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The total surface of the studied area is 3,036 km², corresponding to 22% of the total surface of 

Flanders (13,521 km²). The 65 selected municipalities correspond to 20% of the total Flemish 

municipalities. Except for ‘rural Flanders’ and for ‘waste incinerators’, all study areas were 

contiguous geographical entities. 

Selection and recruitment of participants  

A Stratified Clustered Multi-Stage Design was used to select 775 men and 808 women 

(n=1583) aged 50 to 65 as a random sample of the population of the areas under study. In the 

selected areas approximately 1,2 million inhabitants are living which is 20% of the Flemish 

population. A sample size of 200 participants per study area was aimed because a power 

calculation demonstrated that this appears to be statistically sufficient to detect differences in 

internal polluant concentrations of 20% between study areas. As the port area was further split 

in two different study areas, the sample size was lower in the individual port areas of Antwerp 

(n=163) and Ghent (n=36). Sampling took place in three steps: first by study area, second by 

sub-municipality entities for access to participants, and third by selection of the participants in 

accordance with the inclusion criteria.  

Personal characteristics and sampling 

Height and weight were measured, body mass index (BMI) was calculated. 200mL of urine 

and 40mL of blood were collected from each participant. Immediately after sampling, serum 

was separated. Samples of serum, whole blood, and urine were stored at 4°C for maximum 

one week, or immediately deep frozen. All laboratory analyses were performed blindly in 

specialized laboratories that met national and international quality-control standards. 

Information from questionnaires 

A self administered questionnaire was used to collect information on physical condition, 

medication use, education, professional exposure to various pollutants (solvents, metals, 

PAHs, asbestos, radioactive and electromagnetic radiation, halogenated hydrocarbons and 







micronuclei, DNA-strand breaks, oxidative DNA damage), ‘Antwerp’ (CEA, micronuclei), 

‘Ghent’ (CEA, micronuclei, DNA-strand breaks), ‘rural area’ (micronuclei, DNA-strand 

breaks), ‘Albert canal’ (micronuclei), ‘Olen’ (micronuclei) and ‘fruit area’ (oxidative DNA 

damage).  

After additional correction for nutrition, alcohol consumption and education, overall 

significant differences between areas were still observed for oxidative DNA damage 

(p=0.040) and for DNA-strand breaks (p<0.001), but p-values increased for CEA (p=0.16) 

and for micronuclei (p=0.11). 

Differences between local districts within main are as 

Within the main areas differences were observed between small local districts. Between the 

areas around the different waste incinerators significant differences were observed for DNA-

strand breaks (p<0.0001) with values (adjusted geometric mean; -95% - +95% confidence 

intervals) of residents around the incinerators of Menen (2.19% DNA; 1.93-2.50; n=34), 

Roeselare (2.46% DNA; 2.15-2.82; n=31) and Wilrijk (1.89% DNA;1.52-2.36; n=12) 

significantly (after correction for confounding) higher than those of Harelbeke (1.34% DNA 

;1.13-1.59; n=23). Within Antwerp port a significant overall difference for DNA-strand 

breaks (p<0.0001) was found, with values in Burcht, close to industrial installations (2.97% 

DNA; 2.23-3.95; n=14) significantly higher than Beveren situated about 5 kilometres upwind 

of the mean industrial installations (1.00% DNA; 0.83-1.20; n=34). For rural areas significant 

overall differences were found for CEA (p=0.03) with significantly higher values in the rural 

areas around Brakel (2.03ng/ml; 1.72-2.40; n=37) as opposed to those around Eeklo 

(1.63ng/ml; 1.46-1.83; n=77). 

Associations of biomarkers of effect with levels of  internal exposure: parameters 
showing an association over the whole range of meas ured values 
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