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Soil pollution is an aspect of environmental magnetism research. The main objects are heavy metals and other chemical com-
pounds. They pollute the environment and are dangerous for human life.

Purpose. The magnetic properties of polluted soils investigation for different technogenic sources and impact on the territory.

Methodology. The field stage work includes ecological and soil research, measuring the volume magnetic susceptibility with
field kappameters. Laboratory studies include measuring mass-specific magnetic susceptibility with kappameters AGICO, MS-2,
magnetization measurements, measuring magnetic parameters of the hysteresis loop with rock generator and special magne-
tometer equipment, determination of elemental composition, and electron magnetic microscopy.

Findings. Magnetic susceptibility of polluted soils ("urbanozems") increases in the upper humus horizons (A). New magnetic
particles (PM particles) tend to form during high-temperature processes. There was found a high correlation between magnetic
susceptibility and the lead, zinc, and copper content in the polluted soils.

Originality. A correlation between magnetic susceptibility and soil pollutants has been described. Heavy metals often stick to
the surface of ferromagnetic materials and penetrate the structure of the crystal lattice under high-technology processes, with

these compounds accumulating in soils.

Practical value. Further research into soil magnetism informative value is associated with the development of an optimal soil
mapping technology in urban areas. Environmental magnetic investigation is a low-cost and high-performance technology to
assess the technogenic and anthropogenic impact on the environment.

Introduction

Economic power and global sociopolitical influence of
modern countries are associated with developed industries.
Large cities have strong impacts on the surrounding environ-
ment. Powerful megalopolises are often centers of heavy in-
dustry. They are formed within extractive or processing indus-
trial areas and centers of geopolitical activities. Hence the
necessity to conduct environmental research in these centers.

More than a half of the world's population lives in urban
agglomerations. In industrially developed countries, this
share is as high as 75%. In Eastern Europe, Ukraine and
Moldova are at the higher end of the urbanization spectrum.

Vyzhva and Zhukov [15] mark dangerous pollution lev-
els, with special attention being paid to the capital of
Ukraine. There is high atmospheric concentration of nitro-
gen dioxide, lead, sulphuretted hydrogen and dust. This
results from harmful emissions from the city traffic. Reva et
al. [12] observed a threat of radiation, geochemical and oil
pollution impacts on the environment. They propose using
ecogeophysical methods based on electrical geophysical
investigation of soils.

It is important to understand the mechanism of bio-
sphere changes and functions to improve the city environ-
ment. These changes are caused by the processes of in-
dustrialization, overpopulation, environmental pollution and
other adverse effects of urbanization [9].

Geophysics is an effective instrument for ecological re-
search. Investigations into environmental magnetism are
very convenient and informative methods by Evans and
Heller [5], Jelenska et al. [7], who analyze soils, polluted
areas, lines and sources of pollution.

The magnetic method is a high-quality indicator of the
soil pollution levels. Soil magnetism can identify different
sources of pollution, toxic waste accumulation, poisonous
gas, active materials, pesticides, organic and inorganic toxic
compounds, as well as adverse chemical processes in soils.
These sources of pollution are accumulated on the soil sur-
face, which, in turn, produces negative effects on groundwa-
ter resources. Distribution of heavy metals in soils is deter-
mined by the location of the pollution sources, wind distribu-
tion, geochemical factors and geomorphology. The magnetic
anomalies and the highest accumulation levels of magneto-
active materials tend to occur in topsoil horizons [3, 14].

Soil magnetic measurements show good results in
detecting and mapping different sources of urban pollution,

such as the burning of fuels, iron and steel industries, coal
power stations, vehicle emissions. Good results were obtained
in the United Kingdom by Blundell et al. [2], in Czech Republic
by Fialova et al. [6], Petrovsky et al. [11], in Germany by Blaha
et al. [1]. Another source of magnetic susceptibility anomalies
in soils is superparamagnetic grains of non-atmospheric
origin, according to Blundell et al. [2], Mullins [10].

Liu et al. [8] used magnetic measurements and heavy
metal analyses of street dust as a means of determining
pollution levels. Wang et al. [16] concluded that magnetic
minerals in street dust samples are PSD range magnetite
in high concentration.

Materials and methods

Figure 1 presents a map of pollution levels in Ukraine.
The highest urbanization areas correspond to the areas
with highest pollution levels. These are: Kyiv, Donetsk,
Dnipropetrovsk, Zaporizhia and the South of Ukraine. The
situation is better in Western Ukraine, these territories
being moderately polluted. Black rings on the map in Fig 1
indicate the areas under investigation.

Urban geophysics is a part of environmental
geophysics which deals with the ecological situation in big
industrial cities and megalopolises. Urban geophysics
investigates the spatial distribution of dangerous chemical
compounds and pollution sources. Geophysical methods
(soil science and geochemistry, electrometry and others)
were used to study the effects of physical and chemical
fields on urban and natural areas.

The Ecological system of megalopolis and natural ar-
eas has four basic components: air, water, soil, and vege-
tation. Soils play an important role in vital human activities
within cities. There have been very important findings on
atmospheric pollution, vegetation, soils, and water contain-
ing heavy metals and hydrocarbons. The magnetic proper-
ties of soils are the best studied. Among other objects of
magnetic investigations are tree barks, leaves and other
biota. These are transmitters of the anomalous ecological
state, in which pollutants can be accumulated for a long
period of time. Snow is an object of research, too. Air pollu-
tion investigation is of great importance because many
pollutants are concentrated in the atmosphere. The direct
study of the magnetic properties of air samples were per-
formed by Spassov et al. [13] for a fast quantification of
urban pollution sources in atmospheric particulate matter.
The PM10 samples were collected on fibre-glass filters
using a high-volume air sampler.
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Figure 1. Map of pollution levels on the territory of Ukraine. The rings indicate the areas under study

City soils are not soils in their original meaning. Soils
are unpolluted under city conditions only within forest and
park areas. The specific type of soil is named urbanozem
[4] (urbanosoil or anthroposols). Urbanozem is a geneti-
cally independent type of soil. It has both the natural soil
and anthropogenic properties. Urban soils profile increases
often resulting from anthropogenic accumulation of differ-
ent materials. These include both household refuse and
industrial waste. There are urban anthropogenic com-
pounds in the structure of the soil. High vertical and hori-
zontal zoning, series of buried historical, archaeological
and soil layers occur in urbanozems.

In order to investigate urban soils, Kyiv was divided into
a few key areas. 120 samples were taken to analyze mag-
netic susceptibility of the soils and the heavy metals content.
Donetsk is the main city of the Donetsky coal-field, which is

the driving force behind the industrial development of the
city. Its population is about 1 million people. The values of
the magnetic susceptibility of the urbanozem soils in different
districts of Donetsk were obtained for 50 samples.

To measure magnetic susceptibility, we used the
Bartington MS2 and AGICO Kappabridge.

Results and discussion

Research into soils of the capital of Ukraine (Kyiv) and
the main industrial center of Ukraine (Donetsk) shows a
close correlation between magnetic susceptibility of soils,
heavy metals concentrations, and the sampling area. The
distribution of the urbanozem soils magnetic susceptibility
in different districts of Donetsk is presented in Table 1.

Figure 2 presents the distribution histogram of average
magnetic susceptibility values for Donetsk region.

Table 1

The distribution of magnetic susceptibility of the urbanozem soils in different districts of Donetsk

Ne District Street MS*10”° m/kg
1 Kirovskiy Fruktovaya 1934
2 Leninskiy Leninskaya 3303
3 Leninskiy Pintera 607
4 Proletarskiy Razdolnaya 1063
5 Voroshilovskiy Komsomolskiy Ave. 1173
6 Voroshilovskiy Teatralniy Ave. 2531
7 Kalininskiy Vladichanskogo 2078
8 Kievskiy Universitetskaya 1694
9 Kuibishevskiy Yugoslavskaya 7755
10 Budenovskiy Zasulich 652
11 Kievskiy Prosp. Kievskiy 2071

The registered values of magnetic susceptibility on the
territory of Donetsk are between 2 and 50 times higher
than those observed for natural soil types. The lowest
magnetic susceptibility (MS=600-700*10" m*/kg) was reg-
istered in Leninskiy and Budenovskiy districts of Donetsk.
The most probable values of magnetic susceptibility
(MS=1000-3000*10°  m%kg) are in  Kirovskiy,
Voroshilovskiy, Kalininskiy, and Kievskiy districts of Do-
netsk. The highest values of magnetic susceptibility regis-
tered on the territory of Donetsk were in Leninskiy and

Kuibishevskiy (Yugoslavskaya Street) districts. And the
most considerable anomalies were found in the chemical
plant zone (MS=7000-8000*10"° m*/kg).

The average values of magnetic susceptibility for the
soils of different districts of Donetsk ranged between 1000-
3000*10° m%kg. This is 2 to 6 times higher than in non-
polluted soils. The soil samples with magnetic susceptibility
of up to 6000*107° m3/kg were collected in Kuibishevskiy
(Yugoslavskaya Street) district. The left asymmetry was
composed with the samples from Leninskiy and Bude-
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novskiy districts of Donetsk. The magnetic susceptibility is
600-700*10"° m*/kg.

The correlation coefficients between magnetic suscep-
tibility and heavy metals content in Kyiv urbanozems are
presented in Table 2. The investigations were conducted in
5 zones of Kyiv with different levels of anthropogenic and
technogenic impact.The highest correlation coefficients
were between magnetic susceptibility and Zn, magnetic
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susceptibility and Pb, lower for Cu. An increase in MS val-
ues accounts for the growth of Pb, Cu and Zn concentra-
tions in soils.

For example, the correlation between Ln MS and LN Pb
for Kyiv Koncha-Zaspa area is presented in Fig.3. The cor-
relation coefficient value is 0.9, this being the highest
among the statistical samples.
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Figure 2. The distribution histogram of average magnetic susceptibility values for the soils of Donetsk districts

Table 2
The correlation coefficients between magnetic susceptibility and heavy metals content in Kyiv soils
Area Heavy metals
Cu Zn Pb
Koncha-Zaspa 0.5 0.9 0.9
Kiyv-Dniprovskiy 0.8 0.7 0.8
Darnitsa 0.3 0.9 0.4
Svatoshino-Pusha-Vodytsa 0.8 0.6 0.6
Golosievo 0.5 0.9 0.9
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Figure 3.The regression between Ln MS and LN Pb for Koncha-Zaspa area, Kyiv

The positive correlation can be explained in terms of the
single factor causing an increase in both parameters. A good
example would be alphitite, which accumulates heavy met-
als and magnetic materials. According to Spassov et al. [13],
some heavy metals are readily absorbed into the surface of
iron oxides. Heavy metals have a high affinity towards iron
oxides. They tend to occur as particulate matter smaller than
10 um (PM10) or may penetrate their crystal lattice under
high-temperature technological processes (fly ash).

Conclusions

The registered values of magnetic susceptibility on the
territory of Donetsk were 2-50 times higher than those for
natural soil types.

1. For the territory of Kyiv, the highest correlation
coefficients were between magnetic susceptibility and Zn,

magnetic susceptibility and Pb, lower for Cu. An increase in
MS values accounts for the growth of Pb, Cu and Zn
concentrations in soils.

2. Positive correlation between magnetic susceptibility
and heavy metals content can be put down to the presence
of particulate matter smaller than 10 ym (PM10) which may
penetrate the crystal lattice under high-temperature
technological processes.

3. We have emphasized the necessity for urban
geophysical investigations on the territory of big industrial
cities and megalopolises, with Ukrainian cities examples
used as an illustration. The magnetic properties of city soils
— urbanozems, snow and air — correlate with industrial
dust, heavy metals and other city pollutants. The magnetic
method has proved to be appropriate, low-cost and quick
for this type of investigation.
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MATHITHA CNPUAHATIUBICTb TA HAKOMWYEHHA BAXKUX METAJIB
Y TPYHTAX YPBEAHI3OBAHUX TEPUTOPIN YKPAIHU

HocnidxeHHs1 3a6pyOHeHHSs1 r'PyHMO8UX MOKPUBi8 € YacMUHOK 8UBYEHHSI Ma2Hemu3My HaeKouWwHbLo20 cepedosuuja. OCHoO8HUMU 06'ekmamu
docnidkeHb € 8aXKi Memasiu y rpyHmax ma ix ximiyHuli cknad. BionoeidHi He6e3ne4yHi pe4oeUHU HaKOMuUYylOMbLCSl y I'PyHmMax ma eodHo4ac €
Hebe3ne4YHUMU Ons1 XummeodisiibHoCcMi JI0OUHU.

Mema. [ocnidxeHHs1 MazHImMHUX es1acmueocmell 3a6pyOHeHUX 2pyHMIie NMpu Pi3HUX MexHOo2eHHUX d)Kepesiax enuey Ha HaeKosluWHeE cepedosulye.

Memoduka. lMonboeuli eman pobim eksto4ae eKos1020-rpyHmMo3Haeyqi po6omu, eumiproeaHHs1 06'eMHOI Ma2HImMHOT cnpuliHTmaueocmi nosLo-
euMu Kkanamempamu, 8id6ip 3pa3skie rpyHmis. JlabopamopHi docnidxeHHs1 cknadarombcsl 3 8UMIPHO8aHHS MUMOMOI Ma2HimHoI cnpuliHimausocmi
nabopamopHumu kanamempamu muny AGICO, MS2, eumiproeaHHs1 Hama2Hi4yeHocmi, Ma2HimMHOI )xopcmkocmi, napamempie nemni 2zicmepe3ucy 3a
J0MnoMo2oK0 PoK-2eHepamopa i cneyianbHoi MazHimoMempuUYHOI anapamypu, éU3Ha4YeHHs1 eJIeMeHMHO20 CKady, efleKmpPoOHHa Ma2HimHa MiKpo-
ckonisi. OcmaHHiIM emarnom eucmynae KOMIJIEKCHUU aHasli3 ma inmeprnpemauiss ompumaHoi iHghopmaui.

Pe3ynbmamu. HagedeHo pe3ynbmamu eue4YyeHHs1 Ma2HimHuUx enacmueocmeli 3abpydHeHux rpyHmie mepumopii Kueea ma [oHeybka. Busie-
JIeHO, W0 MazHimHa cnpuliHimaugicme 3apaxeHux rpyHmosux rnokpusie — ypbaHosemie, Moxe nidsuujyeamucsi y 6azamo pa3sie y eepxHix 2ymyc-
Hux 2opu3oHmax. BueyeHHs1 MazHimHOI MiHepanoezil noka3ye, ujo e npoyeci sucokomemnepamypHux peakyil eidbyeaemucsi popMyeaHHs HOBUX
Maz2HIimHUX 4acmuHoK eesu4uHoto 0o 10 Mkm (PM yacmuHku). BiO3Ha4eHi eucoki koegiyieHmu kopensayii mix MazHimHoro cnpuliHsimausgicmio i
8MiCMOM e 3apaXKeHuUx I'pyHmax ceUHyto, YUHKY, Mioi.

Haykoea Hoeu3Ha. BcmaHoeneHo 38'A30K MiX Ma2HimHoOI cnpuliHsimauegicmio i mexHo2eHHUM HasaHMaXeHHsIM Ha yp6aHizoeaHi mepumopii
YkpaiHu. Baxxki Memasiu 4acmo npukseroromscsi 0o noeepxHi gpepoMazHemukie, mompanasroms 00 CmMpPyKmypu ix KpucmasiyHoi pewimku e npo-
yeci sucokomemnepamypHUX MexHO2eHHUX rnpoyecis, a mMomim yi crnosiyku Hakonu4yromscs y rpyHmax.

MpakmuyHa 3Ha4Yumicms. HacmynHi docnidxeHHsi iHpopmamueHocmi MacHemu3My rpyHmie e ekosiozii noe'sisyromscsi 3 po3pobkoro onmu-
ManbHOi mexHoso2il KapmyeaHHs1 r'pyHmMoeux rnokpueie ypbaHizoeaHux mepumopili MacHimHumu memodamu. EkomazHimHe AocniOxeHHs1 € eKc-
npecHoro, deweeoro i UCOKOegheKMUBHOIO MEXHOJI02iEI0 OUiHKU MeXHO2eHHO20 8/1U8y Ha Ha8KOJIUWHE cepedosuue.

A. MeHbLUOB, KaHA. Feos. HaykK, HaykK. cniBpo6., pova@list.ru,

KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHun Tapaca LLleByeHko,
Feonoruyeckuit chakynbTeT, yn. BacunbkoBckas, 90, r. Kue, YkpauHa, 03022,
Ten.: +380442597030

MArHUTHAA BOCMPUAMUYMBOCTb U HAKOMNEHUE TAXENbIX METANNOB
B NO4YBAX YPBAHU3UPOBAHHbLIX TEPPUTOPUA YKPAUHDI

HccnedoeaHue 3az2psi3HEHUs1 NOY8EHHbIX MOKPOBOE s18JII€MCS1 HacmMb Ma2Hemu3Ma okpyxaroujeli cpedbl. OCHO8HbIMU 06beKmamu, Komophble
3a2psA3HAOM OKpyXaroujyto cpedy u npu 3MoM onacHbl OISl U3HU Yeslo8eka, a makxe huKCUPYrOMCcsi MazaHUMHbIMU Memodamu, ebicmynarom
msixenbie Memarssbl U HEKOmMopbie dpyaue XumuyecKue coeQUHeHUsI.

Lenb. N3yyeHue MazHUMHbIX ceolicme rnoye 3a2psi3HeHHbIX ec/iedcmeue MexHo2eHHO20 8JIUSIHUSI Ha MepPPUMOPU0 Pa3/TuYHbIX UCMOYHUKOS.

Memoduka. Moneeoli aman pabom ek/to4aem 3Kos1020-noyeosedyeckue pabomsi, usmepeHue o6LeMHol MazHUMHOU eocnpuuMyueocmu rno-
neebIMU Kanamempamu, om6op o6pa3yoe no4ye. JlabopamopHble uccriedoeaHusi cCOCMOSIM U3 U3MepPeHUs1 yoeslbHOlU Ma2zHUMHOU 80CMPUUMYUBO-
cmu nabopamopHbIMu kanamempamu muna AGICO, MS-2, usmepeHusi HaMazHU4eHHocmel, MacHUMHOU XecmKocmu, napaMempoe nemiu a2uc-
mepe3uca ¢ MoMowbio PoK-2eHepamopa u crneyuasbHOU MazHUmMomMempu4yeckol annapamypel, onpedesieHUe 3/1eMEeHIMHO20 cocmaesa, 3/1eKmpoH-
Hasi MaeaHUMHasi Mukpockonusi. [locrieOHUM 3manom ebicmynaem KOMIIEKCHbIU aHanu3 u uHmepnpemayusi nosyyeHHol uHgopmayuu.

Pesynemamei. lpueedeHb! pe3ynbmambl u3y4eHusi Ma2HUMHbIX ceolicme 3a2psi3HeHHbIx noye Kueea u [JoHeuka. BbisigsieHO, 4Ymo mazHUM-
Hasi 80CIPUUMYUBOCMb 3aPaXKeHHbIX MOY8EHHbIX MOKPO808 — yp6aHO3eM0o8, MOXem Mo8bIWambCsi 60 MHO20 pa3 8 8ePXHUX 2YMYCHbIX 20PU30H-
max. U3y4yeHue MacHUMHOU MUHepasio2uu nokasbigaem, 4Ymo 6 npoyecce 8bICOKOMeMnepamypHbIX peakyull npoucxodum ¢hopMupo8aHusi HO8bIX
Ma2HUMHbIX Yyacmuy, eeniuduHol 0o 10 Mkm (PM yacmuuybl). OmmeyeHbl 8bicoKue Ko3ghghuyueHmsl Koppensayuu mexady MmazcHUMHoOU eocnpuumyu-
8ocmbio U codepxaHUEM 8 3apaXKeHHbIX no4yeax ceuHya, YuHka, Meou.

Hay4Hasi Hogu3Ha. YcmaHoesieHa cesizb Mex0y Ma2HUMHOU 80CNPUUMYUBOCMbIO U MEeXHO2eHHOU Haz2py3Kol Ha yp6aHu3upoeaHHble meppu-
mopuu YkpauHsbl. Tskenbie Memannibl 4acmo npukieusaromcesi K noeepxHocmu ¢gheppomazHemuKkos, nonadarom e cmpykmypy ux Kkpucmannu4e-
cKol pewemkKu & rnpoyecce 8bICOKOMeMrepamypHbIX MeXHO2eHHbIX MPOYECcCcos, a 3ameM 3mu coeOUHeHUsT HaKarnuearomcsi 8 rnoyseax.

lMpakmuyeckasn 3Ha4umocms. [Mocnedyrouue uccnedosaHusi UHhopMamueHOCMU Ma2HemMu3ma ro4e 8 3Kos102uU cesi3blearomcesi ¢ paspabomkol
onmumarsbHOU MexHO/I02UU KapmupoeaHUsi MO4Y6eHHbIX MOKPoeo8 ypbaHu3upoeaHHbIX Meppumopull MazHUMHbLIMU MemodamMu. JKOMazHUMHbIe
uccnedosaHus s18/17F0MCs IKcrnpeccHol, deweasoll U 8bICOKO3ghhekmueHOU mexHosio2ueli OUeHKU MEeXHO2eHHO20 BJIUSIHUSI Ha OKpY)Katouyyto cpedy.





