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SUMMARY

The objective of this study was to evaluate the level of environmental pollution in Kyiv, the
capital of Ukraine. This assessment utilized measurements of magnetic susceptibility and
heavy metal concentrations on air filters. Over a period of 3.5 years (2015-2018), magnetic
susceptibility and heavy metal concentrations (including Cr, Fe, Mn, Ni, Cu, Zn, Cd, and Pb)
were analyzed to characterize anthropogenic PM collected from seven air sampling stations.

Studies of heavy metal concentrations in the air of Kyiv show that pollution levels vary
significantly depending on the location of monitoring points and emission sources, transport
infrastructure. Streets with heavy traffic in Kyiv exhibit elevated levels of Fe and Mn,
comparable to those found in highly industrialized regions worldwide.

Significant correlation coefficients were obtained between the magnetic susceptibility kv of
dust and the content of Fe, Mn, Zn, Cu in it. These elements form the main geochemical
association that pollutes the air of Kyiv.

Concentrations of heavy metals, such as Cr, Ni, Cd and Pb, are high in Kyiv but remain
within European standards and maximum permissible concentrations, except in areas
immediately adjacent to industrial sites.

The findings provide a basis for more detailed measurements of the shifts in Kyiv's
ecological condition caused by the ongoing war.
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Introduction

Air pollution is the most critical environmental issue facing large cities, posing significant risks to
human health and contributing to the development of serious diseases, as highlighted in the annual
UN report on environmental challenges. Regardless of the source of air pollution, all pollutants have
an impact on human health. Their effect does not manifest itself immediately. The pollutants that have
the greatest impact on the negative effects on human health include: particulate matter (PM 2.5, PM
10), NO,, SO,, CO, CH>0, O3, PAH compounds (Directive (EU) 2024/2881).

Particulate matter constitutes a significant portion of both natural and anthropogenic aerosols
generated and deposited in urban areas. This mixture includes relatively coarse super-micrometric
particles, primarily originating from construction sites, non-exhaust emissions from vehicles,
resuspended soil dust, and industrial activities, as well as fine sub-micrometric particles, which
mainly arise from combustion processes, forest fires, and the transformation of gaseous species.

Kyiv the capital of Ukraine is one of the largest cities in Europe by both population and land area.
Kyiv has a population exceeding 2.9 million. Kyiv possesses significant economic potential, marked
by a variety of industries, production activities, and services. Prior to the war, the city was home to
485 large industrial enterprises and over 4 500 medium and small businesses. The city's industrial
sector includes power plants, construction, machine manufacturing, metal and woodworking
industries, as well as chemical, pharmaceutical, food, and other sectors. In 2018, these industries
released approximately 29 200 tons of harmful substances into the atmosphere (Regional report,
2018). The primary contributors to air pollution in Kyiv are mobile sources, particularly motor
vehicles and rail transport. Mobile sources account for over 70% of the total pollutants in the city's air.
Every day, more than a million cars travel through the city of Kyiv. As of the beginning of 2018, 1.06
million cars were registered in Kyiv (362 cars per 1,000 residents). The number of cars in the city
increased by 18% from 2015 to 2018 . The average traffic flow intensity in the city is 319.9 thousand
cars per day (Traffic Monitoring on the Streets of the Capital, n.d). In 2018, these sources emitted 142
500 tons of harmful substances (Regional report, 2018). The overall level of air pollution in Kyiv is
above the average for Ukraine and is assessed by experts as high, characterized by negative dynamics,
despite the reduction in industrial emissions (Ohliad stanu zabrudnennia ..., 2019).

The objective of this study was to evaluate the level of environmental pollution in Kyiv, the capital of
Ukraine. This assessment utilized measurements of magnetic susceptibility and heavy metal
concentrations on air filters. Over a period of 3.5 years (06.2015 — 12.2018), magnetic susceptibility
and concentration of heavy metals (including Cr, Fe, Mn, Ni, Cu, Zn, Pb and Cd) collected from
seven air sampling stations in Kyiv were analyzed to be able to characterize anthropogenic PM.

Materials and methods

The magnetic susceptibility of air filters through which atmospheric air (in a volume of 120 m®) was
pumped for a month was measured at the Institute of Geology of Taras Shevchenko University of
Kyiv using a KLY-2 kappabridge instrument (Geofizyka, Brno). The determined magnetic
susceptibility was normalized per unit volume of air.

Monitoring of air pollution in Kyiv is carried out by the Central Geophysical Observatory named after
Borys Sriznevsky (CGO) (http://cgo-sreznevskyi.kyiv.ua/uk/). The air quality monitoring network set
up by CGO consists of 21 sites, in 7 of which air sampling is performed. These 7 are located in
different positions according to emission sources (in the urbo-industrial area, at the city center, in the
square with heavy traffic and frequent traffic jams etc.). Concentrations of 8 heavy metals (Cd, Fe,
Mn, Cu, Ni, Zn, Cr, Pb) in air filters were determined in the laboratory of the CGO by atomic
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absorption method in accordance with the State Sanitary Rules for the Protection of Atmospheric Air
in Settlements (Derzhavni sanitarni pravyla, 2000).

Results

The values of magnetic susceptibility ky of air filters k, for the observation period in the city of Kyiv
are changing from 3 to 211x10” m~. The concentration of heavy metals in particulate matter in Kyiv
decreases in the following order: Fe > Zn > Cu > Mn > Pb> Ni > Cr > Cd. The content of heavy
metals in the atmospheric air of Kyiv has moderate values, which do not exceed the average daily
maximum permissible concentrations.

Spatial distribution of magnetic susceptibility averaged over a period of observations for the Air Sites
is presented in Figure 1. The highest period averaged kv is observed at the station AS11 (ky- 118x10?
m™). The lowest are at AS4 (ky =23.3x 10°m™) and ASS8 (ky=25.6x 10°m™>).

The search for statistically significant relationships between pollution components ky as an indicator
of the content of magnetic minerals per unit volume is closely related to the content of solid particles
containing heavy metals. According to the results of Spearman's rank correlation, statistically
significant correlations (correlation is significant at the 0.01 level) were found between kv and Mn
(0.558), Fe (0.551), Zn (0.452), Cu (0.371), Cd (0.249) and Cr (0.167).

Hierarchical cluster analysis was performed in IBM SPSS Statistics software based in temporal
variations of magnetic susceptibility to classify the observation points. According to the results of
cluster analysis, points observation are grouped into 3 clusters (Fig. 2) (Bondar & Tsiupa, 2024).
Cluster I includes observation points AS7, AS9, AS20, which are located in the busiest highways of
the city. Cluster II includes points AS4, AS8, AS21, which are located between residential buildings,
away from roads. Cluster III consists of point AS11, which is located next to the aircraft factory on a
busy avenue. The highest iron, manganese and copper contents are observed here, the kv value is
higher 4 times higher than the city average. that meaning this observation point is in the zone of
geochemical anomaly.
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Figure 1 Spatial distribution of the average Figure 2 Dendrogram using Ward
magnetic susceptibility value on air filters at air Linkage (Bondar & Tsiupa, 2024).
monitoring points in Kyiv (June 2015 —

December 2018).
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The pattern of Fe distribution in urban air corresponds closely to that of ky. At the air sampling points
of Cluster II, the average iron concentration is lower than in other clusters and in the city as a whole
and is 828 ng/m?* and ranges from 200 to 2520 ng/m? (Table 1, Figure 3). The Fe content in Cluster I,
where the observation points are located near the roads, demonstrates a higher average concentration
(1.5 times) than in Cluster II - 1226 ng/m?, ranging from 60 to 5170 ng/m3. The average values of
heavy metals Fe, Mn, Cu, Zn and ky are 1.2-1.8 times lower here compared to cluster I, which is due
to the location of the points. This indicates that these elements stem from industrial discharges,
vehicle emissions, and the resuspension of road dust.

In Kyiv, Ni shows a mean concentration of 19.8 ng/m?, which falls within the target values for the
protection of human health (20.0 ng/m?) (Directive (EU) 2024/2881).

The average value of Cd in cluster II is 13.4 ng/m® and considerably higher the target value for this
metal in the PM10 particulate matter fraction in ambient air (5 ng/m?®) (EEA, 2024) (Table 1). The
high content of cadmium in these monitoring points is explained by the presence of a concrete plant
and a railway junction nearby.

The concentration of atmospheric total Cr exhibits moderate variation throughout the city ranging
from 0 to 70 ng/m’. The mean level 15.9 ng/m® does not differ from values in other European urban
areas (Bondar & Tsiupa, 2024).

Table 1 Descriptive statistics of magnetic susceptibility (10-9 m-3) and heavy metal content
(ng/m3) in the city's air.

Dataset for whole city Cluster I Cluster II Cluster IIT

Min-Max | MeantSD | Min-Max | Mean+SD Min-Max Mean+SD Min-Max Mean+SD
kv 3-211 49.8+37.4 | 14.4-100 49.0£19.2 3.0-81.1 26.5+13.6 42 -211 118.1£42.0
Fe 60-5170 | 1156+758 | 60 —5170 1226+772 200 - 2520 8284366 440 - 4220 18924974
Pb 0-220 25.0+£20.8 0-220 26.4+24.0 0-120 23.2+18.8 3-70 26.02+14.9
Zn 0-770 92.1+73.4 0-320 90.0+48.3 10 — 480 76.0+£51.4 20 - 770 146.4+139.6
Cu 0-360 58.1+40.2 0-310 60.0+34.9 10 - 360 51.3+44.0 20 - 300 72.14+46.5
Mn 10-120 32.1+£20.9 10 - 120 34.6+17.9 10-70 21.6+10.8 10 - 120 554+29.8
Ni 0-200 19.8+16.0 0-70 18.6+13.1 0-200 21.5+19.5 0-50 18.9+11.2
Cr 0-70 15.9+10.9 0-70 15.7£11.2 0-70 16.6+10.5 0-60 15.38+10.2
Cd 0-80 6.72+12.3 0-20 3.13+4.57 0-80 13.4+15.96 0-10 2.844.2
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Figure 3 Change the median values of magnetic susceptibility and heavy metals by clusters.
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Conclusions

This study aimed to assess the anthropogenic impact on air quality in the city of Kyiv during the
period 2015-2018 based on the amount, distribution, and composition of heavy metals from exposed
air filters and magnetic susceptibility ky.

Studies of heavy metal concentrations in the air of Kyiv show that pollution levels vary significantly
depending on the location of monitoring points and emission sources, transport infrastructure. As in
other major cities, Kyiv's primary contributors to heavy metal pollution are both mobile and stationary
sources.

Significant correlation coefficients were obtained between the magnetic susceptibility ky of dust and
the content of Fe, Mn, Zn, Cu in it. These elements form the main geochemical association that
pollutes the air of Kyiv.

Concentrations of heavy metals, such as lead, cadmium and nickel, are high in Kyiv but remain within
European standards and maximum permissible concentrations.

The results offer a foundation for further quantification of changes in the ecological state of Kyiv's
megapolis, stemming from the ongoing war.
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