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Abstract: The present paper examines the state of pollution of soils in the city of Tyumen regarding heavy metals
contained therein: nickel (Ni), cobalt (Co), manganese (Mn), copper (Cu), cadmium (Cd), lead (Pb) and chromium (Cr).
Soil sampling was carried out in autumn 2021 within the city residential areas. The sampling points were chosen in the
sites of increased anthropogenic load — near highways and industrial enterprises. In soil samples, the content of acid-
soluble and mobile fractions of heavy metals and organic matter was determined, and the pH factor was also measured.
The analysis showed that significant excesses, from 3.2 to 14.3 MPC level, were found on nickel in 11 soil samples, and
all the soil samples belong to the zones of motor transport impact. In one sample, No. 29, which belongs to the impact
zone of such large industrial enterprises as the Elektrostal Tyumen Metallurgical Plant (Ural Mining and Metallurgical
Company-Steel, UMMC Steel) and the Motor Plant, the MPC for nickel was exceeded by 8.1 times. There were also
excesses in the copper contents in 11 samples, from 1.5 to 4.9 MPC, and in both the zones of motor transport impact and
the territories affected by the building materials enterprises, railway junction, and UMMC Steel. For lead, there was a two-
times excess in two samples in the zone of motor transport impact, 4.4 times — in the impact zone of the Construction
Machinery Plant, and 29.7 times — in the zone of impact of Velizhansky Highway. For cobalt, chromium and manganese,
the MPC values for the acid-soluble fractions were not exceeded. For the mobile fractions, excesses were also observed for
manganese. The highest excesses of the MPC level for nickel and copper were found in the Vostochny (Eastern) and
Central districts of the city, in the areas affected by motor transport and the large enterprises.
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AnHotanusa: lccnenoBaHo cocTosiHME 3arps3HEHHOCTH MOuB T. TIOMEHM Ha IpeAMeT COAEPXKAHUS B HUX TSKEIBIX
MeTaiuioB: Hukels (Ni), kobansTa (Co), mapranma (Mn), menu (Cu), kagmus (Cd), ceurna (Pb) u xpoma (Cr). Ot60op mpod
MOYB MpOoBOAMWICA oceHplo 2021 T. Ha cenuTeOHBIX yYacTKax B Mpeaeiax ropoaa. Touku oTOopa BRIOMpANHCH B 30HAX
TIOBBIIIIEHHON aHTPOIIOTEHHON HAarpy3KW — BOJNM3M aBTOMAarucTpajeid W MPOMBIIUICHHBIX Mpennpusatiii. B mpobax mous
OIIPEJENICHO COJIEPKAHNE KHUCIOTOPACTBOPUMBIX M MOABMKHBIX (POPM TSDKEIBIX METAIIIOB, M OPraHHYECKOTO BEILIECTBA,
a TaKKe HM3MepeH BOJOpOAHBIN mokaszarenb (pH). AHamu3 mokasajn, YTO 3HAYMTENbHBIC IPEBBIMICHUS BBIIBICHBI IO
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Hukemo B 11 mpobax mous ot 3,2 mo 14,3 II/JIK, mpuyem Bce poOBI ITOYB OTHOCATCS K 30HAM BIHSIHUS aBTOTPAHCIIOPTA.
B onnoii mpoGe Ne 29, xoropas OTHOCHTCA K 30HE BIMSIHMS TaKMX KPYIMHBIX IPOMBIIIICHHBIX MPEANPUATHH, Kak
Mertammyprudecknii 3aBop «OnekTpoctans Tiomerm» («YIMK-Crams») m MotopHsiii 3aBoz, mpessimeno IIJIK mo
Hukenmo B 8,1 pasa. [lo comepxkaHuiO MeIu TOXe €CTh MpeBbiieHus B 11 mpobax, ot 1,5 mo 4,9 I1JIK, npudem B 30HaX
BIIMSAHUS KAaK aBTOTPAHCIOPTa, TAK U HA TEPPUTOPUSAX BIMSAHUS NPEIIPUATHA CTPOUTENbHBIX MAaTEpUANIOB,
KeJIe3HOIopoKkHOU pasBsazku, «YI'MK Crainby. 1o cBuHIY ecTh IIpeBbIILICHUS B IBYX ITpo0ax B J(Ba pa3a B 30HE BIUSHUS
aBTOTpaHcHopra, B 4,4 pa3a B 30HE BIMSHMI 3aBOja CTPOMTENBHBIX MamuH, B 29,7 pa3 B 30HE BIMSHHS aBTOAOPOT
Bemmxkanckoro Ttpakra. Ilo kobanmbry, xpomy u Mapranimy 3Hadenust IIJIK mms kucnmoropactBopuMmbix ¢(opMm He
npessbiieHsl. [1o moaBmKkHEIM (hopMaM MpeBbIIIeHNsT Ha0oAa0Tes U 1o Mapranny. Haubonsme npessimenus [1JIK o
HUKEJII0, MEIM BBISIBJICHBI B BocTouHoM n LleHTpanbHOM palioHax ropojia, B 30HaX BIMSHUS aBTOTPAHCIIOPTA W KPYITHBIX
MPEANPUATHH.

KuiroueBble cji0Ba: MOYBEHHBIN MMOKPOB; TsKeNble MeTallibl; pH coneBol BBITSIKKM MOYB; pH BOJHOW BBITSIKKH IOYB;
crenensb 3arpssHenus; [1/1K; skonoruuecknii MOHUTOPHHT.

Jonsi nurupoBanusi: Chichigina YaM, Shigabaeva GN, Emelyanova EA, Galunin EV, Yakimov AS, Isaev AYu,
Bekker MR. Heavy metal contents in the Tyumen city residential area soils. Journal of Advanced Materials and

Technologies. 2023;8(2):141-156. DOI: 10.17277/jamt.2023.02.pp.141-156

1. Introduction

Human activities to transform the soils of
residential areas result in changes in the elemental
composition of soils — heavy metals (HMs) enter the
environment where they are able to accumulate in the
soil, especially in the upper part of the soil.
Besides, HMs are actively involved in geochemical
cycles, through which they can penetrate into the
atmosphere, hydrosphere, lithosphere and biosphere.
Anthropogenic impacts on soils have a negative
effect on their structure and characteristics: fertility
and biomass production, dynamism and sustainability
are reduced, which can lead to soil degradation.
At the same time, soil is an indicator of the condition
of the landscape and the degree of safety for human
habitation. It should be noted that HMs have
carcinogenic, toxic and mutagenic effects.
The penetration of these pollutants into human and
animal bodies leads to deterioration of the health of
those ones, up to lethal outcome. In soils HMs are
found as oxides, sulphides, and also as soluble salts
such as chlorides, nitrates and sulphates. When acidic
precipitation enters the soil, nitric acid dissolves the
oxides and sulphides of the HMs. In the upper
horizons of the soil profile, which contains the
greatest amount of humus, metals bind with organic
ligands, resulting in the formation of low-mobile
complex compounds. Then, they accumulate in the
upper horizons of the soil profile, but are not
transported by downward water flow to the lower
horizons. However, if the concentration of humus is
low, the bulk of the HMs will be in a free state and
transferred to the deeper horizons and layers under
the influence of soil moisture [1].

In this regard, nowadays, the timely assessment
of soil contamination with HMs appears to be an
urgent task at present. In work [2], the authors

establish that more and more attention is given to soil
pollution all over the world. This is due to the
increasing number of oil and gas processing
enterprises that leads to the prevalence of complex
pollution from HMs and polycyclic aromatic
hydrocarbons (PAHs). Soil co-pollution with the
HMs and PAHs poses more serious threats to the
environment and human health, such as increased
toxicity to microbial activity and diversity, reduced
bioavailability, and inhibition of plant growth.
Possible ways of purifying soils from such pollutants
are represented by electrokinetic remediation and
leaching and the use of chelating agents.

Soil monitoring studies that are being conducted
determine enrichment factor (EF), environmental risk
calculation (ER), bioconcentration factor (BCF),
transfer factor (TF), hazard index (HI), and
carcinogenic risk (CR). Such studies provide insights
into the controls of urbanization in relation to the
combined severity of pollution and potential health
risk [3].

The main source of HM contamination of soils is
dust pollution. At the same time, the concentration of
HMs is highest in the fractions having dust particle
sizes of < 0.63 um. The penetration of such particles
into the human body can cause a variety of diseases,
including cancer [4].

The city of Tyumen is located in the southwest
of the West Siberian Plain within the sub-taiga zone.
Zonal soils are sod-podzolic and gray forest, black
earth occurs closer to the forest-steppe. Soils are
formed on covered loams, with the lower part of the
profile predominantly of loamy granulometric
composition, while the upper part of the profile is
loamy-sandy. The soils are slightly alkaline and
neutral.
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The aim of the present work was to assess the
pollution of soils of Tyumen city with the most
common HMs (Ni, Co, Mn, Cu, Cd, Pb, Cr), organic
matter (OM), as well as to determine the hydrogen
index (pH).

2. Materials and Methods

In this study, soils contaminated with HMs in
residential areas of Tyumen, as well as adjacent
territories, were chosen as analysis objects.

At present, the following industries are being
dynamically developing in the city: fuel industry (oil
and gas processing), machine building, forestry, etc.

Antipinsky Oil Refinery, UMMC-Steel, and the
Tyumen Plywood Plant. Moreover, Tyumen is a
major transportation hub: The Trans-Siberian
Railway, major highways and interchanges pass
through its territory. Industrial and transport facilities
are the sources of HM entering the environment and
have a significant impact on its ecological situation.
Soil sampling was conducted in urban and suburban
areas. Samples were taken from the upper (0—10 cm)
organo-mineral horizon that adsorbs a significant part
of dust emissions due to its peculiar structure and
large OM amount. Therefore, this soil layer was

There are large industrial facilities in and around  selected for the study. Characteristics of soil
Tyumen such as the Tyumen Battery Plant, the sampling points are presented in Table 1.
Table 1. Characteristics of Soil Samples
Sa;\rlrgple Sampling point Possible impact
1 Pchyolka rural district Bypass road, Salair Highway
2 Mezhdurechenskaya Street Salair Highway
3 Tsimlyan Lake green area Battery Plant
4 Plekhanova village Bypass road, Plekhanovo Airport
5 Dudareva village Moscow Highway
6 Paderina village Moscow Highway, Chervishevsky Highway
7 City forest area Motor transport
8 Salair Highway, roadside Motor transport
9 Komunisticheskaya Street Motor transport
10 Mira Street Motor transport
11 Komarovo village Bypass road, Chervishevsky Highway
12 Chervishevsky Highway, roadside Motor transport
13 Salair Highway, roadside Motor transport
14 Kazarovo village Construction Machinery Plant
15 Druzhby Street, city park Motor transport
16 Kharkovskaya Street Motor transport
17 Shirotnaya Street Motor transport
18 Patrusheva village Motor transport
19 Yasny Horticultural Cooperative Velizhansky Highway
20 Velizhansky Highway, roadside Construction Machinery Plant, Motor transport
21 Malinovskogo Street Motor transport
22 Gilyovskaya grove Motor transport
23 Stantsionnaya Street UMMC-Steel, Railroad junction, Motor transport
24 Fedyuninskogo Street, roadside Motor transport
25 Sadovoye Horticultural Cooperative  Velizhansky Highway
26 Druzhby Street Bypas road, Plywood Plant
27 Tura River bank Motor transport
28 Antipino Starotobolsky Highway, Antipinsky Oil Refinery
29 Andreyevskoye Lake Motor plant, UMMC-Steel, Motor transport
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The pH of aqueous and saline extracts of the
selected soils was determined through the method
according to Russian Standard 26423-85. The OM
content was assessed through gravimetry in
accordance with Russian Standard 26213-91.
The mass fraction of mobile and acid soluble forms
of the metals (copper, lead, zinc, nickel, cadmium,
cobalt, chrome, and manganese) in the soil samples
was measured by atomic absorption method
according to Guidance Document 52.18.289-90 and
Guidance Document 52.18.191-89 respectively.
The atomic-absorption method realized on
a ContrAA700 spectrophotometer (AnalytikJena™,
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Jena, Germany) using xenon lamp of continuous
spectrum was used to quantify HM contents in acid
and acetate-ammonium soil extracts.

3. Results and Discussion

3.1. Determination of pH and organic matter
of soil samples

The results of determining the pH of aqueous
and saline extracts of soils are shown in Figs. 1 and 2.
From Fig. 1, it can be seen that the pH of the soil
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District
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Fig. 1. pH values obtained for the aqueous and saline extracts
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Fig. 2. Average pH values obtained for the aqueous and saline extracts for different districts
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solutions is predominantly alkaline. This fact can be
explained by the contents of magnesium and calcium
carbonates coming from construction and household
wastes from industrial enterprises. Furthermore,
transport can be an additional source of pollution
source, especially, in areas with heavy traffic
(e.g., near highways which give HMs in the form of
dust particles [5]. High pH values are probably
associated with an increase in the mobility of HM
compounds that may accumulate in acidic soils due to
the presence of humic acids [6].

The pH values of aqueous and saline extracts
were found to lie in the ranges of 6.22-9.20 and

Corg, %0
16.00 -

14,00
12,00 1
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101111217 /29|16 |19 |21 |22 |23 |24 |26 |27|28| 5 | 6
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5.87-9.06, respectively and refer to neutral, low-
alkaline and alkaline media.

The investigated soils belong to the objects with
low resistance to acids and high sensitivity in relation
to the HMs. Since the upper parts of the soil profiles
have a sandy loam granulometric composition, the
corresponding maximum permissible concentrations
(MPCs) [Sanitary Rules and Regulations 1.2.3685-2]
were taken when assessing the HM content.

The results on the OM determination are
presented in Figs. 3 and 4 and Table 2.

18|25
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Fig. 3. OM contents in the soil samples
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Fig. 4. Average OM contents in the soil samples
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Table 2. OM contents, pH of aqueous

and saline extracts

The OM percentage in the upper soil horizon is
1.39-14.24 %. The soil sample with the highest OM
amount was taken in the Gilyovskaya grove area.

Sample . pH fpli OM contents High OM contents were also observed in the soils
No. otaqueous ol saline Coo 0 sampled outside the Tyumen city limits and in the
extract extract org, %o . .. . .. .
Leninsky administrative district of Tyumen city.
1 8.05 7.89 5.26
2 787 756 1.65 3.2. Determination of acid-soluble
3 820 802 559 and mobile fraction of HM
4 6'22 5'87 5.69 The HM fraction extracted from the soil using
’ ’ ' ammonium acetate buffer (pH = 4.8) represents the
5 6.68 6.36 1046 mobile form of HM compounds. At this pH value, the
6 7.92 7.65 3.58 most efficient uptake of trace elements by plants from
7 7.54 731 734 the soil solution occurs. The mobile HM fraction is
] 8.70 8.60 479 associated with its most transportable part.
’ ’ ' It determines the availability of mineral components
9 7.54 731 1.39 to plants and soil toxicity. This fraction is found in
10 7.38 7.13 8.73 the form, in which the HMs are integrated into
11 7.41 704 6.85 geochemical cycles and food chains.
The results of determining the HM mobile
12 8.99 8.89 3.34 . . .
fraction content of the of HM in the soil are presented
13 7.99 7.76 11.25 in Table 3.
14 7.71 7.37 4.64 The HMs are extracted from the soil solution
15 837 8.09 976 using ammonium acetate buffer through ion exchange
16 828 2,10 2 85 and complexation reactions. The predominance of
' ' ' one or the other process depends on the nature of the
17 7.82 7.58 10.29 metal to be extracted. For instance, for cobalt and
18 7.02 6.70 9.92 zinc, the extraction is caused to a greater extent by the
19 862 848 6.57 complexation reaction, whereas for chromium and
20 9.20 9.06 550 cadmium, it is caused by the ion exchange reaction [7].
’ ' ' The gross HM content in the soils is determined
21 7.77 7.53 10.19 when the soil samples are exposed to strong acids
22 6.80 6.51 14.24 (5n-HNO3). The value of this indicator makes it
23 7.66 7.45 12.66 possible to judge on the total contamination of soils
24 751 730 11.18 with the HMs, however, it should be noted that this
5 5 indicator does not provide information on the element
> 8.29 8.08 6.65 availability of elements [8]. High values of the gross
26 8.00 7.81 5.15 HM content indicate a potential environmentally
27 8.40 8.16 10.86 unfavourable situation of the territory; that is, if the
28 752 737 719 water and plants are not polluted at the moment, the
ecological situation may change for the worse if
29 851 8.32 290 external factors change.
Table 3. Contents of the HM mobile fractions, mg-kgﬁ1
Sample No. Ni Co Mn Cu Cd Pb Cr
1 19.3£5.8 - 76+23 0.53+0.16 — - 5.50£1.70
2 - - 35+10 0.87+0.26 - 5.90+1.80 1.73+0.50
3 - - 4112 0.68+0.20 - - 1.70+0.52
4 1.40+0.43 - 54+16 0.45+0.14 - 0.33+0.10 2.50+0.76
5 - - 70+£21 0.39+0.12 - - 2.01£0.60
6 2.40+0.71 - 52+16 1.02+0.30 — 0.47+0.14 2.42+0.73
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Continue Table 3

Sample No. Ni Co Mn Cu Cd Pb Cr
7 — — 301£90 0.41+0.12 — - 2.12+0.63
8 21.1+£6.2 - 89+27 1.83+0.55 - 42+13 4.30£1.30
9 - - 43+13 0.97+0.29 - 1.94+0.56 2.44+0.72
10 8.9+£2.7 - 171£51 0.924+0.28 - 1.91+0.58 2.81+0.85
11 - - 77423 0.37£0.11 - — 1.50+0.46
12 31.2494 0.34+0.10 88+26 3.01+0.89 - 6.8£2,0 4.00+1.20
13 5.8+1.8 0.15+0.04 103+31 0.67+0.20 - 20.0+6.1 2.02+0.60
14 1.81+0.55 - 65.£20 0.60+0.18 - - 4.90+1.50
15 0.140+0.043 - 149+45 0.44+0.13 - - 0.91+£0.27
16 — — 143+43 4.60+1.40 — - 1.21£0.37
17 - - 148+44 0.52+0.16 - - 1.41+£0.42
18 - - 174+£52 1.40+£0.41 - 9.7£2.9 0.84+0.25
19 30.1+9.1 - 84£25 1.82+0.55 - 18.0+5.4 3.23+0.95
20 27.248.2 — 101£30 5.60+1.70 - 80+24 3.90+1.20
21 - - 90+27 0.65+0.20 - 2.90+0.88 0.87+0.26
22 — - 228+68 0.80+0.24 - 3.31+0.99 1.13+0.34
23 - - 13641 0.50+0.15 - 7.3£2.1 1.13+0.33
24 3.30+0.99 - 147+44 0.68+0.20 - - 2.51+0.74
25 19.0+£5.6 1.10+0.19 287+86 9.20+2.80 2.60+0.77 20761622 8.20+2.50
26 - - 72422 1.01+0.30 - 0.36+0.11 0.96+0.29
27 0.62+0.19 - 332+100 1.01+£0.30 - 2.08+0.62 1.41+£0.42
28 22.3+6.7 0.62+0.19 95+28 2.444+0.73 - 2.63+0.77 4.20+1.30
29 - - 92427 1.12+0.33 - - 1.60+0.49
MPC 4 5 140 3 6 6
Table 4. Contents of the HM acid-soluble fractions, mg-kg_1
Sample No. Ni Co Mn Cu Cd Pb Cr
1 160+48 8.8+2.6 267+80 15.3+4.4 - 0.88+0.26 71+21
2 4.8+1.4 3.01+£0.91 165+50 71+21 - 16.00£4.90  4.1+1.1
3 28.0+8.4 9.4+2.8 487+146 62+19 - 3.31+0.10  21.1£6.2
4 26.1+7.9 13.1+£3.8 604+181 67+20 - 0.96+0.29  21.246.2
5 36£11 14.0+4.2 549+165 47+14 - 0.84+£0.25  21.4+6.4
6 36+11 3.9+1.2 165+49 34+10 - 14.00+4.10  18.0£5.5
7 3.5+1.1 3.4+1.0 366110 163+49 - - 3.3+1.0
8 189457 11.1+£3.2 362+109 39+12 - 61+19 65+20
9 14.0+4.1 6.1+1.8 267+80 50+15 — - 9.1+2.6
10 133440 12.1+£3.6 407+122 18.1£5.3 - 3.6x1.1 50+15
11 21.1+6.3 8.9+2.7 401+120 25.3£7.6 — - 15+4.4
12 238472 14.1+4.3 273482 26.2+7.9 — - 82+24
13 114+34 8.5£2.5 264+79 114+34 - 22.1+6.6 34+10
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Continue Table 4

Sample No. Ni Co Mn Cu Cd Pb Cr
14 42+13 7.242.2 199+60 38+11 — — 102+31
15 44+£13 3.30+0.99 407+122 43+13 - - 17.4+5.1
16 6720 12.0£3.5 449+135 20.0+5.9 - — 34+10
17 63+19 7.5+£2.3 398+119 51+15 — - 3149,2
18 33+9.8 6.1£1.8 360108 158+47 - - 16.4+4.8
19 28686 17.245.1 266180 15.2+4.4 — 32.349.7 71+21
20 228+68 12.0£3.7 298+89 62+18 - 140+42 65+19
21 42413 7.812.3 579+174 10.44£3.0 - 8.2+2.5 26.2+7.9
22 35+10 8.6£2.6 8124243 30.2+8.9 — 16.0+4.9 16.1+£4.9
23 37+11 5.6+1.7 325497 61+£18 - 11.0£3.2 12.1+£3.7
24 72422 3.6+1.1 319496 37£11 - - 24+7.3
25 199+60 11.0£3.4 7984239 13.1+3.8 4.8+1.4 951+285 87+26
26 33+10 6.6+2.0 496+149 33.0+£9.9 - 3.4+1.0 16.0+4.7
27 74422 7.1£2.1 688+207 27.248.1 — 10.0£3.1 22.3+6.7
28 23.4+7.0 7.742.3 510£153 79+24 — 18.4+5.3 17.1£5.0
29 161448 9.1£2.7 218+65 49+15 - 15.3+4.5 64+19
MPC 20 20 1500 33 0.5 32 100

The results on the content of HM acid-soluble
forms in the soil are presented in Table 4.

The HM content in sample No. 25 significantly
exceeded the MPC values; that sample was taken
from the territory of Sadovoye Horticultural
Cooperative, where agrarian works have been carried
out for several years. A large HM amount could come
into the soil from phosphate fertilizers, in which the
HM contents can reach 220 mg-kg71 [9]. On this
basis, the authors of this study assumed that a large
fertilizer amount was entering the soil, or that the site
was used as a landfill. Therefore, in further
consideration of the data obtained, the values for
sample No. 25 were excluded from the total set.

Nickel. The MPC of nickel in the soils of
residential areas is 20 mg-kgf1 for acid soluble
fractions and 4 mg-kg71 for its mobile fractions.
The most common are Ni’~ compounds. Ni’" exists in
an alkaline environment as well as under harsh
oxidizing conditions, but such conditions are rare in
the natural environment [10, 11]. Nickel is
a moderate complexing agent capable of forming
predominantly fulvate complexes with organic or
inorganic ligands. Besides, it can also be found in
soils as carbonate or hydrocarbonate complexes, with
the ratio of one or the other complex form depending
on the acidity of the medium [12]. Compounds of this
element can be adsorbed by fine-grained clay

particles as well as by iron, manganese and aluminum
hydroxides [13].

Nickel sources may include a variety of
industrial emissions, vehicle fuel emissions, and parts
of rubber tyres. At different sampling points, the
levels of the nickel contents exceeding the MPC were
observed, suggesting that the contamination with this
metal is not local but extensive, covering the whole
area (see Figs. 5, 6).

This contamination may be caused by roads
connecting different parts of the city. The high
content of the nickel acid-soluble fractions in many
samples exceeded the MPC by a factor of 2 to 14,
thereby indicating its accumulation in the soils of
these districts. The excess levels of the nickel
contents in the samples taken near the roadsides
(bypass road, as well as the highways: Salair,
Chervishevsky, Moscow and Velizhansky) allow
concluding about the transport impact.

Cobalt. The MPC level for its acid-soluble
fractions is 20 mg-kgfl, whereas for its mobile
fractions of cobalt in the case of the soils of
residential areas, it is 5 mg-kgﬁl. In most cases the
cobalt contents in soils depend on the parent rock
composition. Considerable quantities of cobalt are
identified in soils formed from basic rocks and clay
sediments. It should be taken into account that the
pattern of the cobalt distribution and behavior in soils
is much affected by humus contents in the soil horizon.
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Cobealt takes different forms depending on pH of
the environment and is found as Co>" and Co3+, or as
the complex anion Co(OH)3 , i.e. in the mobile form.

The results on the cobalt contents show that
none of the Tyumen districts exceeded the MPC level
established for both acid-soluble and mobile fractions
of this element (Figs. 7, 8).

Manganese. The manganese MPC level is as
follows: for its mobile fractions, it is 140 mg-kgfl,
whereas for its acid-soluble fractions, it 1is
1500 mg-kgfl. This metal is found in soils more often
than other elements. The main place of its accumulation

is the top soil layer, since it actively interacts there
with the OM. In nature, manganese occurs mainly as
Mn4+, Mn3+, Mn2+, or as minerals. Manganese
(as Mn2+) can replace divalent cations of some
elements (F e%, Mg2+) in silicates and oxides, thereby
forming ferromanganese nodules, so it is the most
common one in the environment.

Slightly excessive levels of manganese MPC for
the mobile fractions were observed in samples
No. 17, 16 and 26, and in samples Nos. 7,10, 18, 22,
25 and 27 (Table 3), a significant MPC excess was
fixed.
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A large OM amount is available in the inspected
territories, since the above-mentioned samples were
taken in landscaped urban areas (city forest and
parks, riverbank, roadside forest belt, and green area
near houses). The OM enters the soil with fallen
leaves and grass. The disruption of the system of
fallen leaves removal at urban sites results in large
OM quantities [14]. Manganese accumulates in the
upper soil horizons and is not leached to the lower
horizons, since it forms insoluble complex
compounds with the OM. The activities of ferrous
and non-ferrous metallurgy, metal processing and
machine building industries result in manganese
entering the soil horizons. The soil samples from the
area of UMMC-Steel (samples No. 22, 24, 27)

possess have high content of mobile fractions, which
may indicate its recent entry.

The contents of the manganese acid-soluble
fractions in all samples lied within normal limits,
indicating the leaching of this element from the soils
in the form of mobile Mn®" (Figs. 9, 10).

Copper. The MPC level for the copper acid-
soluble fractions is 33 mg-kg_l, and for its mobile
fractions in the soils of residential areas is 3 mg-kg_l.
Copper is a highly toxic element and is most
commonly found as Cu* compounds. At the same
time, it is one of the least mobile HMs, because in
nature, due to good complexing properties, it forms
complexes mainly with organic ligands.
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Copper becomes most toxic at pH values of 5.5
to 6.5 as it is dissolved as divalent copper ions.
In more acidic soils, copper is less mobile and,
therefore, non-toxic. At pH more than 9.0, complexes
with inorganic ligands can be formed. Also,
adsorption on suspended clay particles decreases its
mobility. The excess of the content of the copper
mobile fractions was found in samples No. 20 and 26,
although these values do not exceed the MPC more
than twice (Table 3). The accumulation of copper in
soils in the form of complex compounds with fulvic
acids is evidenced by exceeding of the MPC on
average from 2 to 5 times for the copper acid-soluble
fractions (Figs. 11, 12).

Cadmium. The MPC level for the cadmium
acid-soluble fractions is 0.5 mg-kgfl, and no standard
value has been established for its mobile fractions.

Cadmium is mainly accumulated in the form of
complexes with humic acids. It is a rarely dispersed
element and is considered to be one of the most toxic
metals, since its rates exceed permissible levels even
at the minimum soil contamination value.
The background cadmium content in soils is mainly
determined by the composition of its parent rock.
Cadmium is most mobile in soil solution media at
pH 4.5-5.5. In alkaline conditions, it is low-mobile,
therefore, its mobility values correlate with the
acidity of the soil solution medium.
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When considering the data of the analyzed
samples of Tyumen city, no excess of the MPC for this
element was noted (see Tables 3, 4).

Lead. The MPC level for the lead mobile
fractions in the case of soils from residential areas is
6 mg-kgfl, for its acid-soluble fractions, it is
32 mg-kgﬁl. Lead compounds accumulate in soils as a
result of sorption on oxides and hydroxides of
manganese and iron. Moreover, lead forms part of
casily degradable minerals — PbO, PbCOs;, and
PbSO4. Degradability makes these forms of lead in
soils the most dangerous. At the same time, the
phosphate mineral [Pbs(PO4);Cl] is the least toxic as
it has low solubility and stability in a wide pH range.
The mobility and bioavailability of lead without its

removal from the medium can be achieved by
applying phosphate to contaminated soils. This
reaction can be represented as follows:

Cas(PO4)OH + 5Pb>" — Pbs(PO4)OH + 5Ca*".

A significant excess of the MPC level for lead
both in the mobile and the acid-soluble form was
observed in samples No. 8 and 20 taken at roadsides
(Tables 3, 4). For these soils, 7- and 13-fold excesses
of the MPC level for its mobile fractions, and 2- and
4-fold excesses of the MPC for the acid-soluble
fractions were observed, respectively (Figs. 13, 14).

Possible sources of lead pollution are wastes
from metallurgical plants, landfills of used electric
batteries, paints, and metal alloys. In addition, lead
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may enter soils from exhaust gases of vehicles
running on petrol with lead additive. Its excessive
concentrations were observed in the Central district,
which can be explained by the increased traffic load
in this part of the city.

Chromium. The MPC level established for its
mobile fractions in case of soils of residential areas is
6 mg-kgﬁl, and for the acid-soluble fractions, it is
100 mg-kgfl. Chromium exists in several forms, the
most stable of which are compounds with oxidation
degrees of +6 and +3. The form, in which chromium
is found in soils, depends not only on the acidity of
the medium [15], but also on its redox potential [16].

Thus, +6 oxidation degree chromium possesses
low complexing ability, and is available in soils as
HCrO4 and Cr0427. +3 degree chromium, in its turn,
has high complexing properties and, as a result, it is
present in soil solution as [Cr(OH)z]+ and [Cr(OH)]2+
(at pH 7.5-8.5) as well as complexes with humus and

fulvic acids. It should be noted that these forms are
actively adsorbed by clays, whereas the Cros*
chromate anion is adsorbed only in more acidic
media.

The presence of chromium in one form or the
other also determines its toxicological properties. The
most dangerous are the cr'® compounds, which have
toxic, carcinogenic and mutagenic effects. At the
same time, cr compounds in acidic media are inert,
and at pH 5.5 become almost insoluble, so they do
not harmfully affect the organisms.

The main areas of chromium application are
metallurgical and chemical industries due to high
corrosion resistance and strength of this element [17].

Among the investigated samples, only sample
No. 14 exceeded the MPC established for chromium.
However, the exceeding of the limits for the contents
of the acid-soluble fractions is insignificant.
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3.3. Correlation analysis

According to the Goldschmidt classification, all
the elements in nature belong to one of the five
groups:  atmophilic,  chalcophilic, lithophilic,
siderophilic, as well as rare elements and elements
not found in nature [18]. In this paper, a correlation
analysis was carried out between the contents of the
different element pairs. This type of analysis can
reveal the absence or presence of correlation between
elements belonging to the same group according to
the geochemical classification of Goldschmidt, as well
as indicate the possible causes of the HM accumulation.

Within the framework of this classification,
matrices of pair wise correlations for the HM and OM
contents and pH were constructed using the Microsoft
Excel software. Indicators with a correlation
coefficient of 0.5 were considered as correlated.
The results of the analysis are presented in Table 5.

The highest correlations were found between the
pairs of the following metals: Co — Ni, Cr; Pb — Cr;
Cr — Ni, Co, Pb. The presence of correlations
between nickel and cobalt contents is quite
understandable, as they belong to siderophilic group
of elements. The correlation between lead and
chromium contents, different in nature, indicates the
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Table 5. Matrices of pairwise correlations of the HM acid-soluble fractions in the soils

Ni, mg-kg1 Co, mg-kgf1 Mn, mg~kg7l Cu, mg-kgf1 Pb, mg-kgﬁ1 Cr, mg-kgf1 pH Corg, %0
Ni, mgkg ! 1.00 0.67 -0.16 ~0.34 036 0.80 0.65 ~0.15
Co, mg-kg ' 0.67 1.00 0.22 -0.38 0.17 0.54 0.15 -0.06
Mn, mg-kg_1 —0.16 0.22 1.00 -0.21 0.39 -0.17 —-0.30 0.48
Cu, mgokgfl —0.34 -0.38 -0.21 1.00 —0.26 —0.41 -0.28 0.08
Pb, mg-kgf1 0.36 0.17 0.39 —0.26 1.00 0.54 0.21 —0.06
Cr, mgkg! 0.80 0.54 ~0.17 ~0.41 0.54 1.00 0.52 ~0.28
pH 0.65 0.15 -0.30 —0.28 0.21 0.52 1.00 -0.35
Corg, % —0.15 —0.06 0.48 0.08 —0.06 —0.28 —0.35 1.00
anthropogenic nature of their entry into the Nature Management and Physical Chemical

environment.

A correlation between the chemical element
content in the soil and the pH of the aqueous extract
for Cu, Cr, Ni was also been detected. This
information can be interpreted as a confirmation of
the effect of metal accumulation effect during the soil
alkalinization, since in the samples studied, there was
a shift to the alkaline pH region. The observed
correlation between the soil OM content and the
manganese concentration is related to the formation
of strong complexes with the soil organic component.

4. Conclusion

Thus, in the present work, the pH values of
saline and aqueous soil extracts were determined to
be 5.87 to 9.06 and 6.22 to 9.20, respectively.
A comparison of the obtained results on the HM
content in the soils with Sanitary Rules and
Regulations normative values showed that the
contents of both mobile and acid-soluble fractions
exceed the MPC values for copper, lead, nickel and
manganese. The concentrations of cobalt, cadmium
and chromium are not exceeded. Based on the
correlation analysis of these results, it can be
concluded that there is a significant anthropogenic
load on the soils of Tyumen city, especially for the
Vostochny (Eastern) and Central districts, where the
main transport routes and industrial enterprises
(UMMC-Steel, Construction Machinery Plant) are
located.
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