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Summary 
  
Study aim: To assess the somatic and fitness status of adolescent boys from polluted industrial areas. 
Material and methods: A group of 313 boys aged 11 – 15 years from 5 villages located in the copper mine area in 
South-Western Poland were classified by the degree of lead and cadmium pollution (high – very high) and by parents’ 
education (primary – secondary or higher). Somatic (body height and mass, BMI, body fat content) and functional 
(handgrip strength, standing broad jump, sit-and-reach, plate tapping, 1-kg medicinal ball throw, reaction time) were 
recorded. The data were standardised against age-specific means and standard deviations and subjected to two-way 
ANOVA. 
Results: Boys from more polluted area had significantly (p<0.01) higher BMI than those from the less polluted one 
but only when their parents had primary education. Explosive strength was significantly higher in the less polluted 
area (p<0.05) and when parents had higher than primary education (p<0.01). In case of reaction speed only the de-
gree of environmental pollution had significant effect (p<0.05), no significant effects being noted for other variables
Conclusions: The results pointed to the importance of parents’ education in shaping health-directed behaviours, which 
may compensate for the negative impact of a degraded environment. 
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Introduction 
 
A number of studies [2,13,15,21,22,24,26,27,29] 

pointed to the relationship between the ecological status 
of inhabited environments and the somatic status of 
children from those areas. Environmental pollution has 
become one of the prime factors of many diseases and 
disorders of psychosomatic development [3,10,17,25,30]. 
Also socio-economic factors, like parents’ education, 
number of children per family, etc., are among those af-
fecting that development, interactions between various 
factors acting as amplifiers or inhibitors of adverse effects.  

Children inhabiting areas close to mines, smelting 
plants, etc., are particularly at risk [6,7,14,16]; toxins 
generated by the industry are taken up mostly from air 
of contaminated food products [28]. Those negative 
effects are likely to be compensated by proper hygiene, 
leisure conditions and other behaviours of educated, 
conscientious parents even in heavily polluted areas. 
Insufficient number or quality of reports concerning the 
interaction of pollution and parents’ education prompted 
us to undertake this study on the somatic and fitness 
status of boys aged 11 – 15 years. 

 

Material and Methods  
 
A group of 313 boys aged 11 – 15 years from 5 vil-

lages located in the copper mine area in South-Western 
Poland were studied in autumn 1998. The degree of 
environmental pollution was assessed from lead and 
cadmium fallouts (g/m2/year) reported for the period 
1991 – 1996 [25] by using Pearson’s 1–r distances. The 
boys were classified into 4 categories according to the 
following criteria: degree of pollution (low – high; see 
Fig. 1 and Table 1) and parents’ education (primary of 
both parents – secondary or higher of at least one par-
ent). 

The following data were recorded: body height (by 
using anthropometer; 0.1 cm accuracy), body mass 
(electronic balance; 0.1 kg accuracy), BMI; EUROFIT 
tests: handgrip strength (hydraulic hand dynamometer, 
Jamar 5030J1 CE; USA), standing broad jump, sit-and-
reach, plate tapping; other fitness tests: 1-kg medicinal 
ball throw, reaction time (by using Piórkowski’s device, 
which measures visual-motor co-ordination [5]). These 
variables are regarded as reliably reflecting the human 
motor fitness [31]. 
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The somatic and fitness data were standardised using 

age-specific means and standard deviations determined 
for the entire cohort examined then and subsequently 
subjected to two-way ANOVA followed by post-hoc 
Student’s t-test for unpaired data, the level of p≤0.05 
being considered significant. 

 
Results 

 
The pollution of lead and cadmium with dust in the 

studied areas was highly exceeding the Polish norms of 
admissible fallout of those elements (0.1 and 0.01 g · m2 

/year, respectively). Yet, two sub-areas cold be discern-
ed, the pollution in the less contaminated being about 
twice that in the more contaminated one (see Fig. 1 and 
Table 1). 

 
Table 1. Mean pollution (g/m2/year) of lead and cadmium 
in 1991 – 1996 in the villages studied 
 

 Very highly polluted Highly polluted 
Lead 69.4 34.8 
Cadmium 1.64 0.78 

 

Fig. 1. Cluster analysis of the studied villages; two pol-
lution areas were discerned: high and very high 

 
No significant between-category differences were 

found for most variables. In case of BMI (and body 
mass) the interaction environment×education proved 
significant; the only significant difference was found 
between boys whose parents had primary education, those 
from very highly polluted area being heavier (p<0.01) 
than those from the less polluted one (see Table 1). 

 
Table 2. Mean standardised values (±SD) of somatic and fitness variables of boys aged 11 – 15 years 
 

Environment Very highly polluted Highly polluted Factor 
Parents’ education Primary Secondary + Primary Secondary + 

Variable (n = 76) (n = 71) (n = 80) (n = 86) 
Environ-

ment 
Educa-

tion 
Body height 0.02 ± 1.09 -0.01 ± 0.97 -0.23 ± 1.05 0.08 ± 1.00   
Body mass 0.12 ± 1.05 -0.10 ± 1.05 -0.32 ± 0.78 ºº -0.04 ± 0.92   
BMI 0.16 ± 1.05 -0.15 ± 1.06 -0.29 ± 0.67 ºº -0.11 ± 0.89   
Handgrip 0.22 ± 1.05 0.21 ± 1.04 -0.03 ± 1.03 0.22 ± 0.97    
Standing broad jump -0.07 ± 0.97 0.09 ± 1.01 0.18 ± 1.18 0.41 ± 0.82 * ** 
Medicinal ball throw 0.19 ± 1.10 0.19 ± 0.95 0.11 ± 1.11 0.33 ± 0.95   
Sit-and-reach -0.29 ± 0.92 -0.58 ± 1.25 -0.30 ± 0.86 -0.23 ± 1.18   
Plate tapping 0.15 ± 1.19 0.06 ± 0.94 0.00 ± 0.96 -0.16 ± 0.87   
Reaction speed -0.27 ± 1.02 -0.08 ± 1.22 0.12 ± 0.94 0.27 ± 1.18 *  

 
Legend: Secondary + – One or both parents had secondary education or higher; ºº Significantly (p<0.01) different from the re-
spective value for very highly polluted area; * p<0.05; ** p<0.01 
 

In case of explosive power (standing broad jump) 
and co-ordination (reaction speed) no significant en-
vironment×education interaction was found. Both envi-
ronment and parents’ education had significant effect on 
explosive power (p<0.05 and 0.01, respectively): lower 
contamination and higher education positively affected 
that trait. Reaction speed was positively affected only 
by lower contamination (p<0.05), parents’ education 
having no significant effect. No significant effects of 
either factor were noted for all other fitness variables 
studied. 

Discussion 
 
No marked effects of environmental pollution on 

somatic features were noted in this study except that BMI 
of boys, whose parents had only primary education, 
from very highly polluted area was significantly higher 
than of those from a lower polluted region or whose 
parents had secondary education. On the other hand, the 
degree of environmental pollution significantly affected 
the explosive strength (standing broad jump) and co-
ordination (reaction speed). This was in accordance with 
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the reports of other authors who observed no marked 
negative effects of pollution on somatic traits [3,29] and 
with the view that functional features were more sensi-
tive to negative environmental changes than the somatic 
ones [4,10,23].  

 The significant, negative effect of pollution degree 
on motor/visual co-ordination (reaction speed) could 
have been due to neurotoxic effects of heavy metals [1, 
2,9,18,19]. Similar observation was reported by Mleczko 
et al. [23] who noted worsened co-ordination skills in 
populations inhabiting degraded areas. A compensation 
of those effects by parents’ education was noted only in 
case of explosive strength (standing broad jump). The 
role of education may be seen in e.g. correcting hygienic 
behaviours of children, like eating with dirty hands or 
biting nails, which increase the risk of contamination 
with heavy metals. Among the risk factors are also old 
buildings with contaminated walls and roofs, dusted air, 
pollution-exposed jobs, imbalanced diet, especially cal-
cium deficient, etc. [7,8,11,12,20].  

 Summing up, although only in one variable the ef-
fect of parents’ education proved significant, it empha-
sises its role in the upbringing of children, e.g. in shap-
ing health-directed behaviours, which may compensate 
for the negative impact of a degraded environment. 
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