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Abstract: according to the World Health Organization (WHQO), 4.2 million deaths annually are
associated with air pollution. Air pollution is the second leading risk factor for mortality among
children under the age of five, responsible for an additional 700,000 deaths (15 % of all mortality)
worldwide. Therefore, the aim of this study is to analyze literature data, international and domestic
regulatory and methodological documents, and information sources to determine the main aspects
of the particulate matter impact (in particular PM10 and PM2.5) on the development of children's
somatic pathologies. The greatest concern of scientists and health experts is caused by emissions of
particulate matter (PM,y, PM.s), which causes 10 % of social health losses in Ukraine, resulting in
43,000 premature deaths. Children are particularly adversely affected due to their greater physical
activity, immature immune system, underdeveloped respiratory system, and metabolism, which leads to
increased lung ventilation and absorption of large volumes of polluted air. The analysis revealed that
exposure to PM o, PM: s can lead to children’s psychological complications, autism, and retinopathy,
affecting the course of pregnancy and childbirth (spontaneous miscarriages and stillbirths), causing
children to develop health problems in the future. It can also increase the prevalence of bronchial
asthma, respiratory infections, including acute lower respiratory tract infections, pneumonia, upper
respiratory tract infections, and otitis media, and in the future, cardiovascular diseases. At the same
time, existing research suggests that allergies, including allergic rhinitis, eczema, and conjunctivitis,
are exacerbated and increase in children. Thus, based on the analyzed epidemiological and clinical
studies, it is possible to assert a direct and reliable link between exposure to PM,y and PM.;s air
pollution and an increase in the number of pulmonary diseases among children (in particular
bronchial asthma and pneumonia). Particular attention is drawn to studies on the increased risk of
morbidity and progression of type 2 diabetes among children, including the search for causes and
mechanisms of its occurrence. The above calls for in-depth epidemiological research, which is limited
in Ukraine.

Keywords: Air Pollution; Particulate Matter (PM;o, PM,s); Ventilation; Pulmonary Diseases;
Morbidity; impact of air pollution on children's health, somatic pathologies, mortality.
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Introduction

Air pollution is currently one of the most
significant medical and environmental issues,
resulting in social losses, including diseases and
deaths, among both adults and children.

According to the World Health Organization
(WHO), its impact on human health is associated
with 4.2 million premature deaths per year, with
4 % of cases being lung cancer, 14 % acute lower
respiratory infections (including pneumonia),
14 % chronic obstructive pulmonary disease,
68 % stroke, and ischaemic heart disease [1],
[2]. At the same time, air pollution is the second
leading risk factor for death among children
under the age of five [3].

An analysis of statistical data shows that
in general, morbidity and mortality from non-
communicable diseases (NCDs; in particular,
circulatory and respiratory systems) and their
prevalence among the population of Ukraine
have increased in recent decades and are almost
twice as high for women and 2.3 times higher
for men than in Europe [4]. According to the
«Global Burden of Disease» study, about 10 %
ofthe social costs of the health of Ukrainians are
associated with air pollution, which causes about
43,000 premature deaths and almost one million
disability-adjusted life years (DALY) [5].
According to the State Hydrometeorological
Service of Ukraine (SHS), high levels of air
pollution in the country are caused by high
exposures to nitrogen dioxide, formaldehyde,
phenol and partially total suspended matter,
carbon monoxide, hydrogen fluoride [6]. At
the same time, in 2021, the average annual
exposure to atmospheric particulate matter with
a diameter <2.5 um (PMss) was 18.5 pg/m?
(exceeding the WHO recommended standards
by 3.7 times), ranking the 56th highest in the
world, despite a downward trend in 2023 to
8.6 ug/m? (by 1.7 times) due to a significant
decline in industrial production as a result of
the war [7], [8].

Unfortunately, the assessments conducted
are generalised and do not provide an
understanding of the impact of air pollution on
children's health (including the development of
somatic pathologies), which makes this study
relevant.
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Aim

The aim of this study is to analyze literature,
international and domestic regulatory and
methodological documents, and other sources
of scientific information to determine the key
aspects of how particulate matter (specifically
PM,y and PM,;s) impacts the development of
somatic pathologies in children.

Materials and Methods

A review of regulatory and methodological
recommendations, reports and scientific publi-
cations indexed in international scientometric
databases was conducted using empirical and
bibliographic methods of analysis. The data
and information on levels of air pollution and
somatic pathologies in children in the world,
Europe, and Ukraine were taken from the official
(state) websites of the Ministry of Health, SHS,
WHO, international and scientific publications,
reports, and databases of HEI (Health Effects
Institute), IHME (Institute for Health Metrics
and Evaluation), UNICEF, and EEA (European
Environment Agency).

Review and discussion

Intoday's realities, the greatest concern among
scientists and health experts is the emission of
particulate matter (PM,o, PM,s), which is the sixth
largest risk factor for negative impact on public
health [9], [10]. It has been established that about
30 million Europeans live in areas where PM;,
and PM,;s concentrations are at least four times
higher than the WHO recommendations [11].
Ukraine is one of the countries most affected by
air pollution in Europe [12], [13].

The main sources of total anthropogenic
emissions of primary particulate matter (PM,
and PM,5s) into the air are fuel combustion at
various facilities (40-55 %); industrial processes
(15-30 %) and motor vehicles (10-25 %) [14].
Their emissions can also be established by
natural sources, namely as a result of dust
storms, wildfires, weathering, decomposition
of living organisms, etc. As for the processes of
PM,, and PM;; intake and formation, they can
be directly emitted into the atmosphere or formed
in the atmosphere from gaseous precursors
(in particular, non-methane volatile organic
compounds, nitrogen oxides, sulfur dioxide, etc.).
The most important characteristics of PM are their
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linear size and content (exposure) in ambient air
[16]. According to EN 481, PM is divided into
three fractions: «Inhalable» fraction — particles
(< 100 pum) that enter the body through the nose
and mouth, where they are deposited; «Thoracicy
fraction — particles (< 10 pm) that pass beyond
the larynx but do not penetrate the bronchi;
«Respirable» fraction — particles (< 4 um) that
easily penetrate the lungs and settle in the alveoli
due to Brownian motion [17]. The greatest impact
on human health belongs to the «Respirable»
fraction, which, bypassing the alveolar-capillary
barrier, dissolves in mucus and, being absorbed
through the mucosal epithelium, can enter the
blood, intercellular fluid, and lymph. At the same
time, insoluble particles that enter the alveoli
settle on the walls of the airways. If they have not
been neutralized by macrophages, they penetrate
the biological membrane and are carried by the
blood and lymph flow to various organs and
tissues, forming dust accumulations in the liver,
kidneys, and other organs [16].

ISSN 2786-6661
eISSN 2786-667X

Air pollution has a more adverse effect
on children due to their immature immune
system, underdeveloped respiratory system, and
metabolism. As aresult, their defense mechanisms
against hazardous pollutants do not work as well
as those of adults. Children spend most of their
leisure time outdoors, are physically active, and
tend to breathe through their mouths, which leads
to an increase in the intensity of lung ventilation,
thereby absorbing a large volume of air and
increasing the concentration of air pollutants in it
(Fig. 1) [18], [19], [20].

According to HEI, IHME, and UNICEF
(«State of Global Air /2024»), 700,000 deaths
of children under 5 years old are associated
with air pollution, which is 15 % of all deaths
and indicates almost 2,000 children dying due
to severe health effects caused by air pollution
[3].

Numerous epidemiological studies have
shown that long-term exposure to air pollution
leads to children's psychological complications,

Where is the
danger waiting?

While in their
mothers wombs

School and kindergarten
grounds and courts

Commuting to school and
afterschool activities

More time outside
compared to adults

More physical activity
compared to adults

Lungs and organs developing

Who suffers the most?

How does pollution
affects children?

Low birth and weight

Asthma and reduced
lung function

Risk of respiratory
infections

Upper respiratory
infections and otitis

Allergies, including
allergic rhinitis

Weaker immune system

Figure 1. Infographic on the ways and impact of air pollution on children's health
[the figure is created by the author].
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autism, retinopathy, fetal growth, and low birth
weight [21].

Systematic reviews and meta-analyses have
also found evidence of an association between
pulmonary disease and adverse birth outcomes,
including low birth weight, preterm birth,
stillbirth, and low birth weight for gestational age
(a condition known as «small for gestational age»
or SGA) [22].

The above is confirmed by the EEA data,
which shows that pregnant women exposed to
high inhalation exposures to pollutants before
birth had an increased risk of preterm birth and
low birth weight during pregnancy. At the same
time, Grippo et al. 2018; Zhang et al. 2021;
Zhu et al. 2022 also associate an increased risk
of spontaneous miscarriage and stillbirth with
exposure to particulate matter [20]. In addition,
a meta-analysis indicates a positive association
between prenatal exposure to air pollution
(PM,o, PM, s, nitrogen dioxide, and ozone) and
the risk of autism spectrum disorder in children
[23]. In later life, the above could increase the
risk of various health problems for children.

After birth, polluted air also increases the
risk of adverse health outcomes for children and
adolescents, increasing the risk of respiratory
infections, including acute lower respiratory
tract infections, pneumonia, upper respiratory
tract infections and otitis media (ear infections),
and cardiovascular disease (in the future) [20].

Studies of Y.G. Antipkin and O.P. Volosovets
indicate a direct relationship between the impact
of emissions on the incidence and prevalence of
pulmonary diseases among children (especially
those aged 0-6 and 15-17 years inclusive)
and the prevalence of bronchial asthma and
diabetes in all age groups. At the same time,
the environmental determinants of children's
pulmonary diseases development, in particular
bronchial asthma, can significantly burden and
complicate the course of COVID-19 [24].

Today, asthma affects more than 9 % of
children in the EU, and the risk of development
and symptoms (from mild to very severe, even
life-threatening) are linked to polluted air
prolonged exposure (in particular PM;, and
PM,5), as proven by epidemiological and clinical
studies [20]. This is also confirmed by a team of
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scientists led by Gehring Uet al. who report an
increased lifetime risk of children with asthma up
to the age of almost 20 exposed to air pollution at
an early age [25]. In addition, short-term increases
in air pollution levels increase the risk of asthma
hospitalization and emergency department visits
for children [20].

According to the research conducted by Deng
et al., a relationship was established between
the development of bronchial asthma and
allergic rhinitis for children whose mothers were
exposed to polluted air during pregnancy. This
is explained by various epigenetic mechanisms
(DNA methylation), where various pollutants
play an important role in the development of
allergic diseases [26]. This is also evidenced by
the research data presented in the publications
of the US EPA, EEA, and UNICEF, which state
that exacerbation and increased development
of allergies, including allergic rhinitis (runny
nose), eczema, and conjunctivitis (itchy eyes)
for children caused by short-term exposure to
polluted air [20], [3].

Scientists are also concerned about the impact
of air pollution on pneumonia, which causes
22 % of all child deaths between the ages of 1
and 5. A study conducted by Stanford University
showed that the incidence of pneumonia among
children under 5 years of age increases by
3.2 % with each 10 pg/m? increase in PM,s
concentration. This difference equates to more
than 200,000 additional cases of childhood
pneumonia in Bangladesh each year and almost
two million additional cases in South Asia. These
increases are about twice as large as previous
similar estimates of hospital admissions for
pneumonia associated with increases in PMs
and almost 10 times higher than estimates for
outpatient visits [27].

At the same time, epidemiological studies
have shown that exposure to PM, 5, PM,o, and NO,
air pollution can contribute to an increased risk
of morbidity and progression of type 2 diabetes
among children. This association may be more
pronounced in overweight and obese children.
The precise mechanism by which air pollution
increases the incidence of type 2 diabetes
remains to be determined. Possible mechanisms
include systemic inflammation, oxidative stress,
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Figure 2. Impact of particulate matter (PM;o and PM>s) on the development of somatic pathologies in
children [the figure is created by the author].

endoplasmic reticulum stress, mitochondrial
dysfunction, and epigenetic changes [28, 29, 30].

Analyzing the above, atmospheric air
pollution by PM;, and PM,s from industrial
enterprises and vehicles emissions, due to their
microscopic nature and ability to penetrate the
blood and lymph, leads to irreversible losses and
morbidity in the child population (Fig. 2).

This,inturn,requiresthoroughepidemiological
studies (including the search for biomarkers) to
establish reliable links between the impact of air
pollution and children's health to find the causes
and mechanisms of their occurrence and preserve
the health of future generations.

Conclusions

1. It has been determined that air pollution
is the second risk factor for death among
children under the age of five. Children are

particularly vulnerable due to their higher
levels of physical activity, an immature immune
system, and underdeveloped respiratory system
and metabolism, which result in increased lung
ventilation and absorption of larger volumes of
polluted air.

2. It was found that exposure to PM,o, PM, s
can lead to children’s psychological complicati-
ons, autism, and retinopathy; affect pregnancy
and childbirth, provoking future health problems;
increase the risk of bronchial asthma, respiratory
infections, including acute lower respiratory tract
infections, pneumonia, upper respiratory tract
infections and otitis media (ear infections), allergic
and cardiovascular diseases (in the future).

3. The above proves the urgency of conducting
epidemiological studies to establish the relation-
ship between the impact of air pollution (in parti-
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BruiuB 3a0pyiHeHHs1 aTMOC(EPHOTo MOBITPS
TBepAUMHU YacTkaMu nmuiy (PMio Ta PM,.s)
HA PO3BUTOK COMATHYHMX MATOJIOTIN y miTei
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Anomauia: 3a oanumu Bceceimuvoi opeanizayii oxoponu 300pog’s (BOO3) i3 3abpyonennsam
ammocgheproeo nogimps nos’sizyiome 4,2 mam cmepmeil Ha pik. Boonouac tioco 3abpyouenns €
opyaum haxmopom pusuxy cmepmuocmi cepeo oimeil y 8iyi 00 n’smu pokis, ujo € npuuunoro 700000
(15 % ei0 ycix eunaokie) dooamkosux cmepmeil y ceimi. Tomy memoro 0aHo20 O0CNIONHCEHHS €
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aHaniz aimepamypHux OaHux, MINCHAPOOHUX | BIMUUZHAHUX HOPMAMUBHO-MEMOOUYHUX OOKYMEHMIB
ma iHgopmayitinux O0dxcepen Ol GU3HAYEHHs KIIOYOBUX ACNEKMI6 6NIUEY MEEPOUX UACHOK NULY
(30kpema PMy ma PM. 5) na po3sumok comamuunux namonoziti y dimeu. Haubinouio2o 3a1enokoeHHs.
Y HAyKo8Yie ma ekcnepmis 8 2any3i OXOPOHU 300p08 sl BUKIUKAIOMb caMe SUKUOU MEEPOUX YACMOK
nuny (PM,o, PM>s), wo € npuuunoro 10 % coyianvrux empam 300p08’s yKpainyie, npuzeooauu 00
43 000 nepeouacrux cmepmeti. Ocodu60 HeCNpUAMIUBO iX 6NIUE NOSHAYAEMBCA HA OIMAX depes ix
Oinbuty Qi3uuHy aKkmueHicms, He3PINY IMYHHY CUCMeM), HeOOCMAmMHbO PO3GUHEH) CUCMEM) 11e2eHb
ma OOMIiH peuosuH, Wo CHPUUUHIOE 30ITbUEHHS ITHMEHCUBHOCMI 6eHMUNAYIT 1e2eHb ma NOTUHAHHS
genuKoeo 06’emy 3a0pyoHeHo2o nogimps. Y xo00i npoeedenozo ananisy eussieHo, wjo eénaue PM,
PM; s mooice npu3eo0umu 00 nCuxono2iyHux ycKiaoHens y Oimetl, aymusmy, pemuHonamii, eniueamu
Ha nepedic eazimHocmi ma NoNo2U (CAMOBLIbHI GUKUOHI MA MePMBOHAPOONCEHHS), NPOBOKYIOUU
y Oimeil 8 nodanvuiomy npoonemu 3i 300po8’am. Takooic niosuugyeamu pieeHb NOUWUPEHOCHE
OpoHXIanbHOI acmmu, pecnipamopHux iHGexyil, BKIUaArYU 20Cmpi iHGeKyii HUNCHIX OUXATbHUX
WLISXI8, NHEBMOHIIO, THpeKYil 6epXHIX OUXANbHUX WLIAXI6 | cepedHill omum, ma 8 MatuOymHboMy —
cepyedo-cyOUHHUX 3axX60pr06ans. Boonouac icuyroui 0ocniodceHHs cmeepoicyioms npo 3a20CmMpeHHs
ma 30i1bUeHHs PIBHs PO3BUMKY allepeii, 8KIIYAIOYU ANIepeiYHUll PUHIM, eK3eMy ma KOH TOHKMUGIm
y dimeti. Omoice Ha niocmasi NPOAHANI308aAHUX eNi0eMiONO2IYHUX MA KITHIYHUX O0CAI0HCEHb MONCHA
CcmMeepodHCy8amu npo Npamuil 0OCMOGIPHULL 38 A30K MIJNC 6NIAUBOM 3A0OPYOHEHHS ammocghepHo2o
nosimps PM o, PM> sma 30inbueHHaM KibKOCMI 3aX60pI08akb OPeanie OUXauHs cepeo dimell (30Kpema
bpoHnxianvHo acmmoio ma nheemonicio). Ocobnusoi yeazu, npugepmaroms 00CIIOHNCEHHS NPUCBAYEHI
NIOBUUEHHIO PUSUKY 3AX80PIOBAHOCI MA NPOSPECYBAHHI0 YYKPOB020 Oiabemy Opy2020 muny cepeo
OUMAY020 HACELeHHS, 30KpeMa NOULYKY NPUYUH | MeXaHizmi6 1io2o 8UHUKHeHHs. Buweckasane, gumazae
NpPOBe0eHHsl IPYHMOBHUX eNni0eMiON02IUHUX OOCTIONHCEHD, WO OYHce 0OMeNCeHT 8 YKpaiHi.

Kuouogi cjioBa: 3a0pyaHeHHs atMocdepHOTro MOBITPs, TBepAl YacTku ity (PM,o, PM,5), Bruius
3a0pyJHEHHS aTMOCEPHOTO MOBITPSI HA 370POB’S AiTeH, COMAaTUYHI ATOJIOT1i, CMEPTHICTb.
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