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SUMMARY
The urbanization and anthropogenic impact are the main factors of the environmental pollution
at big cities. In this study, we concentrated on the application of magnetic measurements to
identify hot spots of the pollution of soils of Lviv (Ukraine). Lviv is among 11 Ukraine
agglomerations with the highest level of the air pollution. The main pollutants are
formaldehyde, phenol, hydrogen fluoride, ammonia, nitrogen dioxide, suspended solids, and
carbon monoxide. The magnetic measurements have proven to be a rapid, low cost, nondestructive and efficient technique for soil monitoring and air quality assessment. The
magnetic susceptibility MS (χ) maximums were observed at the road near “Jewish Park”,
railway bridge, hotel “Lviv”, and Zamkova str. (χ=100-200×10-8 m3/kg). The soil of the
“Visokiy Zamok Castle” was accepted as the natural and the values of MS as the background.
At the hill χ=24×10-8 m3/kg, at the slope χ=18×10-8 m3/kg, and at the bottom χ=12×10-8 m3/kg.
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Introduction
The urbanization and anthropogenic impact are the main factors of the environmental pollution at big
cities. There are a number of the objects, which are important and useful to be studied to assess the
levels of the overall and specific contamination at the megapolices. In this study, we concentrated on
the application of magnetic measurements to identify hot spots of the pollution of soils of Lviv
(Ukraine).
According to the data provided by Central Geophysical Observatory of Ukraine (http://cgosreznevskyi.kyiv.ua), Lviv (Fig. 1) is among 11 Ukraine agglomerations with the highest level of the
air pollution. The main pollutants are formaldehyde, phenol, hydrogen fluoride, ammonia, nitrogen
dioxide, suspended solids, and carbon monoxide. The index of the atmosphere pollution in 2019 was
7.1 (increased), when normal is ≤5. At the same time at the transboundary station of the pollutants
transfer (Rava-Ruska, Zhovkva district, Lviv region), the average annual dioxide concentrations of
sulfur and nitrogen dioxide did not exceed sanitary and hygienic standards (≤0.01-0.25 of the
maximum permissible limits).
The characterization of heavy metal pollution is urgently needed in modern environmental studies.
However, traditional geochemical methods for detecting soil heavy metals are rather time-consuming
and expensive (Liu et al., 2016). To understand the correlation of heavy metal pollution with
environmental magnetism, magnetic susceptibility MS (χ) is useful to assume the overall levels of soil
pollution with of As, Cd, Cr, Cu, Ni, Pb and Zn in the topsoil (0-15 cm). The impact of air pollution is
increasingly assessed by targeting the magnetic properties of combustion-related particulate matter
(PM). Following airborne emission, these particles deposit onto the earth’s surface where soil and
vegetation magnetic records readily reveal historical and recent pollution patterns (Declercq et al.,
2019). Soil contamination with rare earth metals have both direct and indirect connection with
industrial activity and ore-exploration. I (Zawadzki and Fabijańczyk, 2019). The results of (Jaffar et
al., 2017) suggested the reliability of magnetic susceptibility measurement to interpret the heavy
metal pollution of the soils. Maity et al., (2020) exhibited that magnetic and microscopic
characterization of anthropogenic produced magnetic particles can be used as an appropriate tracer for
soil and dust pollution, which provides significant perspectives for further detailed chemical mapping.
There are a number of results, which confirmed high correlation between MS and heavy metals
concentration in soil. The urban soils collected near the roadway and the railway have high MS
values. Soil pollution can be detected by the frequency dependence of magnetic susceptibility
(Menshov et al., 2020). Overall, the magnetic measurements have proven to be a rapid, low cost, nondestructive and efficient technique for soil monitoring and air quality assessment. Orosun et al.,
(2020) demonstrated the correlation between the mass-specific magnetic susceptibility and the heavy
metals concentrations: Cu (R=0.92), Fe (R=0.88), Cr (R=0.85), Zn (R=0.83), Cd (R=0.79), Mg
(R=0.72), Mn (R=0.60), Pb (R=0.67). This finding demonstrated that magnetic susceptibility have to
be used as a proxy method for assessing the pollution of heavy metals.
The potential of the soil magnetic studies in Ukraine was considered in (Menshov et al., 2012, 2014,
2016). Computerized systems for the geophysical modelling as well as innovative aspects
consideration for soil magnetism studies are important to be involved to the methodology (Maslov et
al., 2001; Onanko et al., 2011; Falshtynskyi et al., 2018; Petlovanyi et al., 2019). The methodology of
the magnetic minerals studying include the determination of stoichiometry and non-stoichiometry
crystals (Konstantinova et al., 1996, 1998).
Methods
Magnetic methods were applied according to the technology described in (Evans and Heller, 2003).
At the Environmental Magnetism Laboratory of Taras Shevchenko National University of Kyiv, we
used the KLY (Agico, Chezh Republic) and MS2 (Bartington) to measure and then calculate mass-
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specific magnetic susceptibility and its frequency dependence (χfd). The samples were analysed under
natural conditions (without being dried immediately after sampling). Each sample was prepared and
measured as recommended for the KLY and MS2, and mass-specific χ was then calculated.

Figure 1 Study sites in Lviv: A – Overview; B – study sites in Lviv: blue circle Lychakiv area, yellow
circle Jewish Park area, green line transect with the points of observation
Results
The spatial distribution of the MS was studied for the soils collected in highly urbanized area at the
“Jewish Park” (see Fig. 1, yellow circle). The map of the MS distribution is given in Fig. 2. The
highest values of MS (χ=150-237×10-8 m3/kg) were registered near the road with intensive traffic. The
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railway is located at the vicinity too. When moving deep into the green zone of the “Jewish Park”, MS
values decrease significantly. At the distance of about 20-25 m from the road, χ=45-80×10-8 m3/kg.

Figure 2 Magnetic susceptibility spatial distribution at the study site “Jewish Park” in Lviv
urbanized area of Ukraine
For the tracing of the MS differentiation when crossing city patches, we performed soil sampling and
measurements throw the transect. We tried to cross different city patches – streets, roads, parks, and
natural hills. The MS maximums were observed at the road near “Jewish Park”, railway bridge, hotel
“Lviv”, and Zamkova str. (χ=100-200×10-8 m3/kg). The highest MS value is 531×10-8 m3/kg near the
bus station. Lower but still high MS was detected at the Udatnogo and Sianska streets. The significant
decrease was observed at the green zone area at the park of “Visokiy Zamok Castle”. At the hill
χ=24×10-8 m3/kg, at the slope χ=18×10-8 m3/kg, and at the bottom χ=12×10-8 m3/kg. The soil of the
“Visokiy Zamok Castle” was accepted as the natural, and its MS as the background values.
Conclusions
The magnetic technique was confirmed as a reliable tool for assessment of the hot spots of soil
pollution at the areas of the urbanized environment. In Lviv, we identified that MS is 2-20 times
higher at the areas of the road traffic and railway comparing with anthropogenic not impacted parts
(i.e. parks, cemetery, and natural hill).
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