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Abstract
Objectives: Industrially contaminated sites (ICS) represent an important public health issue in European countries. The 
Silesian Voivodeship, the region located in the southern part of Poland, the historical center of industry, has many sites 
that meet ICS criteria. Most of them are landfills containing lead, cadmium and zinc. Material and Methods: The aim of 
the study has been to evaluate determinants of lead and cadmium blood levels for preschool children living in the vicinity 
of selected environmental hazards in Piekary Śląskie, the city located in the region of Silesia. Data about exposure was ob-
tained from the parental questionnaire and was verified by levels of biomarkers in children’s blood. Finally, 678 preschool 
children were studied. Results: Obtained results have confirmed that the statistically significant higher level of lead in blood 
has been revealed in the case of younger children whose fathers have a higher level of education and whose mothers smoke 
cigarettes at home, as well as for those living in the vicinity of any environmental hazard. In the case of cadmium, a higher 
level of the biomarker has been reported for older children who rather do not live close to any environmental hazard. We 
have recognized 30% of children with blood lead level (PbB) exceeding 2 μg/dl and 0.8% of children with blood cadmium 
level (CdB) exceeding the reference value (0.5 μg/l). Conclusions: Own observation has confirmed that preschool children 
living in Piekary Śląskie are still exposed to heavy metals existing in environment. The source of the higher level in blood is 
not only the hazardous vicinity in the place of residence but also well-known factors associated with the age of children, pa-
rental life style and educational background. The parental questionnaire could be useful to identify potential determinants 
of exposure to lead and cadmium, however exposure must be verified by measurement of a proper biomarker. Int J Occup 
Med Environ Health 2018;31(3):351 – 359
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creased in the past  2 decades and published data shows 
clear significant decrease in average blood lead level in 
the case of children during the years 1991–2009 [5]. How-
ever, a  higher value of blood lead level  (PbB) (higher 
than 2 μg/dl, which requires an educational intervention 
and reassessment of lead exposure [6]) is observed in the 
case of children living in the most industrialized regions 
of Poland, especially in those located in the proximity of 
sources of emission or degraded sites.
The aim of the study is to evaluate the relationship be-
tween lead and cadmium concentration in children’s 
blood and their places of residence in Piekary Śląskie, the 
Silesian Voivodeship, Poland. The general question is to 
assess the validity of use of information provided by par-
ents for the purpose of identification of children’s high 
exposure to lead and cadmium.

MATERIAL AND METHODS
The study was performed in Piekary Śląskie, the city lo-
cated in the Silesian Voivodeship (the southern part of 
Poland), inhabited by  2196  children aged  3–7  years old 
(data was obtained from the Education Department of the 
Municipal Office in Piekary Śląskie on February 20, 2012). 
Most of them (N = 1752, 79.8%) are pupils of 15 kinder-
gartens located in the city.
Available data describing lead and cadmium concen-
tration measured in  2006 in the surface layer of soil in 
Piekary Śląskie suggested that the highest concentra-
tion was recognized in gardens. The average geometric 
mean value was  569.7  (range: 201–2159)  mg/kg for lead 
and  16.9  (range: 5.52–58.6)  mg/kg for cadmium, mea-
sured levels in playgrounds were twice lower (293.1 mg/kg 
and 8.8 mg/kg) for lead and cadmium, respectively [7]. Due 
to the high stability of lead and cadmium in the soil and the 
lack of corrective action in the city, it was assumed that the 
concentrations of both metals would remain high.
In order to assess the relationship between the place of resi-
dence and the measured level of lead or cadmium in blood, 

INTRODUCTION
Industrially contaminated sites (ICS) represent an important 
public health issue in European countries. The reason for 
this statement is the high level of hazards and serious health 
problems expected for the population living in their vicin-
ity  [1]. In  2015  the  European Cooperation in Science and 
Technology (COST) Action IS1408 – the project supported 
by the European Union (EU) Framework Programme Hori-
zon 2020 was launched to promote international cooperation 
for: developing guidelines on strategies for environmental 
health studies in contaminated regions (including epidemiol-
ogy, exposure assessment, toxicology, human biomonitoring, 
environmental monitoring and modelling), developing com-
munication strategies, and implementing health assessment 
for particular groups of population (e.g., children) [2]. During 
the working groups meetings experts focused on developing 
the framework assessing the relationship between ICS and 
potential health disorders among inhabitants of the COST 
member countries. One of working groups (WG2) prepared 
recommendations and possibilities for methods and tools 
for exposure assessment according to available bibliography 
and case studies [2].
It is well documented that the place of residence is es-
sential for proper children growth. Living in the polluted 
area could result in diminished intelligence, behavioral 
disorders, failure at school, delinquency and diminished 
achievement  [3]. While in Poland, there is no definition 
of ICS and any registry of such sites doesn’t exist, either, 
however there is a  bulk of evidence that the Silesian 
Voivodeship is the most degraded region in the country. 
This region was the most exploited by industry, there are 
located landfills with heavy metals. Piekary Śląskie is one 
of the most polluted city of the Silesian region, about 1/4 of 
its area is occupied by a large landfill containing lead, cad-
mium and zinc. It is well known that lead is a significant 
child hazard, a bulk of epidemiological evidence has con-
firmed that even small amount may cause serious health 
consequences [4]. In Poland usage of lead has sharply de-
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RESULTS
The study group included 678 children, namely 341 girls 
and 337 boys. Accurate data describing the place of resi-
dence and its relation to environmental pollutants was ob-
tained for 519 children: 259 of them (37.5%) lived in the 
vicinity of a busy road, 34 children (4.9%) lived close to 
a gas station, 57 children (8.3%) lived close to a car work-
shop, and 109 children (15.8%) lived close to a metallurgi-
cal slag heap. 
The Figure 1 presents levels of both biomarkers for subjects 
living in a  particular district of Piekary Śląskie. Obtained 
results have confirmed that the highest PbB level has been 
revealed for children residing in Brzeziny Śląskie, the dis-
trict where Orzeł Bialy smelter and its landfill (heap) are lo-
cated. Gender has no statistically significant impact on the 
value of lead and cadmium biomarkers in the study group, 
however higher levels have been detected for boys rather 
than girls (the Table 1 presents geometric mean values of 
both biomarkers). Moreover, we have observed that the 
measured concentrations of both biomarkers are higher in 
the case of those children who spend more time playing out-
door, especially in winter time.
The Table 2 shows particular descriptive statistics of subjects 
according to the place of residence reported in the parental 
questionnaire. Gender has no statistically significant impact 
on the average level of both biomarkers in the total study 
group, however a higher concentration of lead has been detec- 
ted in the case of boys rather than girls (the geometric mean 
of PbB: 2.54 μg/dl and 2.39 μg/dl, respectively). This obser
vation has been the same in particular subgroups of subjects 
defined by the place of residence, however, the level of PbB  
has been statistically significantly higher in the case of boys ra
ther than girls living in the vicinity of a gas station (p = 0.004). 
While in the case of CdB, the geometric mean is a bit lower 
in the case of boys rather than girls (0.24 μg/l and 0.25 μg/l,  
respectively in the group as a  whole), this observation has 
been similar for children living in the vicinity of a busy road, 
gas station, metallurgical heap and industrial plant.

we used the data obtained from the cross-sectional study 
conducted in 2013 among preschool children aged 3–6 years 
old, pupils of all nurseries located in Piekary Śląskie. First, 
in order to assess the exposure, samples of venous blood 
were collected from spring to autumn. After obtaining the 
parental agreement to study, 1 ml of blood was taken from 
each child using lead-free vacutainer tubes. Measurements 
of biomarkers were based on standard procedures  [7,8]: 
blood lead level  (PbB) and blood cadmium level  (CdB) 
were detected by the atomic absorption spectrophotom-
etry (ICE 3000 Thermo Fisher, USA).
Data about exposure was also obtained from the parental 
questionnaire which included questions concerning poten-
tial sources of heavy metals in the environment as well as 
socio-economic issues. Following variables were taken into 
account: time spent outdoor in winter and summer season 
according to the median value ((Me) = 1.5 h and Me = 4 h, 
in winter and summer, respectively), living close to particu-
lar environmental hazard sources (yes/no), parental occupa-
tional contact with heavy metals (yes/no), parental tobacco 
smoking at home (yes/no), and parental level of education 
(lower = primary, and vocational/higher = secondary and 
higher). Additionally, it was attempted to assess whether 
the fact of residence in various districts would affect the val-
ue of measured concentrations of heavy metals in children’s 
blood. Finally, 678 preschool children (38.7% of the total 
number of kindergarten pupils in Piekary Śląskie) were 
studied. Subjects were comparable with the general popula-
tion of preschool children in terms of age and gender.
The statistical analysis was performed using Statisti-
ca 10.0 software (StatSoft, 2015). Significance of between-
group differences for continuous variables was evaluated 
by means of  ANOVA Kruskall-Wallis or Mann-Whit
ney  U  test, respectively. Finally, the stepwise regression 
procedure was used for evaluating the relationship be-
tween selected independent variables and  2  dependent 
variables (logarithm of  PbB and  CdB concentration in 
blood). Statistical significance level was set at α = 0.05.
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in the case of children residing in the vicinity of environ-
mental health hazards and a busy road, the detailed data 
is shown in the Figure 2.
A higher level of lead has been recognized in the case of 
younger children (Figure 3), although the observed differ-
ence has not been statistically significant in the ANOVA 
test (p = 0.09). While in the case of cadmium, the level in 
blood increases with age, the highest value is in the case 
of 7-year-old children (p < 0.0001 in the ANOVA test).

Results of  ANOVA Kruskall-Wallis test suggest that 
the observed differences in biomarkers among the total 
group of children are statistically significant at the level 
p < 0.0001 for lead and p = 0.001 for cadmium, respec-
tively. The highest value of PbB concentration has been 
detected for children living close to a metallurgical heap 
(the geometric mean is  3.89  μg/dl) whereas in the case 
of CdB, differences have not been so clear. In addition, 
there is no interaction between levels of both biomarkers 
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Fig. 1. Level of a) lead (PbB) and b) cadmium (CdB) in blood of preschool children living in the vicinity of environmental hazards 
in Piekary Śląskie, Poland, by city district

Table 1. Level of lead (PbB) and cadmium (CdB) in blood of preschool children living in the vicinity of environmental hazards 
in Piekary Śląskie, Poland, by gender and time spent outdoor

Biomarker

Biomarker’s level in blood

gender
time spent outdoor

winter summer
girls boys p < 1.5 h ≥ 1.5 h p < 4 h ≥ 4 h p

PbB [μg/dl] 2.39 2.54 0.08 2.34 2.51 0.05 2.34 2.51 0.04
CdB [μg/l] 0.24 0.25 0.30 0.24 0.25 0.04 0.24 0.24 0.10

p – results of Mann-Whitney U test.
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In the case of cadmium, a higher level of the biomarker 
has been reported for older children (p  <  0.0000001) 
and those not living close to any environmental hazard 
(p = 0.03), however the value of evaluated R2 rather in
dicates low usefulness of the model in terms of any con-
clusive summary.
The percentage share of children who have exceeded the 
value of 10 μg/dl for lead has been 0.87%. Detailed data 
suggests that children with those very high PbB levels in 
Piekary Śląskie inhabit the region in the vicinity of a smelt-
er heap (N = 3), live close to a gasoline station, an indus-

Another issue has been the evaluation of the relation-
ship between levels of both the biomarker in children’s 
blood and indoor environment or parental behavior de-
clared in the questionnaire. Results of the multivariate 
analysis confirm that the statistically significant higher 
level of lead in blood has been related to younger chil-
dren (p = 0.000007), children whose fathers have a higher 
level of education (p = 0.007) and whose mother smoke 
cigarettes at home (p = 0.02) as well as those living in the 
vicinity of any environmental hazard (p < 0.0000001). De-
tailed results are shown in the Table 3. 
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Fig. 3. Level of a) lead (PbB) and b) cadmium (CdB) in blood 
of preschool children in Piekary Śląskie, Poland, by age

Fig. 2. Level of a) lead (PbB) and b) cadmium (CdB) in blood 
of preschool children in Piekary Śląskie, Poland, by the place  
of residence close to environmental hazards
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marker, the highest level has been detected for children 
living close to a car workshop, a busy road and an indus-
trial plant. Our observation is consistent with well-known 
published data [3,9–11]. The vicinity of the source of envi-
ronmental hazards is one of accepted methods of indirect 
measurement of exposure [12–14] and is often used in en-
vironmental epidemiology [15–17].
Irrespective of the information on the residence location, 
it is also important to determine the time which children 
spend outside in playgrounds. This kind of data is usually 
obtained while collecting parental opinions by means of 
the questionnaire. In our case, this approach has been 
used and we have also assessed the relationship between 
declared time spent outside and real level of biomarkers. 
Obtained results suggest that the concentration of both 
biomarkers has been significantly higher in the case of 
children spending more time outdoor in the colder sea-
son (winter). In the case of summer season, time spent 
outdoor has been significantly important only to lead in 
blood. Again must it be concluded that obtained results 

trial plant and a busy road. Moreover, it has been noted 
that in the case of 68.2% of children, the level of lead in 
blood has exceeded the value of 2 μg/dl, which means that 
we need to identify the source of risk in the environment 
of children.

DISCUSSION
Results of the study have confirmed that preschool chil-
dren living in Piekary Śląskie are still exposed to heavy 
metals such as lead and cadmium. Soil remains the main 
source of exposure in the case of children population, and 
observed levels of biomarkers still exceed the permissible 
values of both pollutants. The highest risk has been docu-
mented for children living in the vicinity of metallurgical 
slag heaps located in Brzeziny district, this region has had 
the highest concentration of both pollutants in the soil [7] 
as well as levels of biomarkers in blood of children have 
been the highest. Moreover, a higher level of lead in blood 
has been related with the neighborhood of a gas station 
and an industrial plant. In the case of the cadmium bio-

Table 3. Stepwise regression for the relationship between lead (PbB) and cadmium levels in blood (CdB) and selected independent 
variables determining exposure of preschool children living in the vicinity of environmental hazards in Piekary Śląskie, Polanda

Variable β* β*
(SE) β β

(SE) t(610) t(608) p

Lead level in blood (PbB)
intercept 0.699 0.053 13.213 0.000000
living close to any environmental hazard (1 = yes) –0.278 0.036 –0.121 0.015 –7.742 0.000000
age –0.162 0.036 –0.038 0.008 –4.545 0.000007
Father’s educational background (1 = higher) –0.098 0.036 –0.047 0.018 –2.675 0.007
mother ETS (1 = no) 0.081 0.036 0.045 0.019 2.245 0.02

log PbB: R = 0.38, R2 = 0.148
Cadmium level in blood (CdB)

intercept –0.840 0.042 –19.926 0.000000
age 0.202 0.039 0.035 0.007 5.115 0.000000
living close to environmental hazard (1 = yes) 0.083 0.039 0.026 0.012 2.106 0.03

log CdB: R = 0.22, R2 = 0.049

a Statistically significant impact on logarithm of both biomarkers.
ETS – environmental tobacco smoke; β* – standardized regression coefficient; β – regression coefficient (slope); SE – standard error;  
t – test of regression coefficient significance; R – correlation coefficient; R2 – coefficient of determination.
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require intervention, in the case of children with the level 
between  2  μg/dl  and  5  μg/dl,  activities to assess the po-
tential environmental sources of hazard in a child’s envi-
ronment should be implemented. In relation to children 
with concentrations above 10 μg/dl, medical care should 
be implemented  [6]. Obtained results suggest that for 
over  30%  children living in Piekary Śląskie, we need to 
control the level of this biomarker in future.

CONCLUSIONS
Obtained results have confirmed that preschool children 
living in Piekary Śląskie, Poland, are still exposed to heavy 
metals existing in environment. The parental question-
naire could be useful to identify potential determinants of 
exposure to lead and cadmium. It has been detected that 
a higher level of lead and cadmium biomarkers of exposure 
is related to children whose mothers smoke cigarettes in the 
presence of children, whose fathers are better educated and 
whose family live in the vicinity of environmental hazards. 
It must be unequivocally concluded that improvements of 
environment quality in Piekary Śląskie are necessary to as-
sure expected quality of health for children and we will con-
tinue local efforts to achieve the desired goals. It is especial-
ly important to continue education of parents and nursery 
teachers about the environmental hazard of heavy metals 
and proper behavior during normal life.
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