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Introduction

The reported average incidence of 
brain tumors (benign or malignant) 
in the US is 14 per 100  000 people 

(14.2/100 000 for men and 13.9/100 000 
for women); approximately half of these 
tumors are malignant.1 Males have a 
slightly higher incidence compared to 
the females for all brain neoplasm types 
except for meningiomas which affects 
women (80%) more than men (20%).1 The 

rates in Western Europe, North America, 
and Australia have been observed at 6–11 
new cases per 100 000 for men, and 4–11 
new cases per 100  000 for women in re-
cent years.2

The incidence rate of brain neoplasm 
has been progressively increasing in recent 
years in the industrialized countries. Pri-
mary malignant brain tumors tend to be 
more prevalent in industrialized countries 
where there is access to advanced medi-
cal care. The real reason for the increased 
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incidence and prevalence in the industri-
alized countries is not known, however, 
it is believed that it may be attributed to 
greater improvements in clinical diagnos-
tic tests and high-resolution neuroimag-
ing2. But occupational and environmental 
exposures and certain lifestyle factors may 
also play a role.

Many of the agricultural chemicals in-
cluding pesticides are believed to be neu-
rotoxic and carcinogenic. A meta-analyses 
conducted in 1998 by Kuder et al showed 
a moderately increased risk that was sta-
tistically significant for primary brain tu-
mors among farmworkers.3 However, a 
review by Bohnen and Kurland showed 
mixed results.4 They have reported a me-
dian three-fold increased relative risk for 
pesticide applicators.4 Some of the agri-
cultural chemicals and pesticides are be-
lieved to induce neoplasm in experimental 
animals.5

Most of the early studies on cell phone 
use and brain neoplasm did not show 
any association, however, in recent years 
some evidence of association has been 
reported.6 Nonetheless, the International 
Commission on Non-Ionizing Radiation 
Protection, the International Committee 
on Electromagnetic Safety and the World 
Health Organization appear to suggest 
that there is no proven health risk from 
cell phone use.7

In spite of significant amount of re-
search that has been conducted to under-
stand the etiology of primary brain tu-
mors very little progress has been made. 
The evidence for most of the associations 
that have been explored still remains to 
be conclusive. The relationship between 
exposure to ionizing radiations and pri-
mary brain tumor risk is suggestive; but 
the evidence is inconclusive.6 The risk of 
brain tumors from hereditary genetic mu-
tations is believed to be strong, but the evi-
dence for this is limited and elusive.8 Oc-
cupational and environmental exposures 

are believed to be etiologically associated 
with primary brain neoplasm but the evi-
dence is still inconclusive. Potential envi-
ronmental risk factors include exposure 
to infectious agents (zoonoses), traffic-
related air pollution, residence near low 
frequency electromagnetic fields and vola-
tile organic and non-organic compounds 
from landfills, and exposure to ionizing 
radiation from diagnostic tests and hos-
pital equipment. Some of the occupations 
with higher levels of exposure to chemi-
cals are reported to contribute to higher 
incidences of brain neoplasm.2 Workers 
in these occupations where the potential 
for exposure to chemicals is high, include 
firefighters, farmers, physicians, chem-
ists, and factory workers.2 The workers in 
these occupations are potentially exposed 
to petrochemicals, nitriles, nitrites, am-
ides, lead, pesticides, herbicides and in-
secticides.2,8 Some of these organic and in-
organic chemicals and metals are reported 
neuro-carcinogens and are possible etio-
logic agents for brain neoplasm.

A number of studies have examined 
the relationship between cell phone use 
and the risk of glioma. Studies with and 
without consideration of the latency pe-
riod and studies with increased sample 
size and long-term use of cell phones have 
been inconsistent and inconclusive.6 A 
comprehensive review conducted in 2002 
by Wrensch, et al, suggested that estab-
lished causes of brain tumors accounted 
for only a small proportion of cases.8 We 
conducted this systematic review to ex-
amine updates in the role of occupational 
and environmental risk factors of primary 
brain cancers in recent years.

Materials and Methods

Relevant scientific literature was system-
atically reviewed from different databases 
in the public domain for all years until the 
end of 2010. The search strategy was de-
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signed to identify previous observational 
epidemiologic studies (i.e., case-control, 
cohort and case-case studies) that exam-
ined the relationship between brain neo-
plasms and occupational and environ-
mental exposures as potential risk factors 
for disease etiology. Initial searches were 
conducted in Scopus Medline to inform 
the design of the actual search strategy. 
The optimized search strategy developed 
from Scopus Medline was later employed 
to search other relevant databases as de-
scribed below. Literature search special-
ist at the University of Ottawa library was 
consulted in designing the search strategy.

Having designed and tested a search 
strategy it was used in conducting the 
literature search. The different relevant 
scientific databases, PubMed, Cancer Let-
ters, EMBASE and Scholars Portal were 
searched using a specifically designed 
search strategy described above. The 
search terms were divided into disease 
terms, exposure terms and hedge terms. 
Disease terms that were used were brain 
neoplasm, cancer and tumor; exposure 
terms were environmental and occupa-
tional exposures and environmental and 
occupational risk factors; and the hedge 
terms were risk factor and attributable 
risk; these terms were used to bridge the 
disease and exposure terms. The searches 
were combined using logical operators 
such as “OR” and “AND.” “MeSH” and 

“textword” search strategies were used to 
retrieve original research articles relating 
to adult brain cancer. The search was lim-
ited to original research articles on human 
over 19 years of age; only articles written 
in the English were included. 

The inclusion criteria were original re-
search articles on adult brain cancer eti-
ology in males and females and research 
articles that identified and reported risk 
of brain neoplasm from exposure to oc-
cupational and/or environmental factors. 
All relevant original research articles pub-

lished in English until the end of 2010 were 
included for review. The exclusion criteria 
were if the original research article was a 
randomized or non-randomized clinical 
trial or a clinical study that reported on di-
agnostic, therapeutic or outcome, editori-
als or commentaries on disease states. Re-
search articles on animal experiments or 
not in English language were also exclud-
ed. Studies on children (younger than 19 
years of age) were excluded too. The num-
bers of original research articles searched 
and abstracted are shown in Table 1. 

Critical appraisal of the retrieved articles

The original research articles were se-
lected according to the said inclusion and 
exclusion criteria and were reviewed for 
relevance by reading different sections of 
the complete article. The first test of rel-
evance was conducted by reading the title 
and the abstract after which a total of 783 
articles were retained. The second test was 
applied which included reading the whole 
research article; at this stage, 384 articles 
were retained. The third level of scrutiny 
produced a total of 184 research articles 
as relevant, which were selected for inclu-
sion in this review. The required data was 
abstracted as described by the PRISMA 
guidelines from all the original research 
articles that were retained for this review.9 
None of the articles identified for disabil-
ity adjusted life years (DALY) and poten-
tial years of life lost were included in this 
review because of their lack of relevance to 
the disease etiology and risk factors.

All the relevant data was abstracted 
from the short-listed articles indepen-
dently by the authors of this study (AAZ, 
AG and JG). A standard data abstraction 
form was specifically designed (accord-
ing to PRISMA guidelines) to collect the 
necessary information which included 
the citation, population studied, research 
subject selection, methods used, expo-
sure assessment, results reported and the 
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inferred conclusions. All reported risk 
estimates (odds ratio, relative risk, stan-
dardized incidence rates, standardized 
mortality rates) were recorded along with 
95% confidence interval (95% CI) and/or 
statistical significance.

Results

This review mainly focuses on adult pri-
mary malignant brain tumors. Childhood 
brain tumors and tumors that develop 
from neurons, choroid plexus tumors, 
pineal tumors, embryonal tumors, epen-
dymal tumors, tumors of the cranial and 
paraspinal nerves, lymphomas and hema-
topoietic neoplasams and other tumors 
such as the germ cell tumors or tumors 
of the sellar regions will not be discussed. 
About 90% of primary malignant central 
nervous system tumors are malignant 
gliomas10 and about 94% of the primary 
malignant central nervous system tu-
mors occur in the brain11. The literature 
described in this review focuses on intra-
cranial malignant gliomas, astrocytomas 

and meningiomas. Occupational risk fac-
tors of primary brain tumors include a 
wide spectrum of jobs that may have the 
potential to expose workers to carcino-
genic and other toxic substances. The jobs 
with a higher potential to development 
of brain neoplasm are in industries such 
as petrochemicals, health care, firefight-
ing, rubber manufacturing, and chemical 
manufacturing among others.12 Mortality 
studies among workers in oil refineries 
who are exposed to petrochemicals have 
been reported to have been higher from 
brain neoplasm, however, other studies 
have not confirmed this relationship.13 
Firefighters, on the other hand, have been 
reported to have a moderately higher risk 
for brain neoplasm compared to other oc-
cupations.14 Elevated mortality from brain 
tumors has been reported for white-collar 
workers including financial managers, ac-
countants, sales agents, engineers, teach-
ers, lawyers, judges and scientists.15

Environmental risk factors are those 
exposures which occur at locations other 
than workplace and include farm related 

Table 1: Search terms, number of articles retrieved and used in this paper

Step Search terms used Number of  
articles retrieved

Number of 
articles used

1 Brain neoplasm / cancer / tumor 73 534
2 Environment / environmental exposure / risk factors 3 832 085
3 Occupation / occupational exposure / risk factors 3 791 294
4 Results from step #1 AND Results from step #2 25 819
5 Results from step #1 AND Results from step #3 25 820
6 Limits* applied to step #4 218
7 Limits* applied to step #5 3121
8 Combine results from step #6 AND step #7 3121
9 Application of hedge terms 1121
10 Level one review of title and abstract 783
11 Level two review of the whole article for relevance 384
12 Level three review for relevance to etiology 184 184
13 Brain neoplasm AND disability adjusted life years 2 0
14 Brain neoplasm AND years of potential life lost 17 0
*Limits applied include publication years from 1985 to 2010; age groups include all adults over 19 years of age; original research articles 
(case-control, cohort and cross-sectional studies) on human; research articles dealing with cancer etiology; focus on research cancer; only 
English language articles.
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exposures, landfill exposures and expo-
sures at place of residence and cell phone 
usage. The environmental factors which 
have been investigated for association 
with adult primary brain tumors include 
exposure to farming chemicals such as 
pesticides, insecticides, and herbicides, 
exposure to landfill pollution, cell phone 
use and exposure to electromagnetic and 
ionizing radiations. Environmental expo-
sure to pesticides and other toxic chemi-
cals are also reported to increase the risk 
of neoplasm in the exposed population.16 
Recent studies suggest increased rates for 
brain neoplasm and acoustic neuroma on 
the same side of the head as the preferred 
side of cell phone use by individuals. The 
risk was higher among younger individu-

als as compared to the older individu-
als.17 Analyses of neoplasm incidence in 
five continents using the cancer registry 
data indicated that the rates of adult brain 
neoplasm among Eastern and Southeast 
Asians and Pacific Islanders were one-
third or two-fifths the rates among the 
North American non-Hispanic whites sug-
gesting environment in general may be a 
risk factor.18 It is also believed that inter-
play between genetic susceptibility and 
lifestyle and environmental and occupa-
tional exposures may play a role in initiat-
ing and promoting brain neoplasm. 

Occupational exposures as risk factors

Although the identification of specific oc-
cupations or occupational exposures asso-
ciated with brain neoplasm has remained 
elusive it is believed that a number of oc-
cupational exposures may increase the 
risk of brain tumors on the basis of a num-
ber of epidemiological studies. However, a 
causal relationship between these agents 
and primary brain cancers still remains 
to be established except for a few cases.2 
Having analyzed the New Zealand can-
cer registry data, Reif et al, reported an 
increased risk of brain neoplasm among 
workers in some occupations including 
agriculture (OR=1.1; 95% CI: 0.8–1.55), 
forestry (OR=1.2; 95% CI: 0.4–3.25), fish-
ing (OR=0.48; 95% CI: 0.07–3.04) and 
livestock farming (OR=2.59; 95% CI: 
1.41–4.75).19 The reported risk was sub-
stantial and significant only for livestock 
farming but not for the others. A causal 
relationship has been proposed between 
some parental occupations and central 
nervous tumors in the offspring.

The International Agency for Research 
on Cancer (IARC) monographs on evalua-
tion of carcinogenic risks in humans have 
assessed more than 900 occupational 
exposures including chemicals, complex 
mixtures, dusts and infectious agents.20 
Only nine of these exposures (i.e., beryl-

TAKE-HOME MESSAGE

●● Workers in petrochemical refineries, 
synthetic rubber manufacturing, nu-
clear and power generation industries, 
workers with occupational exposure to 
metals and firefighters had moderately 
higher risk for brain neoplasm com-
pared to workers in other occupations.

●● Exposure to agricultural chemicals 
such as, pesticides, insecticides, and 
herbicides, diagnostic and therapeutic 
radiations and exposure of residents 
to landfill pollution is among the most 
important risk factors for brain tumor.

●● The evidence for the association be-
tween brain tumors and cell phone us-
age appears to be inconclusive when 
the statistical significance is consid-
ered.

●● In assessing different risk factors, it 
is necessary to quantify exposures 
appropriately and acknowledge con-
founders such as ethnicity, age and 
gender.
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lium, epichlorohydrin, chlordane/hepta-
chlor, methylthiouracil, thioracil, propyl-
thiouracil, lead and di-isopropylsulfate) 
have been suggested to have possible or 
weak association with nervous system tu-
mors in humans.2 Exposures to these sub-
stances could occur among farmers and a 
number of other occupations.3,21 Other oc-
cupations believed to be associated with el-
evated risks of gliomas include physicians 
and firefighters.22,23 Servicemen in health 
related occupations are also believed to 
have an increased risk of deaths from 
brain tumors (Proportionate mortality ra-
tio [PMR]=2.7; 95% CI: 1.1–6.5) compared 
to general population.2,8,24 Veterinarians 
are also reported to have an increased risk 
(RR=2.51; 95% CI: 1.04–6.03) for brain 
neoplasm among other neoplasm.8,25

Certain white-collar and blue-collar 
occupations are reported to have an in-
creased risk for primary brain tumors. 
Those in white-collar occupations who are 
at a higher risk of developing brain neo-
plasm include social science professionals, 
financial managers and accountants, sales 
agents, engineers, teachers, lawyers and 
judges, postal clerks, and armed forces 
employees. Social sciences professionals 
are reported to have a significantly higher 
risk of brain tumors (OR=6.1; 95% CI: 1.5–
26).26 The other white-collar occupations 
are reported to have a non-significantly el-
evated rates, these include occupations in 
engineering (OR=2.1; 95% CI: 0.4–10.3), 
agriculture (OR=1.5; 95% CI: 1.0–2.4), 
printing and publishing (OR=2.8; 95% 
CI: 1.0–8.3) and brickmasons and tileset-
ters (OR=2.5; 95% CI: 0.5–11.5).27 Non-
significantly to significantly increased 
risk of brain neoplasm among blue-collar 
workers, especially in the textile industry 
(OR=2.2; 95% CI: 1.0–4.8), construction 
industry (OR=9.8; 95% CI: 1.0–92.9) and 
motor vehicle operators (OR=2.8; 95% CI: 
1.3–6.2) has been described earlier.28

Kang, et al, studied white male firefight-

ers and concluded that firefighters were at 
a moderately elevated risk of death from 
brain neoplasm (Standardized mortality 
ratio [SMR]=1.9; 95% CI: 1.1–3.4) com-
pared to those in other jobs.29 Bates also 
studied firefighters in California and ob-
served that firefighters are at a marginally 
increased risk (OR=1.35; 95% CI: 1.1–1.7) 
of developing a number of neoplasms, in-
cluding the brain neoplasm.14 It is believed 
that firefighters may have a higher risk of 
developing brain neoplasm because they 
are exposed to a number of harmful chem-
icals, including vinyl chloride, benzene, 
n-hexane, polycyclic aromatic hydrocar-
bons, polychlorinated biphenyls, N-nitro-
so compounds, lead, arsenic and mercury 
among others and many of these chemi-
cals are neurotoxic and carcinogenic.14,30

The results of an exploratory case-con-
trol study conducted in 1987 by Burch, et 
al, indicated that a job in the rubber indus-
try increased the risk of brain neoplasm 
nine-fold.31,32 Occupation in a synthetic 
rubber industry and exposure to synthetic 
rubber products is reported to increase 
the risk of glioma.31 Exposures to plastics 
are reported to increase glioma risk.31 It 
is believed that the increased risk among 
woodworkers is due to increased exposure 
to organochlorinated wood preservatives 
and other organic chemicals used in wood 
processing. Also workers at pulp and pa-
per mill are reported to be at statistically 
non-significant increased risk of dying 
from brain neoplasm (SMR=1.39; 95% CI: 
0.96–1.96).33

Preston-Martin, et al, have reported of 
a dose-response relationship between the 
frequency of serious head injuries and me-
ningioma risk.31 These researchers have 
also reported that meningioma—but not 
glioma—is associated with serious head 
injury with a latency period of 20 years or 
more (OR=2.3; 95% CI: 1.1–5.4).31 Three 
or more injuries are reported to signifi-
cantly elevate the risk of brain neoplasm 
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(OR=6.2; 95% CI: 1.2–31.7).31 Although 
most of the studies indicated an increased 
risk of brain neoplasm, Burch, et al, re-
ported that injury or trauma to the head 
did not increase the risk.32

Cordier, et al, examined the risk of 
brain neoplasm among workers at a bio-
medical research institute and observed 
that the risk was more than double in the 
exposed group.34 A case-control study 
conducted among the inpatients of a neu-
rological hospital in Paris indicated a sig-
nificantly increased risk to brain neoplasm 
among teachers (OR=4.1) and woodwork-
ers (OR=1.6).35 Although the nature of the 
neurological problem is not known, it ap-
pears that neurological problems increase 
the risk of brain neoplasm. Although the 
etiological relation for the increased risk 
of neurological conditions among teach-
ers is not known, there appears to be a bi-
ological plausibility for woodworkers be-
cause of exposure to a range of substances 
in woodworking. 

Industrial exposures

Exposure to specific neurotoxic chemi-
cals in animal models has been shown to 
induce glioma under experimental condi-
tions. After direct implantation of polyaro-
matic hydrocarbons and intravenous 
administration of nitroso compounds 
(N-methyl-N-nitrosourea and N-ethyl-
N-nitrosourea) rats are reported to have 
developed brain neoplasm.36,37 Maekawa 
and Mitsumori have reported that expo-
sure to ethylurea and nitrite causes brain 
tumors in all offspring of pregnant rats.37 
Chemicals such as hydrazo, azo, and azoxy 
compounds; aryl-dialkyl-triazenes; alkyl-
sulfates and sulfonates; propane-sulfone; 
propylene imine; acrylonitrile; vinyl chlo-
ride; and ethylene oxide are all reported to 
induce brain tumours in laboratory rats.38 
However, the extent of neuro-oncogenesis 
by these chemicals in the human body re-
mains to be substantiated despite of bio-

logical plausibility of brain tumors in ex-
perimental animals. 

In studies with human subjects ex-
posure to chemicals such as polycyclic 
aromatic hydrocarbons, organic solvents, 
plastic monomers and polymers, metal-
lic compounds, organometallic catalysts 
and their complexes, and aromatic ac-
ids commonly occurs among laboratory 
technicians, chemists, and those working 
in petrochemical industry or oil refiner-
ies.39 Workers in catalyst development 
and testing are exposed to polyethylene 
and polypropylene. Also, workers working 
with flame retardants and measurement 
of physical properties of plastic and petro-
leum products are exposed to harmful pet-
rochemicals. While the risk of developing 
brain neoplasm from exposure to these 
substances remains to be elucidated, the 
risk of developing brain neoplasm from 
exposure to some of these substances has 
been described. The risk or brain neo-
plasm is reported to be significantly ele-
vated for workers exposed to n-hexane for 
at least four years (OR=16.2; 95% CI: 1.1–
227.6).39 Employment at sulphite and sul-
phate mills is reported to increase the risk 
of gliomas although specific exposures 
are not identified (sulphite: OR=3.3; 95% 
CI: 2.12–8.9; sulphate: OR=2.6; 95% CI: 
1.2–5.3).40 Significantly increased mortal-
ity from brain tumors has been observed 
among workers exposed to low levels of 
vinyl chloride monomer (SMR=229; 95% 
CI: 84–498) at polyvinyl chloride process-
ing plant.41

However, a number of other observa-
tional studies have reported statistically 
non-significant risk of brain neoplasm 
from industrial exposures. Austin, et al, 
conducted a case-control study among 
petrochemical workers and observed 
that exposure to potentially carcinogenic 
chemicals did not increase the risk to brain 
neoplasm.42 Similar observations were 
made by Bertazzi, et al.15 Statistically non-
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significant increases in brain tumors have 
been reported for men exposed to metals at 
workplace.43 In another population based 
case-control study, a significantly elevat-
ed risk of meningioma has been reported 
among those who worked for 1–4 years in 
the metal sector (OR=2.6; 95% CI: 1.05–
6.53).44 Brain tumor risk among workers 
at a Japanese chromium electroplating 
industry was studied in 2010 by Hara, et 
al, for 26 years.45 These authors reported 
increased mortality rates among those ex-
posed (SMR=9.14; 95% CI: 1.81–22.09). 
Increased but non-significant risk has 
been reported by Rodvall, et al, for work-
ers in forestry and logging and basic metal 
industries.46 A case-control study among 
Canadian workers found a small and non-
significant increase in brain neoplasm 
risk from exposure to asbestos (OR=1.23; 
95% CI: 0.95–1.59), benzene (OR=1.34; 
95% CI: 0.96–1.97), mineral or lubricat-
ing oil (OR=1.18; 95% CI: 0.93–1.43), iso-
propyl oil (OR=1.40; 95% CI: 0.89–2.37), 
and wood dust (OR=1.21; 95% CI: 0.97–
1.39).47 In a population based cohort study 
conducted in 1996 in Sweden by Rodvall, 
et al, increased risk has been reported for 
men exposed to solvents (RR=2.6; 95% 
CI: 1.3–5.2); pesticides (RR=1.8; 95% CI: 
0.6–5.1) and for exposure from manufac-
turing plastic materials (RR=3.6; 95% CI: 
1.0–12.4).46Exposure to a number of dif-
ferent substances either concurrently or 
subsequently or to mixtures of substances 
is believed to increase the risk of brain 
neoplasm. Increased exposure to ionizing 
radiations and metals and industrial sol-
vents is reported to increase the risk of de-
veloping brain neoplasm.48

Deaths from brain neoplasm have been 
examined for association with industrial 
exposures by a number of authors. Brain 
cancer death rates were reported to be 
elevated among workers at a nuclear 
weapons manufacturing plant where the 
workers were exposed to low dose alpha 

radiations as well as to other substances 
such as beryllium, mercury, solvents, and 
other industrial agents.45 Examination of 
brain biopsies during autopsy in a case-
control study for the presence of metals 
indicated that silicon, magnesium, cal-
cium and zinc were significantly higher 
in brains diagnosed with brain neoplasm 
compared to brains without malignant 
neoplasm.49 However, non-significantly 
increased mortality (OR=3.9; 95% CI: 
0.3–43.6) from brain cancers has been 
reported for exposures to high concen-
tration of nitrosamines among workers 
at rubber industry.50 Mortality rates from 
brain tumors have been reported to be not 
associated with exposure to polychlori-
nated biphenyls among electrical capaci-
tors manufacturing workers.51 In a similar 
manner, Ruder et al, studying the capaci-
tor manufacturing workers who were ex-
posed to polychlorinated biphenyls re-
ported that brain tumor related mortality 
did not demonstrate a clear dose-response 
relationship with estimated cumulative 
exposures.52 The evidence of mortality 
from brain neoplasm with association to 
industrial exposures have so far produced 
mixed results and conclusive results still 
remain to be reported.

Petrochemical production

A review on occupational exposures and 
brain tumors conducted on the basis of 
four cohort studies in the US, Canada and 
the UK reported of an association between 
exposures to petrochemicals and brain 
cancers with the relative risk ranging from 
1.5 to 3.9.53 An increased risk of gliomas 
for workers in petrochemical industry is 
believed to be the result of exposures to a 
number of occupational factors.50 These 
observations were in agreement with 
the findings by Delzell, et al, a few years 
later when they reported that for petro-
chemical research facility employees the 
incidence of brain cancers was higher in 
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those working with organic solvents, plas-
tic monomers and polymers, metals, aro-
matic acids, and organometallic catalysts 
(Standardized incidence ratio [SIR]=2.3; 
95% CI:1.2–4.2).54 Sathiakumar, et al, also 
found that there was an increased inci-
dence of brain cancers (SIR=222; 95% 
CI: 81–484) among white employees who 
worked as scientists or technicians at a 
petrochemical facility in the US.55 Beall, et 
al, studied employees at a petrochemical 
research facilities in US and found that 
the risk for gliomas was elevated for self-
reported exposure to ionizing radiation 
(OR=15.7; 95% CI: 1.4–179.4), organome-
tallics (OR=9.4; 95% CI: 1.5–59.7), and 
amines (OR=6.0; 95% CI: 1.0–35.7).56

However, a statistically non-signifi-
cantly increased SMR has been report-
ed for petrochemical industry workers 
in administration (SMR=2.3; 95% CI: 
0.7–5.3), non-research technical division 
(SMR=2.3; 95% CI: 0.8–5.5) and techni-
cal division (SMR=2.1; 95% CI: 0.3–7.6) 
sectors.57 These findings are in agreement 
with the observations made by Buffler, et 
al, who reported a weak and non-signif-
icant association between occupational 
petrochemical exposure and brain can-
cer incidence (OR=1.04; 95% CI: 0.26–
3.73).58 Tsai, et al, studied mortality from 
brain tumors among petrochemical and 
refinery plant workers and failed to ob-
serve any increased mortality (SMR=0.34; 
95% CI: 0.04–1.23).59 A study conducted 
among Shell Oil Company workers re-
ported a non-significant increase in brain 
tumor mortality (SMR=1.82; 95% CI: 
0.67–3.97).60 Austin, et al, studied the 
risk of brain neoplasm from exposure to 
carcinogenic chemicals at a petrochemical 
plant and failed to find any increase in risk 
among the exposed workers after a latency 
of 15 years.42

It has been observed that workers at 
oil refineries are two times more likely to 
die from brain tumors than the expected.16 

But these authors also observed exposure 
misclassification resulting in lowering of 
risk estimates. A moderate and significant 
increase in mortality rates was reported 
for employees of petrochemical research 
facilities compared to the general popula-
tion (OR=1.3; 95% CI: 1.06–1.72) by Rodu 
et al.61 A meta-analysis study conducted 
by Wong and Raabe indicated that work-
ers of the petroleum industry had non-
significantly increased mortality rate from 
brain tumours.62 The critics of this meta-
analysis, however, suggest that the study 
did not include many of the large studies 
that did show increased worker mortal-
ity due to brain tumour.8 Other studies 
that observed increased mortality from 
brain neoplasms among industrial work-
ers could not associate it with any specific 
exposures on the job.63 To appreciate the 
appropriate relationship between the de-
velopment of brain tumors or mortality, 
it may be necessary to examine specific 
exposures and the duration of exposure 
with consideration of latency period and 
characteristics of the exposed individual 
including genotypic and phenotypic data.

Petroleum refining and petrochemical 
production industry workers had been un-
der much attention and a number of stud-
ies have been conducted on petrochemical 
industry workers, yet the association be-
tween petrochemicals and brain tumors 
remains elusive. Some studies suggest 
that workers in this industry who are ex-
posed to carcinogenic chemicals are at 
an increased risk for the development of 
brain tumors. Specifically, workers at the 
refineries who worked in research, qual-
ity control analysis, and lube oil refining 
sectors had an estimated four times the 
risk of brain tumors as other workers.62 
The evidence of increased risk of brain 
neoplasm among petrochemical refinery 
workers although appears to be high for 
some petrochemical workers, is low or 
non-significant for the others; the rela-

Occupational Risk Factors of Brain Neoplasm



www.theijoem.com  Vol 2 Number 2; April, 2011 91

tionship, therefore, remains inconclusive.

Synthetic rubber industry

Occupational exposure to polymer form-
ing compounds, polyvinyl chloride and 
nitrile amines in a rubber production 
plant in Louisville, Kentucky, is reported 
to increase the risk of glioma in men who 
were exposed to these agents for at least 21 
years (OR=1.9; 95% CI: 1.10–3.26).64 The 
workers in synthetic rubber production in-
dustry are believed to be at a higher risk of 
developing brain tumors because they are 
exposed to chemicals used in rubber pro-
duction processes (coal tars, carbon tetra-
chloride, nitroso compounds, and carbon 
disulfide). Some of these chemicals used in 
rubber production are known carcinogens. 
A hospital based case-control study and a 
registry-based case-neighbourhood con-
trol study both reported that cases were six 
to nine times more likely than controls to 
have worked in rubber industry.32,65 Burch, 
et al, through an exploratory case-control 
study in Southern Ontario concluded 
that an occupation in rubber industry in-
creased the risk nine-fold.32 In a similar 
manner, Solinova, et al, evaluated cancer 
incidence and mortality among workers 
at a rubber manufacturing facility and ob-
served significantly increased incidence 
(SIR=500; 95% CI: 233–767).66 However, 
a few of the other studies have reported 
a non-significant increases in the risk of 
developing brain tumors including an in-
cidence study conducted in Los Angeles 
County which reported that glioma cases 
among rubber and other plastic workers 
were only 1.4 times more compared to that 
in controls.67 The preponderance of stud-
ies on workers in synthetic rubber produc-
tion has shown an increased risk of brain 
tumors either statistically significantly or 
non-significantly. Although causal rela-
tionship remains to be established the evi-
dence seems to indicate increased risk of 
brain neoplasm.

Other occupations with multiple 
exposures

A number of occupations with multiple 
exposures have been identified by sev-
eral authors as high risk occupations for 
brain neoplasm. Increased odds of devel-
oping brain neoplasm has been reported 
for physicians from exposure to radia-
tions and infectious agents (OR=2.73; 
95% CI: 0.86–8.64), for janitors from 
exposure to different chemical cleaning 
agents (OR=8.84; 95% CI: 1.11–70.44), 
for electronic equipment operators due 
to exposure to electromagnetic radia-
tions (OR=2.39; 95% CI: 0.73–7.83), for 
painters from to exposure to methylene 
chloride, oil-based paints, and solvents in 
the solutions used for cleaning of surfaces 
and for paint applicators from similar ex-
posures (OR=2.16; 95% CI: 0.19–24.0).22 
These findings are in agreement with 
previously reported associations between 
gliomas and multiple occupational expo-
sures.21,23 Workers at a uranium process-
ing plant in the US were observed to have 
a non-significant increased risk of brain 
neoplasm (OR=1.27; 95% CI: 0.66–2.22) 
from cumulative exposure to trichloro-
ethylene, cutting fluid and kerosene in 
a cohort study.68 The risk increased with 
the duration of exposure and the level of 
concentration of contaminant. Bond, et al, 
have reported a significantly elevated odds 
ratio for employment at a chemical manu-
facturing plant from one to five years, and 
significantly decreased odds ratio for em-
ployment greater than ten years.69 It has 
also been observed that glassblowers have 
an increased risk, however, the nature of 
exposures have not been specifically iden-
tified.70

The workers in the pulp and paper mill 
industry were reported to have a moder-
ately increased risk of glioma (OR=1.5; 
95% CI: 1.1–2.1) and (OR=1.5; 95% CI: 
1.0–2.2), respectively.40 These workers are 
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believed to be exposed to organic solvents, 
wood dust, terpenes, mold and endotox-
ins. Moderately elevated rates (OR=1.3; 
95% CI: 1.1–1.6) have been reported for 
workers at paper mills by Carozza, et al.23 
An association between primary brain tu-
mors and occupational exposure to chemi-
cals at nuclear facilities was examined by 
Carpenter, et al, and an increased risk was 
reported (OR=7.0; 95% CI: 1.2–41.1).71 An 
examination of brain tumors among chem-
ical plant employees conducted by Reeve, 
et al, indicated that those employed prior 
to 1945 had an increased risk (SMR=184) 
while those employed after 1945 had a 
lower risk (SMR=59).72 Hauptmann, et 
al, have recently reported of an increased 
risk among embalmers from exposure to 
formaldehyde exposure.73 However, no in-
creased risk from brain neoplasm related 
mortality was observed among workers 
in formaldehyde industries (SMR=0.92; 
95% CI: 0.68–1.23).74 Overall, it appears 
that most of the studies report of an in-
creased risk of brain tumors or increased 
mortality from brain tumors in indus-
tries with multiple exposures to industrial 
chemicals. Although causal relationship 
has not been established the existence of 
a relationship appears to have been con-
firmed and is biologically plausible.

Ionizing radiations and nuclear power 
plants

Occupational exposures to ionizing radia-
tions both therapeutic and diagnostic are 
believed to increase the risk of brain neo-
plasm. In his paper on epidemiology of 
brain tumors, Ohgaki wrote that therapeu-
tic irradiation is unequivocally associated 
with increased risk of brain neoplasm.26 
A number of other studies have explored 
the risk of brain neoplasm from therapeu-
tic and diagnostic exposures to ionizing 
radiations either as a professional or as a 
patient.75 A high prevalence of exposure to 
radiations from previous radiation thera-

pies for other cancers has been reported 
in glioblastoma and glioma patients.76-78 
Combined exposure from radiotherapy of 
the head and neck region non-significant-
ly increased the risk (OR=3.61; 95% CI, 
0.65–19.9); use of cell phone increased 
the risk of ipsilateral tumors in tempo-
ral, temporoparietal, and occipital areas 
(OR=2.42; 95% CI: 0.97–6.05)79. In a 
study of dentists and dental nurses in Swe-
den, it has been reported that they had an 
increased glioblastoma risk, whereas phy-
sicians and their nurses had a non-signifi-
cant moderate increase in risk.38 A higher 
risk of meningioma due to radiotherapy of 
head and neck (OR=3.7; 95% CI: 1.5–9.5) 
has been reported by Phillips, et al.80 Al-
though Blettner, et al, made similar ob-
servations (OR=2.32; 95% CI: 0.90–5.96) 
their findings were not statistically signifi-
cant.81 A statistically significant positive 
association of brain tumor with exposure 
to dental x-rays bas been reported by Neu-
berger, et al.82 Increased frequency of full 
mouth dental x-ray examination after age 
25 years were positively related to both gli-
oma (p=0.04 for trend) and meningioma 
(p=0.06 for trend).83 However, x-ray im-
aging effect on the development of brain 
tumors was unclear.2 

A moderate increase in brain neoplasm 
incidence (SIR=2.14; 95% CI: 1.07–3.83), 
but no evidence of dose-response relation-
ship, has been reported in two cohorts of 
Chernobyl cleanup workers from Estonia 
and Latvia, thereby supporting the as-
sociation between exposure to ionizing 
radiations and brain tumors.84 Relative 
risk for brain tumors have been reported 
to exceed 1.0 at eight of the ten nuclear 
facilities in the US.85 However, Carpen-
ter, et al, studied central nervous system 
cancers including brain neoplasm among 
workers at nuclear facilities and reported 
that no association exists between deaths 
from brain neoplasm and exposure to 
external ionizing radiations.86 Mixed re-
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sults for brain neoplasm mortality have 
been reported for airline pilots who are 
believed to be exposed to higher levels of 
cosmic radiations.87,88 There appears to be 
preponderance of studies with a positive 
relationship either statistically significant 
or non-significant; therefore, suggesting 
that diagnostic or therapeutic exposure to 
ionizing radiations may increase the risk 
of brain neoplasm.

High voltage power lines and 
electromagnetic radiations

Exposure to non-ionizing radiations ap-
pears to increase the risk of brain neo-
plasm as reported by several studies. Elec-
tricians who are exposed to non-ionizing 
radiation (i.e., electromagnetic, thermal, 
neutron, black-body radiation, and light) 
were observed to be at an increased risk. 
Electrical workers employed in the US 
construction industry are reported to have 
a slightly elevated PMR of 136 (95% CI: 
112–163, p<0.01).89 Robinson, et al, have 
reported of moderately elevated PMR for 
indoor electrical workers (PMR=163; 95% 
CI: 117–221, p<0.01) and outdoor electri-
cal workers (PMR=127; 95% CI: 92–72, 
p <0.01).89 It is believed that the higher 
death rates in the electricity industry are 
associated with occupational exposure to 
electric and magnetic fields. Exposure to 
electromagnetic radiations among naval 
soldiers increased the risk of develop-
ing brain neoplasm (OR=4.63; 95% CI: 
2.54–8.45).90 Lin, et al, has reported that 
men employed in electricity-related oc-
cupations such as electricians, engineers 
and utility company servicemen had a 
significantly elevated proportion of pri-
mary brain tumors.91 The increase in the 
odds ratio for brain tumors were found to 
be positively related to electromagnetic 
field exposures (OR=2.15; 95% CI: 1.10–
4.06).91

Electricity generation workers includ-
ing shunt-yard engineers who are exposed 

to electromagnetic fields at work are re-
ported to have a statistically significant 
increased risk (SMR=5.06; 95% CI: 1.21–
21.2) for brain tumors.92 It has been re-
ported that exposures to electromagnetic 
fields >0.2 µT increased the latency peri-
od for brain tumors by six years for males 
and four years for females.93 Occupational 
risk factors of brain tumors from a popula-
tion based case-control study in Germany 
were reported to significantly increase in 
risk of brain tumor development for wom-
en in electrical occupations (OR=5.2; 95% 
CI: 1.4–20.1) but not for men (RR=0.9; 
95% CI: 0.3–2.3).94 Tornqvist, et al, stud-
ied incidence of brain tumors in electrical 
occupations and reported of a statistically 
significantly increased risk for all brain tu-
mors (OR=2.9; 95% CI: 1.2–5.9) and glio-
blastomas (OR=3.4; 95% CI: 1.1–8.0).95 
In a population based mortality study, it 
was reported that male workers employed 
in occupations associated with electricity 
or electromagnetic fields had an elevated 
risk for brain neoplasm (OR=3.9; 95% CI: 
1.52–10.20).96 These authors also reported 
of a linear relationship between the proba-
bility of exposure to electromagnetic fields 
and brain neoplasm. A nominally signifi-
cant increase in mortality from brain tu-
mors was reported for power generation 
plant workers (Observed: 55, Expected: 
36, SMR=1.53).97

Combined effect of exposure to chemi-
cals and occupational electromagnetic 
field were examined in Swedish men for 
the risk of gliomas and meningiomas.98 
The risk from exposure to low electro-
magnetic fields alone was marginally high 
but not statistically significant, whereas a 
moderately increased risk was observed 
for exposures to solvents and low elec-
tromagnetic fields in the range of 0.20 
and 0.30 T.98 Statistically significantly 
increased risk was also observed for ex-
posure to lead and low electromagnetic 
fields (RR=2.73; 95% CI: 1.12–6.61).98 
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Glioma, but not meningioma risk was as-
sociated with the duration of job involving 
exposure to electric and magnetic fields. 
The risk increased with the duration of the 
exposure (p=0.05 for trend). The risk was 
greatest for astrocytoma (OR=4.3; 95% 
CI: 1.2–15.6).65

A non-significantly increased risk 
(OR=1.33; 95% CI: 0.75–2.36) of brain 
tumor has been reported for those men 
who had ever held a job with an average 
magnetic field exposure of more than 0.6 
µT compared to men with an exposures 
less than 0.3 µT.99 Similar findings have 
been reported among Swedish workers.100 
Karipidis, et al, have reported that ex-
posure to low frequency magnetic fields 
non-significantly elevated risk of glioma 
(OR=1.4; 95% CI: 0.85–2.27).101 Observa-
tions among workers exposed to electro-
magnetic radiations were also statistically 
non-significant for brain neoplasm.102 
Karipidis, et al, conducted a case-control 
study among Australian workers exposed 
to ultraviolet radiofrequency radiations 
and reported a non-significantly increased 
risk (OR=1.60; 95% CI: 0.95–2.69) for the 
highest exposed group of men and a non-
significantly decreased risk for the highest 
exposed group of women (OR=0.54; 95% 
CI: 0.27–1.07).103 Occupational exposure 
to electromagnetic fields among railway 
workers in Norway did not support an 
association between exposure to electric 
or magnetic fields and increased risk for 
brain tumors.104 In a cohort study on occu-
pational exposure to magnetic field among 
electrical workers in Canada, it was re-
ported that cumulative exposure to mag-
netic fields above 15.7 µT-years produced 
a non-significantly elevated risk for brain 
neoplasm (RR=1.95; 95% CI: 0.76–5.0).105 
Occupational exposure to electromagnetic 
fields was examined by Floderus, et al, but 
they failed to find elevated risk of brain 
neoplasm from cumulative exposure.106

Physician were reported to have a 

non-significant increased risk of glioma 
from exposure to radiation from diag-
nostic instruments (OR=6.00; 95% CI: 
0.62–57.7).75,107 Electrical workers and 
power plant operators also were report-
ed to have a non-significantly increased 
risk (RR=1.64; 95% CI: 0.89–3.03, and 
RR=1.28; 95% CI: 0.48–3.47, respective-
ly).108 Wrensch, et al, studied residential 
exposure to electromagnetic field expo-
sure from power lines in the San Francisco 
Bay area and failed to observe statistically 
significant increased risk both for longest 
held residence and level of exposure.109 A 
nested case-control study concluded that 
residents near high voltage power lines 
in Norway had non-significantly elevated 
risk of developing brain neoplasm from 
exposure to high tension power lines 
at 0.05–0.19 µT (OR=1.6; 95% CI: 0.9–
2.7).110 Roosli, et al, and Sahl, et al, studied 
the association between brain neoplasm 
and exposures to extremely low frequency 
magnetic fields and reported that there 
was no association.111,112 Juutilainen, et al, 
studied male industrial workers in Fin-
land and reported that workers who were 
probably exposed to extremely low fre-
quencies had a non-significant increased 
risk (RR=1.31; 95% CI: 0.7–2.3).113

A non-significant increase in mortality 
from brain neoplasm has been reported 
by Baris, et al (SMR=1.13; 95% CI: 0.69–
1.75).114 Mortality rates in workers who 
were exposed to extremely low frequency 
electromagnetic fields (16⅔ Hz) were ob-
served to be not associated with exposure 
to electromagnetic fields (SMR=1.0; 95% 
CI: 0.2–4.6).92 Mortality rates in a cohort 
study among former power generation 
employees failed to show any significant 
positive trends for risks of brain tumors 
from cumulative exposure to magnetic 
fields.115 When the deaths of the navy vet-
erans of Korean War were investigated, no 
association was observed between deaths 
due to brain neoplasm and exposure 
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to non-ionizing electromagnetic radia-
tion ranging from 300 MHz to 300 GHz 
(SMR=0.9; 95% CI: 0.7–1.1).116 Savitz and 
Loomis reported that brain neoplasm risk 
increased non-significantly by a factor of 
1.94 per µT-year of magnetic field expo-
sure in the previous 2–10 years and mor-
tality rate ratio of 2.6 in the highest expo-
sure category.108

Studies on electromagnetic field expo-
sures and the risk of brain neoplasm are 
inconsistent. Although exposures to elec-
tromagnetic and magnetic fields are likely 
to occur at workplace and at home, the 
risk of developing brain tumors is incon-
clusive. The biological plausibility is not 
strong because the energy in the electro-
magnetic and magnetic fields is not suf-
ficient to damage the DNA. However, im-
provements are certainly needed in both 
ascertaining and quantifying the exposure, 
uniform consideration of latency period 
and contribution by associated risk factors 
and confounders. As noted for other risk 
factors of brain neoplasm larger studies 
with sufficient sample size and accurate 
exposures are needed.

Cellular phones and cordless phones 
usage

In recent years electromagnetic energy 
(radio frequencies) from cellular phones 
tends to indicate a positive relationship.117 
A study in Sweden reported that cases of 
malignant brain tumors diagnosed be-
tween 1997 and 2000 from ipsilateral ra-
dio frequency exposure because of the use 
of cellular phones lead to an increased 
risk of brain neoplasm (OR=1.85; 95% CI: 
1.16–2.96) to the same side of the head as 
the predominant side of cellular phone us-
age.118 The risk for astrocytoma was also re-
ported to be increased (OR=1.95; 95% CI: 
1.12–3.39) from cell phone use.117 The use 
of analogue cellular phone was observed 
to significantly increase the risk (OR=1.3; 
95% CI: 1.02–1.6) of brain neoplasm, and; 

with the tumor induction period of more 
than ten years the risk increased further 
(OR=1.8; 95% CI: 1.1–2.9).119 No clear as-
sociation was found for digital or cordless 
phones. For analogue cellular telephones 
the risk for tumors increased in the tem-
poral area of the brain on the same side 
of the brain as that was used during the 
phone call (OR=2.5; 95% CI: 1.3–4.9). 
The risk had not increased for the oppo-
site side of the brain.119

However, Johansen, et al, found no as-
sociation between cell phone use and the 
risk of developing cancer of the brain or 
nervous system in a retrospective nation-
wide cohort study from 1982-1995 in 
Denmark.120 Another study in five North 
European countries in 2007 showed no 
increased risk of glioma in relation to cell 
phone use although the study did find pos-
sible link between cell phone use and the 
risk of brain neoplasm on the same side of 
the head (OR=1.39; 95% CI: 1.01–1.92).26 
Lonn, et al, reported that for regular cell 
phone use odds ratio was not elevated 
(OR=0.8; 95% CI: 0.6–1.0) for brain neo-
plasm and also for meningioma (OR=0.7; 
95% CI: 0.5–0.9).121 The risk of brain tu-
mors among the users of cellular phones 
and cordless phones was examined by 
the INTERPHONE Study Group in Ger-
many.122 The authors did not observe 
an increased risk for glioma (OR=0.98; 
95% CI: 0.74–1.29) and for meningioma 
(OR=0.84; 95% CI: 0.62–1.13) among the 
German users of cellular phones between 
30 and 69 years of age.122 However, among 
those who used cellular phones for over 
ten years, a non-significantly increased 
risk was observed for glioma (OR=2.20; 
95% CI: 0.94–5.11) and for meningioma 
(OR=1.09; 95% CI: 0.35–3.31).122 In the 
same study, Schuz, et al, have also re-
ported that there is no increased risk for 
ipsilateral phone use for tumors located 
in the temporal and parietal lobes.122 In 
a related study by Schuz, et al, examined 
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exposure to electromagnetic radiations 
from cordless phones by measuring the 
distance of the base station of cordless 
phone from the bed and observed that the 
cordless phone usage was not associated 
with glioma (OR=0.82; 95% CI: 0.29–
2.33) or with meningioma (OR=0.83; 95% 
CI: 0.29–2.36).123 In a nation-wide cohort 
study with just under half a million people 
Schuz, et al, observed that cellular tele-
phones were not associated with increased 
risk for brain tumors (SIR=0.66; 95% CI: 
0.44–0.95).124 In a similar study in Den-
mark, Christensen, et al, reported the risk 
estimates were closer to unity for low-
grade gliomas (OR=1.08; 95% CI: 0.58–
2.00) and meningioma (OR=1.0; 95% CI: 
0.54–1.28).125

The evidence for the association be-
tween brain tumors and cell phone usage 
appears to be inconclusive when the sta-
tistical significance is considered. Howev-
er, most of the studies reported increased 
risk of brain tumors and a few studies re-
ported no relationship between cell phone 
use and brain neoplasm. The suggested 
improvements needed in future research 
include proper quantification of exposure 
from cell phone usage, energy of the wave-
length and consideration of demographic 
profile, and other associated factors re-
lated to the user including their genotype 
and phenotype. Studies with better study 
power are also needed in which the study 
population is stratified by age.

Metals

Occupations in firefighting, lead-smelting, 
lead-battery manufacturing, the printing 
industry, and in industries where workers 
are exposed to lead appeared to increase 
the risk for brain neoplasm. Cocco, et al, 
demonstrated a two-fold increased risk 
(OR=2.1; 95% CI: 1.1–4.0) for brain neo-
plasm in white men who had been exposed 
to higher levels of lead in comparison to 
the control group.126 Similar findings have 

been reported among Swedish workers by 
Navas-Acien, et al, who reported an in-
creased risk (OR=2.36; 95% CI: 1.12–4.96) 
from occupational exposure to lead.127 Oc-
cupational exposure to lead also increased 
the risk to meningioma in individuals 
with ALAD2 variant of delta-aminolevu-
linic acid dehydratase allele. The risk in-
creased with the level of exposure to lead 
from the lowest exposure level at 1–49 µg/
m3/year (OR=1.1; 95% CI: 0.3–4.5) to the 
highest exposure level at >100 µg/m3/year 
(OR=12.8; 95% CI: 1.4–120.8).12 Other 
metals such as arsenic, mercury, chromi-
um, silicon, magnesium and calcium have 
been associated with increased risk of can-
cer. Workers exposed to metals like arsenic 
and mercury on their job were observed to 
be at an increased risk of glioma.2 Mor-
tality rates among Japanese chromium 
platers were reported to be significantly 
higher from brain neoplasm (SMR=9.14; 
95% CI: 1.81–22.09).45 Occupational ex-
posures to silicon (p=0.01), magnesium 
(p=0.01) and calcium (p=0.03) were re-
ported to significantly increase the risk 
of brain neoplasm.49 Zinc was associated 
with borderline significance (p=0.05) but 
not nickel (p=0.74).49

Other studies have not reported of an 
increased risk from exposure to metals 
including lead. A non-significantly in-
creased glioma risk (OR=11.0; 95% CI: 
1.0–630) has been reported for lifetime 
occupational exposure to lead.128 Work-
ers in the US who are occupationally ex-
posed to lead were shown to have a non-
significantly higher brain cancer mortality 
rates compared to those not exposed to 
lead at work (Hazard ratio [HR]=1.5; 95% 
CI: 0.9–2.3).129 An evaluation of lifetime 
occupational history to examine the asso-
ciation between occupational exposure to 
metals and brain neoplasm indicated that 
occupational exposure to iron (SIR=2.15; 
95% CI: 0.96–4.8); chromium com-
pounds (SIR=1.51; 95% CI: 0.85–2.67); 

Occupational Risk Factors of Brain Neoplasm



www.theijoem.com  Vol 2 Number 2; April, 2011 97

lead (SIR=1.27; 95% CI: 0.81–2.01); and 
cadmium (SIR=1.26; 95% CI: 0.72–2.22) 
non-significantly increased the risk of 
brain neoplasm.13Exposure to metals in 
most of the studies appears to significant-
ly or non-significantly increase the risk of 
brain tumors including glioma and me-
ningioma. Mortality from brain neoplasm 
also appears to be increased in those who 
were exposed to metals. The limited num-
bers of studies that focus on exposure to 
metals impose limitations on the overall 
inferences that can be drawn from these 
studies. Further studies with sufficient 
sample size and proper quantification of 
exposure to metals and consideration of 
latency period are needed to make the evi-
dence conclusive. In spite of these limita-
tions the overall trend appears to indicate 
that occupational exposure to metals may 
increase the risk of brain neoplasm.

Environmental risk factors

Farming is considered an environmental 
risk factor because farmers are exposed 
to agricultural chemicals, pesticides, her-
bicides, and insecticides in both occupa-
tional and environmental settings; and 
because farmers live and work on their 
farms. Farmers are believed to have a 
higher risk of brain neoplasm because 
of exposure to agricultural chemicals in-
cluding insecticides and herbicides and 
microorganism infections. Significantly 
elevated risk of brain neoplasm has been 
reported for farmers (RR=1.6, p<0.0025) 
from exposure to insecticides, fungi-
cides, herbicides and fertilizers.131 Lee, et 
al, have reported that men who have ever 
lived or worked on a farm have a signifi-
cantly increased risk of glioma (OR=3.9; 
95% CI: 1.8–8.6).132 These authors have 
also reported that men living or working 
on a farm had an increased risk of devel-
oping glioma, and the risk increased with 
the length of the period of farming.132 
The risk of brain neoplasm for those who 

worked for 55 years or more was report-
ed to be approximately four times higher 
(OR=3.9; 95% CI: 1.8–8.9).132 Lee, et al, 
have also reported of a significant increase 
in glioma from exposure to herbicide me-
tribuzin (OR=3.4; 95% CI: 1.2–9.7), and 
insecticide chlorpyrifos (OR=22.6; 95% 
CI: 2.7–191) among farmers in the US.132 
A significant increase in risk of meningio-
ma from exposure to herbicide in women 
(OR=2.7; 95% CI: 1.2–5.5) with increasing 
number of years of herbicide exposure has 
been reported.131 Among the investigated 
agrochemicals, the use of insecticides 
or fungicides was associated with a sig-
nificant increase in relative risk (RR=2.0, 
p<0.001).133 A cohort study among the 
workers of agricultural research institute 
workers reported an excess risk of brain 
neoplasm (RR=4.69; 95% CI: 1.2–11.4) 
but the increased risk was not associated 
with any specific exposures on the farm.134 
Investigations of brain tumor clusters in 
Western Missouri have indicated a signifi-
cantly elevated SMR from occupational 
or residential exposure to several chicken 
hatcheries.135

Many of the pesticides, insecticides, 
and herbicides have been suspected to 
be carcinogenic, farmers who are mostly 
exposed to these agents are often but not 
always reported to develop brain tumors. 
Musico, et al, in a hospital based study in 
Northern Italy observed that farmers were 
five times more likely than non-farming 
controls to develop brain neoplasm.136 
The increased risk was attributed to in-
creased exposure to organochlorine pes-
ticides. Farmers were also observed to 
have an increased risk for brain neoplasm 
from increased exposure to insecticides 
and herbicides.133 Farmers were also ob-
served to have an increased risk of brain 
tumors because of exposure to alkyl urea, 
and elaiomycin (structurally similar to ni-
trosourea).137 Smith-Rooker, et al, has re-
ported that glioblastoma cases were more 
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likely to reside in counties in which rice, 
cotton or wood products were produced in 
the state of Arkansas of the US.138

However, a number of studies have 
shown that the use of insecticides, herbi-
cides or fungicides is not associated with 
an increased risk of gliomas. A non-sta-
tistically significant association between 
glioma and exposure to herbicide or insec-
ticide in men or women (OR=1.0; 95% CI: 
0.7–1.5) has been reported by Samanic, et 
al.131 In another study, Provost, et al, has 
reported of a non-significant increased 
risk (OR=1.47; 95% CI: 0.81–2.66) of 
brain neoplasm from pesticide expo-
sure.139 Carreon, et al, examined the risk 
of gliomas and farm pesticide use in the 
non-metropolitan areas of Iowa, Michigan, 
Minnesota and Wisconsin and reported 
that there is no association between the 
use of pesticides and the risk of glioma for 
men or women.140 These researchers and 
others have also found statistically non-
significant association between pesticide 
exposure and brain neoplasm (OR=1.4; 
95% CI: 0.9–2.2) and have suggested that 
other factors in farming may be the cause 
for adult glioma.140,141 Living in quarters 
adjacent to storage sites of pesticides on 
the farm has been reported to be associat-
ed with a higher (but non-significant) risk 
of glioma.141 Ruder, et al, have reported a 
significant decreased risk of brain tumors 
from exposure to insecticides (OR=0.75; 
95% CI: 0.59–0.95) and farm animals 
(OR=0.48; 95% CI: 0.25–0.90).142 Ex-
amination of brain cancer risk among the 
residents in the proximity of cranberry 
cultivation in the Upper Cape Cod area of 
Massachusetts revealed a two-fold non-
significant increased risk (95% CI: 0.8–
4.9) and a 6.7-fold increase of astrocytoma 
(95% CI: 1.6–27.8) from pesticide drift.13

In addition to exposure to insecticides, 
herbicides, and pesticides that may in-
crease risk of developing glioma among 
farmers, contact with animals was another 

environmental risk factor that is believed 
to increase the risk of brain neoplasm. 
However, general farm workers have been 
reported to have a reduced risk compared 
with workers who had no contact with 
animals (OR=0.66; 95% CI: 0.5–0.9).143 
Farmers at all ages were reported to have 
a non-significant excess death risk from 
brain neoplasm (PMR=1.10; 95% CI: 
0.92–1.32).144 Similar observations were 
made by Lee, et al.145 It appears that no 
particular occupational or environmen-
tal exposure other than farming has been 
identified as a major risk factor for brain 
cancer, although a number of exposures 
appear to increase the risk. Risk was sig-
nificantly higher among those who used 
glue (OR=17.58; 95% CI: 1.75–176.62) 
during leisure activities and significantly 
lower among those residing near cellu-
lar telephone towers (OR=0.49; 95% CI: 
0.26–0.92).146

Overall, occupational or environmental 
exposure to agricultural chemicals appears 
to increase the risk of brain tumors among 
farmers and farmworkers. Environmental 
exposure to pesticides form pesticide drift 
among residents also appears to increase 
the risk to brain tumors. Glioma and glio-
blastoma cases appear to be higher in re-
gions were rice, cotton and wood products 
are produced. A meta-analyses of stud-
ies on brain neoplasm and farming indi-
cated an estimated elevated risk (OR=1.3; 
95% CI: 1.09–1.56) for all farmers and a 
non-significant risk for female farmers 
(OR=1.04; 95% CI: 0.84–1.29).88

Emissions from landfill sites

It is believed that landfill sites contain 
many potentially harmful chemicals in-
cluding methane, carbon dioxide, hydro-
gen sulphide, benzene, formaldehyde, 
styrene, volatile organic compounds and 
metal vapors of cadmium and lead. Wil-
liams and Jalaludin studied Australians 
who resided beside hazardous waste de-
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pot and observed that male brain neo-
plasm cases were more likely to live near 
a waste depot (SIR=380; 95% CI:139.4–
826.6) compared to controls who were 
cancer free.147 However, another study in 
a community in Britain living 2 km away 
from a landfill reported a relative risk of 
RR=0.98 (95% CI: 0.96–0.99) which indi-
cated absence of any meaningful relation-
ship between landfill emissions and brain 
neoplasm.148 Insufficient information is 
available for evidence to be conclusive; 
more studies are needed to confirm the as-
sociation between exposure to emissions 
from landfill and the risk of brain tumors.

Air pollution

Environmental exposure to petrochemi-
cal air pollution having lived in the vicin-
ity of petrochemical refineries appeared 
to increase the risk (OR=1.65; 95% CI: 
1.0–2.73) of brain tumors.149 A case-con-
trol study conducted in Taiwan concluded 
that individuals who lived in a group of 
municipalities with the highest levels of 
petrochemical air pollution had a non-
significant increased risk of developing 
brain cancer than the group who lived in 
municipalities with the lowest petrochem-
ical air pollution levels (OR=1.65; 95% CI: 
1.00–2.73).150 Other studies, however, did 
not find increased risk (OR=0.96; 95% CI: 
0.79–1.17) of brain neoplasm among those 
residing in the vicinity of petrochemical 
facilities.151 Communities living beside oil 
refinery in Kansas, US, were observed to 
have no significant increase in the inci-
dence of brain neoplasm, (Observed: 12, 
Expected: 9.46, SMR=1.27).152 In a similar 
manner, McKean-Cowdin, et al, have re-
ported that there is a decrease in risk of 
brain neoplasm with increasing levels of 
exposure to sulphur dioxide, nitrogen di-
oxide and carbon monoxie.153 Most of the 
original research studies among the few 
that have explored air pollution in the vi-
cinity of a petrochemical plant seem to in-

dicate that the pollution is not associated 
with the risk of brain neoplasm. Further 
research in this area is needed to answer 
the question convincingly.

Discussion

It is believed that brain tumors are etio-
logically associated with workplace and 
residential (environmental) exposures 
but conclusive evidence has been elusive.8 
A number of occupations are reportedly 
associated with elevated risk for primary 
brain neoplasm including physicians, fire-
fighters, farmers, servicemen, sales agents, 
janitors and cleaners, petrochemicals and 
oil production workers, synthetic rubber 
manufacturers and social sciences profes-
sionals. The risk for primary brain tumors 
is mostly elevated for these occupations 
although in many cases non-significantly 
and in many of these cases it appears to 
be chance finding. Systematic reviews and 
meta-analyses by several authors have 
reported mixed results with no definitive 
causal association between any single oc-
cupational group and primary brain tu-
mors because of relatively low odds ratios 
for some studies and confidence intervals 
that straddle unity for the others.2,3,8,62,154-158

It is believed that hereditary syndromes 
(adenomatous polyposis, Li-Fraumeni 
and family syndrome), head trauma, aller-
gies, diet and vitamins play a role in adult 
brain cancers and need to be considered. 
Furthermore, other factors associated 
with the development of the disease which 
include genetic factors such as alterations 
in cell cycle genes and DNA damage re-
pair genes, deletions or mutations of TP53, 
RB or PTEN, amplifications or mutations 
in EGFR, deletions in chromosomes con-
stitutive polymorphisms in glutathione 
transferase cytochrome (P450 2D6), 1A1 
N-acetyltransferase, XRCC1 and XRCC2 
need to be examined.8 The evidence of 
etiological relationship between occupa-
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tional and environmental exposures could 
be stronger if multiple factors and interac-
tions between these factors are considered. 
The Brain Tumor Epidemiology Consor-
tium (BTEC) suggests that small sample 
sizes of individual studies, lack of data on 
tumor types and methods of classification 
and inability to examine interactions are 
some of the reasons for lack of clarity on 
etiological relationship between occupa-
tional and environmental risk factors and 
primary brain cancers.159

Workers in occupational and industrial 
setting are exposed to a range of substanc-
es from neurotoxic to neurocarcinogenic 
to neurogenotoxic and include chemi-
cal compounds such as organic solvents, 
lubricating oils, varnishes and paints, 
formaldehyde, acrylonitrile, phenols and 
phenolic compounds, polycyclic aromatic 
hydrocarbons and metals. Some of these 
chemicals (pesticides, other agricultural 
chemicals, alkylureas, copper sulphates 
and vinyl chlorides) are known to induce 
brain tumors in experimental animals.8 
Examination of individual exposures as 
etiological agents of brain neoplasm may 
fail to reach significance for causality be-
cause of small sample size, deficiencies in 
exposure measurements and lack of de-
tails on tumor subtypes. It may be worth-
wile to evaluate the exposures along with 
other factors such as genetic susceptibility, 
lifestyle and behavior factors and concomi-
tant exposures. To date, etiological studies 
on brain tumors have examined exposures 
unilaterally and without the recognition of 
other putative risk factors. Interactions 
between genes and gene products and 
occupational and environmental factors 
have been suggested, therefore, it may be 
necessary to examine single nucleotide 
polymorphisms in genes associated with 
DNA repair, cell cycle, metabolism and in-
flammation in context with occupational 
and environmental exposures and mo-
lecular subtypes of brain neoplasm.160,161It 

has been reported that the T1 null geno-
type for glutathione S-transferase was sig-
nificantly associated with the risk of me-
ningioma (OR=1.95; 95% CI: 1.02–3.76) 
but not with the M1 variant.162

A number of agricultural chemicals 
including pesticides have been examined 
for association with brain neoplasm. Al-
though the overall findings indicate mixed 
results, most of the original research pre-
sented in this review reported an increased 
risk either statistically significant or non-
significant from exposure to agricultural 
chemicals; while very few articles reported 
no risk or decreased risk. The proposition 
that exposure to agricultural chemicals in-
creases the risk to brain neoplasm could 
be biologically plausible because many of 
these chemicals are genotoxic and muta-
genic. A number of studies have reported 
of a strong association for male and fe-
male pesticide applicators,4 for women 
exposed to insecticides and herbicides,163 
and for male and female workers on wheat 
producing acreage that used chlorphe-
noxy herbicides164. An ecological study by 
Schreinemachers has reported of a posi-
tive association between wheat producing 
acreages in the wheat producing States in 
the US and brain tumor related mortal-
ity.164 A meta-analysis of the risk of brain 
neoplasm among farmers has reported a 
moderately increased risk (RR=1.3; 95% 
CI: 1.1–1.6) of brain neoplasm from ex-
posure to agricultural chemicals.3 How-
ever, a number of other reviewers report-
ing on pesticide applicators and workers 
at pesticide manufacturing facilities have 
reported of mixed results.8,159A prepon-
derance of scientific literature suggests a 
positive association between farming and 
brain neoplasm, but causal relationship is 
still elusive. Additional research to exam-
ine neurotoxicity of agricultural chemicals 
supplemented by investigation of molecu-
lar sub-types of brain tumors and appro-
priate quantification of exposures to ag-
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ricultural chemicals and consideration of 
latency period in a uniform manner may 
provide better evidence.

Exposures among workers at petro-
chemical, petroleum and oil production 
industries seem to suggest a cautious ad-
mission of an increased risk of brain neo-
plasm. Increased risk of brain neoplasm 
and increased mortality from brain neo-
plasm has been reported for the US oil 
production workers by several authors.165 
Other researchers have observed of an ex-
cess of benign brain tumors, but a deficit of 
brain cancer deaths.57,61 Buffler, et al, have 
reported risk of brain neoplasm at around 
unity.58 A review and meta-analyses of a 
combined database of over 350 000 work-
ers by Wong and Raabe, suggested no 
increased risk of brain neoplasm among 
petrochemical workers.166 Overall, there 
appears to be an increased risk of brain 
neoplasm among the workers at petro-
chemical and oil production workers, but 
it is really mixed results. Although a caus-
al association has been proposed, lack of 
identification of a causal agent or specific 
exposure confounds the causal connec-
tion. Additional research on brain neo-
plasm sub-types and specific exposures in 
the petrochemical industry with sufficient 
sample size and study power may provide 
some conclusive evidence.

In this review, exposures to ionizing 
radiations and other chemicals at nuclear 
power plants were observed to be associ-
ated with elevated rates of brain neoplasm 
either statistically significant or non-sig-
nificant. Elevated risks were also observed 
for exposure to non-ionizing radiations. 
Some of these studies were statistically 
significant while others were not. Similar 
mixed results have been observed for ex-
posure to electromagnetic fields. Although 
a number of occupational studies have re-
ported of a positive relationship between 
occupational exposures to electromagnet-
ic fields,87,92 a number of other researchers 

have not observed any relationship.167,168 
Inaccuracies in measurements of expo-
sure to electromagnetic field and latency 
period make it difficult to prove the ex-
istence of a causal relationship. The evi-
dence is, therefore, inconclusive as has 
been reported earlier.8,107 There is also a 
lack of biologic plausibility of disease cau-
sation although it is reported that electro-
magnetic field exposures to the mamma-
lian brain depresses nocturnal melatonin 
levels which are believed to have oncostat-
ic effects.169

Ionizing radiations and therapeutic ion-
izing radiations are reported to increase 
the risk of brain neoplasm170,171 whereas 
diagnostic radiations have not been asso-
ciated with increased risk of gliomas.8 The 
review by Wrensch, et al, identified an in-
creased risk either statistically significant-
ly or non-significantly.8 Increased risk of 
meningiomas has been reported from ex-
posure to dental x-rays.171 Studies with the 
survivors of the atomic bombing indicate 
a higher incidence of meningioma with a 
dose-response relationship.172 Elevated 
risk (RR=1.2, 95% CI: 0.8–2.0) for brain 
neoplasm among workers of nuclear facil-
ity and nuclear material production work-
ers may be confounded by other chemical 
exposures in the industry.48,173 A review by 
Wrensch, et al, has indicated that neither 
dental nor non-dental x-rays to the head 
and the neck have been associated with 
increased risk of gliomas.107 Exposures 
to ionizing radiations appear to be more 
consistently associated with increased risk 
of brain tumors than other exposures and 
the relationship appears to be biologically 
plausible. Exposures to diagnostic radia-
tions appear to increase the risk of menin-
giomas but not gliomas.

The exposures at synthetic rubber fa-
cility include coal tars, carbon tetrachlo-
ride, N-nitroso compounds and carbon 
disulfide. Some of these compounds in 
experimental animals are shown to be 
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to determine the causal relationship be-
tween exposures and brain neoplasm risk. 
Non-significantly increased risk has been 
reported for biologic laboratory workers,178 
non-elevated risk to brain cancer has been 
reported for clinical laboratory technicians, 
radiologic technicians and science techni-
cians.179 Non-significantly increased risks 
have been reported for glioma among art-
ists in the San Francisco Bay area and also 
for social service workers, shipper, jani-
tors, motor vehicle operators and aircraft 
operators.17

On the basis of a population based 
study, Zheng, et al, reported of a signifi-
cantly increased risk for men in roofing, 
siding, sheet metal works, newspapers, 
rubber and plastic products, manufactur-
ing industries, electrical service, wholesale 
trade of durable goods, farm products and 
grain and field beans and gasoline service 
stations and in women for those working 
in industries such as agriculture, apparel 
and textile products.180 For men occupa-
tions with significantly increased risk was 
observed for guards, janitors and cleaners, 
mechanics and repairmen, supervisors in 
construction and for women retail sales 
and commodities sales occupations and 
general farmworkers. The findings of this 
study may not be conclusive because of the 
small number of study subjects, and some 
of the observed associations may be by 
chance alone. These findings are in agree-
ment with a population based study in 
northeastern China.181 These authors have 
also reported that occupational exposure 
to metals like lead, tin and cadmium was 
positively associated with increased risk of 
meningioma.181 Occupational exposure to 
metals among the blue-collar workers is 
reported to be significantly associated with 
increased risk of brain neoplasm.63 Met-
als like nickel, cadmium, arsenic, beryl-
lium and chromium, therefore, appear to 
be associated with increased risk of brain 
neoplasm, but the relationship remains 

carcinogenic but the evidence of causal-
ity for brain neoplasm still remains to be 
conclusive. However, overall, it appears 
that the risk of brain neoplasm among 
workers at synthetic rubber facility is in-
creased. It is also believed that exposure 
to vinyl chloride appears to increase the 
risk of brain neoplasm as observed in this 
review. However, recent studies did not 
support the causal relationship between 
exposure to vinyl chloride and brain neo-
plasm incidence or mortality.174,175 Addi-
tional research is needed to determine the 
neurotoxicity of vinyl chloride and job at a 
synthetic rubber facility.

A number of reviews and original re-
search articles have articulated an in-
creased risk of brain neoplasm from 
head injuries.31,32 Evidence has also been 
presented of a positive relationship be-
tween head injuries and meningiomas and 
acoustic trauma.171 Increased risk for me-
ningiomas in men with a latency of 15 to 
20 plus years has been reported.176 Head 
injuries, therefore, appears to be causally 
associated with brain neoplasm.

Scientists and biomedical profession-
als are believed to be at an increased risk 
of brain neoplasm; however, neither spe-
cific occupational exposures nor specific 
medical specialties have been identified. 
Embalmers, pathologists, anatomists and 
other professional exposed to formalde-
hyde are believed to be at an increased 
risk, but these findings are not consistent 
with other industrial workers.177 Wrensch, 
et al, reviewed the risk among firefighters 
and reported an increased risk with in-
creased number of years as a firefighter.8 
However, these conclusions have been 
drawn from studies with a limited num-
ber of cases and a weak association with 
the number of years as a firefighter. Fire-
fighters are exposed on the job to a num-
ber of substances and overall it appears 
that firefighters are at an increased risk. 
However, additional research is needed 
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confounded because of lack of evidence of 
causality. Industrial and or occupational 
exposures may not be the sole cause but 
a contributing cause and therefore needs 
to be examined in the context of biological, 
genetic, lifestyle, dietary and other factors.

Concerns over cellular telephones and 
electromagnetic fields have increased in 
recent years, however, conclusive evi-
dence has remained elusive. A recent 
study has reported of doubling of the risk 
of brain tumors on the same side of the 
head as that preferred for cell phone use 
with period of use over ten years.182 How-
ever, Lahkola, et al, examined the risk of 
glioma among analogue and digital cell 
phone users and reported that there is 
no increased risk.183 Mixed results have 
been reported by Krewski, et al, having 
exhaustively reviewed adverse health ef-
fects including cancer from exposure to 
radiofrequency fields.184 They have also 
examined and characterized possible bio-
logical mechanisms. However, a recent 
study by Hardell, et al, has observed an 
elevated but statistically non-significant 
risk of brain tumors from cellular phone 
use on the same side of the head as the 
phone use.79 The evidence remains incon-
clusive in human studies although biologi-
cal plausibility has been shown to exist in 
animal models.185,186 However, no asso-
ciation between the use of cellular phones 
and the duration of use and brain cancer 
incidence has been reported by a number 
of other studies.187,188 Inskip, et al, have 
reported of no relationship between cel-
lular phone use and incidence of gliomas, 
meningiomas and acustic neuromas.154 
The risk did not change with the duration 
of use or cumulative time used. Evidence 
may not improve with further studies un-
less better methods for quantification 
of exposure from cellular phone use are 
available. The overall evidence suggests 
an increased risk of brain neoplasm but 
insufficient information on exposure and 

duration of exposure.189

Conclusion

Occupational and environmental risk fac-
tors of brain neoplasm were examined by 
conducting a systematic review of litera-
ture. Evaluation of the occupational risk 
factors have indicated that workers in 
petrochemical refineries, synthetic rubber 
manufacturing, nuclear and power gener-
ation industries, workers with occupation-
al exposure to metals and firefighters had 
moderately higher risk for brain neoplasm 
compared to workers in other occupations. 
Among the most reported environmental 
risk factors were exposure to agricultural 
chemicals such as, pesticides, insecticides, 
and herbicides, diagnostic and therapeu-
tic radiations and exposure of residents to 
landfill pollution. Occupational and envi-
ronmental exposures rarely occur in isola-
tion and at a workplace there may be one 
dominant exposure but there are a num-
ber of secondary exposures which may be 
equally harmful. A number of these fac-
tors may be acting concurrently or subse-
quently and may have residual carryover 
effects. 

The incidence of brain neoplasm ap-
pears to be dependent on a number of col-
laborating factors including level of indus-
trial development, air quality, air pollution 
and lifestyle and not just the presence or 
absence of etiological agents. Additionally, 
these exposures could occur under cer-
tain predisposing conditions, and these 
include lifestyle, physiological and ge-
netic factors. It is also important to con-
sider individual characteristics including 
genetic physiological profile and efficient 
determination of exposure and latency. It 
is also necessary to quantify exposures ap-
propriately and acknowledge confound-
ers such as ethnicity, age and gender. The 
question of uncertain quantification of ex-
posure is not unique to brain neoplasm for 
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it is a central issue in all examinations of 
all disease-exposure relationships. How-
ever, it appears that these are the issues 
that plague the association studies and 
cause problems with internal and external 
validity and render the findings inconclu-
sive. Although it is known for many years 
that primary brain tumors in adults are 
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