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A prospective study in the Australian petroleum
industry. II Incidence of cancer

D Christie, K Robinson, I Gordon, J Bisby

Abstract
This paper reports incidence of cancer in
employees of the Australian petroleum indus-
try from 1981 to 1989. Two surveys by personal
interview incorporated more than 15 000 em-
ployees, representing 92% of the eligible
population. Subjects were included in the
analysis after completing five years ofservice in
the industry. At the time of this report the
cohort did not include sufficiently large num-
bers of women for useful analysis; results
presented are restricted to the men. On 31
December 1989, 50 254 person-years of obser-
vation had accumulated in the men with 152
incident cancers reported. The standardised
incidence ratio (SIR) analysis showed overall
cancer rates close to those of the national
population. Whereas deficits were seen in some
cancer sites, notably lung cancer (SIR 0 5, 95%
confidence interval (95% CI) 0-3-0-9), incidence
rates for some other cancer sites suggested
increased risk. An excess of observed over
expected cases was present in all subcategories
of lymphohaematopoietic cancer except
Hodgkin's disease (no cases), and was most
apparent in myeloid leukaemia (SIR 4-0, 95%
CI 1-6-8-2). The other major site with a raised
number of cases observed over expected was
melanoma (SIR 1-4, 95% CI 0-8-2-1).

With the exception of one American study' of short
duration and the Australian study that is the subject
of this paper, the numerous epidemiological studies
carried out within the petroleum industry have been
of the historical cohort design with mortality as the
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endpoint. In an accompanying paper a prospective
cohort study in the Australian petroleum industry
(Health Watch) is described with mortality results to
31 December 1989.2 This paper also monitors
incidence of cancer in the cohort using data from
population based cancer registries that have been
established in each state and territory of Australia
from 1982 or earlier.
As an endpoint in studies of cancer, incidence has

certain advantages over mortality. When another
cause of death supervenes, there can be no guarantee
that the certifying physician will include cancer on
the certificate. Furthermore, incidence is a direct
reflection of the occurrence of cancer regardless of
survival. Thus incident cancers present greater num-
bers for study over an equivalent time period. As
persons and institutions responsible for diagnosing
cancer in Australia are legally required to report each
cancer to the applicable state registry with sufficient
information relating to morphology, topography,
and differentiation to permit detailed classification,
the opportunities for classification errors are reduced.

In this paper the incidence of various cancers in a
petroleum industry cohort is compared with that
expected in the Australian national population and
internal comparisons are also made.

Methods
A description of the composition and the methods of
study of the cohort are given in the preceding paper
in this journal, which considers mortality.2 Modifica-
tions to study incidence of cancer are described
below.

Follow up of the population has been maintained
through company records for those still employed
and by annual mail contact for those who have left the
industry. The names of all members of the study
population have been matched annually with the
appropriate population based state cancer registry.
With the exception of melanomas, skin cancers are
not recorded by the registries.
As the state cancer registries have differing time

lags in their reporting, person-years at risk are
calculated for each state for only the period for which
its registry declares the calendar year complete. Thus
fewer person-years are available for analysis ofcancer
incidence than for mortality.
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Table 1 Incidence for major cancer sites: men

Malignant neoplasm of: ICD-9 Observed Expected SIR (95% CI)

Lip 140 6 5-5 1 1 (0 4 -2-4)
Salivary gland 142 2 0-7 2 9 (0 4 -11)
Oropharynx 146 2 1-4 1 4 (0 2 -5-1)
Stomach 151 6 6 2 1-0 (0 4 -2 1)
Colon 153 13 13 0 1 0 (0 5 -1-7)
Rectum 154 8 9 0 0 9 (0-4 -1 8)
Liver 155 2 1 3 1 5 (0 2 -5 5)
Pancreas 157 4 4-2 1-0 (0-3 -2-5)
Larynx 161 4 4-4 0-9 (0 2 -2 3)
Lung 162 15 28 6 0-5 (0-3 -0-9)
Other respiratory 163-5 2 1 1 1 8 (0-2 -6-6)
Connective tissue 171 3 1-3 2 4 (0 5 -6-9)
Melanoma 172 20 14 4 1 4 (0 8 -2 1)
Prostate 185 8 8-1 1 0 (04 -1 9)
Testis 186 3 3-1 1-0 (0 2 -2 8)
Bladder 188 10 7 9 1 3 (0 6 -2 3)
Kidney 189 4 4-6 0-9 (0 2 -2 2)
Brain 191 3 44 0-7 (0 1 -2 0)
Non-Hodgkin's lymphoma 200 and 202 10 5 9 1-7 (0-8 -3-1)
Multiple myeloma 203 4 1 8 2 2 (0 6 -5-6)
Leukaemia 204-208 12 3 6 3 4 (1 7 -5-9)
Lymphoid 204 4 1 4 2 9 (0 8 -7-5)
Myeloid 205 7 18440 (16 -812)
Other leukaemia 206-208 1 0-4 2-3 (0-1 -13)

Other sites 11 22 7
All sites 152 153 0 0-99 (0 84-1-16)

Note: Leukaemias appear both grouped and separately.

*Standardised incidence ratios (SIRs) have been
calculated using the pooled Australian State Cancer
Registry statistics for 1982 as reference, these being
the only Australian pooled data available at present.
Cancer registries of Australian states use the ninth
revision ofthe International Classification ofDiseases
(ICD9). The usual Poisson assumption was made for
the observed number of cases, leading to "exact"
95% confidence intervals (95% CIs) for the SIRs.3
Within what appears from available workplace

data to be an overall low exposure situation, job codes
have been ranked by a committee of occupational
hygienists of the Australian petroleum industry,
producing seven categories representing increasing
potential for exposure to total hydrocarbons. Com-
parisons of incidence of cancer between exposure
levels were made by computing relative incidence
rates (RIRs) adjusted for age and smoking habit
against "office" as the baseline or least exposed
category. Statistical estimates of trend have been
made. These analyses use log linear models, again
with a Poisson assumption.4 The calculations were
made using GLIM.'

Internal comparisons of incidence of cancer be-
tween epochs offirst employment in the industry have
also been made with 1975 and later as baseline.

Results
ALL SITE INCIDENCE OF CANCER
This paper reports the cancer incidence state of the
male cohort at 31 December 1989 when 50 254
person-years were available for analysis. One hun-

dred and fifty two incident cancers had occurred, SIR
0-99 (95% CI 0-84-1-16).

SITE SPECIFIC INCIDENCE OF CANCER
Analysis of incidence of cancer by major anatomical
site (table 1) showed a deficit for lung cancer, the SIR
being 0 5 (95% CI 0 3-0 9). For melanoma the SIR
was 1-4 (95% CI 0-8-2-1).
Examination of cancers of the lymphatic and

haematopoietic tissue showed SIRs that were raised,
but not significantly so, for non-Hodgkin's Iym-

3-
Test for trend: p=0-21

21
Ic - - - --

1 2 3 4 5 6
Exposure category

Relative incidence rate by total hydrocarbon exposure
ranking (see text): all site cancer.
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Table 2 Lymphohaematopoietic cancer incidence by period
offirst employment adjustedfor age and calendar period of
follow up: men

Period offirst
employment Cancers RIR (95% CI)

1975-84 5 1 0
1965-74 9 1-3 (04-43)
1955-64 6 1-7 (03-79)
-1954 6 4-0 (0-7-21)

Test for trend, p = 0i1.

phoma and multiple myeloma. For all types of
leukaemia, 12 cases were found compared with 3-6
expected giving a resulting SIR of 3 4 (95% CI 1-7-
5 9); of these, seven cases were myeloid leukaemia
compared with the 1 8 expected.

Internal comparisons of occupational
exposures
At present data are insufficient to permit examination
of the relation between exposure to hydrocarbons
and incidence of lymphohaematopoietic cancer or

melanoma. Nevertheless the figure shows a modest
trend (p = 0 2) for age adjusted all site incidence of
cancer to increase with potential exposure category
compared with "office" as baseline. In the figure the
vertical bars represent 95% CIs; in categories 2 and 5
the numbers of cases were too few for the 95% CIs to
be meaningful. In category 3 there were no cases.

The dotted line represents the fitting of a smooth
curve through these RIRs; the test for trend is
derived from this.
No such relation between all site incidence of

cancer and epoch offirst employment has been found,
but table 2 shows a trend (p = 011) towards an

increase in RIR of all lymphohaematopoietic cancer

with earlier first employment.

Discussion
A review of mortality analyses in part I of the report
on this study2 and the results for incidence of cancer
presented here lead to the conclusion that no

evidence exists for an overall excess of cancer in
employees in the Australian petroleum industry.
This conclusion is supported by recent and complete
reviews of mortality studies that have been carried
out in the industry in other countries.'8
The same may not be true for particular sites as an

excess of one of the less common cancers would have
little effect on the overall cancer rate. In this cohort an
excess of cancers of the lymphohaematopoietic sys-
tem was found, notably myeloid leukaemia. A nested
case-control study has been established to investigate
this excess in relation to work exposures.
The possible carcinogenicity of certain compon-

ents and derivatives of crude oil has been the subject
of extensive study over the past six decades. Causal
associations have been confirmed for several com-
pounds that are common throughout most of the
operations of the petroleum industry, such as ben-
zene and four to seven ring polycyclic aromatic
hydrocarbons. These are widespread in the com-
munity and the industry and include many products
of combustion such as benzo-a-pyrene.

In studies on man a causal relation between
exposure to benzene and the suppression of bone
marrow function has long been recognised.?"
Recently investigations of leukaemia among benzene
workers have shown increased risk of multiple
myeloma and other lymphoid malignancies."'6
Although animal studies have provided evidence of
the haematotoxic effects ofbenzene at various concen-
trationsl7-20 considerable doubt remains as to dose-
response relations in man."' Risk assessment
studies'2"23 have projected estimates of leu-
kaemogenic effects at concentrations as low as one
part per million, but effects on man of such low
concentrations have yet to be shown.

In the Australian petroleum industry changing
technology has resulted in lower exposures generally,
and to benzene in particular, over the past 40 years.
These changes have come about not only through a
higher management profile given to occupational
health matters, but also for reasons of enhanced
productivity, control of product loss, energy con-
servation, and government imposed control
measures for air pollution. New plant is designed in
the knowledge that recommended hygiene standards
are strict and will become more so; product is more
valuable than ever and consequently leaks and spills
are guarded against; energy conservation measures
also tend to recycling of former waste through plant
systems. Bottom loading of transport tankers and
floating rooftanks are some specific changes that have
occurred throughout the industry and have led to
reduced exposure of employees to petroleum
products.
The effects of such engineering changes on

exposure ofemployees are difficult to quantify and are
spread over long time frames. It is generally agreed
within the Australian industry that since the mid-
1970s employee exposure to hydrocarbons in gen-
eral, and benzene in particular, has been reduced
substantially.
The trend towards an increase in RIR for lympho-

haematopoietic cancers with earlier first employment
shown in the Health Watch cohort is difficult to
interpret. No such relation was found for all site
cancer, and it cannot be determined from the present
data whether the relation shown between incidence
of lymphohaematopoietic cancer and epoch of first
employment indicates decreasing risk with more
recent employment, or whether it is a result of a long
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latency or perhaps an effect of cumulative exposure.

Such a distinction will be more amenable to mul-
tivariate analysis when the programme has covered
more calendar years. The data available at present do
justify the continuing efforts being made to engineer
exposure out ofthe workplace, and afford no grounds
for complacency.
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We recognise the valuable contributions of Anne
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