
ol cipitating cause for the acute yellow atro- have been due to it. But they 8ppety; Wi grbeutaneously.
. KT phy such as treatment with arsphenamine to be of little consequence consideri; <] None of the antn
i S or exposure to dangerous concentrations of  the mildness of the digestive troubley " the sublimate from
@/ carbon tétrachloride. “(cr'ZmOH_thS WOT

Patient 2. This was a young man who and the absence of respiratory pl’"

”n
died in February, 1936, after an acute illness nomena. . .
characterized by jaundice. He had been In Touraine's cases the exposure wig

exposed to fumes arising from a mixture of to a trichlornaphthalene, whereas thss{i
pentu and hexnchlornnphthnlenes. There l\mericun cases of acute ye"o‘v atmph” 7 ]
is no record of chloracne. The patient were exposed to compounds of highu

worked with a large number of other people hlorinati , . " A
of whom but one (Patient 3), a close friend, ~CiOTINation. Our own experiments 73

had significant illness, indicate that trichlornaphthalenes rgdi

Patient8. Another young manemployed quire enormous dosage, far beyondi¥
with Patient 2. He became jn}mdiccd in  anything encountered in industry,
March, 1936, and died after an lllncss'o{ 2 order to produce liver damage. Tt
weeks. A carcful autopsy resulted in a - v
dingnosis of acute yellow atrophy of the eky (1927) reported a number 0“'8'”,»
liver Here again no history could be ob- of chloracne in persons exposed "i"i.
tained as to a precipitating cause, and there  chlorinated naphthalenes with a chlos]
was no record of preceding attacks of rine content ranging from 14 to 53 pesd
isundice. cent. He found that the lower thay

In addition to these three very re- chlorine content the less the ncn&. s .
cent fatalities, we have learned of four  Mittelstiidt (1935) examined o numbee, os -8
other possible cases, none of them of cases of chloracne duc to trichlor:; %
fatal. All of these have had jaundice naphthalene and reported o numberd.
and the entire group consists of iso- vague general complaints but nothing #g &
lated individuals who have been picked in the nature of serious disease. '10',,
out of large groups having the same garding his animal cxpcrimcntntiot},"
exposure. In but one instance, Pa- Lehmann (1919) reported that ank,
tient 1, is there record of antecedent mals fed chlorinated naphthalenes reogy;
disturbance of health, and the gencral  fused to eat after a time and that
health of fellow workers has been good.  whether poisoned by inhalation or b

Such cases have not been reported  feeding, at death showed “pcculiar"-. i
in the medical literature and only ocea-  lesions in the liver.  Flinn and J«’lf""k.w» “"; of ente ('\:'
sionally can one find reference to sys-  (1936) gave subcutancous injections o I8 :lr‘( .J‘“r"'k (3
temic cffeets of any sort. For exam- enormous doses of chlorinated naph ¥ 3 " eV et
ple, Courtois-Suffit (1934) reports on  thalenes dissolved in paraffin oil ‘-1,'} p:,m,lll.m“:"”w
work done by Touraine and his nsso-  rabbits. The compounds used WeN'.- ? " - hete is o
ciates (1934) who examined G0 workers  as follows: ale l'fl the degre

eutopsied.  The fi
mals receiving (3) ¢
day and the last &
Tl;usv receiving th
were oven more
Autopsy in thes
o giriking changes
! described, ontirel
gcute yellow atre
W mggestive to-eaus
elude that “certa
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 =ut
. literature upon
j.. these substanee:
1 Withy the

o

‘.
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BFFECTS OF CHLORINATED HYDROCARBONS

‘.A mixture of tri and tetrachlor-

s naphthalene.

*‘k" A mixture of tetra and penta-
chlornaphthalene.

“3.‘\ mixture of penta and hexa-
chlortiaphthalene.

Nl addition, sublimates from (2) and

G wore collected in oil and injected

taneously.

ntopwd Tho first cleath in the ani-
‘ nlsrccelvmg (3) occurred on the 12th
hy and the last died on the 26th day.
Thowe receiving the sublimate from (3)
o gere cven  mwore soverely  affeeted.
$¥ Autopsy in these animals revealed
driking changes in the liver, not, ax
5"-‘h!t'l’lbcd entirely characteristic of
£ seute yellow atrophy but sufficiently
auggestive to cause the authors to con-
. dude that “certain chlorinated naph-
thalenes or impurities contained in
3em are capable of producing yellow

; ),llmplly of the liver in the rabbit.”
<% At the beginning of their paper,
{Flian and Jarvik (1936) mention the
that there have heen three cases
d scute yellow atrophy of the liver
men working with chlorinated naph-
lenes but give no details in regard
? i.'o them. These enses are undoubtedly
s Abe fame as those deseribed in the

; '“ nmng of this paper
e may summarize the meagre
ture upon systemic effects from
substances as follows:

L With the exee ption of the men-

8 of acute vellow atrophy by Fh
" phy by Flinn
wod Jaryvik (1036) the

12 '["
ST
2w

Cre are o reports

©.0F evep SuErest fons
l
A'!pon hutiny e RIS

ol serions elfects

2 There i S oevidenee CPeleky,
t the dogre

(U]

e of chilorination s sig-

nifiecant in relation to the production
of acne.  In the work of Flinn and
Jarvik (193%) .the compounds produe-
ing serious liver injury were the most
highly chlorinated of those tested,

though the chlorine contents as given.

by analysis vary surprisingly little,

3. There are no published  figures
upon the amounts of various chlorin-
ated naphthalenes in the air which will
produce injury of any 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 rests upon such extreme
dosage ax to fail to apply diveetly to
Iuman exposure,

Fxrerimestan Work

In appeaising the possible toxicity of
any substanee met in industey it s
first neceszary to determine the prin-
eipal route of absorption.  [n the ease
of the compounds under eonsideration
there can be no doubt that inhalation
ix their chief means of entering the
hody.,  They are used hat in w0 great
variety of operations and volatilize in
varied degree. They are of ten applied
in =olution in such volatile xolvents as
arhon tetrachloride and toluene, The
amounts reaching the air under such
cirenmstanees are hardly detectalile,
It will however e shown that earbion
teteachloride ald< to the toxicity of
the elilorinated naphithalenes ad allied
componnds, aned il there is possibility
ol inhading these compouneds in ather
parts of the fetaey then inhadation of
earthon tetraehloride wlds o deeided
hazard, Under
solvents ~uch

clretmistanees
NI

~teh

toluene hies

it~
tisenel,
Obscevation in o numder of plants

cases s o feel that even thoagh
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careless, comparatively Tittde of these
wixes s caten, They are tenacions
substances, insoluble in water, and if

sitndlae to man, ad in the ease of “u\-; i A

ehlorinated compounds it is Dossible
that diet may be very significan pi

, . ;| S
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% workmen may he extremely dicty and tions They theive apon a0 dieg vory e e the cwl bt

meter was plaeeed i
the flow of wirin e

could be adjusted o

. . . ki H 1
o : they get on the hands they stick there  Finally, their normal  characteristjeg ‘8 from a calibratiol
and are not transferred to the food, 3

S
i g

Skin absorption 2 the third possible
meuns of entering the body, It may
oceur but at hest must he <light when
compared to the steady inhalation of

have been deseribed so well ax to make 1
the detection of abnormalities hoty 4
casy and certain, B

Mcthod of exposure. -="The inhalution

deflector placed at

pipe into the hox
«ure & uniform ¢
stream of air to the

| experiments were earried out in foyp At the opposite ¢
- . finely divided or gascous material in o large air-tight wooden hoxes, each outflow erid—the
.. the air. apable of holding ten rat cages, size A Uis exhiausted thr
! I.l.j' | frted with a damygr
2; £ a large central exh
n About 4 inches
- the 7-inch pipe inte
Ll of the substances
: " | duced into the i
| S'{‘ : : cially designed

(fgure 4), 71 inch

hold the heated w
were made with «
that extended to
top of the flask w
“this fitted a shor
length.  This <he
inta a large rubhbe
tightly into a hole
pipe on the under
flaxk in turn was

L . heater nuude to
H .

" e below the side ar
T luhiadation experiments are then the 227 x 227 x 147, in two tiers of five top.  Rubber tul
, .

- AT
®

most important sourees of information,
bt to them we have added o certain
number af observations upon ingestion
el subentuaneous injeetion of various
cotmptneds,

Lohalution Farperiments
Audmals. White rats have  been
coployved  throughout, They permit
the use of a biege namber of annals
i relatively anadbinhalaion inseadla -

enges enehe When the experiment was
nol in progress the doors were opened
wide and the eages kept i place
(ligure 1),
At the conter of one end of enel hox
the inflow end  air was introdueed

through w pipe 7 ineches in disneter R
L

(enre 290 Fach hox was "'Nlil'l“"I

with s individual varinhleespeed clees 288
Jrie blower which Llew the air through
severnd feet of T-inely pipe hefore enter= 3 '

ST VRN
R vE

Yok AR

side arm with a ¢
voir'and a gentle
through the mel
motion and nssur
Tuto eueh sk wa
centigridde  thern
keptin plaee andd
time above the
which it pussed o
Approximately
chlorinated napii
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'.d 19, o, 7 EFFECTS OF CHEORINATED HIYDROCARPBONS UNT

ing the end of the hoxe  An orifice ehlorinated diphienyt were plaeed in the

melor Wits placed in the pipe line, and  hottom ol cach (laxk andd melted in the .
the flow of air in cubie feet per minute  eleetrie heater. Fresh samples were .
could be adjusted and read off diveetly  ased every other day, hut it was often '

a calibration curve, A vane  found necessary to add 20 gne of new

(rom , Co
. deflector placed at the entranee of the  material even after one run sinee so .

ﬁ’ﬁm into the box was adjusted to ax-  much had sublimed.  Whatever the
) are o uniform “distribution of the case, the colleeted  sublimate  was
gtream of air to the two.tiers of cages,
At the apposite end of the box—the
eutfow end—the air from ecach bhox
nas exhausted through a 7-inch pipe
fitted with a damper and conneeted ta
g large contral exhaust fan (figure 3).
About 4 inches from the entrance of
the 7-inch pipe into the hox, the fumes
al the substances listed were intro-
duced into the inflowing air. Spe-
cislly designed pyrex  pglass flasks
(Ggure 4), 71 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
5 "i'-f"!op of the flask was ground, and into
> this fitted a <hort tube 1§ inches in
length, This <hort tube was inserted
: 1uirllto a large rubiher stopper that fitted
. tightly into a hole cut out of the 7-inch

g pipe on the under side (figure 2. Pl
-“';\ fask in turn was placed in an eleetrie .
B heater made to cover it completely
FreCo below the side arm erongnd grlass

-
e

top. Rubber tubing conneeted the  —

hx
48 . . . e e , L
2 fide arm with a compressed i reser- Fra. 20 Fleetrie heater for maintaining
d; voir | . echlorinated compmnds at 8 constant tem-
".x and a gentle streanm of air Blown poeeatare in phiee at inflow end of hog,

through the melted wax kept it in

motion and assured nniform heating. abways removed from the upper part.
Into cach flask wis inserted o long steme of the sk and o elean topy wsed each
tentigrade  thermometer which was  day. No stwiphe was ever used for
Pt in place and could be read at any more tan two s,

"ﬂ}e above the T-ineh pipe through The sk plis the contents wis enge-
which it passed - (lignee 2). fudly weighed at the beginuing of the
Al)])ru.\'iln:m«ly 30 g, of pulverized  ran snd it the end, and the loss in

L hlorina | maphithadenes or 20 e o weight used to edenlate the e
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D Liega

v --:~' oWkl O,

amount in a cubie meter of air per
ax determined by a series of

o
i

yren ighase tlask

qur:

TOFF Lt AR EEITN :

e
by Xy

4w
- .-L'

R

. &
INont 195y e
e 17
lowmeter readings. The figures oy, ;,
. 'V_
t:l.lllml were .nut u.lwullm- Ineance of §o
slight variations in the air flowing %
through the hoxes and  hecayse of (58
deposition of materinl on the thep. %_
mometers wnd on the inside surfaces of ':‘5’?
the hox, but they checked well wigh €
direet  determinations  throwgh a5 3
sumples, :

3 qeth. The expc
’ mpounds cea
. g5th. On Octc
%! gve snimals we
¢ . gare (rom Erouf
25 ¥ piTled after 2
. 15th, in order t¢

come to a constant temperature, At &
that time the box doors were tightly
closed, air bubbled through the fluasks,
and the blowers turned on, This wag

‘

sy . Ns Mars
the heginning of the exposure perind, c‘?__f_'f_'o__..__—
By means of rheostats on the fans and
. . . MA"
dampers in the outflow  pipes, the
amount of air Howing throngh the 4 [
boxes was adjnsted and an attempt
wias made to Keep the four hoxes as Frichlornaphthal
unitorin ax possible - uzuaily hetween tatrachlornaph

165 and 175 e.lan,
In the fiest group of experiments the
following substances were tested:
L.\ mixture of trichlornaphtha-
lenes plusa trace of tetrachlor-
napthalene.  Chlovine content
19.9 per cent.
2. .\ wmixture of peata and hexa-
chlornaphthalenes,  Chlorine
content GG per cent,

Peala and hexac

0% penta and
benes plus 10% «

=y
K
FES

- Q!orinnted dip!

30N mixture of 90 per cent penta period would !
il lll‘X:ll'lll()l'll‘:l]llIlll:ll('l.\'ﬁ‘.‘ the affected
plus 10 per eent refined ehlorin- goup 3 were
aled diphenyl, Chlorine con- '“"‘-ﬁposure on
. A
tent G3.0 per cent, IXA-‘_“ examinatic

.2 1he averag
A .."‘;315 bours dai

I mornin;
o GRased, and
_"" * 4:00 p.m: th
;- Weighed, etc.

1. Chlorinated  diphenyl.  Chlorine
cottent 63,0 per cent,

The compaoutids weps seleeted as repe
resenting o eortain range in chloring-
tiom o also heeatse of their felostrial ;
g e T eaeh instanee SO anis '1
el sposed, 10 ers bt |l|:l(‘t‘d
e v Phey were (il Puring
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W ar AT A Y
':i‘q;ﬂw,‘:?*\??v‘.%"}}‘"
O ST (UL

3.«

&

Chow supplemented by lettuce,

: ¥e. . . milk and cod liver oil.

AR ERANT R it group of experiments was
PRy . on July 1, 1936- and the last
P to number 2 (penta and hexa-

phthalenes) was on November
The exposure to the otherthree
@apounds ceased upon November
£'gt¢h. On October 15th representa-
"','g“ gnimals were taken out of expo-
75 from groups 1, 2, and 4 and were
5t'0md after 2 months on December
§5b, in order to see whether this clear

EFFECTS OF CHLORINATED HYDROCARBONS

289

wax concentrations were somewhat
higher at the inflow end of the boxes.
Preliminary runs showed that once
* properly adjusted, wax concentrations
in the air remained very uniform from
day to day, but to insure absolute
safety readings of temperature, air-
flow, etc. were made 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
CoxprrioNs MAINTAINED IN [NnALATION ExXPERIMENT FROM JuLY I TO NovEsneER 16 axp 18

CHLO-
RINE
CONTENT|

HATERIAL

Av.

. av.coxcesrarton | OV | oawr
: OF AIR IN BOX rosene | EX:

PUBURE

o 9.9
i?ﬁ:{"%.?
¥ fate and bexachlornaphthalenes....| 62.6
e e
1 85% penta and hexachlornaphtha-
G3.0

“ fanes plus 109 chlorinated diphenyl.

3

°C. mq’;l,/‘cu. range hours Aours

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

160-170 [ 1.16 | High 2.19 | 1864 16
low 0 51

165-175 | 1 37 | High3 17 1896 16
Low 0 64

165-175 | 0.57 | High 1.19 | 1896 16

Low 023

gm would bring about recovery in
.22 affected livers. Animals from
] . .

L@%p 3 were similarly removed from

‘:PWUTE on October 4th and killed
#; " &amination on December Ath.
(35 0¢ average length of exposure was
79 bours daily for 6 days a week.
Wy 0 orning at about 9:00 exposure
,‘(mdn and between this time and
2%, Pm. the rats were cleaned, fed,
cm‘?d. ete. In order to secure uni-
L0ty of exposure the cages were
°n a regular schedule, since

showed that under the temperatures
used no decomposition oceurred.

Table | 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 in the
air of workrooms.—Tuble 1 shows that
animals have been exposed to varied
concentrutions of the substances under

R

e T

SN A AT

2 “\&: by
g%

R

) e ’ a2 aad lasaas o 2c anngiind
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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 factoricr were made and the

e i

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY  [Sep, 1 :

in question is paxsed over heated plyg.
num in an eleetrically heated Quarty
tube and the cffluent gas serubheg m
a column of glass beads maistened wigy B
sodium carbonate containing a trace g 8
sodium sulfite. The beads are ¢hediS
washed down and the chloride deten, %

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

The method and apparatus used for
determining concentrations of ehlorin-
ated hydroearbons in aie were adapted
from well-known procedures,  The air

15.24 « 381 ¢ ©.00254 CHM.

% 3UCTION
3 p—
7 1T
3
§ PYREX
§~‘ " T AR, INSLZG DIAM,
i
o AT
< —50L1D GLASS BEADS
1M DIAM.
NOT DRANN TO SCALE
e L
~1zt
oY
S
35CH, —eeee— ]
22.866GHR.
p——— 8" el 3cr.—

v . . T 1
TS zcn A %”
(1SR ' f %
Y S 1 -
3 h' ' —" auatrz v§
4R g 4HHUIHSIDE RESISTANCE FURNACE ~ TMM INIDE 2

' g DIAM. 2DFT NICHROME Wike  DIAH. s
1] @ O“H/FT) )
PLATINUM FOIL PACKING 5
i PIPETTE 6° x 13" x 0.00/" .
Tip —

Fra. §. Dimensioned sketeh of combustion tube and absorption appnratus.

mined  nephelometrically  as

chloride.

Tebbens  (1937) has recently des

seribed o method and apparatus whic'h B
should he equally satisfactory for this
work, In fizure 5 we show a dimen:
stoned sketeh of the combustion tu
and ahsorption apparatus as used b
us in both our laboratory and fiel
problems.  The absorption  tube

g

vy

wmewhat
Tebbens's
chiccs i1

in both

) godium c2
n our cg
spt to be
fess than
quently t
setually {

4% . - po small t

either gre
For this 1
yse the ne
Is sensiti
88 0.1l mg

Itisd
ghould e
eonversic
pound t«
subseque

. any chk
determin
distingui:

formatio
rinated 1
different,
instances
repeated
the amc
those us
must, be

°® The
tatus sui
Wills
he . equ
suction p
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somewhat easier to wash down than is
ng's but the essentials of the two

4 W seq are the same.®
‘«'in both cases conversion of the chlo-
= 1 1aated hydrocarbons to bydrochloric
‘f‘%.dd and subsequent absorption as
f';‘ndium carbonate should be complete.
'fgh our case concentrations in air are
“'Q?G'P‘ to be very low—the objective is
W% fesg than 1 mgm. per cu. m. Conse-
wtly the amount of silver chloride
5 actually formed in the final reaction is
4 g9 gmall that it can not be determined
" gither gravimetrically or by titration.
* For this reason we have been forced to
. e the nephelometric procedure which
& Iy pensitive to concentrations as low
" 260.1 mgm. per cu. m. of air.
. It is doubtful if the sampling rate
- ehould exceed 1 liter per minute as

*¢"eonversion of the chlorinated com-
et

g3
ent
A
by

/:L . pound to hydrochloric acid and its
4 _ mubsequent absorption are not efficient

%" I that the method is not selective—
1w a8y chlorinated substance will be
j? @etermined. Furthermore it does not
¢4 Eatinguish between solid particles and
" Bases but determines them all alike and
";hﬂ Fesults must, of course, be com-
puated in terms of total chlorine:

. At the present time we possess in-
" ‘Oﬁnation as to the amounts of chlo-

Lo

.. ~tances the measurements have been
_Mpeated several times. Frequently
% amounts have been greater than
a5 used in our experiments, but it
m be remembered that the rats
AY o}

i Y g

The combustion and absorplion appa-
U suited to field sampling is now made
illson Products, Inc., Reading, Pa.
€qQuipment includes fluwmeter and

i - 00 PUmp with a carrying case.

EFFECTS OF CHLORINATED HYDROCARBONS 201

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 trichlornaphthalene in chlorina-
tion. Fortunately it is casy to venti-
late processes of manufacture which
require these substances and to reduce
air contamination practically to the
vanishing point. Such treatment of
the problem at once removes both the
possibility of systemic poisoning and
the annoyances that arise from cases
of acne.

Resulls of Inkalation Erperiments.

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

2. Animals exposed to a mixture of
penta  and  hexachlornaphthalenes.
No abnormalities were observed in the
living animals.  Ruts were killed and
autopsicd every 6 weeks,  In 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 stationnry.  There were highly

- - -t e Y b

;L, e,

JUTN

S

b A erdrrpmriors

3 Sz e

904321

L SIS syt

R

WATER_PCB-SD0000025998



'~

ST

SRR LTSN

i
‘v

NOSINEXIE

o,

ot
- S FUL Y VRS

R
)

-7l

TRV Y@

2

Naw ol

R B o etrt

~

LT L

N

v =y

T

292

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-
periment.—In these experiments carc-
ful observation of appearance, body
weight, activity, blood, and urine
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
degree of liver damage was always
present and was quite clear in the liver
sections  examined microscopically.
This damage had no detectable cffect
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

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

exposed to these compounds withg
illness of any sort.

The functional appratsal of the l!'m- ,
damage caused by certain chloringje) WA
naphthalencs and by chlorinated ¢4
phenyl.—There are no tests of live
function useful in such minor degreeg
of liver damage as were produced iy
these experiments. Indced the f:.h
mals resisted the injury so perfectly ;79
as to display no abnormalities exceps:
upon histological examination of the'
liver. The situation was perhapg
sitnilar to that met in industry, \vhere,‘:"
barring acne, the health of workers in
these compounds has been good with
the exception of the fact that in ise. 3
lated instances jaundice has occurred it
which upon at least three occasions$id

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

no cause can be assigned.  One cannes

produce acute yellow atrophy with &
. "

arsphenamine, but somchow or othetsy

this now and then does happen to pa
tients under antisyphilitic treatmentd

It occurred to us that something of g
the same sort might be involved in this 4
problem. The hutman cases have beed 2
seattered and few. They have beed )
isolated instances out of large groups &
of healthy employees who have had Jaed
cqual degrees of exposure. It was ouf Lhgg
idea that perhaps many of these people, ’g‘fv
got liver changes such as cxisted inouf ‘;
rats, changes not recognizable throuss .

SISt

82 5a7e)!
Y

16:& (A
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-, means other than autopsy exami-
¢ gation. If, upon the substratum of
" gach changes, they got an acute liver
%" &stusbance, acute catarrhal jaundice,
. gob 8 very common discase but one

Vi any of us may experience, would
J{< i felatively innocuous discase go
# { ayer to acute yellow atrophy?

Srw. Y Knowing that our inbalation rats
¥ hed liver changes, but changes too
f*_;';fﬁ;hz to cause recognizable symptoms,

" e decided to test their resistance to
) gabstances known to cause. liver de-
\}"metion. Carbon tetrachloride and

‘dcuhol were selected. Having infor-

mstion that 1.0 cc. of carbon tetra-

chloride plus 1.0 cc. of cthyl alcohol

kilogram would kill 14 per cent of

gormal white rats, we reduced the dose

te 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.

TN

2
" Balg fed 0.76 cc. per kgm. each of carbon
X tetrachloride and ethyl alcokol by

! stomach tube

" 1. Trichlornaphthalene plus trace of tetra-
' llernaphthalene. Fed at 9:00 a.m., Nov.
‘h.ma 10 rats. No deaths.
-+ & Penta and hezachlornaphthalenes. Fed
'?“IC:&) a.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.
+ Ldied 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.
Nov. 15th and 9:00 a.m. Nov.
16th (stiff).

Per cent penta and herachlornaph-
and [0 per cent chlorinated diphenyl.
10:00 a.m., Nov. 10, 1936. 10 rats.

EFFECTS OF CHLORINATED HYDROCARBONS

1 died Nov.
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.
a.m., Nov. 10, 1936. 10 rats.

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

2 died Nov.
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, 1936G.
10 rats. 1 killed Nov. 13th for normal liver.

{0th between 5:00

Fed at 10:00

11th between 4:30 and

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 is an organie chloride and euri-
ously enough it is the only substance
we were able to find that was cffective.
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In animals with the minor degree of
liver injury which has been deseribed
we were unable to produce acute yellow
atrophy or any varicly of liver cffect
with arsphenamine, cincophen, butyl
chloride, cthylenc chloride and tetra-
chlorethylene, but carbon tetrachlo-
ride was uniformly effective in dis-
closing the existence of liver damage.

Recovery from liver damage following
removal from exposure.—Animals cx-
posed to trichlornaphthalenes plus
traces of tetrachlornaphthalene being
practically normal on removal from
exposure nced no consideration. In
the case of the penta and hexachlor-

TABLIE 2
CoxpttioNs MaINTAINED DURING [NnavLaTiON oF i CONCENTRATIONS OF

S
s 7
s

signs of liver injury will be man lh other
months in returning to normal, 8 Y {g wer
By [

' ’ 'A !"' Ay o w m“'\
The cffect of high concentration, YR chlomaf
128

trichlornaphthalenes with traces of mm_' A oxic as
chlornaphthalene.—The first g’Oqu )

inhalation experiments showed el
this material in concentrations ave

-g‘poﬂth

ing 1.31 mgm. per cu. m. of air ‘ 3 "':‘it;
relatively innocuous, judged both b,_ . The ¢
direct observation and by the carbog 1 - penda
tetrachloride test. This is an ip. ® “There €
teresting fact since such compoundg® < gge don
cause acne, though less potently thag * ut in

substances of higher chlorination, ¥
In order to explore the matter furthey X
oneof theinhalation boxes wasarranged 3

Tl(l('HLORNAPHTIIALE.\'E-\' rLes TE'N(AFIILORNAPIIT"ALENE i“"
AV, CONCENTRATION TOTAL ln. DALY Lho 51
MATERIAL TEUP. OF AIR IN HOX EXPOACRE | EXPOSCEE L33 LN
. ;;,'. e m———
g
.. mg./cu. range Aoure 0

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

tetrachlornaphthalene

L.

16
Low 5.78

naphthalene, rats after 2 months’ re-
moval from exposure still showed
swollen liver cells, increased granu-
larity, hyalinization and mitotic fig-
ures. The condition was not advanced
as compared with rats killed at the
time of removal from exposure but on
the other hand 2 months were insuffi-
cient for recovery.

The same findings were true of the
mixture of penta and hexachlorinated
naphthalenes and ehlorinated diphenyl
and for ehilorinatecd diphenyl alone,

Apparently the changes indueed in
the liver cells by these substances are
exceedingly persistent and one must
expect that an individual showing any

erswere delivered to the air line instead l :
of one. Thisresulted in the conditions f‘,‘:f
shown in table 2. The animals sub- w\
jected to these conditions showed no’Ht
clinical cffects of any sort. After 195
month the liver cells were slightly;
swollen and over-granular and the
were oceasional mitotic figures.  Thesdg
changes were similar to the carly & ;
effects of more  highly chlorinated “
compounds, and  progressed  ouly 3%
slightly during the third and IOUfth, ;
months,  When rats in this condition, i
were given carhon ((‘lr:\('hluridc‘ﬁﬂ
aleohal, in some instances their IVers o
showed massive central necrosis 88

s0 that fumes from four glass containe o

; *&ﬁ?’éﬁm «
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éa&bcm this did not develap,  Fifty  the liver after 35 days of freedom from

: ibs wure used in this experiment and inhalation. Tt is thus evident that
oo MDY conclude that while the tri-  penta and hexachlornaphthalenes are

R phthalenes are in no degree as markedly toxic compounds and that

3 bgaie 09 those of higher chlorination  recovery from their effects is extremely
are not entirely free from effects  slow.

5 the liver if high enough concen-

g are inhaled over long periods. The effects of penta and herachlor-
& naphthalenes, the mizture of these with

's‘%;ﬂc effects of high concentrations of 10 per cent chlorinated diphenyl, and of
Sy and hexachlornaphthalenes.—  chlorinaled diphenyl alone, when inhaled

arhege can be no doubt as to the dam-  in low concentrations through an 8-hour

f@done the liver by these compounds  day instead of a 16-hour day as in the
b T in the concentrations so far re-  first experiment.—Since steady human
> 5;‘ v:_.'fw{ed no symptoms were caused that exposure to any of the compounds
urthep 1B o ‘vgould be recognized clinically and tested would invariably be for 8 hours

+

Ango ,\i“; gothing approaching acute yellow rather than 16-hour periods, a further
TR e

TABLE 3

AINED DURING [NttaraTioN OF Hicu (CONCENTRATIONS OF P'ENTA AND
HEXACHLORNAPUTHALENES

v :
i i
AY. CONCENTRATION TOTAL | AV, DAILY
HATERIAL TEMP. ‘ OF AR IN HOX l:xrnu:n:; EXPUSUKE
| R U [
1
°C. m“",:”" range hours | Aaurs
. fata and hexachlornaphthalenes ... .. 137-195 | 8.88 | IHigh 14.0 6us 16
Low 5.75

2k Sad
4" Tedrophy occurred except through the inhalation experiment was arranged
a8 @ of the carbon tetrachloride test.  under the conditions shown in table 4
: *{=_.&f.Dccember 1, 1936, 80 rats were which are quite comparable to those
SR \;:;.@bjecled to the conditions sum- intable 1 except for the shorter inhala-
k?uized in table 3. This experment tion periods. Fighty rats were used
aaRa terminated on January 21, Allof  for each of the three compounds tested.
';;“E animals lost weight and appotite None at any time showed the slightest
hed@d deaths begun after 8 days of expo-  evidenee of illness.  Microscopic ex-

e
(.‘."Fifty-ﬁve rats died, most of amination bheginning after 6 weeks'
Biem heavily jaundiced, 8 were killed  exposure showed swollen liver celly,
,A%¢ microscopic examination, 9 were  excess granulation, hyaline inclusions
e ‘:.;ukd by the carbon tetrachloride test  and occasional mitotic figrreres,  These
: “”d 8 lived througl the period of  changes did not progress and were very
: f;;ﬁmmre_ The livers of the animals  similar to those in the animals exposed
S ed for examination showed marked  for 16 hours under the conditions set
s .ty degeneration, central in type  forth in table 1. The enrbon fetra-
A 3 Becrosis of liver cells, Surviving  chloride test was uniformly fatal to

¥ ‘(l'-; 1s showed protounced changesin - them and one must conclude that con-
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centrations of these compounds such
as were employed ecause a certain de-
gree of liver damage 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.

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

% Sy
men never inhale enongh of any .’ By
these substances to get acute yellow'
atrophy. They may, however, acqyr2e8
a substratum of liver damage ?,::}r }i'
which acute yellow atrophy may dd..-r
velop,  Experience in a numbep dd’ S
plants has shown how ecasy it iq ¢

reduce concentrations of these c‘
pounds practically to the vanishings
point, and cvery cffort should be mad{@

. . , . .y s (ar as

Summary of inhalalion experiments. to attain such conditions. e - ever way
The findings that have been described . i ; - Trichlc
briefly will bo amplified upon the Gross Feeding Experiments " betrachlor
pathological side in a further paper by The various compounds used werg%28% o0 \fay
Dr. G. A. Bennett. What has been antil Not
given is, however, sufficient to indi- with a standard balanced ration {m;} ging 3 gv
TABLE 4 ' 3 o thc‘ f

ConbpiTioNs MAINTAINED DORING INftALATION OF Low CONCENTRATIONS oF THRER 73 x :md this
Cosroonps puring 8-Ilounr InsTeaD oF 16-llocn Pertobs R % throughc

3 . o

AV, CONCENTRATION T0TAL | AV. oengpieE A ““‘.mals,

UATERIAL TEMP. oF A8 1N 30X exroscne | exroacs gty ¢ which di

°C. "‘F;’{.“W range bours lnn:::;‘ ,‘ s o ﬁ:[?nfg‘;

AR -

Penta and hexachlornaphthalenes.. ... . 149-193 | 1.44 High 2.58 920 8 400 pALY. ' death w
Low 0.42 e = ,

e * gpiratory

90% penta and hexachlornaphthalenes e tion to ¢
plus 10% chlorinated diphenyl....... 150-197 | 1.66 Tigh 3.30 912 8 2 /s » ot
Low 0.56 - Histol

Chlorinated diphenyl.................. 153-174 | 0.93 | High3.23 | 920 8% £o dight ch
Low 0.03 I % #,<% of great

: ... Tere

cate that compounds more highly the white rat. The food was placed  Peeding
chlorinated than trichlornaphthalene in a single container, at which the 10 , dosage of
are capable of causing liver injury animalsin a cage had an cqual chance ¥ " All the ar
when inhajed steadily in quite low the amount of the compounds added 4 . were citl
concentrations. It isanextraordinary  being reduced as the number of m“,‘* 29, 1936

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 experiments
make it appear probable that work-

lessened during the feeding pcl'i?d- s
The experiments were designed to gV 58
an idea as to the possible toxicil.y.d,;"? e+ affected.
the compounds selected nmd, if toxxcl'lr g ¥
was observed, some den as to the site I
or sites of damage. | wE

The experiments were suceessful m:f'{}ft,. 3
both respects, and indead one may Rt
anticipate that future appraisals of
possible toxicity of chlorinated hyde:.:
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may often be made by simple
. and do not require the elabo-
371 apparatus and the expense neces-
N0 ey for inhalation experiments. Tlxc
QRV# - tial reason for this opinion resides
; ‘h‘h identity of the lesions produced
'¥%: Both methods, and the fact that the
R G e b compounds so far studied
(IR 0 arrange themsel ves identically
ol ”“;3 toxicity is concerned which-
¢ gver way they arc administered.
v3.7 Grichlornaphthalene  plus traces of
Twlmnaphthalene.——Feeding began
4 1936 and continued
wti] November 2, 1936, In the begin-
4. tag 3 gm. of this mixture were added
22 z,e. the food for 10 rats cach day,
i gad this concentration was maintained
t&roughout the experiment. All the
eotmals were killed except the last
230deb died on Nov. 2. There was no
AN A foes of weight and no appcarance of
3, .;‘_“;'vuting illness of any sort. The single
bt > &rath was due to some varicty of re-
¥ ghatory infection which had no rela-
- #om to the material inhaled.
wptlitological examination  showed
: ‘#)t changes in the liver but nothing
& great significance.
~Tdra and pentachlornaphthalenes.—
7 Feading began on June 29, 1936. A
hage of 0.5 gm. daily was employed.
Al A the animals sickened gradually and
S Yere either killed or died by August
’L?' 1938.
048 autopsy both grossly and histo-
g y the liver was the single organ
. ed.  The liver cells showed swell-
At h)’DCrgranula(ion, hyaline inclu-
and vacuolation. IHere and
LT Necrotic cells were found.  There
'v?’a tremendous accumulation of fat.
i.&dl":“ and hezachlornaphthalenes.—
‘%g began May 4, 1936, a 3 gm.

588 being used. By June 6, nine

L

.i'J

3,
..
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A2th.  The

e Y et R R T e

207

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 dl. At
autopsy sthe liver alone was affected,
the lesions ohderved being similar to
those that have bheen describrd for
tetra and pentachlornaphthalenes but
worse.

90 per cent penta and  herachlor-
naphthalenes aned 10 per cont chlorinated
diphenyl.—Fceding began  May 4,
1936 on a 3 gm. dosage. On May
16th feeding was stopped but all
the animals went on to death, the last
dying on June 8th. An autonsy the
liver lexions were exteemely 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. dosec every otherday. Feed-
ing began June 24, 1936 and the last
animal was killed Sept. 11th. ‘There
were no deaths but all the animals lost
weight. At autopsy the liver as usual
was the single organ affected, the
lesions bheing characteristic and ox-
tensive.

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

A seeond group of 10 rats was fed a
mtch  smaller
other day.  Feeding began May 20,
1936, The first rat died on May 20th
and four more before June 24th. The
remaining were suerificed.  Those rats
that died showed losses in weight,
while those sacrificed had recovered

dose -0.5 gm. every
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their initial loss in weight and were
gaining.  The liver lesions were similar
to those found in rats fed penta and
hexachlornaphthalenes 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 quite innocuous. Tetra and
pentachlornaphthalene showed definite
liver damage. Penta and hexachlor-
naphthalenes caused & 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 ou. . was first caleulated
and reduced to milligrams per kilo-
gram. The rats and rabbits received
this dose cach day. The compounds
used were those employed in the gross
feeding experiments and the results
were  essentindly stmilae though the
lexions were less severe,

Subcwlancous Injections
The saume gum acacia suspensions
were injected subeutancously into rats

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

. ¥
{Nept. 199 %

GEE im0

v AR,
and rabbits, the dosage being (’alcu."'k“c on mar
fated on the basix of 4 mam. per ey, 8 ecent €ON
of air. Again similar results mﬂ.“.&‘r;.a it g
obtained. In all such Oxlx‘rimcnt‘i 5 ' casily
ity : ieed  ealaly costt
there must of necessity he differengeg FELPR ghst the 81f
in the degree of effect but invmiably *»g " gore than €

the liver was the sole organ affected ¥
and the lesions were those alreg
described many times. : 7,-?

¢ of these ¢
: mphthslcm

gespound ¢

DiscussioN % ere perm!

. Fiaydls wany esam

These experiments leave no doubt;‘ Py plants that
as to the possibility of systemic cffects TRt feen great!
from the chlorinated naphthalenes and™33 3 Hw years, &
chlorinated diphenyl. As in the cae\ 73888 gaet that
of the effects upon the skin, the degree $%38%= " been inex
of chlorination seems to determine the Y bamsn oxf
systemic toxicity, and it is a striking 2 Time and
thing that when trichlornaphthalene is,'., * change the
reached systemic coffects are never, 3552 *° bt today
3¢ eafe. Iy

greatest difficulty. Tt is most romark-:;q D). armangeme
able, too, that' all the compounds_’f}'z' %t ydrocarb-
tested attack the liver and the liversy ,{;‘.’ « eafeguard.
alone. During the past few montbs" bead tetra

we have determined the organically"_

found no increase over normal figurcs,
though the livers, as determined histos) 3
logically, were very severely aﬂccted_-f."
At the present time we are conducting 82

inhalation experiments on a chlorite 338
ated diphenyl containing 55 per cenb 54
of chlorine instead of 64 per cent Tf:ﬁ‘
in the case of the experiments report e ;
in thix paper and on a compound with 2 ,}
a ehlorine content hetween tri ﬁ“d".'
tetenehlornaphthalene, We are also';,.
determining the degree to which .Lbe'
diet may inerease or deercase to.\'icdh,-_ :

this heing suggested by similar %0 U i
upon carbon tetrachloride. }

In the basis of these cxpcriment”:‘*"

(Y
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i Oﬂ many field determinations of
9 cent compounds in the air of work-
; it appears sa&fe and it lis cer-
ily attained, to ventilate so
gM{x,:a;irybrcathed does not contain
B2 than 0.5 mgm. per cu. m. of any
Bl {hise compounds above trichlor-
”'fbtbalcne. In the caseof the latter
Y epsapound concentrations of 10.0 mgm,

fgm permissible. We know from
F'esay examinations in many different
Jads that such concentrations have
feen greatly exceeded during the past
.8 gears, and we are conscious of the
gt that our rat exposures have
S feen inexorably constant whereas
}:ﬁmn exposure is never so ordered.
% Poe and careful observation may

‘30& Impregnating tanks and other
w.¥ @rangements utilizing the chlorinated

'_‘Q‘_‘t‘tols-Surrl'r: Etude sur 'intoxication
If.&}_m{e&sianne“e par le trichloronaph-

‘taltne. Ann. de méd. légale, 14, 422
: ,3-',_ (1834).  Abstr. of paper hy ToTRAINE,
- "L, avp MfnfTren, B.: Dermatoses
§.. Professionnelles par la naphtaline et
iy Prat. méd. frang., 15,

AN

of =~

&

&08 derivés,
s, 88 (1934),
B h«_!n, F.B., axp Jarvik. N. F.: Action of
f_,,‘i{_’?“in chlorinnted naphth:\.lonrs on the
YO Uver, Proc. Soe. Exper. Biol, & Med,,
. L““. 118 (1935).

s IS, KL B Kurzes Lelichueh der
2., Atheits- und Gewerhehvgiene.,  S. Hie-

155 ¢, B, Leipzig, 1919 (p. 251).

YT -
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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
il employed very carelessly 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 ag 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

iR
Dn. Cecir K. Drivgen: We have had  incline them to. First of all I shyy u:i ".‘ edapted
quite a long morning, but since Dr. von Oct-  De. Sayers il he will open the discyy; X : :
tingen has to lecave, I am going to ask him  for us. Q

to say a word. $

Dr. R. R. Savens (Chief, Divisiog
Industrial Hygicne, National Instityte d
Health, U. 8. Public Health Scrvice, Waeh .

Dr. W. F. voy OEertincexn (Dircctor,
Haskell Laboratory of Industrial Toxicol-

sion I will call on one ar two individuals and
[ shall expect others to speak as their notes

iy g4 gy, Wilmington, Delaware): I wishtocon- ington, D. C.): Dr. Drinker, Ladics 4n4 [t might
’.‘ - : gratulate Dr. Drinker and his group on the  Gentlemen: It gavemeagreat deal of pleg 4P 3 gere QUi
} 3{!-, S, very interesting and excellent work on the  ure to have the opportunity to listen to the' i Vil pappenec
44y subject. I also wish to congratulate the excellent and interesting discussion u"»‘"" with this
'!; : . Halowax Corporation on the fact that they  presentations made this morning. py 38 “gleetric
(’;'5 . didn't spare any cffort to clucidate the prob-  Drinker, and I might add, the membery 0(?‘\ . asmoron
AT lem so that the dangers which apparently  the Halowax Corporation, have discussed 5 308Y md'_"”‘
-‘i!,f.i- e are connccted with the use of this material  this matter with us, as well 8s the mage; 7, groximal
3 xf' A can be controlled. {acturers of the diphenyls. SN - to 8 stee
“'JY...“ a7 I personally helicve that there is no toxic We have heen doing some work but agp T5HE: bouom'o
S !',1!': o material which cannot be used safely if it is  nearly as extensive as that carried on bere, ; lnspectin
j i "; i handled properly. In order to handlc such  The work that we have heen doing sccmau{_‘. A blde cap;
R materials properly during thediferent oper-  confirm the work that Dr. Drinker has can J¥308: ¢ the ﬁ"’\
},\;.' ; L ations it is absolutely essential to be famil- riecdon. [ think thercarecertain parta oHt_“’? : @iae. "
i‘;' p a iar with the toxicity and especially with the  that we can very well keep in mind. ~’.v , Here
{2 mechanism of the action. Since there isno We arc dealing with toxic substances, bt AIAES Now wel
3?_}, ] . animal which corresponds in all ita physio- we are dealing with toxic substances esch ‘T oy d:l ‘°u
HEES - logical characteristics to the human being and every day in industry —harmful subs "4z, g gralus (
t:.‘l ' it is important that such compounds he stances, hazardous substances. That theid yi? fend un‘mt(
h""u’."f- studied with different species of animals o can be controlled is well known, no matte 13 sot )u:bi
% H (3’.#‘ thatone can get a cross-section of the poten-  what they are, and that wecan use them and . ch.!“ rorinat
f{'"q‘.'.‘ tial dangers. use them in a safe manner, Dr, Drinke ;3 S 0o inc:
;f"i}. O In addition, this fact illustrates the im-  has called your attention to the fact !lnl. g '
] Edpil 5 ¢ portance of the pre-employment and peri- this apparently has been done and can be, i u\hlnku“:i\
ALAS ’i.;!(‘, !_ T odical examination of workera in such work.  done in any of the plants where halowax b hs m“
i R??L 1{' o As was pointed out by Dr. Drinker, there  used. I have information from one or twe A ':rol et
""'.3.'3"5.4 , are individuals who are apparently more of the other men who arc in the audientd, i ?:cl.n
’ :z'l o susceptible to certain toxic agents than  that in plants where damage has been doo B Perl;ap
THA W}"Hr Lot others. On the other hand, we have to try  —skin damage and apparently liver dasmage ;G330 are better
BARRIMN to detcct the very first signs of incipient to some of the workers—the manufaclurers s eei ¢t
) ' . poisoning in order to prevent more serious  have since corrected the conditions and ap (gl mn ;
‘ damage. In the present instance it is very parently have adequate cngineering cote 8 2 mbmrar' ’
difficult to find these very first aymptoms  trol supplemented with adequate medical . m_ﬁ&:
because there are no adequate methods, but  control. . L of their e’
[ trust that in time the scientific profession Alter all, the proof of the pudding it B ",{
will supply the medieal profession with  theeating.  1f the man does nat get the dis< €2 Dr. C;
adequate methods which will allow the case your engineering control is succossiul. a4 you ﬂ"
physician to determine incipicnt damage of 11 he dora get the disense, nn matter what :. re
the organ before serious clinical symptoms  you have dune in the way of engineeritg { SAS38 - Dr. A
become manifest, you haven’t been successful.  We must B0 vl of Oc.cu
Thank you. hand in hand. Neither profession slone :f_,_,,:.' mecticutI
. can be successful. We have got to wof '.S:': Coan.):
Afternoon Sesaion together whether we like it or not. | h“",;'?éf wa v l-Drﬂ;ir;g
Dr, Crere K. DringeEn: In this discus-  pen to like it. F,‘ “ this mat

There isonc-other thing., As{aros mate
rials are concerned 1 think we ought %0 b‘..‘-
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K enough to use every one of them suc-
',W", If this material is particularly
¥ ilﬂ'd fors certain purpose we should use
Ji :a. -Another material that was used pre-
LA

Sazg

@smmable caused o disaster in which
: %? A ately 167 men lost their lives. 1

;pproximatély 167 because they were
Sedoa Just sure whether it was 167 or 168.
| Femight have been one or two more but they
Q{-'w quite sure that 167 lost their lives. It
: ed when they had insulated a cable
/. 'gith this material. They had an armored

a8 hotrle eable. It was covered with lead
54 on the outside. It was 1200 feet long
"3 ged was being lowered into o mine shaft ap-
3 f"pguimtely 3000 feet deep. It was lashed
2 4o g steel rope. It slipped and fell to the
Betiom of the shaft. When the foreman was
- bgpecting it be set it on fire with his car-
3 S!Hdnup-lamp. The carbon monoxide from
.84 Beo killed those men that were in that

. i L m Many of course escaped.
k) :;3 . Bere we have one hazard, a fire hazard.
Kl

& 3! ey we have another one, a health hazard
e have to
) Certain of these materials,
v:d e Informed, are also lammable. [ am
&3+15% juat sure how flammable they are but
5,4 Bemmability probably decreases as your
L tion increases. But your toxicity
3889 Increases as your chlorination in-
' rases, according to Dr. Drinker, and [

foiaimk that checks with other findings. We
Sigre.these hazards to balance but we can
s0@trol them. I feel quite confident that

s,

11,(,-"4 Porhaps we can find other substances that

oo .' b“kf even than this material. At thé
it [Reent time [ am advised that we have no

()
- L am advised that in ships, such as

ines, it is quite important to have a

f -\;_:“d.&mmable substance for the insulation
) (&1 their electrical wire,

" Da.Crett K. Diyxen: Dr. Gray, would
5 TR eare to say s word?

A

LaenT 8, Gray (Director, Bureau
Wc“Dﬂﬁonal Diseases, State of Con-
chn ““ Department of 1lcalth, Hartford,
g ) Dr. Drinker, U don't think there is
g that I can say except that we used
Material in Connecticut and we had a

Nearal .=‘3~’- ]" %
AR BN
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,ﬁmlothiu for insulation purposes, which'

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 na
you have hadn't elicited any further infor-
mation than we were able to get, basieally,
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 experimenty,
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 I could
jack out of the office. e have been de-
lighted to listen to the discussion.

Dr. Cecit K. Drisger: May we now
moke the discussion general and those who
have questions please volunteer.

Mr. Maxrrep Bowbirer (Director,
Division of Occupational Hygicne, Massa-
chusetts Department of Lahor and [ndug-
tries, Boston, Maass.): I 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 seems to me wholly unnecessary not
only in this case but in the case of uther
toxic substances with which we have todeal.
The problemn of proper ventilation seems to
me relatively simple from what [ have heard
of the gituation thus far. The problem of
maintainiug that ventilation properly docs
not seem to ine 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 materials and | 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 ago we issued a quite
strongly worded warning letter toall plants
using theae subgtances and it has all slong
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heen my plan to follow that up with a fue-
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.

Once point that [ 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,
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 present inves-
tigation has been such that I feel assured
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 alzout that.

Mg, Sanororp Browx (President, Halo-
wax Corporation, New York, N, Y.): There
are some aspects of this situation on which
I think I can enlighten the medical and
state and civic authorities, with respect to
the commercial and practical aspects, If
you go into the rescarch laboratorics of any
large chemical manufacturing company
today you will find anything from onec to a
thousand different new chemical products
which have not yet been put on the market.
Some of those may or may not be toxic.
The problem so far as the chemical manu-
facturer is concerned is a question of timing.
You have heard this exccllent 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

JOURNAL OF INDUSTRIAL HYGIENE AND TOXICOLOGY

If we list those numbersin a

of dollars and cents before you eyep .4, 75

any. That is the problem wa have o
this case. It has heen on the mark'r‘d, ;:}: s Iﬂ‘;
25 years. Until within the past ¢ °'5mu“‘¥ 2 g:n‘
there has never heen any intimation thy g% con't
would eause any systemic effects. Thg B ment
; Y
sands are thousands of workmen have gegy ¥t doitg
with millions and millions of pounds of cen ) ;
tain of these materials, particularly the (4 &5 M
chlornaphthalenes. Then we come to 2% poa
higher stages, combined with chlorian York
dipheny! and other products, and suddenly .l
this problem is presented to us, & sefer
We had asked various authorities fa: v ear Y
‘terested in public health, going back ovep p LAY pgaic

period of 15 to 20 ycars, to investigaty :i‘"' L .
but there wasn't much enthusiasm fop ({2253

tion, which we did.
of that work, q
Now so far as these changes are coa
cerncd, they are beyond our control to ¥
certain extent. We will manufacture 8 8\3
product —let's call it 1234, It has certabn %9,
chemical and physical characteristics, [R5
is suppliced to o cable manufacturer. It l§%)
composed of certain constituents. TheM
may be some tetrachlornaphthalene, trk 8%
chlornaphthalene, parallin, a little pitch._
or bitumen, and possibly some chlorinsld' )
diphenyl. It does a certain job but-lkghar
wants it to a little more plastic or he wanls }“
its viscosity or the specific gravity changed. £
Possibly by a change in those constituents &
of only 1 per cent we can get that particulss £
property. We can’t sell it to him as £
same product 8o we put a new number on i
Basically, however, if the variation in th8 .'
chlorinated naphthalene or the chlorinaledggtl
dipheny! constituent hasn't changed, tha Y
toxic property of that will not change. "
When it comes to a question of codpersbEy
ing with the state nuthorities in that cod=g
neetion, if there were some major Ch““,' *:':",;1
made in a praduct we would have no heat-
trney in adveising them and we would

A\

850,000 an reseaceh to determine whether or
not it is toxie or should you wait until you
havedetermined whether you have s market
forit?

wlvise our customers.  Virtually every ¢o8®
sumer of these materials at some time °f‘-
another has been given their technical )
chemical designation atong with theif vere '
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28 ba If you are producing only one hundred  ous properties, whether they be P")"c'l“‘ .
y "‘,‘ substances a year you can sce that that  chemienl, ».,Q',
‘ ;‘. would run into boxear numbers in the way Those are some of the practical probleds ;4
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* a0 ghich all manufacturefs of che{nicnls

AP | -,"-‘. ‘m{ronud today, pacticularly in the

bt « ", aathetic organic field where the develop-

Pt ;-j:l‘-’tii so rapid that our sales departmenta

f; .u\'.};&o. gven keep up’\\'lth thlf rescarch depart-

?“_,éf'u gometimes, in knowing what they are
TN

A:&%‘ln. F. R. KarveR (Assistant to.;\lan-
Q'S"' York Wireworks, General Electric Co.,
= Yesk, Pa.): [ am certainly pleased to have
34 /@ opportunity to say a few words with
"geference to the expericnce we have had at
" gag York plant. I perhapa should eay that
{n this case experience alone has been
:i8g beat teacher. I have lived with the
$¥iblem at York with the men who went
s @sough the experience from its beginning.
‘a--= % {g ls only 1} years ago that we had in the
:;E?Q;hborhood of 50 to 60 men afflicted with
= Ywarfous degrees of thisacne about which you
v}igR know. Eight or ten of them were very
eI Naaverely afflicted—horrible specimens as far
e $6% g their skin condition was concerned. One
*¢ man died and the diagnosis may have attrib-
| his death to exposure to halowax
A but we are not sure of that. There
'@es en strophied condition found as a result
+i.&f tbe sutopey but we are not definitely sure
‘@at it was or was not connected with his
#k." Enowing the man as I did when he
“;_ wmemployed, with the superficial examina-
B @ that he had, he appeared to me very
) m, pallid in his appearance, and [ would
25 0%} sy from my poor knowledge of the
$ payuleal make-up of the human being that
Re{yrae presented a healthy appearance. How-
Yyi&ver, It was only for a 6 montha’ period from
’i:& time of his employment that he com-

ed of this conatipated condition and we
that he see his home physician. It
Y developed to the point where he was
the hospital and in a very short time he

2540
S

’{ o* More serious than that perhaps is the fact
5 22bwe had 50 other men in very bad condi-
9 far as the acne was concerned. The

¢ teaction that several of vur exccutives
¥es to throw it out—get it out of our
. They didn't want anything like
s % for treati‘ng wire. Dut that was easily
,@.a but not g easily done. \We might just
s "9“ bave thrown our business to the four
and said, ““We'll ¢lose 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 laburatories to
find one.

But we did develop—and [ way 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 aent to Dr. John H. Stokes and to Dr.
0. H. Perry Pepper of the University of
Pennsylvania Hospital, and the others to
Dr. Isaac R. Pels at Johns Hopkins.
Through their recommendations and studies
we employed a trained nurse and two local
physicians and you might say 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
a half ago.

VWith the adequate ventilation system we
have installed, with the routine for change
of clothing from street clothing to work
clothing when they come to work and the
roverse of that process, with the assurance
that 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 snlution, from solid compounds
or handling the wire insulated and trented
withit, isexamined twice yearly with a com-
plete physical examination, including blood
analysis and cffurts to determine any livee
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
havelcarned 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?

Ma. F. R. Kamven: 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 immediately 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 othee being in there.

Ma. Artien G, Bryer (RResearch Fugi-
necer, United American Bosch Courporation,

¢
)

2 X3
3 '5335
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el
Springfield, Mass.): Do [ undae .'7_ .
pringficld, restand 70U, 3 R
to say that those men who were afflicted 35 B
are back on the same job? B G pott
; /3 !
Mr. F. R. Kaaer: They all f““fnedgo',. 4/ boo
normal skin health, as I say, and are work, ! e ther
ing on the same job. ih peo
(151. atas
Dr. Ceciu K. DrinkeR: Dy, Schwam;“ die
you have secn a good deal of this gen"“L e,
subject. :@, )] §

Dr. Lotts Scuwantz (Mediral Directos 235
Dermatoses Investigations, United Statey
Public Health Service, New York, N, Y,) %
I am primarily interested in dermatitis and
it was only becnuse of my rescarches in thag
field that [ happened to come across infors 3

mation given to me by Dr. Gray that therg A ::n
were some cases of yellow atrophy of thy | A
liver attributed to halowax. 1 ran oa fir - 1
talk from personal expericnce ahout the skia'3 tes
cases. [ know from what [ have seen m“: mic
from what I have heard from doctors whe 3 pot
have been treating these cases that if they /v v
are treated like an ordinary acne vulgari@¥mn™ 4y
and kept nway from further large exposurs Jeidi! © o,
they all get well, with the same results ssgpd8g iz . ple
acne vulgaris. Those who have large pus-? * e
tules may have scars resulting and ",.a‘ * pon
who have superficial pustules or only come @y YT
dones won't have any scars. A2, eoc
As far as prevention goes, [ felt even be=t; tog
fore this investigntion was undertaken thet 3 , 1
this substance, like any other poisonom B the
substance, can be handled and used in ine 5 8a ic

dustry provided proper safety precautionsid

arc taken, and I soadvocated at the meeling \i)’ A
in Pennsylvania when this was discussed. ,;‘,j"‘ Hyg
About ventilation aund- safety precstsp3

tions, [ think that while we cannot, Wif-h_o‘n. AR
present knowledge, deteet by any chemlf-ﬂ,},
teats the carly symptoms of intoxicatiod

from this substance, the skin offers an esfy &4
way of proving whether your method o §
ventilation is eflicient or not, If therear?
any enses of acne or of this dermatitis oceu
ring in a plant where halowaxor the'cblonﬂ‘ ;
ated naphthalene or chlorinated dipheaVFeigs
arc used, then that shows that there 18 80"

ficient concentration of these substanced &,
the nir to cause plugging of the follic_lc-' L
to cause a skin condition, If there 13 0% &
cient concentration to do that there m&¥ T &
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“L 18, no- ”

AT entration to cause systemic

i "“&m;\tz (i:zntt;le few people who are hyper-

A tive to the action of these hydrocar-

Everybody is not hypersensitive to

If they were, of the thousands of

le who have been handling these sub-

glagees, more would have contracted this

and it would have been reported

g " gery much earlier. This material was used
* pa Qermany a3 early as 1914 or 1915.

".* fhile I cannot add anything to the

* gagthods outlined here for safety in the way

¥ ! &f ventilation and so forth, I can say that

S@gougointoa plant and find that there is

fay scae present among the workers with

kg material you will know that there is

"gefelent of the subatance in the air to cause

ezne and consequently sufficient perhaps to

B dangerous to the few people who are

fhypersensitive to its action. )

S oo~ Dr, Cecin K. Dainger: There is a prac-

‘S tieal point in regard to the question of deter-

“@dnlng these substancesin air. My brother

¥gelnted out this morning that there are

gaveral pieces of apparatus for doing this.

18 bas seemed desirable to a number of the

" @ea who are here that during the next cou-

* - pda of years, while we are in a position of

:,'." ;_,ﬁlrning, that we endeavor, if we can, to

., éaafine our analyses to one piece of appa-

2tus, go that at least our results will be as

fomaparable as we can make them from place

=¥ 1 don’t know much about this phase of
0~ 2 subject: perhaps, Mr. Cook, you have
+.>. 28 {dea o two about that.

B 3" Mu. Wamnex A. Coox (Chief Industrial
'H!!v!niﬂ. Bureau of Occupational Dis-
¢, > 820ea, Btate of Connecticut Department of
‘ Bealth, Hartford, Conn.). On the deter-
s mination of the halowax I woader if it
wanoaldn’t be preferable to have Mr. Hem-
§:¢ ., Pely discuss the method he has been using
;Broughout the country for the determina-

BT of chlorinated naphthalenes.

; Da, Cecit K, Drinken: [ think so far

: &t ig concerned it is best to leave that
y ussions with Mr. Hemperly and Dr,
t afterward. But the question of

BTA: prundt
{,.,’.._’. Mining some unifnrmity of techuic for

BN 8 whj . .
VY A - while at least is, I think, a matter of gen-
by tnterest to ya,

EFFECTS OF CHLORINATED IHYDROCARBONS 305

Mr. Warnex A, Coox: I am not quite
sure that [ have in mind exactly what you
want in that regard. In connection with
sampling?

Dr. Cecit. 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 wo 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 & comparable
basis.

Mr. Warrex A. Cooxk: In that regard
there is no question but what the determina-
tions and results of analyses of the concen-
tration of injurious materials in air, corre-
lated with pathological findings or freedom
from pathological findings, are real factors
in further substantiating toxic limits which
are originally given us from animal experi-
mentation. In order to obtain data which
are of value 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, whicl 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 scries of results
which will represent average exposures of
workers to chlorinated naphthalenes. In
getting that figure [ think that it is of great

* importance that we should consider average

daily exposure. There is & tendeney very
often in taking samples of nir to determine
maximum exposures, to get the cxposurec
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 subscquent half hour he may he 40 or
50 fcet away from that particular location.
Therefore, for one thing, it scems 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

5iE

— _,...-...-.-
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o
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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 determination 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
naphthalencs 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 gencration 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 in connection with get-
ting these nveruge cxpousurey. Asa matter
of fact our committee will discuss that very
feature and pussibly include it in our report

JOURNAL OF INDUSTRIAL HYGIENE AND

the projects which we shall carey gy at £
that time.

As [ have not given this consideration, §
am afraid my discussion is not ay connecteq ~
as [ might wish it to be. We have g g
problem here and onc that deserves gomg
study. b

32
7

-
oy

service to the American Public Health Agso. 53
ciation Committee if a sub-committee from . {105
this meeting, collected perhaps by my 2
brother and those of you involved with thesg %%
problems, were to make & recommendation &
to the A. P. H. A. as to the things you baye P42
brought up and as to suitable apparatus, ¥
and let the final statement come from the Ak
Association after they have considered thag “.F

material? b
Edy

Mr. Warrey A. Cook: I think that'%7
would be a splendid idea because we have® :
8 bulk of information on this particulay 4%
material. A number of individuals have* g
given much thought to the development of %5
spparatus, both the combustion method
which we have here and also the continuom,
record type of apparatus which Professtgi
Drinker mentioned this morning. I thinks
that it is a sufliciently important project’
that a sub-committeec made up from this
group could give that committee a very
definite steer. &

{Personnel of the Sub-committee: W. A
Caok, chairman, A. L. Coleman, H. B. Ele{
kins, W. B. Fulton, S. W. Gurney, E. R.3
Hayhurst, W. F. Hemperly, F. \V. Sehl, asd
A. N. Setterlind.] ;

2,
—

Mn. Henver B. Evkins (Chemist, Divke!
sion of Occupational Hygiene, Massachu-3)
setts State Department of [ahor and Ind!.ll-
trins, Boston, Mass.): In connection w1
what De. Schwartz has said, [ am not surs: 2
that [ am in complete agreement as regards 2
the use of skin lesions as. warning agents o
It is my undcrstanding that in insula s+
wire plants the chlorinated diphenyls 879 Jt
very commonly compaunded with the chlo=" g
rinated naphthalencs. 1t iy also my uoder 24

A

)

:if%?i?!p

standing that theue are more likely to Cl‘“"‘
a severe skin irritation than the stralé®’, g
chlorinated naphthalencs.

On the 0%
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m Dr. Drinker's work one would
that the straight chlorinated naph-
&, was nearly as toxic at least as the

wre of it with & small amount of chlo-

iphenyl.
ﬁ]‘:fhg gond:'nser factory where we had
.:’m there is no chlorinated diphenyl
and no acne of the type described in
geports on the insulated wire {actories.

"

~

't -pa. R. Eumert KoLy (Monsanto Chem-
451 sal Co., St. Louis, Mo.): I can’t contribute
A gtothe laboratory studies but there
ixﬂ.m quite & little human experimenta-
2 i the last several years, especially at

ou have c. ear plants where we h{zve been manufactur-
»aratus,” \+ fag this chlorinated diphenyl. It has been
‘om the ;:esobcervuion that although on one occa-

" gsa we did have 8 more or less extensive

"ed thag
& : ;" esnles of skin cruptiona which we were never
EJK-_ gbla to attribute as to cause, whether it was

k huf'G
e havy ¥4
ticulse".

+ A

“@ight help us and (rom the clinical view-
pefat. Also from chlorinated diphenyl

there have been no cases of systemic
his 2t geoning reported.

-ojech it #G5% [ don’t believe that we can transpose the

. thighs ‘;ﬁbontory results into the actual humans
'3‘7‘ &, @hout paying considerable attention to

1 g;& volatility of different substances and the
h. fhei are being used.
G oty
4"’*.;2 Joun A. Hookey (Consulting Der-
Bdologist, Halowax Corporation, Detroit,
4 20eh ): [ have had considerable expericnce
?m the dermatological angle of this prob-
.. The expericnce at the Halowax plant
t"f:’tfldo'.te definitely was that the derma-
did incrcase when compounds were
: “,_';led father than the astraight chlorinated
»22phthalencs,

@ the discussion we have heard today
ik the observation Dr. Drinker made
the chances are that dermatological
ems will disappear along with the other
p"_’b“bly teue. However, I think that

Precautions, certain insurance meas-

You might say, should be taken in
5 men who are going to work with
Products, even though we are going

a

A v

ALY I A L e
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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 serious trouble was
increased. Therefore, inasmuch as there is
no test to tell whether a person has had liver
discase, certainly in the preliminary medical
examination of applicants for work the his-
tory at least should be gone into very care-
fully for a history of previous liver diseases.

There are other things that should be
taken into consideration also. One is the
history of syphilis, because syphilis doeas
have an effcct on the liver. [f there isany
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 gued
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 as 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 experience in acne condition
was more pronounced from the compounds
of various materials with chloronaphthalene
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-
naphthalene or was 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 operation. That is my understand-
ing from Mr, Brown,

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

Dn.Joun A, Hookey: That is a question
that would be difficult to nuswer. | based
my atatement on the fact that in taking a
genceral survey of these casea after [ started
working with them the men in the plant said
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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: You say that the con-
dition increases with the increased chlorine
content and we are attributing the acne pri-
marily to the chlorine radical. If that is
true, what are we to associate insofar as
these various other constituents are con-
cerned, such as various plasticizing agents?
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 considering the chloronaph-
thalenc as the basic element responsible for
the acne condition which we have. e
know very little about what the other mate-
rials may or may not do.

Dr. Joux A. Hooxkeyv: I don't know
about these other materials. Perhaps Dr.
Schwartz would know something more
ahout them.

Dr. Louts Scnwanrz: It is well known
in industry that there are many compounds
that cause acne. For instance, paraffin
acnes and oil acnes have been known for a
long time. Paraffin acnes, wax acnes, are
simply a mechanical plugging of the fol-
licles of the skin by the minute particles of
wax that 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 comedonc and then the
comedone hecomes infected and forms a
pustule. They don't aill pustulate because
they don't all become infeeted. Many of
these men never have any pustules. They
just have little white eleviations on their
skin,

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

P A
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vulgaris is mnst apt to occur. The sebaeg
ous glands are most active and they gaop o83
have it much more than the older pcomah. :
whom the schaccous glands are ngp 5,
active, A
We keep a clipping of all articles relat{q
to industrial dermatitis in my office and y60
recently read an article in a German m
zine in which they report in Gcrmnny‘ %
similar acne condition from chloring y
phenols and chlorinated benzenes and solfS3
waxes, [t seems that this acne-like condt
tion ig not peculiar to halowax or chlorad
ated naphthalenes or diphenyls hut cagd?
occur with any condition that blocks up 43y
sebaccous follicles of the skin. X

Dr. Rovar Meegrer (Special AK‘“i
State of Connecticut Department of Labor;
Hartford, Conn.): I am full of questionas
As a statistician I am a little bit suspicious 1}
of averages, so I should think that we shoud B
take maxima as well as averages in getting 2
at the threshold dose or the dangerous Ime s
pregnation of the atmosphere with theeg§3
poisonous compounds. [ just wanted g &
drop that as a hint for this committee ts
consider in its work. :

In spite of what you said at luncheos;
Dr. Drinker,  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,'
from the particles falling on the outside of §
the skin or whether they are plugged, 88 88;
many doctors have informed me, from inside
as it were. The fumes are breathed, thegt
substance gets into the blood stream. 1t I8g
thrown off through the pores of the skin asdg
the pores are plugged. [ think it is rathe?
importunt to dctermine that because B
seems to me, from the slight knowledge thst
I have of the industrial application of hales
wax compounds in insulating wires,
the plugging of the skin, if it is just as outss

4

fi

S pe {fu:
A, veatilat

4

J from “fmmes (
side plugging, may take place cither [roBy " cotpou
handling a anlid substance or from d'n fastalla
coating on the wirc after it becomes CO_' 4 o get

I haven't heard anybody say 80y
ahout those Massachusetts cases of A
severe dermatitis and [ am not so sure but
what there was some queation of liver dam*;
age there. Nobady has said anything "b°u‘i
them at all. There is no question wei" \
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the condition, whatever the mmplif‘a-
might have been, came from handling
"SEad wire, in 8 confined aren of course.
% @ §ihink this needs a great deal more study,
‘f;r Drinker, than you and your associates
o83 ;vbﬂn able to give it as yet, All [ am
90“‘0‘“ about is the way we can administer
4 jt::‘g' tective labor laws in order to protect
\‘wu’gemployel‘ and the employee.

.J"]ktened with very great interest to the
s itions of suggested pots for the appli-
75 Zalon of halowax, chlorinated naphthalene
v} gand diphenyl. It seemed.to me that they
4 hefy very much to be desired. I don't sce
47 Ygky the application of the halowax com-
W, if it is necessary, as I assume it is,
3% 6o se this rather dangerous substance, can't
"84 done in 8 practically closed pot. If you
Dr. Drinker, I wish you would ask

" Ye, Reeves of the Rockbestos Products
-Berporation to tell how they have handled

elimlnating entirely from the atmosphere
¢4 contamination from fumigated or evapo-
.'; sated halowax as anyone. All of the appli-
5% “gatlon of balowax, either in the melting pots
.2 62 where it is applied to the wire, is done
; 5\-&: hooding and with ventilating appa-
A ;,g_m, and it seems to be entirely adequate.
Tl .
“ﬁ','::'le Ma. B. H. Reeves (Vice-president and
3{,&:\011 Manager, Rockbestos Products
@;’,ﬁrpontion, New Haven, Conn.): I will be
25" ¥y glad to tell of our experience if it will
3% ‘.)alp the picture along. Our experience has
b C468 more or lesa parallel with Mr. Ksimer's
{@esmuch as we manufacture the same type
ﬂ wire, We have avoided the serious pic-
2B Lhat he ran into, probably due to the
s 4 that shortly after 1923 we were using
orene ag a golvent for asphaltic materials.
% 8 got into anemia difficultics with ben-
f2 fumes and had to install a complete
yratilating system to remove all those
02g (rom the machines that applied the
'pounds to the wire. Following the
ation of that ecquipment we were able

#AE%T & substitute for benzene, 80 we got it
= of the picture.

w0,
¢

»:

¢ are atill jn the samie fix as every one
84 far ng finding a substitute for hulo-
There is none that we know of. Con-
o tly when we went to the use of halo-

v o .
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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 rather
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 cdntainer
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 compound 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-fold.

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, o small
instrument which is easy enough to operate
and reads directly. Whenever the velocity
falls below that figure the pipe counccting
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 device shown?

Mar. B. H, Reeves: [don't know what to
think of that. [ don't know whaother 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 hnlowax 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. Cecir, K. DriNkenr: We change the
pusition of the boxes ciach day. The ones
furthest away move into the nearest posi-
tion, so that over a period of weeks all are
exposed equully.

Dr. Esmenry R, Havuvrst (Consultant
in Industrial Hygicne, 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. While we have
found a slight advantage in doing so it
hasn’t at all paid for the expense. It is
much eagier to tnke 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 remav-
ing it from the coils after you had collected
it and it would involve rather complicated
procedure.

DRr. B. L. Vossorcit (Medical Director,
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 flcas and the fleas have fleas,
we algo have customers who use wires and
cables in tunnels, in enclosed 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
custumers hegan complaining. We thought
we were having a hyateria of halowax mania
throughout the country. Sotne of their

R RTIT o
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complaints were hona fiule. Wo by nod‘r. :
fieulty in handling cold wire and the md 888
had no skin trouble. Yet when they qu*
the same thing with possibly the !lm)licauo"
of hent in tunnels, shipa and so forth, ¢
actually did develop trouble, 3
We have used, of course, the icterys indeg
in following some carbon tetrachloride cang 1Y
and [ wondered what you have to say ,bog:
that. Is that of no value at all in the "
of liver damage in this material? B

o

DRr. Cecit. K. DuNkER: Idon't think s
until it gets so extreme that we know it agy¥
way. ,"‘

Dn. B. L. Vosnuren: I did write dowa g
few questions that came to mind. Somee('
them have been answered and some agg
foolish but I shall ask them anyhow, 5848

It occurred to me that if trichlornaph g3
thalene has been proved to be practically B2
innocuous, isn't it a problem of research’
largely for the Halowax Corporation to oy
only that one material adopted with oths
known chlorinated compounds to meet _..Q
requirements of customers? That is oos:
of the foolish ones probably, but I shell 3%
just ask it. Ale

BEES
Fefore

Furthermore, how long is it reasonable tacs
expect the liver to recover after it has bees §
pretty well damaged. I talked to you and ;s
you srid you hadn't worked that out wiﬁ
the animals as yet.

Dr. Cectt K. Drinken: In that case 99 3¢
set nside a certain number of animals (g
recover, nfter knowing that a cerlals,
amount of damage had been done. Thea
wo started to kill them but we invariably
ran out of rats before they ran out of lesions.
We don't know how long it lasts.

., 0
Dr. B L. Vosnvuan: Iave you K"; Tg‘,
them calcium and glucose as you would witd &b

carbon tetrachloride?

Dr. Crcis K. Duxker: Not yet, but
are doing an experiment now with one grovp,
on a very high calcium diet
group on a calcium free dict. e
question of calcium in the diet, of giving
milk daily to these people may be woF
while. “
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i B. L. Vosscnau: 1 just had thoae

' gopg in mind. 1 would like to hear
X t AMr. Brown would say as to the posai-
sts ol using only this one innocuous

Wwd naphthalene. .

¥ u;_ gaxprorp Browx: That would
KA eiily our problem exccedingly, not only
: the commercial standpoint but from
' Ba toxicity standpoint. But if we did 8o
%/§ tMak that Mr. Kaimer would be the first
N o;.”b}ect because he wouldf\'c be able to get
’ ,",..ghnlcal effects he desires in the cable.
)0 Tbg same thing applies throughout all the
c where we are using these higher

1 ebdorinated products.

§be problem as we see it, and it is one
sgdkh we intend to study further (we have
‘&g program for this continuous work that
‘odl be done under the direction of the

F/ % Defaker brothers), is to try to find a line of
‘;fhmation and whether or not within this
2 guaplicsted chemical structure there is
¢mme one thing that causes the trouble. [
®0 could take hexachlornaphthalene and
¥ 1 pee cent of some unknown constit-
b o1 @88 with which we are not now familiar
§ <7 ged eliminate the toxicity, that would be
3 & bovely solution. Whether we will ever be
#oto sttain that I don't know. That is

z yaeo{ the things we have in mind.
', A8 1 8aid before, that is one of the things
é\'hh which all manufacturers of these syn-
., {alie organic products are confronted at
i3 0e®e atage, either in their laboratories or in
.Qﬂmmial developments. It is largely a
Pt ootion of timing as to when you should do
9 work, how much you should do, and

F you know how to do it. You have

learn that firge.

~Cm"4 K. Drinken: Unless there is

Otherimportant matter [ will declare
Meeting adjourned.

oo R R, Savers: May I say a word
withregard to what Dr. Huokey stated

e
Dphilis?  If you are going to climinate
‘~'7°‘" workers who happen to develop

gyphilis during the time they are working
for you, you are probably going to luse some
very important employees.  [L would seem
that it would be worth while to give serious
consideration 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 is one of the places. I may be in error.

Mg, Saxororp Browy: I want to take
this occasion to express on behall of the
Halowax Corporation my thanks for the
excellent cooperation we have received from
various state authorities and our customers
as well in thisinvestigation. I believe you
have all formed the opinion, based on what
you have heard this morning, that our whole
motive here is to conduct this on an ethical,
acientific and constructive baais.

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

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

——— -
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