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Abstract 

 

Background: Recent studies have identified a potential link between occupational 

exposures and different types of cancer. However, details on the impact of different 

levels of exposure on cancer are limited. 

Methods: We studied the association between occupational exposures (gases/fumes, 

mineral dust, biological dust, herbicides, insecticides, aromatic, chlorinated and 

other solvents, and heavy metals) and risk of mortality due to any cancer in the 

general population-based Vlagtwedde-Vlaardingen cohort with 18 years of follow-

up (total number of subjects=8,465). Occupational exposures were determined at the 

last survey in 1989/1990 using the ALOHA+ Job Exposure Matrix (JEM). The 

ALOHA+ JEM classifies subjects based on the ISCO-88 job codes into no, low and 

high exposure categories (0/1/2). We analyzed the association between occupational 

exposures (no/low/high) and risk of mortality due to any cancer using multivariate 

Cox regression with adjustment for sex, age, smoking status, BMI, and place of 

residence. Additionally, we stratified by smoking status and sex and tested for 

interactions. 

Results: Of 2,546 subjects with data available on occupational exposure, 241 (9.5%) 

had died due to cancer (assessed on December 31, 2008). High exposures to mineral 

dust and biological dust were associated with an increased risk of mortality due to 

cancer [mineral dust, Hazard Ratio: 1.42 (95% CI: 1.05-1.93), and biological dust: 1.54 

(1.04-2.29)]. Exposure to insecticides was associated with an increased risk of cancer 

mortality [insecticides, HR low exposure 1.79 (1.12-2.87), and HR high exposure: 1.49 

(1.04-2.15)]. The associations were more often significant among males and ever 

smokers. However, no significant interactions were observed between exposures 

and sex or smoking status. There were no associations between cancer mortality and 

occupational exposure to gases/fumes, herbicides, aromatic, chlorinated and other 

solvents, and heavy metals.  

Conclusions:  Our study indicates that occupational exposures to mineral dust, 

biological dust, and insecticides are associated with an increased risk of cancer 
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mortality in the general population. 

 

Introduction  

 

Cancer is the second cause of death worldwide. Apart from risk factors such as 

smoking, alcohol consumption, and physical inactivity, several other preventable 

risk factors including occupational exposures contribute to the burden of cancer (1). 

The International Agency for Research on Cancer (IARC) currently listed more than 

100 occupational exposures as having carcinogenic effects in human (2). So far, the 

majority of studies investigated the combined effect of low and high exposure as 

“ever-exposures”, thus details on differential impacts of low and high exposure on 

cancer incidence and mortality are limited, and results remain inconsistent. 

The association between occupational exposure and cancer appears to differ by sex 

and smoking habits (1). It has been estimated that 8% of cancer mortality in men and 

2% of cancer mortality in women is due to occupational exposure in Britain, 

suggesting that females have less exposure to occupational carcinogens (3). In 

addition, evidence shows that females may be more susceptible to the harmful 

effects of occupational exposures such as solvents (4). However, for other types of 

exposures the possible sex differences are less investigated. Moreover, the 

synergistic effect of smoking and occupational exposure has been mainly proposed 

in relation to lung cancer, thus more research is needed to investigate the role of 

smoking on the association between occupational exposure and other traits (e.g., 

cancer-related mortality) rather than lung cancer (5). 

We therefore examined the association between occupational exposure to 

gases/fumes, mineral dust, biological dust, herbicides, insecticides, aromatic 

solvents, chlorinated solvents, other solvents, heavy metals, and risk of mortality 

due to cancer in a large population-based cohort study. In our study, we 

investigated mortality from any type of cancer in two Dutch communities 

(Vlagtwedde and Vlaardingen). The Vlagtwedde-Vlaardingen cohort, which has 

been followed up for 18 years, offers a unique possibility to investigate these 
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associations taking potential confounders into account. Additionally, we assessed 

whether the association between occupational exposure and cancer mortality risk is 

different for males and females and for never and ever smokers. 

 

Methods 

 

Study population 

We studied the association between occupational exposure and mortality from 

cancer using the Vlagtwedde-Vlaardingen cohort study. The Vlagtwedde-

Vlaardingen study was set up as a general population-based cohort study on the 

epidemiology of pulmonary diseases in exclusively Caucasian individuals of Dutch 

descent (6). The study started in 1965 and participants had medical examinations 

every three years until the last survey in 1989/1990. In Vlaardingen, only 

participants who were included at baseline (1965 or 1969) were approached for 

follow-up, whereas in Vlagtwedde new subjects aged between 20 and 65 years were 

invited to participate at every survey. The number of surveys per subject ranges 

from one to eight (median number of surveys per subject: five). The final surveys 

were organized in 1989 in Vlagtwedde and in 1990 in Vlaardingen. We updated the 

vital status of all participants in the Vlagtwedde-Vlaardingen study on December 

31st, 2008, and evaluated any cancer mortality outcome, either as primary or 

secondary cause of death. Any cancer mortality was classified according to the 

International Classification of Diseases (ICD) coding system; ICD 7: 140-239 and 294; 

ICD 8: 140-239; ICD 9: 140-239 and 288; ICD10: C00-C97, D00-D48. Analyses on 

cause-specific mortality were performed at Statistics Netherlands (The Hague, the 

Netherlands).  

 

Population characteristics 

We collected data on age, sex, smoking habits, and place of residence using the 
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Dutch version of the British Medical Research Council questionnaire (6).  

 

Occupational exposure 

Job title and description were coded according to the International Standard 

Classification of Occupations 1988 (ISCO-88) (7). These four-digit classification codes 

were used to estimate job-specific exposures to gases and fumes, mineral dust, 

biological dust, herbicides, insecticides and aromatic, chlorinated, and other 

solvents, and heavy metals using the ALOHA+ job exposure matrix (JEM) (8). The 

ALOHA+ JEM classifies subjects based on the ISCO-88 job codes into no, low and 

high exposure categories (0/1/2). In case a participant had two different jobs 

simultaneously, exposures of both jobs were averaged and rounded to the nearest 

integer (0.5=1 and 1.5=2) (9). We used current job, or the last held job in case of 

current unemployment (e.g., retirement) that was reported at the last survey 

(1989/1990). 

 

Statistical analyses 

Descriptive analyses of the subject characteristics and the mortality statistics were 

performed. Independent sample t-test, Mann-Whitney U test, and Chi-square test 

were used to determine significant differences between groups for continuous 

(normally and non-normally distributed) and categorical variables, respectively. 

Multivariate Cox regression with adjustment for sex, age, smoking status, BMI (all at 

last survey) and place of residence were used to estimate the effect of the 

occupational exposure on the mortality outcomes. To determine whether the 

association between occupational exposure and mortality was different for males 

and females, and for ever and never smokers, stratified analyses were performed 

and interactions between occupational exposures and sex, or smoking were tested. 

In the Cox regression analyses censoring took place when the subjects were still 

alive, were lost to follow-up, or died of causes other than cancer. Time was defined 

as years since the last survey (in 1989/1990) until mortality or until censoring. All 
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analyses were performed at Statistics Netherlands (The Hague, the Netherlands).  

P-values <0.05 (tested two-sided) were considered to be statistically significant. 

 

Results 

 

Characteristics 

Characteristics at the last survey according to vital status on December 31st 2008 are 

shown in table 1. Of all 8465 subjects, 2553 were examined in the last survey in 

1989/1990 and 2546 (99.7%) of them had data available on occupational exposures. 

Among these, 1942 (76.3%) subjects were alive, 241 (9.5%) died due to cancer, 313 

(12.3%) died due to another reason than cancer, and 22 subjects (0.9%) died due to 

external causes such as an accident, suicide or homicide (table 1). In 3 (0.1%) subjects 

the cause of death could not be determined, and 25 (1.0%) subjects were lost to 

follow-up (table 1).  

The median age at last survey of the subjects who died due to cancer was 61.5 

(range: 36.5 - 80.9) years, and 58.3% were males. Subjects who died due to cancer 

were more often ever smokers (79.8%) compared to subjects who were alive or died 

due to causes other than cancer (table 1).   

 

Occupational exposure 

The number of exposed subjects in the general population of Vlagtwedde-

Vlaardingen for all subjects, females, males, ever and never smokers is shown in 

supplementary table 1 and 2. 

High exposures to mineral dust and biological dust were associated with an 

increased risk of mortality due to any cancer [mineral dust, HR: 1.42 (95% CI: 1.05-

1.93); biological dust: 1.54 (95% CI: 1.04-2.29)]. Occupational exposures to 

insecticides was associated with an increased risk of any cancer mortality [low 

exposure HR: 1.79 (95% CI: 1.12-2.87) and high exposure: HR: 1.49 (95% CI: 1.04-

2.15)] (table 2).  There were no associations with exposure to gases/fumes, 

herbicides, and aromatic, chlorinated, and other solvents, and heavy metals (table 2). 
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Stratified analyses by sex showed that high exposure to biological dust was 

associated with an increased risk of mortality due to any cancer among males 

[biological dust: HR: 1.57 (95% CI: 1.02-2.40)] but not among females. A high 

exposure to herbicides was associated with increased risk of any cancer mortality 

among females, 2.49 (1.12-5.56) (table 2).  

Stratified analyses by smoking showed that there were no significant associations 

with occupational exposure among never smokers. There were significant 

associations between mineral dust, biological dust, herbicides, and insecticides and 

risk of mortality due to cancer among ever smokers. However, no significant 

interaction between occupational exposures and smoking or sex were observed 

(supplementary table 3).  

 

Discussion  

 

In this general population, we investigated the associations between several 

occupational exposures and risk of mortality due to any cancer. To our knowledge, 

this study is the first to investigate the potential role of smoking and sex in relation 

to different occupational exposures and overall cancer mortality. We found that high 

exposures to mineral and biological dust were associated with an increased risk of 

cancer mortality. Both low and high exposures to insecticides were associated with 

an increased risk of cancer mortality. The associations were more often significant 

among males and ever smokers. However, no significant interactions were observed 

between occupational exposure and smoking or sex. There was no association 

between occupational exposure to gases/fumes, herbicides, aromatic, chlorinated, 

and other solvents, and heavy metals and risk of mortality due to cancer. 

Our results are in line with the conclusion of the recent review by IARC (2), and 

several recent studies (10-12) and help to expand and clarify the links between 

different occupational exposures and risk of mortality due to cancer.  

Moreover, using the ALOHA+ Job Exposure Matrix (JEM), we were able to 
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distinguish between mineral and biological dust exposures. Occupational exposure 

to mineral dusts (such as asbestos, and silica) is known to be associated with an 

increased cancer risk (13-15). The occupations in our cohort in which workers were 

highly exposed to mineral dusts included market-oriented skilled agricultural and 

fishery workers and animal producers (65%), metal moulders, welders, sheet-

metalworkers, structural-metal preparers and related trades workers (7%),  

agricultural or industrial-machinery mechanics and fitters (7%), construction and 

maintenance labourers (e.g., roads, dams) and freight handlers (7%), other 

occupations such as glass makers, cutters, grinders and finishers, sculptors, painters 

and related artists (1%). In a global perspective, workers in gold mining, and 

workers in silica sand, granite industries are at high risk to be exposed to mineral 

dust (7).  

So far, the majority of previous epidemiological studies were performed in specific 

subgroups, such as factory workers (15), therefore their findings may not be 

generalizable to the general population. Recent molecular studies identified a 

mineral dust-induced gene (mdig) in the alveolar macrophages isolated from the 

workers in a mining industry who had chronic lung diseases due to the occupational 

exposure to mineral dust (16). Expression of this gene was observed in several 

human cancers including lung cancer (16), colon cancer (17), and breast cancer (18), 

suggesting an important role of mdig in the pathogenesis of human cancers by 

promoting cell proliferation. However, the exact mechanism of how mdig 

contributes to the pathogenesis of cancer is not clear (19). In line with our finding, 

Wang et al (20) in a study on cancer mortality in Chinese chrysotile asbestos miners 

observed an exposure-response trend, with the highest cancer mortality in the 

highest exposure category.  

Similarly to mineral dust, a high exposure to biological dust was associated with an 

increased risk of cancer mortality; however the hazard ratio was slightly higher for 

biological dust. Carpenters and joiners, and market-oriented crop and animal 

producers and dairy and livestock producers were accounted for 56% of highly 

exposed subjects to biological dust in our cohort. Biological dust can be a complex 
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mixture of one or more of the plant or animal origin substances (e.g., wood dust, 

bacteria, fungi, endotoxins), which are known to cause an initial inflammatory 

reaction (21), and therefore may increase the risk of cancer.  

Previous studies consistently have shown that there is an association between 

pesticides, and the subcategories including herbicides and insecticides, and an 

increased risk of cancer (22, 23-27). In our cohort, subjects who were highly exposed 

to pesticides included field crop and vegetable growers (72%), mixed crop and 

animal producers (12%), gardeners, horticultural and nursery growers (15%), and 

tree and shrub crop growers (1%). In a global perspective, agricultural workers in 

developing countries with insufficient protective equipment and training for usage 

of pesticides are at high risk to be exposed (23). Thus, attempts to reduce exposure 

levels in this occupational sector could contribute to lowering the global burden of 

any type of cancer.  To our knowledge, we are the first to show that not only a high 

level but also a low level of exposure to insecticides is associated with an increased 

risk of cancer-related mortality. The magnitude of the cancer mortality risks 

associated with a low level of exposure to insecticides is of importance for setting 

acceptable exposure limits. The observed association between low level of exposure 

to insecticides and cancer mortality can be explained by the fact that the most 

common route of poisoning from pesticides, i.e., insecticides, is skin absorption. It 

has been proposed that the skin absorption can occur without being noticed by the 

subjects at the work place (24). Whereas the most common route of poisoning in 

term of mineral and biological dust exposure is inhalation of substances from the air.  

Our findings for pesticides (i.e., insecticides, and herbicides) appear to be consistent 

with the conclusion of two systematic reviews by Bassil et al (24) and Alavansa et al 

(28). They concluded that there is enough evidence to recommend the reduced use of 

pesticides, as the body of literatures indicated a positive association between 

pesticides exposure and development of some specific types of cancer, such as 

prostate, and kidney cancers. The selected studies in their review were mainly 

conducted in occupational groups such as farmers, pesticide applicators, workers in 

pesticide factories, and landscapers, and thus may be affected by healthy worker 

bias. For instance, subjects with less susceptibility to a specific exposure may remain 
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at work, while a subject with higher susceptibility leaves the specific occupation. 

This bias might be reduced by using a general population. Moreover, specific 

pesticides were not named or quantified, and information on potential confounders, 

such as smoking, was not always available. 

Pesticides may interfere with immune surveillance, which can recognize and destroy 

the abnormal cells, thus may lead to an increased risk of cancer.  In a study on 

changes in immune function in relation to pesticide exposure, a decrease in Natural 

Killer (NK) cells, CD69, and CD25 T cells activation markers was observed. NK cells 

are central in immune defense by lysing tumor cells. Tumor formation may increase 

by NK cytotoxic dysfunction (29).  

We found no significant interaction between occupational exposure and sex or 

smoking on the risk of any cancer mortality. However the associations were more 

often significant among males and ever smokers, which is most likely due to the 

larger number of highly exposed subjects in these subgroups. Although there are 

some studies with indications of the potential role of sex or smoking on this 

association, these studies are not directly comparable with our study, as they were 

based on one specific type of exposure or on one specific type of cancer. For instance, 

Pesch et al (4) reported that there is a sex-specific susceptibility for renal carcinoma 

in relation to occupational exposures. The authors suggested that females are more 

susceptible to the harmful effects of exposure to solvents; firstly because they have  

a higher percentage of body fat compared to males, and thus can store more 

solvents. Secondly, because the elimination rate of xenobiotics is lower among 

females compared to males (29). However, their study is likely to be limited by  

a small number of occupationally exposed females. Furthermore, in line with what 

we found in our study, Offermans et al (14) reported that there is no significant 

interaction between asbestos as a mineral dust and smoking for pleural 

mesothelioma, lung cancer, and laryngeal cancer.  
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The major strength of our current study is the longitudinal design. We were able to 

follow our participants for 18 years, which provided a uniquely wide time window 

for evaluating the impact of occupational exposure on risk of mortality due to 

cancer. Another strength is the high follow-up rate, since 99.6 % of the included 

subjects could be traced back (31). Finally, we used the ALOHA+ JEM-based 

exposure estimates, which was designed specifically for use in general population 

studies. This method is less likely to be affected by recall bias and differential 

misclassification of exposure compared with self-reported exposures (9, 30). 

However, the relatively low number of 241 subjects who died due to any cancer may 

be considered a limitation in our study. 

In conclusion, our results indicate that there is an overall association between 

occupational exposure and risk of mortality due to cancer in a general population. 

This emphasizes the importance of strategies to prevent and reduce occupational 

exposures.  
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Table 1 Characteristics at last survey according to vital status on December 31st 2008 in the general population of Vlagtwedde-Vlaardingen, during  

18 years of follow-up (n=2,546). 

 

 

a in 3 subjects the cause of death could not be determined. 
 b Died due to external causes such as an accident, suicide or homicide.  
c P-value using Chi- square test, t-test or Mann-Whitney U test. 

 

 

Ch      Cohort characteristics a Alive 

(A) (n=1,942 ) 

 

Died due to any cancer 

 (DC) (n=241) 

Died but not due to 

cancer(DNC) (n=313) 

Died due to external 

causes b  (n=22) 

Lost to follow-up 

(n=25) 

P-value c 

DC VS A DNC VS DC  

        

Age in 1989/1990, median (range) 50.1 (35.8-78.8) 61.5 (36.5-80.9) 64.6 (37.3-79.6) 61.3 (35.8-79.2) 46.8 (37.3-67.1) 0.00 0.00 

Males (%) 47.1 58.3 54.8 63.9 57.4 0.00 0.04 

Smoking habits (%)        

  Never smokers 34.2 20.2 28.3 22.7 28.0 0.00 0.03 

  Ever smokers 65.8 79.8 71.7 77.3 72.0   

BMI at last survey, kg/m2  median 
(range) 
    

26.6 (17.4-68.4) 27.1 (19.5-56.2) 26.9 (17.3-59.9) 27.2 (20.8-32.7) 26.7 (20.0-32.5) 0.09 0.76 

Vlagtwedde (%) 66.7 63.8 69.5 72.8 55.7 0.06 0.00 
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Table 2 Hazard Ratio (with 95% confidence interval) of occupational exposures at last survey in 
1989/1990 for mortality from any cancer derived from Cox regression analysis with adjustment for 
age, BMI, smoking habits, and place of residence. Stratifications according to smoking status 
(never/ever) and gender are shown. 

 
 

 
       Statistically significant results are shown in bold. NA: Not Available, no mortality in this category. 

Exposures and any 
cancer mortality 
(n=241) 

All subjects 

HR (95% CI) 

Females 

HR (95% CI) 

Males 

HR (95% CI) 

Ever smokers 

HR (95% CI) 

Never smokers 

HR (95% CI) 

      

Gases/fumes      

  Non-exposed 1 1 1 1 1 

  Low 1.18 (0.89-1.57) 1.37 (0.87-2.15) 1.07 (0.75-1.54) 1.16 (0.84-1.61) 1.23 (0.68-2.34) 

     High 1.04 (0.66-1.66) NA 1.03 (0.63-1.67) 0.99 (0.61-1.62) 1.52 (0.34-6.86) 

Mineral dust      

  Non-exposed 1 1 1 1 1 

  Low 0.91 (0.61-1.35) 0.94 (0.48-1.86) 0.90 (0.55-1.45) 0.77 (0.48-1.23) 1.41 (0.69-2.89) 

     High 1.42 (1.05-1.93) 1.78 (0.93-3.43) 1.34 (0.95-1.88) 1.46 (1.05-2.04) 1.12 (0.50-2.54) 

Biological dust       

  Non-exposed 1 1 1 1 1 

  Low 1.17 (0.88-1.55) 1.38 (0.87-2.18) 1.04 (0.72-1.50) 1.21 (0.88-1.66) 1.04 (0.57-1.91) 

     High 1.54 (1.04-2.29) 1.13 (0.35-3.69) 1.57 (1.02-2.40) 1.58 (1.03-2.41) 1.39 (0.47-4.10) 

Herbicides      

  Non-exposed 1 1 1 1 1 

  Low 1.43 (0.91-2.25) 1.46 (0.57-3.720 1.40 (0.83-2.37) 1.72 (1.06-2.81) 0.52 (0.12-2.20) 

  High 1.33 (0.88-2.02) 2.49 (1.12-5.56) 1.14 (0.71-1.85) 1.33 (0.84-2.10) 1.74 (0.66-4.60) 

Insecticides      

  Non-exposed 1 1 1 1 1 

  Low 1.79 (1.12-2.87) 1.37 (0.58-3.22) 1.78 (1.02-3.12) 2.16 (1.27-3.65) 0.93 (0.33-2.66) 

  High 1.49 (1.04-2.15) 2.02 (0.91-4.51) 1.41 (0.94-2.12) 1.58 (1.06-2.34) 1.43 (0.53-3.81) 

Aromatic solvents      

  Non-exposed 1 1 1 1 1 

  Low 1.10 (0.82-1.48) 2.10 (0.99-4.10) 1.00 (0.73-1.37) 1.08 (0.79-1.47) 1.32 (0.55-3.02) 

  High 0.93 (0.34-2.53) NA 0.98 (0.36-2.68) 0.96 (0.35-2.61) NA 

Chlorinated solvents      

  Non-exposed 1 1 1 1 1 

  Low 0.80 (0.51-1.28) 0.78 (0.19-3.19) 0.80 (0.49-1.31) 0.83 (0.52-1.34) 0.46 (0.06-3.40) 

  High 1.28 (0.76-2.15) NA 1.28 (0.76-2.15) 1.28 (0.74-2.18) 1.23 (0.15-10.05) 

Other solvents      

  Non-exposed 1 1 1 1 1 

  Low 0.82 (0.59-1.14) 0.89 (0.46-1.75) 0.81 (0.55-1.18) 0.75 (0.52-1.07) 1.41 (0.65-3.08) 

  High 0.82 (0.34-2.00) NA 1.15 (0.47-2.81) 0.90 (0.37-2.19) NA 

Heavy metals      

  Non-exposed 1 1 1 1 1 

  Low 0.76 (0.43-1.35) 2.50 (0.35-18.10) 0.73 (0.40-1.31) 0.72 (0.40-1.310 1.30 (0.17-10.17) 

  High 1.49 (0.94-2.37) NA 1.51 (0.95-2.40) 1.41 (0.87-2.30) 2.89 (0.57-14.64) 
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Supplementary Table 1 Number of subjects (%) in the general population of Vlagtwedde-Vlaardingen during 18 years of follow-up according to 

occupational exposures for all subjects. 

 

c P-value using Chi- square test 

Ch      
Alive 

(A) (n=1,942 ) 

 

Died due to any cancer  

(DC) (n=241) 

Died but not due to 

cancer(DNC) (n=313) 

     Died due to external 

causes (n=22) 

Lost t      follow-up (n=25) P-value c 

DC VS A              DNC VS DC 

        
Gases/fumes, n (%)        
  Non-exposed 873 (45.0)  85 (35.3) 117 (37.4) 6 (27.3) 13 (52.0) 0.02 0.38 
  Low 891 (45.9) 131 (54.4) 154 (49.2) 13 (59.1) 10 (40.0)   

     High 178 (9.2) 25 (10.4) 42 (13.4) 3 (13.6) 2 (8.0)   
Mineral dust, n (%)        
  Non-exposed 1277 (65.8)  129 (53.5) 171 (54.6) 9 (40.9) 15 (60.0) 0.00 0.1 
  Low 307 (15.8) 31 (12.9) 58 (18.5) 5 (22.7) 5 (20.0)   

     High 358 (18.4) 81 (33.6) 84 (26.8) 8 (36.4) 5 (20.0)   
Biological dust, n (%)        
  Non-exposed 1102 (56.7)  

9 

119 (49.4) 167 (53.4) 14 (63.6) 16 (64.0) 0.00 0.25 
  Low 689 (35.5) 89 (36.9) 117 (37.4) 7 (31.8) 8 (32.0)   

     High 151 (7.8) 33 (13.7) 29 (13.5) 1 (4.5) 1 (4.0)   
Herbicides, n (%)        
  Non-exposed 1689 (87.0)  188 (78.0) 253 (80.8) 19 (86.4) 20 (80.0) 0.00 0.55 
  Low 110 (5.7) 23 (9.5) 22 (7.0) 1 (4.5) 2 (8.0)   
  High 143 (7.4) 30 (12.4) 38 (12.1) 2 (9.1) 3 (12.0)   
Insecticides, n (%)        
  Non-exposed 1657 (85.3)  176 (73) 246 (78.6) 19 (86.4) 19 (76.0) 0.00 0.28 
  Low 86 (4.4) 20 (8.3) 18 (5.8) 1 (4.5) 3 (12.0)   
  High 199 (10.2) 45 (18.7) 49 (15.7) 2 (9.1) 3 (12.0)   
Aromatic solvents, n (%)        
  Non-exposed 1473 (75.8) 159 (66.0) 215 (68.7) 17 (77.3) 20 (80.0) 0.00 0.74 
  Low 443 (22.8) 78 (32.4) 92 (29.4) 5 (22.7) 5 (20.0)   
  High 26 (1.3) 4 (1.7) 6 (1.9) 0 (0.0) 0 (0.0)   
Chlorinated solvents, n (%)        
  Non-exposed 1707 (87.9) 204 (84.6) 269 (85.9) a 17 (77.3) 23 (92.0) 0.11 0.04 
  Low 161 (8.3) 21 (8.7) 36 (11.5) 1 (4.5) 2 (8.0)   
  High 74 (3.8) 16 (6.6) 8 (7.8) 4 (18.2) 0 (0.0)   
Other solvents, n (%)        
  Non-exposed 1470 (75.7) 190 (78.8) 243 (77.6) 19 (86.4) 22 (88.0) 0.56 0.82 
  Low 426 (21.9) 46 (19.1) 65 (20.8) 3 (13.6) 3 (12.0)   
  High 46 (2.4) 5 (2.1) 3 (1.2) 0 (0.0) 1 (0.4)   
Heavy metal        
  Non-exposed 1742 (89.7) 207 (85.9) 281 (85.9) 16 (72.7) 22 (88.0) 0.01 0.03 
  Low 119 (6.1) 13 (5.4) 21 (5.4) 2 (9.1) 3 (12.0)   

     High 81 (4.2) 21 (8.7) 11 (3.5) 4 (18.2) 0 (0.0)   
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Supplementary Table 2 Number of subjects (%) who died due to any cancer, in the general population of Vlagtwedde-Vlaardingen during 18 years 

of follow-up according to occupational exposures for all subjects, females and males, and ever and never smokers. 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Exposures and any 
cancer mortality 
(n=241) 

All subjects Females Males Ever smokers Never smokers 

Total N Cancer 
mortality 

 N (%) 

Total N Cancer 
mortality 

 N (%) 

Total N Cancer 
mortality  

N (%) 

Total N Cancer 
mortality  

N (%) 

Total N Cancer 
mortality 

 N (%) 

           
Gases/fumes            
  Non-exposed 1093 (43.0) 85 (7.8) 672 (56.4) 38 (5.6) 421 (31.3) 47 (11.2) 654 (37.9) 61 (9.3) 439 (54.1) 24 (5.5) 
  Low 1196 (47.1) 131 (11.0) 505 (42.3) 39 (7.7) 691 (51.3) 92 (13.3) 856 (49.6) 109 (12.7) 340 (41.8) 22 (6.5) 

     High 250 (9.8) 25 (10.0) 16 (1.3) 0 (0.0) 234 (17.4) 25 (10.7) 217 (12.5) 23 (10.6) 33 (4.1) 2 (6.1) 
Mineral dust           
  Non-exposed 1599 (63.0) 129 (8.1) 934 (78.3) 55 (5.9) 665 (49.4) 74 (11.1) 1045 (60.5) 99 (9.8) 554 (68.2) 30 (5.4) 
  Low 406 (16.0) 31 (7.6) 154 (12.9) 10 (6.5) 252 (18.7) 21 (8.3) 279 (16.2) 21 (7.5) 127 (15.6) 10 (7.9) 

     High 534 (21.0) 81 (15.2) 105 (8.8) 12 (11.4) 432 (31.9) 69 (16.0) 403 (23.3) 73 (18.1) 131 (16.1) 8 (6.1) 
Biological dust            
  Non-exposed 1416 (55.8) 119 (8.4) 645 (54.1) 35 (5.4) 771 (57.3) 84 (10.9) 964 (55.8) 94 (9.8) 452 (55.7) 25 (5.5) 
  Low 908 (35.8) 89 (9.8) 506 (42.4) 39 (7.7) 402 (29.9) 50 (12.4) 594 (34.4) 70 (11.8) 314 (38.7) 19 (6.1) 

     High 215 (8.4) 33 (15.3) 42 (3.5) 3 (7.1) 173 (12.8) 30 (17.3) 169 (9.8) 29 (17.2) 46 (5.6) 4 (8.7) 
Herbicides           
  Non-exposed 2167 (85.3) 188 (8.7) 1093 (91.6) 65 (5.9) 1074 (79.8) 123 (11.5) 1468 (85.0) 147 (10.0) 699 (86.1) 41 (5.9) 
  Low 158 (6.2) 23 (14.6) 51 (4.3) 5 (0.1) 107 (7.9) 18 (16.8) 108 (6.3) 21 (19.4) 50 (6.2) 2 (4) 
  High 214 (8.5) 30 (14.0) 49 (4.1) 7 (14.3) 165 (12.3) 23 (13.9) 154 (8.7) 25 (16.2) 63 (7.8) 5 (7.9) 
Insecticides           
  Non-exposed 2115 (83.2) 176 (8.3) 1077 (90.3) 64 (5.9) 1038 (77.1) 112 (10.8) 1435 (83.1) 137 (9.5) 680 (83.7) 39 (5.7) 
  Low 128 (5.0) 20 (15.6) 60 (5.0) 6 (10) 68 (5.1) 14 (20.6) 71 (4.1) 16 (22.5) 57 (7.0) 4 (7.0) 
  High 296 (11.7) 45 (15.2) 56 (4.7) 7 (12.5) 240 (17.8) 38 (15.8) 221 (12.8) 40 (18.1) 75 (9.2) 5 (6.7) 
Aromatic solvents           
  Non-exposed 1882 (74.1) 159 (8.4) 1110 (93.0) 68 (6.1) 772 (57.3) 91 (11.8) 1194 (69.1) 118 (9.9) 688 (84.7) 41 (6.0) 
  Low 621 (24.5) 78 (12.6) 79 (6.6) 9 (11.4) 542 (40.3) 69 (12.7) 499 (28.9) 71 (14.2) 122 (15.0) 7 (5.7) 
  High 36 (1.4) 4 (11.1) 4 (0.3) 0 (0.0) 32 (2.4) 4 (12.5) 34 (2.0) 4 (11.8) 2 (0.2) 0 (0.0) 
Chlorinated 
solvents 

          
  Non-exposed 2216 (87.3) 204 (9.2) 1147 (96.1) 75 (6.5) 1069 (79.4) 129 (12.1) 1453 (84.1) 158 (10.9) 763 (94.0) 46 (6.0) 
  Low 221 (8.7) 21 (9.5) 41 (3.4) 2 (4.9) 180 (13.4) 19 (10.6) 185 (10.7) 20 (10.8) 

0 
36 (4.4) 1 (2.8) 

  High 102 (4.0) 16 (15.7) 5 (0.4) 0 (0.0) 97 (7.2) 16 (16.5) 89 (5.2) 15 (16.9) 13 (1.6) 1 (7.7) 
Other solvents           
  Non-exposed 1940 (76.4) 190 (9.8) 970 (81.3) 67 (6.9) 970 (72.1) 123 (12.7) 1260 (73.0) 150 (11.9) 680 (83.7) 40 (5.9) 
  Low 543 (21.4) 46 (8.5) 202 (16.9) 10 (5.0) 341 (25.3) 36 (10.6) 419 (24.3) 38 (9.1) 124 (15.3) 8 (6.5) 
  High 56 (2.2) 5 (8.9) 21 (1.8) 0 (0.0) 35 (2.6) 5 (14.3) 48 (2.8) 5 (10.4) 8 (1.0) 0 (0.0) 
Heavy metal           
  Non-exposed 2264 (89.2) 207 (9.1) 1182 (99.1) 76 (6.4) 1082 (80.4) 131 (12.1) 1489 (86.2) 162 (10.9) 775 (95.4) 45 (5.8) 
  Low 158 (6.2) 13 (8.2) 6 (0.5) 1 (16.7) 152 (11.3) 12 (7.9) 138 (8.0) 12 (8.7) 20 (2.5) 1 (5) 
  High 117 (4.6) 21 (17.9) 5 (0.4) 0 (0.0) 112 (8.3) 21 (18.8) 100 (5.8) 19 (19) 17 (2.1) 2 (11.8) 
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Supplementary Table 3  Interaction of different occupational exposure at last survey with sex (panel A) 

and with smoking  (panel B) on any cancer mortality risk; Cox regression models with adjustment for 

age, BMI, and place of residence (reference category: non-exposed). 

 

 
 

                    a Sex is coded as 0 for females and  1 for males. 
                     b Smoking is coded as 0 for never smokers and 1 for ever smokers. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Panel  A Any cancer 

 HR (95% CI) 

Panel B Any cancer 

  HR (95% CI) 

    

  Interaction with sex a  Interaction with smoking b  

    

  Low  mineral dust exposure 0.95 (0.41-2.18)   Low  mineral dust exposure 0.53 (0.22-1.24) 

     High  mineral dust exposure 0.72 (0.35-1.47)      High  mineral dust exposure 1.16 (0.50-2.69) 

    

  Low  biological dust exposure 0.74 (0.41-1.32)   Low  biological dust exposure 1.06 (0.54-2.07) 

     High  biological dust  
exposure 

1.31 (0.37-4.59)      High  biological dust  
exposure 

1.04 (0.33-3.23) 

    

  Low  herbicides exposure 0.91 (0.32-2.58)   Low  herbicides exposure 2.68 (0.60-11.93) 

  High  herbicides exposure 0.45 (0.18-1.11)   High  herbicides exposure 0.67 (0.24-1.88) 

    

  Low  insecticides exposure 1.16 (0.42-3.19)   Low  insecticides exposure 1.93 (0.61-6.11) 

  High  insecticides exposure 0.63 (0.26-1.49)   High  insecticides exposure 0.97 (0.36-2.65) 
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Figure 1 Cox proportional hazard survival curves according to different categories of occupational 

exposure to mineral dust, biological dust, and insecticides at last survey on any types of cancer 

mortality risk among all subjects.  
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