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I Abstract
Introduction: Children are at greater risk than adults to experience adverse effects from environmental agents. Significant
neurological damage to children can occur even at very low levels of exposure. Reliable protection of children living in areas
with high environmental hazards is not possible without their parent’s’ understanding of where, how and why children’s
exposures occur.
Objectives: The aim of the presented study was to indicate families’ awareness of environmental risks with increased health
disorders in children in the chosen area of the Silesian Province.
Materials and Methods: Rates of development disorders in general, including physical and psychomotor development
disorders, in a population of children from the study area were estimated. A questionnaire was used in order to explore
through a door-to-door survey the perceptions of environmental risk in a population of 2,491 residents.
Results: The presented study shows that the parents’ awareness of environmental health risks is not satisfactory. The
majority expressed an opinion that the outdoor environment exerts a major influence upon the state of health, but less
than 1% of the parents were aware of the indoor environmental risk.
Conclusion: The most effective way to prevent children’s exposure is to teach the community to identify environmental
threats and educate them on how to their protect children. The appropriate policies and programmes should be developed
and implemented as this seems to be the most effective and cheapest way to prevent children’s exposure to environmental

risks.
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INTRODUCTION

Air pollution, both indoors and outdoors, is a major
environmental health problem affecting everyone in
developed and developing countries alike. It has been reported
that over 40% of the global burden of disease attributed
to environmental factors affects children under five years
of age, though that group accounts for only ~10% of the
world population [1]. Children are very susceptible to health
injury resulting from exposures to chemical toxicants in the
environment because of their biological vulnerability and
the patterns of exposure [2]. Recent research has indicated
that significant neurologic damage to children occurs even
at very low levels of exposure to lead and PCBs [3, 4, 5, 6,
7, 8]. Preventing these levels of exposure in young children
will require controlling a significant and persistent cause
of lead poisoning. Consistent results have been reported of
the association between exposure to background levels of
PCBs/dioxins, especially trans-placental PCBs, and defective
neurodevelopment of infants in the USA and Europe [9, 10].
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The case study area chosen by us for EU Project (Dabrowa
Gornicza - DG) is located in the Silesian Province. This is an
area of the greatest exposure in Poland to heavy metals and
other pollutants, such as dioxins and PCBs. This is mainly
due to the high emission in the past of cadmium and lead
compounds from the plants of non-ferrous metals, which
has led to a high contamination of the agricultural land
and locally grown food. During the last decade, the average
content of cadmium in suspended dust was 6.4 ng/m’, and
ranged from 1.4-4.64 mg/m*/year in falling dust [11, 12]. The
content of cadmium in soil ranges from 3-15 mg/kg [13].
The average lead concentration in suspended dust within the
15-year period of 1989-2003 was 144.2 ng/m* [11, 12]. The
concentration of lead in soil of the examined area exceeded
by 3 - 4 times the permissible concentration established by
the FAO/WHO [14]. Exposure to lead causes various adverse
health effects, including impaired intelligence quotient and
neurobehavioral disorders, such as hyperactivity, apathy,
etc., and mostly observed in children, as well as disorders
of the nervous, immune, cardiovascular and reproductive
systems, anaemia, and impaired kidney function [14, 15]. The
average benzo [a] pyrene (BaP) concentration in DG in 1989-
2003 was 32.87 ng/m* [11, 12]. Perera et al. (2006) suggested
that environmental PAHs at levels recently encountered in
the air of New York City might adversely affect children’s
cognitive development at 3 years of age, with implications for
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school performance [16]. In the majority of the countries, the
concentrations of PCB’s and dioxins are not monitored. An
unpublished study by the authors shows that the concentration
of dioxins, furans and PCBs in the study area, especially in the
city district of DG — Losien, was 2-3 times higher than in other
parts of the province. This is probably due to the operation in
the region of an incinerator for toxic waste with a capacity of
20,000 tons per year. Limited information is available on the
dose-response function of PCBs and dioxins with respect to
human health. A review of studies in Europe and the USA
found thata TCDD-related lowering of thyroid production in
the mother may be responsible for some of the negative effects
on the foetus. Reported effects were brain development defects
and deficits in IQ and behaviour, temporary liver enlargement,
temporary bone marrow effects, and persistently decreased
lung function [17].

DG, together with seven other big cities in the region,
were classified by Wcislo et al. (2002) as cities with high
environmental hazards which may cause visible threats to
public health [18]. In comparison with other parts of Poland,
the region is characterized by a higher incidence of many
diseases [19]. Statistical analysis of the data showed that in
the population of children a significant increase has been
indicated in disorders of the neurological and urinary
systems, especially in DG (Tab. 1). This is probably due to
the long-term environmental impact of a big steel mill, the
above-mentioned toxic waste incinerator (working capacity of
20,000 ton waste/year) located within the city district of Losien,
and a non-ferrous metals plant also located in close proximity.

The most effective way to reduce children’s risks of
contamination by chemicals is to prevent their exposure.
According to Barrett (2009), reliable protection of the
children living in areas with high environmental hazards is
not possible without their parent’s’ understanding of where,
how and why children’s exposures occur [20].

Objectives. The aim of the presented study was to indicate
the families’ awareness of environmental threats in an area
where the number of health disorders in children exposed to
heavy metals and other pollutants as PCBs and Dioxins, are
higher than in other cities of the Silesian Province.

MATERIAL AND METHODS

The research was based on a questionnaire developed
within an EU Project for use in the case study area (DG).
Perceptions of environmental risk were explored through a
door-to-door survey of 2,491residents. The interviews were
conducted by trained public health students. One adult
from each of the participating households was interviewed.
The study questionnaire included questions regarding

Table 1. Diseases in the population of children between 0-18-years-
old, treated by a family doctor. Cases per 10,000 people (2004-2005,
retrospective study).

Cases per 10,000 children in the cities

Disorder from the same district

according to

the ICD-10 Bytom Katowice De!brc')wa Tychy Sosnowiec Zabrze
Gornicza

Urinary system 38 54 227 87 62 47

diseases?

Psychomotor

d.evelopment 13 16 66 11 15 30

disorders

(R62.0)°

Physical

dgvelopment 46 18 61 1 15 32

disorders

(R62.8)°

2(N00-N23) - according to the International Statistical Classification of Diseases and Related
Health Problems (ICD-10), includes:

- glomerular diseases (NO0O-N008)

—renal tubule-interstitial diseases (N10-N16)

—renal failure (N17-N19)

— urolithiasis (N20-N23)

b (R62.0) Delayed attainment of expected physiological developmental stage - late talker, walker.
€ (R62.8) Failure to: gain weight, thrive, infantilism NOS, lack of growth, physical retardation.

knowledge and evaluation of environmental and health
risks, the attitude of the population towards environmental
and other health-related issues, as well as personal health
practices. Additionally, 372 questionnaires were analyzed,
which concerned the state of health of the children. Parents
were questioned about their opinions on the state of the
environment in the place they live, the factors that exert the
greatest impact on health, and the interrelation between the
environment and the state of health of their children. The
parents also responded to the question of which sources of
information about environmental risks they considered the
most reliable and convincing.

Estimated rates of development disorders in general,
including physical and psychomotor development disorders,
annotated in 2005 in a population of children under 18 years
of age (Tab. 1), was verified in 2008 and 2011 (Tab. 2). For
the population of children from the Losien district, which
was researched within the framework of the DROPS project
(DROPS - Development of Macro and Sectoral Economic
Models Aiming to Evaluate the Role of Public Health
Externalities on Society), was conducted in a retrospective
study, using the MZ-11 reports prepared by an out-patient
clinic working in the primary health care sector and located
in the district of Losien. Data was obtained from them on
the number of diagnosed developmental disorders, including
physical and psychomotor development disorders in children
up to age 18, who are under the care of a primary care
physician (family doctor). The received data for the years
2008 and 2011 were standardized (Tab. 2).

Table 2. Estimated rates of development disorders in a population of children under 18 years of age (retrospective study).

Opole Province W':IkoPOISka Silesian Province
Cases per 10,000 children rovince
between 0-18-years-old Dabrowa Gérnicza Losien

2008 2010 2008 2010 2008 2011

2008 2011 2008 2011

R62 - Development disorders (general) 98.3 87.4 717 43 111.2 109.7 2135 158 186 256.5
R62.8 - Physical development disorders 57 489 42.7 228 66.5 60.2 110.3 84.4 93
R62.0 - Psychomotor development disorders 349 334 24.1 15.5 36.1 31.8 87.7 55.4 93 -
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RESULTS

The amount of disease in a population of children in Silesia
Province differs depending on the city. Studies have shown
that estimated rates of development disorders in general
and physical and psychomotor development disorders in a
population of children under 18 years of age are much higher
in the area of research than in other parts of the Province
(Tab.1). The highest estimated rates of development disorders
in the population of children have been recorded in DG,
where the toxic waste incinerator is located (Losien). The
area is characterized by high concentrations of PCBs and
Dioxins in the air which, together with heavy metals present
in all elements of the environment, are probably responsible
for these high concentrations. The question arises: to what
extent are the parents aware of environmental threats?

The questionnaire study showed that awareness of the risks
in the adult population is unsatisfactory. More than 72%
of the investigated parents in the examined area classified
the state of the environment as less than good (36.7%-
satisfactory and 35.6% -bad). Almost 66% of the respondents
expressed an opinion that the outdoor environment exerted a
major influence upon the state of health state, but the indoor
environment was regarded as the least important (0.75%).
One in three responded that the polluted air and the bad
quality of drinking water posed the greatest risks to health.
Lifestyle factors were considered important by 26.4% of the
responders. Thus, surprisingly, only two parents were aware
of the indoor environmental risk.

DISCUSSION

More than 99% of investigated parents saw no risk in
their children’s indoor environment. Indoor pollution
contribute considerably to overall human exposure since
indoor concentrations of respirable particulates, nitrogen
dioxide, carbon monoxide, VOCs, formaldehyde and radon
are often higher than outdoor concentrations. In developed
countries, people spend abound 90% of their time in
indoor environments, and from that about 66% is spent
in homes [21]. Indoor pollution has been ranked by the US
Environmental Protection Agency (EPA), Science Advisory
Board and the Centers for Disease Control and Prevention
as a high environmental risk [22]. Therefore, indoor air
pollution could be a greater health hazard than outdoor air
pollution. The possible components include tobacco smoke,
the products of cooking, cleaning materials, insecticide
sprays, volatile organic compounds (VOCs), phthalates and
contaminants, such as nitrogen dioxide from space heaters
and poorly ventilated furnaces [23]. Poor indoor air quality
at home may lead to the development of symptoms and
diseases, such as allergies, asthma, infection, hypersensitivity
pneumonitis, inhalation fevers, mucosal irritation, central
nervous system effects, psychological effects (including
depression), dermatitis, and even some forms of cancer [24,
25, 26, 27, 28, 29, 30, 31].

In a polluted environment, foetuses, infants, and young
children are the most susceptible [32], and the association
of tobacco smoke and environmental lead exposure with
conduct disorder (CD) has been reported [33]. Braun at.
al. (2008) suggested that prenatal tobacco exposure and
environmental lead exposure contributed substantially to

CD in children in the USA [33]. The latest research indicates
that lead exposure in school-age children may be more
strongly related to cognitive and behavioural development
than exposures during earlier childhood [34, 35]. The
results of these studies indicated that efforts to reduce lead
exposure should continue as children progress to school
age. The number of children in the USA with learning
and developmental disabilities has been increasing over
the past decade, reaching nearly one in six by 2008 [36].
Children are particularly vulnerable to indoor air pollutants
because they inhale relatively high volumes of air per unit
body weight, and play on the floor where contaminant
levels tend to be particularly high due to resuspension.
The immaturity of organ systems and metabolic functions
adds to the vulnerability of young children. Furthermore,
children have little control over their own environment.
The poor housing conditions of those from disadvantaged
backgrounds may expose them to the pollutant hazards of
dampness, degradation of building materials and lack of
ventilation [23]. The value of environmental measurements,
such as surface and toy wipes, and indoor air or house dust
samples, requires further investigation [37].

The majority of respondents (55%) believed that the
environmental pollution might cause serious disorders and
even pre-term mortality. However, most of them did not
associate the environmental hazards in the place where
they live with the state of health f their children, since
they assessed it as good (53.76%) or very good (37.63%).
Only three people (0.1%) assessed the health state of their
children as bad. Obviously, subjective reporting of health
status does not necessarily reflect the true health status.
Only 15% of respondents connected the respiratory system
diseases, allergies and headaches in their children with
environmental hazards. The presented study shows that
the parents’ awareness of the environmental health risks is
not satisfactory. Unfortunately, according to Norton et al.
(2003), parents should be the most effective teachers of
health habits at home when prompted by health educators.
Besides, improvement of the parent-child communication
processes may also reduce individual risk factors [38].
Parents should be properly educated about environmental
risks and the health effects. The education may be achieved
by the mass media and medical doctors. However, it seems
that the position of doctors is underestimated nowadays.
Only 18.55% of parents considered a family doctor as an
appropriate source of health risk information, which might
result from the poor communication between doctors and
patients. As stated by Galvez et al. (2007), pediatric children’s
health care providers should be prepared to address the
health risks of environmental exposures [39]. Several factors
may influence the effectiveness of communications, such
as: whether the individual providing the information is
considered a reliable source, the familiarity of the physician
and parents with these issues, and the limited research
specifically assessing risk of exposure in childhood. The
Internet can also provide a wealth of information related to
the effects of environmental exposures on children’s health
[40]. As the study indicates, the media is by far the most
common source of environmental risk information (62.14%
of respondents). Hence, communicating the environmental
hazards and health effects through the mass media seems to
be the most effective method.
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CONCLUSIONS

The presented study shows that it is necessary to teach parents
and the community to identify environmental threats,
educate them about the special vulnerability of children,
and show them how to protect their children by adopting
practices that will reduce risks of exposure. The evolution of
environmental risk perception and the increase in education
about environmental risks towards doctors who are the
important sources of knowledge for the public would be
beneficial. Public perceptions of risk are important because
they influence policy, although some perceptions may result
in poor policy. The need to educate the media is evident;
thus, educating the media about environmental policy and
environmental risk may well be the most effective means
of improving the public’s awareness and understanding of
these issues. It is hoped that the presented study will provide
a better understanding of the environmental concerns and
risk perception in families. The appropriate policies and
programmes should be developed and implemented as they
seems to be the most effective and cheapest ways to prevent
children’s exposure to environmental risks.

Acknowledgments
The research was supported during 2005 - 2008 by European
Union as part of DROPS Contract No. 022788.

REFERENCES

1. WHO, 2009. 3rd International WHO Conference on Environmental
Threats to the Health of Children. Busan, Republic of Korea, 7-10
June 2009.

2. Landrigan PJ, Suk WA, Amler RW. Chemical wastes, children’s health,
and the Superfund Basic Research Program. Environ Health Perspect.
1999; 107(6): 423-7.

3. Bellinger DC. Neurological and behavioral consequences of childhood
lead exposure. PLoS Med. 2008a; 5(5): el15.

4. Bellinger DC. Verylowlead exposures and children’s neurodevelopment.
Curr Opin Pediatr. 2008b; 20: 172-177.

5. Chen AB, Cai B, Dietrich KN, Radcliffe ], Rogan WJ. Lead exposure,
1Q, and behavior in urban 5-7 year olds: does lead affect behavior only
by lowering IQ? Pediatrics. 2007; 119: €650-€658.

6. Lanphear BP, Hornung R, KhouryJ, Yolton K, Baghurst P, Bellinger DC,

etal. Low-level environmental lead exposure and children’s intellectual

function: an international pooled analysis. Environ Health Perspect.

2005; 113: 894-899.

Boersma ER, Lanting CI. Environmental exposure to polychlorinated

biphenyls (PCBs) and dioxins. Consequences for longterm neurological

and cognitive development of the child lactation. Adv Exp Med Biol.

20005 478: 271-87.

8. Herbstman JB, etal. Prenatal exposure to PBDEs and neurodevelopment.
Environ Health Perspect. 2010; 118(5): 712-719.

9. Arisawa K, Takeda H, Mikasa H. Background exposure to PCDDs/
PCDFs/PCBs and its potential health effects: a review of epidemiologic
studies. ] Med Invest. 2005 Feb; 52(1-2): 10-2.

10. Landrigan P, et al. A research strategy to discover the environmental
causes of autism and neurodevelopmental disabilities. Environ Health
Perspect. 2012; 120: a258-a260.

11. WSSE Report. Air Pollution in Katowice Voivodship. Katowice 1990-
1998; 2000 (in Polish).

12. WSSE Report. Air Pollution in Silesia Voivodship. Katowice 1999-2006;
2007 (in Polish).

13. Wyzgolik B. Heavy metals contamination of the soil in Dgbrowa
Goérnicza. Srodowisko i Rozwdj. 2000; 1-2 (in Polish).

14. Fewtrell L, Kaufmann R, Priiss-Ustiin A. Lead: assessing the
environmental burden of disease at national and local level. Geneva,
World Health Organization, 2003(WHO Environmental Burden of
Disease Series, No. 2).

15. UNEP (United Nations Environment Programme). Interim review of
scientificinformation onlead UNEP DTIE/CHEMICALS, October 2006.

N

16. Perera FP, Rauh V, Whyatt RM, Wei-Yann Tsai, Tang D, Diaz D,
et al. Effect of Prenatal Exposure to Airborne Polycyclic Aromatic
Hydrocarbons on Neurodevelopment in the First 3 Years of Life among
Inner-City Children. Environ Health Perspect. 2006; 114(8): 1287-1292.

17. Ten Tusscher GW, Koppe JG. Perinatal dioxin exposure and later
effects-a review. Chemosphere 2004; 54(9): 1329-1336.

18. Wcislo E, Dutkiewicz T, Konczalik J. Indicator-Based Assessment of
Environmental Hazards and Health Effects in the Industrial Cities of
Upper Silesia, Poland. Environ Health Perspect. 2002; 110(11): 1133-40.

19. Marchwinska-Wyrwat E, Hajok I, Dziubanek G, Wolny A, Rusin M,
Oleksiuk K, Baranowska R, Zlotkowska R. The relationship between
population health status and quality of the environment characterized
byair pollution. In: Aspects of Public Health. Wydawnictwo Slaskiego
Uniwersytetu Medycznego w Katowicach; 2012. (in Polish).

20. Barrett JR. Reaching Accord on the Ethical Conduct of Child
Observational Research. Environ Health Perspect. 2009; 117:
A354-A357.

21. Leech JA, Nelson WC, Burnett RT, Aaron S, Raizenne ME. It’s about
time: a comparison of Canadian and American time-activity patterns.
J Expo Anal Environ Epidemiol. 2002; 12(6): 427-32.

22. Leung R, Koenig JQ, Simcox N, van Belle G, Fenske R, Gilbert
SG. Behavioral changes following participation in a home health
promotional program in King County, Washington. Environ Health
Perspect. 1997; 105(10): 1132-5.

23. Wigle DT. Child Health and the Environment. ] R Soc Med. 2004;
97(6): 306.

24. George CLS, White M, Kulhankova K, Mahajan A, Thorne PS, Snyder
JM, Kline JN. Early exposure to a non hygienic environment alters
pulmonary immunity and allergic responses. Am ] Physiol Lung Cell
Mol Physiol. 2006; 291(3): 512 - 522.

25. IOM (Institute of Medicine). Clearing the Air: Asthma and Indoor Air
Exposures. Washington, DC: National Academy Press; 2000.

26.10M (Institute of Medicine). Damp Indoor Spaces and Health.
Washington, DC: National Academy Press; 2004.

27. Thorne PS, Kulhankova K, Yin M, Cohn R, Arbes SJ Jr, Zeldin DC.
Endotoxin exposure is a risk factor for asthma: the national survey
of endotoxin in United States housing. Am J Respir Crit Care Med.
2005; 172: 1371-1377.

28. WuF, Takaro TK. Childhood Asthma and Environmental Interventions.
Environ Health Perspect. 2007; 115(6): 971-5.

29. Zakiewicz-Sobczak W, Krasowska E, Zwoliniski J, et al. Allergic
diseases- current state of knowledge. Postep Derm Alergol. 2012; 6:
451-455.

30. Lis G, Twardus$ K. Allergic and nonallergic rhinitis in schoolchildren.
Part II. Relationship to spitometric parameters, bronchial
hyperresponsiveness and biomarkers of allergic inflammation. Pozt
Dermatol Alergol. 2011; 6: 455-461.

31. Palgan K, Bartuzi Z. The role of flavonoids in asthma. Post Dermatol
Alergol. 2011; 6: 396-401.

32. Needham LL, Barr DB, Caudill SP, Pirkle JL, Turner WE, Osterloh J,
Jones RL, Sampson E]J. Concentrations of environmental chemicals
associated with neurodevelopmental effects in U.S. population.
Neurotoxicology. 2005; 26(4): 531-45.

33. Braun JM, Froehlich TE, Daniels JL, Dietrich KN, Hornung R, Auinger
P, Lanphear BP. Association of Environmental Toxicants and Conduct
Disorder in U.S. Children: NHANES 2001-2004. Environ Health
Perspect. 2008; 116(7): 956-962.

34. Hornung RW, Lanphear BP, Dietrich KN. Age of Greatest Susceptibility
to Childhood Lead Exposure: A New Statistical Approach. Environ
Health Perspect. 2009; 117(8): 1309-12.

35. Hirschfeld S, Songco D, Kramer BS, Guttmacher AE. National
Children’s Study: update in 2010. Mt Sinai ] Med. 2011; 78: 119-125.

36. Boyle C, etal. Trends in the prevalence of developmental disabilities in
U.S. children, 1997-2008. Pediatrics; 2011; 127(6): 1034-1042.

37. Fenske RA, Bradman A, Whyatt RM, Wolff MS. Lessons learned for
the assessment of children’s pesticide exposure: critical sampling and
analytical issues for future studies. Environ Health Perspect. 2005;
113(10): 1455-62.

38. Norton DE, Froelicher ES, Waters CM, Carrieri-Kohlman V. Parental
influence on models of primary prevention of cardiovascular disease
in children. Eur J Cardiovasc Nurs. 2003; 2(4): 311-22.

39. Galvez MP, Peters R, Graber N, Forman J. Effective risk communication
in children’s environmental health: lessons learned from 9/11. Pediatr
Clin North Am. 2007; 54(1): 33-46.

40. Paulson JA, Arnesen SJ. The use of the Internet for children’s health
and the environment. Pediatr Clin North Am. 2007; 54(1): 135-53.



