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This study was conducted to evaluate the relationship between leukemia occurrence and long-
term. low-level benzene exposures in petroleumn distribution workers. Fourteen cases were
identified among a previously studied cohort {Schnatier et al., Environ Health Perspect 101(Supp!
6):85-99 (1893)1. Four controls per case were selected from the same cohort, contraifing for birth
year and time at risk. Industrial hygienists estimated workplace exposures for benzene, without
knowledge of case—control status. Average benzene concentrations ranged from C.01 to 6.2 ppm.
Company medical records were used to abstract information on other potential confounders such
as cigarette smoking. Odds ratios wera calculated for several exposure metrics. Conditional
locistic regression modeiing was usad 10 control for potential confounders. The risk of leukemia
w2s not associated with increasing cumuiative exposure 10 benzene for these exposure levels.

Duration of benzene exposure was more closely associated with leukemia risk than other
exposure metrics, although resuits were not statistically significant. A family history of cancer and

Jarette smoking were the twe strongest risk factors for leukemia, with cumulative benzene
_xposure showing no additional risk when considered in the same models. This study is
consistent with other data in that it was unabie 1o demonstrate a relationship betwesn leukemia
and iong-term, low-ievel benzene exposures. The power of the study was limited. Thus, further
study on pbenzene exposures in this concentration range are warranted. — Environ Heaith

Perspect 104(Suppl 8):1375-1379 {195G!
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Introduction

Benzene has been classified as a known
human carcinogen (/). Most investigarors
(2-5) base risk predictions for occupa-
tional and environmental exposures on 2
cohort of rubber hydrochloride workers
_(6). However, this cohort was exposed to
high concéntrations of benzene, which
sometimes exceeded time-weighted average

concentrations of 50 ppm (7.8). Perroleum
diseribution workers are exposed to benzene
while mransferring gasoline and other petro-
leum products. These exposure levels are
generally less than 1 ppm on an 8-hr dme-
weighred average basis. Previous studies of
these workers (9~12) have not examined
leukemia risk by benzene exposure. The
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aim of this arricle is ro study this lower
portion of the dosc—response curve for
benzene and leukemia.

Methods

We identified cases from all workers in 2
previcusly conducred cohort study (13)
meetng the following criceria: a) died with
an underlying cause of death of leukemia
(Inzernational Classification of Disease,
codes 204-207); b) ever worked in either
the markering/distribution, marine, or
pipeline segments; and ¢) died becween
1964 and 1983, the study end dare.
Scatistics-Canada coded all death certifi-
cartes for underlying cause of death. The
criteria resulted in 16 leukernias. We were
unable to obrain reliable information on
leukemia cell cypes for che cases. We
selected four controls for each case from
records in the same cohort. Controls were
restricred to males, frequency matched by
decade of birth, and were alive on or after
the case’s date of death. After excluding
cases and controls with inadequare work
histories, there were 14 leukemia cases and
55 controls.

The derails of the sxposure asscssment
strategy are described elsewhers (74).
Briefly, work histories were abstracted from
hard copy personnel records for each case
and control and forwarded, withour case/
control status to industrial hygienists. The
industrial hygienists derived workplace
exposurs sstimates for benzene and toral
hydrocarbons for every job/location/era
combination. The process started with site
characrerizations for the 89 study locarions.
including loading/unloading rechnology
present ar the sites, the types of marcrials
handled, the rypical rasks performed by
workers, and typical environmental condi-
tions such as average ambient tempera-
tures. Surveys were available for some of
the sites and were supplemented with daca
on similar operations from outside the
company to derive “base exposure esti-
mates” for job/locadon/era scenarios in the
work histories. The industrial hygienists
then applied adjustment factors, based on
differences in environmental, operadional,
wask, and worksite conditions. The values
for the adjustment factors were estimated
through physical-chemical first principles,
or empirical daca.

The validity of the estimating method
was tested by comparing exposure estimates
from the estimating procedure with results
from industrial hygiene surveys carried out
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. during the relevant time period. On
. average, estmares were within 22% of the

measured daca. This was considered

reasonable agreement. '

Eighc-hour time-weighted average
exposure intensity estimates were assigned
to each line in every worker's job/location
history. We suberacted absentee informa-
don from time at work, and then mulci-
plied the intensity estimates by length of
tme in 2 job. These results were summed
to arrive at a ppm-year estimare for every
worker’s career. Exposures for controls
were only summed up to the correspond-
ing case’s darte of death. We also lagged
exposures by 5, 10, and 15 years (15). This
strategy does not count exposures received
5, 10, or 15 years immediately prior to the
case’s dace of death. The industrial hygien-
ists also provided a ranked estimare for
each line indicating the probabilicy of der-
mal exposure to hydrocarbons. This was
kept as a separare index from the estimarted
inhalation concentrations.

Potencial confounders were abstracred
from company medical records, and
included informarion on smoking habits,
hobbies, previous exposures and occupa-
tions, diagnostic radiation exposure, and
family history of cancer. The dependent
variable in all analyses was case/conrrol
status. The primary independent variable
of incerest is cumulative benzene exposure
measured in ppm-years. Other exposure
characrerizations, such as dermal exposure
and average intensity of exposure during
the encire work history, were also analyzed.
We also caregorized cumulative exposure
in various ways to guard against a curpoint
cffect (16). We examined results according
to the following schemes using the distrib-
ution of exposures in the controls:

* the quartile discribution

* the tertile distribution

» four categories splic at the median,
75th, and 90th percendles

» ppm-years split ac 0.43, 4.5, and 45
ppm-years (the category boundaries
correspond to 0.01, 0.1 ppm, and 1
ppm for 45 years)

s ppm-years splic ac 0.9, 9.9, and 99
ppm-years (the category midpoinrs
correspond to 0.01, 0.1, and 1.0 ppm
for 45 years).

Results

The mean ages (ac first exposure and last
follow up) and number of years exposed,
are displayed in Table 1 for leukemia cases
and controls. On average, the leukemia cases
were three years younger than controls.
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Tabla 1. Comparison of attributes for [eukemia cases
and controls.

Characteristic Cases Controls
Aga, at casa’s death 685 68.0
Age, at first exposure 287 37
Years exposed 303 280
Table 2. Laukemia risk by potential confounders.
No.
exposed Odds
cases rato  95%Cl
Sacioeconomic job type
Managerial/professionai 4 1.00 —
Clerk/technician 4 034 0.03-3.10
Operator/driver 6 041  0.07-233
Smaking status
Never a 1.00 -
Ever 7 = -
Familial cancer
No 8 1.00 —_
Yes g 251 0.51-133
Na. chest X-rays
0-9 7 1.00 —_
10-14 3 141 018112
15-19 2 075 0.01-188
20+ 1 1.73 0.02-156

Cl, confidence interval.

Cases were also exposed for a similar
number of years as controls.

Table 2 displays matched odds ratios
(ORs) for the 14 leukemia cases and 55
controls according to potendally confound-
ing variables, The two strongest risk factors
arc a family history of cancer (OR=2.51},
and smoking (OR =), although boch
have wide or noncalculable confidence
incervals. The number of chest X-rays doc-
umented in medical records is not strongly
related to leukemia risk, while the risk of
leukemia is highest in managerial and
professional job designations.

Table 3 shows the risk of leukemia
according to cumulacive exposure to ben-
zene. None of the categorizations shows a
monotonic trend for leukemia risk by
cumulative exposure, although there are a
small number of cases and controls in each
category. For cumnulative benzene exposure,
the highest leukemia risks are observed in
the second quartile (OR=5.06) and mid-
dle terrile (OR =4.37), buc the ORs
decrease in the highest quartiles and certile.

When examining the highest exposure
categories in Table 3, cumulacive benzene
exposures greater than 5.5, 8, 20, 45, and
99.9 (up to 220 ppm-years) resulc in ORs
0f0.92,2.11, 0.96, 1.47, and 1.03, respec-
tively. All five of the categorizadons suggest
risks consistenc with unigy for the highest

Table 2 Leukemia isk by cumuiative exposure to bergzg

© Ne PRI
Beneneexposwe,  exposed Odds -
ppm-years cases ratin B
0-0.17¢* 2 1.00 —_
0.18-0.49 8 506 034
050-79 - - - 1 . 088 081-197
8.0-2188 3 211 010138
0-022¢ 3 1.00 —
023-5.48 8 437 072-45
5.50-219.8 3 092 0.10-112
0-0.49¢ 10 1.00 —_
050-788 - - 1 022 0-182
8.0~18.99 1 042 0.01-395
200-219.8 2 096 0.09-681
0-0.457 ' 10 1.00 —_
>0.45-45 1 043 001-405
>45-45 1 0.16 0-132
>45 2 147  0.16-131
0-0.90¢ 10 1.00 —_
>0.90-3.9 2 043 0.04-228
>39-999 1 048 0.01-453
>99.9 1 1.03 0.02-203

Categorized according to quartites. &Categorized accord-
ing to tertiles. *Categarized according to median, 75th,
and 30th percentiles. Cateqarized according to regula-
tory considerations.

Table 4. Leukemia risk by altemate benzene exposure
metrics.

Nao.
exposed Odds
cases mto  95%Cl
Benzene intensity,
mean ppm
0-0.01 9 1.00 -—
>0.01-0.18 2 0.88 0.08-5.47
0.20-0.43 1 019 0-1.53
0.50-6.16 2 0.96 0.09-6.81
Maximum benzene
intensity, ppm - .
<05 10 1.00 _
0.5-0.99 ] Q 0-7.57
1.0+ 4 102 021426
Maximum probability
of dermal exposure .
Low 8 1.00 —
Medium 4 061 0.12-251
High 2 047 004-286

exposure group, although che confidence
intervals are extremely wide,

Leukemia risk according o other expo-
sure metrics is shown in Table 4. Risk did
not increase in 2 consistent way for the mean
intensicy over a worker's career, for workers
ever exposed berween 0.5 and 1 ppm of
over 1 ppm, nor by a worker’s highest
ranked probability of dermal exposure.

ORs and p-values for cocflicienss 1n the

logistic models were very similar when




exposures were lagged for 0, 5, 10, or 15
. Thercfore, we will report resules only
for no lag period.

Curmulative benzene exposure did not
show a strong relationship with leukemia
when regressed separately (OR=1.002/
ppm-year, p=0.77). The p-value for the
score stadstc (2=0.76) indicates that this
model does not At the dawa well (Table 4,
model 1). We also added into the model
separate terms for an employec’s mean
exposure intensity and toral exposure dura-
don. This maneuver produced a noninter-
pretable resulg; exposure intensicy (OR=
2.27/ppm) and duration (OR = 1.07/year)
showed a positive reladonship, yet the OR
for cumulative exposure fell below 1.0
(Table 5). A model with only exposure
duration showed a coefficient of 1.06/year
exposed with 2 95% confidence interval of
0.99 to 1.14 (Table 5, model 4) and
resulted in a reasonable overall model -
value (p=0.10). Thus, for these dara, the
simple measure of exposure duration was
most closely associated with leukemia,
while cumularive benzene exposure and
1 intensicy of benzene exposure did
. xplain leukemia risk.

Next we examined whether exposure
above a cerrain level was related to leukemia
risk, by using the number of years worked
above either 0.5 or 1 ppm as independent
variables. Neither of these variables
explained leukemia risk adequarely nor fic
the data well (Table 5, models 5,6). The
coefficient for years above 0.5 ppm (1.02)
was slightly greater than the coefficient for
years above 1 ppm (1.00).

The number of years spent in jobs
ranked as having a low, medium, or high
probability of dermal exposure was explored
in one model. The risks were higher (and
closer to significance) for 2 year spent in a
low-probability job (OR = 1.06/year,
p=0.14) versus 2 high probabiliry job
(OR = 1.02/year, p=0.76).

Since the Mantel-Haenszel analyses
showed thar leukemia risk did not increase
for increasing categorics of cumulative
exposure, we constructed models with
square terms for duration and intensicy of
exposure. This allows for nonexponential
increases in risk per unit exposure. For all
combinations of duration and intensity of
exposure, and the squares of these variables,
» —odel with only duration of exposure

ired fic. the dara best (p=0.05). The
UR for this model (1.001/year?) was not
quire startistically significant (p=0.97).

Since both digarerte smoking and 2 family

history of cancer were related to leukemia

LOW-LEVEL BENZENE AND LEUKEMIA

Tahle 5. Conditional logistic regression modeling results for leukemia and benzene exposure.

Model Odds  95%Llower  95% Upper Variable

Model  pvalue®  Variable ratic limit fimit palue?
1 0.76 Cumulative benzene expasure 1.002 0988 1.015 0.77
2 028 Cumulative benzene exposure 0.980 0833 1.030 043
. Mean intensity 27N 0.426 12.098 034
Duration 1.068 0.930 1.155 0.08
3 0.50 Intensity 1.7 0728 1.880 0.51
4 0.10 Duration 1.061 0.985 1.144 0.12
5 0.70 Years at 0.5+ ppm 1.015 0.940 1.095 an
6 0.93 Years at 1.0+ ppm 1.004 0.921 1.084 0.93
7 0.38 Years at low dermal 1.061 0.984 1.144 0.14
Years at medium dermal 1.054 0.954 1.164 0.30
Years at high dermal 1.022 0.895 1.167 07%

#8ased on score statistic. #Based on Wald chi-square statistic.

Table 6. Conditional lagistic modeling results for leukemia for cases and controls with known values for potential

confounders.

Modet Odds  95% lower _ 85% Upper Variable

Model  pvalue?  Variable ratic limit limit pvalue?
1 o1 Family history aof cancer 5.53 0.54 56.6 0.15
2 0.02 Family history of cancer 14.0 1.04 188.0 0.05
Ever smoked cigarettes 8.89 0.66 118.0 0.10
3 0.06 Family history of cancer 1.5 0.83 160.0 0.07
Ever smoked cigareties 693 0.48 100.0 0.18
Cumulative benzene expasure 0.97 0.82 1.15 0.72
4 0.06 Family history of cancer 12 0.81 119.0 0.07
Ever smoked cigarettes 798 0.55 115.0 0.13
Intensity 0.34 0 285 0.63
5 0.03 Family history of cancer 18.8 1.33 265.0 0.05
Ever smoked cigarettes 15.1 061 376.0 0.12
Duration 1.08 0.95 122 0.25
6 0.04 Family history of cancer 16.5 .1 2440 0.04
Ever smoked cigarettes 130 0.37 4530 0.16
Duration 0.82 0.43 1.57 0.55
Duration squared 1.01 098 1.02 0.43

#8ased on score statistic. #Based an Wald chi-square statistic.

in the Mantel-Haenszel analyses, we con-
structed a series of models among cases and
controls for which we had known values for
these variables. We then added cumuladve
exposure, exposure intensity, and years
exposed to these models. Since these mod-
els are performed on a different set of cases
and controls, the results should not be com-
pared to those in Table 5. Table 6 shows
results from the model with only the poten-
tal confounders (an employee’s family his-
tory of cancer and whether he ever smoked
cigarerres). This model produced high bur
unstable ORs (OR = 14.0 and 8.9, respec-
tively) for each variable. The score statisdc
indicated that the model fit was stadstically
significant (p = 0.02). Nexr, we added
different combinadons of cumulative ben-
zene exposure, mean intensity of benzene
exposure, duration of exposure, and the

square of the larter two variables. None of
the expanded models resulted in a berter fir
to the dara, as measured by the score statis-
tic. Adding cumulative benzene exposure to
this mode! resulted in 2n OR for benzene of
0.97/ppm-yedr, and reduced the score test
significance from 0.02 to 0.06 (Table 6).
Only when duration of exposure squared
was added did the model again achieve sa-
tistical significance (score test p-value=
0.04). All of these models resulted in ORs
for cumuladive benzene exposure and mean
benzene intensity of less chan 1.0, and ORs

for duration of exposure of greater than 1.0, |

bur none of the exposure variables were
sadstcally significant (p>0.25).

Thus, these results show thar a family
history of cancer and cigarette smoking are
the two strongest risk factors in these daa.
Cumulative benzene exposure did not
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Explain any incremental risk in leukemia
when added to a model with these two
dsk facrors.

... Discussion
In general, chis study did not find evidence

. thar low-level exposure to benzene increased
the risk of leukemia. However, the inter-
pretation of this study must take inco
account ics limited size. If benzene expo-
sure caused 2 2-fold increase in risk for the
>45 ppm-vear category, this study would
have a 16% chance of derecting this ar a
20% exposure rate and 2 5% significance
level. For 80% power, 90 cases would be
needed. Despirte the study’s small size, it is
useful ro focus on the pattern of resulcs,

-~ with emphasis on the magnitude of the risk
estimares, rather than their precision.

We did not find a dose—response
relationship berween leukemia cases and
any of five classifications of cumuladve ben-
zene exposure. Alternate exposure merrics,
including average exposure intensiry, years
of exposure above 0.5 or 1 ppm. or 2 ranked
estimare of dermal exposure also did nor
show a dose—response partern. Duration of
exposure produced the best goodness of fic
scacistic among the models with only expo-
sure variables, but was not stacistically
significant. These results are mast consis-
tenc with insufficient power to detect a
small effect, or a lack of effect for low
benzene exposures {primarily berween 0.1
and 1.0 ppm).

The strongest risk facrors wers non-
occupational i{smoking and a family history
of cancerj. However, these dara were
not present for all workers in che scudy.

- and need to be interprered cautiously.
Despits incomplete information, this study
does raise 2 question on the relevancy of
tobacco use on the occurrence of leukemia.
Siegel ec al. (17) suggested thar smoking
increases the risk of mycloid leukemia by
50%. The limited amount of smoking
information. and the incomplere records
prevented the assessment of interaction
becween benzene and smoking. Furure
studies of low-dose benzene exposures
should also attempr to measure smoking

SCHNATTER ET AL

habics :o shed further light on the meaning

 of these preliminary resulss.

We also found thar a family history of
cancer was 2 significant predicror of leuke-

‘mia rsk. However, since our records came

from pre-employment physicals, supple-
mented by notes from periodic physical
exams, the findings must be incerpreted
with caudon. Leukemia has been related w0
a positive family history of other cancers,
but not consistendy. Tajima (18) found a
raised incidence of T—cell leukemia in per-
sons with a family history of any cancer.

.which was stronger in those with 2 family
* history of hematopoieric malignancies. Qur

measure of family history included any can-
cers in parents, siblings, and children. Only
two of the cancers were leukemia.

The fact that duration of exposure was
more strongly related to leukemia occur-
rence than either exposure intensicy or
cumularive exposure could indicate thar
long-term exposure, regardless of the con-
centration, can resule in leukemia. Anocher
incerpreration is that this is the best expo-
sure metric because ir is measured wich the
most precision. However, this would imply
that che considerable effort to classify
incensicy of exposure acrually resulred in
severe misclassification, even berween che
highest and lowest intensicy designarions.
We regard this as highly unlikely, pardy
duc to the exposure assessment validation
exercise (/). Finally, one could regard che
finding as the chance resule of examining
many different exposure metrics, and thar
it has no biological significance.

Subpopulations represented in previous
studies may have been exposed to similar
benzene exposure levels to those present in
the current study. The following risks per-
rain to levels up to 83 ppm-years, or abour
2 ppm for 40 years. Wong (19) reported
slight deficits in SMRs of 0.97 (0-14.9
ppm-vears), and 0.78 (15-59.9 ppm-
years). Bond et al. (20) reported an SMR
of 1.67 for workers exposed to less than 42
ppm-vears, bur found no cases in those
exposed berween 42 and 83 ppm-years.
Finally, Paxron et al. (6), reported SMRs

of 1.33 in workers exposed to 5 or fewer
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Figure 1. Leukemia risk by cumulative benzene exga-
sure, four studies. Asterisk (<} indicates riskat 172

ppm-vears, and 1.79 in workers exposed
berween 5 and 50 ppm-years. The presenr
study, along with these other studies, sye.
gests thar risks under about 50 ppm-vc;:
are cither small or nonexistent. However,
these dara cannoc be used to rule our a risk
ar chese levels, since the risk estimaces are
based on relacively few workers.

The relevant studies are summarized in
Figure 1. The figure shows that for expo-
sures under approximarely 100 ppm-yesu-s,
the risks for rotal leukemia reported in four
studies are approximarely evenly distrib-
uted around 1.0.

For higher exposures (generalily above
60 ppm-years), higher risks have been doc-
umented. Paxron cr al. (6) reporred SMR:

of 2.80 for exposures from 30 to 500 ppm- -

vears, Wong (/9] reported an SMR of
2.76 for 60 ppm-years or greater, and
Bond et al. (20) reported an SME. of 2.50
for 85~ ppm-vears. Thus, one coufd argus
thar exposures in this range produc2 a 2-10
3-fold risk of leukemia (Figure 1.

Previous epidemiologic studies in which
benzene exposure has been quantified have
been limited by the small number of
leukemia cases observed. The mosr-studied
worker cohort now consists of 15 leukemiz
aases, including one female case (6). Other
cohorts had only 5 (20) and 6 (19" cases of
leukemia. Thus, the 14 leukemia cases =p-
resenrted in this scudy is a significant congl
bution. especially for exposures below 50
ppm-vears. Ar the very least, this study S8
be used to provide a check on risk predic-
tons for lower levels of benzene exposurs.

e
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