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Abstract

Studying the features of soil heavy metal/metalloid accumulation formed as a result of long-term agropedogenesis is of
great importance for predicting safe use of soil resources in agriculture. In such regions with a long history of agricultural
development as Crimea, the topsoil can keep in the soil memory the results of slow-acting processes, including any changes in
the solid-phase component of the soil system. The aim of this study was to establish regional differences in the concentration
of heavy metal using the chronosequences of agrogenic soil transformation method. The objects of study were the humus-
accumulative horizon of 20 soils and their parent rock, for which nine of soil heavy metals / metalloids were identified for two
hazard groups using X-ray Fluorescence Analysis. The natural and anthropogenic causes of differences in the accumulation of
heavy metal in in soils of the Eastern Crimea (Co, Zn, Pb, V, Ni, Cu, As, Ba and Cr) and in soils of the North-Western Crimea
(Co, Cr, Ba, Pb and V) have been established. This will optimize a list of priority indicators in regional systems of agro-
ecological regulation and selection of territories for growing organic agricultural products.
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CPABHUTEJIBHAA OLHEHKA 3ATI'PA3HEHUSA TAXKEJIBIMUA METAJIVIAMUA
ITAXOTHBIX U 3AJIEXKHBIX ITOYB IIPU PA3JIMYHOU JVIMTEJIBHOCTH
AT'POIIEJOI'EHE3A

Hayunas cratbs

AHHOTALIUA

HccnenoBanne 0COOCHHOCTEH aKKyMyJ/SIIMA B IOYBAX TSDKCIBIX METAIOB/METAUIONAOB B PE3yJIbTAaTe IJIMTEIBHOTO
arporieioreHe3a uMeeT OOJBIIOe 3HAYCHHE ISl IPOTHO3a 0E30MaCHOTO HCIOIh30BaHUS MOYBEHHBIX PECYPCOB B 3EMJICIICIIHH.
[TouBeHHBIN MOKPOB B TAKMX PETHOHAX C JJIUTEIBHON MPEIBICTOPHEN arpapHOrO OCBOCHHS, Kak KpbIM, coxpaHseT B
MOYBCHHON MaMATH PE3yJIbTaThl MEJICHHO IEHCTBYIOIIMX MPOIECCOB, BKJIOYAs HM3MEHEHUE TBEPJO0(ha3HOTO0 KOMIIOHEHTA
MOYBCHHOI cucTeMsl. L{enp uccnenoBanus 3aKkir04anach B yCTAHOBICHUH PETHOHATBHBIX PAa3IMUUil B KOHIICHTPALUH TSIKEIBIX
METaJUIOB, HCIIOJIB3Ysl METOJl XPOHOPSIOB arporeHHoi TpaHcopmamuu moyB. OObEKTaMH H3Yy4YCHHs CTald TyMYCOBO-
AKKYMYJLSITHBHBIH TOpWM30HT 20 TMOYB M UX MATEPHHCKUAX TOPOJ, I KOTOPBIX OMNPEICICHBI JCBATh TIKEIBIX
METaJUIOB/METAIIONIOB TI0 [IByM TpYIIaM OMACHOCTH, HCIOJb3Ys METOA PEHTTEHOCIEKTPAIBLHOTO (IIyOpEeCeHTHOTO
aHanu3a. Y CTaHOBJICHBI PUPOIHO-aHTPOIIOTEHHBIC PHUYUHBI PA3IHUYNIA B aKKYMYJISLUH TSDKEJIBIX METANIOB/METAIUIONIOB B
mouBax Bocrounoro Kpemma (Co, Zn, Pb, V, Ni, Cu, As, Ba, Cr) u B mouBax CeBepo-3anagnoro Kpemma (Co, Cr, Ba, Pb, V).
DTO TMO3BOJHUT YCOBEPUICHCTBOBATH MEPEUYCHb MPHOPUTETHBIX MMOKA3aTesieil B PErHOHAIBHBIX CUCTEMAX arpOdKOJIOTHYECKOro
HOPMHUPOBAHUSI U BBIOOpA TEPPUTOPHUIL [Is BRIPAIIUBAHMUS IKOJIOTMYECKH OE30MaCHOMN CENbCKOX03IHCTBEHHOM MPOIYKIUH.

KiroueBrble C10Ba: MoYBbI, MATEPUHCKHUE TIOPOIBI, XPOHOPSAIBI TOYB, CTAPOINAXOTHBIE TIOYBBI, CTAPO3ANIEKHbIE TOYBHI,
OIICHKA OIIACHOCTH.
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1. Introduction

A justified concern about the global problem of soil resources conservation used to encourage many researchers to focus
on various signs of soil degradation. Now there are already more than 40 types of degradation of cultivated soils, however, it is
believed that nine to be sufficient to evaluate the degradation state during agropedogenesis [1]. This situation is also due to the
fact that possible effects of soil progradation can be diagnosed for (enormously) longer periods than the current stage of
agricultural activities. A soil system can reach a relative balance state with regular influencing factors if they were similar in
strength.

Regions with a long (centuries-old) prehistory of arable farming can provide special information opportunities for
examination of agro-pedogenesis results with due account for processes with longer characteristic periods, including changes
in agro-soil solid phase.

These regions include Crimea where agriculture made economic basis in the ancient period, in particular, arable farming
for grain crops and perennial plantations. Large-scale agricultural development on the lands of three regions of the Crimea in
the antiquity has created a unique potential for research the most complete chronosequences of agrogenic soil transformation,
including changes in soil system's solid phase that have a longer characteristic time as compared to material composition
transformations in the currently developed agricultural lands [2].

The establishment of relationships between the risk of soil heavy metal (HM) accumulation and human activities is one of
the urgent tasks of agroecology [3], [4], [5]. It is assumed [6] that all chernozems are characterised by microelement
redundancy, at that it is noted accumulation of Pb, Cu, Co and Zn in 0-22 centimetres layer in the century dynamics of
chernozems, while during 50 years mobile forms of HM such as Pb, Cu, Co and Zn increased in comparison to the
background.

The aim of this work was to establish special aspects of changes in concentration of soil heavy metal/metalloids under the
influence of different arable farming periods, using a method of chronosequences of agrogenic soil transformation.

2. Methods
2.1. Study area and soil sampling

The objects of study are the humus-accumulative horison of 20 soils and loesslike loams in two regions of the Crimea:
ancient farming zone, distant chora of Tauric Chersonesos and Eastern Crimea, chora of Bosporan towns. The representative
members of agrogenic soil transformation series were formed for each of the two of the regions. Justification of the objects of
research in the soil chronosequence of agrogenic transformation is given earlier [7], as well as the accepted encoding: virgin
land (VL); modern-day ploughed land (MPL); continually ploughed land (CPL); post-antique long-term fallow land (PLFL).
The Tarkhankut is part of the Crimean steppe plain, where the main soils are Calcic and Petrocalcic Chernozems [7]. It is
reasonable to involve geochemical background when studying the local soil standard within the botanical reserve “A section of
the virgin steppe on the Tarkhankut Peninsula” (100 ha) west of the village of Krasnoselskoe (Chernomorskiy region). Virgin
soil (according to the morphological structure of the profile) on Kerch Peninsula is a medium-loamy southern carbonate
Chernozem (1.6 km south of the village of Geroyevskoye). The continually ploughed land is defined by the locations of the
agricultural areas near Bosporan small towns and agricultural settlements with a final activity period from 4% c¢. BC to 5" c.
AD. The post-antique long-term fallow land was studied near ancient settlements with the end of life in 1% c. BC — 2™ ¢. AD.
Soil sample preparation included cleaning from inclusions and grinding it into powder.

2.2. Analytical and evaluation methods

Standard procedures have been applied for chemical analyses of soils: assessment of the CO; in carbonates by acidometry;
the organic carbon (Corg) after Tyurin; the available P,Os by Machigin’s method; particle size distribution by method pipettes
treated with sodium pyrophosphate. X-ray Fluorescence Analysis (XRF) method was used to determine the contents of
chemical elements. The concentrations of macro- and trace elements in soils (S) and parent rock (P) were determined in
powdered samples. Accepting Liu’s proposition [8] concerning the eluviation coefficient (Ke), the modified variant of the
formula: Ke = (Si/ (Mn + Ca + K + Mg + Na)).

The list of soil heavy metals of highly hazardous and moderately hazardous classes, which is fore sawn by the general
toxicological GOST 17.4.1.02-8, with addition of modern ecotoxicological data of Dutch ecologists according to degree of
hazard of soil heavy metals / metalloids (HMM) [9], [10] allowed us to determine a summary series from nine HMMs with
allocation of two groups according to the degree of danger: (V, Ni, Cu, Cr, As, Ba)> (Pb, Zn, Co).

The values of maximum permissible concentration (MPC;) for the main HMM were determined based on the review [11],
in addition to Ba, for which the limiting value is conditionally taken from the maximum concentration range in soils (1000
ppm).

Hazard degree (HD) of soil contamination HMM was evaluated by the formula:

(1)

=
S
I
3l
INgE
5‘:4
o

Si is the content of HMM and their maximum permissible concentration (MPC;).
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3. Results

A certain idea of soil buffering and the conditions for the interaction of HMM with the active phase of the soil system is
provided by data on the contents of Corg, CaCO3, MnO, total Fe, and particles size <0.01 mm. The granulometric composition
of the soils of the North-western Crimea is significantly different. Horizon A of virgin land (Petrocalcic Chernozems) has a
loam composition with high carbonate content, and agrosoil (Calcic Chernozems) has a heavier composition: loam clay and
silty clay loam with a significant CaCO3 content in modern-day ploughed land. Agricultural soils contain more Fe and Mn than
virgin land and fallow land. Because of bioaccumulation, the humus-accumulative horizon of virgin soil and long-term fallow
land has a 22-29% higher content of potential pollutants compared to parent rock (Table 1, ratio S/P).

Table 1 — The key of physico-chemical indicators for soil chronosequence (North-western Crimea)

Member of soil chronosequence
VL MPL CPL | PLFL
Corg, % 2.73 1.43 1.39 2.00
<0.01l mm, % | 23.15 | 53.78 | 42.68 | 35.19
CaCO03, % 26.0 8.97 23.27 | 16.97
Fe, % 2.81 3.28 2.88 2.66
MnO, % 0.09 0.11 0.12 0.09
V, ppm 80.61 | 84.33 | 99.81 | 67.55
Ni, ppm 48.48 | 50.44 | 48.11 | 4533
Cu, ppm 4293 | 50.40 | 39.13 | 38.39
Cr, ppm 82.41 | 97.98 | 8543 | 82.39
As, ppm 8.21 8.27 8.58 8.20
Ba, ppm 43498 | 428.56 | 518.64 | 426.87
Pb, ppm 17.11 | 23.18 | 18.04 | 16.98
Zn, ppm 84.70 | 75.61 | 80.64 | 73.76
Co, ppm 12.63 | 18.00 | 15.01 | 10.95

Index

S/P 1.29 1.07 1.10 1.22
Ke 1.38 1.53 2.25 2.51
HD 0.68 0.70 0.57 0.53

The eluviation coefficient (Ke) can safely diagnose the duration of easily mobile soil components leaching in relation to
quartz: the Ke value tends to increase from the modern arable land to soils with development prehistory and post-antique long-
term fallow land. The comparison of average excess concentrations of HMM in soil chronosequence members compared to
virgin land (Table 1) showed that the maximum excess was found for modern-day ploughed land (1.12 times), close to
continually ploughed land (1.07), and fallow land (0.93) did not accumulate. Agricultural loads on horizon A against the
background of decreased Corg content can lead to the loss of potential pollutants as well. Long-term agricultural land
development reduces the risk of soil contamination by nine HMMs, in particular, the content of Co> Pb> Cu> Cr is reduced
compared to modern-day ploughed land. The granulometric composition of the soils of the Eastern Crimea in the composition
of the agrogenic transformation series is significantly different. Unlike horizon A virgin land on the coastal terrace with a loam
composition at high carbonate content, agricultural soils (Calcic Chernozems) have a heavier composition (silty clay loam and
sandy clay), which is typical for the Kerch Peninsula and contain less CaCOs. In addition, agricultural soils have a slightly
higher Fe and Mn content than virgin land (Table 2). The Eastern Crimea bioclimatic conditions did not contribute to the
accumulation of potential pollutants in the humus-accumulative horizons of all soil chronosequence members compared to
parent rock (Table 2). As compared both to the background (NW Crimea soil), the high eluviation coefficient values for arable
soils and fallow land show that plowing has an extremely strong influence on the geochemical transformation of horizon A.
The average excess concentration of HMM in soil chronosequence members compared to virgin land (Table 2) is maximum in
continually ploughed land (1.80 times) and is close to modern-day ploughed land (1.53) and fallow land (1.46). An overall
hazard degree assessment of soil contamination by nine HMMs has shown that even under active leaching of easily mobile
components of ploughed land and post-antique long-term fallow land they are characterized by 1.4 times stronger
accumulation of pollutants as compared to wild land, while continuously ploughed land has the largest accumulation of
HMMs, which cumulatively does not exceed the established limits of MPC, mainly due to Co, Ba, and Pb. The relic evidences
of previous agricultural loads have been preserved in horizon A of the post-antique long-term fallow land as compared to
virgin land by a higher concentration of HMMs, which can be represented as an ordered descending series: Co>Pb>(Zn,
V)>As>Ni>Ba>Cu.
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Table 2 — The main indicators of physico-chemical properties for members of soil chronosequence (Eastern Crimea)

Member of soil chronosequence
VL MPL CPL | PLFL
Corg, % 1.69 2.11 1.98 2.79
<0.0l mm, % | 31.89 | 55.52 | 74.51 | 60.19
CaCO03, % 21.25 6.00 6.15 8.47
Fe, % 2.47 3.53 4.84 3.71
MnO, % 0.08 0.11 0.15 0.09
V, ppm 62.38 | 96.24 | 120.73 | 102.09
Ni, ppm 3595 | 5347 | 70.17 | 51.01
Cu, ppm 38.78 | 51.86 | 69.21 | 45.72
Cr, ppm 101.59 | 110.82 | 124.14 | 114.51
As, ppm 10.53 | 11.93 13.42 | 15.19
Ba, ppm 439.43 | 532.18 | 536.38 | 554.34
Pb, ppm 13.81 | 26.35 | 26.95 | 22.93
Zn, ppm 43.18 | 66.11 | 96.77 | 71.01
Co, ppm 8.29 2090 | 21.44 | 14.96

Index

S/P 0.97 1.04 0.99 1.06
Ke 2.83 5.69 4.22 4.55
HD 0.60 0.84 1.01 0.82

Comparative data analysis (Table 1, 2) enables to see differences in chronosequences of agrogenic soil transformation for
the two studied Crimean regions. In the North-Western Crimea, the horizon A of the virgin soil is the most enriched with Co,
Cu, Pb, Ni compared to parent rock, while the same indicator (S/P) was noted to be exceeded for a smaller number of HMMs
(As and Cu) in the Eastern Crimea. This is due to differences in the bioclimatic potential of these two regions. A comparison of
the eluviation coefficient values shows that the process of mobile oxides leaching is twice as intensive in the Kerch Peninsula
as in the Western Crimea. Climatic differences between the two regions (North-West and East Crimea) are demonstrated by a
comparison of climatic parameters at the Chernomorskoe and Kerch weather stations. The territory of the Kerch Peninsula has
more humid climate (the annual precipitation is more than 96 mm) with a lower volatility (35 mm) than in the North-Western
Crimea. In addition, the concerned regions with selected soils differed in farming duration, which was longer on the lands of
the Bosporos than on the far chora of the Chersonesos.

The newly developed soils (MPL and CPL) may differ from the post-antique long-term fallow lands (PLFL) with a higher
level of HMM contamination due to the use of phosphoric fertilizers, which are the main source of contamination of arable
soils (up to 50%) [12]. The ploughing horizon of old-arable and newly developed soils is provided with mobile phosphates
highly (0.5-0.8 mg kg!) in the North-Western Crimea and moderately (0.20 mg kg!) in the Eastern Crimea. Pollutants that
enter the soil interact with its active phase (organic matter, clay minerals, etc.), which changes their activity and hazard
respectively [9]. The soils studied by us differ in the content of carbon, carbonates and physical clay (particle size < 0.01 mm).
The most significant abiotic control factors for trace elements behaviour [13] include the presence of Fe/Mn-enriched particles,
which is typical for silt. As compared to the virgin analogue, any cultivated soils have a significant advantage in particles
proportion of <0.01 mm, with a slightly higher Fe and Mn, lower or closer Corg content.

The study allows us to formulate the following main conclusions:

1. A comparison of hazard degree values (taking into account the maximum permissible concentration levels) in four soil
chronosequence members has shown that the Calcic and Petrocalcic Chernozem (NW Crimea) are more polluted by HMMs
than the wild land if it is modern-day ploughed land. However, both modern-day ploughed land and continuously ploughed
land have excess content of such HMMs as Co, V, Cr, and Pb, compared to the background.

2. Chernozems southern calcic (Eastern Crimea) are more polluted by HMMs as compared to the background content of
both modern-day ploughed land and post-antique long-term fallow land. Longer-term arable farming than in NW Crimea has
resulted in excess content of nine HMMs as compared to the wild land, which a ranked series reflects: Co > (Zn, Pb) > V > Ni
>Cu> As>Ba>Cr.

3. If the Eastern Crimea virgin soil is only enriched in two elements (As, Cr) as compared to its analogue in NW Crimea,
the past and present agro-soils on the Kerch Peninsula differ in a more significant accumulation of all HMMs (by an average of
29%), especially in the As, Pb, Cu, Cr, Co, V content. The reasons that determine these features are the longer agricultural
pressure in the ancient period of arable farming on the European Bosporus.

4. When using the geometric mean estimated contents of HMMs in soils of agrogenic transformation series relative to the
background content, it is found that accumulation of the most dangerous HMMs (V, Ni, Cu, Cr, As, Ba) in the Eastern Crimea
soils is 2.8 times higher than the estimated value for the soils of NW Crimea; however, the differences in the accumulation of
less dangerous HMMs (Pb, Zn, Co) are non-significant in both regions.

5. The established trends in HMM accumulation as a result of long-term agropedogenesis make it necessary to maintain
priority control over the content of Co>(Cr, Ba, Pb, V) in the soils of NW Crimea and over the content of Co>(Zn, Pb)>V>
Ni>Cu>As>Ba>Cr in Eastern Crimea soils in the regional systems of agro-ecological regulation and selection of territories for
growing organic agricultural products.

Funding
This work was funded by the Russian Science Foundation, project no. 20-67-46017.

4



Journal of Agriculture and Environment 3 (15) 2020
Conflict of Interest KoH(paukT uHTEpECOB

None declared. He ykazan.

References

1. Kuzyakov Y. Reviews and syntheses: Agropedogenesis — humankind as the sixth soil-forming factor and attractors of
agricultural soil degradation / Y. Kuzyakov, K. Zamanian // Biogeosciences. — 2019. — Vol. 16(24). — P. 4783—4803.
doi:10.5194/bg-16-4783-2019

2. Jlucenkuii ®@. H. T'eoapxeosnoruueckue ucciaenoBanus uctopuieckux nanamadToB Kpeima / @. H. Jlucenkwii, O. A.
Mapunusa, XK. A. Bypsak. — Boponex : M3natensckuii nom BI'Y, 2017. —432 c.

3. Zhuo Z. Spatio-temporal variability and the factors influencing soil-available heavy metal micronutrients in different
agricultural sub-catchments / Z. Zhuo, A. Xing, Y. Li et al. / Sustainability. — 2019. — Vol. 11(21). — P. 5912.
doi:10.3390/sul11215912

4. Liu Z. Effect of mixed solutions of heavy metal eluents on soil fertility and microorganisms / Z. Liu, B. Lu, H. Xiao et
al. // Environmental Pollution. — 2019. — Vol. 254. — P. 112968. doi:10.1016/j.envpol.2019.112968

5. Zhang C. Modeling the spatial variations in anthropogenic factors of soil heavy metal accumulation by geographically
weighted logistic regression / C. Zhang, Y. Yang // Science of the Total Environment. — 2020. — Vol. 717. — P. 137096.
doi:10.1016/j.scitotenv.2020.137096

6. lllepbakor A. I1. BekoBas quHaMuKa, YKOJOTHYECKUE MPOOIEMBI U MEPCHEKTHBHI HCIOIH30BaHUs yepHo3eMoB / A. I1.
lep6axos, 1. U. Bacenes, @. 1. Kozmorckwmii u ap. — Kypck ; Boponex : Uznarensckmii nom BI'Y, 1996. — 29 c.

7. Lisetskii F. Indicators of agricultural soil genesis under varying conditions of land use, Steppe Crimea / F. Lisetskii, V.
F. Stolba, O. Marinina // Geoderma. — 2015. — Vol. 239-240. — P. 304-316. doi:10.1016/j.geoderma.2014.11.006

8. Liu G. Determination of soil loss tolerance of an entisol in Southwest China / G. Liu, L. Li, L. Wu et al. // Soil Science
Society of America Journal. — 2009. — Vol. 73(2). — P. 412—417. doi:10.2136/sssaj2008.0155

9. Vodyanitskii Y. N. Standards for the contents of heavy metals and metalloids in soils / Y. N. Vodyanitskii / Eurasian
Soil Science. —2012. — Vol. 45(3). — P. 321-328. doi:10.1134/S1064229312030131

10. Crommentuijn T. Maximum permissible concentrations and negligible concentrations for metals, taking background
concentrations into account. RIVM Report 601501001 / T. Crommentuijn, M. D. Polder, E. J. Van de Plassche. — Bilthoven :
National Institute of Public Health and Environment, 1997. — 260 p.

11. Kupumox B. II. MukposnemeHTsl B KoMmMmnoHeHTax Ouocdepst Mommoss! / B. II. Kupmmok, C. U. Toma, M.
ApcenbeBa, M. A. Kpynenukos, I'. fI. CtacbeB. — Kumunes : Pontos, 2006. — 156 c.

12. CamxapoBa H.U. Tsokensle MeTajutbl B arpolieHo3ax: MUrpanus, aeiicrsue, Hopmuposanue / H. Y. Canxaposa, I1. H.
HpirBunnes, B. C. Anucumos u ap. Penakropsr: Illyouna O.A., Topauenko E.B. — O6HuHCK, 2019. — 398 c.

13. Kabata-Pendias A. Trace elements in soils and plants / A. Kabata-Pendias, H. Pendias. — 3rd edition. — Boca Raton :
CRC Press, 2001. —432 p. doi:10.1201/9781420039900

14. Lisetskii F. Post-Antique soils as a source of land use information: a case study of an ancient Greek agricultural area
on the Northern Black Sea Coast / F. Lisetskii, V. Stolba, A. Golyeva, O. Marinina, A. Poletaev // Applied and Environmental
Soil Science. — 2020. — Art. 8698179. doi:10.1155/2020/8698179

References in English

1. Kuzyakov Y. Reviews and syntheses: Agropedogenesis — humankind as the sixth soil-forming factor and attractors of
agricultural soil degradation / Y. Kuzyakov, K. Zamanian // Biogeosciences. — 2019. — Vol. 16(24). — P. 4783—4803.
doi:10.5194/bg-16-4783-2019

2. Lisetskii F. N. Geoarheologicheskie issledovanija istoricheskih landshaftov Kryma [A geoarchaeological survey of the
historical landscapes of Crimea] / F. N. Lisetskii, O. A. Marinina, Zh. A. Buryak. — Voronezh : VSU Publishing House, 2017.
—432 p. [in Russian]

3. Zhuo Z. Spatio-temporal variability and the factors influencing soil-available heavy metal micronutrients in different
agricultural sub-catchments / Z. Zhuo, A. Xing, Y. Li et al. // Sustainability. — 2019. — Vol. 11(21). — P. 5912.
doi:10.3390/sul1215912

4. Liu Z. Effect of mixed solutions of heavy metal eluents on soil fertility and microorganisms / Z. Liu, B. Lu, H. Xiao et
al. // Environmental Pollution. — 2019. — Vol. 254. — P. 112968. doi:10.1016/j.envpol.2019.112968

5. Zhang C. Modeling the spatial variations in anthropogenic factors of soil heavy metal accumulation by geographically
weighted logistic regression / C. Zhang, Y. Yang // Science of the Total Environment. — 2020. — Vol. 717. — P. 137096.
doi:10.1016/j.scitotenv.2020.137096

6. Shherbakov A. P. Vekovaja dinamika, jekologicheskie problemy i perspektivy ispol'zovanija chernozemov [Century-
old dynamics, environmental problems and prospects for the use of chernozems] / A. P. Shherbakov, I. I. Vasenev, F. L
Kozlovskij and others. — Kursk ; Voronezh : VSU Publishing House, 1996. — 29 p. [in Russian]

7. Lisetskii F. Indicators of agricultural soil genesis under varying conditions of land use, Steppe Crimea / F. Lisetskii, V.
F. Stolba, O. Marinina // Geoderma. — 2015. — Vol. 239-240. — P. 304-316. doi:10.1016/j.geoderma.2014.11.006

8. Liu G. Determination of soil loss tolerance of an entisol in Southwest China / G. Liu, L. Li, L. Wu et al. // Soil Science
Society of America Journal. — 2009. — Vol. 73(2). — P. 412-417. doi:10.2136/sssaj2008.0155

9. Vodyanitskii Y. N. Standards for the contents of heavy metals and metalloids in soils / Y. N. Vodyanitskii // Eurasian
Soil Science. —2012. — Vol. 45(3). — P. 321-328. doi:10.1134/S1064229312030131

10. Crommentuijn T. Maximum permissible concentrations and negligible concentrations for metals, taking background
concentrations into account. RIVM Report 601501001 / T. Crommentuijn, M. D. Polder, E. J. Van de Plassche. — Bilthoven :
National Institute of Public Health and Environment, 1997. — 260 p.

5



Journal of Agriculture and Environment 3 (15) 2020

11. Kiriljuk V. P. Mikrojelementy v komponentah biosfery Moldovy [Trace elements in the components of the biosphere
of Moldova] / V. P. Kiriljuk, S. I. Toma, M. Arsen'eva, I. A. Krupenikov, G. Ja. Stas'ev. — Kishinev : Pontos, 2006. — 156 p. [in
Russian]

12. Sanzharova N. 1. Tjazhelye metally v agrocenozah: migracija, dejstvie, normirovanie [Heavy metals in agrocenoses:
migration, action, rationing] / N. I. Sanzharova, P. N. Cygvincev, V. S. Anisimov and others. Eds.: Shubina O. A., Gordienko
E. V.- Obninsk : Russian Institute of Radiology and Agroecology, 2019. — 398 p. [in Russian]

13. Kabata-Pendias A. Trace elements in soils and plants / A. Kabata-Pendias, H. Pendias. — 3rd edition. — Boca Raton :
CRC Press, 2001. — 432 p. doi:10.1201/9781420039900

14. Lisetskii F. Post-Antique soils as a source of land use information: a case study of an ancient Greek agricultural area
on the Northern Black Sea Coast / F. Lisetskii, V. Stolba, A. Golyeva, O. Marinina, A. Poletaev // Applied and Environmental
Soil Science. —2020. — Art. 8698179. doi:10.1155/2020/8698179



	Pollution
	Lisetskii F.N.*1, Marinina О.А.2, Poletaev А.О.3, Zelenskaya Е.Ya.4
	Лисецкий Ф.Н.*1, Маринина О.А.2, Полетаев А.О.3, Зеленская Е.Я.4

