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Abstract

Objective: Several studies have suggested that there is an occupational component to the causation of non-Hodgkin
lymphoma (NHL). We aimed to use accurate means to assess occupational exposures to solvents, metals, organic
dusts and polychlorinated biphenyls (PCBs) in a case–control study.
Methods: Cases were incident NHLs during 2000 and 2001 in two regions of Australia. Controls were randomly
selected from the electoral roll and frequency matched to cases by age, sex and region. A detailed occupational
history was taken from each subject. For jobs with likely exposure to the chemicals of interest, additional questions
were asked by telephone interview using modified job specific modules. An expert allocated exposures using the
information in the job histories and the interviews. Odds ratios were calculated for each exposure adjusting for age,
sex, region and ethnic origin.
Results: 694 cases and 694 controls (70% and 45% respectively of those potentially eligible) participated. The risk
of NHL was increased by about 30% for exposure to any solvent with a dose response relationship, subgroup
analysis showed the finding was restricted to solvents other than benzene. Exposure to wood dust also increased the
risk of NHL slightly. Exposures to other organic dusts, metals, and PCBs were not strongly related to NHL.
Conclusions: The risk of NHL appears to be increased by exposure to solvents other than benzene and possibly to
wood dust.

Background

In Australia, over the last decade, the incidence of non-
Hodgkin lymphoma (NHL) has increased by 0.8% per
year in females and by 1.7% per year in males [1]. The
causes of this rise in incidence are not clear. Several
occupational risk factors for this cancer have been
reported including solvents, pesticides, polychlorinated
biphenyls (PCBs), metallic dusts and various organic
dusts [2–8].

Many of the previous studies of occupational expo-
sures have used crude methods such as job title or self-
assessed exposure to determine exposure status or have
used deaths from cancer rather than incident cases. We
used more accurate means to assess occupational
exposures in a large Australian case–control study of
incident NHL. The expert assessment method involves
taking a detailed work history of all jobs over the
subject’s lifetime using a diary [9]. More questions are
then asked about various tasks within certain jobs that
may involve high exposures to specific chemicals. An
expert in occupational exposures reviews the answers to
the questions, and allocates exposure to the chemicals.
In this paper we report the findings relating to solvents,
metal and organic dusts, and PCBs.
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Methods

Details on the case and control ascertainment for this
study can be found in a related publication [10]. Briefly,
cases were patients notified to the Central Cancer
Registry of New South Wales (NSW) with incident
NHL first diagnosed between 1 January 2000 and 31
August 2001. They had to be aged 20–74 years of age
and resident in NSW or the Australian Capital Territory
(ACT). Ineligibility criteria included a history of trans-
plantation or HIV infection, poor English language
skills, and inability to complete telephone interview.
Patients with a diagnosis of chronic lymphocytic leu-
kaemia, plasma cell myeloma, and B and T lympho-
blastic leukaemia were excluded. After obtaining
permission from the treating doctor, the Registry wrote
to the patient, requesting their consent to their contact
details being given to the study investigators. An
anatomical pathologist with a particular interest in
hematopathology reviewed pathology reports and diag-
nostic slides for consenting cases to confirm all original
diagnoses and to provide, where possible, a cell pheno-
type and WHO (ICD-03) classification [11].
Controls were randomly selected from the NSW and

ACT Electoral Rolls to approximately match the
expected distributions of cases with respect to age, sex
and region of residence (NSW or ACT). Electoral
registration is compulsory for Australian citizens aged
18 years or over. Similar eligibility criteria were used as
for cases, except for prior immunosuppression.
Cases and controls were mailed an introductory letter

and an information leaflet outlining the requirements of
participation, and subsequently telephoned to obtain
their verbal consent. A self-administered questionnaire
was then mailed to each subject to obtain data on
demographic details, smoking status and other variables
of interest to the study. In addition, each subject com-
pleted a diarywith a detailed lifetime occupational history
including each job title, employer, industry, start and
finish years, number of hours worked per day and number
of days worked per week. Participants were requested to
only include jobs they had had for one year or more, and,
if they had had more than one job in a year, to record the
one which they had held for the longest time. A total of 28
jobs and 16 industries were identified as being of partic-
ular interest because of the possibility of exposure to the
substances of interest in this study. For these 44 jobs and
industries, detailed sets of questions (known as job
specific modules) were obtained from the National
Cancer Institute in the United States [12]. These modules
weremodified extensively to take into account the specific
substances of interest andAustralianworking conditions.
For example, questions which related to diesel exhaust

were removed, while some questions specifically relating
to PCB exposure were added. In addition, questions
referring to winter and summer exposure were omitted as
the seasonal variation is much less in Australia than in
North America.
The job histories were entered into a spreadsheet and

an occupational hygienist, who was blind to case status
of the subject, allocated modules to jobs considered
likely to have significant exposures. Because of limited
interview time, jobs assigned modules were prioritized,
with the most highly exposed jobs being asked about
early in the interview. We allocated high priority to jobs
with a high likelihood of significant levels of exposure,
which were done for a long time, or which were likely to
have unusual exposures or ones which were difficult to
assess without additional information.
A customized computer-assisted telephone interview

was carried out with interviewers blinded to the case or
control status of subjects. The interviewers were
instructed to ask questions until all allocated modules
were completed or the time limit for the entire interview
was reached, whichever came first. If the interview went
overtime, subjects were offered the opportunity to finish
the modules at the time, or at a later time more
convenient for them.
An expert occupational hygienist reviewed the occu-

pational histories and the answers to the modules and
determined exposure to various substances including:
benzene (before and after 1985 when changes to the use
of benzene in industry occurred); other solvents (aro-
matics, chlorinated hydrocarbons and aliphatics); toxic
metals (nickel, beryllium, cadmium, lead, chromium,
mercury, arsenic); other metals; organic dusts (hard
woods, soft woods, grain dust, cotton dust, other
organic dusts) and PCBs. He first allocated likelihood
of exposure to each substance as probable, possible or
no exposure. He then allocated level of exposure based
on the internationally recognised occupational safety
guidelines (time-weighted average threshold limit values
(TLV) set by the ACGIH [13]) and without regard to
probability of exposure. Levels of exposure higher than
the TLV were considered high, those less than or equal
to 0.1 of the TLV were considered low and other
exposures were considered medium. Frequency of expo-
sure was allocated as number of eight-hour days per year.
Several exposure metrics were constructed by com-

bining data over the jobs over a person’s entire working
life: ever exposed to that substance; dose of exposure;
maximum exposure level (none, low, medium, high);
maximum probability of exposure (none, possible,
probable); maximum frequency of days per year exposed
(0, £ 4, > 4); total years exposed (0, < 5, ‡ 5). The
latter two were dichotomized at approximately the

600 L. Fritschi et al.



median exposure for the control subjects. Lifetime dose
of exposure was classified as substantial if the subject
was probably exposed to the substance at a medium or
high level, for more than five eight-hour days a year for
a combined total of more than five years, and non-
substantial if the dose was any other combination of
exposures [3]. The substantial dose may have occurred
during one job, or when all jobs were combined. The
data were first examined by use of contingency tables
and comparisons of means. Logistic regression was used
to compare the risk of NHL for each exposure (for ever
exposed and dose of exposure separately) adjusting for
age, sex, state of residence and ethnic origin.
Logistic regression analyses were repeated for any

solvents, any metals, any organic dusts, and PCBs on the
following subgroups of subjects: for males only; after
excluding cases that were not on the electoral roll; and
restricting to B-cell NHLs only. They were also repeated
for maximum exposure level, maximum probability of
exposure; maximum frequency of days per year exposed;
total years exposed (level of significance is p < 0.05).
Approval for this study was given by the human

research ethics committee at each participating institu-
tion. Written informed consent was obtained from each
participant in the research.

Results

Altogether, 1230 apparently eligible cases were ascer-
tained for the study; 210 of them were subsequently
found to be ineligible because of prior immunosuppres-
sion or immune deficiency (28), poor English (73), illness
(73), disability preventing interview (36), deceased (144)
or could not be contacted (34). Of the remaining 842
who were approached for interview, 717 (85%) were
interviewed (70% of those potentially eligible). Twenty-
three of these were excluded after the pathology reviews
because of low confidence in the diagnosis of NHL.
Thus, 694 cases were left for analysis.
A total of 1687 apparently eligible controls were

randomly selected for the study; 145 of them were
subsequently found to be ineligible because of poor
English (74), illness (59), disability preventing interview
(12), deceased (5) or could not be contacted (401). Of the
1136 who were approached for interview, 694 (61%)
were interviewed (45% of those potentially eligible).
Cases and controls were well matched by sex, age and

state and had similar proportions of ever smokers
(Table 1). Cases were more likely to be of British/Irish
ethnic origin possibly because of a relative deficit of
people of other origins on the electoral roll [14]. 15% of
the cases were not listed on the electoral roll.

Prevalence of exposure ranged from 31.1% of subjects
for any solvents to 1.9% for PCBs. 18.5% of subjects
were exposed to metals and 18.3% were exposed to
organic dusts.

Ever exposed

The risk of NHL was increased by about 30% for
subjects ever exposed to any solvents (OR¼ 1.29, 95%
CI 1.01–1.64) (Table 2). The risk was similar, but was
not statistically significant, for exposure to aliphatic
solvents and aromatic solvents (other than benzene) but
the risk was not increased for exposure to benzene
alone. Risks were not increased for exposure to metal
dusts. Risk was not significantly increased with probable
exposure to organic dusts as a group (OR¼ 1.21, 95%
CI 0.92–1.61). For individual organic dust subgroups,
the risk of NHL with exposure to hardwoods and
softwoods were increased but this was only statistically
significant for softwoods (OR¼ 1.64, 95% CI 1.05–
2.59). If we combined exposure to either soft or hard
woods, the risk of NHL was significantly increased
(OR¼ 1.58, 95% CI 1.01–2.47). Exposure to PCBs did
not increase the risk of NHL.

Dose of exposure

There was a significant dose-response relationship be-
tweenNHL and exposure to any solvents and to aliphatic

Table 1. Characteristics of non-Hodgkin lymphoma cases and con-

trols

Cases n (%)

N = 694

Controls n (%)

N = 694

Male sex 404 (58.2) 397 (57.2)

On electoral roll 584 (84.1) 694 (100)

Ever smoked 378 (54.5) 365 (52.6)

Age group (years)

20—29 20 (2.9) 21 (3.0)

30—39 43 (6.2) 46 (6.6)

40—49 119 (17.1) 114 (16.4)

50—59 204 (29.4) 195 (28.1)

60—69 211 (30.4) 209 (30.1)

70—74 97 (14.0) 109 (15.7)

Ethnic origin

British/Irish 508 (73.2) 545 (78.5)

Asian 23 (3.3) 14 (2.0)

Southern European 40 (5.8) 22 (3.2)

West/North European 32 (4.6) 24 (3.5)

Mixed 66 (9.5) 65 (9.4)

Other 25 (3.6) 24 (3.5)

State

New South Wales 666 (96.0) 661 (95.2)

Australian Capital

Territory

28 (4.0) 33 (4.8)
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solvents (Table 3). For aromatic solvents (other than
benzene) there was also a dose response relationship
which just failed to reach statistical significance.When the

risk of NHL with combined exposure to any wood dust
was examined the trend was not statistically significant
(substantial dose OR¼ 1.68, 95% CI 0.99–2.86; non-
substantial dose OR¼ 1.37, 95% CI 0.63–2.95). There
were insufficient subjects exposed to substantial doses of
grain dusts, cotton dusts, other organic dusts and PCBs to
reliably assess the dose response relationship.

Subgroups of subjects

Restricting the cases to those on the electoral roll
(to improve comparability with controls) did not

Table 2. Numbers of subjects exposed to substances and odds ratio

and 95% CI for non-Hodgkin lymphoma adjusting for age, sex, state

and ethnic origin

Exposure to

substance

No. of

controls

No. of

cases

Odds ratio

(95%CI)

Any solvents

No 495 463 1.0

Yes 199 231 1.29 (1.01–1.64)

Benzene

No 631 626 1.0

Yes 63 68 1.09 (0.75–1.59)

Other aromatics

No 562 538 1.0

Yes 132 156 1.28 (0.97–1.68)

Aliphatics

No 530 504 1.0

Yes 164 190 1.25 (0.97–1.61)

Chlorinated

No 654 651 1.0

Yes 40 43 1.11 (0.70–1.73)

Any metals

No 569 562 1.0

Yes 125 132 1.05 (0.79–1.40)

Toxic metals

No 594 601 1.0

Yes 100 93 0.90 (0.65–1.24)

Other metals

No 599 584 1.0

Yes 95 110 1.21 (0.88–1.66)

Any organic dusts

No 575 557 1.0

Yes 119 137 1.21 (0.92–1.61)

Hardwoods

No 661 646 1.0

Yes 33 48 1.48 (0.93–2.37)

Softwoods

No 660 640 1.0

Yes 34 54 1.64 (1.05–2.59)

Cotton dust

No 686 684 1.0

Yes 8 10 1.24 (0.48–3.18)

Grain dust

No 633 635 1.0

Yes 61 59 0.98 (0.67–1.44)

Other organic

No 671 658 1.0

Yes 23 36 1.62 (0.95–2.78)

PCBs

No 682 681 1.0

Yes 12 13 1.10 (0.49–2.44)

Table 3. Numbers of subjects substantially and non-substantially

exposed to substances and odds ratio and 95% CI for non-Hodgkin

lymphoma adjusting for age, sex, state and ethnic origin. All odds

ratios are given in reference to subjects unexposed to that substance

Substance No. of

controls

exposed

No. of

cases

exposed

Odds ratio

(95%CI)

p For

trend

Any solvents

Nonsubstantial 161 183 1.25 (0.97–1.62) 0.04

Substantial 38 48 1.45 (0.92–2.29)

Benzene

Nonsubstantial 56 66 1.19 (0.81–1.74) 0.98

Substantial 7 2 0.31 (0.06–1.50)

Other aromatics

Nonsubstantial 114 131 1.24 (0.92–1.65) 0.06

Substantial 18 25 1.55 (0.83–2.91)

Aliphatics

Nonsubstantial 131 143 1.16 (0.89–1.53) 0.04

Substantial 33 47 1.59 (0.99–2.56)

Chlorinated

Nonsubstantial 36 36 1.03 (0.64–1.66) 0.51

Substantial 4 7 1.81 (0.52–6.23)

Any metals

Nonsubstantial 92 89 0.96 (0.69–1.33) 0.46

Substantial 33 43 1.32 (0.81–2.14)

Toxic metals

Nonsubstantial 82 65 0.76 (0.53–1.09) 0.90

Substantial 18 28 1.55 (0.84–2.87)

Other metals

Nonsubstantial 66 76 1.21 (0.84–1.74) 0.28

Substantial 29 34 1.21 (0.71–2.04)

Any organic dust

Nonsubstantial 103 115 1.18 (0.88–1.59) 0.15

Substantial 16 22 1.44 (0.74–2.80)

Hardwoods

Nonsubstantial 21 34 1.67 (0.95–2.94) 0.17

Substantial 12 14 1.21 (0.55–2.67)

Softwoods

Nonsubstantial 25 40 1.66 (0.99–2.79) 0.05

Substantial 9 14 1.61 (0.68–3.79)
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substantially change the results (Table 4). The point
estimates for men only were slightly higher than those
for the combined group of subjects. Very few females
were exposed to the substances of interest, especially at
substantial levels (fewer than ten to each substance).
Restricting the analysis to those cases with B-cell
lymphoma did not change the estimates substantially.

Different exposure metrics

Those subjects whom the expert thought may only
possibly have been exposed to the substances tended to
have lower risks of NHL than those with probable
exposure (Table 5). This was especially so for PCBs in
which those with probable exposure had about four
times the risk of NHL although confidence intervals
were very wide (OR¼ 4.54, 95% CI 0.97–21.2). For

exposure to any solvents, the more frequent that
exposure was, and the more years the subject were
exposed, the greater the risk of NHL. There were no
other significant dose-response relationships for the
different metrics of exposure.

Discussion

The literature on occupational causes of non-Hodgkin
lymphoma is extensive and inconsistent. Many studies
have combined NHL with Hodgkin’s lymphoma, multi-
ple myeloma and leukemias, although it is probable that
these diseases have different causes. Other studies have
had small numbers of cases and others used job titles, or
self-assessed occupational exposures. Our large case–
control study of histologically-confirmed non-Hodgkin

Table 4. Risk of non-Hodgkin lymphoma with exposure to various chemicals for different subgroups of the study adjusting for sex, age, ethnicity

and region of residence

Subgroup Ever exposed Any solvents Any metals Any organic dusts PCBs

Electoral roll

controls only

No 1.0 1.0 1.0 1.0

Yes 1.25 (0.97–1.61) 1.05 (0.78–1.42) 1.12 (0.84–1.51) 1.20 (0.53–2.72)

Males only No 1.0 1.0 1.0 1.0

Yes 1.40 (1.05–1.85) 1.03 (0.76–1.40) 1.32 (0.96–1.83) 1.09 (0.47–2.52)

B-cell cases only No 1.0 1.0 1.0 1.0

Yes 1.30 (1.02–1.67) 1.04 (0.78–1.40) 1.23 (0.93–1.64) 1.18 (0.53–2.62)

Table 5. Different metrics of exposure to various chemicals and risk of non-Hodgkin lymphoma adjusting for sex, age, ethnicity and region of

residence

Exposure Any solvents Any metals Any organic dusts PCBs

Probability

No 1.0 1.0 1.0 1.0

Possible 0.98 (0.52–1.85) 0.75 (0.31–1.82) 1.40 (0.61–3.23) 0.40 (0.12–1.31)

Probable 1.33 (1.03–1.71) 1.08 (0.80–1.46) 1.20 (0.89–1.60) 4.54 (0.97–21.2)

Level

None 1.0 1.0 1.0 1.0

Low 1.05 (0.86–1.55) 0.90 (0.58–1.39) 1.32 (0.86–2.02) 1.91 (0.75–4.85)

Medium 1.54 (1.09–2.19) 1.13 (0.77–1.65) 1.04 (0.73–1.48) 0.78 (0.17–3.50)

High 0.92 (0.46–1.83) 1.22 (0.62–2.42) 1.93 (0.64–5.82) –

p For trend 0.07 0.5 0.3 0.9

Frequency

Never 1.0 1.0 1.0 1.0

£ 4 days per year 1.25 (0.91–1.72) 1.0 (0.66–1.50) 1.67 (0.99–2.80) 1.44 (0.49–4.22)

> 4 days per year 1.44 (1.05–1.97) 1.10 (0.74–1.62) 1.13 (0.70–1.82) 1.15 (0.35–3.81)

p For trend 0.02 0.7 0.2 0.6

Years

Never 1.0 1.0 1.0 1.0

<5 years 1.23 (0.84–1.80) 0.95 (0.59–1.53) 1.35 (0.87–2.11) 1.04 (0.26–4.19)

5+ years 1.31 (1.00–1.72) 1.09 (0.78–1.52) 1.17 (0.84–1.63) 1.13 (0.43–2.97)

p For trend 0.04 0.7 0.2 0.8
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lymphoma used the best available assessment of occu-
pational substance exposure. We found increases in risk
of NHL with exposure to solvents and possibly to wood
dust and no evidence of association between NHL and
exposure to metal dust, other organic dusts, or PCBs.
Our study suggests that solvents increase the risk of

NHL by about 30%. Many early studies examining this
question used questionnaires in which the subject was
asked to assess their own exposure to solvents. While
this is a simple and cheap method of assessing solvent
exposure, subjects tend to underestimate their exposure
compared to experts reviewing job histories [15, 16].
More recent studies have used similar expert assessment
methods to those we used, considered to be the best
available [12]. In the US, Blair found no association
between NHL and benzene (OR¼ 1.1, 95% CI 0.9–1.4)
or other solvent exposure (OR¼ 1.1, 95% CI 0.9–1.4)
[2]. The Montreal Case–Control study also found no
association with all solvents combined (substantial
exposure OR¼ 0.9, 95% CI 0.6–1.3) [3]. A Brazilian
study found an association (OR¼ 1.67, 95% CI 0.97–
2.87) but was limited by the small size of the study
(n¼ 109 cases) [17]. Examination of time windows in
this last study suggested the effect was greatest if the
exposure had occurred between 15 and 25 years earlier.
A Swedish study found exposure to solvents for more
than five years was associated with an increased risk of
NHL (OR¼ 1.59, 95% CI 1.11–2.28) [18]. Several recent
studies have examined the risks of NHL by occupational
group, and although one of these found an increased
risk of NHL in occupations known to have exposure to
solvents [19], others did not [20, 21]. Specific substance
exposure was not assessed in these studies so misclas-
sification would have been likely.
When we examined different types of solvents we

found that the effect was limited to solvents other than
benzene. The question of whether benzene exposure
causes NHL has been controversial. Recent reviews
have concluded that, while benzene is probably a risk
factor for leukaemia, it is less likely to be a risk factor
for NHL [4, 22]. Most of the work on benzene has been
done in cohorts of petroleum workers. A recent nested
case–control study with very intensive assessment of
benzene exposure found no association with NHL
(OR¼ 1.1, 95% CI 0.3–4.5) for exposure of more than
16 ppm-years [23]. However, a cohort study in China
found that workers exposed to benzene had three times
the risk of NHL compared with unexposed subjects
(OR¼ 3.0, 95% CI 0.9–10.5) [24].
We found that exposure to aromatic (other than

benzene) or aliphatic solvents increased the risk of NHL
by about 30%, although the effect was not always
statistically significant. Few subjects were exposed to

substantial levels of these solvents, but those who were
had about a 50% increase in risk. Aromatic solvents
such as toluene and xylene have been inconsistently
linked to NHL [4]. Two large cohort studies of
manufacturing workers exposed primarily to toluene
showed no increase in risk of NHL when compared to
the general population [25, 26]. A recent Swedish study
found that NHL risk was increased with exposure to
aliphatic or alicyclic hydrocarbons (OR¼ 1.75, 95% CI
1.03–2.99) and aromatic hydrocarbons (OR¼ 1.45,95%
CI 1.13–1.86) [18].
We found the risk of NHL increased by nearly 80%

with substantial exposure to chlorinated solvents,
although numbers of exposed subjects were low. A
meta-analysis of studies of trichloroethylene found a
risk of 1.5 (95% CI 0.9–2.3) when the results of four
methodologically strong cohort studies were combined
[27].
The PCBs are a group of organochlorine compounds

which have been used in electrical equipment such as
transformers and capacitors because of their insulating
and flame resisting qualities. No PCBs were manufac-
tured in Australia but they were used in the electricity
and manufacturing industries. Occupational exposure to
PCBs was very rare in our study with only 25 subjects
possibly or probably exposed. In 1997, a nested case–
control study in the United States found a strong dose-
response relationship between pre-diagnostic serum PCB
concentrations and NHL [7]. A case–control study of
NHL found similar associations with adipose tissue
concentrations of PCBs [28]. In both these studies, the
subjects had environmental rather than occupational
exposure to PCBs. Australian environmental PCB con-
tamination is thought to be similar to that in other
urbanized countries [29–31]. Studies from cohorts of
workers exposed to PCBs in capacitor manufacturing or
power generation have often had small numbers of
workers and few cases or deaths from NHL. The largest
study was a cohort of nearly 140,000 electrical utility
workers with 176 deaths from NHL [32]. The standard-
ized mortality rate (SMR) in this study was 104 (95% CI
89–120) but exposure levels were probably relatively low.
Other more highly exposed cohorts have had fewer than
20 deaths from NHL and SMRs in the range of 68 to
254, none of which were statistically significant [33–38].
Several registry-based studies have suggested that

work in metal related industries and jobs such as
machinists and welders are associated with increased
risk of NHL [8, 39]. We found no association with toxic
metals, other metals or all metals combined. Case–
control studies using self-assessed occupational expo-
sures have examined certain toxic metals including
chromium, which was found to be associated with
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NHL in African–Americans (OR¼ 3.9, 95% CI 1.2–
12.9) but not European-Americans (OR¼ 1.0, 95% CI
0.7–1.4) [40]. Another American study found self
assessed exposure to heavy metals was not associated
with NHL (OR¼ 1.2, 95% CI 0.7–2.3) [41]. The
Montreal study found associations with bronze dust
(OR¼ 2.8, 95% CI 0.8–9.1) and copper dust (OR¼ 5.5,
95% CI 1.9–16.0) which are both in the ‘‘other metals’’
grouping in our study [3]. Blair found no association
with metals exposure as assessed using a job exposure
matrix [2]. Some metal working jobs are also associated
with solvent use, which may be the causative factor.
The hypothesis that NHL may be a complication of

the autoimmune process occurring after prolonged
antigenic stimulation was first suggested in the 1970s
and the occupational corollaries of this theory were
reviewed by Pearce in 1992 [5]. We tested whether
exposure to organic dusts, including wood, cotton, and
grain dust, was associated with NHL. The Montreal
Case–Control Study found NHL was associated with
cotton dust, but because of the small numbers of
subjects exposed to cotton dust in our study, we could
not test this hypothesis with any precision [3]. We had a
considerable number of grain dust exposed subjects in
this study, but most of these were exposed at a low level
and we found no evidence that grain dust exposure was
associated with NHL. A large cohort of flour industry
workers found increased risk of NHL was restricted to
workers employed in flour mills and the authors felt this
may have been due to use of pesticides [42].
Exposure to wood dust, another organic dust exam-

ined in our study, was associated with increased effect
estimates for NHL. Sawmill and forestry workers have
been found to have increased risks of NHL [43, 44] and
this led Pearce and Bethwaite [5] to suggest wood dust as
an exposure that may cause NHL. However, studies that
asked subjects to self-report their exposure to wood dust
have not produced consistent results. One found an
association among women but not men [45]; another
found a higher OR amongst African–Americans than
among European–Americans [40]; while a third found
no association at all [46]. The Montreal Case–Control
Study, which used exposure assessment methods similar
to ours, did not find an association between wood dust
and NHL and nor did a large study in which a job
exposure matrix was used [2, 3]. Many forestry workers
are exposed to pesticides and wood preservatives as well
as wood.
While occupational exposures have been suggested as

being risk factors for NHL, many previous studies have
used inaccurate methods of exposure assessment, or
have used mortality rather than incidence as their
outcome. This study used state-of-the-art exposure

assessments to assess occupational exposure to a num-
ber of specific substances. The expert assessment method
is known to be valid when compared to measured
exposures [47] and sensitivity is higher than for self
assessed exposure [16]. The reliability of assessments is
relatively high, with assessors agreeing on over 95% of
assessments [16]. Kappa statistics for agreement of
experienced experts are about 60% [48] or 50% for
assessors new to the method [49] and weighted kappas
are about 80% [50]. Recall bias on occupational
histories has been shown to be low [51].
Other advantages of our study were that the number

of cases and controls was quite large, the study was
population-based rather than hospital-based, we used
incident cases not deaths, and participation, especially
for cases, was reasonable. In addition, findings for
solvents were robust and internally consistent. The
limitations of this study include the possibility of
selection bias, particularly with the use of the electoral
roll as the source for controls. Although about 15% of
the cases were not on the electoral roll, excluding these
cases from the analysis did not substantially change the
pattern of results. There was a deficit of controls from
non-European backgrounds and, although we adjusted
for this in the analyses, there may be residual confound-
ing if there is an association between ethnic background
and exposure to the substances.
In conclusion, our results are broadly consistent with

other literature showing that occupational exposures to
solvents (other than benzene) and possibly to wood dust
are associated with NHL.
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