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Abstract: Occupational Exposure and Thoracic
Malignancies, Is There a Relationship ?: Sevin
BAsker, et al. Department of Pulmonary Medicine,
Pamukkale University Medical Faculty, Turkey—The
aim of this study was to evaluate the effect of occupa-
tional exposure in the occurrence of lung cancer.
Method: Three-hundred lung cancer cases diagnosed
between September 1, 1999, and September 31, 2007,
and 300 healthy controls were enrolled in this case-
control study. Life-long occupational history, gender,
age, exposure to asbestos, comorbidities, and smoking
status were collected. Results: The mean age of the
300 lung cancer cases was 60.3 + 9.9 year (91.7% male
and 8.3% female), and the mean age of healthy control
group was 60.4 + 10.5 year (95.0% male and 5.0%
female). The most frequent histological types were
squamous (172, 57.3%), adeno (69, 23.1%), and small
cell (37, 12.3%). There was an increased risk of lung
cancer occurrence among agriculture workers (OR=1.89,
95% CI=1.17-2.98) (p=0.009). Inorganic dust exposure
(OR=1.81, 95% CI=1.0-3.25) (p=0.049) and organic
dust exposure (OR=1.89, 95% CI=1.0-3.59) (p=0.05)
were found to be related with high frequency of having
lung cancer. Conclusion: Workers who had occupa-
tional exposure to organic and inorganic dust, especially
in the agricultural field, had higher risk of lung cancer
occurrence when compared with office workers.
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Lung cancer is the most common cancer diagnosis
worldwide and is the major cause of cancer mortal-
ity, particularly among men". Although tobacco
smoking is by far the greatest risk factor for lung
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cancer, occupational exposures still require atten-
tion"”. It was estimated worldwide in year 2000 that
10% of lung cancer deaths in men (88,000 deaths)
and 5% in women (14,300 deaths) were attributable
to exposure to selected occupational lung carcinogens
(arsenic, asbestos, beryllium, cadmium, chromium,
diesel fumes, nickel, and silica)®. In the same year
in Europe, assuming attributable fractions of 7-15%
(men) and 2-9% (women), the estimated number of
deaths was over 32,000”. The workplace provides
an environment in which there is a risk of expo-
sure to carcinogens. In recent years, people know
about the damage caused by smoking, and because
of quit-smoking policies, occupational exposure to
carcinogens will be more important for the etiol-
ogy of thoracic malignaties in the nex decades. The
International Agency for Research on Cancer currently
lists 19 substances/work situations/occupations that
have been proven to be associated with lung cancer
(group 1)%.

Organic dust consists of particulate matter of
microbial, plant or animal origin¥. The association
between occupational exposure to organic dust and
its specific constituents and lung cancer risk in the
general population is controversial. Increased lung
cancer risks have been reported in certain occupations
exposed to organic materials, for instance, in meat
and wood workers>®. Alternatively, decreased risks
among workers exposed to organic dust have also
been described”. Endotoxin has been proposed to
be protective for the development of lung cancer. A
recent large pooled case-control study on lung cancer
by Peters et al.” does not seem to support the previ-
ous findings, especially among farmers, regarding a
possible protective effect of endotoxin. The authors
concluded that occupational exposure to organic dust
appears to be associated with an increased risk of
lung cancer.

In spite of smoking being the etiologically domi-
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nant factor, lung cancer is quantitatively the most
important of work-related cancer. In this study, we
evaluated the effect of occupational exposure on the
occurrence of lung cancer.

Materials and Methods

Three-hundred lung cancer cases diagnosed between
September 1, 1999, and September 31, 2007, and 300
healthy controls were enrolled in this case-control
study. The study was approved by the ethics commit-
tee of the University Hospital, and written consent
was obtained from all participants. Controls were
selected among other patients’ relatives who came to
hospital with them. The controls were disease free,
and the cases had lung cancer.

Data collection was done with a person-to-person
questionnaire. The structured questionnaire collected
data on age, sex, sociodemographic characteristics,
residential history, comorbidities (such as chronic
obstructive pulmonary disease, asthma, tuberculosis,
diabetes mellitus, congestive heart failure and hyper-
tension and etc.), occupational history, occupational
exposures, asbestos exposure and current and past
tobacco use. For occupational history, we obtained
information on industry name, production type, job
title, total work days and work hours in a week, air
conditioning status in the workplace, use of a mask or
not, description of the workplace (presence of gases,
dusts, vapors, or other inhaled agents) and detail
occupational exposure materials.

We grouped the cases and controls according to
their exposure type by description of the workplace
(presence of gases, organic and inorganic dusts, or
inhaled agents, production type) and the job they
do (industry type). Accordingly, agriculture work-
ers and farmers are grouped separately as group I
because they may be exposed to organic dust (particu-
late matter of microbial, plant or animal origin, hay,
grass and field dust), inorganic dust (for example,
silica while working with soil), irritants and gases
(most of the farmers apply pesticides by themselves).
Ceramic and pottery workers, construction workers
and mining and quarrying workers were grouped as
group II because they were exposed to mainly inor-
ganic dust. Textile workers (not in painting processes,
not exposed to irritants), bakers and sugar and sweet
production workers were grouped as group III because
they were exposed to mainly organic dust. Electrical
and electronics equipment assemblers, rubber and
plastics product makers, iron and steel foundry work-
ers, house cleaners, painters, and drivers were grouped
as group IV because they were exposed to mainly
irritants. Cases and controls who work at offices and
do not have any exposure were grouped as group V.
Cases and controls were categorized according to their
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jobs and exposure types as summarized below.

Group [: Agriculture workers and farmers

Group II: Exposure to inorganic dust (ceramic and
pottery workers, construction workers, mining and
quarrying workers)

Group III: Exposure to organic dust (textile work-
ers, bakers, sugar and sweet production workers)

Group IV: Exposure to irritant (electrical and elec-
tronics equipment assemblers, rubber and plastics
product makers, iron and steel foundry workers, house
cleaners, painters, and drivers)

Group V: No exposure (working in an office)

We also asked agriculture workers how many times
they used pesticide in a year to analyze their pesticide
exposure.

Histopathologic types of lung cancer were obtained
from medical records of the hospital database.

Smoking data included the number of pack-years
smoked (the average number of packs of cigarettes
smoked per day multiplied by the number of years
smoked); smoking status was defined as never-smoker,
former smoker, and current smoker. A never-smoker
was defined as a patient who had never smoked
before or had smoked <100 cigarettes in his/her life-
time and was not a current smoker®. A former smok-
er was defined as one who had previously smoked
>100 cigarettes in his/her lifetime and quit smoking
>1 year before diagnosis.

Statistical analysis

Descriptive statistics are given as frequency,
percentage and mean * standard deviation. The
SPSS 10.0 package was used for analysis. The data
were statistically analyzed by using the independent
samples t-test, chi-square test and odds ratios and
95% confidence intervals. The statistical significance
was set at p<0.05.

Results

Demographic data of cases and healthy controls are
presented in Table 1.

The histological types were squamous (172, 57.3%),
adeno (69, 23.1%), small cell (37, 12.3%), mesothe-
lioma (10, 3.3%), large cell (5, 1.7%), and others (7,
2.3%).

Occupations of cases and the members of the
control group are given in Table 2.

There was an increased risk of lung cancer occur-
rence among agriculture workers (odds ratio (OR)=1.89,
95 percent confidence interval (95% Cl)=1.17-2.98)
(p=0.009) (Table 2). Inorganic dust exposure (OR=1.81,
95% Cl=1.0-3.25) (p=0.049) and organic dust expo-
sure (OR=1.89, 95% Cl=1.0-3.59) (p=0.05) were
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Table 1. Demographic data of cases and healthy controls

Cases Controls p value
n % n %

Male 275 91.7 285 95 NS

Female 25 8.3 15 5 NS

Mean age + SD 60.3+£9.9 60.4 +10.5 NS

Never smoked 38 12.7 89 29.1 p=0.001

Former smoker 173 57.7 145 48.3 p=0.001

Smoker 89 29.7 66 22 p=0.001

Asbestos exposure 175 58.3 182 60.7 NS

Mean working days (days/week) 5.94 +0.66 6.17 +3.47 NS

Mean working hours (hours/week) 472 +11.3 475+ 14.6 NS

Existance of airconditioning 248 82.7 238 79.3 NS

Use of a mask 7 2.3 4 1.3 NS

NS=not significant.
Table 2. The risk of occurrence of thoracic malignancy among cases and controls
Cases Controls
OR 95% CI p*
n % n %

Group I (agricultural workers) 80 26.7 55 18.3 1.89 1.17-2.98 p=0.009
Group II (exposure to inorganic dust) 38 12.7 27 9.0 1.81 1.00-3.25 p=0.049
Group III (exposure to organic dust) 31 10.3 21 7.0 1.89 1.00-3.59 p=0.05
Group IV (exposure to irritant) 84 28 111 37.0 0.97 0.63-1.49 NS
Group V (no exposure) 67 223 86 28.7 1.00

NS=not significant. *The chi-square test was used.

found to be related to high frequency of having lung
cancer (Table 2).

Mean pesticide exposure of the cases was 0.73 + 1.37
times/year, and the mean pesticide exposure of the
control group was 0.44 + 1.01 times/year. Cases with
thoracic malignancies had significantly higher expo-
sure to pesticides (p<0.01).

There was no relationship between the histological
types of cancer and occupation (p>0.05).

The mean working days, mean working hours and
use of a mask were not statistically different between
the patients and control group (Table 1).

Discussion

In the present study we found that there was an
increased risk of lung cancer occurrence among agri-
culture workers. Pesticide exposure of these patients
was higher when compared with the members of the
control group who worked in agriculture. Inorganic
dust exposure and organic dust exposure were found
to be related to high frequency of having lung cancer.
Several agents encountered in the occupational

setting, such as asbestos, polycyclic aromatic hydro-
carbons, arsenic, beryllium, cadmium, chromium, and
nickel compounds, are established carcinogens that
target the lung”. However, despite the knowledge
that has been accumulated for decades, establishing
occupational causality in cases of lung cancer remains
extremely uncommon.

Organic dust is a complex mixture of particulate
matter of microbial, plant or animal origin®. Tt is
present in many work environments, such as in baker-
ies, sugar and sweet production, the textile indus-
try, sawmills, and the meat industry. Exposure to
organic dust in the workplace is known to lead to an
increased risk of occupational respiratory diseases,
such as chronic obstructive pulmonary disease (COPD),
asthma, hypersensitivity pneumonitis and organic
dust toxic syndrome®. Much less is known about
the risk of lung cancer due to organic dust exposure.
Decreased risks among workers exposed to organic
dust have also been described. A recent meta-anal-
ysis showed a reduction in lung cancer risk among
agricultural and (cotton) textile workers who were
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exposed to organic dust containing endotoxin”. Also,
Fritschi et al. did not find increased risk of cancer in
employees within the textile industry!®. Stimulation
of the immune system, in particular macrophages, by
endotoxin has been hypothesized to be the mechanis-
tic pathway®. However, many of the epidemiological
studies were not adequately controlled for smoking,
and therefore residual confounding due to differences
in smoking habits between exposed and nonexposed
subjects could not be excluded. Besides, a recent
study by Peters et al. showed that occupational expo-
sure to organic dust was associated with an increased
risk of lung cancer, while no effect was observed for
endotoxin exposure or contact with animals or animal
products?. Our findings are concurrent with Petrs et
al. In our study, organic dust exposure was found to
be related to high frequency of having lung cancer.
An elevated risk of lung cancer was found for men
employed in certain food processing occupations (e.g.,
baking, confectionery making) and food service occu-
pations (e.g., cooks, chefs and bartenders, but only
for large-cell carcinoma)'V. This is consistent with
epidemiological evidence showing an excess risk in
these occupations'>'®, Cooking fumes are an impor-
tant common exposure in these occupations. Other
suspected carcinogens in bakeries include polycyclic
aromatic hydrocarbons (PAH), reaction products of
PAH, free radicals, n-nitrosodimethylamine, aflatoxin,
sterigmatocystin, and zearalenone'”. Certain occupa-
tions involving exposure to organic dust were associ-
ated with an excess risk of lung cancer in our study,
in agreement with the literature.

In a population-based case-control study by
Menvielle et al., exposure to field dust was associ-
ated with lung cancer risk in both sexes, and the risk
increased with cumulative exposure level'®. They also
showed that exposure to straw, hay, grass and field
dust significantly increased the risk of lung cancer.
Similar to their study, we found that there was an
increased risk of lung cancer occurrence among agri-
culture workers in our study. Excessive cancer rates,
particularly for prostate, lymphohematopoietic, brain,
stomach, and soft-tissue tumors, have been reported
among agricultural workers and pesticide applicators
and manufacturers around the world?". In our study,
we also asked agriculture workers how many times
they used pesticides in a year to analyze their pesti-
cide exposure. Patients with thoracic malignancies
had significantly higher exposure to pesticides when
compared with the control group who worked at agri-
culture. Several epidemiological studies have reported
associations between specific pesticides and increased
cancer risks'?.

Silica-containing dusts (quartz dust, cement dust,
granite dust), silicate-containing dust, limestone, shale
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dust, clay, and asbestos are some types of inorganic
dusts®®.  Silica (silicon dioxide) occurs in crystal-
line and amorphous forms. Of the several crystalline
polymorphs of silica found in nature, quartz is by
far the most common, being abundant in most rock
types, notably granites, sandstones and quartzites, and
in sands and soils. Because of the wide usage of
quartz-containing materials, workers may be exposed
to quartz in a large variety of industries and occu-
pations?". Seventeen cohort and five case-control
studies have been reported on ore miners potentially
exposed to silica dust. The majority of these studies
reported an elevated mortality for lung cancer among
silica-exposed workers?”. However, only a few ore
mining studies took into account cofounders such as
other known occupational respiratory carcinogens.
In such studies, consistent evidence for a silica-lung
cancer relationship was not found?). Stanczyk and
Szymczak?® showed a fourfold increase in the risk
of mortality from lung cancer in workers exposed to
inorganic dusts, regardless of smoking habits. Their
results also add to the evidence that the risk of lung
cancer increases with cumulative exposure to inor-
ganic dusts. Significantly increased lung cancer risk
for workers in the ceramics industry and pottery
manufacturing® was shown. In ceramic and pottery
manufacturing plants, exposures are mainly to quartz,
but where high temperatures are used in ovens, poten-
tial exposures to cristobalite may occur. In a cohort
study of British pottery workers, lung cancer mortality
was slightly elevated; a nested case-control analysis of
lung cancer did not show an association with duration
of exposure, but did indicate a relationship between
lung cancer mortality and average and peak expo-
sures in firing and post-firing operations, with relative
risks of approximately 2.0?Y. Similar to the studies
in the literature, we found higher lung cancer risk for
exposure to inorganic dust. An increased risk of lung
cancer was noted among men employed as carpenters,
insulators, electricians, excavators, pavers, and grad-
ers in the construction sector'V. Although exposure to
the dust-containing asbestos and silica seems common
in the construction industry, the predominant and the
etiologically relevant exposures in the individual occu-
pations are likely different. Construction workers are
exposed to many known or suspected carcinogens,
including silica, asphalt, fumes, polycyclic aromatic
hydrocarbons (PAHs), diesel exhaust, paints, asbestos,
lead, metal fumes, and solvents®”. Polycyclic aromat-
ic hydrocarbons (PAHs) are products of the incom-
plete combustion or pyrolysis of organic material®.
Smoking-adjusted increased risks for lung cancer
were reported for several industries and for general
occupational exposures to PAHs in Germany, Norway
and Sweden®™. The two larger studies (Germany and
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Sweden) also found positive exposure—response rela-
tionships. A study of lung cancer in Canada found
an excess risk for exposure to PAHs from any occu-
pational source among light smokers and nonsmokers
only; a Dutch study reported inconsistent results®.

Occupational exposure to welding fumes and
dusts was associated with a higher relative risk of
epidermoid carcinomas than that of other histologi-
cal types®. In one study, there was excessive risk
of small cell carcinoma and epidermoid carcinoma in
comparison with adenocarcinoma?”. Therefore, it is
possible that there is an association between a given
type of exposure and certain cell types of lung cancer.
However, in our study, we could not find any relation-
ship between the histological types of thoracic malig-
nancies and type of occupation. Our small patient
numbers may preclude definitive conclusions.

In conclusion, our study showed that workers who
were occupationally exposed to organic and inorganic
dust, especially in the agricultural field, had higher
risk of lung cancer occurrence when compared with
office workers.

The workplace provides an environment in which
there is a risk of exposure to carcinogens. It is diffi-
cult to predict the trend for the future incidence of
occupational respiratory cancer, but it looks like occu-
pational respiratory cancer has increased during the
last 10 to 20 years. Important programs and regula-
tions must be in place to prevent and control occupa-
tional cancer, such as banning all forms of asbestos,
taking and noting detailed information on workplace
production processes, presence of aerosols, gases and
vapors, workplace exposure monitoring, and occupa-
tional disease surveillance systems.
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