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Soils and plants of Saint Petersburg are under the constant technogenic stress caused by human activity in in-

dustrial, residential, and recreational landscapes of the city. To assess the transformed landscapes of various func-
tional zones, we studied utility, housing, and park districts with a total area of over 7,000 hectares in the southern part 
of the city during the summer seasons of 2016-2018. Throughout the fieldwork period, 796 individual pairs of soil 
and plant samples were collected.  

A complex of consequent laboratory studies performed in an accredited laboratory allowed the characterization 
of key biogeochemical patterns of urban regolith specimens and herbage samples of various grasses. Chemical analy-
ses provided information on the concentrations of polluting metals in soils and plants of different land use zones.  

Data interpretation and calculation of element accumulation factors revealed areas with the most unfavorable 
environmental conditions. We believe that a high pollution level in southern city districts has led to a significant de-
gree of physical, chemical, and biological degradation of the soil and vegetation cover. As of today, approximately 
10 % of the Technosols in the study area have completely lost the ability to biological self-revitalization, which re-
sults in ecosystem malfunction and the urgent need for land remediation. 
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Introduction. Studying soil and vegetation covers of urbanized areas is essential for assessing 

the ecological state of a city [4, 7, 9, 12, 21, 44, 45, 47]. Thanks to its physical and chemical proper-
ties, the soil within a city accumulates a wide range of pollutants, becoming one of the key biogeo-
chemical barriers for most pollutants, capturing them on the way from the atmosphere to ground 
and surface waters [3, 14, 24, 51]. Soils and plants are an integral indicator of environmental well-
being and at the same time a potential source of secondary pollution of the natural environment [5, 
15, 27, 34, 39, 46].  

In the major part of urbanized areas, technogenic factors predominate in pedogenesis, forming 
specific Technosols, in many cases characterized by a high pollution level [8, 11, 17, 18]. As a con-
sequence, at the maximum degree of chemical pollution, the soil completely loses its capacity for 
productivity and biological self-purification, which inevitably leads to a failure of its ecosystem 
functions [13, 29, 48, 50, 52]. 

Most urban soils lack the required amount of macro and micro components for favorable 
plant growth conditions [10, 19, 31, 33, 49, 50]. At the same time, the amount of accumulated 
polluting substances, including heavy metals, increases annually [2, 6, 16, 22, 23, 35]. Atmos-
pheric emissions by vehicles, energy facilities, and industrial enterprises, as well as de-icing of 
roads in winter are the main sources of soil pollution. Metals are accumulated relatively quickly 
by the soil, being very slowly removed from it, which is due to biogeochemical barriers in the soil 
cover [13, 25, 30, 36].  

In recent years, more and more attention has been paid worldwide to assessing the quality of 
soils; this is not only because of the environmental situation at hand, but also for making decisions 
on urban zoning issues: how to puzzle out where industrial, cultural, and other districts are safest to 
be [20, 26, 32, 40, 42, 48, 53]? 
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Target setting. The problem of soil and vegetation degradation is absolutely relevant for Saint 
Petersburg, a city with a rich history of multi-industry development accompanied by research insti-
tutions and centers.  

In order to improve the environmental situation in the Russia's Northern Capital, city admini-
stration significantly rose the number of high-quality young trees planted from various nurseries in 
recent years. However, a significant proportion of seedlings die. The main cause of young trees dry-
ing out is unfavorable soil conditions and poisoning with anti-icing agents near highways. 

To date, the garden and park facilities of Saint Petersburg occupy 10 thousand hectares of pub-
lic land, of which 3 thousand hectares are urban forests and groves and 7 thousand are urbanized 
lands that need rehabilitation. Periodic monitoring observations on permanent test sites are carried 
out at 100 points, which corresponds to no more than 8 % of the total green space area.  

Thus, the relevance of the work associated with conducting a comprehensive ecological and 
geochemical assessment of the quality of soil and vegetation cover in industrial, residential, and rec-
reational landscapes is not in doubt. 

Materials and Methods. The authors were carrying out the work aimed at assessing the de-
gree of technogenic load on the soil of various landscape and functional zones of Saint Petersburg 
during the field seasons of 2016-2018. Industrial, residential, and park areas located in the Moskovsky 
District of Saint Petersburg, located in the south-west of the city and covering an area of more than 
7,000 hectares, were chosen as a study object.  

The soil assessment technique included several stages:  
• reconnaissance of the study area and drawing up a map-scheme of the planned soil sampling; 
• sampling and field sample preparation; 
• specimen processing in the laboratory; 
• chemical analysis by atomic absorption and X-ray fluorescence spectroscopy; 
• interpretation of the data obtained. 
During the reconnaissance work, we found that potential sources of pollution include enter-

prises that form the Southern Industrial Zone, extending from the Obvodny Canal to 
Kuznetsovskaya street, unauthorized dumps at wastelands along the railway, as well as automobile 
and railway transport. It is important to highlight that the main traffic load is related to the active 
functioning of two major road arteries in the study area, i.e. the Moskovskoe and Kievskoe 
highways. 

Soil sampling was conducted following the guidelines of ISO 10381-5:2005 Soil quality – 
Sampling – Part 5: Guidance on the procedure for the investigation of urban and industrial sites 
with regard to soil contamination (GOST R 53123-2008, according to the Euro-Asian Council for 
Standardization, Metrology, and Certification). In order to avoid accidental errors associated with 
the determination of unreliable values, sampling from the surface was carried out using the so-
called envelope method on sites of 2×2 m. In total, 796 samples were taken during the fieldwork, 
which covered 70 % of the territory of the Moskovsky District of the city. Among them, 18 % of 
samples were taken in parks and groves, 50 % in housing areas, and 32 % accounted for industrial 
zones. The combined soil samples were delivered to the Common Use Center of the Saint Peters-
burg Mining University, where they were processed to the air-dry state, thoroughly mixed and quar-
tered until a homogeneous sample weighing 500 g was obtained. Further sample preparation was 
carried out in accordance with certified methods of quantitative chemical analysis. Prior to the 
chemical analysis, we measured humidity in each sample using the A&D Weighing MS-70 Mois-
ture Content Tester. 

In the course of monitoring lithochemical studies, the maximum attention was paid to a group 
of inorganic toxicants, with special regard to the heavy metals, potentially dangerous at high con-
centrations. 

To assess the specific anthropogenic impact, a biogeochemical assessment of the accumulation 
of heavy metals by vegetation was carried out. In general, vegetation cover reflects the combined 
impact of environmental pollution sources, since one group of the substances enters the plant via 
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root absorption, while the second comes through the aerial gas exchange of plants [37, 41, 50]. To 
assess the ecological state of the study area, herbage samples of various grasses were taken. Vegeta-
tion sampling sites were consistent with the sampling points of the soil cover. A combined biogeo-
chemical sample weighed at least 200 g of raw material. Each sample was marked and placed in a 
special bag for transportation to the laboratory and subsequent analysis. Preparation of the selected 
vegetation samples consisted of sequential execution of the following operations: drying, grinding, 
ignition, and dissolving in a mixture of acids.  

The analyzed rasters were obtained by the method of atomic absorption with flame and electro-
thermal atomization with the use of the Shimadzu AA-7000 spectrophotometer. 

Results and Discussion. As a result of the survey of the Technosols in industrial, residential, 
and recreational areas of the Moskovsky District of Saint Petersburg, it was found that lead, cad-
mium, and zinc are the priority pollutants among heavy metals. The table shows the distribution of 
metals by group depending on concentrations. These metals were particularly noted when exploring 
general patterns of migration and accumulation of chemical elements in residential landscapes [1]. 
First, this is due to the fact that their geochemical cycles are largely altered under a complex tech-
nogenic impact on urban soils. Secondly, lead, cadmium, and zinc pose a possible public health 
threat in urbanized areas since the intake of polluting elements by a human body occurs most inten-
sively in these landscapes [28, 29, 32]. 

 
Soil cover categorizing according to accumulation levels  

of the most common potentially hazardous heavy metals in the study area 

Below the Maximal Permissible 
Concentration (MPC) 

1-2-fold exceedance  
over the MPC 

2-5-fold exceedance  
over the MPC 

>5-fold exceedance  
over the MPC Element 

Number of samples % Number of samples % Number of samples % Number of samples % 

Industrial area 
Pb 48 6 120 15 310 39 318 40 
Cd 135 17 120 15 247 31 294 37 
Zn 87 11 191 24 231 29 287 36 

Residential area 
Pb 112 14 294 37 318 40 72 9 
Cd 446 56 215 27 95 12 40 5 
Zn 191 24 334 42 143 18 128 16 

Recreational area 
Pb 334 42 223 28 191 24 48 6 
Cd 597 75 111 14 88 11 – – 
Zn 334 42 271 34 119 15 72 9 

 
To assess the uniformity of the area distribution of the studied metals in the soil, the coeffi-

cients of variation of the elements were calculated for the soils of certain land use zones, %: 
 

Element Pb Cd Zn Cu Ni As Hg 
Functional zone        

Residential  81 77 54 51 74 90 215 
Industrial 105 99 125 92 64 91 240 
Recreational 74 76 47 53 66 76 170 

 
The results of the analysis of the coefficients of variation showed that the distribution of the 

studied elements in the soil is extremely heterogeneous; therefore, local sources of technogenic im-
pact are the main pollution contributors, not affecting the district as a whole. 

Along with the evaluation of each considered metal, the distribution of chemical element asso-
ciations was analyzed separately [1, 38, 43, 52]. An association of chemical elements should be un-
derstood as a group of elements found in the study object in an amount different from the criterion 
level. We applied the integrated chemical pollution index Zc to quantitatively measure and assess 
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the association. The results of the lithochemical sur-
vey showed that soil contamination in the studied 
part of the Moskovsky District does not exceed the 
values typical for urbanized territories. Thus, ca. 
10 % of the territory are characterized by the ex-
tremely dangerous level of pollution, 35 % are dan-
gerous, 39 % are moderately dangerous, and at 16 % 
of the area the level is acceptable (Figure). 

The biological accumulation factor, which is 
the ratio of the pollutant concentration in a plant to 
its concentration in the soil, was used to characterize 
the uptake capacity of plants and evaluate the barrier 
function of root and aerial parts. Thus, in the case of 
active barrier functions, the factor value does not 
exceed 1. With the unhindered flow of metal ions 

into plant organs, the factor is greater than or equal to 1. The values of the biological accumula-
tion factor of priority pollutants for the studied plant samples are given below: 

 
Element  Pb Ni Cr Mo Cu Mn Co Fe 
Factor          
     Maximum 0.62 3.53 0.54 15.95 16.89 7.95 3.54 0.75 
     Minimum  0.36 0.70 0.26 2.47 7.43 1.20 0.25 0.20 
     Average 0.50 2.01 0.37 7.82 10.74 3.14 1.51 0.36 

 
The values of the biological accumulation factor indicate that Cu, Mo, Mn, and Ni tend the 

most to be accumulated in the vegetation cover.  
Conclusion. The conducted litho- and biogeochemical studies have shown that the soil cover 

of the Moskovsky District of Saint Petersburg is experiencing a huge technogenic load. The most 
unfavorable environmental situation is observed in the northern part of the district. The presence of 
numerous sources of harmful emissions into the milieu, strengthened by traffic intensity, creates a 
potential threat not only to the natural environment but also to the population of the city. Motor 
transport, fuel and energy complex enterprises, as well as the chemical industry, are among the pri-
ority pollution sources of urban landscapes. Taking into account the prevailing wind directions, it 
can be seen that polluted air flows come to the study area from the industrially developed Kirovsky 
District and enterprises situated in the north-west of the Admiralteysky District.  

Technogenic pressure significantly transformed the physical, chemical, and biological charac-
teristics of the soil and vegetation cover of the Moskovsky District. As shown by the study, at least 
one tenth of the soil cover of this territory has completely lost the ability to biological self-
restoration, which led to the failure of its ecological functions and the urgent need for reclamation 
and remediation. 

 
 

REFERENCES 
 

1. Alekseenko V.A., Alekseenko A.V. Chemical elements in geochemical systems. The abundances in urban soils. Rostov-na-
Donu: Izd-vo Yuzhnogo federalnogo universiteta, 2013, p. 388 (in Russian). 

2. Sudina L.V., Tsepina N.I., Minnikova T.V., Kolesnikov S.I. The effect of bismuth pollution on the phytotoxicity of the soils 
in Southern Russia. Uchenye zapiski Krymskogo federalnogo universiteta imeni V.I.Vernadskogo. Biologiya. Khimiya. 2019. 
Vol. 5 (71). N 3, p. 110-121 (in Russian). 

3. Vorobyova K.Yu. Patterns of lead pollution of soil in civil engineering facilities of the Samara Oblast. Indikatsiya sostoyaniya 
okruzhayushchei sredy: teoriya, praktika, obrazovanie: Trudy shestoi mezhdunarodnoi nauchno-prakticheskoi konferentsii. Moscow: 
Buki-Vedi, 2018, p. 281-286 (in Russian). 

4. Gogolina N.E. Environmental geochemical analysis of residential landscapes in the city of Perm. Antropogennaya transfor-
matsiya prirodnoi sredy. 2011. N 1, p. 163-167 (in Russian). 

5. Goncharov E.A., Pigalin D.I., Shurkov N.G. Environmental geochemical assessment of urban soils. Vestnik Povolzhskogo go-
sudarstvennogo tekhnologicheskogo universiteta. Seriya: Les. Ekologiya. Prirodopolzovanie. 2015. N 1 (25), p. 87-97 (in Russian). 

 Extremely 
dangerous Acceptable 

Moderately 
dangerous 

 

Dangerous 

10 % 16 % 

39 % 35 % 

Percentage of the territory with the ranked integrated  
soil pollution index Zc in the Moskovsky District 



 

 

DOI: 10.31897/PMI.2020.1.125 
 

Mariya A. Pashkevich, Jaume Bech, Vera A. Matveeva, Alexey V. Alekseenko 
Biogeochemical assessment of soils and plants in industrial, residential… 

129 
Journal of Mining Institute. 2020. Vol. 241. P. 125-130 ● Geoecology and Occupational Health and Safety 

 

6. Egorova S.A. The role of soil in shaping the health of urban citizens. Vestnik sovremennykh issledovanii. 2018. N 8.3 (23), 
p. 39-41 (in Russian) 

7. Zharikova E.A. Soil agrochemical properties end elemental composition features in urban landscapes (case study of the city 
of Ussuriysk). Vestnik Altaiskogo gosudarstvennogo agrarnogo universiteta. 2019. N 3 (173), p. 71-78 (in Russian). 

8. Zharikova E.A. Poorly studied potentially dangerous elements in soils of urban areas in the South of Primorye. Vestnik Dal-
nevostochnogo otdeleniya Rossiiskoi akademii nauk. 2018. N 4 (200), p. 105-112 (in Russian). 

9. Zubkov V.A., Trishevskaya A.V., Malkova E.A., Mikheeva E.V. The heavy metals content in the soils of Sverdlovsk Re-
gion industrial cities. Colloquium-journal. 2019. N 17-7 (41), p. 16-23 (in Russian). 

10. Ibraeva K.B., Kaldybaev B.K. Environmental biogeochemical assessment of soil and plant cover of the city of Karakol. 
Biogeokhimiya khimicheskikh elementov i soedinenii v prirodnykh sredakh: Materialy II Mezhdunarodnoi shkoly-seminara dlya 
molodykh issledovatelei, posvyashchennoi pamyati professora V.B.Ilina; Tyumenskii gosudarstvennyi universitet. Tyumen, 2016, 
p. 222-229 (in Russian). 

11. Kalmanova V.B. Geoecological assessment of the state of the soil cover of an urbanized territory (case study of the city of 
Birobidzhan). Rossiiskii zhurnal prikladnoi ekologii. 2019. N 2 (18), p. 15-20 (in Russian). 

12. Kasimov N.S., Vlasov D.V. Heavy metals and metalloids in urban soils of Russian cities (according to the annual reports 
of Rosgidromet). Vestnik Moskovskogo universiteta. Seriya 5. Geografiya. 2018. N 3, p. 14-22. 

13. Kachor O.L., Sarapulova G.I., Bogdanov A.V. Investigation of the Possibility of Immobilization of Mobile Forms of Arse-
nic in Technogenic Soils. Journal of Mining Institute. 2019. Vol. 239. p. 596-602. DOI: 10.31897/PMI.2019.5.596 

14. Kryazheva E.Yu., Lapteva E.M. Heavy metals and metalloids in soils of the city of Ukhta (Komi Republic). Transformat-
siya ekosistem pod vozdeistviem prirodnykh i antropogennykh faktorov: Materialy mezhdunarodnoi nauchnoi konferentsii; Vyatskii 
gosudarstvennyi universitet. Kirov, 2019, p. 286-290 (in Russian). 

15. Kuzminskaya N.Yu., Kosheleva N.E., Kuzmenkova N.V. Environmental geochemical state of herbaceous plants in urban 
landscapes of Serpukhov (Moscow Oblast). Ekologicheskie problemy promyshlennykh gorodov: Sbornik nauchnykh trudov po mate-
rialam 8-i Mezhdunarodnoi nauchno-prakticheskoi konferentsii; Saratovskii gosudarstvennyi tekhnicheskii universitet im. 
Yu.A.Gagarina. Saratov, 2017, p. 36-41 (in Russian). 

16. Larionova A.A., Gonyaeva V.R. Assessment of the soil condition of the city of Tyumen in planning its sustainable develop-
ment. Novye tekhnologii – neftegazovomu regionu: Materialy Mezhdunarodnoi nauchno-prakticheskoi konferentsii studentov, aspi-
rantov i molodykh uchenykh; Tyumenskii industrialnyi universitet. Tyumen. 2017, p. 111-114 (in Russian). 

17. Leukhin I.V. Assessment of heavy metal content in soils of Yoshkar-Ola. Problemy geologii i osvoeniya nedr. Trudy XXIII 
Mezhdunarodnogo simpoziuma studentov i molodykh uchenykh imeni akademika M.A.Usova, posvyashchennogo  
120-letiyu so dnya rozhdeniya akademika K.I.Satpaeva, 120-letiyu so dnya rozhdeniya professora K.V.Radugina; Natsionalnyi issle-
dovatelskii Tomskii politekhnicheskii universitet. Tomsk, 2019, p. 595-597 (in Russian). 

18. Samoilenko G.Yu., Bondarevich E.A., Kotsyurzhinskaya N.N., Boriskin I.A. Monitoring of heavy metal contamination of 
soil and plants (for example, Potentilla tanacetifolia Willd. ex Schlecht.) of natural ecosystems in Chita urban areas. Samarskii 
nauchnyi vestnik. 2018. Vol. 7. N 1 (22), p. 110-115 (in Russian). 

19. Novikova S.A. The impact of road transport emissions of the Irkutsk agglomeration on the condition of soils and vegeta-
tion of roadside lanes. Bezopasnost prirodopolzovaniya v usloviyakh ustoichivogo razvitiya: Materialy II Mezhdunarodnoi nauchno-
prakticheskoi konferentsii; Irkutskii gosudarstvennyi universitet. Irkutsk, 2018, p. 221-227 (in Russian). 

20. Novikov S.G., Akhmetova G.V. Soils of Different Land Use Categories in the City of Petrozavodsk. Eurasian Soil Science. 
2018. Vol. 51(9), p. 1086-1094. 

21. Baitimirova E.A., Mikheeva E.V., Bespamyatnykh E.N., Donnik I.M., Krivonogova A.S. Assessment of megalopolis 
recreational areas by heavy metals pollution (on example of Ekaterinburg). Agrarnyi vestnik Urala. 2016. N 4 (146), p. 71-77 (in 
Russian). 

22. Tunakova Yu.A., Ivanov D.V., Shagidullin A.R., Valiev V.S. Soil cover as an indicator of polymetallic pollution of the 
surface layer of atmospheric air in the city of Kazan. Rossiiskii zhurnal prikladnoi ekologii. 2019. N 1 (17), p. 53-58 (in Russian). 

23. Khomich V.S., Savchenko S.V., Ryzhikov V.A., Glushen E.M., Romankevich Yu.A., Zain El-Din R.M. Issues of handling 
urban soils contaminated with oil products and heavy metals. Prirodopolzovanie. 2019. N 1, p. 76-90. 

24. Startsev A.I., Prokhorova N.V. Environmental geochemical features of soils of different functional zones of the city of No-
vokuybyshevsk. Samarskii nauchnyi vestnik. 2017. Vol. 6. N 1 (18), p. 83-88 (in Russian). 

25. Chertko N.K. Ecology of urban environment. Ekologiya, zdorove i obrazovanie v XXI veke. Globalnaya integratsiya 
sovremennykh issledovanii i tekhnologii: Materialy III Kavkazskogo ekologicheskogo foruma; Chechenskii gosudarstvennyi univer-
sitet. Groznyi, 2017, p. 236-243 (in Russian). 

26. Shvets N.I., Sidorova K.A. The level of pollution of soils and vegetables in urban and rural environments. Astrakhanskii 
vestnik ekologicheskogo obrazovaniya. 2018. N 6 (48), p. 51-56 (in Russian). 

27. Shishkina D.Yu. Heavy metals in the soils of Rostov-on-Don. Rostov-na-Donu: Izd-vo Yuzhnogo federalnogo uni-
versiteta, 2017, p. 99 (in Russian). 

28. Yudina E.V. The role of certain soil characteristics in the accumulation of heavy metals (Zn, Cu, Pb, and Cd) in urban en-
vironments (case study of the city of Abakan). Voprosy sovremennoi nauki i praktiki. 2018. N 3 (69), p. 9-18 (in Russian). 

29. Abbasnejad A., Abbasnejad B. Distribution, sources and pollution status of Pb in indoor and outdoor dusts of Kerman City, 
SE Iran. Environmental Forensics. 2019. Vol. 20(1), p. 106-119. 

30. Alekseenko V.A., Maximovich N.G., Alekseenko A.V. Geochemical Barriers for Soil Protection in Mining Areas. Assess-
ment, Restoration and Reclamation of Mining Influenced Soils. London: Academic Press, 2017, p. 255-274. 

31. Drozdova I., Alekseeva-Popova N., Dorofeyev V., Bech J., Belyaeva A., Roca N. A comparative study of the accumulation 
of trace elements in Brassicaceae plant species with phytoremediation potential. Applied Geochemistry. 2019. Vol. 108. N 104377. 

32. Tume P., Roca N., Rubio R., King R., Bech J. An assessment of the potentially hazardous element contamination in urban 
soils of Arica, Chile. Journal of Geochemical Exploration. 2018. Vol. 184, p. 345-357. 

33. Bushuev Y.Y., Leontev V.I., Machevariani M.M. Geochemical features of Au-Te epithermal ores of the Samolazovskoye 
deposit (Central Aldan ore District, Yakutia). Key Engineering Materials. 2018. Vol. 769 KEM, p. 207-212. 



 

 

Mariya A. Pashkevich, Jaume Bech, Vera A. Matveeva, Alexey V. Alekseenko 
Biogeochemical assessment of soils and plants in industrial, residential… 

DOI: 10.31897/PMI.2020.1.125 
  

130 
Journal of Mining Institute. 2020. Vol. 241. P. 125-130 ● Geoecology and Occupational Health and Safety 

34. Zeng L., Offor F., Zhan L., Cheng H., Guo H. Comparison of PM2.5 pollution between an African city and an Asian me-
tropolis. Science of the Total Environment. 2019. Vol. 696. N 134069. 

35. Sharikov F.Yu., Suslov A.P., Bazhin V.Yu., Beloglazov I.I. Comprehensive assessment of power coals of the Waterberg 
coalfield deposit (South Africa) as a basis for making decisions on their rational use. Ugol. 2019. Vol. 5, p. 96-100. 

36. Bech J., Tume P., Roca N., Reverter F. Geochemical distribution of potentially harmful elements in periurban soils of a 
Mediterranean region: Manresa (Catalonia, Spain). Fresenius Environmental Bulletin. 2015. Vol. 24(12A), p. 4379-4389. 

37. Yusupov D.V., Rikhvanov L.P., Baranovskaya N.V., Yalaltdinova A.R. Geochemical features of poplar leaf elemental 
composition in urban areas. Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2016. Vol. 327(6), p. 25-36. 

38. Grebenshchikova V.I., Efimova N.V., Doroshkov A.A. Chemical composition of snow and soil in Svirsk city (Irkutsk Re-
gion, Pribaikale). Environmental Earth Sciences. 2017. Vol. 76(20). N 712. 

39. Evstafeva E.V., Bogdanova A.M., Minkina T.M., Mandzhieva S.S., Antonenko E.M. Heavy metals content in soils of 
residential territories of Crimea republic. Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2018. 
Vol. 329(10), p. 19-29. 

40. Lenoir T., Duc M., Lassabatere L., Bellagh K. Identification of the artifact contribution to two urban Technosols by coupling a 
sorting test, chemical analyses, and a least absolute residual procedure. Journal of Soils and Sediments. 2019. Vol. 19(2). P. 683-701. 

41. Ermolin M.S., Fedotov P.S., Ivaneev A.I., Fedyunina N.N., Eskina V.V. Isolation and quantitative analysis of road dust 
nanoparticles. Journal of Analytical Chemistry. 2017. Vol. 72(5), p. 520-532. 

42. Kremcheev E.A., Nagornov D.O., Kremcheeva D.A. Changing hydraulic conductivity after rupturing native structure of 
peat under limited evaporation conditions. Lecture Notes in Earth System Sciences. Cham: Springer International Publishing AG, 
2020, p. 233-256. 

43. Ngun C.T., Pleshakova Y.V., Reshetnikov M.V. Soil diagnosis of an urban settlement with low levels of anthropogenic 
pollution (Stepnoe, Saratov region). IOP Conference Series: Earth and Environmental Science. 2018. Vol. 107. N 012067. 

44. Tepanosyan G., Sahakyan L., Belyaeva O., Saghatelyan A. Origin identification and potential ecological risk assessment of 
potentially toxic inorganic elements in the topsoil of the city of Yerevan, Armenia. Journal of Geochemical Exploration. 2016. 
Vol. 167, p. 1-11. 

45. Famuyiwa A.O., Davidson C.M., Oyeyiola A.O., Lanre Iyanda Y., Babajide S.O. Pollution characteristics and health risk 
assessment of potentially toxic elements in school playground soils: A case study of Lagos, Nigeria. Human and Ecological Risk 
Assessment. 2019. Vol. 25(7), p. 1729-1744. 

46. Seleznev A., Yarmoshenko I., Malinovsky G., Kiseleva D., Gulyaeva T. Snow-dirt sludge as an indicator of environmental 
and sedimentation processes in the urban environment. Scientific Reports. 2019. Vol. 9(1). N 17241. 

47. Mazhari S.A., Bajestani A.R.M., Hatefi F., Aliabadi K., Haghighi F. Soil geochemistry as a tool for the origin investigation 
and environmental evaluation of urban parks in Mashhad city, NE of Iran. Environmental Earth Sciences. 2018. Vol. 77(13). N 492. 

48. Timofeev I., Kosheleva N., Kasimov N. Health risk assessment based on the contents of potentially toxic elements in urban 
soils of Darkhan, Mongolia. Journal of Environmental Management. 2019. Vol. 242, p. 279-289. 

49. Naylo A., Almeida Pereira S.I., Benidire L., Schwartz C., Boularbah A. Trace and major element contents, microbial com-
munities, and enzymatic activities of urban soils of Marrakech city along an anthropization gradient. Journal of Soils and Sediments. 
2019. Vol. 19(5), p. 2153-2165. 

50. Kosheleva N.E., Timofeev I.V., Kasimov N.S., Kisselyova T.M., Alekseenko A.V., Sorokina O.I. Trace element composi-
tion of poplar in Mongolian cities. Lecture Notes in Earth System Sciences. Cham: Springer International Publishing AG, 2016, 
p. 165-178. 

51. Bourotte C.L.M., Sugauara L.E., De Marchi M.R.R., Souto-Oliveira C.E. Trace metals and PAHs in topsoils of the univer-
sity campus in the megacity of São Paulo, Brazil. Anais da Academia Brasileira de Ciencias. 2019. Vol. 91(3). N 20180334. 

52. Grebenshchikova V.I., Gritsko P.P., Kuznetsov P.V., Doroshkov A.A. Uranium and thorium in soil cover of the Irkutsk-
Angarsk industrial zone (Baikal region). Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2017. Vol. 328(7), 
p. 93-104. 

53. Webb J., Rubio J.L., Fullen M.A. Soil quality and policy. Urban Pollution: Science and Management. Hoboken: Wiley-
Blackwell, 2018, p. 57-68. 

 
 
Authors: Mariya A. Pashkevich, Doctor of Engineering Sciences, Professor, Pashkevich_MA@pers.spmi.ru (Saint Petersburg 

Mining University, Saint Petersburg, Russia), Jaume Bech, Doctor, Professor, jaumebechborras@gmail.com (University of Barcelona, 
Barcelona, Spain), Vera A. Matveeva, Candidate of Engineering Sciences, Associate Professor, Matveeva_VA2@pers.spmi.ru (Saint 
Petersburg Mining University, Saint Petersburg, Russia), Alexey V. Alekseenko, Candidate of Engineering Sciences, Assistant 
Professor, Alekseenko_AV@pers.spmi.ru (Saint Petersburg Mining University, Saint Petersburg, Russia). 

The paper was received on 25 December, 2019. 
The paper was accepted for publication on 9 January, 2020. 


