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Abstract

Objective: Occupational causes of haematological malignancies are relatively uncommon, under-studied and under-
identified. They are also often unrecognized by clinicians. This review summarizes the principal epidemiologic
studies on this topic.
Methods: We analyzed the recent relevant human data found in the Medline, the Pascal and the BDSP databases.
Results: Benzene and ionizing radiation are the only agents conclusively demonstrated to be carcinogenic to the
haematopoietic system. In particular, both exposures are strongly associated with acute myeloid leukaemia. Low
doses of both may also be related to myeloid malignancies. Infectious agents and pesticides are also thought to
induce lymphoproliferative cancers. Some studies show an association between haematological malignancies and
low-frequency electromagnetic fields and organic solvents. All of these suspected occupational causes must be
confirmed by further studies.
Conclusions: Better knowledge and understanding of occupational causes of haematological malignancies are
necessary to improve their prevention and compensation.

Introduction

Historically, one of the earliest examples of a haemato-
logicalmalignancy thought to have anoccupational cause
is the blood cancer that probably killed Marie Curie: de-
spite some diagnostic confusion, her cause of death was
most likely due to occupational exposure to ionizing
radiation exposure [1]. Although the known occupational
causes of malignant blood diseases were once relatively
rare, chemical and physical environmental hazards are
thought to explain the increasing incidence of these dis-
eases, especially lymphomas, over the past three decades

[2]. Moreover, the risk of leukaemia attributable to
occupational factors has been estimated at 10% in the
USA [3, 4] and 5�10% in Europe [3, 4]: occupational
causes would thus account for 111�224 incident cases of
leukaemia per year inFrance, although only 20 leukaemia
patients received disability compensation for an occupa-
tional disease in the year 2000. These figures indicate the
extent to which the occupational causes of these diseases
are under-diagnosed, in part because physicians often do
not recognize their occupational factors.

Furthermore, many occupational causes of these dis-
eases are simply unidentified. Benzene and ionizing
radiation are the only agents conclusively proven to be
carcinogenic to the haematopoietic system, although
other occupational exposures are suspected of involve-
ment in these diseases [1, 5, 6].

The purpose of this paper was to review the available
epidemiologic data about occupational sources of hae-
matological malignancies.
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Material and methods

We searched for relevant publications from 1992 through
2004 in three databases: theMedline database, the Pascal
database (developed by the French national centre for
scientific research, CNRS) and the BDSP database
(developed by the French national school of public
health, ENSP). We used the keywords leukaemia, lym-
phoma, Hodgkin’s disease, multiple myeloma, and
myelodysplastic syndromes, together with occupational,
work, and occupational disease. To be exhaustive, we
also checked cohort studies on major occupational
exposures that have been linked to haematological
malignancies. For this search, we used the following
keywords ‘occupational’ AND ‘cancer’ AND (‘benzene’
or ‘petrochemical’ or ‘gasoline’ or ‘nuclear industry’ or
‘ionizing radiation’ or ‘pesticide’ or ‘farmer’ or ‘butcher’
or ‘meatpacker’ or ‘slaughterhouse’ or ‘abattoir’ or
‘virus’ or ‘microbe’ or ‘organic solvent’ or ‘beautician’ or
‘hair dye’ or ‘diesel exhaust’ or ‘embalmer’ or ‘anatomist’
or ‘pathologist’ or ‘formaldehyde’ or ‘health worker’ or
‘antineoplastic’). We looked only at published data for
humans and rejected studies with imprecise descriptions
of exposure or diagnosis. Toxicological studies, particu-
larly studies of biochemical pathways, were not included.
Case reports were also excluded, but well-documented
reviews were included, in part to ensure that our review
took into account studies published before 1992.

We analyzed 153 papers: 71 cohort studies, 46
case�control studies, and 36 meta-analyses or critical
reviews. They came from journals in the fields of occu-
pational health (65%), epidemiology (12%), haematol-
ogy and oncology (14%), and other fields (toxicology or
general, for the remaining 9%).

We report the results according to strength of evi-
dence and agent. Tables 1�10 summarize the principal
results of selected studies according to disease.

Results

Demonstrated occupational causes

A causal relation with leukaemia, especially acute mye-
loid leukaemia (AML), has been demonstrated accord-
ing to the Bradford Hill criteria (strength of association,
consistency, specificity, temporality, dose-response rela-
tionship, coherence and analogy) for only two agents:
benzene and ionizing radiation [5�7].

Ionizing radiation
Ionizing radiation has been classified as a certain car-
cinogenic hazard (group 1) by the International Agency
for Research on Cancer (IARC) [5].

AML. The causal relation between ionizing radiation
and haematological malignancies was first demon-
strated during the follow-up of the Nagasaki and
Hiroshima atomic-bomb survivors by their high inci-
dence of AML [6, 7]. In the workplace, a retrospective
cohort study of nuclear workers found an elevated
mortality rate from leukaemia (Table 1), significant
only for high exposure (cumulative dose higher than
200 mSv) and considering all haematological malig-
nancies, with a rate ratio estimated at 15.65 (95% CI:
3.33�73.50) [8].

Low doses of ionizing radiation and leukaemia. The
United Nations Scientific Committee on Effects of
Atomic Radiations (UNSCEAR) reported in 2000 that
levels of occupational radiation exposure today are
approximately half of what they were in earlier decades.
The average annual effective dose in the 1990s has been
estimated at 1�5 mSv [7]. Some studies of nuclear and
medical workers have examined in more detail the
relation between exposure to low doses of ionizing
radiation (<5 mSv/year) and leukaemia [8�13]. Pooling
mortality data from seven cohort studies covering
96,673 nuclear workers, the IARC study group found a
significant excess relative risk of leukaemia [excluding
chronic lymphoid leukaemia (CLL)] associated with
exposure to ionizing radiation (Table 1) [9]. The mean
duration of exposure was 36 years and 80% of the study
population had a cumulative exposure less than
50 mSv.

Other types of leukaemia and myelodysplastic syn-
dromes. A cohort study of workers who participated in
the United Kingdom’s atmospheric weapons tests and
experimental program found them to have a signifi-
cantly increased relative risk of leukaemia (CLL ex-
cluded) [14]. The UNSCEAR report in 2000 also noted
associations between exposure to ionizing radiation and
leukaemia, except for T-cell leukaemia and CLL [7]. A
case�control study showed an association between
occupational exposure to ionizing radiation and
myelodysplastic syndromes (Table 4) [15].

Malignant B-cell lymphoproliferative disorders. No epi-
demiological data support a causal relation between
occupational exposure to ionizing radiation and non-
Hodgkin lymphoma (NHL) or Hodgkin disease
(Tables 6 and 7) [7, 16]. A case�control study showed
an excess risk of multiple myeloma (MM) among older
nuclear facility workers exposed to low levels of ionizing
radiation: the odds ratio reached 5.15 in the group with
thehighest exposure at the age of 45 and older (cumu-
lative dose of 100 mSv or more) [17]. A cohort study
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[18] also showed an association between MM mortality
and combined exposure to ionizing radiation and
chemicals, but the number of deaths (n = 2) from this
disease was too low to justify a definitive conclusion
(Table 10). The UNSCEAR report considered the
available data and concluded in 2000 that no associa-
tion has yet been demonstrated between ionizing radi-
ation and MM [7].

Benzene
Occupational benzene exposure has also been demon-
strated to cause haematological malignancies [19].

AML. There is strong evidence that high daily exposure
to benzene (more than 10 ppm) is associated with AML,
and both dose-response and time-response relations
have been demonstrated (Table 2) [19]. For example,

Table 1. Epidemiologic surveys of occupational leukaemia, all types, not specified

References Study design Exposure or job Risk estimation CI 95%

Guenel 2002 [23] Cohort Benzene OR = 1.2a,b 1.0�1.5
Seniori 2003 [27] Cohort Benzene (>200 ppm years) SMR = 5.1a,b 1.4�13.0
Rinsky 2002 [26] Cohort Benzene (between 40 and 200 ppm years) SMR = 3.21b 0.86�8.89
Rinsky 2002 [26] Cohort Benzene (between 200 and 400 ppm years) SMR = 5.55b 0.62�24.08
Rinsky 2002 [26] Cohort Benzene (>400 ppm years) SMR = 23.96a,b 4.82�78.51
Wong 1999 [33] Nested case�control Gasoline (3�5% benzene) SMR = 0.80 0.56�1.07
Huebner 2000 [52] Cohort Petrochemical industry SIR = 1.29 0.75�2.07
Wong 2001 [28] Cohort Petrochemical industry SMR = 1.37 0.96�1.88
Sathiakumar 1995 [30] Case�control Petrochemical industry OR = 2.0b 0.97�4.2
Gun 2004 [144] Cohort Petrochemical industry SIR = 1.39 0.91�2.02
Hunting 1995 [25] Cohort Vehicle mechanics (benzene exposure) SMR = 9.26a 1.12�33.43
Wong 1999 [33] Nested case�control Gasoline (3�5% benzene) SMR = 0.80 0.56�1.07

Blair 1998 [46] Cohort Trichloroethylene RR = 0.6 0.3�1.2
Gustavsson 1999 [145] Cohort Chemical industry SIR = 2.24 0.46�6.54
Steenland 2004 [118] Cohort Ethylene oxide SMR = 0.99 0.71�1.36
Coggon 2004 [117] Cohort Ethylene oxide (chemical and hospital) SMR = 1.08 0.35�2.51
Eisen 2001 [146] Cohort Automobile industry (metalworking fluids) SMR = 1.34a 1.14�1.58
Divine 2001 [107] Cohort Butadiene SMR = 1.29 0.77�2.04
Santos-Burgoa 1992 [111] Case�control Butadiene OR = 9.36a 2.05�22.9
Santos-Burgoa 1992 [111] Case�control Styrene OR = 3.13 0.84�11.2
Hauptmann 2003 [125] Cohort Formaldehyde (peak levels >4 ppm) RR = 3.46a,c 1.27�9.43
Coggon 2003 [127] Cohort Formaldehyde SMR = 0.91 0.62�1.29

IARC 1994 [9] Meta-analysis Ionizing radiation (low doses) Meta ERR = 2.2 (by Sv)a 0.1�5.7f
Ritz 1999 [8] Cohort Ionizing radiation RR = 1.60 0.95�2.52
Sont 2001 [16] Cohort Ionizing radiation ERR = 5.4 (by Sv)a 0.2�20.0f
Muirhead 2003 [14] Cohort Ionizing radiation RR = 1.83a,d 1.15�2.93f

Kheifets 1999 [61] Meta-analysis Electromagnetic fields RR = 1.09 (by 10 lT years) 0.98�1.21
Harrington 2001 [62] Cohort Electromagnetic fields SMR = 0.84 0.69�1.01
Hakansson 2002 [63] Cohort Electromagnetic fields (0.25�0.53 lT), men RR = 0.80 0.5�1.3
Hakansson 2002 [63] Cohort Electromagnetic fields (0.25�0.53 lT), women RR = 2.0 0.8�4.6
Morgan 2000 [64] Cohort Radiofrequency exposure >5 Years RR = 1.05 0.46�2.07
Savitz 2000 [147] Nested case�control Electromagnetic fields between 4.75–12.2 lT/Year RR = 1.44 0.53�3.91

Baker 1999 [80] Meta-analysis Teachers RR = 1.77a,e 1.22�2.47
Blair 2001 [74] Case�control Health workers OR = 1.8 0.9�3.6
Bertazzi 2001 [101] Cohort Dioxins (TCDD) RR = 3.8a 1.2�12.5
Fleming 1999 [148] Cohort Agriculture OR = 1.29 0.78�2.02
Blair 2001 [74] Case�control Agriculture >10 years exposure OR = 2.1a 1.0�4.5

a Statistically significant with p-level <0.05.
b Dose-effect (or time-effect) relation.
c RR related to myeloid leukaemia.
d RR related to leukaemia without chronic lymphoid leukaemia.

ppm = parts per million; lT = microtesla; ERR = Excess relative risk (significant when ERR do not include 0); RR = Risk ratio; SMR=

Standardized mortality ratio; SIR = Standardized incidence ratio; OR = Odds ratio; CI95% = Confidence interval at 95%.
e Confidence interval was at 90%.
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two large petrochemical industry cohort studies showed
an association between cumulative benzene exposure
and mortality from AML [20, 21].

Low doses of benzene and leukaemia. Although the
association between high benzene exposure and
leukaemia is now well documented, long periods of

Table 2. Epidemiologic surveys of occupational acute myeloid leukaemia

References Study design Exposure or job Risk estimation CI 95%

Wong 1995 [20] Cohort Benzene SMR = 5.03a,b 1.81�10.97
Wong 1995 [20] Cohort Benzene <200 ppm years SMR = 0.91 0.02�5.11
Wong 1995 [20] Cohort Benzene 200�400 ppm yearsc SMR = 27.21a,b 3.29�98.24
Wong 1995 [20] Cohort Benzene >400 ppm yearsc SMR = 98.37a,b 20.28�287.65
Hayes 1997 [21] Cohort Benzene <10 ppm RR = 3.2a,b 1.0�10.3
Hayes 1997 [21] Cohort Benzene <25 ppm RR = 7.1a,b 2.1�23.7
Bloemen 2004 [149] Cohort Benzene SMR = 1.1 0.30�2.83
Jakobsson 1993 [22] Mortality Gasoline (3�5% benzene) SMR = 3.60a 1.70�6.60
Huebner 1997 [36] Cohort Petrochemical industry SMR = 1.00 0.56�1.65
Wong 1999 [33] Nested case�control Gasoline (3�5% benzene) SMR = 1.17 0.69�1.85
Sathiakumar 1995 [30] Case�control Petrochemical industry OR = 2.8a 1.1�7.3
Divine 1999 [29] Cohort Petrochemical industry SMR = 1.29 0.78�1.99

Brown 2002 [57] Cohort Male workers in the paint and varnish industry SIR = 2.2a 1.0�4.2
Pinkerton 2004 [126] Cohort Formaldehyde SMR = 1.34 0.61�2.54
Massoudi 1997 [55] Case�control Chemical industry OR = 1.09 0.40�2.96
Albin 2000 [39] Case�control Organic solvent (except benzene) OR = 2.7a,b 1.0�7.3
Lazarov 2000 [37] Case�control Organic solvent OR = 2.52a 1.45�4.39
Hunter 1993 [38] Mortality Chemical laboratory SMR = 1.92a 1.12�3.08

Kheifets 1997 [59] Meta-Analysis Electromagnetic fields Meta-RR = 1.40a 1.16�1.69
Theriault 1994 [67] Case�control Electromagnetic fields OR = 2.25 0.79�6.46
Willett 2003 [65] Case�control Electromagnetic fields OR = 0.91 0.69�1.18

Mele 1994 [72] Case�control Child-care workers and teachers OR = 3.3a 1.2�9.0
Bethwaite 2001 [71] Case�control Butchers OR = 2.6a,b 1.1�6.5
Cocco 1997 [78] Mortality Organochlorine (DDT) PMR = 1.89 0.38�5.52

a Statistically significant with p-level < 0.05.
b Dose-effect (or time-effect) relation

ppm = parts per million; Meta-RR = Meta Risk ratio; RR = Risk ratio; SMR = Standardized mortality ratio; SIR = Standardized

incidence ratio; OR = Odds ratio; PMR = proportional mortality ratio; CI95% = Confidence interval at 95%.

Table 3. Epidemiologic surveys of suspected occupational chronic myeloid leukaemia

References Study design Exposure or job Risk estimation CI 95%

Wong 2001 [28] Cohort Petrochemical industry SMR = 1.31 0.43�3.07
Huebner 1997 [36] Cohort Petrochemical industry SMR = 1.02 0.44�2.00
Guenel 2002 [23] Cohort Benzene (high exposure group) OR = 1.2 0.1�11.4
Divine 1999 [29] Cohort Petrochemical industry SMR = 1.05 0.54�1.83
Lewis 2000 [150] Cohort Petrochemical industry SMR = 3.51a 1.68�6.45
Pinkerton 2004 [126] Cohort Formaldehyde SMR = 1.39 0.38�3.56

Kheifets 1997 [59] Meta-Analysis Electromagnetic fields Meta-RR = 1.24 0.98�1.57
Theriault 1994 [67] Case�control Electromagnetic fields OR = 0.61 0.18�2.05

Mele 1994 [72] Case�control Child-care workers and teachers OR = 7.8a 2.3�26.3

a Statistically significant with p-level < 0.05.

Meta-RR = Meta Risk ratio; SMR = Standardized mortality ratio; OR = Odds ratio; CI95% = Confidence interval at 95%.
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low-dose exposure have also been related to leukaemia
[22�25]: a cohort study of almost 75,000 workers sug-
gests that low benzene exposure (average levels below
10 ppm) is associated with acute non-lymphocytic leu-
kaemia (and related myelodysplastic syndromes)
(Table 2) [21]. Results from a case�control study nested
in a cohort of gas and electrical workers confirm an
association between low benzene exposure and leukae-
mia (Table 1) [23]. However, no distinction of cell type
was made, and some studies do not support this relation
(Tables 1 and 2) [20, 26, 27].

Other types of leukaemia. Cohort studies of workers in
the petroleum, gas and electricity industries have not
shown any significant excess risk of other types of leu-
kaemia, and in particular of chronic myeloid leukaemia
(Table 3) [23, 28, 29]. Epidemiologic studies of occupa-
tional diseases, however, frequently combine acute and
chronic myeloid leukaemia, and this failure to differen-
tiate them may account in part for the absence of evi-
dence [30].

MalignantB-cell lymphoproliferative disorders. Although
limited data suggest that benzene exposure may be asso-
ciated with NHL (Table 6), there is not enough evidence
today to support a causal association [19, 31, 32].
Similarly, there is no evidence to support a causal asso-
ciation (Table 10) between occupational benzene expo-
sure and MM [20, 26, 29, 33, 34].

Suspected occupational causes

Aromatic hydrocarbons and organic solvents
Myeloid leukaemia and myelodysplastic syndromes.
Aromatic hydrocarbons such as xylene and toluene,
which are used as substitutes for benzene, are
suspected to be related to the onset of AML
(Table 2). An increased risk of death from AML was
observed in different cohorts of petrochemical workers
exposed to benzene and other aromatic hydrocarbons
[29, 30]. A case�control study also found an associ-
ation between self-reported exposure to toluene and
acute leukaemia, with a dose-response relation [35].
Nevertheless, a cohort study of 80,000 petrochemical
workers exposed to hydrocarbons found no increased
risk of AML [36].

Several studies report an association between expo-
sure to organic solvents, such as aromatic hydrocarbons,
and myeloid leukaemia, principally AML (Tables 2 and
3). A case�control study of 98 cases found a positive
association between organic solvent exposure and AML
[37], and a mortality study of professional chemists
observed a significant excess of deaths from this cause
[38]. Only one study, however, considered solvents
independently of benzene exposure (Table 2) [39].

Several case�control studies have shown a positive
association between organic solvent exposure and
myelodysplastic syndromes (Table 4) [15, 40, 41], but no
specific agents were identified.

Table 4. Epidemiologic surveys of suspected occupational myelodysplastic syndromes

References Study design Exposure or job Risk estimation CI 95%

West 1995 [15] Case�control Ionizing radiation OR = 2.05a 1.16�2.52
West 1995 [15] Case�control Halogenated organics OR = 1.57 0.97�2.57
Rigolin 1998 [40] Case�control Organic solvent OR = 7.11a 2.42�20.88
Rigolin 1998 [40] Case�control Pesticides OR = 2.12a 1.26�3.59

a Statistically significant with p-level < 0.05.

OR = Odds ratio; CI95% = Confidence interval at 95%.

Table 5. Epidemiologic surveys of suspected occupational hairy-cell leukaemia

References Study design Exposure or job Risk estimation CI 95%

Clavel 1996 [106] Case�control Pesticides OR = 1.7a 1.0�2.6
Clavel 1996 [106] Case�control Organophosphorus insecticides OR = 7.6 0.9�61.6
Clavel 1995 [105] Case�control Agriculture employment (men) OR = 1.7a 1.1�2.4
Clavel 1995 [105] Case�control Agriculture employment (women) OR = 2.7a 1.1�6.7
Nordstrom 1998 [104] Case�control Fungicides OR = 3.8a 1.4�9.9
Nordstrom 1998 [104] Case�control Herbicides OR = 2.9a 1.4�5.9
Nordstrom 1998 [104] Case�control Insecticides OR = 2.0a 1.1�3.5
Nordstrom 1998 [104] Case�control Solvents OR = 1.5 0.99�2.3

a Statistically significant with p-level < 0.05.

OR = Odds ratio; CI95% = Confidence interval at 95%.
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Table 6. Epidemiologic surveys of occupational non-Hodgkin lymphoma

References Study design Exposure or job Risk estimation CI 95%

Lagorio 1994 [151] Cohort Benzene (3�5%) SMR = 1.58 0.43�4.08
Hayes 1997 [21] Cohort Benzene >10 years RR = 4.2a 1.1�15.9
Wong 1999 [33] Nested case�control Benzene (3�5%) SMR = 0.42 0.25�0.65
Fabbro-Peray 2001 [31] Case�control Benzene >810 days OR = 4.6a 1.1�19.2
Collingwood 1996 [152] Cohort Petrochemical industry SMR = 1.32 0.74�2.17
Divine 1999 [29] Cohort Petrochemical industry SMR = 0.88 0.69�1.11
Huebner 2000 [52] Cohort Petrochemical industry SIR = 1.06 0.67�1.61

Sathiakumar 1998 [108] Cohort Butadiene and styrene SMR = 0.91 0.61�1.32
Divine 2001 [107] Cohort Butadiene SMR = 1.48 0.89�2.31
Blair 1998 [46] Cohort Trichloroethylene RR = 2 0.9�4.6
Axelson 1994 [50] Cohort Trichloroethylene SIR = 1.56 0.51�3.64
Hansen 2001 [51] Cohort Trichloroethylene SIR = 3.5a 1.5�6.9
Raaschou-Nielsen 2003 [49] Cohort Trichloroethylene (high exposure) SIR = 1.5a 1.2�2.0
Boice 1999 [56] Cohort Trichloroethylene SMR = 1.19 0.65�1.99
Anttila 1995 [47] Cohort Halogenated hydrocarbons SIR = 2.13a 1.06�3.80
Rafnsson 2001 [153] Cohort Typesetters SIR = 4.46a 1.63�9.70
Hansen 1994 [132] Cohort Pharmacy dispenser (long term) SIR = 3.7a 1.2�8.9
Massoudi 1997 [55] Case�control Chemical industry OR = 3.11a 1.10�8.82
Hardell 1994 [91] Case�control Solvents OR = 2.4a 1.4�3.9
Blair 1993 [42] Case�control Typesetters >10 years OR = 2.5a,b 1.1�5.7
Mao 2000 [154] Case�control Benzidine OR = 1.9a 1.1�3.4
Mao 2000 [154] Case�control Lubricating oils OR = 1.3a 1.0�1.5
Rego 2002 [45] Case�control Organic solvents OR = 1.67 0.97�2.87
Rego 2002 [45] Case�control Organic solvents + domestic pesticides OR = 2.24a 1.01�3.97
Tatham 1997 [44] Case�control Solvents OR = 1.60a,c 1.10�2.20
Demers 1998 [155] Meta-Analysis Wood-workers SMR = 1.08 0.81�1.39

Sont 2001 [16] Cohort Ionizing radiation Risk excess (by Sv) = 6.6 0.0�28.3d
Schroeder 1997 [68] Cohort Electromagnetic fields >20 years RR = 1.40 0.80�2.30
Morgan 2000 [64] Cohort Radiofrequency exposure >5 years RR = 0.64 0.32�1.15
Cano 2001 [66] Cohort Communication and transport

(except pilots and postmen)

(Electromagnetic field)

RR = 2.43 to 3.43a p < 0.05

Villeneuve 2000 [60] Nested case�control Electromagnetic fields >40 V/m OR = 3.57a,b 1.30�9.80
Theriault 1994 [67] Case�control Electromagnetic fields OR = 1.22 0.77�1.94
Fabbro-Peray 2001 [31] Case�control Radio operator OR = 3.1a 1.4�6.6

Baker 1999 [80] Meta-Analysis Teachers RR = 1.36a 1.13�1.62
Blair 1992 [73] Meta-Analysis Agriculture Meta-RR = 1.05 0.98�1.12
Khuder 1998 [83] Meta-Analysis Agriculture Meta-OR = 1.10a 1.03�1.19
Baris 1998 [89] Meta-Analysis DDT exposure (pesticides) OR = 1.2a 1.0�1.6
Gambini 1997 [96] Cohort Rice growers >20 years of exposure SMR = 3.38 0.92�8.65
Burns 2001 [156] Cohort 2.4-D (herbicide) SMR = 1.00 0.21�2.92
Kelleher 1998 [77] Cohort Farmers SIR = 1.69a 1.24�2.66
Thorn 2000 [92] Cohort Herbicides (phenoxyacetic acids) SIR = 1.92b 0.03�10.7
Zahm 1997 [93] Cohort Pesticides SMR = 1.14b 0.31�2.91
Zahm 1997 [93] Cohort Pesticides >3 years SMR = 7.11a 1.78�28.42
Cano 2001 [66] Cohort Agriculture RR = 0.96 0.88�1.04
MacLennan 2003 [157] Cohort Triazine herbicides SMR = 3.72a 1.01�9.52
Rusiecki 2004 [100] Cohort Triazine herbicides RR = 1.61 0.62�4.16
Acquavella 2004 [98] Cohort Alachlor herbicides, high exposure SIR = 2.07 0.43�6.04
Bertazzi 2001 [101] Cohort Dioxins (TCDD) RR = 2.8a 1.1�7.0
Metayer 1998 [88] Nested case�control Abattoir workers (viruses) OR = 12a 1.1�130.6
Amadori 1995 [79] Case�control Breeders (agriculture) OR = 2.22a 1.16�4.26
Hardell 1994 [91] Case�control Herbicides (phenoxyacetic acids) OR = 5.5a 2.7�11
Hardell 1994 [91] Case�control Chlorophenols OR = 4.8a 2.7�8.8
Fabbro-Peray 2001 [31] Case�control Agriculture OR = 1.5a 1.0�2.1
Mao 2000 [154] Case�control Herbicides and pesticides OR = 1.3a 1.0�1.6
De Roos 2003 [95] Case�control Triazine and Alachlor herbicides OR = 2.1a 1.1�3.9
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Malignant B-cell lymphoproliferative disorders. An
association is also suspected between organic solvent
exposure and NHL [42�44]. One study in particular
[45] suggests that occupational organic solvent
exposure is associated with an excess risk of NHL,

especially among workers using household insecticides.
Several cohort studies found an association between
exposure to trichloroethylene (Table 6), a solvent
used especially in the aviation sector, and NHL
[46�51].

Table 6. (Continued)

References Study design Exposure or job Risk estimation CI 95%

De Roos 2003 [95] Case�control Triazine herbicides and Diazinon insecticides OR = 3.9a 1.7�8.8
Kato 2004 [97] Case�control Pesticides 10�18 years (women) OR = 2.72a 1.37�5.40
Zheng 2001 [90] Case�control Carbamate (herbicides and insecticides) OR = 1.5a 1.1�2.0
Garabedian 1999 [158] Case�control Chlorophenol >8 years OR = 1.51 0.88�2.59
Fritschi 2002 [82] Case�control Workers with animals OR = 1.8a 1.1�2.9
Lee 2002 [76] Mortality Breeders PMR = 1.17a 1.06�1.30
Cerhan 1998 [85] Mortality Agriculture PMR = 1.09 0.96�1.23

a Statistically significant with p-level < 0.05.
b Dose-effect (or time-effect) relation.
c OR related to small cell diffuse lymphoma.
d Confidence interval at 90%.

lT = microtesla; Meta-RR = Meta risk ratio; Meta-OR = Meta odds ratio; RR = Risk ratio; SMR = Standardized mortality ratio;

SIR = Standardized incidence ratio; OR = Odds ratio; PMR = proportional mortality ratio; CI95% = Confidence interval at 95%.

Table 7. Epidemiologic surveys of suspected occupational Hodgkin disease

References Study design Exposure or job Risk estimation CI 95%

Wong 2001 [28] Cohort Petrochemical industry SMR = 0.61 0.13�1.77
Wong 1999 [33] Nested case�control Benzene (3�5%) SMR = 0.48 0.18�1.05

Sathiakumar 1998 [108] Cohort Butadiene and styrene SMR = 0.95 0.41�1.87
Blair 1998 [46] Cohort Trichloroethylene RR = 1.4 0.2�12
Axelson 1994 [50] Cohort Trichloroethylene SIR = 1.07 0.03�5.95
Hunter 1993 [38] Mortality Chemistry SMR = 0.51a 0.218�0.996

Sont 2001 [16] Cohort Ionizing radiation Risk excess (by Sv) = 64.8 0.0�591.3b
Morgan 2000 [64] Cohort Radiofrequency exposure >5 years RR = 1.14 0.31�3.10
Schroeder 1997 [68] Cohort Electromagnetic fields >20 years RR = 1.1 0.3�4.4
Theriault 1994 [67] Case�control Electromagnetic fields OR = 1.33 0.65�2.70

Khuder 1999 [84] Meta-Analysis Agriculture RR = 1.25a 1.11�1.42
Blair 1992 [73] Meta-Analysis Agriculture Meta-RR = 1.16a 1.03�1.29
Pukkala 1997 [159] Cohort Farmers (without animals) SIR = 1.74a 1.12�2.59
Swaen 1992 [102] Cohort Pesticides SMR = 3.34 0.04�18.61
Bertazzi 2001 [101] Cohort Dioxins (TCDD) RR = 4.9a 1.5�16.4
Metayer 1998 [88] Nested case�control Abattoir workers (viruses) OR = 12a 1.1�130.6
Pahwa 2003 [160] Case�control Farmers OR = 0.95 0.61�1.48
Cerhan 1998 [85] Mortality Agriculture PMR = 1.62a 1.04�2.54
Khuder 1998 [83] Meta-Analysis Agriculture RR = 1.25a 1.11�1.42
Blair 1992 [73] Meta-Analysis Agriculture Meta-RR = 1.16a 1.03�1.29
Pukkala 1997 [159] Cohort Farmers (without animals) SIR = 1.74a 1.12�2.59
Swaen 1992 [102] Cohort Pesticides SMR = 3.34 0.04�18.61
Bertazzi 2001 [101] Cohort Dioxins (TCDD) RR = 4.9a 1.5�16.4
Metayer 1998 [88] Nested case�control Abattoir workers (viruses) OR = 12a 1.1�130.6
Pahwa 2003 [160] Case�control Farmers OR = 0.95 0.61�1.48
Cerhan 1998 [85] Mortality Agriculture PMR = 1.62a 1.04�2.54

a Statistically significant with p-level < 0.05.
b Confidence interval at 90%.

Meta-RR = Meta risk ratio; Meta-OR = Meta odds ratio; RR = Risk ratio; SMR = Standardized mortality ratio; SIR = Standardized

incidence ratio; OR = Odds ratio; PMR = proportional mortality ratio; CI95% = Confidence interval at 95%.
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Exposure to other aromatic hydrocarbons in petro-
chemical plants [29, 52] or in occupations such as paint-
ing, printing or aircraft manufacture [53�57] has been
suspected of inducing MM, but a meta-analysis of 22
cohorts did not support this association (Table 10) [58].

Electromagnetic fields
Leukaemia. A meta-analysis suggests that occupa-
tional exposure to electromagnetic fields, including low
frequency and extremely low frequency fields, may be
associated with AML (small but significant increase in
risk) and CLL in electrical industry workers [59]. A
case�control study nested in a cohort of electric
utility workers explored the relation between a series
of indices of electric and magnetic field exposure and
the incidence of leukaemia; its aim was to identify
the most appropriate exposure indicator for risk
assessment. A significant association was found

between exposure to electric fields above 10 V/m and
leukaemia [60], but these results have not been con-
firmed by recent studies in the industry (Tables 1 and
2) [61�65].

Malignant B-cell lymphoproliferative disorders. Some
data from the electricity and telecommunications
industries suggest a relation between electromagnetic
field exposure and NHL or MM (Tables 6 and 10)
[66�69]. A slight positive association between electro-
magnetic field exposure for a duration up to 20 years
and low-grade NHL was found in a cohort of electric
utility workers [68]. No association was observed be-
tween electromagnetic fields and MM in this study. A
cohort study of workers in the engineering industry
did, however, suggest an association between high
levels of extremely low frequency magnetic fields and
MM [63].

Table 8. Epidemiologic surveys of suspected occupational acute lymphoid leukaemia

References Study design Exposure or job Risk estimation CI 95%

Divine 1999 [29] Cohort Petrochemical industry SMR = 1.01 0.32�2.35

Kheifets 1997 [59] Meta-Analysis Electromagnetic fields Meta-RR = 1.33 0.93�1.92
Theriault 1994 [67] Case�control Electromagnetic fields OR = 2.07 0.12�35.25
Blair 2001 [74] Case�control Electromagnetic fields OR = 2.4 0.7�8.8
Willett 2003 [65] Case�control Electromagnetic fields OR = 1.70 0.86�3.35

Kelleher 1998 [77] Cohort Agriculture SIR = 1.87a 1.13�2.92
Bethwaite 2001 [71] Case�control Butchers OR = 4.0a 1.0�16.1
Mele 1994 [72] Case�control Agriculture OR = 1.0 0.4�2.5

a Statistically significant with p-level < 0.05.
b Dose-effect (or time-effect) relation.
c Confidence interval was at 90% in this study.

Meta-RR = Meta risk ratio; Meta-OR = Meta odds ratio; RR = Risk ratio; SMR = Standardized mortality ratio; SIR = Standardized

incidence ratio; OR = Odds ratio; PMR = proportional mortality ratio; CI95% = Confidence interval at 95%.

Table 9. Epidemiologic surveys of suspected occupational chronic lymphoid leukaemia

References Study design Exposure or job Risk estimation CI 95%

Huebner 1997 [36] Cohort Petrochemical industry SMR = 1.60 0.85�2.73
Huebner 2000 [52] Cohort Petrochemical industry SIR = 1.22 0.40�2.85
Lewis 2000 [150] Cohort Petrochemical industry SMR = 3.51a 1.68�6.45
Divine 1999 [29] Cohort Petrochemical industry SMR = 0.8 0.45�1.33

Hunter 1993 [38] Mortality Chemical laboratory SMR = 1.79a 1.00�2.95

Kheifets 1997 [59] Meta-Analysis Electromagnetic Fields Meta-RR = 1.55a 1.10�2.19
Theriault 1994 [67] Case�control Electromagnetic Fields OR = 1.40 0.52�3.77

Kelleher 1998 [77] Cohort Agriculture SIR = 1.88a 1.34�2.56
Amadori 1995 [79] Case�control Farmers-breeders OR = 3.05a 1.12�8.32
Lee 2002 [76] Mortality Farmers-breeders PMR = 1.28a 1.06�1.53

a Statistically significant with p-level < 0.05.

Meta-RR = Meta risk ratio; SMR = Standardized mortality ratio; SIR = Standardized incidence ratio; OR = Odds ratio;

PMR = proportional mortality ratio; CI95% = Confidence interval at 95%.
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Based in part on studies of haematopoietic cancer,
IARC considers electromagnetic fields to be a possible
carcinogenic hazard (group 2B). Further studies are
needed [70].

Infectious agents
Myeloid malignancies. Some case�control studies sug-
gest that myeloid diseases, especially AML, may be re-
lated to exposure to infectious agents among
occupational groups as diverse as butchers [71] and

teachers [72]. These studies did not, however, take into
account confounding factors, such as exposure to
chemicals in the meat industry [71].

Malignant B-cell lymphoproliferative disorders. Among
agricultural workers, occupational exposure to infec-
tious agents [73�78] is suspected of increasing the
risk of lymphoproliferative malignancies (Tables 6�9).
A case�control study among meat industry workers
showed a significant association and a time-effect

Table 10. Epidemiologic surveys of suspected occupational multiple myeloma

References Study design Exposure or job Risk estimation CI 95%

Sonoda 2001 [130] Meta-Analysis Benzene/solvents Meta-OR = 0.74a 0.6�0.9
Sonoda 2001 [130] Meta-Analysis Petroleum Meta-OR = 1.11 0.96�1.28
Sonoda 2001 [130] Meta-Analysis Engine exhaust Meta-OR = 1.34a 1.14�1.57
Lee 2003 [129] Cohort Engine exhaust (diesel) RR = 1.3a 1.00�1.77
Wong 1995 [20] Cohort Benzene SMR = 2.91 0.79�7.45
Rinsky 2002 [26] Cohort Benzene SMR = 2.04 0.66�4.76
Wong 1999 [33] Nested case�control Benzene 3�5% SMR = 0.79 0.46�1.24
Wong 1997 [58] Meta-Analysis Petrochemical industry SMR = 0.93 0.81�1.07
Divine 1999 [29] Cohort Petrochemical industry SMR = 1.01 0.7�1.4
Huebner 2000 [52] Cohort Petrochemical industry SIR = 1.39 0.64�2.64

Blair 1998 [46] Cohort Trichloroethylene RR = 1.3 0.5�3.4
Axelson 1994 [50] Cohort Trichloroethylene SIR = 0.57 0.01�3.17
Anttila 1995 [47] Cohort Trichloromethane or tetrachloroethane SIR = 15.98a 1.93�57.7
Lundberg 1998 [161] Cohort Organic solvents >5 years SIR = 3.8 0.8�11
Sathiakumar 1998 [108] Cohort Butadiene and styrene SMR = 0.92 0.5�1.55

Brown 2002 [57] Cohort Male painters SIR = 1.0 0.8�1.2
Demers 1993 [54] Case�control Painters >10 years OR = 4.1a, b 1.8�10.4
Massoudi 1997 [55] Case�control Chemical industry OR = 2.39a 1.04�5.48

Baysson 2000 [18] Cohort Ionizing radiation and chemicals SMR = 8.38a 1.44�26.2
Schroeder 1997 [68] Cohort Electromagnetic fields >20 years RR = 0.9 0.4�1.8
Hakansson 2002 [63] Cohort Electromagnetic fields 0.164�0.25 lT (medium exposure) RR = 2.9b 0.8�10.7
Hakansson 2002 [63] Cohort Electromagnetic fields 0.25�0.53 lT (high exposure) RR = 3.8 0.9�15.6

Theriault 1994 [67] Case�control Electromagnetic fields OR = 1.06 0.44�2.53
Baker 1999 [80] Meta-Analysis Teachers Meta-PMR = 1.58a 1.47�1.70
Robinson 1999 [162] Mortality Teachers PMR = 1.23a 1.06�1.43
Blair 1992 [73] Meta-Analysis Agriculture Meta-RR = 1.12a 1.04�1.21
Pukkala 1997 [159] Cohort Agriculture (men only) SIR = 0.95 0.82�1.10
Swaen 1992 [102] Cohort Pesticides SMR = 8.15a 1.64�23.82
Baris 2004 [163] Cohort Pesticides OR = 1.3 0.9�1.8
Lee 2004 [99] Cohort Alachlor herbicides RR = 5.66 0.70�45.7
Metayer 1998 [88] Nested case�control Supermarket meat-cutters OR = 18a 1.6�207.95
Nanni 1998 [103] Case�control Organochlorine OR = 2.4a 1.0�5.9
Demers 1993 [54] Case�control Pesticides (high exposure) OR = 5.2a, b 1.96�21.1
Cocco 1997 [78] Mortality DDT (pesticides) SMR = 3.41a 1.10�7.95
Cerhan 1998 [85] Mortality Agriculture PMR = 1.17 0.98�1.40
Lee 2002 [76] Mortality Breeders PMR = 1.19a 1.03�1.38

a Statistically significant with p-level < 0.05.
b Dose-effect (or time-effect) relation.

lT = microtesla Meta-RR = Meta risk ratio; Meta-OR = Meta odds ratio; Meta-PMR = Meta proportional mortality ratio; RR

= Risk ratio; SMR = Standardized mortality ratio; SIR = Standardized incidence ratio; OR = Odds ratio; PMR = proportional mortality

ratio; CI95% = Confidence interval at 95%.
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relation between exposure to infectious agents in
abattoirs and leukaemia (especially acute lymphoid
leukaemia) [71]. A population-based case�control
study found a significant association between work as
a farmer-breeder and CLL [79]. Although some ani-
mal retroviruses, such as bovine leukaemia virus
(BLV) and bovine immunodeficiency virus, are sus-
pected, no specific infectious agents have been iden-
tified.

Some studies support a causal association between
occupational exposure to viruses and NHL, especially
among teachers [80] and breeders (Table 6) [31, 76, 81].
Two case�control studies found a positive association
between working with animals and NHL [79, 82]. These
results are consistent with the results of ameta-analysis of
NHL risk among farmers [83]. Several viruses are sus-
pected: Epstein Barr (EBV) and human T-cell leukaemia
for human transmission and BLV for animal contacts
[82, 83].

Exposure to infectious agents is also thought to in-
crease the risk of Hodgkin disease [73, 84, 85]
(Table 7), mainly in the teaching and medical sectors,
where its incidence is higher than in the general pop-
ulation [86, 87]. Nevertheless, no specific agent except
EBV has been clearly related to occupational Hodgkin
disease [84].

Infectious agents, especially viruses, are also sus-
pected of causing MM mortality: two studies found
elevated mortality from MM among teachers (Table 10)
[80]. A nested case�control study in a cohort of meat
industry workers also showed an increased risk of MM
among male supermarket cutters [88].

Pesticides
Malignant B-cell lymphoproliferative disorders. Several
studies report a consistent, significant, and positive
association (Table 6) between occupational pesticide
exposure and NHL [89�100]. The classes of pesticides
involved have not been clearly identified. A pooled data
meta-analysis examined organochlorine exposure but
found no strong consistent evidence for its association
with NHL [89]. A population-based case�control study
suggests an increased risk of NHL associated with
carbamate pesticides (insecticides and herbicides) [90].
Several different case�control and cohort studies
[91�93] suggest that phenoxyacetic acid exposure may
be linked to NHL (Table 6). Others, however, suggest
that these results are due to the contamination of
phenoxyacetic acid herbicides by dioxins (TCDD) [83],
which are also possible haematopoietic carcinogens, as
indicated by data from the Seveso cohort [101]. A
multicenter case�control study found several other

pesticides, including insecticide oils and triazine, to be
significantly associated with NHL (combined with
CLL) [94].

Excess risks of CLL (Table 9) and of MM (Table 10)
have been found in various studies among farmers [54,
73, 102], and pesticide exposure has been suggested as
the cause. Except for chlorinated pesticides [78, 103], no
specific agents were identified [76, 77, 79].

Three case�control studies also point to an associa-
tion between occupational pesticide exposure and hairy
cell leukaemia (Table 5) [104�106].

Myeloid malignancies. An excess risk of myelodysplastic
syndromes was only associated with pesticide exposure
in a case�control study (Table 4) [40].

Other chemical agents
1,3-butadiene. 1,3-butadiene, mostly used in the rubber
and plastic industries, is considered a probable car-
cinogen by IARC (group 2A). Several studies show it
to be positively associated with haematological malig-
nancies, especially leukaemia [107�111]. However, a
study of the haematological data of employees from a
petrochemical facility possibly exposed to 1,3-butadi-
ene monomer found a mortality rate from all lym-
phohaematopoietic cancers approximately the same as
in the reference population (SMR, 1.06; 95% CI,
0.22�3.11) [112].

Styrene. Styrene, also used in the plastic industry, is
considered a possible carcinogenic agent by IARC
(group 2B), and its metabolite styrene oxide a probable
carcinogen (group 2A). A historical cohort study left
open a possible excess risk of leukaemia in styrene-ex-
posed workers [113], but no excess risk of mortality
from leukaemia was observed in a cohort study of 5204
such workers [114].

Ethylene oxide. Ethylene oxide is used as a sterilizing
agent or intermediary in chemical synthesis and has been
classified by IARC as certainly carcinogenic to the ha-
ematopoietic system (group 1) [115�117]. An extended
mortality follow-up of a cohort of 18,235 men and
women exposed to ethylene oxide found no overall
excess of haematopoietic cancer or any specific type of
haematopoietic cancer (Table 1), but a significant trend
was seen in the exposure-response (haematopoietic
cancer) relation among men [118]. An other extended
mortality follow up of workers exposed to ethylene
oxide also concluded that balance of evidence from ep-
idemiologic data indicates that haematopoietic cancer
from ethylene expose are low [117].
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Alkylating antineoplastic drugs. In recent decades, con-
clusive evidence has demonstrated that high dose of al-
kylating antineoplastic drugs can cause AML in patients
with cancer. These drugs are thus suspectedof increasing
the risk of leukaemia among healthcare workers [119,
120], and occupational studies have indeed found an
excess risk of leukaemia in this occupational category
[119, 121�123]. These data are based on relatively few
cases, however, and need to be confirmed by larger
studies.

Formaldehyde. Exposure to formaldehyde has report-
edly been associated with leukaemia, especially in three
broad occupational groups: embalmers, anatomists, and
formaldehyde industrial workers [124]. Two large cohort
studies on industrial workers have recently found a
significant association between formaldehyde exposure
and increased leukaemia rates [125, 126]. However, a
recent large cohort study with higher exposure to
formaldehyde and a larger number of workers than the
two others failed to confirm this conclusion [127]. The
lack of consistency of the data across epidemiology
studies [127, 128] and the absence of biological plausi-
bility lead us to conclude that there is no demonstrated
evidence of a causal relation between formaldehyde
exposure and leukaemia [124].

Miscellaneous. Causal relations have been also pro-
posed but not demonstrated between exposure to engine
exhaust and MM [129, 130], wood exposure and
Hodgkin disease [86], hair dye exposure and lympho-
proliferative cancers [131], and biomedical laboratory
products and haematological malignancies [132�137].

Discussion and conclusion

Causal relations are now well-documented between
haematopoietic cancers, especially AML, and high levels
of exposure to benzene and to ionizing radiation.
Infectious agents and pesticides are strongly suspected
of inducing lymphoproliferative cancers. Some studies
also show associations between haematological malig-
nancies and exposure to low levels of benzene, ionizing
radiation, organic solvents, cytostatic drugs, and ethyl-
ene oxide.

Despite the many studies of occupational risk factors,
haematological malignancies due to occupational
exposure have not been adequately studied in epidemi-
ologic situations. Their relative rarity, histological
diversity, long latency periods, and confounding factors,
including genetic factors, all help explain this lack of
study. Moreover, precise exposure assessment, both

qualitative and quantitative, is too often absent. Spe-
cifically, too little information is collected about the
types of pesticides, solvents and infectious agents
[138�140]. Nevertheless, epidemiologic studies have
provided hypotheses about several occupational haz-
ards. Their role in the development of haematological
malignancies must be documented by other research,
including molecular analysis and toxicological experi-
ments to explain mechanisms and pathways [39, 141].

Similarly, at the individual level, clinicians find the
occupational associations of their patients’ diseases ob-
scured by long latency periods, insufficient information
about occupational history, and other factors. Aid from
specialists in occupational health and in toxicology is
essential to enable clinicians to make the difficult linkage
between occupation and disease. Improved recognition
of the occupational source of haematological malig-
nancies is needed. Workers’ compensation is available
when these diseases are considered to be related to
benzene or ionizing radiation, for instance, in France [5],
Germany [142], and Italy [143]. Better identification of
these occupational haematological malignancies by cli-
nicians might also improve their prevention.
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Tous droits réservés), Toxicologie�Pathologie professionnelle,

16530. A10: 1�12.
6. Yardley-Jones A, Gray A (2001) Haemopoietic effects of work-

place exposures: anaemias, leukemias and lymphomas.

In: Arnold, ed. Hunter’s Diseases of Occupations. London: pp.

901�913.
7. United Nations Scientific Committee on the Effects on Atomic

Radiation (UNSCEAR) (2000) Sources and effects of ionizing

radiation. United Nations.

Occupational causes of haematological malignancies 949



8. Ritz B, Morgenstern H, Froines J, Batts Young B (1999) Effects

of exposure to external ionizing radiation on cancer mortality in

nuclear workers monitored for radiation at Rocketdyne/Atomic

International. Am J Ind Med 35: 21�31.
9. IARC (1994) Direct estimates of cancer mortality due to low

doses of ionising radiation: an international study. IARC Study

Group on Cancer Risk among Nuclear Industry Workers. Lancet

344: 1039�1043.
10. Schubauer-Berigan MK, Wenzl TB (2001) Leukemia mortality

among radiation-exposed workers. Occup Med 16: 271�287.
11. Mohan A, Hauptmann M, Doody M, et al. (2000) Mortality

among radiologic technologists in the united states (1926�1997).
2nd Follow up. Ann Epidemiol 10: 480.

12. Wang JX, Zhang LA, Li BX, et al. (2002) Cancer incidence and

risk estimation among medical X-ray workers in China,

1950�1995. Health Phys 82: 455�466.
13. Yoshinaga S, Mabuchi K, Sigurdson AJ, Doody MM, Ron E

(2004) Cancer risks among radiologists and radiologic technolo-

gists: review of epidemiologic studies. Radiology 233: 313�321.
14. Muirhead CR, BinghamD,Haylock RG, et al. (2003) Follow up of

mortality and incidence of cancer 1952�1998 in men from the UK

who participated in the UK’s atmospheric nuclear weapon tests and

experimental programmes. Occup Environ Med 60: 165�172.
15. West RR, Stafford DA, Farrow A, Jacobs A (1995) Occupa-

tional and environnemental exposures and myelodysplasia: a

case�control study. Leuk Res 19: 127�139.
16. Sont WN, Zielinski JM, Ashmore JP, et al. (2001) First

analysis of cancer incidence and occupational radiation expo-

sure based on the National Dose Registry of Canada. Am J

Epidemiol 153: 309�318.
17. Wing S, Richardson D, Wolf S, Mihlan G, Crawford-Brown D,

Wood J (2000) A case�control study of multiple myeloma at four

nuclear facilities. Ann Epidemiol 10: 144�153.
18. Baysson H, Laurier D, Tirmarche M, Valenty M, Giraud JM

(2000) Epidemiological response to a suspected excess of cancer

among a group of workers exposed to multiple radiological and

chemical hazards. Occup Environ Med 57: 188�194.
19. Hayes RB, Songnian Y, Dosemeci M, Linet M (2001) Benzene

and lymphohematopoietic malignancies in humans. Am J Ind

Med 40: 117�126.
20. Wong O (1995) Risk of acute myeloid leukaemia and multiple

myeloma in workers exposed to benzene. Occup Environ Med 52:

380�384.
21. Hayes RB, Yin SN, Dosemeci M, et al. (1997) Benzene and the

dose-related incidence of hematologic neoplasms in China. Chi-

nese Academy of Preventive Medicine � National Cancer Insti-

tute Benzene Study Group. J Natl Cancer Inst 89: 1065�1071.
22. Jakobsson R, Ahlbom A, Bellander T, Lundberg I (1993) Acute

myeloid leukemia among petrol station attendants. Arch Environ

Health 48: 255�259.
23. Guenel P, Imbernon E, Chevalier A, Crinquand-Calastreng A,

Goldberg M (2002) Leukemia in relation to occupational exposures

to benzene and other agents: a case�control study nested in a

cohort of gas and electric utility workers. Am J Ind Med 42: 87�97.
24. Glass DC, Gray CN, Jolley DJ, et al. (2003) Leukemia risk

associated with low-level benzene exposure. Epidemiology 14:

569�577.
25. Hunting KL, Longbottom H, Kalavar SS, Stern F, Schwartz E,

Welch LS (1995) Haematopoietic cancer mortality among vehicle

mechanics. Occup Environ Med 52: 673�678.
26. Rinsky RA, Hornung RW, Silver SR, Tseng CY (2002) Benzene

exposure and hematopoietic mortality: a long-term epidemiologic

risk assessment. Am J Ind Med 42: 474�480.

27. Seniori CA, Quinn M, Consonni D, Zappa M (2003) Exposure

to benzene and risk of leukemia among shoe factory workers.

Scand J Work Environ Health 29: 51�59.
28. Wong O, Harris F, Rosamilia K, Raabe GK (2001) An updated

mortality study of workers at a petroleum refinery in Beaumont,

Texas, 1945�1996. J Occup Environ Med 43: 384�401.
29. Divine BJ, Hartman CM, Wendt JK (1999) Update of the Tex-

aco mortality study 1947�1993: Part II. Analyses of specific

causes of death for white men employed in refining, research, and

petrochemicals. Occup Environ Med 56: 174�180.
30. Sathiakumar N, Delzell E, Cole P, Brill I, Frisch J, Spivey G

(1995) A case�control study of leukemia among petroleum

workers. J Occup Environ Med 37: 1269�1277.
31. Fabbro-Peray P, Daures JP, Rossi JF (2001) Environmental risk

factors for non-Hodgkin’s lymphoma: a population-based

case�control study in Languedoc-Roussillon, France. Cancer

Causes Control 12: 201�212.
32. O’Connor SR, Farmer PB, Lauder I (1999) Benzene and non-

Hodgkin’s lymphoma. J Pathol 189: 448�453.
33. Wong O, Trent L, Harris F (1999) Nested case�control study of

leukaemia, multiple myeloma, and kidney cancer in a cohort of

petroleum workers exposed to gasoline. Occup Environ Med 56:

217�221.
34. Bergsagel DE, Wong O, Bergsagel PL, et al. (1999) Benzene and

multiple myeloma: appraisal of the scientific evidence. Blood 94:

1174�1182.
35. Adegoke OJ, Blair A, Shu XO, et al. (2003) Occupational history

and exposure and the risk of adult leukemia in Shanghai. Ann

Epidemiol 13: 485�494.
36. Huebner WW, Schnatter AR, Nicolich MJ, Jorgensen G (1997)

Mortality experience of a young petrochemical industry cohort.

1979�1992 follow-up study of US-based employees. J Occup

Environ Med 39: 970�982.
37. Lazarov D, Waldron HA, Pejin D (2000) Acute myeloid leu-

kaemia and exposure to organic solvents � a case�control study.
Eur J Epidemiol 16: 295�301.

38. Hunter WJ, Henman BA, Bartlett DM, Le Geyt IP (1993)

Mortality of professional chemists in England and Wales,

1965�1989. Am J Ind Med 23: 615�627.
39. AlbinM, Bjork J,Welinder H, et al. (2000) Acute myeloid leukemia

and clonal chromosome aberrations in relation to past exposure to

organic solvents. Scand J Work Environ Health 26: 482�491.
40. Rigolin GM, Cuneo A, Roberti MG, et al. (1998) Exposure to

myelotoxic agents and myelodysplasia: case�control study and

correlation with clinicobiological findings. Br J Haematol 103:

189�197.
41. Ido M, Nagata C, Kawakami N, et al. (1996) A case�control

study of myelodysplastic syndromes among Japanese men and

women. Leuk Res 20: 727�731.
42. Blair A, Linos A, Stewart PA, et al. (1993) Evaluation of risks for

non-Hodgkin’s lymphoma by occupation and industry exposures

from a case�control study. Am J Ind Med 23: 301�312.
43. Persson B, Fredrikson M (1999) Some risk factors for non-

Hodgkin’s lymphoma. Int J Occup Med Environ Health 12:

135�142.
44. Tatham L, Tolbert P, Kjeldsberg C (1997) Occupational risk

factors for subgroups of non-Hodgkin’s lymphoma. Epidemiology

8: 551�558.
45. Rego MA, Sousa CS, Kato M, Carvalho ABde, Loomis D,

Carvalho FM (2002) Non-Hodgkin’s lymphomas and organic

solvents. J Occup Environ Med 44: 874�881.
46. Blair A, Hartge P, Stewart PA, McAdams M, Lubin J (1998)

Mortality and cancer incidence of aircraft maintenance workers

950 A. Descatha et al.



exposed to trichloroethylene and other organic solvents and

chemicals: extended follow up. Occup Environ Med 55: 161�171.
47. Anttila A, Pukkala E, Sallmen M, Hernberg S, Hemminki K

(1995) Cancer incidence among Finnish workers exposed to hal-

ogenated hydrocarbons. J Occup Environ Med 37: 797�806.
48. Wartenberg D, Reyner D, Scott CS (2000) Trichloroethylene and

cancer: epidemiologic evidence. Environ Health Perspect

108(Suppl. 2): 161�176.
49. Raaschou-Nielsen O, Hansen J, McLaughlin JK, et al. (2003)

Cancer risk among workers at Danish companies using trichlo-

roethylene: a cohort study. Am J Epidemiol 158: 1182�1192.
50. Axelson O, Selden A, Andersson K, Hogstedt C (1994) Updated

and expanded Swedish cohort study on trichloroethylene and

cancer risk. J Occup Med 36: 556�562.
51. Hansen J, Raaschou-Nielsen O, Christensen JM, et al. (2001)

Cancer incidence among Danish workers exposed to trichloro-

ethylene. J Occup Environ Med 43: 133�139.
52. Huebner WW, Chen VW, Friedlander BR, et al. (2000) Incidence

of lymphohaematopoietic malignancies in a petrochemical

industry cohort: 1983�1994 follow up. Occup Environ Med 57:

605�614.
53. Firth HM, Herbison GP, Cooke KR, Fraser J (1993) Male cancer

mortality by occupation: 1973�1986. NZ Med J 106: 328�330.
54. Demers PA, Vaughan TL, Koepsell TD, et al. (1993) A

case�control study of multiple myeloma and occupation. Am J

Ind Med 23: 629�639.
55. Massoudi BL, Talbott EO, Day RD, Swerdlow SH, Marsh

GM, Kuller LH (1997) A case�control study of hematopoietic

and lymphoid neoplasms: the role of work in the chemical

industry. Am J Ind Med 31: 21�27.
56. Boice JD Jr., Marano DE, Fryzek JP, Sadler CJ, McLaughlin

JK (1999) Mortality among aircraft manufacturing workers.

Occup Environ Med 56: 581�597.
57. Brown LM, Moradi T, Gridley G, Plato N, Dosemeci M,

Fraumeni JF Jr (2002) Exposures in the painting trades and paint

manufacturing industry and risk of cancer among men and wo-

men in Sweden. J Occup Environ Med 44: 258�264.
58. Wong O, Raabe GK (1997) Multiple myeloma and benzene

exposure in a multinational cohort of more than 250,000 petro-

leum workers. Regul Toxicol Pharmacol 26: 188�199.
59. Kheifets LI, Afifi AA, Buffler PA, Zhang ZW, Matkin CC

(1997) Occupational electric and magnetic field exposure and

leukemia. A meta-analysis. J Occup Environ Med 39: 1074�1091.
60. Villeneuve PJ, Agnew DA, Miller AB, Corey PN (2000) Non-

Hodgkin’s lymphoma among electric utility workers in Ontario:

the evaluation of alternate indices of exposure to 60 Hz electric

and magnetic fields. Occup Environ Med 57: 249�257.
61. Kheifets LI, Gilbert ES, Sussman SS, et al. (1999) Comparative

analyses of the studies of magnetic fields and cancer in electric

utility workers: studies from France, Canada, and the United

States. Occup Environ Med 56: 567�574.
62. Harrington JM, Nichols L, Sorahan T, Tongeren Mvan

(2001) Leukaemia mortality in relation to magnetic field

exposure: findings from a study of United Kingdom electricity

generation and transmission workers, 1973�1997. Occup Envi-

ron Med 58: 307�314.
63. Hakansson N, Floderus B, Gustavsson P, Johansen C, Olsen JH

(2002) Cancer incidence and magnetic field exposure in industries

using resistancewelding inSweden.OccupEnvironMed59: 481�486.
64. Morgan RW, Kelsh MA, Zhao K, Exuzides KA, Heringer S,

Negrete W (2000) Radiofrequency exposure and mortality from

cancer of the brain and lymphatic/hematopoietic systems. Epi-

demiology 11: 118�127.

65. Willett EV, McKinney PA, Fear NT, Cartwright RA, Roman E

(2003) Occupational exposure to electromagnetic fields and acute

leukaemia: analysis of a case�control study. Occup Environ Med

60: 577�583.
66. Cano MI, Pollan M (2001) Non-Hodgkin’s lymphomas and

occupation in Sweden. Int Arch Occup Environ Health 74: 443�449.
67. Theriault G, Goldberg M, Miller AB, et al. (1994) Cancer risks

associated with occupational exposure to magnetic fields among

electric utility workers in Ontario and Quebec, Canada, and

France: 1970�1989. Am J Epidemiol 139: 550�572.
68. Schroeder JC, Savitz DA (1997) Lymphoma and multiple mye-

loma mortality in relation to magnetic field exposure among

electric utility workers. Am J Ind Med 32: 392�402.
69. Band PR, Le ND, Fang R, Gallagher R (2004) Identification of

occupational cancer risks in British Columbia: a population-based

case�control study of 769 cases of non-Hodgkin’s lymphoma

analyzed by histopathology subtypes. J Occup Environ Med 46:

479�489.
70. Johansen C (2004) Electromagnetic fields and health effects�ep-

idemiologic studies of cancer, diseases of the central nervous

system and arrhythmia-related heart disease. Scand J Work

Environ Health 30(Suppl. 1): 1�30.
71. Bethwaite P, McLean D, Kennedy J, Pearce N (2001) Adult-

onset acute leukemia and employment in the meat industry: a New

Zealand case�control study. Cancer Causes Control 12: 635�643.
72. Mele A, Szklo M, Visani G, et al. (1994) Hair dye use and other

risk factors for leukemia and pre-leukemia: a case�control study
Italian Leukemia Study Group. Am J Epidemiol 139: 609�619.

73. Blair A, Zahm SH, Pearce NE, Heineman EF, Fraumeni JF Jr.

(1992) Clues to cancer etiology from studies of farmers. Scand J

Work Environ Health 18: 209�215.
74. Blair A, Zheng T, Linos A, Stewart PA, Zhang YW, Cantor KP

(2001) Occupation and leukemia: a population-based case�con-
trol study in Iowa and Minnesota. Am J Ind Med 40: 3�14.

75. Zheng T, Blair A, Zhang Y, Weisenburger DD, Zahm SH (2002)

Occupation and risk of non-Hodgkin’s lymphoma and chronic

lymphocytic leukemia. J Occup Environ Med 44: 469�474.
76. Lee E, Burnett CA, Lalich N, Cameron LL, Sestito JP (2002)

Proportionate mortality of crop and livestock farmers in the

United States, 1984�1993. Am J Ind Med 42: 410�420.
77. Kelleher C, Newell J, MacDonagh-White C, et al. (1998) Inci-

dence and occupational pattern of leukaemias, lymphomas, and

testicular tumours in western Ireland over an 11-year period.

J Epidemiol Commun Health 52: 651�656.
78. Cocco P, Blair A, Congia P, Saba G, Ecca AR, Palmas C (1997)

Long-term health effects of the occupational exposure to DDT. A

preliminary report. Ann NY Acad Sci 837: 246�256.
79. Amadori D, Nanni O, Falciani F, Saragoni A, et al. (1995)

Chronic lymphocytic leukemia and non-Hodgkin’s lymphomas by

histological type in farming-animal breeding worker: a popuplation

case�control study on job titles. Occup Environ Med 52: 374�379.
80. Baker P, Inskip H, Coggon D (1999) Lymphatic and hemato-

poietic cancer in teachers. Scand J Work Environ Health 25: 5�17.
81. McDuffie HH, Pahwa P, Spinelli JJ, et al. (2002) Canadian male

farm residents, pesticide safety handling practices, exposure to

animals and non-Hodgkin’s lymphoma (NHL). Am J Ind Med

Suppl 2: 54�61.
82. Fritschi L, JohnsonKC, Kliewer EV, Fry R (2002) Animal-related

occupations and the risk of leukemia, myeloma, and non-Hodgkin’s

lymphoma in Canada. Cancer Causes Control 13: 563�571.
83. Khuder SA, Schaub EA, Keller-Byrne JE (1998) Meta-analyses

of non-Hodgkin’s lymphoma and farming. Scand J Work Environ

Health 24: 255�261.

Occupational causes of haematological malignancies 951



84. Khuder SA, Mutgi AB, Schaub EA, Tano BD (1999) Meta-

analysis of Hodgkin’s disease among farmers. Scand J Work

Environ Health 25: 436�441.
85. Cerhan JR, Cantor KP, Williamson K, Lynch CF, Torner JC,

Burmeister LF (1998) Cancer mortality among Iowa farmers:

recent results, time trends, and lifestyle factors (United States).

Cancer Causes Control 9: 311�319.
86. McCunney RJ (1999) Hodgkin’s disease, work, and the envi-

ronment. A review. J Occup Environ Med 41: 36�46.
87. Miligi L, Seniori CA, Crosignani P, et al. (1999) Occupational,

environmental, and life-style factors associated with the risk of he-

matolymphopoieticmalignancies inwomen.AmJIndMed36: 60�69.
88. Metayer C, Johnson ES, Rice JC (1998) Nested case�control

study of tumors of the hemopoietic and lymphatic systems among

workers in the meat industry. Am J Epidemiol 147: 727�738.
89. Baris D, Zahm SH, Cantor KP, Blair A (1998) Agricultural use

of DDT and risk of non-Hodgkin’s lymphoma: pooled analysis of

three case�control studies in the United States. Occup Environ

Med 55: 522�527.
90. Zheng T, Zahm SH, Cantor KP, Weisenburger DD, Zhang Y,

Blair A (2001) Agricultural exposure to carbamate pesticides and

risk of non-Hodgkin lymphoma. JOccupEnvironMed 43: 641�649.
91. Hardell L, Eriksson M, Degerman A (1994) Exposure to phen-

oxyacetic acids, chlorophenols, or organic solvents in relation to

histopathology, stage, and anatomical localization of non-

Hodgkin’s lymphoma. Cancer Res 54: 2386�2389.
92. Thorn A, Gustavsson P, Sadigh J, Westerlund-Hannestrand B,

Hogstedt C (2000) Mortality and cancer incidence among Swed-

ish lumberjacks exposed to phenoxy herbicides. Occup Environ

Med 57: 718�720.
93. Zahm SH (1997) Mortality study of pesticide applicators and

other employees of a lawn care service company. J Occup Environ

Med 39: 1055�1067.
94. Miligi L, Costantini AS, Bolejack V, et al. (2003) Non-Hodgkin’s

lymphoma, leukemia, and exposures in agriculture: results from the

Italian multicenter case�control study.Am J IndMed 44: 627�636.
95. De Roos AJ, Zahm SH, Cantor KP, et al. (2003) Integrative

assessment of multiple pesticides as risk factors for non-Hodg-

kin’s lymphoma among men. Occup Environ Med 60: E11.

96. Gambini GF, Mantovani C, Pira E, Piolatto PG, Negri E (1997)

Cancer mortality among rice growers in Novara Province,

northern Italy. Am J Ind Med 31: 435�441.
97. Kato I, Watanabe-Meserve H, Koenig KL, et al. (2004) Pesticide

product use and risk of non-Hodgkin lymphoma in women.

Environ Health Perspect 112: 1275�1281.
98. Acquavella JF, Delzell E, Cheng H, Lynch CF, Johnson G

(2004) Mortality and cancer incidence among alachlor manufac-

turing workers 1968�1999. Occup Environ Med 61: 680�685.
99. Lee WJ, Hoppin JA, Blair A, et al. (2004) Cancer incidence

among pesticide applicators exposed to alachlor in the Agricul-

tural Health Study. Am J Epidemiol 159: 373�380.
100. Rusiecki JA, De Roos A, Lee WJ, et al. (2004) Cancer incidence

among pesticide applicators exposed to atrazine in the Agricul-

tural Health Study. J Natl Cancer Inst 96: 1375�1382.
101. Bertazzi PA, Consonni D, Bachetti S, et al. (2001) Health effects

of dioxin exposure: a 20-year mortality study. Am J Epidemiol

153: 1031�1044.
102. Swaen GM, Vliet Cvan, Slangen JJ, Sturmans F (1992) Cancer

mortality among licensed herbicide applicators. Scand J Work

Environ Health 18: 201�204.
103. Nanni O, Falcini F, Buiatti E, et al. (1998) Multiple myeloma

and work in agriculture: results of a case�control study in Forli,

Italy. Cancer Causes Control 9: 277�283.

104. Nordstrom M, Hardell L, Magnuson A, Hagberg H, Rask-

Andersen A (1998) Occupational exposures, animal exposure and

smoking as risk factors for hairy cell leukaemia evaluated in a

case�control study. Br J Cancer 77: 2048�2052.
105. Clavel J, Mandereau L, Cordier S, et al. (1995) Hairy cell leu-

kaemia, occupation, and smoking. Br J Haematol 91: 154�161.
106. Clavel J, Hemon D, Mandereau L, Delemotte B, Severin F,

Flandrin G (1996) Farming, pesticide use and hairy-cell leukemia.

Scand J Work Environ Health 22: 285�293.
107. Divine BJ, Hartman CM (2001) A cohort mortality study among

workers at a 1,3 butadiene facility. Chem Biol Interact 135�136:
535�553.

108. Sathiakumar N, Delzell E, Hovinga M, et al. (1998) Mortality

from cancer and other causes of death among synthetic rubber

workers. Occup Environ Med 55: 230�235.
109. Delzell E, Macaluso M, Sathiakumar N, Matthews R (2001)

Leukemia and exposure to 1,3-butadiene, styrene and dim-

ethyldithiocarbamate among workers in the synthetic rubber

industry. Chem Biol Interact 135�136: 515�534.
110. Kogevinas M, Sala M, Boffetta P, Kazerouni N, Kromhout

H, Hoar-Zahm S (1998) Cancer risk in the rubber industry: a

review of the recent epidemiological evidence. Occup Environ

Med 55: 1�12.
111. Santos-Burgoa C, Matanoski GM, Zeger S, Schwartz L (1992)

Lymphohematopoietic cancer in styrene�butadiene polymeriza-

tion workers. Am J Epidemiol 136: 843�854.
112. Tsai SP, Wendt JK, Ransdell JD (2001) A mortality, morbidity,

and hematology study of petrochemical employees potentially

exposed to 1,3-butadiene monomer. Chem Biol Interact 135�136:
555�567.

113. Kogevinas M, Ferro G, Andersen A, et al. (1994) Cancer mor-

tality in a historical cohort study of workers exposed to styrene.

Scand J Work Environ Health 20: 251�261.
114. Ruder AM, Ward EM, Dong M, Okun AH, Davis-King K

(2004) Mortality patterns among workers exposed to styrene in

the reinforced plastic boatbuilding industry: an update. Am J Ind

Med 45: 165�176.
115. Stayner L, Steenland K, Greife A, et al. (1993) Exposure-re-

sponse analysis of cancer mortality in a cohort of workers ex-

posed to ethylene oxide. Am J Epidemiol 138: 787�798.
116. Shore RE, Gardner MJ, Pannett B (1993) Ethylene oxide: an

assessment of epidemiological evidence on carcinogenicity. Br J

Ind Med 50: 971�997.
117. Coggon D, Harris EC, Poole J, Palmer KT (2004) Mortality of

workers exposed to ethylene oxide: extended follow up of a

British cohort. Occup Environ Med 61: 358�362.
118. Steenland K, Stayner L, Deddens J (2004) Mortality analyses in a

cohort of 18,235 ethylene oxide exposed workers: follow up ex-

tended from 1987 to 1998. Occup Environ Med 61: 2�7.
119. Skov T (1993) Handling antineoplastic drugs in the European

Community countries. Eur J Cancer Prev 2: 43�46.
120. Vecchio D, Sasco AJ, Cann CI (2003) Occupational risk in health

care and research. Am J Ind Med 43: 369�397.
121. Lynge E (1994) Danish Cancer Registry as a resource for occu-

pational research. J Occup Med 36: 1169�1173.
122. Sessink PJ, Kroese ED, Kranen HJvan, Bos RP (1995) Cancer

risk assessment for health care workers occupationally exposed

to cyclophosphamide. Int Arch Occup Environ Health 67:

317�323.
123. Sessink PJ, Bos RP (1999) Drugs hazardous to healthcare

workers. Evaluation of methods for monitoring occupational

exposure to cytostatic drugs. Drug Saf 20: 347�359.

952 A. Descatha et al.



124. Collins JJ (2004) Formaldehyde exposure and leukaemia. Occup

Environ Med 61: 875�876.
125. Hauptmann M, Lubin JH, Stewart PA, Hayes RB, Blair A

(2003) Mortality from lymphohematopoietic malignancies among

workers in formaldehyde industries. J Natl Cancer Inst 95:

1615�1623.
126. Pinkerton LE, Hein MJ, Stayner LT (2004) Mortality among a

cohort of garment workers exposed to formaldehyde: an update.

Occup Environ Med 61: 193�200.
127. Coggon D, Harris EC, Poole J, Palmer KT (2003) Extended

follow-up of a cohort of british chemical workers exposed to

formaldehyde. J Natl Cancer Inst 95: 1608�1615.
128. McLaughlin JK (1994) Formaldehyde and cancer: a critical re-

view. Int Arch Occup Environ Health 66: 295�301.
129. Lee WJ, Baris D, Jarvholm B, Silverman DT, Bergdahl IA,

Blair A (2003) Multiple myeloma and diesel and other occupa-

tional exposures in swedish construction workers. Int J Cancer

107: 134�138.
130. Sonoda T, Nagata Y, Mori M, Ishida T, Imai K (2001) Meta-

analysis of multiple myeloma and benzene exposure. J Epidemiol

11: 249�254.
131. La Vecchia C, Tavani A (2002) Hair dyes and lymphoid neo-

plasms: an update. Eur J Cancer Prev 11: 409�412.
132. Hansen J, Olsen JH (1994) Cancer morbidity among Danish fe-

male pharmacy technicians. Scand J Work Environ Health 20:

22�26.
133. Shaham J, Gurvich R, Kneshet Y (2003) Cancer incidence

among laboratory workers in biomedical research and routine

laboratories in Israel: Part II-nested case�control study. Am J Ind

Med 44: 611�626.
134. Shaham J, Gurvich R, Kneshet Y (2003) Cancer incidence

among laboratory workers in biomedical research and routine

laboratories in Israel: Part I-the cohort study. Am J Ind Med 44:

600�610.
135. Rachet B, Partanen T, Kauppinen T, Sasco AJ (2000) Cancer

risk in laboratory workers: an emphasis on biological research.

Am J Ind Med 38: 651�665.
136. Cordier S, Mousel ML, Le Goaster C, et al. (1995) Cancer risk

among workers in biomedical research. Scand J Work Environ

Health 21: 450�459.
137. Kauppinen T, Pukkala E, Saalo A, Sasco AJ (2003) Exposure to

chemical carcinogens and risk of cancer among Finnish labora-

tory workers. Am J Ind Med 44: 343�350.
138. Baris D, Zahm SH (2000) Epidemiology of lymphomas. Curr

Opin Oncol 12: 383�394.
139. Bukowski JA, Huebner WW, Schnatter AR, Wojcik NC (2003)

An analysis of the risk of B-lymphocyte malignancies in industrial

cohorts. J Toxicol Environ Health A 66: 581�597.
140. Lie JA, Kjaerheim K (2003) Cancer risk among female nurses: a

literature review. Eur J Cancer Prev 12: 517�526.
141. Nilsson T, Hoglund M, Lenhoff S, et al. (2003) A pooled analysis

of karyotypic patterns, breakpoints and imbalances in 783 cyto-

genetically abnormal multiple myelomas reveals frequently in-

volved chromosome segments as well as significant age- and sex-

related differences. Br J Haematol 120: 960�969.
142. Bruske-Hohlfeld I (1999) Occupational cancer in Germany.

Environ Health Perspect 107(Suppl. 2): 253�258.
143. Merler E, Vineis P, Alhaique D, Miligi L (1999) Occupational

cancer in Italy. Environ Health Perspect 107(Suppl. 2): 259�271.
144. Gun RT, Pratt NL, Griffith EC, Adams GG, Bisby JA,

Robinson KL (2004) Update of a prospective study of mortality

and cancer incidence in the Australian petroleum industry. Occup

Environ Med 61: 150�156.

145. Gustavsson P, Reuterwall C, Sadigh J, Soderholm M (1999)

Mortality and cancer incidence among laboratory technicians in

medical research and routine laboratories (Sweden). Cancer

Causes Control 10: 59�64.
146. Eisen EA, Bardin J, Gore R, Woskie SR, Hallock MF, Monson

RR (2001) Exposure-response models based on extended follow-

up of a cohort mortality study in the automobile industry. Scand

J Work Environ Health 27: 240�249.
147. Savitz DA, Cai J, Wijngaarden Evan, et al. (2000) Case�cohort

analysis of brain cancer and leukemia in electric utility workers

using a refined magnetic field job-exposure matrix. Am J Ind Med

38: 417�425.
148. Fleming LE, Bean JA, Rudolph M, Hamilton K (1999) Mor-

tality in a cohort of licenced pesticide applicators in Florida.

Occup Environ Med 56: 14�21.
149. Bloemen LJ, Youk A, Bradley TD, Bodner KM, Marsh G

(2004) Lymphohaematopoietic cancer risk among chemical

workers exposed to benzene. Occup Environ Med 61: 270�274.
150. Lewis RJ, Gamble JF, Jorgensen G (2000) Mortality among

three refinery/petrochemical plant cohorts. I. 1970�1982 active/

terminated workers. J Occup Environ Med 42: 721�729.
151. Lagorio S, Forastiere F, Iavarone I, et al. (1994)Mortality of filling

station attendants. Scand J Work Environ Health 20: 331�338.
152. Collingwood KW, Raabe GK, Wong O (1996) An updated

cohort mortality study of workers at a northeastern United

States petroleum refinery. Int Arch Occup Environ Health 68:

277�288.
153. Rafnsson V (2001) Incidence of cancer among bookbinders,

printers, photoengravers, and typesetters. Occup Environ Med 58:

523�527.
154. Mao Y, Hu J, Ugnat AM, White K (2000) Non-Hodgkin’s

lymphoma and occupational exposure to chemicals in Canada.

Canadian Cancer Registries Epidemiology Research Group. Ann

Oncol 11(Suppl. 1): 69�73.
155. Demers PA, Boffetta P (1998) Cancer risk from occupational

exposure to wood dust: pooled analysis of epidemiologic studies.

Occup Environ Med 58: 24�30.
156. Burns CJ, Beard KK, Cartmill JB (2001) Mortality in che-

mical workers potentially exposed to 2,4-dichlorophenoxyacetic

acid (2,4-D) 1945�1994: an update. Occup Environ Med 58:

24�30.
157. MacLennan PA, Delzell E, Sathiakumar N, Myers SL (2003)

Mortality among triazine herbicide manufacturing workers.

J Toxicol Environ Health A 66: 501�517.
158. Garabedian MJ, Hoppin JA, Tolbert PE, Herrick RF, Brann

EA (1999) Occupational chlorophenol exposure and non-Hodg-

kin’s lymphoma. J Occup Environ Med 41: 267�272.
159. Pukkala E, Notkola V (1997) Cancer incidence among Finnish

farmers, 1979�1993. Cancer Causes Control 8: 25�33.
160. Pahwa P, McDuffie HH, Dosman JA, et al. (2003) Exposure to

animals and selected risk factors among Canadian farm residents

with Hodgkin’s disease, multiple myeloma, or soft tissue sarcoma.

J Occup Environ Med 45: 857�868.
161. Lundberg I, Milatou-Smith R (1998) Mortality and cancer inci-

dence among Swedish paint industry workers with long-term

exposure to organic solvents. Scand J Work Environ Health 24:

270�275.
162. Robinson CF, Walker JT (1999) Cancer mortality among women

employed in fast-growing U.S. occupations. Am J Ind Med 36:

186�192.
163. Baris D, Silverman DT, Brown LM, et al. (2004) Occupation,

pesticide exposure and risk of multiple myeloma. Scand J Work

Environ Health 30: 215�222.

Occupational causes of haematological malignancies 953


