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Lymphohaematopoeitic cancer mortality among workers

with benzene exposure
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Lymphohaematopoeitic cancer morfality was examined among 4417 workers at a chemical plant by
cumulative and peak benzene exposure. There was litlle evidence of increasing risk with increasing
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acute non-lymphocytic leukaemias (ANL)."™* Some stud-

ies indicate that multiple myeloma, Hodgkin’s
lymphoma, non-Hodgkin’s lymphoma, chronic myeloid leu-
kaemia, chronic lymphocytic leukaemia, and various myelo-
dysplastic syndromes may also be related to benzene
exposure.”” Studies of workers exposed to low benzene levels
have been null or reported only slightly increased rates of ANL
or all leukaemias.'""® The dose rate of benzene, or the exposure
concentration received over time, appears important for
assessing cancer risk in experimental systems. Specifically,
some argue that a critical concentration must be present
before cancer risk is increased.” ** Most previous studies of
benzene workers have used cumulative exposure independent
of concentration to assess risk. We examine lymphohaemato-
poeitic cancers in the present study to determine the effects of
low cumulative benzene exposure and short term exposure
peaks. The plant that we studied was included in a previous
industry wide benzene study.” The cancer rates of the workers
at this plant have been reported previously, but we extend the
vital status follow up, add female workers, and compare effects
of different benzene dose rates."”

Exposure to high levels of benzene increases the risk of

SUBJECTS AND METHODS

We included all hourly workers beginning employment
between 1940 and 1977 at the Solutia plant, previously Mon-
santo, in Sauget, Illinois. Person time accumulation began on
hire date and ended at the earliest of study termination date
(31 December 1997), the last day worked if lost to follow up,
or the date of death. The study cohort included 4172 men and
245 women ascertained from work records and reports to the
Internal Revenue Service. Vital status follow up was com-
pleted for 4352 (99%) workers, of which 2431 (56%) were
deceased. We obtained death certificates for all but 27 (1%)
decedents. We included deceased workers for whom we lacked
a death certificate in the all-cause mortality analysis.

Exposure assessment

The benzene using departments at the plant were nitroben-
zene, phenol, chlorobenzene, muriatic acid, and alkylbenzene
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cumulative exposure for all leukaemias or acute non-lymphocytic leukaemias (ANL), or the other lym-
phohaematopoeitic cancers with the exception of multiple myeloma. For multiple myeloma, the SMRs
were 1.1 (95% CI1 0.3 to 2.5) in the non-exposed group, 1.4 (95% Cl 0.2 to 5.1) in the <1 ppm-years,
1.5 (95% Cl 0.2 to 5.4) in the 1-6 ppm-years, and 2.6 (95% Cl 0.7 to 6.7) in the >6 ppm-years group.
We found no trends by peak exposures for any of the cancers. However, when peak exposures over
100 ppm for 40 or more days were considered, the observed number of all leukaemias (SMR = 2.7,
95% Cl1 0.8 to 6.4), ANL (SMR = 4.1, 95% Cl 0.5 to 14.9), and multiple myeloma (SMR = 4.0, 95%
Cl 0.8 to 11.7) were greater than expected. While the observed number of deaths is small in this study,
the number of peak exposures greater than 100 ppm to benzene is a better predictor of risk than cumu-
lative exposure. The dose rate of benzene and a threshold for exposure response may be important
factors for evaluating lymphohaematopoietic risk.

production. Only the chlorobenzene and muriatic acid depart-
ments were operational when collection of personal exposure
data began in 1980. However, some area sampling was
available for all departments. We used the history of process
changes, area sampling levels, individual level exposures (that
is, 1090 personal time weighted average eight hour benzene
exposures and 247 personal short term exposure levels) and
the plant’s industrial hygienist’s (CFB) judgement to estimate
exposures. Most exposures stratified by time, department, and
job had to be estimated without relevant personal exposure
data.

We estimated continuous exposures as eight hour time
weighted averages using categories <1, 1-10, and 11-50 ppm.
We were unable to estimate potential for continuous benzene
exposure for maintenance jobs since exposure to benzene is
intermittent and highly variable. We also estimated the
number of days for which a 15 minute exposure excursion in
excess of 100 ppm was likely. We estimated potential for peak
exposures for all job types.

We cumulated individual daily exposure and divided the
exposure categories into three groups used in the previous
study: less than 1 ppm-year, 1-6 ppm-years, and greater than
6 ppm-years.” Cumulative exposures ranged from 0.1 ppm-
years to 632 ppm-years with a median of 3 ppm-years.
Similarly, we cumulated the number of days with peaks into
categories used in the previous study: no day over 100 ppm,
less than 7 days, 7-40 days, and more than 40 days."” The
number of days with peak exposures greater than 100 ppm
ranged from 1 to 2590 with a median of 22 days. Most job
types in the plant had no potential for peak exposures over 100

Statistical analysis

We compared worker death rates with rates for the population
of Illinois. We calculated standardised mortality ratios (SMRs)
and 95% confidence intervals (CI) using the Fisher exact

Abbreviations: ANL, acute non-lymphocytic leukaemia; Cl, confidence
interval; SMR, standardised mortality ratio
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SMRs, 95% Cl, observed deaths (OBS), and expected deaths (EXP), for selected causes of death by cumulative benzene exposure category

Table 1

Cumulative exposure (ppm-years)

1-6 >6

<1

No exposure

OBS/EXP SMR (95% Cl) OBS/EXP SMR (95% Cl) OBS/EXP SMR (95% Cl) OBS/EXP

SMR (95% Cl)

Cause of death (IDC8 code)

424/406.8
128/101.2
55/34.3
5/2.2
0/0.6
4/3.2
4/1.5
6/3.5
1/0.8
2/0.9
0/0.6
149/165.7

365/345.8
97/85.5
39/29.0
3/2.0
0/0.6
4/2.7
2/1.3
4/2.9
0/0.6

2.7
1.9
0.9

342/361.7
84/88.7
32/30.0
1/1.9
1/0.6
3/2.6
2/1.4
2/2.9
1/0.6
1/0.7
0/0.5
134/140.0

1.1

0.9
0.9

1300/1290.7
336/305.2
126/98.5
2/2.3

2/2.6

0/1.8

o
o

Benign neoplasms of brain, eye, and CNS (224, 225, 238, 743.4)

All heart disease (390-398, 400.1, 400.9, 402, 404, 410-414,

420-429)
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683

1343

2037

4063
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25798

86268
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method.” ** Study conduct followed the guidelines given by
the Chemical Manufacturer’s Association.”

RESULTS

Table 1 presents SMRs for workers in cumulative benzene
exposure categories for selected causes of death. Total
mortality SMRs for the no exposure categoryis 1.0 (95% CI 1.0
to 1.1), for <1 ppme-years is 0.9 (95% CI 0.8 to 1.1), for 1-6
ppm-years is 1.1 (95% CI 1.0 to 1.2), and for >6 ppm-years is
1.0 (95% CI 0.9 to 1.1). The all cancer SMRs range from 0.9
(95% CI 0.8 to 1.2) in 1 ppm-years category to 1.3 (95% CI 1.1
to 1.5) in the >6 ppm-years exposure category. SMRs greater
than one for central nervous system cancers and lung cancer
were seen among exposed and unexposed workers. The SMRs
for all leukaemias were 1.0 (95% CI 0.5 to 1.8) for no exposure,
0.7 (95% CI 0.1 to 2.5) for <1 ppm-years, 1.4 (95% CI 0.4 to
3.6) for 1-6 ppm-years, and 1.7 (95% CI 0.6 to 3.8) for the >6
ppm-years. ANL SMRs show a similar trend by exposure cat-
egory, but chronic lymphatic leukaemia does not. The SMRs
for multiple myeloma increase with cumulative exposure cat-
egory, but neither Hodgkin’s disease nor non-Hodgkin’s
lymphoma shows a similar trend.

Table 2 presents SMRs for workers in short term peak ben-
zene exposure categories. No increasing trend with peak ben-
zene exposures is present for any of the causes of death exam-
ined. However, SMRs in the >40 days with peak exposures
over 100 ppm are 4.0 (95% CI 0.8 to 11.7) for multiple
myeloma, 2.7 (95% CI 0.8 to 6.4) for all leukaemias, 4.1 (95%
CI 0.5 to 14.9) for acute non-lymphatic leukaemia, 1.8 (95% CI
0.4 to 5.1) for non-Hodgkin’s lymphoma, and 1.6 (95% CI 1.1
to 2.3) for lung cancer. While not shown in either table, no
deaths from anaemia (ICD-8, 280-289) were found among
benzene exposed workers.

Of the 22 leukaemia deaths, 15 occurred among workers
with benzene exposure (12 with cumulative exposure, four
with cumulative and peak exposure, and three with only peak
exposure). The SMR for all cumulative exposed workers is 1.3
(95% CI 0.7 to 2.3) and the SMR for all peak exposed workers
is 1.8 (95% CI 0.7 to 3.6). SMRs for leukaemia by year of hire
for all benzene exposed workers were 0.9 (95% CI 0.4 to 1.7)
for hire year 194049, 1.6 (95% CI 0.4 to 4.1) for hire year
1950-59, and 3.2 (95% CI1 0.7 to 9.4) for hire year 1960-77. The
SMRs for interval from onset of exposure for exposed workers
were 1.3 (95% CI 0.0 to 7.0) for <10 years, 2.2 (95% CI 0.5 to
6.5) for 10-19 years, and 1.1 (95% CI 0.6 to 1.9) for 20+. Ten
of the 13 deaths from multiple myeloma occurred among
workers with benzene exposure (eight with cumulative expo-
sure, two with cumulative and peak exposure, and two with
only peak exposure). Six occurred among workers hired in
1940-49 (SMR = 1.3, 95% CI 0.5 to 2.9), three among workers
hired in 1950-59 (SMR = 2.8, 95% CI 0.6 to 8.0), and one
among workers hired 1960 or later (SMR = 2.7, 95% CI 0.1 to
15.1). All 10 deaths from multiple myeloma occurred 20 or
more years after first exposure (SMR = 1.8,95% CI 0.9 to 3.3).

DISCUSSION

Unlike the Pliofilm worker study, we found little evidence of
increasing leukaemia or ANL risk with increasing cumulative
exposure to benzene.” However, there were more leukaemias
(5 observed, 1.8 expected) and more ANL (3 observed, 0.8
expected) than expected when peak exposures over 100 ppm
for 40 or more days were considered. There was little or no
increased risk in any of the lower exposure categories for these
cancers. The pliofilm worker study also found an increased
risk of multiple myeloma among benzene workers, but this
increased risk was not related to cumulative exposure. We also
observed increased rates of multiple myeloma among our
benzene workers and there is an indication of increasing risk
with increasing cumulative exposure. However, we also
observed increased rates of multiple myeloma among workers
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Death certificates not obtained

Persons at risk
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11593
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with 40 or more days of peak exposures exceeding 100 ppm,
with little indication of increased risk in the other categories.
With the exception of leukaemias, particularly acute non-
lymphocytic leukaemia, and multiple myelomas, there is little
evidence that any of the other lymphohaematopoietic cancers
were related to either cumulative dose or number of peaks.

Cancer risk assessment for benzene has assumed a cumula-
tive relationship between exposure and risk, independent of
the concentration.”** An alternative view is that there is a
threshold concentration below which no significant bone
marrow toxicity occurs and thus there is no increased leukae-
mia risk."” *** Further, exposure intermittency may also be
important for understanding benzene induced
myelotoxicity.” ** ** For example, in animal models, multiple
high exposure intervals interrupted by several days are more
effective in producing bone marrow suppression than
repeated daily administrations."” While our study is small and
has lower cumulative exposures that the Pliofilm worker
study, we find that a high number of peak exposures to
benzene appeared to be a better predictor of ANL risk than
cumulative exposure. Since the Pliofilm worker study did not
estimate exposure peaks, it is not possible to directly compare
our findings. However, if concentration is important for evalu-
ating increased risk, the use of cumulative exposure alone may
obscure the true risk from benzene exposure. Recently, the
Pliofilm worker study was re-evaluated using an indicator of
exposure concentration rather than cumulative exposure and
the authors concluded that increased leukaemia risk occurs
with a minimum concentration between 20 and 60 ppm of
benzene, arguing for a threshold of exposure. This conclusion
is consistent with our findings and an indication that dose rate
and a threshold need consideration in studies of benzene
workers for leukaemia risk.

We also observed increased risk of all cancers among both
unexposed and exposed workers. Death from lung cancer,
central nervous cancer, and non-Hodgkin’s lymphoma ex-
ceeded expected numbers for exposed and unexposed
workers. However, these cancers were not associated with
either cumulative or peak benzene exposures and thus
probably not related to benzene exposure.

There are several limitations that we considered in evaluat-
ing these results. Exposure estimation was difficult for the
1940s and 1950s because little information was available. We
assigned our highest exposures to jobs during that time, but
exposures could have been much higher given the greater
potential for upset conditions. These uncertain exposure esti-
mates could have caused misclassification of exposures that
could have biased our estimates of risk associated with either
cumulative or peak exposures. Also, many other exposures
were possible in this plant during the study dates, although no
other known or suspected leukaemogen was used or made in
this plant. Smoking has been related to increased leukaemia
risk.”” We had no information on smoking status of our work-
ers, but given the magnitude of the leukaemia risk among
exposed workers, we think it unlikely that smoking is an
important confounder.

There is continuing debate about whether low benzene
exposure increases risk of multiple myeloma and all types of
leukaemia, or just ANL.” ** Our study found increased rates of
ANL and multiple myeloma at benzene concentrations greater
than 100 ppm. High and intermittent benzene exposure was
related to the highest risk. Our findings were limited by
imprecision, and the potential for exposure and disease
misclassification. Nevertheless, the dose rate appeared impor-
tant for evaluating lymphohaematopoietic cancer risk in our
study.
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