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Abstract

Introduction: This is the first study in Greece where specific methodology is used controlling for all known
confounders on the morphology of the children’s spirometric curve in industrial vs. rural area.
Materials and Methods: A parental questionnaire and a spirometry test in 62 children in Oinofyta (Industrial area)
and 42 in Makrakomi (Rural Area) (5th and 6th Grades, 11-12 years).
Results: Higher rates in the industrial area for children’s history of asthma and asthma related symptoms were
observed. Subnormal spirometric curve rates in Oinofyta was 25.8% vs. 12.2% in Makarakomi (P=0.074).
Similarly, the number of children who had FVC (Forced Vital Capacity) <90% was higher in Oinofyta than in
Makrakomi (P=0.046). After adjusting for confounding factors, statistically significant differences were
observed in asthma diagnosis and related symptoms, in subnormal spirometric curves and spirometric indices
between children in the two study groups.
Conclusion: Industrial residential area is significantly associated with children’s history of asthma and reduced
pulmonary function.
Keywords: Childhood asthma, Industrial area, Respiratory health
1. Introduction

Bronchial asthma is a very common chronic disease in childhood and its prevalence has been increasing during
the past decades, as shown by a considerable number of studies, where asthma and allergies in childhood are
more pronounced in most developed countries (Asher et al., 2006; Maziak et al., 2003; Pearce et al., 2000). The
aetiology of the disease seems to be multifactorial and still remains under discussion (Anthracopoulos et al. 2001;
Pearce & Douwes, 2006). The environmental factors which greatly contribute to the development of the disease
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is air pollution - industrial and traffic related - as well as indoor environmental factors (pet allergens, mould, dust
mite, passive smoking) (Lau et al., 2000; Kattan et al., 1997; Nelson et al., 1999; Eggleston, 2000). In Europe the
effect of air pollution on children’s health is of a great interest. In June 2004, the European Εnvironment and
Children’s Health Action Plan was set by the World Health Organization, the aim of which was to reduce
mortality and morbidity related to environmental air pollution in fetus, children and adolescents
(Fuentes-Leonarte et al., 2008). According to Valent et al. (2004) the rate of children’s deaths (0-4 year-old)
caused by air pollution is 1.8-6.4% and they are related mostly to lower respiratory tract morbidities. Air
pollution consists of Particulate Matter (PM) which may be characterized as PM10: coarse, PM2,5: fine and
ultrafine PM according to its aerodynamic diameter (Sioutas et al. 2005) and of other air pollutants which are
ozon (O3) , nitrogen dioxide (NO2), carbon monoxide (CO) and sulphur dioxide (SO2). Children’s exposure to air
pollutants is associated with infant mortality, deficits in lung growth and asthma development, as well as asthma
exacerbations and hospitalizations (Kim, 2004). The prevalence of asthma and asthma related symptoms are
statistically significant associated with SO2, NO2 and PM10 concentrations (Zhang et al., 2002; Clark et al., 2010),
as well as O3 and CO concentrations (Hwang & Lee, 2010).
A number of cohort studies performed to date have demonstrated that residing in an industrial area may result in
elevated prevalence of asthma diagnosis and asthma-related symptoms in children (Cara et al., 2010; Priftis et al.,
2007; Sichletidis et al., 2005). Moreover, other cohort studies demonstrate that children residing in an industrial
area have reduced lung function as indicated by spirometric values (Carta et al., 2007; Ranzi et al., 2004;
Wichmann et al., 2009). It has been reported that children’s residency near a petroleum refinery and therefore
elevated ambient SO2 concentration has been associated with the number of asthma related admissions or
hospitalizations in these children (Smargiassi et al., 2009). Aylin et al. (2001) reached to the same conclusion
when they studied on children residing near a coke-mining site. It should also be noted that as heavy metals are
widely used in industry, children’s exposure to them is increased by residency in such an area and especially in
mine tailings (Moreno et al. 2010). Such an exposure can lead to asthma diagnosis and asthma related symptoms
in children (Wilhelm et al., 2007; Patel et al., 2009; Hirshon et al., 2008).
We hypothesized that respiratory health and pulmonary function in children residing in an industrial heavily
polluted area would be adversely affected, when compared with children residing in a rural area. To test this
hypothesis we compared respiratory symptoms and spirometric indices of a cohort of children permanently
residing in an industrial area to those of a cohort of children with similar demographic characteristics living in a
rural environment in Greece. This is the first study in Greece where this type of association is examined, as well
as this is the only study in Greece where a population of this size is permanently residing in an industrial area
and exposed to industrial air pollution from birth till the time of the study.
2. Materials and methods

2.1 Study area
The study was conducted in two distinctly different types of environment: an industrial and a rural residential
area. The municipality of Oinofyta (Viotia Prefecture) was chosen as the industrial environment (Figure 1),
located 50 km North of Athens, Greece. The number of industries in Oinofyta region increased significantly after
1984, when according to a new law, restrictions were imposed on the establishment of various industries within
Attica prefecture, thus an industrial zone within Oinofyta region was formed. All children parents who
participated in the study reported that their home is within 5km from the industrial area. According to the
Technical Chamber of Greece (2009) about 700 industries are operating in the Oinofyta region, of which 500
generate liquid industrial waste and various emissions (Greece TCo, 2009). Oinofyta as the industrial zone of
Attica host numerous industrial types of activity such as mining, detergents, pesticides, and other chemical
production, leather production, aluminium, pharmaceuticals, food production and fodders according to the
National Technical University of Athens and registry of industries held by the Oinofyta municipal office.
It should be noted that in 1969 a ministerial decision permitted industries to deposit their waste in the Asopos
river, which runs through Oinofyta. Data concerning the concentration of air pollutants are not readily available,
but citizens are complaining about the large number of industries located in the area, the black smoke produced
by industries’ smokestucks and its odour especially in summer when children spend most time outdoors.
Moreover, measurements in drinking water have shown that the concentration of hexavalent chromium is 41-156
μg/lt (Linos et al. 2011) which in some cases exceeds the official limits set by the United States Environmental
Protection Agency equal to 100 μg/lt and the European Union equal to 50 μg/lt.
The provincial area of Makrakomi (Fthiotida Prefecture, Figure 2) was chosen as the rural area. It is situated
approximately 200 km North of Athens and about 30 km of the nearest large town which is Lamia. Makrakomi
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is an agricultural village, where at a radius of 30km there is no industry located. According to our research none
of Makrakomi children parents, who participated in the study, are occupied in an industry (0%), whereas in
Oinofyta region the rate of children mothers who report to be occupied in an industry is 25% and for their fathers
the rate is 60.7% (P<0.001).
It must be considered that both Oinofyta and Makrakomi are two small and isolated villages, with only one
elementary school in each, as generally happens in Greek villages. In order to ensure the conformity of the study
population, we limited our study in these two areas of residency.
2.2 Study Population
Children attending the 5th and 6th Grade of Oinofyta and Makrakomi elementary schools, 11 and 12 years, were
recruited. The age (11 and 12 years - not younger) was chosen in order to ensure childrens’ cooperation. Eligible
study participants had to be permanent residents in both study areas from birth until the date of spirometry test.
Moreover, they had to show competence in performing acceptable forced expiratory flow-volume maneuvers.
Children were excluded from the study if they had any upper or lower respiratory tract infection at the time when
spirometry was performed or in case of any myoskeletal deformity. None child attending 5th and 6th Grade of
both elementary schools, had any reported history of diagnosed cystic fibrosis, primary ciliary dyskinesia,
bronchiectasis or prematurity.
A total of 73 children are registered in the 5th and 6th grades of Oinofyta and 62 in the Makrakomi elementary
school respectively. All registered children and their parents in both schools received an invitation letter for
participation to the study on respiratory health without disclosing the study hypothesis, after an informative
lecturer to childrens’ parents, teachers and authorities in both study areas. A specifically designed questionnaire
(according to the questionnaire used in the International Study of Asthma and Allergies in Childhood – ISAAC)
was developed for the study which was distributed to the parent/guardian of each pupil. Parents were instructed
to complete the questionnaire and deliver it to the study’s main researcher.
A written informed consent form was signed by the parents or guardians of each participating pupil regarding the
completion of a questionnaire, a clinical examination and spirometry test. The study has been approved by the
Athens University Ethics Committee and the Ministry of Education.
Spirometry tests were performed during normal school hours having made prior arrangements with the school’s
headmaster and the teachers. Spirometry test was performed within two weeks parents completed the
administered questionnaire (before or after).
Overall, 62 out of 73 children in Oinofyta (84.5%) and 42 out of 62 children in Makrakomi (67.7%), completed
the questionnaire and performed a technically acceptable maneuver during the spirometric effort.
Only children who participated in the spirometry test and delivered the completed questionnaire, were included
in the study. In case of any of the two was missing, the main researcher contacted the family by phone reminders
and letters. Moreover, children were excluded if they were not permanent residents in both study areas. There is
no indication that there was any relationship between participation in the study and impaired pulmonary function
or history of asthma in any of the children.
2.3 Questionnaire
A parental questionnaire was distributed at school requesting information on the child’s respiratory health, i.e.
the child ever been diagnosed with asthma, ever used asthma medication or ever been hospitalized because of an
asthma exacerbation and the prevalence of asthma related symptoms in the last 12 months. Furthermore parents
were asked to answer questions concerning demographic and household characteristics, number of siblings, a
family history of asthma, parental education and occupation, their socioeconomic status, children’s perinatal
history of prematurity and their birth weight, their exposure to indoor air pollutants, such as second hand
smoking before and after birth, pet ownership, indoor humidity, exposure to heating and cooking fuels.
Questions on children being exposed to traffic related air pollution were also included.
2.4 Spirometry
Spirometry was performed at the two elementary schools during morning school hours, between February and
March 2011, using the computerized spirometer Spirolab ΙΙΙ Ver 2.5 SN 303142 (Device characteristics: Volume
Range: 10L, Flow Range: 16L/s, Volume accuracy: +/- 30% or 50mL, Flow accuracy +/- 5% or 200 mL/s).
Spirometry was deffered for another day if the child had suffered an upper or lower respiratory tract infection
within the last week or had used a bronchodilator within 2 days. Values were expressed as percentage of
predicted for gender and height (Quanjer, 1983). All efforts were taken to ensure that there was no difference in
the performance of technically acceptable maneuvers between the two study groups. Spirometry tests were
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performed by the same researchers in both areas, trained in performing and evaluating the test and spirometry
testing was standardized.
2.5 Statistical Analysis
The relationship between diagnosed asthma, bronchodilator use, hospitalization because of an asthma
exacerbation or an abnormal spirometric curve, against area of residence and potential confounding variables,
was tested using the Fisher’s exact test or Pearson chi-square test when applicable, due to the small sample size.
Moreover, children in each area were placed in two categories according to their predicted spirometric percent
values (<90% and >90%), and tested with Pearson χ2 test. For the binary dependent variables, logistic regression
modeling was applied adjusting for potential confounders. Specifically, to control for the potential effect of the
studied confounders on the relationship between children’s spirometric indices, as well as their asthma related
symptoms and city of residence, logistic regression analysis was performed using the confounding factors for
which statistically significant difference was observed between the two study areas as independent variables in
each examined model. They were included concurrently in all regression analyses performed. As dependent
variables were used reported bronchitis, dry cough, asthma diagnosis, breathlessness in the last 12 months, the
child ever been diagnosed with asthma, ever used asthma medication or ever been hospitalized because of an
asthma exacerbation, as well as the aforementioned spirometric values <90% in each examined model.
We verified the assumptions of normality of all variables and the level of statistical significance was set at 0.05.
Analysis was carried out using the statistical software SPSS 17.0.
3. Results

The mean age of children who participated in the study was 10.93 years in Oinofyta and 10.78 years in
Makrakomi region. The male/female ratio in the industrial and rural area was almost identical (0.77/1 and 0.75/1
respectively). The distribution of potentially confounding risk factors and statistical differences between the two
study areas (Oinofyta and Makrakomi) is shown in Table 1. In Oinofyta region the rate of children who had a
family history of asthma was 4.9% and in Makrakomi was 2.4% and no statistically significant difference was
observed between the two areas of residency. Moreover, no statistically significant difference was observed
between the two study groups regarding the number of children’s siblings. The difference in reported exposure to
traffic related air pollution, maternal and paternal occupation in an industry and parental occupation in
agriculture or livestock was statistically significant between the study areas (P=0.012, P<0.001, P<0.001,
P=0.007 respectively), whereas no statistically significant difference was observed for exposure to passive
smoking, exposure to prenatal smoking and children’s close contact to pets and interior plants. The difference in
exposure to humidity and heating fuels was borderline (P=0.052, P=0.156 respectively).
Table 2 presents the prevalence of children ever having any history of asthma diagnosis, asthma medication use
and asthma hospitalization. The prevalence of the last 12 months reported bronchitis, dry cough, breathlessness,
and diagnosis of an asthma episode is also shown. It is apparent that the prevalence of children having had
bronchitis and a diagnosis of asthma in the last 12 months was higher in Oinofyta region, but there was no
statistically significant difference between the industrial and rural area of residency. The prevalence of dry cough
in the last 12 months was higher in Makrakomi region (rural area) and the prevalence of breathlessness in the last
12 months was similar in the two study areas. Furthermore, when the variables of the child “ever had asthma”,
“ever used asthma medication” and “ever been hospitalized because of an asthma exacerbation” were examined,
they are more prevalent for children living in Oinofyta region but no statistically significant difference was
found.
Successful spirometry was performed in children of both study areas and the spirometric curve was evaluated by
a pediatrician and a pneumonologist. Complete agreement was achieved by the observers in all evaluations.
According to our statistical analysis we demonstrated that the rate of children having performed an abnormal
spirometric curve was 25.8% in Oinofyta (Industrial region) and 12.2% in Makrakomi region (Rural area)
(P=0.074). We performed Pearson χ2 test after creating two groups of children’s spirometric values - percent
predicted – those with values <90% and those with values >90% for FVC, FEF25, FEF50 (Forced Expiratory
Flow 50%) and PEF. Table 3 shows the number of children in both study areas, with FVC, FEF25, FEF50 and
PEF values <90%. The rate of children having had values <90% for these spirometric indices were higher in the
industrial area than the rural area and for FVC the difference was statistically significant (P=0.046).
To control for the potential effect of known confounders on the relationship between children’s pulmonary
function as well as their asthma related symptoms and city of residence, logistic regression analysis was
performed using the confounders for which a statistically significant difference between the two study areas was
shown as independent variables in each examined model. As shown in Table 1, these confounding factors were
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exposure to passive smoking, traffic related air pollution, heating fuels, humidity at home and parental
occupation. They were included concurrently in all regression analyses performed controlling for age and gender
as well.
Specifically, multivariate logistic regression analysis was performed using as dependent variables a) the child
ever had an asthma diagnosis, b) ever used asthma medication and c) ever been hospitalized because of an
asthma exacerbation and as main independent variable the city of residence controlling for age, gender and the
potential effect of exposure to passive smoking, traffic related air pollution, heating fuels and humidity in home
as well as parental occupation. Furthermore, logistic regression analysis was used after setting as dependent
variables FVC, FEF25, FEF50 and PEF values <90% and independent the aforementioned confounding factors
and the area of residency. The results concerning the area of residency are shown in Tables 4 and 5. There was a
significant correlation between the child ever been diagnosed with asthma, ever used asthma medication and
residing in an industrial area. Furthermore, a significant correlation was noted between the child having had
FEF25 and PEF<90%, as well as performance of an abnormal spirometric curve and industrial area of residency.
Although we have shown that industrial area of residency may affect children’s spirometric indices, as well as
their asthma related symptoms in the last 12 months and their history of asthma diagnosis, asthma medication
use and hospitalization, the studied confounding factors seem to also play an important role in children’s
respiratory health, which remains to be studied in the future.
4. Discussion

We studied two cohorts of children, 11 and 12 years of age, attending 5th and 6th grade of Oinofyta elementary
school (industrial area) and Makrakomi elementary school (rural area) by means of questionnaire completed by
the children’s parents/guardians and spirometry testing. Our results show that industrial area of residency may
affect children’s pulmonary function, as indicated by measured spirometric values, as well as their respiratory
health – history of asthma diagnosis and asthma related symptoms - although no statistically significant
difference was evident between the industrial and the rural study areas. After adjusting for confounding factors,
such as exposure to reported passive smoking (Oberg et al., 2011; Cheraghi & Salvi, 2009; Goodwin & Cowles,
2008), traffic related air pollution (Li et al., 2011), heating fuels (Qian et al., 2004) and humidity at home
(Nguyen et al., 2010; Hagmolen of Ten Have et al., 2007), as well as parental occupation, we concluded that
statistically significant difference exists for the children ever having asthma diagnosis and ever used asthma
medication. We can therefore assume that these confounding factors play an important role in the respiratory
status of schoolchildren, which may be the scope of a later research, focusing on how these factors contribute
to the incidence of children’s asthma symptoms and how they affect children’s pulmonary function as shown by
spirometric percent predicted values. Regarding these percent predicted values we demonstrated that children
residing in the industrial area were more likely to have FVC, FEF25, FEF50 and PEF<90% with FVC presenting
an adverse statistically significant difference for the industrial (Oinofyta) study area compared with the rural one
(Makrakomi). After adjusting for the aforementioned confounding factors the statistically significant difference
was no longer evident for FVC percent predicted value, but was noted for FEF25 and PEF. This observation can
lead again to a conclusion that the studied confounding factors affect children’s percent predicted spirometric
values. Also, a statistically significant difference was present between children’s abnormal spirometric curve and
residing in an industrial area, which remained after logistic regression analysis was performed.
Other researchers also demonstrated that residing in an industrial area results in elevated prevalence of asthma
diagnosis and asthma-related symptoms in children. Specifically, Cara et al. (2010) in their cohort study in
Romania demonstrated that the prevalence of asthma symptoms was higher for children residing in an industrial
area (OR: 7.2, 95% CI: 3.6-14.3) as reported by the completion of a parental questionnaire. The statistically
significant difference remained after adjusting for confounding factors. The fact that industrial area of residency
may adversely affect children’s respiratory health, could be explained by the increased air pollutants’
concentration in these areas. Other researchers have compared air pollutants’ concentration measurements in
their study areas of interest. Wichmann et al. (2009) reported that children residing near a petroleum refinery
were more likely to have asthma (OR: 2.76, 95% CI: 1.96-3.89), asthma exacerbations (OR: 1.88, 95% CI:
1.25-1.83), wheezing (OR: 1.93, 95% CI: 1.39-2.67), chest tightness (OR: 1.77, 95% CI: 1.23-2.55) and
breathlessness (OR: 1.72, 95% CI: 1.29-2.41). They included in their analysis the air pollutants’ concentration
for particulate matter (PM10, PM2.5 και PM0.5) and volatile organic compounds and proved that were elevated in
the industrial area. The fact that children’s exposure to air pollutants may result in respiratory symptoms in
children is proved by various researchers in US (Mann et al., 2010; Yu et al., 2000; Gent et al., 2003), Australia
(Rodriguez et al., 2007; Jalaludin et al., 2004) and China (Zhang et al., 2002). In our study, as elevated levels of
hexavalent chromium have been measured in drinking water, one can hypothesize that industrial waste may be
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contaminated with this heavy metal and the respiratory status of the exposed children has been affected.
However, no measurements of heavy metals and especially hexavalent chromium in ambient air or in
contaminated ground are readily available. Results from other studies, also, demonstrated that children’s
pulmonary function, is directly associated with their area of residency (urban vs. rural environment). Wichmann
et al. (2009) showed a 13% reduction of FEV1 for children residing near a petroleum refinery industry and
similar were findings concerning PEF values (Ranzi et al., 2004). Moreover, industrial air pollution is directly
associated with pulmonary function during childhood. In US, Gauderman et al. (2002), Delfino et al. (2004),
Dales et al. (2009) demonstrated that increased air pollutants’ concentration lead to FEV1 value reduction during
childhood. Jalaludin et al. (2000) studied on ozone concentration effect on children with a wheezing history and
concluded that a statistically significant association between PEF reduction and ambient air ozone concentration
exists. In Europe, Horak et al. (2002) demonstrated that FEV1 and FEF values were significantly associated with
PM10 concentration.
However, the interpretation of our results regarding the association of industrial residency with respiratory
symptoms and lung function in childhood, is limited by the fact that any data concerning air pollutants’
concentrations was available. In addition, unreported variables such as sensitization in aeroallergens and IgE test
performance (Priftis et al., 2007; Ogershok et al., 2007) in both areas and socioeconomic factors may constitute
confounders on respiratory symptomatology and lung function. The relatively small study sample size is a
limitation which was mostly imposed by financial and time constraints as well as difficulties in securing the
prompt cooperation from the official educational authorities as well as the consent of the parents. On the other
hand, we focused our study in two small isolated villages with distinct characteristics of industrial and rural
environment. Due to these reasons and given the fact that this is the first type of this study in Greece, we decided
to carry on with a cross-sectional study in order to create a baseline for further research to determine the
causative relationship between asthma related symptoms and industrial area of residency.
Moreover, we used specific methodology to control for the aforementioned confounders on the morphology of
the children’s spirometric curve in industrial vs. rural area for the first time in a study of this type in Greece. We
intend in the immediate future to use specific data on air pollutants’ concentration in both study areas and
correlate them with children’s history of asthma, asthma related symptoms and pulmonary function in the two
residential areas to further test our hypothesis.
In conclusion, our study’s results indicate that industrial residency may be associated with an increased
prevalence of asthma and respiratory symptoms, as well as reduced pulmonary function in childhood in Greece
although statistically significant difference was not demonstrated in all cases. These findings and our small
sample size suggest that larger cohort studies investigating the role of exposure to industrial air pollution and
residency in an industrial area on children’s respiratory status are required to verify the relationships.
References

Anthracopoulos M, Karatza A, Liolios E, Triga M, Triantou K, & Priftis K. (2001). Prevalence of asthma among
schoolchildren in Patras, Greece: three surveys over 20 years. Thorax, 56(7), 569-571.
http://dx.doi.org/10.1136/thorax.56.7.569
Asher MI, Montefort S, Bjorksten B, Lai CK, Strachan DP, Weiland SK, Williams H, & ISAAC Phase Three
Study Group. (2006). Worldwide time trends in the prevalence of symptoms of asthma, allergic
rhinoconjuctivitis, and eczema in childhood: ISAAC phases One and Three repeat multicountry cross-sectional
surveys. Lancet, 368(9537), 733-743. http://dx.doi.org/10.1016/S0140-6736(06)69283-0
Aylin P, Bottle A, Wakefield J, Jarup L, & Elliott P. (2001). Proximity to coke works and hospital admissions
for respiratory and cardiovascular disease in England and Wales. Thorax, 56(3), 228-233.
http://dx.doi.org/10.1136/thorax.56.3.228.
Cara AC, Degryse J, Van den Akker M, Dinant GJ, Manolovici C, & Buntinx F. (2010). Impact of early
childhood air pollution on respiratory status of school children. Eur J Gen Pract, 16(3), 133-138.
http://dx.doi.org/10.3109/13814788.2010.501373
Carta P, Aru G, Carta L, Carta R, Casula F, Caracoi S, & Biggio A. (2007). Respiratory risk among students in
an industrialized area of Sardinia: role of smoking and air pollution. G Ital Med Lav Ergon. 29(3), 824-827.
Cheraghi M., & Salvi S. (2009). Environmental tobacco smoke (ETS) and respiratory health in children. Eur J
Pediatr, 168(8), 897-905. http://dx.doi.org/10.1007/s00431-009-0967-3

30

ISSN 1927-0488

E-ISSN 1927-0496

www.ccsenet.org/enrr

Environment and Natural Resources Research

Vol. 1, No. 1; December 2011

Clark NA, Demers PA, Karr CJ, Koehoorn M, Lencar C, Tamburic L, & Brauer M. (2010). Effect of early life
exposure to air pollution and development of childhood asthma. Environ Health Perspect, 118(2), 284-290.
http://dx.doi.org/10.1289/ehp.0900916
Dales R, Chen L, Frescura AM, Liu L, & Villeneuve DJ. (2009). Acute effects of outdoor air pollution on forced
expiratory volume in 1 s: a panel study of schoolchildren with asthma. Eur Respir J., 34(2), 316-323.
http://dx.doi.org/10.1183/09031936.00138908
Delfino RJ, Quintana PJ, Floro J, Gastanaga VM, Samimi BS, Kleinman MT, … McLaren CE. (2004).
Association of FEV1 in asthmatic children with personal and microenvironmental exposure to airborne
particulate matter. Environ Health Perspect, 112(8), 932-941.
Eggleston PA. (2000). Environmental causes of asthma in inner city children. The National Cooperative Inner
City Asthma Study. Clin Rev Allerg Immunol, 18(3), 311-324. http://dx.doi.org/10.1385/CRIAI:18:3:311
Fuentes-Leonarte V, Tenias JM, & Ballester F. (2008). Environmental factors affecting children’s respiratory
health in the first years of life: a review of the scientific literature. Eur J Pediatr, 167(10), 1103-1109.
http://dx.doi.org/10. 1007/s00431-008-0761-7
Gauderman WJ, Gilliland GF, Vora H, Avol E, Stram D, McConnell R, … Peters JM. (2002). Association
between air pollution and lung function growth in Southern California children: results from a second cohort. Am
J Respir Crit Care Med, 166(1), 76-84.
Gent JF, Triche EW, Holford TR, Belanger K, Bracken MB, Beckett WS, & Leaderer BP. (2003). Association of
low-level ozone and fine particles with respiratory symptoms in children with asthma. JAMA, 290(14),
1859-1867. http://dx.doi.org/10.1001/jama.290.14.1859
Goodwin RD, & Cowles RA. (2008). Household smoking and childhood asthma in the United States: a state-level
analysis. J Asthma, 45(7), 607-610.
Greece TCo. (2009). The problem of Asopos river: suggestions for its solution. [in Greek].
Hagmolen of Ten Have W, van der Berg NJ, van der Palen J, van Aalderen WM, & Bindels PJ. (2007). Residential
exposure to mould and dampness is associated with adverse respiratory health. Clin Exp Allerg, 37(12), 1827-1832.
http://dx.doi.org/10.1111/j.1365-2222.2007.02841.x
Hirshon JM, Sardell M, Alles S, Powell JL, Squibb K, Ondov J, & Blaisdell CJ .(2008). Elevated ambient air
zinc increases pediatric asthma morbidity. Environ Health Perspect, 116(6), 826-831.
http://dx.doi.org/10.1289/ehp.10759
Horak F Jr, Studnicka M, Gartner C, Spengler JD, Tauber E, Urbanek R, … Frischer T. (2002). Particulate
matter and lung function growth in children: a 3-yr follow up study in Austrian schoolchildren. Eur Respir J.,
19(5), 838-845. http://dx.doi.org/10.1183/09031936.02.00512001
Hwang BF, & Lee YL. (2010). Air pollution and prevalence of bronchitic symptoms among children in Taiwan.
Chest, 138(4), 956-964. http://dx.doi.org/10.1378/chest.09-2600
Jalaludin BB, Chey T, O’Toole BI, Smith WT, Capon AG, & Leeder SR. (2000). Acute effects of low levels of
ambient ozone on peak expiratory flow rate in a cohort of Australian children. Int J Epidemiol, 29(3), 549-557.
http://dx.doi.org/10.1093/ije/29.3.549
Jalaludin BB, O’Toole BI, & Leeder SR. (2004). Acute effects of urban ambient air pollution on respiratory
symptoms, asthma medication use, and doctor visits for asthma in a cohort of Australian children. Environ Res.,
95(1), 32-42. http://dx.doi.org/10.1016/S0013-9351(03)00038-0
Kattan M, Mitchel H, Eggleston P, Gergen P, Crain E, Redline S, … Wedner HJ. (1997). Characteristics of
inner-city children with asthma: The National Cooperative Inner-City Asthma Study. Pediatr Pulmonol, 24(4),
253-262. http://dx.doi.org/10.1002/(SICI)1099-0496(199710)24:4<253::AID-PPUL4>3.0.CO;2-L
Kim JJ; American Academy of Pediatrics Committee on Environmental health. (2004). Ambient air pollution:
health hazards to children. Pediatrics, 114(6), 1699-1707. http://dx.doi.org/10.1542/peds.2004-2166
Lau S, Illi S, Sommerfeld C, Niggemann B, Bergmann R, von Mutius E, & Wahn U. (2000). Early exposure to
house-dust mite and cat allergens and development of childhood asthma: a cohort study. Multicentre Allergy
Study Group. Lancet, 356(9239), 1392-1397. http://dx.doi.org/10.1016/S0140-6736(00)02842-7

Published by Canadian Center of Science and Education

31

www.ccsenet.orrg/enrr

Environmeent and Natural R
Resources Reseaarch

Vol. 1, No. 1; December 2011

Li S, Batterm
man S, Wasileevich E, Elasaaad H, Wahl R, & Mukheerjee B. (2011
1). Asthma exxacerbation annd
proximity of residence to major roads: a population--based matcheed case-contro
ol study amonng the pediatriic
Medicaid popuulation in Detrroit, Michigan. Environ Heaalth, 10, 34. htttp://dx.doi.org//10.1186/14766-069X-10-34
Linos A, Petraalias A, Christtophi CA, Chrristoforidou E,, Kouroutou P, Stoltidis M, ... Karagas MR
R. (2011). Oraal
ingestion of hexavalent chhromium thro
ough drinking water and cancer
c
mortaliity in an inddustrial area oof
Greece--an eccological studyy. Environ Hea
alth, 10, 50. htttp://dx.doi.org//10.1186/1476
6-069X-10-50
Mann JK, Baalmes JR, Bruckner TA, Mo
ortimer KM, M
Margolis HG, Pratt B, … Tager
T
IB. (2010). Short-term
m
effects of air pollution
p
on w
wheeze in asthm
matic children in Fresno, Caalifornia. Envirron Health Perrspect, 118(10),
1497-1502. htttp://dx.doi.orgg/10.1289/ehp..0901292
Maziak W, Behrens
B
T, Braasky TM, Duh
hme H, Rzehaak P, Weilandd SK, & Keil U. (2003). Are
A asthma annd
allergies in chhildren and adoolescents increeasing? Results from ISAAC
C Phase I and Phase
P
III surveeys in Munster,
Germany. Alleergy, 58(7), 5772-579. http://d
dx.doi.org/10.11034/j.1398-99995.2003.0016
61.x
Moreno ME,, Acosta-Saavvedra LC, Meza-Figueroa
M
D, Vera E, Cebrian ME
E, Otrovsky-W
Wegman P, &
Calderon-Arannda ES. (20100). Biomonito
oring of metal in children living in a min
ne tailings zone in Southerrn
Mexico: A pillot study. Int J Hyg Environ Health,
H
213(4)), 252-258. htttp://dx.doi.org//10.1016/j.ijheeh.2010.03.0055
Nelson HS, Szefler
S
SJ, Jaacobs J, Huss K, Shapiro G
G, & Sternbeerg AL. (1999
9). The relatioonships amonng
environmentall allergen senssitization, allerrgen exposure, pulmonary function
fu
and brronchial hyperrresponsivenesss
in the Childhoood Asthma M
Management Pro
ogram. J Allerrgy Clin Immunnol, 104(4 Pt 1),
1 775-785.
Nguyen T, Luurie M, Gomezz M, Reddy A, Pandya K, & Medvesky M.. (2010). The National
N
Asthm
ma Survey-New
w
York State: Association of tthe home envirronment with ccurrent asthmaa status. Publicc Health Rep, 125(6),
1
877-8887
Oberg M, Jaakkkola MS, Wooodward A, Peeruga A, & Prruss-Ustun A. (2011). World
dwide burden of
o disease from
m
exposure to seecond-hand sm
moke: a retrospective analysiss of data from 192 countries.. Lancet, 377(99760), 139-1466.
http://dx.doi.oorg/10.1016/S00140-6736(10))61388-8
Ogershok PR, Warner DJ, Hogan MB, & Wilson NW
W. (2007). Prevalence of po
ollen sensitizattion in youngeer
children who have
h
asthma. A
Allergy Asthma
a Proc, 28(6), 654-658. http://dx.doi.org/10.2500/aap.20007.28.3055
Patel MM, Hooepner L, Garrfinkel R, Chillrud S, Reyess A, Quinn JW
W, … Miller RL.
R (2009). Ambient
A
metalss,
elemental carbbon, and wheeeze and cough in New York C
City children through
t
24 mo
onths of age. Am J Respir Crrit
Care Med, 180(11), 1107-11113. http://dx.d
doi.org/10.11664/rccm.2009001-0122OC
Pearce N, Suunyer J, Chengg S, Chinn S, Bjorksten B, Burr M, … Burney P. (20
000). Comparrison of asthm
ma
prevalence inn the ISAAC and the EC
CRHS. ISAAC
C Steering Coommittee and
d the Europeaan Communitty
Respiratory Health
H
Survey.. International Study of Astthma and Alleergies in Child
dhood. Eur Respir J., 16(3),
420-426.
D
J. (20006). The glob
bal epidemioloogy of asthma in children. Int
In J Tuberc Luung Dis, 10(2),
Pearce N, & Douwes
125-132.
A
os MB, Niko
olaou-Papanagiotou A, Maatziou V, Tzaavelas G, Niccolaidou P, &
Priftis KN, Anthracopoulo
Mantzouranis E. (2007). Inncreased sensittization in urbban vs. rural environment
e
– rural protectiion or an urbaan
living effect? Pediatr
P
Allerggy Immunol, 18
8(3), 209-216. http://dx.doi.oorg/10.1111/j.1
1399-3038.20006.00514.x
Qian Z, Zhangg JJ, Korn LR
R, Wei F, & Chapman RS. (2004). Exposuure-response relationships beetween lifetim
me
exposure to residential coal smoke and respiratory
r
sym
mptoms and illnesses
i
in Ch
hinese childrenn. J Expo Anaal
Environ Epideemiol, 14(1), 778-84. http://dx
x.doi.org/10.10038/sj.jea.75000362
Quanjer PhH. (1983). Standdardized lung function
f
testingg. Bull Eur Phyysiopathol Resspir, 19(5), 45-51.
mbini M, Spatttini A, Galassi C, Sesti D,, Bedeschi M,, … Lauriola P. (2004). Air pollution annd
Ranzi A, Gam
respiratory status in asthm
matic children:: hints for a locally basedd preventive strategy.
s
AIRE
E study. Eur J
Epidemiol, 199(6), 567-576. hhttp://dx.doi.o
org/10.1023/B:EJEP.00000322373.28250.84
4
Rodriguez C, Tonkin R, Heeyworth J, Kussel M, De Kleerk N, Sly PD,, … Hinwood AL. (2007). The
T relationshiip
between outddoor air qualityy and respirattory symptom
ms in young children. Int J Environ Heaalth Res, 17(5),
351-360. http:://dx.doi.org/10.1080/096031207016286699
Sichletidis L, Tsiotsios I, G
Gavriilidis A, Chloros
C
D, Giooulekas D, Kotttakis I, & Pattaka A. (2005). The effects oof
environmentall pollution on the respiratory
y system of chhildren in westtern Macedonia, Greece. J Innvestig Allergool
Immunol, 15(22), 117-123.

32

ISS
SSN 1927-0488

E-ISSN 1927-04996

www.ccsenet.org/enrr

Environment and Natural Resources Research

Vol. 1, No. 1; December 2011

Sioutas C, Delfino RJ, & Singh M. (2005). Exposure assessment for atmospheric ultrafine particles (UFPs) and
implications
in
epidemiologic
research.
Environ
Health
Perspect,
113(8),
947-955.
http://dx.doi.org/10.1289/eph.7939
Smargiassi A, Kosatsky T, Hicks J, Plante C, Armstrong B, Villeneuve PJ, & Goudreau S. (2009). Risk of
asthmatic episodes in children exposed to sulphur dioxide stack emissions from a refinery point source in
Montreal, Canada. Environ Health Perspect, 117(4), 653-659. http://dx.doi.org/10.1289/ehp.0800010
Yu O, Sheppard L, Lumley T, Koenig JQ, & Shapiro GG. (2000). Effects of ambient air pollution on symptoms
of asthma in Seattle-area children enrolled in the CAMP study. Environ Health Perspect, 108(12), 1209-1214.
Valent F, Little D, Bertollini R, Nemer LE, Barbone F, & Tamburlini G. (2004). Burden of disease attributable
to selected environmental factors and injury among children and adolescents in Europe. Lancet, 363(9426),
2032-2039. http://dx.doi.org/10.1016/S0140-6736(04)16452-0
Wichmann FA, Muller A, Busi LE, Cianni N, Massolo L, Schlink U, ... Sly PD. (2009). Increased asthma and
respiratory symptoms in children exposed to petrochemical pollution. J Allergy Clin Immunol, 123(3), 632-638.
http://dx.doi.org/10.1016/j.jaci.2008.09.052
Wilhelm M, Eberwein G, Holzer J, Gladtke D, Angerer J, Marccynski B, … Ranft U. (2007). Influence of
industrial sources on children’s health - hot spot studies in North Rhine Westphalia, Germany. Int J Hyg Environ
Health, 210(5), 591-599. http://dx.doi.org/10.1016/j.ijheh.2007.02.007
Zhang JJ, Hu W, Wei F, Wu G, Korn LR, & Chapman RS. (2002). Children’s respiratory morbidity prevalence
in relation to air pollution in four Chinese cities. Environ Health Perspect, 110(9), 961-967.
Table 1. Distribution of children’s exposure to confounding risk factors in the two study areas
City
Oinofyta (industrial)

Makrakomi (rural)

n

%

n

%

Family history of asthma

3

4.9%

1

2.4%

0.644

>3 siblings

3

4.8%

4

9.5%

0.436

Any smoking at home

30

54.5%

22

53.7%

0.931

Mother smoked during pregnancy

4

6.7%

3

7.1%

1.000

Exposure to traffic related air pollution

6

9.7%

12

28.6%

0.012

Wood/coal stove for heating

1

1.6%

4

9.5%

0.156

Humidity/Mould in home

21

33.9%

7

16.7%

0.052

Close contact to interior plants

13

21%

9

21.4%

1.000

Close contact to pets

14

23%

9

21.4%

1.000

Maternal occupation in an industry

16

25.8%

0

0%

<0.001

Paternal occupation in an industry

37

60.7%

0

0%

<0.001

0

0%

5

19.2%

0.007

Paternal occupation in agriculture or
livestock
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Table 2. Prevalence of related asthma symptoms in children by type of residency (Industrial vs. Rural)
City
Oinofyta (industrial)

Makrakomi (rural)

P value

n

%

n

%

Bronchitis in the last 12 months

7

11.3%

3

7.1%

0.736

Dry cough in the last 12 months

5

8.1%

4

9.5%

1.000

Asthma diagnosis in the last 12 months

2

3.2%

1

2.4%

1.000

Breathlessness in the last 12 months

3

4.8%

2

4.8%

1.000

Ever had asthma

11

17.7%

4

9.5%

0.272

Ever used asthma medication

11

17.7%

4

9.5%

0.272

Ever been hospitalized

4

6.5%

1

2.4%

0.646

Table 3. Prevalence of reduced pulmonary indices in children by type of residency (Industrial vs. Rural)
City
Oinofyta (industrial)

Makrakomi (rural)

n

%

n

%

P value

FVC

<90%

41/62

66.1%

19/42

46.3%

0.046

FEF25

<90%

49/62

79.0%

27/42

65.9%

0.137

FEF50

<90%

21/62

33.9%

11/42

26.8%

0.450

PEF

<90%

49/62

79.0%

29/42

70.7%

0.336

Table 4. Results of multiple logistic regression analysis examining the effect of area of residence on respiratory
health indicators (for each of them a separate model was performed) controlling for studied confounding factors1
Oinofyta Residency (Industrial area)

P value

Odds
Ratio

95%
Confidence Interval

Bronchitis in the last 12 months
Dry cough in the last 12 months
Asthma diagnosis in the last 12 months
Breathlessness in the last 12 months

0.943
0.254
0.998
0.955

1.161
9.962
5.907E13*
3.727E90*

Lower
0.020
0.192
.000
.000

Upper
68.191
516.348

Ever had asthma diagnosis

0.016

33.063

1.899

575.584

Ever used asthma medication
Ever been hospitalized

0.016
0.996

33.063
2.062E34*

1.899
.000

575.584

1 Age, Gender, exposure to passive smoking, traffic related air pollution, heating fuels, humidity at home and parental occupation in an
industry.

*Non-applicable, due to the small sample size
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Table 5. Results of multiple logistic regression analysis examining the effect of area of residence on spirometric
indices (for each of them a separate model was performed) controlling for studied confounding factors1
Oinofyta Residency (Industrial area)

P value

Odds

95%
Confidence Interval

Ratio
Lower

Upper

FVC<90%

0.619

1.452

0.334

6.315

FEF25<90%

0.023

17.603

1.480

209.335

FEF50<90%

0.734

1.335

0.253

7.036

PEF<90%

0.029

15.383

1.332

177.664

0.045

3.747

1.032

13.598

Abnormal
spirometric curve*

1 Age, Gender, exposure to passive smoking, traffic related air pollution, heating fuels, humidity at home and parental occupation in an
industry.
* Subjective assessment by a pediatrician and a pulmonologist
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