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with follow-up studies in non-

fatal cases of benzene poisoning
isnot very extensive. Erf and Rhoads
(1) have recently reported on the
course of 9 cases df benzene poisoning
over periods of from 2 to 5 months
following cessation of benzene ex-
posure. These patients all received
intensive anti-anemic therapy and all
but one recovered. In the extensive
review of benzene (benzol) poisoning
contained in the British Medical Re-
search Council’s report on industrial
solvents (2) mention is made of 14
workers who were re-examined follow-
ing removal from or mitigation of
benzene esposure. It is to be re-
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gretted that full details concerning
these cases are not given.

During the early part of 1938 a
study of benzene poisoning in the
rotogravure printing industry sas
undertaken by the Division of In-
dustrial Hygiene of the New York
State Department of Labor (3). This
study covered 332 persons of whom 130
presented sufficieatly marked hemato-
logic abnormality to be considered
cases of benzene poisoning. The at-
mospheric concentration of benzene
to which the men were exposed varied
from 11 to 1060 p.p.m. and the dura-
tion of exposure from 6 to 60 months.
A detailed analysis of the blood find-
ings in this investigation has been
published elsewhere @). The use of
benzene was discontinued in this
industry immediately upon' the dis-
covery of the existence of a hazardous
situation in April 193S.

The present report deals with three
sets of follow-up blood studies. The
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first covered 56 workers in one printing
establishment (designated Plant A) 3
months after cessation of the benzene
esposure, the second involved com-
plete blood examinations on 49 em-
ployes of a sccond printing plant
(designated Plant B) approximately
14 months after the use of benzene had
been discontinued. and the third en-
tailed re-exaniination of 108 men from
Plant A about 3 yeurs after the original
studies. At this time 20 men who had
entered the employ of this company
during the interim were also examined.
Arrangements for re-esamination of
the second and third groups at the
Occupationnl Disease Clinic of the
New Tork University College of Medi-
cine were made by the Division of
Industrial Hygiene of the Sew Tork
State Department of Labor with the
cooperation of the employers and the
printing pressmen’s union repre-
senting the workers.

In evaluating the results of the
studies reported in this paper it must
be borne in mind that other solvents
had been substituted for benzene when
the use of the latter was discontinued.
The several ink manufacturers from
whom the printing plants under in-
vestigation obtained their inks were
extremely co-operative in supplying
information as to the nature of the
materials that had been used in place
of benzene. The great bulk of the
solvent material used consisted of vari-
ous petroleum naphthas covering a
boiling range of about 130°F to 300°F.
In addition, small amounts of some of
the better known esters and ketones
were used in certain of the inks.

Mention has already been madeé of
the wide range of vapor conceatrations
that prevailed duricg the period of
benzene esposure. Inasmuch as no
radival changes in veutilation or in
operating practice were made iollon--

ing the elimination of benzene no great
difference in wvaper concentmtions
could have been espected. The few
air analyses made confirmed the ex-
pected findings. It can be statad with
reasonable certainty that the vapor
concentrntions of the minor constit-
uents of the inks were well below the
levels which might be considered toxic,

METHODS

The technics followed in examining
the blood were the same as those {ol-
lowed at the tim Of the original ex-
nminntion (4) and the counts were au
done by the =ame person who made the
original determinations. In Plant A
the first re-examination was limited to
a study of the hernoglobin value, the
erythrocyte count and the leucocyte
count. For the Plant B group and the
second re-examination at Plant A,
hemoglobin, red and white count, dif-
ferential, platelets, hematocrit and the
indices of mean corpuscwar volume,
hemoglobin and hemoglobin concen-
tration were done. As the men re-
ported. they were questioned regarding
svmptoms and as to what treatment,
if any, they had received in the interval
between examinations. All but five
of the men who were re-examined had
remained at work without losing anv
time. Four of the five were mayfrom
their jobs ior from 2 to 4 months and
the fifth had not returned to work 3t
the end of 14 months.

Re-eraminations at Plant A 2 months
after cessation of the use of benzene

When the original survey was begun
in April 1938 it was necessary to ex-
amine a large number of men in a rela-
tively short time. As a rapid “sercer-
ing” method it was decided to do @
hemoglobin determination and 3 leuce-
evte count on ench worker and wor”
complete studies on those fowd 1
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have low values in cither of these tests. TABLE 1
It subsequently developed that this Costparison oF Hemocrosix, Errraro-
CYTE AND LEUCOCYTE VaLues 1N PLANT A

rapid survey method was entirely un-
P ) N 1IN APRIL 1938 axp IN JUNE 1938

satisfactory for case, finding (3, 4).

Re-examinations 2 months later were arnaL 1038 sowE 1938
done on 56 individuals and consisted 3 po - ‘

. h umbe'r‘ Te humhor' o
of hernoglobin, erythrocyte and leuco-
cyte determinations. The group se- Hemoglobin
lected for re-examination included 17  ou.rex 100
cases Which had originally Leen con- ——
sidered definitely abnormal, 16 border-  10.0-10.9 | 2 3.7 n 0
line cases and 23 whose blood pictures ;_“3:;},3 : 12; Loy
had been normal. Because of the 13'07sul o | s | 15 | s3a
liniited information obtained at the 14¢0-140 | 15 28 | 19 | 239
tune of the first examirations, only 15.0-15.v | 3 5.6 Y 16.7
limited comparisons can be made. ;

Hemoglobin. 5+ cases are mailable 1 O0t@l---| & | 1000 | 5 | 1000
for comparison. The frequency dis- Mean, 13.54 gm.].\le:m, 14.02 gm.
tribution of these cases in April 1936 St. dev., 1.05 | St. dev., 0.653
& compared nith June 1838 is shown Erythrocytes
in table 1. It is apparent that there
has been an upward shift of the values, 2=
but the change is not very striking, 3.0-34 1 2.9 2 59
Sincerelatively few cases had very low ~ 3:53.9 4 11.8 | 5 14.7
hemoglobin values at the time of the 427 n 2.4 R
original examinations, No great im- 5554 | 7 | 2086 | 4 'i‘lé
provement in the group as a whole 5.5-3.9 1 2.9 1 29
could have been expected.

Erythrocytes. There mere 34 cases lotal. ... 3 | 100.0 | 3¢ | 1000
in which red cell counts were made on Mean, 4.559 | Mean, 4.541
both occasions. As shown in table I, mil. RBC mil. RBC
16 of the 34 had reduced erythrocyte St. dev., 0.358 | St. dev., 0.59
counts (less than 45 million) at the Leucocres
time of the frst examinations and
thirteen still had subnormal counts 2  mcvsaxps
months later. Actually the mean 3-39| 4 .1 1.6
value was slightly lower at the later ~ 449 | 0 | 17.8 | 9 | 162

: o 5-59 | 13 23.2 | 10 17.6
date, fallthough the difference IS quite 6691 9 162 | 11 105
insignificant.  Furthermore, there ~79| 7 125 | 10 17.8
were 6 cases in which the second count 8 s.9 7 15.5 9 16.2
was lower then the first.  Although 13-18'3 i 3? } 1.8
the comparison has been made ona ;119 [ o 3 ég
small group, it seems apparent that it 12-12.8 { 0 0 0 0
is possible for the erythrocyte count  13-13.9 | © 0 1 1.8
to remain depressed or even to con- -
tinue to fall for a period of at least 2 Total.. .| % [1000 | 3 |100.0
months after cessation of henzene Mean, 6.535 | Mean, 6.063
exposure. i St. dev., 2.010 i St. dev., 2.040
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Leucocytes. The entire group of 56
cases who were re-cxamined after 2
months had had leucocyte counts
made at the earlier date. As was the
case with the hemoglobin values,
there had been a slight upward trend,
although a considerable number still
showed subnormal counts (table 1).
In view of the well known lability of
the lcucocyte count, extended dis-

TABLE 2

CompaR1sox OF States or CasEs is ArRiL
1938 ASD IS JcSr 1938, Praxt A

Single abnormalities were used as a basis
for classification

APRIL iovo JONE 1938 sTATT.
Status Total }"o::- l&‘:ir:icr- Iie::
1 1 |
Positive ......... 17 8 4 5
ine...... 16 6 7
Rodletlipe 1 B | 81 7 | 4
" Total......... —s6—|—16— |~ 14— |55
criteria
Positive
RB.C.. covierirnnnnnnn, 4 million or less
WB.C. ittt iiiiieriian 5,000 or less
Borderline:
RBBC. i 4.01-4.50 million
W.B.C . e .5-6.000

cussion of these Andings does not seem
warranted,

Diagnosis. An analysis of the diag-
nosis of the 36 individuals who mere
re-examined at the end of 2 months is
given in table 2. It is apparent that
there had been little change when one
considers the entire group. It is
true that 9 of the 17 who wete
originally classified as positive had
moved into the borderline and nega-
tive groups, but on tne other hand 6
borderline and 9 negative cases showed
definite regression. This further em-
phasizes the point that damage to the

fol v gy "
v, -‘3: it ¢ 242 :
> 1&5_. F"&__ £ Yes ”mi‘#w-w’ PR

[eul. 23, no. &

blood-forming organs caused by ben-
zene can continue to progress for at
least 2 months after exposure has
ceased. The possible role of the new
solvents used has been mentioned and
will be discussed briefly later.
Treatment, Some form of anti-
anemic therapy wuas taken by 17 of
the workers in Plant A who were re-
examined. Of these, 11 had been
classified as positive and § uas border-
line. OF the 11 positives, 4 had be-
come negative at the end of 2 months,
3 had changed to borderline and 4 re-
mained positive. At the same time
5 o the 6 borderline cases became
positive.  In most instances the treat-
ment consisted of liver estract given
parenterally two or three times a week,
whole liver in the diet twice a week,

and some concentrated form of the
vitamin oomplex taken daily by
mouth.

The number of cases involved was
not large enough to justify detailed
comparison of treated and untreated
cases. Acwually the proportion o
positive and borderline cases who did
not receive treatment and showed im-
provement was practically the same
as for the treated group.

Re-examinations at Plant B 14 months
ajfter cessation of the we of benzene

The group studied consisted of 49
of the 69 printers who were examined
at the time of the original survey.
The candidates for re-examination
were self-selected in that the same
opportunity for examination was pre-
sented to all the men, to be accepted
on a purely voluntary basis. That
this method of selection resulted in s
truly representative sample is demon-
strated in table 3.

A comparison of the original and
follow-up blood studies in the 49 n:n
who were re-exumined can best be
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made' by considering separately the
different blood tests. The results are
given in table 4. Those individuals
who did not report fo¥ re-examination
are omitted from consideration.
Hemoglobin. Diminution in hemo-
globin values was not & common find-
ing at the time of the 1933 survey.
Tres being the case, no great change
in the hemoglobin picture would bhe
anticipated after cessation of benzene
exposure. Inspection o the table re-
veals that there ins a slight general
~hift of the hemogiobin values t0 a

TABLE 3
DiagyosTtic CrassiFicaTion 1IN 103§ OF
ExTIRE Pravt B Coumparep witu THAT
of crRoOUP WRIcE Came FOR REe-EXAMI-
NATION

RICOVERY AFTER BEXNZENL LXPOSURE

TABLE 4

o

CoMmpaRtsoN OF BLoop FiNDINGS 1IN PLANT
B WorkERs 1N APriL 1938 aND IN

JeNe 1939
‘ APAIL 1938 ’ JONK 1939
l Numberi o ! Number' o
Hemoglobin
GM. PZR 100 ‘
CC.
11.0-11.9 0 0 1 2.0
12.0-12.9 1 2.0 1 2.0
13.0-13.9 18 36.8 3 6.1
14.0-14.9 2 42.9 24 49.0
15.0-15.9 th 12.2 11 2.5
16.0-16.9 3 6.1 8 16.4
17.0-17.9 0 0 1 2.0
Total.. .. 49 |100.0 | 49 |100.0

Mean, 14.38 gm.

Mean, 14.95 gm.

St. dev., 0.990 | St. dev., 1.05
1938 sxmaz onoor | RETLAEED Erythrocytes
DIAGNONS
No.| % | No.| % axLions
Positive. .vveun.. 29 42.141 20 | 40.8  3.5-3.9 10 21.8 1 2.2
Borderline......| 12 | 17.4{ 7 | 14.3 4.0-4.4 12§ 26.0 10 21.8
Negative.. ...... 28 | 40.5| 22| 149 4549 | 17 37.0 9 19.5
5.0-5.4 7 15.2 | 20 43.5
Total.. vuv.... 69 | 100.0 | 49 | 100.0  5.5-5.9 0 0 6 13.0
higher level but the mean value in- Total..... 6 | 200.0 | 46 | 100.0
creased by only 0.57 gm. Mean, 4.50 mil. | Mean, 5.186
Erythrocytes. Diminution of the red RBC mil. RBC

cell count was a prominent feature at
tue time of the original study with
practically one half of the subjects
aving counts below 4.5 million. Gen-
eral improvement in the erythrocyte
picture is reflected in the class fre-
quency distributions as well as in the
mean values, shovwn iIn table 4

In spite of the upward trend there
is still an appreciable proportion of the
cases (24%) having counts below 4.3
million 14 months after the termina-
tion of benzene esposure.

Leucocytes. A general improvement
In total counts was noted in the
follow-up study, as indicated in the
table. A singlecase was found to huve

St. dev., 0.45055 St. dev., 0.52

Leucocytes

THEOUNANDS |

30-39 | 2 1.1 1 2.0
40- 49 | 3 10.2 0 0
50- 5.9 | 10 204 | 4 8.2
60-69 | 10 | 204 | 7 14.2
70-79| 10 | 20.4 | 13 2.5
80-89| 6 | 123 ) 1 2.5
9.0-99 | 2 1.1 9 18.4
100-109 | 1 20 | 4 8.2
11.0-11.9 | 2 411 o 0
120-129 | 1 | 2.0 , o0 0
Total.....| 49 {100.0 | 49 |100.0

W.B.C.

Mean, 6,049 | Mean, 7,040

w.B.C.

St. dev., 1,080 " St. dev., 1,510
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TABLE 4—Continued TABLE 4—Concluded
'y aram 1938 Ioxs 1939 I APRIL 1938 | Jons 1039
4 1 t !
; | Number| % | Numbe| % {Number| % | Numbe| %
' t
b Lymphocytes Mean corpuscular hemoglobin
) % wwou. |
IR 019 | 4 | 85| 3 | 63  2W | 0 | 0 3 | 65
E 20-29 19 404 | 16 31.0 %-29 9 195 | 13 23.3
! ' 30-39 19 | 40.4 | 23 49.0 30-32 17 370 | 2 -5
40~49 4 | 551 4 8.5 33-35 12 6.1 - =
50-39 122 | 1 12 36-38 7 | 151 ] 3 6.5
— 3941 1 1.2 0 0
Total....| &# |00 | 4 [1000 ~——
Total....| 4o | 1000 | 4 | 1000
Mean, 30.53% { Mean, 31.6% ‘ I
ivaphs ' Mean, 32.8 ‘ Mea:: 319
1St. dev., §.46% |St. dev., 7.79% . St. Jev., 3105 St. dev., 2.91
Blood platelets ]
‘ — less than 4,000 white cells, and four
' —_— more had slightly reduced counts (be-
, Under 50 | 4 6.9 fi 0  tween 5000 and 6,000). The indi-
v l,% i 188_'138 195 ggg 5 | w9 Vidual aoving the count under +,000
4 *’ 150-199 8 | 176 | 11 | 20.5  was the Same one whose erythrocytes
F 1 . 200-249 6 133 | 14 311 remained under 4 million, indicating
NI 250-299 2 45 1 22 that probably he was still suffering
e 300-349 1 22 1 0 0 from benzene effect 14 months after
Total.. ... 45 11000 | 45 |1000  Cessation of exposure.
o Lymphocytes. A relative lympho-
ERE Mea{h ;139550 Me‘l“’gtﬁo cytosis is usually mentioned as az
“q platele platele . .
: st. dev., 69700 | St. dev.. 46,950 important part of the ploo_d picture
in chronic benzene poisoning. The
i il 4 Mean corpuscular volume group Of workers under discussion may
17y e be seen (tzble 4) to have had a normal
b e o i o 3 6.7 dlstrlbut_lon of };rmphocyte percgntages
S s0-84 0 0 3 6.7 at the time of the first examination
-y 85- §9 9 200 | 11 | 2.5 and again 14 months later. This
i 90-94 | 14 | 312 | 13 | 288  would seem to indicate that the per-
2 133‘_182 2 i—%% g 2%-? centage of lymphocytes in the blood is
R 105-109 c 111 | 2 44 of no s1gmﬁ_can<_:e in th(_e dlagq05|s_ of
i 110-114 5 11 1 22 benzene poisoning or in estimating
vy 115-119 1 2.2 0 0 recoven..
IR ' Platelets, A significant reduction
! Total.....;| 48 1 1000 45 11000 in blood platelets was found in nearly
1 Mean, 97.62 cu. | ean, 9261 ¢z, one-third of the cases in the original
oo microns microns examination. In the follow-up study,
Do St.der., 874 | St.dev., 7868 5 pole individual (the same one
g
i
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mentioned ahove as having low red
and white cell counts) was found to
have less than 100,000 platelets. It
isapparent from the table that appreci-
able improvement in the platelet pic-
ture had taken place.

Mean Corpuscular Volume. The
importance of macrocy-tosis as evidence
d benzene poisoning has been pointed
out in recent publications (3, 4). In
thie present series of cases this hema-
tologic abnormality occupicd n prom-
inent position, Generally speaking,
cessation of bcnzene esposure resulted
ire a more nearly normal cell size. but
even after 14 months an appreciable
number of cases stili had abnormally
large erythrocytes. The findings are
summarized in the table.

Mean  Corpuscular  Hemoglobin.
The findings in thistest parallel those
for mean corpuscular volume. The
reults are given in table 4 and call for
no particular comment.

Diagnosis. The classification of the
49 cases as to diagnosis at the time of
each examination is shown in table 3.
The general improvement in the blood
pictures naturally resulted in most of

the cases falling into the ""negative*

zroup after 14 months of freedom from
benzene exposure.  ON theother hand
it cannot be said that there had been
iniversal recovery. Table 5 inciicntes
:hat 4 of the 20 cases origirally diag-
20sed as positive still remained def-
aitely abnormal and four more of this
zroup had shown only partial recovery.
Furthermore, there were 2 men, who
were considered to have normal blood
dictures at the time of the original
:xaminations, whose counts were defi-
litely abnormal 14 months later and 2
nore who had shown regression of a
esser degree. In all, 11 of the 49

RECOVERY AFTER BESZCSE EXPOSURE 223

cases were further fromor no nearer to
normal when examined 14 months
after cessation of benzene esposure.

Treatment. Only S of the cases
from Plant B who were re-examined
gave a history 0i having taken treat-
ment: two received liver extract par-
enterally and orally, four took the
estract by mouth only, and two added
u-hole liver to their diet once a week.

TABLE 35
Couranisox OF Statts OF CASES IS ApriL
1038 AxD IS JUyE 1939, Prant B
Classification hased on single abnormulities

APRIL 193§ ' JUNE 1930 sTATUS
Status Total |Pcsitive: B°'::" r‘i‘g"‘
Positive......... 20 4 + 12
Borderline...... 7 1 2 4
Negative........4 22 } 2 |} 2 | 18
Criteria
Poaitive :
RB.C..cvvevvivennnn .4 million or less
WB.Curiiiriieivieeens 5,000 or less
Plates....ooovveieeanennnn.. 50,000 or less
RBC.cveiverieennnet <4.5 million with
M.C.V. >100
Borderline:
RBC. .o 4.01-4.50 million
with normal
M.C.V.
1310 - X o 56,000

Oniy one hsd continued under treat-
ment for the entire 14 month period
and most had stopped treatment after
2 or3months. The one man who had
continued under treatment still hsd
a distinetly abnormal blood picture
when re-examined,* There was no
indication in these 8 cases that the

'This is the case referred to above as
having below 4,000 leucocytes and below 4.0
million erythrocytes
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trentment taken had modified the
course of recovery.

Re-examinations at Plant 4 24 months
after cessation of the we
of benzene

The group studied consisted of 108
of the 168 men who were examined at
the time of the original survey. As
was the case with Plant B, the group
was sell-selected and was made up of
a representative sample of the plant
personnel. Complete blood studics
were made in all cases at the time of
re-examination, nlthough as has been
stated, only a small group had been
fully studied in the original survey.
It is felt that the status of the men in
Plant A after a 2 year interval can
best be brought out by comparing the
results of the 1940 examinations with
the 1938 findings inthe entire group
that had been exposed to benzene in
all plants, and also by comparing the
1940 results with those of a control
series of workers who had had no un-
usual occupational exposure. These
comparisons are made in tables 6 and
i. It can be seen that with one or
two exceptions there is very dose re-
semblance between the control group
and the Plant A group in 1940, whereas
there are striking differences between
the controls and the 1938 benzene
group, as has been pointed out in
previous publications (3, 4). The
findings will be discussed very briefly.

Hemoglobin. As was the case in
Plant B, low hemoglobin values were
not common at the time of the original
studies at Plant A in April 1938, but
table 6 shows a general increase i the
values with a single case remaining
significantly lor. Experience has
shown thatindicationsof early benzene

o e x
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poisoning are not likely to manifest
themselves by a diminution in hemo-
globin content of the blood. Con-
sequently the hemoglobin test cannot
be used as a criterion in evaluating
recovery. All that can be snid con-
cerning the present series of observa-
tions is that 3 years nfter esposure to
benzene had ceased, a single case
(0.9%,) was found to have a low
hernoglobin value as compared nith
4.7% of subnormal values in 235 cases
studied at the tinie of benzene ex-
posure.

Erythrocytes.  In connection with
recovery, as reflected in the erythro-
cyte picture (table 8), there are two
features which seem worthy of com-
ment. The fact that six (5.5%) of
the workers in Plant A were found to
have red cell counts below 45 millin
2 years after cessation of benzene
exposure may indicate that recovery
was incomplete in this small group.
In View of the high proportion of re-
duced ervthrocyte counts at the time
of the first examination in 1938 it
would seem reasonable to use this
test a a criterion of recovery. A
second point of interest in connection
with the red cells is the fact that 23
cases (21.2¢%) had counts above 6
million in 1940 and that 6 of the 23
were above 6.5 million. One might
speculate on the possibility of these
elevated counts being a reflection of
the hyperplastic bone marrow which
has been described in connection
Kith benzene poisoning (1,5).

Several cases showed an abnormal
amount of basophilic stippling and
polychromatophilia, but these findings
could not be correlated with either
high red or white cell counts. Their
presence cannot be explained at present

.,_".;_;E,ﬁ:l' -
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TABLE 6

ComparisoN or BLOOD Finpings oF T2 EnTIRE BExZENE GROUP IN 1038 witE THOSE OF
THE PLaNT A MEN }¥B0 WERE ExasINED IS 1940 AND wrrre A ConTrROL CROUP

BENIENE GROUP, 1938 rLaNT A 1840 CONTROL GRODOP, 1938
No. | % . | % No. | %
. Hemoglobin
aM. r;l 100 cc. ' ' ' !
Less than 1 0.4 0 0 0 0
11.0 |
11.0-11.9 10 4.3 1 0.9 0 0
12.0-12.9 25 10.5 3 2.8 2 2.4
13.0-13.9 %5 40.5 34 31.5 25 30.9
14.0-14.9 7s 3.2 3 2.7 40 49.5
15.0-15.9 20 8.6 28 5.9 12 14.8
16.0-16.9 6 25 9 s.3 2 2.4
17.0-17.9 0 | 0 1 | 0.9 | 0 | 0
| ! !
Total .l 235 100.0 \ 16 | 100 g 51 100.0
Mean, 13.87 gm. Mean, 14.56 gm. Mean. 14.34 gm.
St. der., 1.07 St. dev., 1.08 St. dev., 0.0
Erythrocytes
MILIIONS
1.5-1.9 1 0.6 0 0 0 0
2024 1 0.6 0 0 0 0
2.5-2.9 3 19 0 0 0 0
3.0-3.4 3 19 0 o 0 0
3.5-3.9 22 13.9 0 0 0 0
4.0-4.4 46 29.0 6 55 2 2.4
4.5-4.9 50 314 28 59 16 19.6
5.05.4 2 18.2 33 .7 33 40.6
5.5-5.9 4 2.5 18 16.7 2% 4.6
6.0-6.4 0 0 17 13.7 2 24
6.5-6.9 0 0 5 4.6 0 0
T.h-T.4 ' 0 | 0 | 1 0.9 \ 0 0
Total 159 100.0 | 208 | 1000 l 8 - 100.0
Mean, 4.48 Mean, 5.4 Mean, 5.32
St. dev., 0.67 St. deo., 0.645 . St. der., 0.42
Leucol::nes
TEOURANDS
2.0~ 29 6 18 0 0 0 0
3.0- 3.9 16 4.8 1 09 0 0
40-49 26 7.9 3 19 0 0
5.0- 5.9 35 16.5 9 5.3 7 S.6
6.0- 6.9 38 1i5 12 1.1 23.4
7.0-7.9 55 16.5 14 13.0 18 19.s
8.0- 8.9 48 14.6 15 13.3 11 13.6
9.0- 9.9 , 24 ; 7.2 16 A O 10 14
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T TABLE 6—Continucd
" ‘: ; ‘ BENZENE omOUP, 1838 l FLANT &, 1940 coxNTROL GROUY, 1918
; ’ TEOTSANDS | k ——
i;‘l ! } | No. l % J No. l % No. ‘ %
e Leucocytes—Concluded
P 00109 : 26 1 7.8 14 13.0 ‘ 3 16.1
v 11.0-11.0 T 21 8 7.4 | 3 3.7
" : t 12.0-12.9 1 5 4.6 1 1.2
vl 13.0-13.9 3 6 5.5 0 0
14 1114 9 | 2 0.6 0 0 1 b 12
, 15.00r ! 2 0.6 (i | 5.5 0 X 0
' more ]
Total....., 332 , 1000 | 100 } 100.0 81 100.0
| Mean, 7,205 | Mean, 9,200 Mean, 8,253
| St dev., 2368 St.dev., 2710 | St.des., 1,89
Lymphocytes
; % |
: . 10-19 10 9.9 4 3.7 2 24
L 20-29 a 3.6 2 19.4 10 12.4
R R 30-39 4 %.6 57 0.8 10 49.5
Ly ‘ 2. 4049 15 134 24 22.2 23 2.3
FE I BN 50~39 5 45 2 19 5 6.2
£ f b 6069 0 0 0 0 1 12
g { 9
. 'i . ; Total ..... 112 100.0 108 100.0 8l 100.0
N I Mean, 31.79 Mean, 35.0 Mean, 35.25
FRINN St. der., 9.68 St. der., 7.9 St. dev., 11.65
' : . Platelets
: ; N TEOCSANDS |
- j s Less than 12 11.2 0 0 0 0
I N 50
R 50- 9 23 215 7 6.5 0 0
T - 100149 K1 29.0 27 25.0 9 Is
o1 150-199 20 18.7 20 2%.6 11 22
. L 200-249 2 11.? 19 17.6 20 10
M 250-299 6 5.6 14 13.0 8 16
P 300-349 3 2.8 10 9.2 1 2
: ; 350309 0 0 2 1.9 1 2
R Total ..... 107 1000 | 108 | 100.0 % | 1000
IR Mean, 137,620 Mean, 195,250 Mean, 208,000
; ! St. dev., 13,970 St. dev., 66,600 St. dev., 48,590
y ‘
i
|
- zb\. Al "V‘i}“f f 1‘.‘, R e B ..:-. 001 OSSN Aoy P o X P ,‘.:_-,,,
o R e .“ 5 o =
PR PSR T A ,,gw.,,‘_ :@’f!m‘euﬁtﬁ%;
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TABLE 6—Concluded

BENZENE GROUT?, 108 FLANT &, 1940 CONTROL GROUYP, 1030
No. ¢ % No. % No. %
Mean corpuscular volume
CO. o o
70- 74 1 0.9 9 8.3 7 9.3
75~ 79 2 1.9 17 15.s 9 12.0
80— 84 9 8.8 18 16.7 19 25.4
§5- 89 19 18.5 27 25.0 20 26.7
90- 0% 24 23.2 20 1S.5 13 17.3
05~ 99 15 14.6 10 9.2 3 1.0
100-104 16 15.5 4 3.7 4 5.3
105~109 S 7.8 2 1.9 0 0
110-114 | 7 6.0 1 0.9 0 0
115-119 | 2 1.9 0 0 0 | 0
| !
Total.... ! 103 100.0 108 100.0 75 100.0
Mean, 95.51 Mean, 85.14 Mean, 85.30
St. dev., 9.40 St. der.,8.58 St. dev., 7.11
Mean corpuseular hemoglobin
o OML ' ' ) :
20-23 0 0 10 9.2 0 0
24-26 12 10.0 36 3.3 ‘ 0 41.2
27-29 31 25.8 41 38.0 ‘ 34 46.5
30-32 40 33.3 17 15.8 9 12.3
33-35 21 17.5 3 2.8 0 0
-3 11 9.2 1 0.9 0 0
3541 5 42 i 0 0 o 0
— s | cemremm— __i__ —
Total ..... : 120 100.0 | 106 100.0 | 73 100.0
i
Mean, 31.6 Mean, 27.66 Mean, 9.16
. St. der., 3.76 | St. dev., 256 | St. dev., 2.02
Mean corpuscular hemoglobin concentration
% | J I i | 1
2+°20 0 0 0 0 T 1.2
21-29 2 1.9 1 10.2 5 6.1
30-32 40 38.0 T2 66.7 55 67.9
33-35 33 50.6 p 22.2 19 23.6
6-3B 9 8.6 1 0.9 1 1.2
8-, 1 09 o | o 0 6
- {
Total ..... 105 ’ 100.0 106 1000 81 | 1000
‘ Mean, 33.63 Aean, 31.92 ] Mean, 32.02
St. dev., 2.07 . St. dev., 1.75 b St. dev., 1.48
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unless theyv are considered to be fur-
ther evidence of marrow hyperplasia.

Leucocytes. It can be seen in table
6 that only 3 cases (2.8%) still had
significantly reduced leucocyte counts
in 1940. These three can probably
be considered cases of incomplete re-
covery. The interpretation of the fact
that 17 cases (15.6%) had counts above
12,000 is difFcult unless it is on the
same basis of bone marrow hyper-
plasia that has been suggested as an
explanation for the high erythrocyte

TABLE 7
CoyraRrlsoN OF SErcy Birireeiy VALUES
of TrE ExTire BeExzexe Groce v 1038
wite THosE OF 45 ConseceTive Cases
FROM PraxT A 1N 1940

BENIENXE GROUOP, PLANT 4, 140
SERUM BILI- 1838

RUBIN, MG. G

67.6
n.6
10.8

i
|

o8
-5 O C

S lwed

100.0

o

counts. It seems worth while point-
ing out that the mean erythrocyte
count for the 17 cases showing leuco-
evtosis was 3.91 million while the mean

D8 leucocyte count for the 33 cases having

more than 6 million red cells was
10,790. Both of these mean values
are significantly higher than those for
the entire group. The elevation can-
not be accounted for on the basis of
hemoconcentration since the hemato-
erits showed normal cell-plasma ratios.
On the other hand, there was no con-
stant elevation in blood platelets in

0 these cases. nor was there an incredse

in the percentage of polymorphonu-
clear ceils. A further point. inviting
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speculation is the fact that unusually
high red and white cell counts were
not found in any of the 49 men of
Plant B who were examined 14 months
after cessation of benzene exposure.

Lymphocytes. The [allaciousness of
the idea that relative lymphocytosis is
a characteristic feature in benzene
poisoning has been pointed out pre-
viously in thiz paper as well as clse-
where (3, 1), The data in table 6
emphasize the fact that relative lym-
phopenia is likely to occur as a result
of exposure to benzene sind that follow-
ing recovery the percentage of ;ympho-

cvtes tends 1o increase. The close
correspondence bhetween the Plant A
group in 1940 and the control group
is apparent.

Blood Platclets.  Although there had
been a general improvement in the
platelet picture between 1938 and 1940,
there were still 7 cases (6.59;) that
might be considered subnormal or in-
completely recovered (table 6).

Mean Corpuscular Volume (M.C.V.).
In the original studies in 1938 an in-
crease in the average cell sizewas found
to be a very prominent feature. This
determination along with the ery-
throcyte count was shown to be a
reliable Index of early benzene poison-
ingz. The 1940 follow-up studies re-
vealed that in most.cases the cells were
normal in size, but that in a few in-
stances macrocytosis persisted. The
fact that the average M.C.V. of the
1640 series is significantly larger than
that of the control group suggests
that there had been incomplete re-
covery as far as this abnormality was
concerned (table 6).

Mean  Corpuscular  Hemoglobin
(M.C.H.) and Mean Corpuscular Heme=
globin Concentration (M.C.C.), At the
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time Of the original studies in 1938
there was found to be an increase in
M.C.H. values due mainly to the in-
creased cell size, but ig part to actual
hemoglobin concentration. Inspection
of table 6 reveals a general return to
normal of the values in these tests
with 4 cases showing persistence of a
high M.C.H.

Scrum  Bilirubin.  Comparison of
the results obtained in 1038 with those
of 1940 (table 7) shows that there has
been little change in the proportion
of low znd high values. Thefindings
seera to indicate that the serum Mi-
rubin test cannot be used as a reliable
indes of benzene poisoning or of
recovery.

Diagnosis. Inasmuch as complete
blood studies were made on only a
small fraction of the Plant A personnel
in 1938, there is no way of knowing the
number of positive, negative and bor-
derline cases at that time. Using the
same criteria that were applied to
Plant B, (seetable 5), the re-examina-
tions in Plant A in 1940 revealed that
4 of the 108 cases still remained in the
positive group and 8 fell InD the
borderline class. These findings sug-
gest that damage due to benzene may
persist for a period of at least 2 years
after cessation of exposure. It is
interesting to note that two of the
cuses classified as positive in 1940 had
been considered normal in 1938 on the
basis of = white cell count and hemo-
globin determination. It is possible
that if complete blood studieshad been
done at the time of the first examina-
tion in 1938, these 2 cases might have
been found to be abnormal at that
time.

Symptoms. At the time of the

original examinations the workers in

RECOVERY AFTER BENZLNE EXPOSURE
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Plant A had many more complaints
than those of Plant B (3). This may
have been related to the generally
higher concentrations of benzene vapor
in the air of Plant A. When an at
tempt was made to correlate sympto-
matology with blood findings it be-
came apparent that there was no rcla-
tionship. Many individuals with
normal blood had numecrous com-
plaints, and many with marked hema-
tologic abrurmality hsd no complaints
whatsoever. In view of the fact that
.the men continued to work in an
atmosphere which was laden with
solvent vapors, cven though benzene
was no longer present, it is not sur-
prising that a large proportion con-
tinued to have the same complaints
that they had before benzene was
eliminated. At the time of re-exami-
nation there was no correlation be-
tween symptoms and blood picture.
New Employes. Mention was made
at the beginning of this paper of the
fact that 20 men mho had entered the
employ of Plant A subsequent to the
time of the 1938 studies reported for
examination in 1940. The employ-
ment period for this group varied from
7 to 22 months. Two of these men
had erthrocyte counts below 45
million associated ' nith mean cor-
puscular volume values of more than
100 cu.x and consequently svere con-
sidered abnormal. One case had 3
leucocyte count of 21,000 with a nor-
mal differential count and mother had
an ervthroeyte count of 6.92 million.
Otherwise the blood findings in this
group were entirely within normal
limits. Interpretation of these ab-
normalities will be possible only after
subsequent observations,
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CoOMMENT

When an attempt is made to analyse
the findings in these follow-up studies
it is nt once apparent that the datn are
not as complete as might be desired.
In dealing nith groups of printers
actively engaged in pursuing their
trade it is obviously not possible to
make the detailed observations which
can be made on hospitalized paticnts
or on laboratory animals. The diffi-
culties inherent in this type of investi-
gation no doubt explain to some de-
gree tlie paucity uf reports dealing
with recoven from benzene pois-
oning.

In spite of the limitations of the
present study there are several find-
ings which throw a certain amount of
light on the subject of recovery follow-
ing protracted exposure to benzene
fumes. In Plant A, where the in-
tend between cessation of benzene
exposure and the first re—examination
wes about 2 months there was prac-
tically no change in the status of the
group studied at the end of thiStime.
The treatment which individuals in
group received seemed to have no
effect in hastening recovery. AsS a
matter of fact, in a number of cases
the blood picture was further from
pormal after 2 months of treatment
than it had been at the time benzene
exposure ceased and treatment was
begun. Thisfinding suggests that the
deleterious action of benzene may
continue to operate for several months
after the termination of exposure. The
possibility of the benzene substitutes
contributing to this adverse trend
cannot be excluded, but seems d-
tremely unlikely in view of subsequent
events.

frol. 28, ne. 8

The workers in Plant B who were
examined after an intend of 14
months showed very decided improve-
ment, but not universal recovery. OF
particular interest is the fact that 2
individuals whose blood was normal
at the time of the first examination
had distinctly abnormal findings when
re-examined. Both ecases exhibited
a fall in the red cell count and a -on-
comitant increase in erythrocyte Size.
4 additional cases originally classified
as positive still remained in adefinitely
abnormal state and 1 bord«r line case
showed regression.

In Plant A, 4 of the 108 men who
were re-examined after 2 years showed
distinctly abnormal blood pictures and
8 others exhibited abnormalities of a
lesser degree. It thus becomes ap-
parent that it is possible for the effects
of benzene to persist for a period of
at least 2 pears.

The cases which showed regression
after the cessation of exposure are
somewhat difficult to esplain. It
mould seem that if the solvents which
replaced benzene mere responsible for
the adverse trend, many more cases
would have been afiected. The much
over-worked explanation of “individual
susceptibility’”’ does not seem ade-
quate. It is unreasonable to assume
that benzene continued to act for s
period of 2 years after exposure was
terminated. Ul further observa-
tions can be made on this and on
similar groups of workers, one can
only speculate as t0 why a few cases
seem to have retrogressed.

Stvaamary axp CONCLUSIONS

1 Three sets of follow-up blood
studies were made oOn rotogravure
printers mho had been exposed to
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benzene. The studies were made 2,
14 and 24 months, respectively, after
cessntion of benzene esposure.

2. The studies made on 56 men at
the end of 2 months indicated that
the toxic efiects of benzene may con-
tinue to act for a period of at least 2
months following the termination of
contact.

3. The studies made on 49 men at
the end of 14 months showed that
while a large majority of the affected
workers had apparently recovered, a
<mall number had failed to regain a
norwal hematologic status.

4. The studies made on 108 men at
the end of 24 months showed that 4

RECOVERY AFTER BENZEXNE EXPOSUTIL
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individuals still had distinctly ab-
normal blood pictures. This indicates
that damage to the blood caused by
benzene may persist for at least 2
years following cessation of exposure.

5. Recovery is manifested primarily
by iacrease in erythrocyte numbers,
decrease in erythrocyte size and in-
crease in blood plntelets.

8. The total leucocyte count and the
differential formula is an unreliable
indcs of benzene poisoning or of
recovery.

" 7. The usual fortas of anti-anemic
therapy scem to have no effect in
hastening recoven.
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