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Summary  Workers occupationally exposed to ben-

zene in 1940-49 were followed for vital
statusup to 1975. In comparisonwith two control popu-
lations, a significant (p<0-002) excess of leukzmia was

observed. A five-fold excessive risk of all leukamias an
aten- ce ths from myeloid and monocyti
eukzmi ined are demonstrated in the st

ese

th C 5% of the stu ulation all
regar: in the statistical analysis, as being ali t

end ofthe studyperiod.

The environment of the workers in the study popula-
tionwas not contaminated with SOIVENts other than 'Ben—
zene, and exisung records indicate that the Denzene
evels ihemselves Were generally DElow the 1imits recom-
Menaeq at tne time of their measurement.

INTRODUCTION

One of the earliest reports of benzene-related blood
disorders consistent with what is now known to result
from benzene poisoning was published in Parisin 1897.}
In 1928, a clearly established case of leukemia was as-
sociated with benzene exposure in ltaly.? Since then,
many cases of leukzemia associated with exposure to ben-
zene have been reported from various parts of the
world.?? A significant excess of chromosomal aber-
rations has also been observed in benzene-exposed
workers, '

Ishimaru et al.® demonstrated a significant association
between leukemia and occupations with probable expo-
sure to benzene, and Aksoy et al.” reported a signifi-
cantly greater incidence of lzukemia in shoe workers
exposed to benzene than in the general population. In
1976 Vigliani* reported that 150 cases Of leukzmia
attributed to benzene had been identified in Italy.
McMichael et al.'! demonstrated an excess of leukemia
among rubber workers previously exposed to solvents,
including benzene. However, in that study the leukemo-
genic effect could not be attributed directly to benzene
because of concomitant exposure to other solvents used
in the manufacture of rubber products.

Before the 1914—18 war, benzene was used mainly as
a solvent in the rubber industry, but during the war the
demand for toluene in the manufacture of explosives
greatly stimulated benzene production. Currently, §7%
of benzene is used as a raw material in thr synthesis of
compounds such as styrene, phenol, and cvclohexane,
Approximately 10.2 billion b (4.6 billion kg) were pro-
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duced in the U.S. in 1973, 3.5 billion Ib (1.6 billion kg)
in Japan in 1972, and 1.2 billion Ib (0-5 billion kg) in
the UK. in 19722* In the SO years since the firs;
reported case of benzene-associated leukamia, benzene
has been neither widely acknowledged nor uniformly
controlled as a carcinogen in the U.S.** The failure to
control benzene as a carcinogen has resulted primarily
from the reluctance of industry and Government o
accept the accumulated case-reports and epidemiological
observations as scientific evidence of the lenkamogenic
properties of benzene. Today, in the U.S. alone, ap
estimated two million workers are at risk of exposure to
benzene,!* For these reasons we have studied mortality
patterns I workers occupationally exposed to benzene
in the production of a natural rubber cast film (rubber
hydrochloride, marketed under
‘Pliofilm’) at two localities in Chio.

———
INDUSTRIAL-HYGIENE ASSESSHENT
Production AMethods

In the production of ‘Plicfilm’, natural rubber was masti-
cated in an internal mixer, passed through « mill, and con-
veyed D mixing-tanks, where benzene was added and the mix-
ture was agitated. The resulting solution was pumped 10 a
blending-tank, then transferred into » reactor vessel, where it
was treated with hydrochloric z¢id to form rubber hydrochlos-
ide. At this stage, more benzene was added 1o adjust the pro-
portion of solids in the solution. Th e rubber hydrochloride was
transferred to a neutralising-tank, where pliofilm straps, soda
ash, steam, plastigisers, and more benzene were added. After
filtration, the rubber hydrochloride solution was pumped to &
casting-unit, then it was spread on a continuous CONVeYor,
where the benzene was evaporated, and the finished film was
taken up on a roll. The gas containing bthzene was exhausted
from the casting-unit, passed through a wet scrubber, and
channelled into an activated-charcoal absorber unit, where
benzene was recovered and secycled, The rolls of pliofilm were
transferred to another room, where they were inspecied,
trimmed, cut to customer specification, and packed (primarily
for food wrapping). In the production of pliofilm, the only
material known to be associated with blood disorders was ben-
zene. Other materials uscd included hydrochloric acid, soda
ash, and small amounts of antioxidants and plasticisess. The
manufacturing process was essentially identical at both Ohio
localities.

Environmental Monitoring

In 1942, Wilson, as a former member of corporale manage-
ment, recommended a policy for the rubber industry, which
would include pliofilm eperations, of periodic air monitoring
and a complete blood-count for all acw employess.® i was his
view that “a closed system of ventilation where the workman
comes in contact with no fumes is ideal. Any other type of ven-
tilation is not entirely safe.” Shortly thereafier, extensive
exhaust ventilation equipment swas installed in the pliofilm
department in ore locality. The Industrial Commission of
Ohio, after surveying that department in 1946, reported that,
“Tests were made With benzol detectors and the results indi-
cate that concentrations have been reduced to a safe level and
in most instances range from zero to 10 or IS parts psr mil-
lion”.” A further investigation of bcnzenr exposure in that
department in 1956 concluded that exhaust ventilation con-
rols were of cxcelleni design.” In the carly 1960s benzene
point-source concentrarions were measured by company per-
sonnel using detector tubes. A total of 112 surveys were con-
ducted N the period 1963-74. These and carlier surveys have
indicated that empluyees’ benzenc exposure was penerally
below the recommended limit in effect at the time of each sur-
veyW 1418 20 (1yble ),
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TABLE 1—CHRONOLOGY OF RECOMMENDED HENZENE
CONCENTRATIONS [N WORKPLACES IN U S.A.

Ycar Concentration ppm Reference
1941 100 maAc. 16,17
1947 SO Bh r.w.a 14
1948 35 Sh r.w.aA. 14

1957 25 8h 1.w.A. 14

1963 25 Ceiling 14

1969 10 S8h Twa. 18
1971 10 8% Fow a: 1 [E ——

]
I I
i

1

M.A.C.=Maximum allowable concentrution.
T.w.A.=Time-weighted average.

Historical environmental data for the second locality in
Ohio is less well defined. Houever, our own observations, dis-
cussions with company personnel, and the meagre environ-
mental data that have been retained suggest that employees'
benzene exposure at this location was generally well within the
recommended limits.

RETROSPECTIVE COHORT STUDY
Methods

All White men who had had direct exposure to ben-
zef€ at any time beween Jan. 1, 1940, and Dec. 31,
1919, were studied. The depariments and jobs involving
direct exposure to benzene were determined by a survey
by N.I.O.3.H. personnel, which included a review of the
pliofilm process, engineering controls, and air-sampling
data. Company personnel also assisted in these deter-
minations. Job classifications involving benzene expo-
sure were determined without knowledge of the workers'
vitalstatus.

Follow-up of all study-cohort members was attempted
for the time period from first employment to June 30,
1975. To date, vital status has been determined for
approximately 75% of the 748 cohort members. The
remaining 25% were assumed to be alive to avoid overes-
timating the true risk of lymphatic and hamopoietic
malignancies associated with benzene exposure. Causes
of death were determined from death certificates and
were coded according to the International Classification
of Diseases in effect at the time of death; these codes
were then converted to I.C.D. 7th revision numbers. A
modified life-table technique was used to generate per-
son-years at risk of dying according to 5-year age-group
and 5-year calendar periods.

Person-years of observation and causes of death were
determined for the period Jan. 1, 1950, to June 30,
1975. Person-years of observation and deaths occurring
before Jan. 1, 1950, were excluded from analysis since
vital statistics on lymphatic and hemopoietic malignan-
cieswere not published before that date.

Two populations were chosen as control groups for
generating the numbers of expected deaths in the study
population. The first group consisted of the U.S. White
male general population standardised for age arid time
period over which the study cohort lived. The second
group consisted of 1447 White men who had been
employed in Ohio at a fibrous-glass construction-pro-
ducis factory between Jan. 1, 1940, and Dec. 31, 1949,
and who had achieved 5 or more years of employmet
by June 1, 1972 (which was the cut-off date for vital-

status ascertainment in the fibrous-glass control popula-
tion).""

Results

There were 140 observed deaths from all causes
among bensenecxposed workers compared with 187.6
expected deaths (table 1), This deficit reflects in part the
incomplete follow-up of the study popularion. There was
a significant cxcess Of deaths from malignancy of the
lymphatic and hamopoietic systems (1.C.D. 200—-205)
cornpared to 1hat expected on the basis ofdeath-rates of
U.S. White males. This is due almost entirely 1o an
excess of leukamia deaths (1.C.D. 204). To date, 7
leukamia Jdeaths have been observed, compared with an
expected 138 (p<0-002) based on rates for U.S. White
males and an expecied 1.48 (p<0-002) based on rates
for fbrous-plass workers. Even more striking is the
observation that all 7 leukazmia deaths were from either
the myelogenous or monocytic 1ype. Data for cell type,
age at Jeath, and interval since initial exposure to ben-
zene are shown in table 111, The period between initial
exposure and death ranged from 2 to 21 years. These
observations, indicating a specific type of leukaria, are
consistent with the data of Vigliani,* which show a pre-
dominance of acute myelogenous leukemia among
workers exposed to benzene in the rotogravure and shoe-
manufacturing industries in Italy. Since data for specific

Benzene-exposed
workers
Causes
of Jdeath
{(LCD. Deaths Deaths Comparison
codes)* observed expected group S.M.R.
All causes 140 187.5809 {u.s.w.m.) 075
1200-205) 9 3-4497 (u.s.w.Mm) 2601
(204) 7 1-3831 (USWM)  so06%
200-205) 9 5.1020 (r.6.)
(204) 7 1-4758 (r.6.) 474%
TABLE Ill — CASES 0F LEUKAMIA IDENTIFIED BY APRIL, 1977,

AMONG WORKERS EXPOSED TO BENZENE RETWEEN 1940 AND
1949 puRrING PLIOFILAY MANUFACTURE

- Age at Period from
Case Type of death initial exposure
no. leukamia Gr) 1o death (yr)
1 Acine myelogenous 0 13
2 Acute myelogenous 65 10
3 Acute myelogenious 62 2
4 Acute myelogenous 57 19
5 Monoeytic 57 15
;: Chronic myclogenous 2% ;
Monogytic 36 1
( 7| Mtvelogenous 28 E

’ln\_h::ucs teukemia case which did not fit iato cohort definition. The
subject began employment in 1950.
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types of leukxmia mortality in the U.S. are not readily
available for the study period, incidences for myeloid,
monocytic, and total leukzmia from the Connecticut
Tumor Registry?? for the period 1960-62 were applied
to the age-distribution of the benzene-exposed cohort to
generate the specific proportion of total-leukemia cases
which would be of the myelomonocytic types. Of the
total expected number of incidence cases of leukamis,
50-37% were calculated to be of the myelogenous and
monocytic types. This proportion was applied to the
total number of expected leukzmia deaths in the study
cohort which had been previously generated on the basis
ofrates for the U.S. White male population. The results
indicated an expected 0.6967 (0.5037 x 1.3831 =
0.6967) deaths from myelogenous and monocytic feukz-
mia, compared with 7 observed, the standardised morta-
lity-ratio being 1004. Thus, pliofilm workers exposed to
benzene have an estimated 10-fold risk of dying from
myelogenous and monocytic leukzmia.

As a result of past failure to control benzene as a car-,

cinogen, millions of people, without knowledge of the

Haemopoietic dangers, gxg-continually veing exposed td

benzene at work, In.addiriop, 4nknown numbers o con-

sumers, including children, are exposed to_benzene at

fome. from sources such a< model-aeroplane glue anc

paint stripners ‘some containing w to 507 benzene)
We hope that our findings, w! ich demonstrate ove

whelmingly an increased risk ol leukzmia in workers |
exposed to benzene, will stimulate efforts to control

occupational and consumer exposure to benzene, an

agent known for almost a century to be a powerful b%‘

marrow poison.' -

We thank Ms Betsy Egan and Mr David Brown and the entire sup-
port staff of the biometry section, National Institute for Occupational
Safety and Health, for their dedication and assistance during the
study.

Reguests for reprints should beaddressed to . F. 1.
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Before Our Time

OPIUM AND THE HISTORICAL PERSPECTIVE

VIRGINtA BERRIDGE
Addiction Research Unit, Institute of Psychiatry, London SE§

The literature produced over the last ten years analys-
ing and describing the *"drug scene in the United King-
dom has almost totally neglected the historical examina-
tion of English drug, and especially opiate, use. The
familiar examples are quoted and re-quoted; references
to the mid-19th<entury opium wars abound. But how
did ordinary people use opium in the 1820s, when De
Quincey was writing his Confessions? How great a
danger did the unrestricted sale ofopium pose? How did
the medical profession, the chemists, and the public a:
large react? Such questions have remained largely un-
answered; and yet responses to them arc needed if a pro-
perly informed perspective is to be given to the current
worries, and a more rational appraisal made of contem-
porary attitudesand policies.

UNRESTRICTED OPIATE USE

Narcotics ave been under strict Jegal control almost
as long as anyone can remember — therecan be few doc-
tors now in practice whose professional experience goes
back to the years before the first Dangerous Drgs Act
became law in 1920. It is therefore instructive to recall
that, up w 1868, opium and cannabis (in fact then
rarely used) were available over the counter without any
form of restriction, Imported opium, mostly Turkish in
origin, could be bought almost anywhere-—not just from
chemists, druggists, or pharmacists, but in village shops,
from grocers, general stores, and corner shops in the
back streets of the growing industrial cities. The Huil
coroner, for instance, noted in 1854 after an inquest on
an infant poisoned with laudanum sold in mistake for
syrup of rhubarb, that the liquid opiate "was kepi with
several other bottles of similar shape and appearance on
a shelf in the shop window of a Grocer in a districi
thickly inhabited by factory operatives, and was given to
a messenger between six and seven years old*".

Acceptance of the drug went so far as to encourage
enterprising farmers, doctors, and market gardeners to
experiment with the cultivation of a British variety.
Mcssrs Cowley and Staines, for instance, who cufiivated
several acres at Winslow in 1823, managed to produce
186 1bs of opium from 12 acres of land. Their profit, in-
cluding the yield from a crop of turnips prudently
planted in addition, was over [96 an acre; others
reported similar successes, although *"the precariousness
of our climate” was universally recognised as a draw-
back.>? British opium was never generally used; hut
opiates— <hicfly lfaudanum, the camphorated tincture
known as paregoric clixir, and raw opium, sold in pills
and penny sticks—were widely used both on medical
preseription and as self-medication by those who could
not afford medical treatment. In one area of the country,
the {ow-lying, marshy, ague-ridden Fens, it was accepted
that opiate use on a regular and sustained basis was




