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CORRESPONDENCE

Risk assessment ofleukaemia and
occupational exposure to benzene

Sir,-Swaen and Meijers
(1989;46:826-830) have proposed a

risk assessment of leukaemia based on
three negative epidemiological studies
of workers exposed to low concentra-
tions of benzene.'3 The risk assess-

ment departs from the upper 9500
confidence limit of a standardised
mortality ratio (SMR) that was

assumed to be 100, based on 79 cases of
leukaemia observed in these three
studies. Exposure to benzene was
assumed to have been 5 ppm for ten
years.
Three questions come to mind:

(1) Were all workers in the three
cohorts exposed to benzene?
(2) What was the actual level of
exposure to benzene?
(3) Was there any indication of a

healthy worker effect, which
could question the validity of the
assertion that these studies were

really negative?
From the quoted reports, the

answer to the first question seems to be
a rather clear no. In the study among
petroleum industry workers by
Thorpe,' the author himself considers
that less than 300,) of the cohort had
been exposed to benzene. The study
by Rushton and Alderson2 was con-

ducted among workers in the United
Kingdom oil industry, "including
some exposed to benzene", to quote
the paper. It gave no indication about
what proportion of the workers
actually was exposed, but given the
type of industry studied, it seems

reasonable to guess that it was not
most of them. The study by Parkes et

a13 was conducted in the rubber indus-
try, where exposure to benzene is
restricted to some specific job
categories.4 Again, there is no infor-
mation in the paper to allow a reliable
estimate of the proportion of those
exposed but it is likely, given the wide
range of occupational groups lumped
together, that many were unexposed.
It is apparent that one cannot assume

that all workers were exposed to ben-
zene in these studies. Even if those
who were exposed did not show an

excess incidence of leukaemia, the
number of cases among the exposed

was much less than 79, and con-
sequently, the confidence limits of the
SMR that were calculated under-
estimate the uncertainty by an
unknown margin.
No reliable estimate of the true

exposure to benzene seems possible
from the published reports. The paper
by Thorpe' mentions some
measurements for the exposed work-
ers, which were mainly in the 1-4 ppm
range. The other two papers supply no
data on exposure at all. With such
scant information, it is questionable
whether one should attempt a
quantitative risk assessment at all. A
large uncertainty exists, which the
authors do not adequately consider.
When comparing industry workers

with the general population, the
potential bias caused by the healthy
worker effect should always be con-
sidered. Thorpe' actually reported
SMRs of 121 among the exposed
workers, and 60 among the unexposed
workers. Because ofthe small numbers
of cases of leukaemia, neither was
significantly different from 100, but a
simple comparison of these numbers
suggests both a healthy worker effect
and a two fold difference in risk
between exposed and unexposed per-
sonnel. A recent study reported in this
journal' has also suggested a healthy
worker effect for leukaemia among
male chemical workers unexposed to
benzene. Swaen and Meijers do not
discuss this potential bias, and it seems
that at least suggestive evidence exists
that (some of) the studies they selected
were not that "negative" at all.
A small point concerns an error in

the calculation of the SMR confidence
limits. The limits should be 80-125
rather than 89-112; the authors have
forgotten to take the 196 factor in
their formula into account; this error
changes the numerical outcome of
their exercise considerably.

It would seem that the studies used
in the risk assessment do not really
permit an acceptable quantitative
estimate of the risk of leukaemia
associated with low level exposure to
benzene. It is definitely valuable to use
negative epidemiological studies in
risk assessments, but we should make
sure that the studies we cite are suf-
ficiently informative for the purpose.
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The authors' reply:
The first point raised by Brunekreef is
whether or not all the workers in the
three negative studies were exposed to
benzene. It is clear, as stated in our
paper,' that not all the cohort members
were exposed to benzene and it would
have been better to base the risk
assessment on those subjects of work-
ers who did experience exposure.
Other reports exist, however, of
epidemiological studies of workers
exposed to low concentrations of ben-
zene in which no excess mortality from
leukaemia has been found. Other
studies of oil refinery workers gen-
erally are negative. Studies of coke
plant byproduct workers do not show
excess mortality for leukaemia,
although it is certain that exposure to
benzene was present.23 Studies in the
American rubber industry provided
evidence for a risk for lymphatic leuk-
aemia after exposure to solvent, which
contrasts with the generally accepted
point of view that benzene only
induces leukaemia of the non-lym-
phatic type.

It would require an extensive review
of publications to identify all the
cohort studies ofworkers who had also
experienced coexposure to benzene.
In the chemical industry where
exposure to benzene can be present
and was definitely present in the past,
occupational physicians are aware of
the potential health risks, but case
reports on benzene related cases of
leukaemia in the industry are rare. The
negative studies taken as a basis for
risk assessment of low concentrations
of benzene may not be flawless, but
they represent a larger body of non-
systematic information that points to a
non-existing risk for leukaemia after
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exposure to low concentrations ofben-
zene.
Another issue raised by Brunekreef

is the possibility of a healthy worker
effect. In the three studies combined,
79 deaths from leukaemia were found
v 83 expected. Thus there does seem to
be a small healthy worker effect. To
avoid bias from this, we did not work
with the SMR of 95 (the actually
observed SMR), but preferred to base
the extrapolation on the SMR of 100.
This, of course, makes the extrapola-
tion more conservative. The SMR of
95 has an 950o upper value of 118.
Furthermore, it must be clear that
using a two sided confidence interval
makes the extrapolation more con-
servative as it coincides with a one-
sided interval of 97 5%.
The extrapolation based on the

three negative studies was merely
intended as an example and not as the
only basis on which the risk evaluation
was made. The purpose was to show
that even after treating the negative
studies with great uncertainty, they
lead to a lower estimation of the risks
than the positive studies of highly
exposed workers.
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NOTICES

University of Cincinnati
NIOSH Educational Resource

Center
Environmental and

occupational health & safety
continuing education courses

October 1990-August 1991
5131558-1730

Comprehensive review for indus-
trial hygiene professionals, 4-8
March 1991; 18-22 March 1991
Designed for those studying for the
ABIH certification exams. Twice

daily quizzes will help students iden-
tify areas for further study. Lectures
cover the entire field of industrial
hygiene. Registration is limited, so
please register early. 4.0 CEU. Call
513/558-1730 for information.
Fee: $625 (1990 courses) $695 (1991
courses)

Pulmonary function testing:
NIOSH approved spirometry
(NIOSH 010), 9-11 January 1991;
2-4 April 1991
All aspects of screening spirometry in
the occupational health and outpatient
setting are presented through lectures
and laboratories with hands on
experience. Successful completion of
this course satisfies government train-
ing requirements for certain indus-
tries. 1.8 CEU. Call 513/558-1730 for
information.
Fee: $395 ($495 when taken with PFT
II)

Interpretation of pulmonary
function tests, 5 April 1991
This course provides additional train-
ing in pulmonary function for practis-
ing professionals. The focus is on
interpretation of test results and revi-
ewing the latest changes and updates
in pulmonary function testing. 0.7
CEU. Call 513/558-1730 for informa-
tion.
Fee: $125 ($495 when taken with PFT
I)

Building inspection procedures/
Management planner training,
10-14 December 1990; 28 January-
1 February 1991; 13-19 April 1991;
13-17 May 1991; 22-26 July 1991
This five day training course has full
EPA AHERA approval for asbestos
building inspector and management
planner training. Courses consist of
lectures, hands on workshops, a field
trip, and two examinations. Courses
are offered in cities throughout Ohio.
3 ABIH points, 3.5 CEU. Call 513/
558-1730 for information.
Fee: $800

Building inspector/Management
planner refresher training, 22
October 1990; 10 December 1990;
28 January 1991; 15 April 1991; 13
May 1991; 17June 1991;9July 1991;
22 July 1991
This one day refresher course meets
EPA AHERA requirements for asbes-
tos building inspector and man-

agement planner refresher training.
Courses are offered in cities through-
out Ohio and Kentucky. Call 513/558-
1730 for information.
Fee: $175

Contractor/Supervisor asbestos
abatement practices, 11-14
December 1990; 29 January-1
February 1991; 16-19 April 1991;
14-17 May 1991; 23-26 July 1991
This four day training course has full
EPA AHERA approval for asbestos
abatement contractor and supervisor
training. Courses consist of lectures,
hands on workshops, and one examin-
ation. Courses are offered in cities
throughout Ohio and Kentucky. 3
ABIH points, 2.8 CEU. Call 513/558-
1730 for information.
Fee: $675

Contractor/Supervisor asbestos
abatement practices refresher, 23
October 1990; 11 December 1990;
29 January 1991; 26 February 1991;
16 April 1991; 14 May 1991; 18 June
1991; 10 July 1991; 23 July 1991
This one day training course meets
EPA AHERA requirements for asbes-
tos abatement contractor and super-
visor refresher training. Courses are
offered in cities throughout Ohio and
Kentucky. Call 513/558-1730 for
information.
Fee: $175

Asbestos abatement project
designer training, 29 January-i
February 1991; 16-19 April 1991;
14-17 May 1991
This four day training fulfills
requirements for EPA AHERA
project designer training. It covers all
aspects of asbestos abatement project
design from abatement specifications
and preparing abatement drawings to
industrial and occupied building
special considerations. Hands on
workshops, complete NIBS specifica-
tions, a field trip, and a 100 question
exam are included. Call 513/558-1730
for information.
Fee: $695

Asbestos abatement project
designer refresher course, 30 Jan-
uary 1991; 17 April 1991; 15 May
1991
This one day training course meets
EPA AHERA requirements for asbes-
tos abatement project designer
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