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INTRODUCTION

l ARGELY as a result of the
striking Final Report of the
Committee on Benzol of the

National Safety Council regarding the

hazards of benzol in industry, pub-

lished in May, 1926, and because it
was felt that more information is
needed regarding the early effect of
benzo! upon women, the Bureau of

Women in Industry of the New York

State Department of Labor decided to

make a study of women workers ex-

posed to benzol in New York State.

The object of this study was to secure

data with regard to the prevalence of

unrecognized chronic henzol poisoning
among womeu at work and also with
*Abstracted from : Special Bulletin

No. 150, ChronicYBenzol Poisuring smong

Women Industrial Workers, from the

Bureau of Women in. Industry, New York

State Department of Laber, February,

1927. Received for publication Dec. 19,
1927.

regard' to its earliest signs and syrap-
toms. among them. Six factories,
distributed among the large indus-
trial centers of the state, were found
where conditions lent themselves to
this study. Oce manufactured tires
and rubber goods; one, cameras; one,
shoes: and three, sanitary tin caps.
The study was made in the summer
and fall of 1926.

¥xaminations were made, with but
few exceptions, of all the women who
were exposed to benzol in. each plant.
A history of each was taken covering
age, occupation, mode of exposure to
benzol, length of exposure, past medi-
cal history with special reference to
menstrual irregularities and miscar-

riages or stillbirths, and complaints

which had arisen since exposure. The
weight and the blood pressurc were

taken whenever possible; notes were

made on the appeararnice of the individ-
ual and in every case a complete
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blood count was made. This included
an estimation of the percentage of
hemoglobin by the Newcomer method,
and an estimation of the number of red
and white blood cells, as well as a
differential white blood cell count.

The workrooms where benzol was
used werc visited and the operations
involving its use observed. It was
not possible with the equipment at
hand to make determinations of the
concentration of benzol vapor in these
rooms, therefore judgment as to the
degree of contamination of the air
could only be based empirically on the
strength of tbe benzol odor. State-
ments as to the composition of the
various compounds, cements, and
lacquers mentioned arc: based on in-
formation obtained from factory offi-
cials. In no cases were samples
analyzed.

The criteria upon which a presump-
tive diagnosis of benzol poisoning was
based were the same as those employed
by the Benzol Committee of the
National Safety Council, namely, a
history of exposure and a reduction of
25 per cent. or more in the white cell
count. (bringing it down to 5,625 or
below, from the normal 7,500). This
standard is a conservative one and is
perhaps too arbitrary in that it at-
tempts. to set a sharp dividing line
between positive and negative cases,
It was, however, applied with a cer-
tain flexibility and those eases in which
there was reason to believe that the
benzol effect was present, even without
an exact 25 per cent. reduction in the
white count, were recorded as sus-
pected cascs of chronic poisoning.
When there was a diminution in the
white cell count amounting to 25 per
ceat. or more, on the other hand, cases

3
N,

were coosidered presumptively posi-
tive even though confirmatory evi-
dence in the way of symptoms or other
blood changes was, in some instances,
lacking.

DescrirTioN OF WORKING
CoxpiTioxs

Factory 1 was a tirc and rubber
goods plant housed in a modern build-
ing with large, airy workrooms and
having very good facilitics' for the
comfort and convenicnce of the em-
ployees, including a cafeteria. A full
time graduate nurse was employed
and the plant was visited regularly by
a physician. Benzol was used freely
throughout the factory and about ten
women were employed at operations
which' involved contact with it. It
was used in two forms, as a elear liquid
and as the solvent in a rubber cement.
A brief description of the processes
involving its use by women follows.

In the operation known as making
“bends” to be used in tire building,.
the girls stood at tables upon which:
lengths of rubberized canvas were
spread; dipping a cotton swab on a
stick in an open pan of benzol standing
on a table beside them, they applied
it to thc material which they then
shaped on a drum and hung on a rack
near at hand to dry. The women on
this job used 6 to 7 quarts of benzol
daily. Men worked at tire building in
another part of the same room and:' it
was said that in the busy season 50
gallons of benzol were consumed there
daily. The workroom had: very good
general ventilation with windows. on
three sides, but no special ventilating
devices to carry off the benzol fumes
were provided.

There were several jobs requiring

J.ILH.
March, 1926
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the use of a benzol-rubber cement com-
pounded of 1 pound of rubber to 1
gallon of benzol. One of these jobs
was cementing the ends of short hose
lengths. Here the worker stood be-
fore an open pan of cement into which
che dipped the ends of the hose, which
were then dried in the same room.  As
a rule she did 500 of these daily.
Another girl standing not far behind
her attached metal caps to the hose.
In the same department benzol-rubber
cement was used: for applying rubber
labels to hose and benzol was used
freely for cleaning. In another de-
partment a woman standing before a
Jong tabie applied the cement from an
open bowl with her fingers to one edge
of long strips of rubber to be made
into hose. In all of these cases the
general ventilation was good but no
provision was made for local exhaust.

Of the ten women examined!in this
plant all but two had some complaints
associated with their work. By this
is meant cither that symptoms. which
had not previously been present had
developed after exposure to benzol, or

that previously existing symptoms had

become more frequent or morc pro-
nounced. These complaints were
chiefly headache, dizziness, excessive
fatiguc, and nausca or loss of appetite.
Two positive cases of poisoning and
one suspected case were found.

The attitude on the part of the

management toward the benzol hazard
in this plant was distinctly casual and
the medical department had no par-
ticular interest in it. No one seemed
to be aware of the need for any precau-
tions in its use except such as con-
cerned the fire hazard. The only
device for Jocal ventilation to remove
benzol fumes scen in the factory was

Vol. 10
No.3

a hood with an up draft over one
trough of cement.

Factory .2 was a camera manufactur-
mg p!ant with, again, very good
general facilitics. In differed from
Factory 1 in that its well-cquipped
medical department was aware of the
danger from benzol and had been at-
tempting to keep track of the health
of the benzol workers through semi-
annual blood counts. The press of
other work, however, had made it
impossible to do this systematically.

In this plant women came:in contact
with benzol in two ways, through
working with a benzol-rubber cement
and through applying with a spray gun
a lacquer containing benzol. The
cement, composed of 90 per cent. by

volume of benzol, was uscd for gluing,

together parts of the camera bellows.
It. was applied to the bellows with a
paintbrush dipped in a practically

open can standing on the workbeneh

in' front of each worker. When ce-
mented, the bellows were placed on
racks at the worker's side to await
their second cementing. The room
where this work was done was rather
long and narrow. Although there
were windows on two and a half sides,
the natural ventilation was. not par-
ticularly good owing to the fact that

when the windows were widely opened.

there was a tendency to too much
draft. The edges of the cementing
benches had been equipped with a
device: designed to draw off the fumes
by suction but the suction was too
weak to have any appreciable effect
and the odor of benzol in the room
was decidedly noticeable. About fifty-
five persons, men and women, worked
in this room and 15 gallons of cement
were used there daily. Thirty-three
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women from this departiment tvere
examined; nine of them worked: with
the cement ; the remainder did not-use
it. Among this group of thirty-three,
complaints of headache, dizziness,
nervousness, weakness, and marked
fatimie were extraordinarly conmmon.
Orly six made no compliint. Fleven
positive cases were found and'one more
was put on the suspeeted list.

In the same factory eight women
were interviewed who did spray lac-
quering with a lacquer containing 4
per cent. by volume of benzol. The
work was done under hoods but in
most cases, owing to faulty construc-
tion and ventilation, the sprayed
lacquer could be seen blowing out

I'resent illness: Four montlis before ad-
mission to hospital she was found to be
anemic by routine factory cxamination.
~he had no subjective symptoms and con-
tinued work. One month later she de-
veloped the first purpuric spot. It ap-
peared. on the shoulder and was about 6
em. in diameter. The following week
another spot appearcdion the call of the
left leg. Nine wecks beiore admission: she
besame-acutely il with anupperrespiratory
infeation, She mnever fully regaiued
strength and remained weak and short of
breath.. =he reported for work but was
unable to carry it on. Three weekis bewre
admission a purpuric spot, tlie size vi 8
silver dollar, appeared on the left thigh and
another a iew days later on tlie dorsum of
the right hand. Shewas picked up agaiu as
a case of anemia by the factory medicall
department and sent to the hospital for

- . . study. She had had no spontancous
e about the workers' faces. Tive of the  poorrhages and menstruall flow was
cight showed decreased white blood normatl..
cell counts. Whether this exceedingly Family history: One Drother bad s
- high proportion represents. the: degree.  Period of purpura. o
of risk ordinarily associated with this . Physicall examination —on admission:
S . ‘ Nutrition good; pale; slight thyroid en-
tm of work, it is 1mpossxb1e to say, largement: blond pressure 103: 30, in thie
since no more women lacquerers were  right axilla a mass of suppurating lymph
examined, but there scems no reason nodes was found: on the Iateral aspect of
for supposing that it may not be typi- the left thighw‘thcre was a fading purpuric
cal where ventilating hoods are spot a!)out 3} cm. in diamcter: a fresh
: . purpuric: spot was found on the dorsum of
| madequa,te' . the right hand: Wassermann negative;
| The history of a woman in: whom  yrine negative. The blood count was as
benzol poisoning had been suspected  follows:
and who had been sent to the hospital . obi -
- . : emoglobin ... 70
. f‘;;:tmathmef‘t. was '(I)‘ll)\mml(;d f':md the  ed blood cells...o... ... 3,020,000
- plant physician. Though not diag-  ypite blood cells ... ... 3,600
vosed in the hospital as a case of benzol Polyvmorphonuelears......... 577,
| poisoning, it was included among the Lymphoeytes. ....o..ooon. 15"
| positive cases because it showed typical ’E‘;"-‘“y}fi ------------------- P ‘
‘ : : e sinophils . ................ e
| signs and symptoros 9‘ this condmor.l. No pathologic. white cells. Red cells
’ A résumé of the hospital record of this show amisocytosis: but no poikiloeytosis.
case 1s gaven below. Platelets rare. Piatelet count 25,000 per
- e.mm. Cell volume 30°(. Bleeding time
“a Casg 4.—Age 28, Chiel complaints: 21 minutes. Clot retractidn time—none

Weakness, shortness of breath, purpuric
spots. Past history: No serious illnesses,
always robust and vigorous until present
illness.. Emploved since 1923 in the bellows
department.

-at 24 hours.

Course in hospital: The patient was put
on a diet to combat anemia. The blood
count, which was clvsely followed, showed
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steady loss in red cells untili the trans.
fusion of 500 ¢.c. whole Bload. Following
this there was no reaction and the: patient:
showed slight bloed regeneration. The
platelet count steadily inercared. No
purpuric spots appeared while the patient
was in the hospital. Blood transfusion
was given on May 16, 1926—500 c.c. whole
blood. After transfusion the bloed count
was!

Hemoglobin................. 0"

Red blood cells............. 2,550,004
White blood cells............ 3,720
Polvmorphionuclears......... 490",
Lyvmphoeytes. . ... .......... 32
Monocvtes. .. .......oininn 16,
Kosinophils. ............. ... 19

No monoblasts or myelocytes, no haso-
philia- of red cells. Platelets 26,000.

The patient was discharged inJune, 1826,
improved, with diagnosis of apiastic ancinia
with purpura. At the time ol discharge
the bleod count was:

Hemoglobin. ... ....cooooat 857,
Fed blood cells.............. 3.460,00

White bloodiecells............ 6,550
Platelets ...l 68.260

The plant physician reported five months
after her discharge from the Laspital that
her white cell count was between 7,000 and
8000, that she felt well, and that her condi-
tion was good cxcept for the axillary
Ivmphadenitis which did not. vield satis-
factorily to treatment.

At the end of this investigation when
it was evident that a considerable
hazard was present, the firm imme-
diately began to experiment with a
benzol substitute and has not returned
to the use of benzol since that time.
Blood counts of most of the affected
workers: were again made by the
factory medical staff at intervals of six
weeks, and. three months after the
removal of the benzol, and showed a
progressive improvement. An impor-
tant point to realize in connection with
this plant is that the physical condi-

Vol 10
Ne. 3:

tion of all workers at the time of
employment was good. A thorough
physieal examination before employ-
ment weeded! out those who were not
up to standard requircments,
Foctorics 3 and 4 both munufactured
sapitary un cans and' as. they were
under the same management with
very similar conditions thex may be
described together.  Both were housed
in modern buildings where general
facilities were good. Both had pleas-
ant lunch rooms and cafeterias. The
sapitary tin can industry is the one in
which most of the cases of chronic
benzol poisoning among women have
so far occurred.. Benzol is the solvent
in a compound used to line or coat a
groove around the circumference of
the tops and bottoms of cans. This
lining acts as'a gasket and permits the
ends of the cans to he attached to the
bodies in an air tight manner. The
benzol problem in: these factories wes
known and had received earcful study.
As a result, a ventilating system for
the coating machines had been evolved
which appeared to be very efficient.
There was no odor of benzol in the
room at large and very little was
noticeable even in close proximity to.
the machines. From 20 to 30:gallons
of a ecompound containing 40 per cent.
of benzol were: used daily in these
plants. After coating, the tops were
immediately drawn into heated and
closed towers and exposed to a strong
suction draft. In these towers prac-
tically all the benzol evaporated. The
chutes upon which the tops emerged
were, in one factory, ventilated with a
down suction draft and the slatted
boxes in which they were packed
stood upon racks similarly ventilated
in order to draw off any last remaining
trace of benzol vapor. The coating

DBZ0022479
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machine operators both tended the
machines and packed the tops in one
plant. In the other, some tended
machines while others packed. Al-
together ten women, operators, in-
spectors, and packers, were examined:
in these two plants. The complaints
among this group werefew but in spite
of the good ventilation two positive
cases of poisoning were found.

Since these examinations were made
benzol has been entirely climinated in
these two factorics as well as in all
others throughout the country which
are controlled by the same company.

Factory 5 also manufactured sanitary
tin cans and used benzol in its lining
compound, but the problem of ventila-
tion had been met in a far less satis-
factory manner. There was no direct
ventilation of the coated can covers.
They emerged from the machine
immediately after coating without
having been hcated and smelling
distinctly of benzol. They were then:
picked up, inspected, and packed in
boxes by the women operators.
Twelve to eighteen women worked in
the room, eight of them in close prox-
imity to the machines. The eight
coating machines consumed 45 to 50
gallons daily of a cornpound containing
75 per cent. of benzol. Underneath
each coating machine there was suc-
tion exhaust and three exhaust fans
were placed, somewhat illogically, in
the roof over the machines, but in
spite of this the odor of benzol in the
room was strong. Adjoining the coat-
ing room and connccted with it by a
wide-open doorway was another room
where paper gaskets were made. The
odor of benzol in this room, although
none was used, was also immediately
noticeable. It was discovered that

the paper gasket machines were equip-
ped with a suction device to carry off
scraps of paper, which was actually
stronger than that under the coating
machines. Consequently fumes from
the coaters, far from being drawn
dircetly away, were carried the length
of both rooms, exposing a. number of
persons to them unnecessarily.

All but. three of the fifteen women
examined from these two rooms com-
plained of distress such as dizziness,
loss of appetite, nausca, and cxcessive
fatigue, associated with the work.
The nurse stated that skin' rashes
among the new employees in the coat-
ing room were fairly common and that
“quite a few’ left because the work
made them sick. She told of a girl
who had recently given up her job
because of attacks of severe abdomi-
nal pain' which she attributed to the
coating compound. Four cases of
chronic poisoning were found in this
plant. In addition there were three
cases in which benzol poisoning was
suspected.

One of the girls in this factory told of
the death of her sister, also an em-
ployee, in June, 1925. WNo diagnosis
ofi benzol poisoning was made at the
time but when the history of the case
was obtained from the physician who
had treated the girl, the development
of the illness and the symptoms ap-
peared so typical that the case was
included in the positive group. All
the details which could be obtained
are given below.

CAsE28.—Age 26. Thiswoman had been
-employed for some months in the. room
adjoining the coating machines.. She had
always been well and was not hothered by
the work until'she became pregnant. Then
she suffered from scvere nausea and vomit-

J.I.H.
March, 1928
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ing. Severe and prolonged nosebleeds
began and tliese were followed by bleeding
from the gums and the rectum and into the
skin. She stopped work and improved
under treatment. but against the advice of
her physician she then insisted'upon return-
ing to work. Purpuric spots recurred. A
premature child was born at seven months
and three hours afier deliverv the motlier
died following a severc uterine hemorrhage.

The increased susceptibility to ben-
zol poisoning accompanying preg-
nancy, which is illustrated here; is also
brought out in scveral eases men-
tioned Ly Hamilton (p. 466).

At their own request. four men
in this plant who handled benzol were
examined. Onc mixed the compound
and the other three: worked in the
coating room. Three of the four had
white cell counts below 5,600.

At the present time the management
in this factory is trying, so far as
possible, to get away from the use of
benzol and has sueceeded in eliminat-
ing 90 per cent. of it, according to a
recent statement.

Factory £ was a large shoe manufac-
tunng establishmep! ng abot
600 women. When the study was

madc only three came in contact with

benzol and: only two actually worked
with it. They applied benzol-rubber
cement to: crépe rubber soles. In
busy seasons five or six women were
sometimes employed on this job. The
work was done in a large bascment
with windows on all sides, but these
were closed to keep the room com-
fortably warm. Each worker used
about 13 gallons of cement daily.
There was no local exhaust ventilation
and the odor of benzol at the end of
the room where this work was done.
was: distinetly noticeable. The two
cementers were examined and a third

Vol. 10
No.3
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woman who worked near by. Both
the women who did cementing found:
that it affceted their health. One of
them, whose blood picture was normal,
had been on the work for only three
weeks this season but she had worked'
at it steadily for the two previous
winters.  She said that after contin-
nous work for a period of several weeks
she felt dizzy and nauscated when
beginning work in the morning andi
would have spclls of weakness and
palpitation. There was also a distinet
tendeney to frequent urination ac-
companicd by slight tenesmus. On
two occasions she had an itching rash
on her hands and forearms. Anotlier
woman was interviewed who had done
this work a year ago and she also
spoke of the tendeney to urinatic
frequently.

Another large shoe manufacturing
concern was visited where a fatality
had oceurred in 1925 from the usc of
benzol in a. cement used for crépe
rvbber soles.. The hospital records. of
the case were obtained through the
factory medieal department and the
résumé is given below.

Case 33.—Age 33, This woman was
married and hiad several childron. Xhe had
been employed for about seven months
cementing crépe rubber soles with a benzol-
rubbier ecement. About the first of May,
1925, she began to feel very listless:and
weak; nosebleeds began to occur and they
became 8o severe that she went to a spe-
cialist for treatment. About the same time
purpuric spots are said to-have appeared on
ber skin. She left work May 15 and was
admitted to the hospitalion June1. During
her stay in the hospital she ran a tempera-
ture which usually ranged from abiout 100°
to 102° occasionally reaching 104°. She
had one very scvere hemorrhage from the
nose and there was bleeding from the

vagina. The stools were at times tarry and:

DBZ0022481
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she vomiled and coughed blood. She com-
plaincd of weakness, dizziness, nausez, and
headache. An abscess of the left thigh
developed in the early part of July which:
opened and drained frecly but did not show

TABLE 1.—CASE 33. BLOOD COUNTS

‘ BLOOD COUNT'

! Pl
DATE: 1 -3 S Wl WENED
o ‘ el .=tE
i< = 0o '_E;_;"Edlec
g o2 183 =:l:~“|_~'r::
— [ JR R, PP
% } 6|7
June 4 (35!2,210,000.2,4C00.79,39,54, 8 3
June 24 25 r.uw,(m;-,zoo.l 25,4940 9! 2
July 3 '20] 860,000.2,0161.256535: 0/ 0
July 20 ‘17 480,000,3,800 2.1177 rsi‘mo
July 31 13| 530,000.....[1 1.8} |.[:-

much inflammatory reaction. The urine
showed a slight trace of albumin and a
few white and red blood cells.. Four trans-
fusions were given on June 11, 19, 23, and
July 3 with Lut slight temporary improve-
ment. The patient died July 31. The
blood counts made in the hospital are given'
in Table 1.

On autopsy the following findings were
goted: blood unclotted; marked. fatty de-
generation of the liver, beart, and panereas;
free blood in the stomach and intestine
without evidenee of disease of the gastro-
intestinal tract; general sappearance of
apemia. The case was diagnosed as chronic
benzol poisoning and compensation was
allowed.

The use of benzol cement was
promptly abandoned at that time and
subsequent experience in this plant has
proved that it is not essential to good
results,

DiscuesioN or FINDINGS

Percentage of Women Workers Showing
Evidunce of Chronic Benzol Poisoning

Cases of chronic benzol poisoning
occurred in conspicuous porportion in

all of the six plants. Of the seventy-
nine women exposed to benzol fumes,
twenty-five, or 32 per cent., showed

TABLE 2.—WOMEXN EXPOSED TO BEN-
7ZOL FUMES CLARSIFIED BY FAC-
TORY AND EVIDENCE OF
CHRONIC BENZOL

POISOXNIXNG:
¥ o Lo
b, 222
. 8= | eE%
| 22 | £5¢9
| §2 | 8°%
FACTORY #. | 222
l o || %9
-8 L= 3
=z = 4
- W -
‘ 2R SZ2%
= 22
!
1. Tire and rubber‘...‘....'i 10 2
2. Photographic supplies.| 4l 16
3. Sanitary tin.cans......| 6 1
4. Sanitary tincans...... [ 4 1
5. Sanitary tin cans...... l 15 4
6. Shoes......coeeeeene--l 3 i 1
Total....o.oovveennts 79 25

blood changes sufficiently marked to
indicate clearly that benzol poisoning
was present, while in five more, with
less marked blood changes, the condi-
tion was suspected. Were these cases
to be included in the positive group,
the percentage of women -workers
found to be affected by benzol poison-
ing would' be increased from 32 per
cent. to38 percent. Table 2indicates
the distribution, by factorics, of the
total number of women exposed to
benzol fumes and of the positive
cases.

The women who were exposed to
benzol fumes may be divided into two
classes: those who came into dircct
contact with benzol through actual use
or handling of objects to which it had

J 1 H
March. 1928
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been applied, and those whose contact
was indirect only and took place
mercly through working in the same
room wlicre' it was used. Of the
forty-four women in the first group,
seventeen, or 38.6 per cent., gave evi-

dence of poisoning; of the thirty-five

in the second group, eight, or 22.8 per
cent.
that' working merely in. proximity to
benzol is attended by a considerable
degree of rizk.

In: this . connection it should be men-
tioned that, although benzol (or ben-
zene) poisoning is included in the New
York State Workmen's Compensation
Law in the list of occupational diseases
for vhich compensation shall be
awarded, the law mentions only proc-
esses involving “the usc of’' benzene
and, consequently, the women poi-
soned through indirect exposure would
not be entitled to compensation for
time lost on account of their condition.
Since they are in all' respects as deserv-
ing of compensation as those who
actually use benzol, the need for a
revision in the wording of the Law is
obvious.

Analysis of Cases Showing Evidence of
Chronic Benzol Poisoning

Table 3 condenses the important
data and gives the complete blood
counts in the twenty-five positive and
the five suspected cases. The three
hospital cases already reported, Cases
4, 28, and 33, are not included in this
table.

Age.—The ages of all the women
examined ranged from 17 to 52 years.
The following list shows the age group
distribution and indicates the percent-
age of positive (including suspected):
cases found in each group.

Val. 10
No.3

These fizures bring out the fact,

Age Group  Tolal Pusitive Cascs
Yrs. Cas¢s RYTR "
17-i0 iv 2 1NN
2424 22 10 45.5
2529 12 6 30.0
30-39 v [ D3
40 and over11 6 H.o

The percentage of positive: cases js
lowest in the voungest group and
highest in the oldest one. While the
numbers-are too small to be conclusive,
youth in this series does not appear to
be a predisposing factor in the produc-
tion of benzol poisoning. It has
generally been: so considered but this
may have been due to the vouth of the
women exposed in previous studies..
In the factory from which Selling’s
cases came, for instance, all of the
fourteen girls exposed at the coating
machines were between 14 and 16
years of age, whereas in the factories
studied in the present investigation the
average age was 28.

Length of Exposure.—The length of
exposure among all the women ex-
amined ranged from one week to eleven
vears but in the positive and suspected
group the shortest exposure was two
months. This: was. the length of
exposure in three instances;, Cases.10.
16, and 32. Several women stated
that they began to have symptom-
such as loss of appetite or nausea
almost immediately upon exposure to
benzol but it is, of course, impossible
to say in these cases how soon chironic
poisoning would' have been evident
from changes in the blood picture.
The longest period of exposure in
either the positive or the negative
group, eleven years, occurred in onc
of the suspected cases, a coating
machine operator. In this instanee it
is possible that a very mild degree of
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TABLE 3—ANALYS8IS OF THIRTY CASES SHOWING EVID

..-o,.,

$.Oa= N m:/ﬂOr:U TO wr, ZolL, FUMES

ENCE OF CHRONIC BENZOL POISONING OCCURRING AMONG

BLOOD COUNT
CARE PERIOD v 8
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Factory 1
1 7 1y Uses bensol cement. Weakneas, headache, nosehleeils T4 | 4.450,000] 5,400 84| 40| 8 0 1 | R B.C. pale.
2 A 4 yro. | Works near henzol cement; Nervousn: ., miental depress | 70 | 4,700,000 3,400 43| su| 3 2 2 | One myeloeyte seen:
sion, nausea, weakhons,
marked [ntigue. E . o
n 2 18 mrw, | Unes benszol cemenit, Hendache, loss of appetite, marked | 80 | 5,300,000 6.200] 44| 41| 6.8] 8 |05 | .. B € show slight varia-
futigue, noschleed: tiom it size.
Factory #
] w 1yr. | Works in department where | Ieadnche, nervousnces, weakness, nnu- [ 75 | 4,610,000 5.700f 60 ¢ 25 (18 | o | © e AT e ..
bensol cement is uscd. sen, disziness, marked futigue, tingling
nensations.
[ 20 8 mos. | Worke In department where | Headnche, 78 4,800,000/ 5,400, 46| 45| 8 | 4 [1] e
bensol eement is ured
7 2 8 yrs. | Uses bensol cement,; ITendache, dizziness, noseblceds, tingling} 64 | 3,650.000] 4,820{ 42| 46| 12 0 1] nal myclocytes. R.
sensations, frequént urination, (! show variation in
8 2 | 10 mos. | Works in department where [ Di iness, marked fatigue, namb sensa- | 78 | 4,210.000) 5.800( 64 20} 15 1 0 = . (. show variation in
hengol cement is used, tion in fuands, froq B nize anil staining,
9 3 4yrs. | Works in department whero | Nervousness, excessive f .:Q 73 | 3.450.003] 4,608 60 | 27 [ 11 2 0 1l myelncytes. R.
benzol cement is used. to aleep, headaches, bomn of nppetite. . {1 pale, show variation
in size and shape,
10 » 2 mos. | Usos benzol coment. More froquent menstnunti 681 5.000.00) 3.500 41| 451 ¢ 5 [ I
n 23 4 yra. | Worke in depar Fatigue, poor appetite, he: laches. 73 | 4.550,000] 4,500 84| 23] 13 1 1 | O .:w...._oq.w..eu
benzol cement is n.:._.mzﬁ_: sizo and
12 33 4y, | Works in departient where tion, nausea, OOr ap head:} 67 | 3,710,000 5,600 43| 40| 3 |13 0 | Ocensional ycloeytey. R,
benzol ceinent 19 used: innhility to sleep, disziness, nerve = . ahow shght variation
_ounness; . in nize.
1 40 4 yrs. | Uses bensol cement: Nervoisness;  headnche;  dizzinees; | 63 | 4:160.000] 5:0%0] 37| s3] 10 [i} 0o { R:-A-¢ pale:
rility toslecp, numb penva-
. fredquent ur|
" 43 3 yrs. | Unes benzol coment. 73| 3. 110,000 52000 G4 25| My 2 0 C.....l:_.u_ myelocytes.
1~. nw varlation ...
15 46 4y Works In department where 76 | 3.630, 0] 5,2 58 33| 7 1 1 ._ mvelicytes. R
benzol coment is used, . whow alight variatira
in size andd staining.
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16 | 2 | 2mos. | Sprays lacquer containing 66 | 4.00.000 5,000 43] 45} 3 | 1| 2
naol, ] .
17 29 4 yrs. wv—uonv.-_ lacquer containing 85 | 5.670,00 5000 3| 62| 5 t 1]
naol: .
18 2 3 mon: | Sprays  lacquer containing G714 20.0mf 4,100 G| 3l 1 ] 2 itle, ahow glight
benzol, in shape and
19 27 | 16 mom. m_ﬂa!“o_ lacquer  containing li 67 | 4.500,000} 5,800 59| 41| 8 1 0
*nxol, . . N
2 2 8 moe. .n_“::no_ Inoquer  containing | Lons of appetite, dizziness. 70 § 4,490,000 4,800 63| 25| 10 2 0
hensol,
| 42 4yen. | Worke in departinent whero | Fatigino, wenknoss, dizzinevs, 80| 3 82| 1| 9 [] ] mycloeytos: 1
bensol coment is used. show variation in
Factorien 3 and §
s e et ———— . p— —— e e —— —_— e
2 a8 tyr. Coating machine operator. hortnees of breath: 67 | A.640.000] 5.000) . .| ... .: L T
2 L1'] 4 yrs. Packs conted can covers. Headnche, dizziness. 63 | 3.260,009] 3,200 85| 36 41 8 [H] cytes. R,
t variation
o Factiry § o -
| N 4 yrs. | Works in coating room. ITenilnches, noseblecds. 65 13.330,000] 5,445| 69| 21| 6 | 2 1 | Few myelacytes. R. B. C.
w  slizght variation in
% 20 2} yrs. | Workas in coating room. 1leadaches. 70 | 4.450,000{ 4,450 5¢] 37| 3 3 2
26 | 20 | 4mos Fatigue. 75 [ 3.700.000) s.0500 67| 28] 1 | 2 | 1
27 3 6 yre. Loss of appetite, pain in the epigastrium, 4.310.000( 5,000{ G3| 30§ 2 4 0 | Few myelocytes: R, 3. €.
vsaive futigue, weakness, pale:
M 30 11 yrs: Oo.::n machine operator. nas of ap 63| 3.430.00 6.150 63} 28] 7 0 0 | Few mvelwytes,. R B, (.
m, vomiting ale wnd show variation in
turbed aleep, loss of weight; nhortnoess size,
of breath, fre.quent urination.
00| 48 3yra. | Works in conting room nnd | Hendaches, oxtreme. diszincss, nansea, LTt edony . | .
room adjoining. vomiting, rash on leg. .
anl n 2 yrs. | Inspects cvated enn covers. Menstrunl ged nnd freqguent, 4,410,000 6, 100] 59 35| 2 3 1 | Few myclocytes. R, B, €.
headiches, foss of appetite. pale,
- *.:l_.:‘.: " o o
a2 — 25 _ 2 mos: _ Uses benzol cement.: Ieadaches. drowsiness, _ 5 _ 5,100, ccu“ _.zg,._ 43 _ 82 _ t 0 2 _ Myeclarytes:

OSI10d TOZNAd DINOYHO

AN DNONWY DXINX

€8 SUIMYOM NIWO

DBZ0022485




llllilll

; e i
[FIVIN RV i PUR oy

4t

.

e s Yok, (S o

e g

.

84 THI? JOURNAL OF INDUSTRIAL HYGIIINE

chronic. poisoning had bLeen present
for a long time. The woman in ques-
tion had not felt really well since
beginning work; her appetite had
never been very good andishe had lost
weight progressively.

The following list indicates the: dis-
tribution of cases according to length
of exposure:

Length of. Total Positive Cases

Exposure Cases Nu. o
Under 3 mos. 20 3 15.0:
3~12 mos. 12 5 41.7
1—4 yrs. 19 9 47.4
4 yrs. and over 28 13 46.4

The percentage ofi positive cases is.
lowest in the group with an exposurc
of three months or less but shows little
diffecrence among the other three
groups. This would seem to indicate
that where susceptibility to poisoning
exists it tends to develop during the
first vear though, of course, other
factors such as severity of exposure,,
which eannot be evaluated, enter into
the result.

Appearance.—In general these wo-
men quite definitely did not look
well. The outstanding characteristies
were a look of fatigue and pallor: the
latter, thougli not invariably found,
occurred in the majority and was
striking when present. Some women:
with a history of long exposure looked
prematurely aged; a few were under-
weight to the point of emaciation. The
proportion of overweight. individuals
in the positive group as a whole, how-
ever, was larger than in the negative
group and only a few complained of loss
of weight. Good nutrition, cvidently,,
1s not incompatible with chronic
benzol' poisoning, at least in the
early stages. Two questionable pur-
puric spots were found on the forearm.

of one woman, a1 bhellows cementer, who
thought they had occurred spon-
tancously, and petechiae were present
on the arms and neck of another. No
other skin lesions possibly attributable
to benzo! were found at the time of
examination.

Blood I ressure.—The blood pressure
did' not show anything of particular
interest. The average systolic pres-
sure was low (about 113) in both
groups, as might be cxpected in a class.
of sedentary indoor workers, but was
not noticeably lower in the positive
thanin the negative group.

Symmploms.i—Spectacular symptoms,
such as bleeding fromy the mucous.
membranes or purpura, were conspic-
uously absent from this group of
women still at work whoin mmany cases
did not realize that anything out of the
ordinary was wrong with their health.
But the frequency with which less
striking complaints occurred among
them was impressive and significant.
This was true to a large extent also:
among the womcen exposcd to benzol
but not included in the positive or
suspected group. The symptoms
which' were found among the latter
group: arc shown in the order of fre-
quency in Table 4.

In questioning the women regarding
various symptoms, an effort was al-
ways made to determine whether or
not the complaint in question had

1Data as to whether or not women are
more susceptible than men to henzol poison-
ing were not securcd since in no case were
groups of opposite sexcs found working
under similar conditiors. That women
may sufier more from suljective symptoms
than men having an ¢qual degree of leuko-
penia, is supeested hy records secured from
Factory 2, which showed that of fiftcenmen
exposed to benzol vapor, whose white cell
counts were bhelow 5615, anly onc had
symptoms associated with the work.

J LU
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developed after exposure to benzol or,
if it had been present previously,
whether it had increased in frequency
or severity since exposure. Com-
plaints. were: recorded only when such
an apparent relation to exposure was
present.

It is known that blood changes
may. occur in chronic: benzol poison-
ing unaecompanied by symptoms:
This was illustrated by only one case
in this series where the white cell
count was 5,000 while the woman
made no complaint. The highest
number of listed complaints made by
any one person was eight; the average
number of complaints per person was
a little over three.

Headaches, the commonest com-
plaint, occurred among 60 per cent. of
the women in the positive and sus-
pected group. Their frequency varied
from: “almost every day” to “two or
three times a month.” They tended
to be more frequent in winter and to
increase in severity as the day wore on.
In some cases they would persist
steadily for several days; one woman
vhen interviewed said that she had
had a headache for “three days
straight.” Sometimes the headaches
were accompanied by nausea and
dizziness.

I'xcessive fatigue was eomplained of
by 46.7 per cent., almost one-half, of
these women. Distinction was made
between ordinary fatigue to be ex-
pected after a day 's work and a feeling
of exhaustion, of being “‘all in.”” The
women who replied in the affirmative
believed that they got abnormally
tired; some said they felt tired “all the
time.” This finding has the more
significance because in the majority of
cases the work was not especially

Vol..10
No.3

arduous and only seven of the thirty
women were ebliged to stand contin-
uously at their jobs.

TABLE 4. —FREQUENCY OI' COM-
PLAINTS AMONG WOMEN SHOW.-
ING EVIDIENCHE OF CHRONIC
LENZOL POIRONING

{TOTALCASLS

COMPLAINT ' Num.: Per
‘ ber ! Cent.
i
Headache ................... 18 l 60:0:
Excessive fatigue............. 14 | 46,7
Dizziness.......ovverrrnnnnn.) 13 1433
Nauses .....oocvenviunnnnn 10 | 33.3
Anorexia ............comeenn] 9 [ 3000
Weakness. . .....c.oooinnennn 8 | 26.7
Nervousness ... .....ooeevnus 6 | 200
Numbness and tingling........ 5 | 16.6
Frequent urination........... 4 1'13.3
Nosebleeds................... 4 |[13.3
Disturbed sleep.............. 4 (/133
Indigestion.................. 4 {133
Frequent menstrusation.......| 3 |'10.0
Shortness of breath..........| 2 6.7
Skin eruptions............... c2 6.7
Vomiting . voveerereiee e ‘ 2 6.7
Pain in abdomen............. [ 6.7

About 43 per cent. complained of
spells of dizziness. These:occurred for
the most part while at work though
one woman noticed that she felt more
dizzy on going homc. One coating
machine oeperator said that she became
so dizzy at times that she felt “‘drunk.”
Several women noticed: & connection
between dizziness and closed windows
or the opening of fresh cans of cement.

About 33 per cent. felt nauseated,
“sick to the stomach.” at times while
at work. This fceling was more apt
to occur when first beginning work in
the morning. A number of the women
said that they had felt nauscated for
the first few days after exposure to
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benzol had begun but that the feeling.

gradually wore off as they became
accustomed to the odor. In one plant
it was a fairly common thing, accord-
ing to the nurse, for new employees to
leave because “‘the work made them
sick.”” Anorexia or indifference to
food occurred among 30 per cent. of
the women and in most cases dated
rather definitely from the time of
beginning work. TFour women com-
plained of “‘indigestion” which may or
may not have becn related to benzol
absorption. Spells of actual vomiting
had occurred during the previous few
months.in two of the suspected cases
(29 and 30). These wom n were both
coating machine operators employed
in the same factory; onc had a history
of eleven and the other of three years’
exposure. Both had numecrous other
complaints including, in the case. of
one, pain in: the abdemen, and both
appeared to be in'poor shape. Neither,
however, had a marked reduction in
the white blood cell count. Pain in
the epigastrium described as “‘purs-
ing,” occurred'in the case of one other
woman (Case 27) with a history of six
years' exposure.
well of weakness; excessive fatigue,
loss of weight, nausea, and loss of
appctite.

A feeling of wecakness, of general
muscular inefficiency, occurred in
eight, or 26.7 per cent., of the cases.
This may have been associated with
excessive fatigue since all but one of
the women making this complaint also
complained of fatigue. However, six
of those who complained of fatiguc
did not complain of weakness.

Evidences of the neurotoxic action
of benzol as seen in disturbances of

She complained as.

sensation, chiefly in the extremitics,
were present in five cases, 16.6 per
cent. These women. noticed on occa-
sions scnsations of numbness. or tingl-
ing in their hands, arms, legs, and feet.
Such sensations: were more marked:
when holding objects or when main-
taining a constant position. Thesame
complaint. was also present amonc a
large percentage of the women who
were exposed to benzol but whose:
blood did not show miarked changes.
Six women complained’ of ‘“nervous-
ness.”  In one, it was associated with
extreme dizziness and took the form
of mental depression and confusion
which at one time necessitated a sick
leave of several weeks. Another felt
“mervous” at the same time that
severe headaches oceurred which were
also accompanied by dizziness, nausea,
and weakness. In a third, nausea and
nervousness: were associated; while a
fourth “lost control’" of herself easily.
Four who also suffered headaches com-
plained of wakefulness at night.
Frequent urination which was men-
tioned by Starr as.a common symptom
among the milliners whom he examined:
and attributed by him to the possible
excretion of phenols in the urine, but
which has not. been: emphasized by
other investigators as a symptom: of
chronic benzol poisoning, was one of
the complaints of four women whose
blood pictures were positive. Two
more who had worked with benzol
previously stated that this symptom
was definitely associated with its use
and developed after a few weeks’
continued exposure. It.was not con-
stant but would come and go for
periods of a few days at a time. One
woman. deseribed a sensation which

J. I Hi
Marrh, 262¢
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was evidently a slight tenesmus asso-
ciated with the frequency.

Only a few complaints were made
of dermatitis attributable to benzol.
One coating machine operator said
that the work was apt to causc an
jtching rash to appear on her legs and
sometimes on her thighs and fore-
arms. A cement worker whose blood
picture was negative had had a similar
rash on her hands and forearms on
several occasions and another was
troubled in the same way when she
used: benzol for cleaning. Two girls
who worked in the tire department of
the rubber factory had had attacks of
furunculosis which in: one were more
prone to occur in the warm weather.

With regard to bleeding, one girl
(Case 1) had been having nosebleeds
during the week immediately prior to
the interview, while three others had
had them on one or more occasions in
the past while working with benzol.
No mention was made of bleeding from
the gums except upon cleaning the
teeth, & symptom probably without
significance. None of the women
complained of purpuric spots and
there was some question as. to the
authenticity of those found in Case 14.
They were, however, a conspicuous
featurc in the three hospital cases. In
the two cases which terminated fatally

there was bleeding from all the mucous.

membranes. The menstrual function
in the majority of positive and sus-
pected cases was undisturbed. The
most. conspicuous irregularity which
might be attributed to benzol occurred
in a suspected case (Case 31), a coating
machine opcrator. She had had
periods occurring every two weeks for
the past four months with profuse

bleeding lasting five to seven days. A
similar condition had oecurred once
before about a vear previously: but
had ceased when she gave up work for
n while. In spite of the very con-
siderable. loss of blood her red blood
ccll count remained high.  The white
blood cell count was 6,100. In two
other instances tlie benzol effect may
have been evident in the fact that the
interval between periods had dimin-
ished from four to three weeks since
exposure,, though the flow was not
noticeably freer. In one case, men-
struation which had formerly been
scanty became more profuse, though
not unduly so, after taking the job
involving exposurc to benzol; in an-
other, periods which had been occur-
ring onee in two or three months began
to occur regularly. Whether there
was any connection between these
changes and exposurc to benzol it is
impossible to say since other unknown
factors may have been present. A
pumber of women spoke of headaches
and dizziness being more pronounced
at the menstrual period.

In addition to the symptoms occur-
ring in the positive and suspected;
cases, the numerous complaints made
by those whose cases were considered
presumably negative because their
white: eell counts. were not conspicu-
ously reduced cannot be ignored. A
large proportion of these workers,
about. 39 per cent.,, had symptoms
associated with their work. The pro-
portion making complaints differed in
the various factories and was smallest
in those where artificial ventilation
reduced the air contamination, as it
did in Factories 3 and 4. Thirty-one
per cent. of these so-called negative
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cases showed complaints of dizziness,
29 per cent. of excessive fatigue, 25
per cent. of headaches, 16 per cent. of
nausea, 10 per cent. of weakncess, 8
per cent. of loss of appetite. In aeon-
spicuous number, signs of nerveirrita-
tion, 7. ¢., mild: disturbances. of sensa-
tion in the extremities, were present.
It is, of course, possible that in a
number of cases these complaints arose
from other causes than benzol, yet
their nature and frequency make it
seem probable that these women also
were being affected by the inhalation
of benzol fumes to the detriment of
their efficiency and well-being. More-
over, a certain number of the cases
showed some variations from the nor-
mal blood picture which will' be. dis-
cussed later. These, together with
the occurrence of symptoms connected
with exposure to benzol, suggest that
possibly the standard by which these
cases were considered negative,namely,
failure to show a 25 per cent. reduction
in the white count, was too arbitrary.
It is possible that some of them at
least showed an carlier manifestation
of the benzol effect than did those
having a typical leukopenia, and that
they should rightly be included among
the cases of chronic benzol poisoning.

Blood Counts.—The blood changes
in the thirty cases in which evidence of
chronic benzol poisoning was found
are not startling in comparison with
the blood pictures shown in advanced
stages of poisoning, but they show
unmistakable evidence, especially in
the white and differential counts, that
a pathologic condition of a serious
nature is in progress.

Hemoglobin was moderately reduced
in all but three cases; the lowest per-
centage found was 63, the highest 85,

a8 normal amount, and the average
about 71. Secvere anemia seens to
develop: only in the later stages after
bleeding has commenced. Thus one
of the fatal reported cases showed a
hHemoglobin: of 15 per cent. before
death. Cuase: 4 in which purpuric
spots.but no bleeding from the mucous
membranes had developed, had a
hemoglobin of 70:per cent.

The red bloed cells: as welll as the
hemoglobin show, asmight be expected,
much less relative reduction than the
white cells. Destruction of the red
cells has been said to be the:last change
to appear and the last to disappear in
benzol poisoning. In this series no
counts werc:lower than 3,000,000.

Distribution
Number of Red Cells of Cases
3,000,000—3,500,000................ 5
3,500,000—4,000,(:0................ 7
4,000,000—4,500,000................ B
4,500,000—5,000,000................ 6
5,000,000—5,700,000................ 4

It is known that the earliest effect
of benzol absorption or the effect of
the absorption of small amounts is
sometimes an. actual stimulation of
the blood: forming organs resulting in
an increase in the red and sometimes
in the white corpuscles. With this in
mind it is interesting to note that
Cases 3, 17, and 32 each showed red
blood cclli counts above 5,000,000.
Among the negative cases, moreover,
eleven, or 22 per cent., in all of which
symptoms were present, showed an
increase in red cells. without a corre-
sponding increase in hemoglobin. It
secms possible, therefore, that these
cases should be considered cases of
benzol absorption or very early cases
of chronic poisoning,

No incrcase in bleeding time was

J.I.H.
Muarch, 1925,
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observed in the majority of these cases.
In several instances, however, bleeding
from the prick was abnormally pro-
longed. Coagulation time. was. not
taken. A record was obtained from:
the medical department of Factory 2,
however, of the coagulation time in
fifteen men benzol workers. in whom
there was o leukopenia. of 5,625 or
below. In none of these cases was 1t
prolonged.

The color index in this series ranged
from 0.7 to 1.5, while the average was
0.8. A higher index is apt to occur
in the more advanced cases where red
blood cell destruction is scvere. In
Case 33, for example, the eolor index
ranged from 0.7 on admission to- the
hospital to 2.1 a few days before death.

The white blood cell counts in the
positive cases ranged’ between 3,200
and 5,600 with three exceptions as
against the normal of 7,500; in the five
suspected cases between 6,100 and
6,300. Their distribution is indicated
in the following list:

Number of Whiltc Distribulion.

Cells of Cases
3,000—3,5001 .. ..o 2
3,500—4,000 . ... on i 1
4,000—4,500. . cconinie e 2
4,500—5,000. .. .ooaii e 5
5.0007=5,000. .. ..cvcnirnr s 1
5,600—6,000. . oeenninimeene 9

Toe significance of this white cell
reduction lies in the diminished resist-
ance toinfection which it entails. The
pormal defensive power against disease
of each of these workers has been
Jessened through the circumstances of
her work. An illustration of this
diminished resistance to infection is
furnished in Case 4 where the white
¢dlls were reduced to 3,600: After

apparent recovery and discharge from
the hospital'an infection of the lymph
nodes under the arm persisted for
months in spite of treatment, and with
this condition there was a: failure, due
in all probability to bone marrow
damage, to produce the leukocytosis
which represents the normal reaction
to infection. Case 33 also. illustrates
this complete inability to rally the
leukoeytes: when an abscess of the
thigh developed in this. case the leu-
kocyte count inereased from 2,000 to:
only 3,800.

Fully as important as an cnumera-
tion: of the leukocytes in these cases is
a carcful study of the stained blond
smears to show whether any normal
cells are abnormally prevalent or
whether any abmormal cells' occur.
Variations from the normal differential
count give a more vivid picture of the
damage in progress than the mere
reduction in the number of the
Jeukocytes.

A diminution in the percentage of
the pol}-monphonuclmn leukocytes
(neutrophils) is generally reported as
characteristic of chronic benzol poison-
ing. In this series there wa- such &
tendency. The average percentage of
the polymorphonuclear cells was. 33 as
against. the normal 60 to 70, but a
reduction in percentage was not in-
variably shown. A number of cases
with marked leukopenias showed a
normal percentage of polymorplio-
nuclears. Itis possible, of course, that
this may have been the result of some
unknown focus of infection. On the
other hand, many of the negative cases
with normal white cell counts showed
a diminution in the percentage of
polvmorphonuclears. ‘The reason for
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this is obscure unless it is associated
with the confining, unhygienic life of
the factory worker.

Onc' variation from the normal

which appeared in almost half the
cases was the inerease in the endothe-
liocytes (by some called monocytes),
a term now widely used to ineclude
cells formerly known as large mononu-
clears and transitionals. These cells
normally constitute from 2 to 6 per
cent. of the total number of leukoeytes.
Fifteen out of twenty-eight, or 53.5
per cent., showed an increase above 6

per cent. which in one instance reached:

as high as 19 per cent. One of the
reported cases (Case 4) had an en-
dotheliocytosis of 27 per cent. at onc
time, and in the reported fatality
(Case 33) 11 per cent. of endothelio-
cytes were present. In the literature
on benzol poisoning mention is made of
an increase in both large mononuclear
and transitional cells. In two of
Selling’s cases, large mononuclear cells
constituted 14 and 10 per cent. of the
total' number of white cells and Hamil-
ton mentions two cases reported by
Briticken where increases to 10 and 12
per cent. occurred. In McClure's case
the transitional cells numbered 15 per
cent.  The significance of endothelio-
cytes, 7. e, large. mononuclear and
transitional cells, is not clearly under-
stood. Todd states that some at least
are developed from the lining cells of

the blood and lymph vessels. An ‘
increase occurs in & number of patho- |

logic conditions, notably typhoid fever,
malaria, snd Hodgkin’s disease.
Minot and Smith (cited by Todd)
have demonstrated an inerease in
endotheliocytes. in tetrachlorethane
poisoning.

An abnormal increase in the type
of white cells known as cosi: ophils was
present in Cases 3 and 12. An
cosinophilia in benzol poisoning, ac-
cording to Hamilton (p. 477), has been
found by several European in-
vestigators,

The basophils. or mast cells which
ordinarily are present to the extent of
one in 200 or 300 showed a slight
tendencey to inerease 1 or 2 per cent. in
a fairly large number of tlie positive
and suspected cases and in a few of
the ncgative group.  These cells origi-
nate in the bone marrow and when
present in increased amountsare indie-
ative of bone marrow irritation. The
same thing is true of Tirek’s irritation
leukocytes which were present in two
cases.

r~ The variety of white ccll known as
a myclocyte, which is never present
in normal blood, was seen in more than
| 50 per cent. of these blood smears..
This cell' is the bone marrow predeces-
,sor of the polvmorphonuelear leuko-
cyte. A few of them may occur,
according to Todd, in any severe

| blood condition and Krumlshaar states
that leukopenia caused by inhibition
or intoxication of the bone marrow is
followed by the appearance of very
immature leukocytes in the blood
stream. The fact that myelocytes,
evidences of bone marrow intoxication,
were found in three cases (Cases 21,
29, and 31) where the leukopenia was
not marked, the white cell count being
between 6,000 and 7,000, shows that a
25 per cent. reduction in the white
count should not be used as the only
criterion of poisoning.

¢ appearance of the red cells in
the stained smears was in general
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indicative of anemia. Polychroma-
tophilia, or differences in staining of
cells in the same slide, was present to
some extent. This is: usually eon-
sidered indicative of young, immature
corpuscles, There was. also: a con-
siderable: amount of anisocytosis, or
variation in size, with the presence
especially of larger forms than normal;
in a few slides slight variations in
shape were noted.

Summarizing the blood examina-
tions, then, it may be said that evi-
dence of a pathologic condition was
shown by the anemia, the appearance
of the red cells, the reduction in white
cells, the presence of -abnormal ecells.
such as myelocytes and Tiirck's irrita-
tion forms, and the abnormal increase
in endotheliocytes.

Improvement in Blood Counts Following
Remoral of Benzol

In Factory 2 it was possible to secure
follow-up blood counts which were
made on most of the positive cases
after the elimination of benzol. These
give an indication of the rate at which
improvement took place in these cases.
Of fiftcen cases in which a blood count
was repeated at the end of six wecks, the
white cell count showed a definite im-
provement in seven, a slight improve-
ment in threc, and no improvement in
five, or 33.3 per cent. Thedifferential
count, however, had either returned to
pormal or was improved in all but one
case. Seven of these fifteen cases had
red cell counts lower than 4,500,000.
At the end of six weeks three showed
no change, onc was improved, and
three had returned to normal. Blood
counts made at the end of three

months showed that. out of eleven

cases three still had a leukopenia.  Of
the five cases in which the red cell
count had been reduced, three had
returned to normal and two: were
improved.

SUMMARY

1. Benzob as used in the industries
investigated produced chronic poison-
ing in virtually one out of every three
women. .

2. The risk of poisoning was not
limited to those who worked: directly
with benzol; but workers: who were
indirectly exposed through merely
working in rooms where benzol was.
used were also subject to its. effect.
" 3. Among women who did noti show
definite signs of poisoning more than
one-third suffered from symptoms
many of which in all probability were
caused by exposure to benzol.

4. Susceptibility to benzol poisoning
appeared about equally marked among
young and older workers.

5. The commonest symptoms ac-
companying blood changes indicative
of early chronic poisoning among the
women examined were headache, ex-
cessive fatigue, dizziness, nausea, los=
of appetite, weakness, nervousnes:,
and disturbances of sensation such as
numbness and tingling in the extremi-

ties. Frequent urination, noscbleeds,

disturbed’ sleep, and indigestion oc-
curred in about 13 per cent. of the
cases; menstrual irregularities, in about
10 per cent.

6. The blood showed in addition to
leukopenia and a tendency toward a
diminution in the polymorphonuclear

leukocytes—the commonly aceepted:

criteria of chronic benzol poisoning—
a tendency toward a slight increasc
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in basophilg, as well as an inerease in
the endotheliocytes and the presence  cases which had advanced 1o the point
of myelocytes in a noteworthy number  of hospitalization. Two of these were
of cases. fatal.

7. Reports were obtained of three
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