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We conducted a cohort study which included 144 children who were divided into 3 groups. The test group A was 

made up of 47 children who lived on a territory where ambient air was contaminated with benzene, phenol, formaldehyde, 
and particulate matter. The test group B included 45 children exposed to aerogenic introduction of metals (vanadium and 
manganese). The reference group was made up of 22 children who lived on a territory which was safe in terms of its sani-
tary-hygienic state.  

It was detected that 87.2 % children aged 4–6 who were exposed to aerogenic impacts by benzene, phenol, formalde-
hyde, and particulate matter had allergic rhinitis, and two thirds of children with respiratory organs diseases had secondary 
immune failure. By the first school year, probability of allergic rhinitis, bronchial asthma, recurrent bronchitis and func-
tional pathologies in the gastrointestinal tract grew by 4.6–7.9 times. When children reached 11–14 years, frequency of 
chronic diseases in the gastrointestinal tract among them grew by 14.5 times, and probability of secondary immune failure 
and disorders in the vegetative nervous system was 6.0–6.6 times higher.  

It was noted that ambient air contamination with metals resulted in chronic diseases in the lymphoid tissue of the na-
sopharynx diagnosed in 65.8 % children; children who were exposed to metals in ambient air ran 1.9 times higher risks of 
combined pathologies in their respiratory organs and the nervous system. When children reached 7–10 years, probability of 
allergic rhinitis, pathologies in the lymphoid tissue of the nasopharynx, and functional disorders in the digestive system was 
3.9–5.3 times higher. Senior schoolchildren who suffered from chronic respiratory organs diseases ran 2.7–3.0 times higher 
risks of vegetative dystonia and secondary immune failure.  

Key words: children, respiratory organs diseases, co-morbid pathology, particulate matter, benzene, phenol, formal-
dehyde, metals, cohort study. 
 

 
 Over the last decades diseases in the res-

piratory organs have permanently taken the 
leading place in the structure of overall inci-
dence among children younger than 14. This 
pathology accounts for 45.8–59.4% among 
children of various ages [1–3]. In 2017 in the 
Russian Federation prevalence of the respira-
tory pathology diagnosed in a child for the 
first time amounted to 117,449.94 cases per 
100 thousand children. Prevalence of the pa-
thology in 51 RF regions, Perm region in-
cluded, was higher than in the country on av-
erage1. Epidemiologic research revealed that 
technogenic environmental factors exerted 

adverse impacts on population health; accord-
ing to the WHO data, each third disease in a 
child is caused by adverse effects produced 
by environmental factors [4–7]. Growing 
emissions from motor transport and industrial 
enterprises result in greater ambient air con-
tamination in large industrial centers with a 
mixture of chemicals that contains particulate 
matter, metals, aromatic hydrocarbons, for-
maldehyde, and other compounds [8, 9]. De-
spite some improvements in the ambient air 
quality detected in recent years, in 2017 in the 
RF high air contamination levels were de-
tected in 15 regions; the air was predomi-
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nantly contaminated with heavy metals, phe-
nol, and particulate matter2.  

According to numerous research works, 
an adverse ecological situation causes risks of 
health disorders among children, first of all, in 
the respiratory organs [4–7, 11–16]. Incidence 
with respiratory pathologies tends to be 2.0-4.6 
times higher in industrial cities; it is especially 
true for allergic diseases and secondary im-
mune failures with their prevalence being by 
1.5 times higher than in the country on average 
[4, 6, 7, 14–17]. Diseases of the respiratory 
organs are known to be mostly recurrent under 
exposure to adverse technogenic chemical fac-
tors and they are often combined with various 
syndromes and diseases [13–16]. When a con-
comitant pathology occurs, it makes drastic 
changes in a clinical picture of the main patho-
logic process and determines nature and grav-
ity of possible complications; all the above 
mentioned makes it difficult to diagnose and 
treat a disease and deteriorates a patient’s life 
quality [4, 16–18]. 

At present there are a lot of vital tasks the 
preventive medicine is to solve; one of them is 
to assess risks of co-morbid pathology occur-
rence in children with chronic diseases in the 
respiratory organs under aerogenic exposure to 
technogenic chemicals.  

Our research goal was to perform a co-
hort study in order to assess structure and dy-
namics of diseases in the respiratory organs 
and co-morbid pathology occurrence in chil-
dren who permanently lived on territories 
where ambient air was contaminated with 
various technogenic chemicals.  

Data and methods 
We performed a two-direction cohort 

study on children who lived under various 
combined aerogenic exposure to chemical en-
vironmental factors; the basic goal was to re-
veal peculiarities related to development of 
diseases in the respiratory organs and co-
morbid pathology in them. Children were in-
cluded into our study with random sampling 
technique; all of them underwent in-patient 

treatment and regular medical check-ups in 
2000–2017 at the Federal Scientific Center for 
Medical and Preventive Health Risk Manage-
ment Technologies. We divided the children 
into three cohorts.  

The focus group А was made up of 47 chil-
dren (55.3% boys and 44.7% girls, their aver-
age age was 5.33±0.35 at the moment when 
the study was performed), who were born and 
permanently lived in an industrial city in Perm 
region. According to data obtained within so-
cial and hygienic monitoring activities per-
formed by the Perm Regional Center for Hy-
giene and Epidemiology, children from the 
focus group A lived on a territory where in 
2000–2016 maximum single concentrations of 
particulate matter in the air amounted to 1.6-
2.8 MPC; phenol, 1.5-3.5 MPC: formaldehyde, 
up to 2.2 MPC; benzene, up to 14.7 MPC. Aver-
age annual concentrations of phenol amounted 
to 1.3-2.3 MPC a.a.; particulate matter, 1.1–1.3 
MPC a.a.; formaldehyde, 1.4–3.0 MPC a.a. 
(in 2011–2013).      

The focus group В included 45 children 
(51.1% boys and 48.9% girls, their average 
age being 5.66±0.29) who permanently lived 
in a city in Perm region where a ferrous metal-
lurgy plant was located. Experts from the Perm 
Regional Center for Hygiene and Epidemiol-
ogy and the Federal Scientific Center for 
Medical and Preventive Health Risk Manage-
ment Technologies assessed ambient air qual-
ity within social and hygienic monitoring ac-
tivities in 2010–2013 and 2015 on a territory 
where children from the focus group B lived. 
As a result, they detected concentrations of 
manganese and vanadium that were higher 
than MPC (up to 2.19 MPC a.a. and 1.2 MPC 
a.a. accordingly); particulate matter concentra-
tions were up to 0.6 MPC a.a.  

The reference group included 22 children 
(54.5% boys and 45.5% girls, their average 
age being 5.93±0.30) who lived on a territory 
that was sanitary and hygienically safe. All 
three groups were comparable in terms of sex, 
age, and social status.  

__________________________ 
 
2 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2017: The state report. – М.: The Fed-
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Cohort observation period lasted from 
4 to 10 years. The second medical examination 
was accomplished at age 7–10 on 37 children 
from the focus group A (their average age was 
8.27±0.32 at that moment), 38 children from 
the focus group В (their average age was 
8.43±0.42), and 16 children from the reference 
group (their average age was 8.67±0.46). 
46 children had the third medical examination 
when they were 11-14 (16 children from the 
focus group A, 18 children from the focus 
group B, and 12 children from the reference 
group). 

Medical and biological research was per-
formed in full conformity with the ethical prin-
ciples stated in Helsinki Declaration (1975) and 
the RF State Standard GOST-R 52379-20053. 
The examination included medical and social 
questioning; analysis of data from outpatient 
case histories (the Form No. 122/u); inspections 
by medical experts (pediatrician, neurologist, 
otorhinolaryngologist, allergologist-immunolo-
gist, and gastroenterologist); laboratory diag-
nostics (complete blood count, biochemical 
blood test, and immunoassay); functional and 
instrumental research techniques (spirography, 
electrocardiography, heart rate assessment, ul-
trasound examination of the abdominal cavity 
organs). All the examinations were conducted 
according to conventional procedures. 

Statistical analysis included conventional 
techniques of descriptive statistics; we calcu-
lated odds ratio (OR), relative risk, and 95% 
confidence interval (CI) and evaluated validity 
of discrepancies as per Pearson χ2 test and 
Fischer’s test. Probability calculated with Stu-
dent’s t-test was taken as a statistical signifi-
cance level when it was р≤0.05 [20]. 

Research results 
Results of the first medical examination 

revealed that pre-school children from the fo-
cus groups A and B predominantly suffered 
from allergic diseases in the upper respiratory 
tracts (J30.0, J30.3, J31.0), which were 1.3 times 
more frequently detected in them than in chil-
dren from the reference group (р=0.05) (Table 1). 

We revealed that bronchial asthma (J45.0) and 
recurrent bronchitis (J39.8, J44.8) were 1.7 times 
more frequently detected in the focus group А, 
and chronic lymph-proliferative diseases in 
the nasopharynx (J35.0, J35.1, J35.2, J35.3) 
were 2.1 times more frequently detected in 
the focus group B than in the reference group 
(р=0.05–0.007). 

It was detected that when ambient air was 
contaminated with benzene, phenol, formalde-
hyde, and particulate matter, it caused 14.6 
times higher risk of allergic rhinitis for pres-
school children (ОR=14.64; CI=4.24–50.62); 
exposure to adverse aerogenic impacts by met-
als caused 4.3 higher risks of tonsils and ade-
noids hypertrophy (ОR=4.29; CI=1.44–12.75), 
against children living on a territory where an 
ecological situation corresponded to sanitary-
hygienic standards. 

Secondary immune failure (D83.9) was di-
agnosed in 70.2% children aged 4–6 in the fo-
cus group А and it was 1.3 times more fre-
quently than in the focus group В, and 1.4 times 
more frequently than in the reference group 
(р=0.06–0.04) (Table 2). Disorders in the auto-
nomic nervous system (G90.8) were registered 
1.4 times more frequently in children from the 
focus group B than in those from the reference 
group  (р=0.05). Functional pathologies in the 
gastrointestinal tract (K30, K83.8, K86.8) were 
detected with the same frequency in pre-school 
children from the focus groups A and B and it 
was 1.3–1.4 times more frequent than in the 
reference group (р=0.04–0.014). Overall, func-
tional disorders in the gastrointestinal tract were 
3.3–4.6 times more probable for 4–6-year-old 
children exposed to the environment contami-
nated with technogenic chemicals (the focus 
group А had ОR=4.57; CI=1.28–16.32; the fo-
cus group В had ОR=3.27; CI=1.00–10.66). 

Our research revealed that two thirds of  
4-6-year-old children from the focus group A 
suffering from respiratory organs diseases also 
had secondary immune failure and it was 
1.5 times higher than in the reference group 
(р=0.04). 71.1% children who were exposed to 

__________________________ 
 
3 GOST R 52379-2005. The RF State Standard. Good Clinical Practice (ICH E6 GCP) [Web-source]. – М.: Standartin-

form, 2005. – URL: http://docs.cntd.ru/document/1200041147 (date of visit January 26, 2019). 
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T a b l e  1  
Incidence among children aged 4–6 (the first examination), %  

Validity of discrepanciesNosology Focus group 
А 

Focus group  
В 

Reference 
group р1 р2 р3 

Chronic tonsillitis,  hypertrophy 
of tonsils and adenoids  
(J35.0, J35.1, J35.2, J35.3) 

42.6 65.8 31.8 0.39 0.007 0.026 

Allergic rhinitis, pollinosis 
(J30.0, J30.1, J30.3) 87.2 86.8 68.2 0.05 0.05 0.96 

Recurrent bronchitis, tracheitis 
(J39.8, J44.8) 6.4 7.9 0 0.31 0.30 0.78 

Bronchial asthma (J45.0) 57.4 47.4 36.4 0.06 0.78 0.34 
Common variable immunodefi-
ciency (secondary) (D83.9) 70.2 52.6 50.0 0.06 0.80 0.04 

Disorders of the autonomic 
nervous system (G90.8) 61.7 71.1 54.5 0.57 0.05 0.34 

Functional dyspepsia, biliary 
dyskinesia, reactive pancreatitis  
(K30, K83.8, K86.8) 

88.9 85.1 63.6 0.014 0.04 0.59 

Chronic gastritis, chronic  
gastroduodenitis (K29.5, К29.9) 4.3 11.1 9.1 0.29 0.32 0.15 

Note:  
р1 is validity of discrepancies between the focus group А and the reference group;  
р2 is validity of discrepancies between the focus group B and the reference group; 
р3 is validity of discrepancies between the focus group А and the focus group B.  

T a b l e  2  
Incidence among children aged 7–10 (the second examination), %  

Validity of discrepanciesNosology Focus group 
А 

Focus group  
В 

Reference 
group р1 р2 р3 

Chronic tonsillitis,  hypertrophy 
of tonsils and adenoids  
(J35.0, J35.1, J35.2, J35.3) 

48.6 65.8 31.2 0.24 0.019 0.06 

Allergic rhinitis, pollinosis 
(J30.0, J30.1, J30.3) 91.9 86.8 62.5 0.01 0.043 0.23 

Recurrent bronchitis, tracheitis 
(J39.8, J44.8) 10.8 7.9 0 0.23 0.34 0.28 

Bronchial asthma (J45.0) 59.5 47.4 31.2 0.04 0.27 0.29 
Common variable immunodefi-
ciency (secondary) (D83.9) 72.9 52.6 50.0 0.07 0.86 0.04 

Disorders of the autonomic 
nervous system (G90.8) 67.6 71.1 56.2 0.43 0.29 0.74 

Functional dyspepsia, biliary 
dyskinesia, reactive pancreatitis 
(K30, K83.8, K86.8) 

94.6 92.1 68.7 0.02 0.04 0.33 

Chronic gastritis, chronic  
gastroduodenitis (K29.5, К29.9) 24.3 31.6 18.7 0.26 0.18 0.48 

Note:  
р1 – is validity of discrepancies between the focus group А and the reference group;  
р2 – is validity of discrepancies between the focus group B and the reference group; 
р3 – is validity of discrepancies between the focus group А and the focus group B.  
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the air contaminated with metals suffered from 
respiratory organs diseases combined with 
vegetative-vascular dystonia and it was 1.4 times 
higher than in the reference group (р=0.05). 
Relative risk of pathologies in the nervous sys-
tem amounted to 1.86 for children from the 
focus group B suffering from chronic dis-
eases of the respiratory organs (RR=1.86; 
95% CI: 1.16–2.99). 

The second control medical check-up re-
vealed a greater number of respiratory pa-
thologies among children under aerogenic ex-
posure to technogenic chemicals (Table 3). 
There was still high prevalence of allergic 
rhinitis on the examined territories, which was 
1.4–1.5 times higher among children from the 
focus groups than among those from the refer-
ence group (р=0.043–0.01). We detected 6.8 
times higher probability of allergic rhinitis 
among children from the focus group A 
(ОR=6.80; CI=1.44–32.20), and 3.9 times 
higher probability of the disease among chil-
dren from the focus group В (ОR=3.96; 
CI=0.99–15.77). Diseases of the lymphoid tis-

sue in the nasopharynx were detected in ⅔ jun-
ior school children who were exposed to ad-
verse aerogenic impacts exerted by metals, and 
the value was 2.1 times statistically signifi-
cantly higher than in the reference group 
(р=0.019), and 1.4 times higher than in the fo-
cus group A. We detected that chronic lymph-
proliferative diseases of the nasopharynx were 
4.2 times more probable among junior school-
children from the focus group B (ОR=4.23; 
CI=1.21–14.79). 

We noted that prevalence of chronic al-
lergic pathologies in the lower respiratory 
tracts (J45.0, J39.8, J44.8) was 2.25 times 
higher on the territory where ambient air was 
contaminated with benzene, phenol, formal-
dehyde, and particulate matter (the focus 
group A), than on the reference territory 
(р=0.012), and 1.3 times higher than on the 
territory exposed to contamination with met-
als (the focus group B, р=0.08) (Table 2). We 
detected that junior schoolchildren from the 
focus group A ran 4.6 times higher risks of 
bronchial asthma and recurrent bronchitis

T a b l e  3  
Incidence among children aged 11–14 (the third examination), % 

Validity of discrepanciesNosology Focus group 
А 

Focus group 
В 

Reference 
group р1 р2 р3 

Chronic tonsillitis,  hypertrophy 
of tonsils and adenoids  
(J35.0, J35.1, J35.2, J35.3) 

31.3 66.7 33.3 0.31 0.06 0.03 

Allergic rhinitis, pollinosis 
(J30.0, J30.1, J30.3) 93.8 83.3 66.7 0.06 0.20 0.28 

Recurrent bronchitis, tracheitis 
(J39.8, J44.8) 0 8.3 0 – 0.60 – 

Bronchial asthma (J45.0) 62.5 58.3 50.0 0.51 0.65 0.80 
Common variable immunodefi-
ciency (secondary) (D83.9) 68.7 75.0 25.0 0.02 0.007 0.68 

Disorders of the autonomic 
nervous system (G90.8) 75.0 91.7 33.3 0.03 0.001 0.12 

Functional dyspepsia, biliary 
dyskinesia, reactive pancreatitis 
(K30, K83.8, K86.8) 

100.0 83.3 66.7 0.02 0.29 0.09 

Chronic gastritis, chronic  
gastroduodenitis (K29.5, К29.9) 62.5 27.8 25.0 0.05 0.86 0.04 

Note:  
р1 – is validity of discrepancies between the focus group А and the reference group;  
р2 – is validity of discrepancies between the focus group B and the reference group; 
р3 – is validity of discrepancies between the focus group А and the focus group B. 
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(ОR=4.58; CI=1.30–16.18) than children 
from the reference group who lived on a hy-
gienically safe territory. Besides, air contami-
nation with benzene, phenol, formaldehyde, 
and particulate matter caused 1.4–1.5 more 
frequent secondary immune failure among 
children from the focus group A than among 
those from the focus group B and the reference 
group (р=0.07–0.04). We revealed functional 
pathologies of the gastrointestinal tract in 
92.1–94.6% children aged 7–10 living on a 
territory exposed to adverse effects produced 
by technogenic chemicals and it was 1.3–1.4 
times statistically significantly higher than in 
the reference group (р=0.04–0.02). Junior 
schoolchildren who were exposed to adverse 
impacts by technogenic chemicals ran 5.3–7.9 
times higher risks of functional disorders in 
the gastrointestinal tract (the focus group А: 
ОR=7.95; CI=1.35–46.90; the focus group В: 
ОR=5.30; CI=1.09–25.84) than children from 
the reference group who lived on a hygieni-
cally safe territory.   

The third check up that was performed on 
senior schoolchildren revealed that there still 
was high prevalence of allergic rhinitis under 
aerogenic exposure to adverse impacts by 
technogenic chemicals (93.8–83.3%) and it 
was 1.2 times higher than in the reference 
group (66.7%, р=0.06–0.20) (Table 4). ⅔ of 
children aged 11–14 who lived under aero-
genic exposure to metals suffered from chronic 
diseases of the lymphoid tissue in the naso-
pharynx and it was 2.0–2.1 times higher than 
in the focus group A and the reference group 
(р=0.06–0.03). We noted that secondary im-
mune failure among children from the focus 
group A aged 11–14 remained practically the 
same as it had been revealed at the second ex-
amination; but there was a 1.4-time growth in 
its prevalence over 3 years among children 
from the focus group B. There was a 2.0-time 
decrease in prevalence of this pathology 
among children from the reference group, and 
discrepancies between this group and focus 
groups A and B became statistically significant 
(р=0.02–0.007). We detected that 11–14-year-
old children who lived on a territory where the 

air was contaminated with technogenic chemi-
cals or heavy metals ran 6.6-9.0 times higher 
risks of secondary immune failure (the focus 
group А: ОR=6.60; CI=1.23–35.44; the focus 
group В:  ОR=9.0; CI=1.42–57.12) than chil-
dren from the reference group.      

Over a 6-year-period a number of chil-
dren with disorders in the autonomic nervous 
systems grew by 1.2–1.4 times (Table 4), 
and it was 2.3–2.7 times statistically signifi-
cantly higher than in the reference group 
(р=0.03–0.001). We detected that children 
aged 11–14 who were exposed to ambient air 
contamination with technogenic chemicals 
ran 6.0-22.0 times higher risks of disorders 
in the autonomic nervous system (G90.8) 
than children from the reference group (the 
focus group A: ОR=6.00; CI=1.15–31.23; the 
focus group B: ОR=22.0; CI=2.05–236.05). 
Besides all the children who lived on a terri-
tory where ambient air was contaminated 
with benzene, phenol, formaldehyde, and 
particulate matter, turned out to have func-
tional pathologies in the gastrointestinal 
tract, and ⅔ of them suffered from chronic 
diseases of the upper gastrointestinal tract 
section (K29.5, К29.9) and it was 1.2–2.5 
times statistically significantly higher than in 
the reference group and the focus group B 
(р=0.05–0.02). Prevalence of chronic pa-
thologies in the gastrointestinal tract grew by 
14.5 times in the focus group A over the to-
tal observation period, but it went up only by 
2.5–2.7 times in two other groups.   

We also detected that senior schoolchil-
dren who suffered from chronic respiratory or-
gans diseases also had secondary immune fail-
ure 2.7 times more frequently in the focus 
group A and 3.0 times more frequently in the 
focus group B than in the reference group 
(р=0.02–0.007). Relative risk of combined 
chronic respiratory diseases and secondary im-
mune deficiency amounted to 3.0 among chil-
dren exposed to adverse aerogenic effects pro-
duced by metals (RR=3.00; 95% CI: 1.07–8.43). 
Number of children who suffered from chronic 
respiratory pathologies and disorders in the 
autonomic nervous system and who were ex-
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posed to negative impacts by technogenic chemi-
cals was 2.2 times higher in the focus group A 
and 2.7 times higher in the focus group B 
(р=0.03–0.001) than in the reference group. We 
detected that children who were under aero-
genic exposure to metals ran the maximum risk 
of combined chronic respiratory diseases and 
vegetative-vascular dystonia which was equal 
to 2.75 (RR=2.75; 95% CI: 1.21–6.23). 

Conclusions:  
1. Most pre-school children (87.2%) who 

were exposed to ambient air contamination 
with benzene, phenol, formaldehyde, and par-
ticulate matter, suffered from allergic rhinitis, 
and each third child had bronchial asthma and 
recurrent bronchitis; respiratory organs dis-
eases were combined with immune failure in 
⅔ cases. We detected that probability of aller-
gic rhinitis, bronchial asthma, and recurrent 
bronchitis grew by 4.6–6.8 times over 3–5 
years of cohort observations over children by 
the time they were 7–10 years old. Probability 
of functional pathologies in the gastrointestinal 
tract grew by 7.9 times over the same period. 
By the time children were 11–14 years old, 
prevalence of chronic diseases in the gastroin-

testinal tract grew by 14.5 times, and secon-
dary immune failure and disorders in the auto-
nomic nervous system were diagnosed 6.0–6.6 
times more frequently.     

2. Each third child aged 4–6 who lived on a 
territory where ambient air was contaminated 
with metals (vanadium and manganese) suffered 
from a chronic disease of the lymphoid tissue in 
the nasopharynx, and ¾ of such children had 
disorders in the autonomic nervous system and 
ran 1.9 times higher risk of combined respiratory 
diseases and nervous system pathologies. Prob-
ability of allergic rhinitis and pathologies of the 
lymphoid tissues in the nasopharynx was 3.9–4.2 
times higher among junior schoolchildren; prob-
ability of functional disorders in the digestive 
organs, 5.3 times higher. Senior schoolchildren 
who suffered from chronic respiratory organs 
diseases ran 2.7–3.0 times higher risk of disor-
ders in the autonomic nervous system and sec-
ondary immune failure.    
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