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PREFACE 

by Claude Bouchard

It is an honor for me to be given the opportunity to contribute to this Festschrift 

recognizing the many accomplishments and the global legacy of Professor Robert 

M. Malina. Over the last 40 years, I have had the privilege of being able to 

observe from a front-row seat the numerous contributions made or spearheaded 

by Professor Malina, and this commentary is inspired by sustained contacts with 

him over these decades.  

Anyone who has reviewed the curriculum vitae of RMM realizes that his research 

interests extend from human biology in the broad sense to exercise science, with 

a particular focus on growth and a variety of pediatric issues. His contribution 

to science spans a period of 50 years. He published his first research paper in 

1962 in the Journal of Bone and Joint Surgery (Rarick et al., 1962). Since then, 

he has contributed to the advancement of knowledge in areas as diverse as the 

morphological growth of children; motor development and motor skills across 

the growing years; maturation, including age at menarche; skeletal age; growth 

and sports performance; the risk factor profile for common chronic diseases in 

children; and the role of social, cultural and economic circumstances as seen in 

developed and developing countries on growth and maturation.

Robert M Malina has published almost 400 peer-reviewed research papers and 

about 300 book chapters, technical papers, book reviews and other reports. He 

has also written several monographs and books. His publications have been 

cited more than 7,600 times in the world literature.
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IMPACT OF ELEVATED BLOOD LEAD ON GROWTH, 
MATURATION AND PHYSICAL FITNESS: RESEARCH IN THE 
COPPER BASIN OF SOUTHWESTERN POLAND 
 

Bertis B. Little 
Zofia Ignasiak 
Teresa Sławińska  
Robert M. Malina 

 
 
 
INTRODUCTION :  
Lead and Chi ld Growth ,  Deve lopment ,  and Maturat ion 
 
Environmental pollutants and toxicants associated with industry and power 
generation and have potentially negative consequences for the growth, maturation 
and development of youth. Lead is one of a variety of toxicants with such potential 
effects. Lead and lead compounds are common in the earth’s crust, ~70 ppm 
(Baselt, 2002) and are associated with power generation and several industrial 
processes. Lead and lead-compounds are well-known to be toxic to developing 
humans, causing growth retardation, delayed sexual maturation and 
neurobehavioral developmental deficits.  
 
 Lead and Growth. Elevated levels of blood lead adversely affect prenatal 
growth (Andrews et al., 1994; Dietrich et al., 1987), but this has not been noted in 
all studies (McMichael et al., 1986; Factor-Litvak et al., 1991). A frequent finding 
among children is reduced length/stature in association with increased blood lead 
levels. Age at exposure, duration, and nutritional status are related to the degree of 
growth stunting, with younger, chronically exposed, undernourished children at 
greatest risk (Ballew et al., 1999). The estimated stunting effect of blood lead level 
on linear growth appears to follow a dose-related pattern of reduction in height by 
~1-3 cm for each 10.0 µg/dL increase in blood lead level (Table 1).  
 

Lead and Maturation. Information on the influence of elevated blood lead 
levels on indicators of biological maturation commonly used in growth studies is 
limited largely to age at menarche and to a lesser extent stages of puberty (breast 
and pubic hair development in girls, genital and pubic hair development in boys).  
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Table 1 .  Estimated decrements in height per 10 µg/dL blood lead levels in 
children 3 months (mos) to 14 years (yrs). 
 

 
   Stature  
Study  Age range decrement 
 
 
Cincinnati Lead Study (Shukla et al., 1989)  3 - 5 mos 2.0 cm 
Cincinnati Lead Study (Shukla et al., 1991)   33 mos   1.5 cm 
Dallas Lead Project I (Little et al., 1990)  1 - 10 yrs  1.6 cm 
Dallas Lead Project II (Little et al., 2009)  2 - 12 yrs  2.1 cm 
Three Greek Cities (Kafourou et al., 1997) 6 - 9 yrs  0.9 cm 
NHANES II (Schwartz et al., 1986) 1 - 7 yrs  1.2 cm 
NHANES III (Ballew et al., 1999)  1 - 7 yrs  1.6 cm 
Lower Silesia, Poland (Ignasiak et al., 2006) 7 - 14 yrs  3.1 cm 
Unweighted Mean  3 mos - 14 yrs 2.5 cm 
 

 
 
Blood lead levels > 3 µg/dL were associated with later estimated attainment of 
stages of breast and pubic hair maturation in American girls from the Third 
National Health and Nutrition Examination Survey, 1988-1994 (NHANES III). Later 
attainment of stages of puberty was most apparent in American Black girls and to a 
lesser extent in Mexican American girls with < 3.0 µg/dL of blood lead compared 
to those with >3.0 µg/dL. Later pubertal maturation was noted in American White 
girls with 3.0 µg/dL of blood lead, but the effect was not significant (Selevan et al., 
2003). Corresponding data for lead levels and sexual maturation of boys are limited 
to a prospective study of testicular volume and stages of pubic hair and genital 
maturation in Russian boys. Later onset of puberty was associated with blood lead 
levels ≥5.0 µg/dL compared to boys with <5.0 µg/dL (Hauser et al., 2008; Williams 
et al., 2011).  

 
Data for age at menarche and blood lead level are limited to three 

investigations. Two analyses were of the same national data set for American girls 
from NHANES III (Selevan et al., 2003; Wu et al., 2003), and one of American 
Indian girls (Denham et al., 2005). The two analyses of NHANES III data showed 
delayed menarche with elevated blood lead levels in American girls. In one analysis, 
menarche was delayed by approximately 3.6 months for each 1.0 µg/dL increase in 
blood lead > 3.0 µg/dL (Wu et al., 2003). In the other analysis, menarcheal age was 
also delayed by 3.6 months with blood lead concentrations > 3.0 µg/dL in African 
American girls. However, blood lead and later menarche was not statistically 
significant in American White and Mexican American girls with lead concentrations 
> 3.0 µg/dL (Selevan et al., 2003). Menarche was delayed at blood lead levels >0.5 
µg/dL (geometric mean) among American Indian (Akwesasne Mohawk) girls 
(Denham et al., 2005). This study was unique because the analysis controlled for 
other pollutants (p,p’-DDE, HCB, mirex and mercury) in addition to lead. In 
contrast to lead, four potentially estrogenic PCB congeners were associated with a 
higher probability of having attained menarche in this sample of American Indian 
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girls (Denham et al., 2005), indicating earlier attainment of menarche with higher 
PCB levels. Importantly, the association of blood lead level with age at menarche is 
likely confounded by other toxicants in the blood.  

 
Lead and Motor Proficiency. Elevated blood lead levels are associated with 

impaired performances on tests of fine motor coordination and visual integration in 
children. Specifically, movement tasks that involve movement precision and 
coordination are adversely affected by elevated blood lead levels. Among 6 year 
old children, for example, elevated blood lead levels had a negative effect visual-
motor control, bilateral coordination, upper limb speed of movement, dexterity 
and fine motor coordination (Dietrich et al., 1993), and on finger tapping speed 
(Winneke et al., 1994). Visual-motor integration, eye-hand coordination and spatial 
relations performance was poorer among 8-10 year old children with increased 
blood lead levels (Azcuno-Cruz et al., 2000). Of interest, high lead levels in dentin 
of deciduous teeth (i.e., in early childhood) were also associated with long term 
deficits in finger tapping rate (slower), eye-hand coordination (poorer) and reaction 
time (slower) at 18 years of age (Needleman et al., 1990). Neurobehavioral deficits 
associated with elevated blood lead levels persist across age and are apparently 
irreversible. 

 
With few exceptions, tasks requiring muscular strength and endurance, 

speed, power, balance and coordination in gross movement tasks have not been 
systematically evaluated in children and adolescents with elevated blood lead levels. 
Gross balance at 6 years of age (Dietrich et al., 1993) and performance on rail 
balance tests at 8-10 years of age (Azcuna-Cruz et al., 1970) were not influenced 
by blood lead levels. Elevated blood lead levels were negatively associated with 
teacher ratings of agility defined as “…the ability to execute motor activities such as 
running and jumping with precision and rapidity,” in 7-9 year old children (Muñoz 
et al., 1993). Increased postural sway in children was associated with elevated 
blood lead levels (Battacharya et al., 1990, 1993), but the association between 
postural sway and balance was not analyzed. If postural sway is analyzed with 
respect to dynamic and static balance, these results may suggest a potential 
influence of early lead exposure on the vestibular system and/or proprioception. 
Elevated blood lead was also associated with hearing deficits in children (Osman et 
al., 1999). Apparently lead affects middle ear function (i.e., otolithic and vestibular 
complexes).  
 
THE COPPER BASIN – RECENT WORK ON LEAD EFFECTS ON 
CHILDREN BY MALINA AND COLLEAGUES 
 
The copper mine region in Lower Silesia, southwestern Poland, has major smelting 
and refinery facilities near Legnica and Głogów, the Copper Basin (Figure 1). Mines 
and smelting plants associated with the copper industry generate large amounts of 
industrial by-products and waste including heavy metals, including lead. Copper 
mining and smelting has been a primary industrial activity for about two generations 
or more in Lower Silesia.  
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F igure 1 . Map of Poland showing (a) the region and (b) the location of the 
study communities. (Adapted from Ignasiak et al., 2006; License 
3156030919163, content publisher: Informa Healthcare, content publication: 
Annals of Human Biology) 

 
Recent intensive environmental interventions by the Polish government have 
reduced emissions of harmful substances in areas with potential health hazards 
(Ignasiak et al., 2011). Interventions were targeted to maximize health-related 
benefits return on investment for the population resident in or close to the 
industrial zones (Bachowski et al., 2004). Observations from studies of the influence 
of elevated blood lead levels associated with industrial pollution in the Copper 
Basin on the growth, maturation and physical fitness of school children in the region 
have been conducted by Malina and colleagues (Ignasiak, Sławińska, Little).  
 

The growth status, physical fitness and blood lead levels of school children, 
7-15 years of age were surveyed in 1995 and 2007. Menarcheal status of girls was 
obtained by interview in both years. The children resided in seven communities 
(officially labeled villages) in the vicinity of major copper smelting and refinery 
facilities in the Legnica and Głogów districts. With two exceptions, schools in the 
same communities were surveyed in both years. Population sizes of the 
communities ranged from 337 to 1424 in 1995 and 266 to 1400 in 2007. All 
children were born and raised in the area. They were from families of mine and 
factory workers in the copper industry and farmers in the communities. The latter 
were largely part-time farmers with <10 hectares of land; most worked in the 
copper industry and only tended the farms after work and on weekends.   
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Relationships between blood lead levels and growth status are limited to 
the 1995 data (Ignasiak et al., 2006, 2007). Analyses of the 2007 data for growth 
status and physical fitness in the context of short-term secular change are currently 
under way. Changes in blood lead levels and ages at menarche between 1995 and 
2007 have been analyzed (Ignasiak et al., 2011; Sławińska et al., 2012). 
 
Growth Status  
 
Reduced height was associated with elevated blood lead levels in school children of 
the Copper Basin observed in 1995 (Ignaziak et al., 2006). The negative effects of 
elevated blood lead were more apparent in growth of the extremities (arms, 
estimated leg length) than in growth of the trunk. Greater reductions in linear 
growth were observed at higher blood lead levels. The observations were 
consistent with experimental data suggesting a major influence of lead on linear 
bone growth, specifically proliferation of chondrocytes, hypertrophy and matrix 
calcification at the growth plates of long bones (Hicks et al., 1996). Other potential 
targets for lead are reduced osteoblast activity and bone remodeling (Puzas et al., 
1992).  It was deduced from these analyses that the effect of lead was on long 
bone growth than upon round bones (Ignasiak et al., 2006). 
 
Phys ica l  F i tness 
 
Relationships between blood lead levels and measures of physical fitness in the 
school were evaluated in the context of two research questions (Ignasiak et al., 
2007). Are indicators of physical fitness directly related to blood lead levels? 
Alternatively, is physical fitness indirectly affected through reduced body size given 
the influence of elevated lead on linear growth? Smaller body size is generally 
associated with poorer performances on a variety of physical fitness tests in youth 
(Malina et al., 2004). 
 

School children of both sexes from the Copper Basin in 1995 were on, 
average, shorter than Polish youth in a 1999 national physical fitness survey 
(Przewęda et al., 2005). Children from the Copper Basin also tended to weigh 
slightly less than the national sample between 7 and 11 years, while differences 
were negligible at older ages. 

 
 Several indicators of physical fitness were measured using the EUROFIT 
battery (Council of Europe, 1988): right and left grip (static strength), sit-ups in 30 
seconds (abdominal muscular strength and endurance), flexed arm hang (upper 
body functional strength), plate tapping (speed of upper limb movement), shuttle 
run (running speed and agility), standing long jump (explosive power of the lower 
extremities) and medicine ball throw (explosive power of the upper extremities). 
Simple reaction time was measured in a subsample. 
 
 Standing long jump performances of boys and girls from the Copper Basin 
were, on average, slightly lower than those of the national sample from 7-13 years, 
while differences at 14-15 years were negligible. A similar age-related pattern was 
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apparent for speed of upper limb movement (plate tapping). Performances in an 
agility shuttle run did not differ, on average, between children of both sexes in the 
Copper Basin and the national sample. In contrast, the number of sit-ups 
completed in 30 seconds was consistently lower in Copper Basin children of both 
sexes across the age range 7-15 years. Grip strength was, on average, greater in 
boys and girls from the Copper Basin than in the national sample. However, this 
comparison must be tempered because it was not clear what type of 
dynamometer was used in the national survey. 
 

 Results of regression and path analyses indicated that blood lead level did 
not directly affect the physical fitness of the school youth from the Copper Basin 
(Ignasiak et al., 2007). The effects of blood lead on indicators of physical fitness 
were indirect through a negative influence of high blood lead on growth in body 
size. Blood lead level was also not related with reaction time in the subsample of 
children. However, diet and family circumstances (except for maternal education) 
and level of habitual physical activity were not considered. Nutritional status and 
familial factors can independently influence both growth and physical fitness, while 
physical activity is an important correlate of fitness (Malina et al., 2004). 

 
 

Age at Menarche  
 
Age at menarche and blood lead levels were considered in the two surveys of 
school girls separated by 12 years, 1995 and 2007 (Slawinska et al., 2012). Blood 
lead level and age at menarche (estimated with probit analysis) declined, on 
average, over this interval (Table 2). Logistic regression analyses were done for 
each year with menstrual status (0 = no, 1 = yes) as the dependent variable and 
with age, height (linear growth), BMI (weight-for-height), and lead group (binary 
variable, 0 = Pb ≤ 5.00 and 1= Pb ≥ 5.10 µg/dL) as the independent variables. The 
odds ratio for 1995 was not significant (p<0.48) indicating that lead group did not 
affect the odds of a girl attaining menarche. However, the odds ratio for 2007 
approached significance (p=0.057). This indicates that increased blood lead was 
associated with later menarche (decreased odds of attaining menarche) in 2007. 
 
 

 
Table 2 .  Blood lead levels and ages at menarche in school girls resident 
in the Copper Basin of Lower Silesia, Poland in 1995 and 2007.1 

 
 
 Blood Lead Level, µg/dL Age at menarche 
 
Year N Mean SE Median SD 
 
 
1995 436 6.57 0.13 14.36 1.16 
2007 346 4.24 0.14 12.73 1.22 
 
1Adapted from Sławińska et al. (2012) 
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The major difference in the specific logistic regression analyses of the two 
time periods (1995 vs. 2005) was in the contributions of the covariate BMI and the 
main effect (blood lead group) to the probability of attaining menarche. The BMI 
was less important to attaining menarche in 2007 (OR = 1.18, 95% CI: 1.03-1.35) 
than in 1995 (OR = 1.51, 95% CI: 1.26-1.82). The opposite was true for lead, 
which had a smaller effect in 1995 (OR = 0.70, 95% CI: 0.27-1.85) than in 2007 
(OR = 0.31, 95% CI: 0.09-1.06). It may be possible that the influence of blood lead 
on menarche in 1995 was through its effect on weight-for-height (BMI). The 
decline in age at menarche between 1995 and 2007 may thus reflect attenuation of 
multiple environmental stressors (chronic malnutrition, iron and calcium intake 
deficiencies) in addition to blood lead level. It may be possible that somewhat 
marginal nutritional and health conditions associated with unstable political, social 
and economic circumstances in Poland from the late 1970s through the 1980s (girls 
in the 1995 sample were born during this period) confounding the influence of lead 
on the process of sexual maturation in the 1995 sample such that a significant 
effect of lead on age at menarche was masked or diminished to statistically non-
significant.  

 
Observations for girls in the Copper Basin in 1995 beg the following 

question. Given the elevated blood lead levels in the sample, why was an 
association between lead levels and age at menarche not observed in 1995?  The 
broad range of blood lead values (2.0-33.9 µg/dL) contributed to unusually wide 
95% confidence intervals and in turn a non-significant association. A much larger 
sample size was likely needed to sufficiently power the 1995 analyses to detect the 
influence of lead level on menarcheal status to reach statistical significance.  

 
However, comparisons of estimated ages at menarche in subsamples of 

girls with high (≥5.1 µg/dL) and low (≤5.0 µg/dL) blood lead levels in each year 
provide some insights. The difference between estimated median ages at menarche 
(probit analysis) for girls with high and low blood lead levels in 1995 was 0.35 
years, while that between estimated medians ages in 2007 was 0.69 years, an 
effective doubling of the difference in the latter time period. The difference 
between estimates of menarcheal age in 1995 was slightly greater than that noted 
in rural girls with inadequate vs. adequate nutrition in the 1970s, 0.2 years 
(Charzewska et al., 1976). The secular decline between 1995 and 2007 was due in 
large part to a reduction in age at menarche in girls with low blood lead group in 
2007 compared to girls with low blood lead in 1995 (0.49 years), while the 
difference in ages at menarche in girls with high lead in both years was small (0.15 
years).  This implies that other environmental conditions (i.e., nutritional) among 
girls with low blood lead levels (< 5µg/dL), improved more than among girls in the 
high blood lead level group.  As suggested earlier, the effect of blood lead level 
seems confounded by socioeconomic variation, which apparently exerts a strong 
effect on age at menarche in the sample of Polish school girls who grew up before 
and after the fall of communism, 1995 and 2007 cohorts, respectively. 
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CONDITIONS IN POLAND 
 
Synthesis of these data indicate that environmental and economic conditions of the 
1980s (birth years of boys and girls in the 1995 survey) may be quite strong 
confounders in the relationship between blood lead level and sexual maturation 
and growth status. The decade between 1978 and 1988 in Poland was 
characterized by political turmoil and eventual changes (i.e., decline of communism) 
which had major economic and social consequences. National and regional surveys 
of the growth and maturation of Polish children and adolescents suggested unstable 
health and nutritional conditions in the 1970s and 1980s, i.e., prior to and during 
the turmoil associated with the fall of communism (Bielicki and Hulanicka, 1998). 
Inadequate nutrition indexed by regularity of meals, estimated intakes of specific 
nutrients and clinical symptoms of nutritional deficits were often noted in Poland 
during the 1970s, especially among children from rural areas and children of 
semiskilled manual workers (Konieczna, 1977). 
 

Specific information on dietary calcium and iron (both of which are 
chemically similar to lead) in the villages surveyed in the Copper Basin during the 
1980s and early 1990s is not available. Limited data indicated comparatively lower 
dietary intakes of calcium and iron than recommended in rural vs. urban adolescent 
Polish girls (Charzewska et al., 2006). It is reasonable to assume that the trends 
apply to girls resident in the villages surveyed in the Copper Basin. Among 
adolescents and young adults 13-25 years in Glogów and Lubin in 1995, dietary 
calcium approximated only 45% and 62% of recommended daily intake, 
respectively.  Similarly, intakes of females relative to the norms were lower than 
those of males of the same age (Charzewska et al., 2006). Iron intakes of school 
girls in Glogów and Lubin in 1995 were, respectively, 64% and 75% of the 
recommended level. In contrast, corresponding estimates for boys were higher 
than recommended. Estimated iron intakes for random samples of girls 11-15 years 
resident in villages throughout Poland were 79% of recommended in 1995, while 
for random samples of girls 11-18 years in several specific regions of Poland in the 
late 1990s varied between 62% and 67% of recommended values (Charzewska et 
al., 2006). A synergistic interaction between lead levels and marginal nutritional 
conditions may explain the large but statistically not significant effect of elevated 
blood lead on menarche noted in the 1995 survey. 

 
Differential effects of lead on linear growth and sexual maturation have 

also been suggested (Wu et al., 2003). Height of the total sample of girls and boys 
in the 1995 survey significantly decreased with increasing blood lead levels (Ignasiak 
et al., 2006). As noted, some experimental data have suggested an influence of lead 
on the proliferation of chondrocytes, hypertrophy and matrix calcification at the 
growth plates of long bones and in turn on linear bone growth (Hicks et al., 1996). 
Data from the 1995 survey parallel these experimental data, and suggest a greater 
effect of lead on long bone growth compared to round bones.  Notably, lead 
effects on bone growth are cumulative over time.  Menarche, in contrast, is a single 
point in time and ages at menarche based on status quo surveys (as in the surveys 
in the Copper Basin) are sample estimates. Specific information dealing with the 
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effects of elevated blood lead on neuroendocrine processes leading to delayed 
onset of menses is lacking, but available data suggest lead interrupts 
neuroendocrine functions. Marginal nutritional status and suboptimal calcium and 
iron intakes may be exacerbate factors that confound the influence of elevated lead 
on menarcheal status. These effects may operate through socioeconomic status, 
which is known to be highly correlated with blood lead levels (Ballew et al., 1999). 

 
It is clear that improved health, nutritional and general living conditions, 

decreased environmental exposure to lead and better socioeconomic conditions in 
the Copper Basin between 1995 and 2007 contributed to a reduction in the age at 
menarche. It is difficult, however, to partition the secular decline in age at menarche 
associated with improved living conditions from the decline in blood lead levels 
between 1995 and 2007. As noted earlier, the analysis of secular change in growth 
status is currently in process. 

 
An indicator of maturity status was not available for boys from the 

Copper Basin. It is reasonable to assume similar secular changes among males 
because blood lead levels also declined significantly in boys (Ignasiak et al., 2011). 
Importantly, percentages of youth with blood lead levels ≥ 6 µg/dL were higher in 
boys than girls in both years (1995, 77% vs 52%; 2007, 33% vs 17%). However, it is 
important to note that Poland instituted a requirement for catalytic converters on 
all cars produced since 1995, and this has contributed to the decrease in blood 
lead levels. But the magnitude of the contribution of this to decreased blood lead 
levels is unknown. 

 
Unfortunately, data on uptake of lead and other toxicants by food crops 

grown in lead-tainted soil and perhaps on the nutrient quality of crops were not 
available. Moreover, other potential toxicants in the blood were not considered. In 
addition to lead, age at menarche was sensitive to several polychlorinated biphenyl 
(PCBs) congeners in a sample of Akwesasne Mohawk girls described earlier 
(Denham et al., 2005). On the whole, the results highlight the need to expand 
future studies to include simultaneous analysis of other toxicants that may influence 
the process of sexual maturation, growth, and development. 

 
 
CONCLUSIONS 
 
In 2012 the United States Centers for Disease Control and Prevention (CDC) 
lowered the blood lead level for medical intervention in children from10 µg/dL to 5 
µg/dL (American Academy of Pediatrics, 2012). This was a welcome change as it is 
clear from human investigations that adverse effects on growth and sexual 
maturation are detectable at blood lead levels <10 µg/dL. Children in the Polish 
Copper Basin (Lower Silesia) have responded in an expected fashion to reduced 
environmental lead burden. The question remains, however, whether or not lead 
effects are a threshold effect or a dose-response effect. Most data suggest there 
may be no safe level for lead as there is no safe level for mercury for developing 
children.  Minamata disease/syndrome was not documented until 1956 although 
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mercury had been used by humans medicinally and cosmetically since at least 1500 
B.C.  Continued vigilance is prudent for known toxic elements such as lead. 
 

It is extremely important for medical and policy professionals to fully 
appreciate the implications of environmental lead exposure. National and individual 
social and economic development cannot proceed at optimal levels when 
significant portions of the population suffer from lead-induced growth and 
neurodevelopmental impairments. Physical and mental impairments are associated 
with even low levels of lead (>5 µg/dL, American Academy of Pediatrics, 2012) 
which can potentially impede individual and national progress due in part to 
stunted physical growth and intellectual deficits. With environmental lead pollution, 
otherwise normal children are destined to suffer poor outcomes (growth stunting, 
delayed maturation) when environmental lead is not controlled through aggressive, 
effective abatement programs. In Poland, reduced smelter emissions of lead, 
transition to catalytic converters, and use of unleaded gasoline have had a significant 
biological benefit for growth and health of children. The national economic forecast 
is thus much more optimistic than in the past because the workforce has been 
improved physically and mentally through the improvement of childhood growth 
and maturation. 
 
References 
 
American Academy of Pediatrics, 2012, AAP commends CDC for recognizing that 

for children there is no safe level of lead exposure. http://www.aap.org/en-
us/about-the-aap/aap-press-room/pages/AAP-Statement-CDC-Revised-Lead-
Exposure-Guidelines.aspx (accessed 21 May 2012) 

Andrews, K.W., Savitz, D.A., and Hertz-Picciotto, I., 1994, Prenatal lead exposure in 
relation to gestational age and birth weight: a review of epidemiologic studies. 
American Journal of Industrial Medicine 26, pp. 13-32. 

Azcona-Cruz, M.I., Rothenberg, S.J., Schnaas-Arrieta, L., Romero-Placeres, M., and 
Perroni-Hernandez, E. 2000, Niveles de plomo en sangre en niños de 8 a 10 
años y su relacion con la alteracion en el sistema vasomotor y del equilibrio. 
Salud Publica de Mexico 42, pp. 279-287. 

Bachowski, C., and Kiedel, Z. 2004, KGHM Polska Miedź S.A. „Firma Przyjazna 
Środowisku”. In Z Rudkowski, ed, Środowisko a Zdrowie Dziecka. Legnica, 
Poland: Fundacja na Rzecz Dzieci Zagłębia Miedziowego, pp. 12-16.  

Ballew, C., Khan, L.K., Kaufman, R., Mokdad, A, Miller, D.T., and Gunter, E.W. 1999, 
Blood lead concentration and children’s anthropometric dimensions in the 
Third National Health and Nutritional Examination Survey (NHANES III), 
1988-1994. Journal of Pediatrics 134, pp. 623-630. 

Baselt, R.C. 2002, Disposition of Toxic Drugs and Chemicals in Man. Davis, CA: 
Biomedical Publications. 

Bhattacharya, A., Shukla, R., Bornschein, R.L., Dietrich, K.N., and Keith, R. 1990, Lead 
effects on postural balance of children. Environmental Health Perspectives 89, 
pp. 35-42. 

106



107 

 
 
 

Bhattacharya, A., Shukla, R., Bornschein, R.L., Dietrich, K.N., and Kopke, J.E. 1988, 
Postural disequilibrium quantification in children with chronic lead exposure: A 
pilot study. Neurotoxicology 9 , pp. 327-340. 

Bielicki, T. 1986, Physical growth as a measure of the economic well-being of 
populations: The twentieth century. In F. Falkner and J.M. Tanner, eds., Human 
Growth, Volume 3: Methodology, Genetic, and Nutritional Effects on Growth, 
2nd ed. New York: Plenum, pp. 283-305. 

Bielicki, T., and Hulanicka, B. 1998, Secular trend in stature and age at menarche in 
Poland. In E.B. Bodzsar and C. Susanne, eds., Secular Growth Changes in Europe. 
Budapest: Eötvös University Press, pp. 263-279. 

Charzewska, J., Wajszczyk, B., Chwojnowska, Z., Rogalska-Niedźwiedź, M., and 
Chabros, E. 2006, Żywieniowe czynniki ryzyka przewlekłych chorób 
niezakaźnych w populacji dzieci i mlodzieży. In M. Jarosz, ed., Pol-Health: 
Otyłość , żywienie, aktywność fizyczna i zdrowie polaków. Warsaw: Instytut 
Żywności i Żywienia, pp. 149-218. 

Charzewska, J., Ziemlański, S., and Lasecka, E. 1975, Menarcheal age, nutrition and 
socioeconomic development. Studies in Physical Anthropolology 2 , pp. 47-51. 

Council of Europe. 1988, EUROFIT: European Test of Physical Fitness. Rome: 
Council of Europe, Committee for the Development of Sport. 

Denham, M., Schell, L.M., Deane, G., Gallo, M.V., Ravenscroft, J., DeCaprio, A.P. 
2005, Relationship of lead, mercury, mirex, dichlorodiphenyl-dichloroethylene, 
hexachlorobenzene, and polychlorinated biphenyls to timing of menarche 
among Akwewasne Mohawk girls. Pediatrics 115, pp. e127-e-134. 

Dietrich, K.N., Berger, O.G., and Succop, P.A. 1993, Lead exposure and the motor 
development status of urban six-year-old children in the Cincinnati Prospective 
Study. Pediatrics 91, pp. 301-307. 

Factor-Litvak, P., Graziano, J.H., Kline, J.K., Popovac, D., Mehmeti, A., Ahmedi, G., 
Shrout, P., Murphy, M.J., Gashi, E, Haxhiu, R., et al. 1991, A prospective study of 
birthweight and length of gestation in a population surrounding a lead smelter 
in Kosovo, Yugoslavia. International Journal of Epidemiology 20, pp. 722-728. 

Hauser, R., Sergeyev, O., Korrick, S., Lee, M.W., Revich, B., Gitin, E., Burns, J.S., 
Williams, P.L. 2008, Association of blood lead levels with onset of puberty in 
Russian boys. Environmental Health Perspectives 116, pp. 976-980. 

Hicks, D.G., O’Keffe, R.J., Reynolds, K.J., Cory-Slechta, D.A., Puzas, J.E., Judkins, A., 
Rosier, R.N. 1996, Effects of lead on growth plate chondrocyte phenotype. 
Toxicology and Applied Pharmacology 140, pp. 164-172. 

Ignasiak, Z., Sławińska, T., Rożek, K., Little, B.B., and Malina, R.M. 2006, Lead and 
growth status of school children living in the copper basin of southwestern 
Poland: Differential effects on bone growth. Annals of Human Biology 33, pp. 
401-414. 

Ignasiak, Z., Sławińska, T., Rożek, K., Malina, R.M., and Little, B.B. 2007, Blood lead 
level and physical fitness of school children in the copper basin of south-
western Poland: Indirect effects through growth stunting. Annals of Human 
Biology 34, pp. 329-343. 

Ignasiak, Z., Sławińska, T., Malina, R.M., and Little, B.B. 2011, Blood lead 
concentrations in children from industrial areas in southwestern Poland in 
1995 and 2007. Polish Journal of Environmental Studies 20, pp. 503-508. 

107



108 

 
 
 

Kafourou, A., Touloumi, G., Makropoulos, V., Loutradi, A., Papanagiotou, A., 
Htazakis, A. 1997, Effects of lead on the somatic growth of children. Archives of 
Environmental Health 52, pp. 377-383. 

Konieczna, W. 1977, Badania nad stanen odżywienia młodzieży szkolnej. Warsaw: 
Instytut Żywienia i Żywnośći (as cited by Bielicki, 1986). 

Little, B.B., Snell, L.M., Johnston, W.L., Knoll, K.A., and Buschang, P.H. 1990, Blood 
lead levels and growth of children. American Journal of Human Biology 2 , pp. 
265-269. 

Little, B.B., Spalding, S., Walsh, B., Keyes, D.C., Wainer, J., Pickens, S., Royster, M., 
Villanacci, J., and Gratton, T. 2009, Blood lead levels and growth status among 
African-American and Hispanic children in Dallas, Texas--1980 and 2002: 
Dallas Lead Project II. Annals of Human Biology 36, pp. 331-341, erratum pp. 
812-814. 

Malina, R.M., Bouchard, C., and Bar-Or, O. 2004, Growth, Maturation, and Physical 
Activity, 2nd ed. Champaign, IL: Human Kinetics. 

McMichael, A.J., Vimpani, G.V., Robertson, E.F., Baghurst, P.A., and Clark, P.D. 1986, 
The Port Pirie cohort study: maternal blood lead and pregnancy outcome. 
Journal of Epidemiology and Community Health 40, pp. 18-25. 

Muñoz, H., Romieu, I., Palazuelos, E., Mancilla-Sanchez, T., Meneses-Gonzalez, F., 
and Hernandez-Avila, M. 1993, Blood lead level and neurobiological 
development among children living in Mexico City. Archives of Environmental 
Health 48, pp. 132-139. 

Needleman, H.L., Schell, A., Bellinger, D., Leviton, A., and Alfred, E.N. 1990, The 
long-term effects of exposure to low doses of lead in childhood. New England 
Journal of Medicine 322, pp. 83-88. 

Osman, K., Pawlas, K., Schutz, A., Gadzik, M., Sokal, J.A., and Vahter, M. 1999, Lead 
exposure and hearing deficits in children in Katowice, Poland. Environmental 
Research 80, pp.1-8. 

Przewęda, R., and Dobosz, J. 2005, Growth and Physical Fitness of Polish Youths. 
Studia i Monografia, no.103. Warsaw: Academy of Physical Education. 

Puzas, J.E., Sickel, M.J., and Felter, M.E. 1992, Osteoblasts and chondrocytes are 
important target cells for the toxic effects of lead. Neurotoxicology 13, pp. 783-
788. 

Schwartz, J., Angle, C., and Pitcher, H. 1986, Relationship between 
childhood blood lead levels and stature. Pediatrics 77, pp. 281-288. 

Selevan, S.G., Rice, D.C., Hogan, K.A., Euling, S.Y., Pfahles-Hutchens, A., and Bethel, 
J. 2003, Blood lead concentration and delayed puberty in girls. New England 
Journal of Medicine 348, pp. 1527-1536. 

Shukla, R., Bornschein, R.L., Dietrich, K.N., Buncher, C.R., Berger, O.G., Hammond, 
P.B., and Succop, P.A. 1989, Fetal and infant lead exposure: Effects on growth 
in stature. Pediatrics 84, pp. 604-612. 

Shukla, R., Dietrich, K.N., Bornschein, R.L., Berger, O., and Hammond, P.B. 1991, 
Lead exposure and growth in the early preschool child: a follow-up report 
from the Cincinnati Lead Study. Pediatrics 88, pp. 886-892. 

Sławińska, T., Ignasiak, Z., Little, B.B., and Malina, R.M. 2012, Short-term secular 
variation in menarche and blood lead concentration in school girls in the 

108



109 

 
 
 

Copper Basin of Southwestern Poland: 1995 and 2007. American Journal of 
Human Biology 24, pp. 587-594.. 

Williams, P.L., Sergeyev, O., Lee, M.M., Korrick, S.A., Burns, J.S., Humblet, O., Del 
Prato, J., Revich, B., and Hauser, R., 2011, Blood lead levels and delayed onset 
of puberty in a longitudinal study of Russian boys. Pediatrics 125, pp. e1088-
e1096. 

Winneke, G., Altmann, L., Kramer, U., Turfeld, M, Behler, R., Gutsmuths, F.J., and 
Mangold, M. 1994, Neurobehavioral and neurophysiological observations in six 
year old children with low lead levels in East and West Germany. 
Neurotoxicology 15, pp. 705-714. 

Wu, T., Buck, G.M., and Mendola, P. 2003, Blood lead levels and sexual maturation 
in U.S. girls: The Third National Health and Nutrition Examination Survey, 
1988-1994. Environmental Health Perspectives 111, pp. 737-741. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

109




