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At present an outstanding task is to concentrate on chemical and fractional structure when examining and assessing 

influence exerted by particulate matter on morbidity among children. The main goal of any such research is to prevent nega-
tive effects produced on the respiratory organs. 

Our research objects were ambient air in residential areas contaminated with particulate matter that were components 
in emissions from non-ferrous metallurgic enterprises (the test territory) and ambient air in residential areas free of such 
contamination; morbidity among children was also given our attention. 

Our assessment of ambient air quality as per РМ10 and РМ2.5 contents revealed they exceeded the standards recom-
mended by the WHO and were by 1.4 times higher than recommended MPCa.d. Respirable fraction of particulate matter 
tends to have complicated chemical structure and contains metals that are specific for emissions from metallurgic enter-
prises such as nickel, copper, iron, aluminum, titanium, gallium, and neodymium.  The latter can enhance negative effects 
produced by particulate matter on the respiratory organs. Epidemiologic assessment in a contaminated zone (the test terri-
tory) allowed establishing 1.8 times higher general and primary morbidity as per respiratory organs diseases than on the 
reference territory; it was even up to 14.8 times higher as per specific nosologies such as chronic disease of tonsils and ade-
noids, asthma, and status asthmaticus.  We also established authentic dependence between probability of respiratory dis-
eases and elevated concentrations of particulate matter in ambient air. 

Results of the proven dependence allow predicting up to 500/1000 additional respiratory diseases cases per year on the 
test territory; all these additional morbidity cases among children are associated with aerogenic exposure to particulate matter. 
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  Industrial complexes operating in non-

ferrous metallurgy which are located in RF 
regions are, as a rule, large objects both in 
terms of production volumes and masses of 

contaminants emissions into ambient air [1]. 
Dust and gas mixtures discharged from metal-
lurgic productions include commonly spread 
gaseous substances (sulfur, nitrogen, and car-
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bon oxides), specific compounds (iron, man-
ganese, nickel, lead, aluminum, etc.), and par-
ticulate matter as well. Dust emissions make a 
substantial contribution into ambient air con-
tamination in residential areas. Effects pro-
duced by particulate matter can result in nega-
tive consequences for health, first of all, respi-
ratory diseases. Effects are especially 
hazardous for children since protective and 
adaptation capabilities of children’s bodies are 
underdeveloped1 [2]. 

The World Health Organization (WHO) 
ranks particulate matter including fine-disperse 
particles sized 2.5 and 10 µm among priority 
contaminants according to gravity of the ef-
fects they produce on population health [3]. 
According to WHO recommendations, average 
daily maximum permissible concentration for 
РМ2.5 in ambient air is 0.025 mg/m3; for РМ10, 
0.05 mg/m3, and it is 1.4 and 1.2 times stricter 
than corresponding hygienic standards existing 
in the Russian Federation2. Chemical structure 
of particulate matter emitted by metallurgic 
enterprises depends on peculiarities of techno-
logical processes applied at them and includes 
various non-organic components, primarily 
metals [4–6]. Research works that dwell on 
assessing influence exerted by particulate mat-
ter on population health contain data on a wide 
range of negative effects, including those pro-
duced on respiratory organs and resulting in 
more frequent bronchitis cases and other 
symptoms in upper and lower respiratory 
tracts, exacerbated asthma attacks, more fre-
quent pneumonias and greater mortality due to 
respiratory diseases [7]. The largest-scale epi-
demiologic research performed on 22 popula-
tion cohorts in Europe confirmed dependence 
between total mortality and РМ2.5 concentra-
tions in ambient air; mortality grew by 7 % per 
each 5 µg/m3 [8]. 

As per data provided by the WHO, ambi-
ent air contamination with fine-disperse par-
ticulate matter produces apparent negative ef-

fects directly on respiratory tracts. Particles 
with aerodynamic diameter being less than 
10 µm are proven to be able to penetrate via 
the bronchial tree and accumulate in lung tis-
sues; PM with their diameter less than 2.5 µm 
are able to reach bronchioles and alveoli; PM 
with their diameter being less than 0.1 µm can 
even penetrate the blood flow [4, 6, 9, 10]. 
Experimental research works allowed estab-
lishing than effects produced by РМ2.5 on the 
respiratory tract mucosa resulted in a decrease 
in chalice cells number and epithelium thick-
ness [11]. These changes lead to a reduction in 
phagocytes macrophages and epithelial cells 
that participate in protective functions per-
formed by respiratory tracts and aimed at pro-
tection from negative effects produced by con-
taminants in ambient air [6]. 

Multiple Russian and foreign research 
works contain evidence that there is a direct 
correlation between a significant growth in 
respiratory diseases and additional cases of 
diseases in the respiratory organs and effects 
produced by particulate matter in ambient air 
[7, 12–14]. It is well-proven that when average 
daily РМ10 concentration grows by 10 µm/m3, 
there is a 2.4–3.4 % growth in application for 
medical aid or admission to hospitals among 
population due to diseases of the upper and 
lower respiratory tracts, and bronchitis cases 
number grows by 10–25 % [15, 16]. When 
РМ10 concentration grows by 10 µm/m3 during 
2 months, frequency of bronchial asthma at-
tacks among children increases by 4.2 % [16]. 

At present it is vital to examine and assess 
negative effects produced by particulate matter 
on morbidity among children taking into ac-
count their chemical and fraction structure as it 
allows working out efficient preventive activi-
ties aimed at reducing or eliminating negative 
consequences for respiratory organs. 

Our research goal was to hygienically 
assess aerogenic exposure to particulate mat-
ter and effects produced on morbidity with 

__________________________ 
 
1 On sanitary-epidemiologic welfare of the population in the Russian Federation in 2018: the State report. Moscow, The 

Federal Service foe Surveillance over Consumer Rights Protection and Human Wellbeing Publ., 2019, 254 p. (in Russian).   
2 HS 2.1.6.3492-17. Maximum permissible concentrations (MPC) of contaminants in ambient air in urban and rural set-

tlements: The Order by the RF Chief Sanitary Inspector issued on December 22, 2017 No. 165. KODEKS: an electronic fund 
for legal and reference documentation. Available at: http://docs.cntd.ru/document/556185926 (07.02.2020) (in Russian). 
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respiratory deceases among children living in 
a zone exposed to emissions from metallurgic 
enterprises. 

Data and methods. The research objects 
were ambient air samples taken in residential 
areas where ambient air was contaminated 
with particulate matter due to emissions from 
enterprises operating in non-ferrous metallurgy 
(the test territory) and in residential areas 
without such contamination (the reference ter-
ritory) and databases with data on morbidity 
among children. 

Fraction and chemical structure of particu-
late matter was examined via analyzing daily 
ambient air samples taken at a point located 
2 km away from the boundary of a sanitary-
protection zone around a metallurgic enterprise. 
Samples were taken over a period of time start-
ing from 00.30 to 18.30 with PA-300M-2 air 
intake device (Russia) on AFA-VP-20-2 filters 
(Russia). Granulometric structure of particulate 
matter was examined via analyzing images ob-
tained with S-3400N electronic scanning mi-
croscope (Hitachi, Japan) with Image J-FiJi 
software (Germany); chemical structure was 
examined via x-ray analysis performed with X 
Flash Detektor 4010 energy-dispersive spec-
trometer (Bruker, Germany). 

Hygienic assessment of particulate matter 
contents including their РМ2.5 и РМ10 fractions 
in ambient air samples was performed according 
to HS 2.1.6.3492-17 «Maximum permissible 
concentrations (MPC) of contaminants in ambi-
ent air in urban and rural settlements» by experts 
from the Collective Use Center at the Perm State 
Research Polytechnic University. 

We comparatively assessed overall and 
primary morbidity with respiratory diseases 
among children (younger than 14) on the test 
and reference territories using data from the 
Federal Statistic Report Form No 12 «Data on 
number of diseases registered among patients 
living on a territory where medical services 
were rendered by a particular medical organi-
zation» over 2014–2018 and results obtained 
via analyzing data on actual application for 
medical aid provided by the Regional Fund for 
Obligatory Medical Insurance over 2017–2018. 
All the cases when exposed and non-exposed 

population applied for medical aid were bound 
to specific locations on maps of both residen-
tial areas. We performed spatial intersection 
with ArcGIS 9.3 software to establish number 
of children exposed to chemical factors that 
were tropic to respiratory organs. 

Data were statistically analyzed with Statis-
tica 6.0 software package and specific software 
packages with MS-Office applications. Normalcy 
of measured variables distribution was tested with 
Kolmogorov-Smirnov test. To quantitatively 
characterize the examined parameters, we used 
mean value and error of mean since random vari-
ables of analyzed parameters conformed to nor-
mal distribution. Validity of discrepancies in 
morbidity among children population on the test 
territory and the reference one was performed 
with Student’s t-test. Statistical significance was 
taken as р ≤ 0.05 [17].  

We revealed and assessed cause-and-effect 
relations between probability of respiratory dis-
eases occurrence and particulate matter content 
in ambient air with help provided by experts 
from the Department for Mathematic Modeling 
of Systems and Processes at the Federal Scien-
tific Center for Medical and Preventive Health 
Risk Management Technologies; it was done via 
simple linear regression analysis.  

We assessed whether a regression model 
was authentic and relevant using significance (p) 
and correlation coefficient (r). Statistical signifi-
cance was tested according to conventional pro-
cedure for statistic hypothesis testing based on 
Student’s t-test (t) calculation [18].  

Results and discussion. Emissions from 
metallurgic enterprises contain more than 80 
different chemicals. Particulate matter and 
metal oxides that occur in their structure ac-
count for approximately 20 % of the overall 
emission masses. 

Having assessed fractional structure of par-
ticulate matter, we revealed that PM were emit-
ted into ambient air on the test territory and par-
ticles with their diameter being 2.5–10.0 µm 
accounted for approximately 57.0 % of the 
overall particles number. Particles with diame-
ter 0.1–2.5 µm accounted for 21.0 %; particles 
with diameter being smaller than 0.1 µm ac-
counted for 22.0 % (Table 1). 
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T a b l e  1  
Fraction structure and average daily concentration of particles with different sizes;  

particles were deposited on filters when ambient air on residential areas was examined 
Test territory Reference territory 

Particles size 
range, µm 

MPCav.d*., 
mg/m3 

MPCav.d.**, 
mg/m3 Particles 

share, % 

Average daily  
particles concentra-

tion, mg/m3 

Particles 
share, %  

Average daily  
particles concentra-

tion, mg/m3 
less 0,1  – – 22.3 0.018 2.23 0.002 
0,1–2,5 (РМ2,5)  0.035 0.025 20.8 0.034 79.88 0.024 
2,5–10,0 (РМ10) 0.06 0.05 56.9 0.057 17.87 0.014 

N o t e : 
* is average daily maximum permissible concentration of a substance as per Hygienic Standard 

2.1.6.3492-173; 
** is average daily maximum permissible concentration of a substance as per EU Directive. 
 
It should be noted that a share of parti-

cles with their aerodynamic diameter being 
2.5–10 µm and less than 0.1 µm was by 3.0–10.0 
times higher in ambient air on the test terri-
tory than on the reference one. 

We assessed PM10 and РМ2.5 contents in 
ambient air in residential areas on the test terri-
tory; the assessment revealed that average daily 
concentrations fixed in Russian hygienic stan-
dards were not violated. But still, the occurring 
concentrations were 1.2 and 1.4 times higher 
than average daily maximum permissible con-
centrations recommended by the WHO and also 
1.4 and 4.0 times higher than the same parame-
ters on the reference territory. 

Chemical structure of fine-disperse particles 
with different sizes is rather complicated and 
includes approximately 15 metal and non-metal 
oxides. And most metals that occur in particles 
(iron, nickel, copper, titanium, gallium, and neo-
dymium) are typical for emissions from metal-
lurgic production (Table 2). 

Ambient air samples taken on the test terri-
tory more frequently contain fine-disperse par-
ticles with commonly spread sodium oxides in 
their structure, their mass fraction varying from 
1.5 to 7.1 %, and oxides that are specific for 
metallurgic production, such as copper, iron, 
nickel, and titanium oxides, their mass fraction 
varying from 0.16 to 6.5 %; titanium, gallium, 
and neodymium oxide are less frequent with 

their mass fraction varying from 0.6 to 11.9 % 
and they are completely absent in the structure 
of fine disperse particles contained in ambient 
air samples taken on the reference territory. 
Figures 1 and 2 give examples of spectrograms 
showing chemical structure of a specific fine-
disperse particle and its electronic image. 

 
Figure 1. Chemical structure of a fine-disperse  

particle from an ambient air sample taken 
 in residential area on the test territory 

Note: cps/eV is a number of impulses a 1 second  
per electron-Volt, keV is kilo-electron-Volt  

 
__________________________ 
 
3 HS 2.1.6.3492-17. Maximum permissible concentration (MPC) of contaminants in ambient air in urban and rural settle-

ments: The Order by the RF Chief Sanitary Inspector issued on December 22, 2017 No. 165. KODEKS: an electronic fund for 
legal and reference documentation. Available at: http://docs.cntd.ru/document/556185926 (07.02.2020) (in Russian). 
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Figure 2. An image obtained with an electronic scanning 

microscope; it shows fine-disperse dust particles 
deposited on a filter during ambient air examination 

on the test territory (scale 120:1) 

Morbidity among population was ana-
lyzed basing on data taken from state statistic 
reports issued in 2014–2018; the analysis re-
vealed that respiratory diseases held the  
1st rank place both in the primary and overall 
morbidity among children on the test territory 
and the reference one as well. Overall morbid-
ity with respiratory diseases amounted to 
1,342.03 cases per 1,000 children on the test 
territory and it was 1.8 times higher than the 
same parameter among children on the refer-
ence territory (760.95 cases per 1,000 thou-
sand people, р ≤ 0.05) (Table 3). Overall mor-
bidity among children living on the test terri-
tory taken as per specific nosologies on 
average over 5 years was authentically higher 
than the same parameters among children liv-
ing on the reference territory. As for specific 
nosologies, the figures were as follows: aller-
gic rhinitis, 80.3 times higher; chronic diseases 

of the tonsils and adenoids, 14.8 times higher; 
asthma and status asthmaticus, 4.14 times 
higher (p ≤ 0.05). 

A rather alerting trend is a growth (up to 
1.7 times) in primary morbidity with respira-
tory diseases among children living on the test 
territory (1,274.97 cases/1,000 children) against 
the same parameter on the reference territory 
(752.03 cases/1,000 children) (Table 4). Primary 
morbidity with chronic diseases of the tonsils 
and adenoids over 5 years was 5.4 times au-
thentically higher among children on the test 
territory among the reference one (p ≤ 0.05). 

There were new cases of allergic rhinitis 
registered in children living on the testy terri-
tory in the analyzed period whereas there were 
no such cases among children living on the 
reference one. We didn’t detect any authentic 
discrepancies as per other nosologies. 

According to data on application for medi-
cal aid in 2017–2018, morbidity with respira-
tory diseases among children on average 
amounted to 1,426.46 cases/1,000 children and 
788.99 cases/1,000 children on the test and ref-
erence territory accordingly, discrepancy was 
1.8 times (р = 0.0001). 

We assessed cause-and-effect relations 
within «ambient air quality – morbidity among 
children» system and it allowed us to reveal 
direct dependence between growing probability 
of respiratory diseases (as per data on application 
for medical health) and particulate matter con-
centrations (a = 0.534; b = 1.787; r = 0.19; 
p = 0.001). A contribution made by particulate 
matter into respiratory disorders amounted to 
approximately 20 %. 

T a b l e  2  
Chemical structure of some disperse particles in ambient air samples taken in residential areas 

influenced by metallurgic production 
Chemical structure, mas. %  Residential 

area 
Particles 
size, µm Na Mg Ca Al Cu Fe Ni Ti Ga Nd 

66.89 7.11 4.87 9.58 6.51 – 0.63 – – – – 
39.55 6.80 1.82 1.86 – 1.25 5.48 4.14 – – – 
1.12 1.50 7.49 6.59 1.46 3.54 0.16 5.0 3.68 0.64 4.10 Test territory 

0.98 – – – – 62.01 – 11.97 – – – 
61.58 – 10.23 1.41 3.663 – 10.10 – – – – 
19.43 – 6.29 0.86 11.50 43.14 – – – – – Reference 

territory 72.56 – 9.08 5.00 7.25 – 0.60 – – – – 



Hygienic assessment of aerogenic exposure to particulate matter and its impacts on morbidity with respiratory diseases …   

ISSN (Print) 2308-1155    ISSN (Online) 2308-1163    ISSN (Eng-online) 2542-2308 65

T a b l e  3  
Overall morbidity among children on the test territory and the reference one over 2014–2018, 

cases/per 1,000 children 
Test territory Reference territory  

Disease class / nosology  
(as per ICD-10)  

Average over 
2014–2018, 

cases per 1,000 
children 

Growth  
rate, 2018 to 
2014, % * 

Average over 
2014–2018, 

cases per 1,000 
children 

Growth 
rate,  

2018 to 
2014, % * 

Validity of dis-
crepancies as per 

mean value, 
p≤0.05 

J00-J98 Diseases of the res-
piratory system 1,342.03±90.11 –3.30 760.95±20.14 –5.67 ≤0.05 

J30.1 Allergic rhinitis (pol-
linosis)  10.44±1.25 –8.72 0.13±0.02 0.00 ≤0.05 

J35-J36 Chronic diseases of 
tonsils and adenoids 49.84±8.52 45.62 3.36±0.05 –68.55 ≤0.05 

J44 Other chronic obstruc-
tive pulmonary disease 2.29±0.51 287.55 1.55±0.21 –64.09 0.29 

J45-J46 Asthma, status 
asthmaticus 18.12±2.47 -33.77 4.37±0.85 81.43 ≤0.05 

N o t e :  * means that if a parameter was equal to zero in 2014, growth rate was not calculated. 

T a b l e  4  
Primary morbidity among children on the test and reference territory in 2014–2018,  

cases/per 1,000 children 
Test territory Reference territory  

Nosology 
(as per ICD-10)  

Average over 
2014–2018, 

cases per 
1,000 children

Growth rate, 
2018 to 

2014, % * 

Average over 
2014–2018, 

cases per 
1,000 children

Growth rate, 
2018 to 

2014, % * 

Validity of dis-
crepancies as per 

mean value, 
p≤0,05 

J00-J98 Diseases of the res-
piratory system 1,274.97 –1.21 752.03 –3.40 0.30 

J30.1 Allergic rhinitis (pol-
linosis)  1.47 –40.97 – –* ≤0.05 

J35-J36 Chronic diseases of 
tonsils and adenoids 16.66 –24.98 3.07 –90.21 ≤0.05 

J44 Other chronic obstruc-
tive pulmonary disease 0.76 764.71 0.54 –100.00 0.34 

J45-J46 Asthma, status 
asthmaticus 1.78 –21.72 1.28 116.35 0.14 

N o t e :  * means that if a parameter was equal to zero in 2014, growth rate was not calculated. 
 
Our research results indicated that average 

daily concentrations of particulate matter were 
up to 5 times higher than maximum permissible 
ones fixed in hygienic standards recommended 
by the WHO; as for РМ10 и РМ2,5, their contents 
were up to 1.4 times higher. And it should be 
noted that РМ2.5 and РМ10 account for a big 
share (up to 57 %) of the overall particulate mat-
ter volumes in dust and gas emissions form met-

allurgic production. It is well in line with opin-
ions on the issue expressed by the WHO experts 
and also confirms data obtained by Russian sci-
entists in their research works [18–20]. And par-
ticles with their size exceeding 1 µm and con-
taining specific metal oxides (nickel, copper, 
iron, titanium, gallium, and neodymium) can 
aggravate negative impacts exerted on the respi-
ratory tract due to their toxicity. 
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As per data taken from state reports and 
application for medical aid registered for 
children living on the test territory, both 
overall and primary morbidity among them 
was 1.7–1.8 times higher than among children 
living on the reference territory if taken as per 
respiratory diseases in general; it could be 
from 4.0 to 14.8 times higher if taken as per 
specific nosologies (chronic diseases of ton-
sils and adenoids, asthma and status asthmati-
cus). The obtained results coincide with data 
taken from foreign and domestic research 
works on epidemiologic assessment of im-
pacts exerted by particulate matter in ambient 
air on respiratory diseases prevalence among 
children [7, 21, 22]. 

We detected direct dependence between 
elevated morbidity with respiratory organs 
diseases among children under aerogenic ex-
posure to particulate matter and it allows us to 
assume there could be up to 500 additional 
disease cases annually per 1,00 children 
caused by the increased levels of the examined 
contamination factor. Use of scientifically 
grounded results which we obtained allows 
revealing cause-and-effects relations between 
living on a specific territory and diseases oc-
currence; in its turn, it helps make efficient 
managerial decisions aimed at reducing nega-
tive consequences for respiratory organs in 
children who live under aerogenic exposure to 
chemicals [23]. 

Particulate matter including РМ10 and 
РМ2,5, occur in ambient air on residential ar-
eas due to metallurgic enterprises located 
nearby; exposure to them results in apparent 
negative effects and it allows assuming there 
can be additional morbidity with respiratory 
diseases among children caused by particulate 
matter contents in ambient air as it has been 
confirmed by results obtained in this research 
work. Particulate matter contents in ambient 
air in industrial regions, including territories 
where metallurgic enterprises are located, can 
be efficiently reduced via updating the regula-
tory basis, in particular, fixing stricter stan-
dards for fine-disperse particulate matter con-
tents in ambient air and developing techno-

logical and sanitary-hygienic activities aimed 
at reducing emissions from primary emission 
sources. It is necessary to implement targeted 
medical and preventive activities for children 
who permanently live under aerogenic expo-
sure to particulate matter; these activities 
should be aimed at reducing respiratory dis-
eases cases. 

Conclusions. 
1. Hygienic assessment of ambient air qual-

ity regarding particulate matter contents revealed 
that existing РМ10 and РМ2.5 concentrations ex-
ceeded average daily maximum permissible ones 
as they were up to 1.2 and 1.4 times higher than 
MPCav.d. accordingly than hygienic standards 
recommended by the WHO. 

2. Respirable particulate matter fraction 
has complex chemical structure and contains 
metals (nickel, copper, iron, titanium, gallium, 
and neodymium) that are specific for emissions 
discharged into ambient air by metallurgic en-
terprises; it can intensify negative effects pro-
duced by particulate matter on the respiratory 
organs. 

3. Assessment of morbidity revealed 
higher primary and overall morbidity among 
children population on the test territory than 
among those living on the reference territory; it 
was up to 1.8 times higher if taken as per all 
respiratory diseases; it could be up to 14.8 times 
higher as per specific nosologies such as chronic 
diseases of tonsils and adenoids, and asthma 
and status asthmaticus against the same pa-
rameter among non-exposed children.  

4. We proved there was dependence be-
tween probability of respiratory diseases and 
elevated particulate matter concentrations in 
ambient air; it allowed us to predict annually 
up to 500/1,000 additional cases of respiratory 
diseases among children caused by aerogenic 
exposure to particulate matter. 
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