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Abstract.

The agricultural use of soils is limited by their contamination with various compounds and low contents of nutrients. We
aimed to study the unique soils of the Yamal Experimental Station to determine their contamination with heavy metals and
assess their potential fertility.

Established in 1932, the Yamal Experimental Station (Salekhard, Russia) has bred new varieties of vegetable crops in open
and protected ground. In August 2021, we made a soil section and 40 pits in a 0—10 cm layer. X-ray fluorescence was used
to determine 11 metals and oxides. The qualitative assessment was based on the total soil pollution, soil pollution, and
geoaccumulation indexes. Finally, we determined the contents of nutrients.

The metals and metal oxides showed regressive-accumulative distribution along the soil profile. The concentrations of all
ecotoxicants (except for arsenic) were within the maximum/approximate permissible values. Since arsenic has a high regional
background content, its elevated concentrations make the soil suitable for agricultural use if proper quality control is in place.
The total soil pollution index classified the level of pollution as “acceptable”. The geoaccumulation index showed the soils
as mostly “unpolluted” with metals. The soil pollution index had values below 1, which indicated the absence of pollution.
The fallow soils of the Yamal Experimental Station have a high level of potential fertility and are suitable for agricultural reuse
according to the soil quality indexes applied. They can also serve as a local geochemical standard that has a long history of
agrogenic transformation in cryogenic ecosystems. Taking into account increased concentrations of arsenic, we recommend
primary quality control of agricultural products to identify its possible migration in the soil-plant system.

Keywords. Ecotoxicological state, soil quality, agrozems, heavy metals, Arctic, polar agriculture
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B
AHHO ramms.

OnHUM U3 OCHOBHBIX ()aKTOPOB, IMMUTHPYIOMIUX CEIbCKOX03IHCTBEHHOE NCIIOIB30BAHUE MTOUB, SIBJISETCS UX 3aTrPI3HEHHOCTh
pa3IMYHBIMU COEIUHEHMAMHU U HU3KOE COAEp KaHUe 3IeMeHTOB nMuTanus. Llenb paboTsl — UcclielOBaHNE YHUKAIBHBIX MOYB
SIManbckol ONBITHON CTAaHLIUYU HA IIPEAMET UX 3arPSI3HEHHOCTH TSDKEIIBIMU METalIaMU M OLEHKA UX MOTEHIMAIbHOIO III0A0POIUSL.
OO0BEKTOM HCCIe0BaHus ABIsUIach SIMaabcKas onblTHas ctaHius (Canexapn), Ha KOTopoit ¢ 1932 1. Bearch ONbITHBIE PaOOTH
0 BBIBEJIEHHIO PA3IMYHBIX COPTOB OBOIIHBIX KYJIbTYp B OTKPBITOM U 3aKpeITOM rpyHTe. B aBrycre 2021 r. 3a5105KeH MOYBEHHBIIH
paspe3 u 40 npukornok B 0—10 cM croe. PerTren-giyopecueHTHEIM METOI0OM OBUIH OTpe/IeIeHbl KOHIIEHTpanuy 11 MeTanioB u
okcuoB. KauecTBeHHas OLEHKa MOYB OCYIIECTBIIANACH C TOMOIIBIO MHIEKCOB CYMMApHOT0 3arPA3HEHHUS TI0YB (Z ), 3arpA3HEHHsA
0YB U reoakkymysun (1, ). Onpenensin coaepkanne 31eMeHTOB NHTAHUS.

Pacmpenenenue MeTamIoB U OKCH/OB METAJIJIOB O MOYBEHHOMY ITPOQHIIIO COOTBETCTBYET PETPECCHOHHO-aKKyMYJISTHBHOMY
tuny. KoHIeHTpaIy n3yueHHbIX 5KOTOKCUKAHTOB (32 HCKIIOUEHHEM MBIIIbAKA) HE TIPEBBIIIATH OPUEHTHPOBOYHO AOIYCTHUMBIE U
IIpeJIeNIbHO JIOMyCTHMbIE. Bbln 3aMKCHpOBaHbI OBBIICHHBIC KOHLEHTPALMY MBIIIbSKA, HO, YYUTHIBAsi BBICOKHH PErnOHAIbHbIN
(oH 3TOTO >1IE€MEHTa, OTHECEHHE MOYBHI K KJIacCy HEMPHUTOJHBIX HE SBISIETCS 00OCHOBAHHBIM IIPH OPTaHMU3AaIHUU KOHTPOISI
3a Ka4eCTBOM IIOYB M CEIbCKOXO3SHCTBEHHOH mpoaykiuu. KauecTBeHHAs OI€HKA MOIM3IEMEHTHOTO 3arpsi3HEHUs TOYBHI,
OCHOBaHHAas Ha ()OHOBBIX PErMOHANBHBIX KOHIEHTPAIMAX 3arPs3HSIONINX BEIIECTB, MI0KA3aJa, YTO M0 UHJCKCY Z YPOBEHb
3arpsA3HEHMs COOTBETCTBYCT JomycTHMOMY. [IpuMenenne nuaeKca /,,, OKas3ajlo, 4TO MOYBbI «IPAKTHICCKH HE 3arPs3HCHED
MeTajslaMd. 3HAUCHMS UHJCKCA 3arpsA3HEHHs [10YB MEHee |, YTO CBUJETENbCTBYET 00 OTCYTCTBUM 3arpsA3HEHMUS.

IMouBsl 3a1ex)HOTO MO SIManbCKOi ONBITHOH arpocTaHIMU 00/1aJ1al0T BEICOKUM YPOBHEM MOTEHIUAIBHOIO IUIOA0POIHS U
TIPUTOAHBI AJISI TOBTOPHOTO BOBJICUEHHS B CETbCKOXO035HCTBEHHBINH 000POT MO KOMIUIEKCHBIM MOKa3aTeNsIM KadecTBa moys. OHH
MOT'YT CIIyKHTb JOKAJIbHBIM T€OXMMHUYECKHM 3TAJIOHOM C JI0JT0JEeTHEH HcTopreil HabmoaeH i arporeHHoi Tpancdopmanuei
MTOYB KPHOTEHHBIX YKocucTeM. IIpuHIMas BO BHUMaHNE TTOBBIIICHHBIE KOHI[EHTPAIIMN MBIIIbIKA, PEKOMEH/YETCSI TPOBEACHUE
MEPBUYHOTO KOHTPOJIS Ka4eCTBA CETbCKOXO03AHCTBEHHOM MPOIYKIIUH Ha MIPEAMET €ro BO3MOXKHOM MUTPAIK B CHCTEME MOYBA —
pacTeHue.

KiioueBbie ¢jioBa. DKOTOKCUKOJIOTHYECKOE COCTOAHHUE, KAYECTBO IIOYB, aIrpO3€MBbl, TAXKEIIbIE METAJIJIbI, ApKTI/IKa, MOJISIPHOE
3CMIICICIIUE

®dunancupoBanue. Padora Boinmonnena npu noxajaepikke rpanta POOU-IHAO Ne 19-416-890002 «MukpoOHoM 3aIeKHBIX
ouB arposkocucreM SImano-HeHenkoro aBTOHOMHOTO OKpyra: pa3HooOpasne, CBOHCTBA, TAKCOHOMUS U JUHAMHKa» W IpU
noaaepxke JlemapramenTa BHEIIHUX cBsa3eil SImano-Heneuxoro AO.
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Introduction

Polymetallic contamination of soil and topsoil is one
of the main factors that limit agricultural activity on open
ground. Monitoring concentrations of heavy and trace
metals is particularly vital if agricultural land is located
within urban ecosystems. Anthropogenic load on urban
soils has been well studied globally, with researchers
repeatedly recording high concentrations of heavy
metals [1, 2]. The harmful effects of industrial emissions
and products of fossil fuel combustion, as well as illegal
waste disposal, degrade topsoil and make it dangerous
for human life and health [3-8].

Established in 1932, the Yamal Experimental Station
is uniquely located in the city of Salekhard (Yamalo-
Nenets Autonomous Okrug, Russia) on the Arctic
Circle (Fig. 1). Its fields were first cultivated in 1933
and planted in 1934. Back then, they were fertilized with
manure. Later, the station’s agriculturists began to test
various farming methods and fertilizers (superphosphate,
bone meal, potassium salt, and ash) on separate micro-
sites. They harrowed and plowed the land to various
depths and cultivated various crops, including radish,
turnip, potatoes, cabbage, cauliflower, kohlrabi, rutabaga,
beetroot, and vetch-oat mixture. Up until early 1990s,
the station had done active research, practicing regular
crop rotations, using mineral and organic fertilizers,
etc. However, the economic and political crisis in the
country put an end to all experimental work. No crops
were planted for 10 years except for potatoes, and in
2019, the field was completely abandoned [9—-12].

The monitoring of agricultural lands located near
and within large cities is especially important in terms
of their environmental protection and food security.
The quality of crop production directly depends on the
ecotoxicological state of the soil since toxic substances
accumulating in the roots of plants pose a threat to
public health [13—16]. Therefore, we aimed to conduct
an ecological analysis of the quality of soils at the Yamal

Figure 1. Aerial photograph of the Yamal Experimental
Station’s field
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Experimental Station in terms of their applicability for
agriculture. To achieve this aim, we set the following
objectives:

1) determine the concentrations of heavy metals
and oxides in the soil;

2) measure pollution levels against the sanitary and
hygienic standards of the Russian Federation;

3) examine the ecotoxicological state of soils using
complex indices; and

4) assess potential soil fertility based on the content
of main nutrients.

Study objects and methods

For this study, we used a field of the Yamal
Experimental Station (Fig. 2) established in the city
of Salekhard (Yamal-Nenets Autonomous Okrug,
Russia). The station is currently managed by the
Tyumen Scientific Center (Siberian Branch of the
Russian Academy of Sciences). Salekhard is located
on the Arctic Circle (66°31'48” N 66°36'06" E) on
the border between the subarctic and the temperate
climatic zones. Its annual precipitation varies from
220 to 400 mm, mostly falling in spring and summer.
The region has low evapotranspiration and constant
excess of moisture. Its average temperatures are —
23.2°C in January and +14.8°C in July, with +7°C
as the annual average. In the warmest months,
the temperature of the soil is +13°C at a depth of
10 cm [11, 17].

The soil cover is represented by Plaggic Podzol
(Turbic). Long-term agricultural use has formed a
unique soil profile (Fig. 3), which is not typical for
the background soils of the pristine zones in vicinities
of Salekhard city. The upper horizon (Ap) up to 30 cm
thick is a brown, clay loamy, agro-light-humus soil
permeated with roots. This humus-accumulative horizon
gives way to a 45 cm thick illuvial-ferruginous, sandy
loamy, gleyic with placic layer horizon (Bs), which
gradually turns into sandy, structureless, placic horizons
(BCg and Cg@) with redoximorphic features and spots.

The sampling took place in August, 2021, for which
we made a soil section and 40 pits in a layer of 0—10 cm.
The soil samples were placed in sealed plastic bags and
labeled. Laboratory and analytical work was carried out
at the Department of Applied Ecology (St. Petersburg
State University) and at ITMO University (St. Petersburg).
After delivery to St. Petersburg, the soil samples were
air-dried in a separate room. Then, they were ground
in a porcelain mortar, sieved through a 1 mm mesh
sieve, and weighed for further analysis by quartering.

The contents of heavy metals were quantitatively
determined by X-ray fluorescence (FR.1.31.2018.32143)
using a Spectroscan Max-G spectrometer. The samples
were ground in a disk grinder to a particle size
of <71 um and air-dried (clauses 5.1-5.5, State Standard
ISO 11464-2015). Then, they were pressed into a cup
of boric acid. For this, we poured boric acid into a
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Figure 2. Location of Salekhard and soil sampling sites

mold and formed a cup (at least 3 mm deep) with
a figured punch. The sample was then poured into
the cup and pressed with a smooth punch and a
press. The tablet was placed into the sample holder
and then into the spectrometer. The samples were
automatically analyzed to determine total contents
of 11 elements (oxides): strontium, lead, arsenic,
zinc, nickel, cobalt, vanadium, chromium, iron oxide
(I1T), manganese oxide, and titanium dioxide.
Nutrients were determined by standard methods,
namely:
— mobile phosphorus and exchangeable potassium:
by the Kirsanov method;

Figure 3. Profile of Plaggic Podzol (Turbic)
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—ammonium nitrogen: by the Arinushkina colorimetric
method; and
— nitrate nitrogen: by the ionometric method [18].
Several complex indices were used to qualitatively
assess the ecotoxicological state of the Yamal Expe-
rimental Station’s soils, namely the total soil pollution
index, the soil pollution index, and the geoaccumulation
index.
The total soil pollution index (Z) was calculated
by using formulas 1 and 2 [19].

C
K =—L

c, (1

where C, is the actual content of a substance in soil,
mg/kg; C, is the regional background, mg/kg
Z, =Y (K, +. . +K, )—(n-1) (2)
where 7 is the total number of substances; K, is the
concentration coefficient of the i-th pollution component.
The soil pollution index (SPI) was based on maximum
permissible concentrations (MPC) and calculated by
using formula 3. In essence, this index represents the
integral level of threshold limit values. The higher it is,
the worse the soil’s ecotoxicological state. Its values
of > 1.0 indicate soil contamination.

i C
SPI= ! /
Z m ( /C|MIPC) "
where C,/C,

e 18 the ratio of a substance content to MPC
at the sampling point; n is the number of substances
to be determined.

3)
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The geoaccumulation index L which was originally
proposed by Miiller for bottom sediments and later
used to assess the ecotoxicological state of soils, was
calculated by formula 4 [20-24]

al

C, 4
1.5B )

n

geo log,
where C is the content of an element in soil; B, is the
geochemical background; 1.5 is the compensation factor.

As can be seen from the above formulas, the complex
indices were calculated without using generally accepted
maximum or approximate permissible concentrations of
pollutants. Instead, they were based on the background
values of element concentrations, which we calculated
by analyzing and averaging those values published
in literature. Particularly, we determined element
concentrations for the outskirts of Salekhard; Arctic and
Southern Yamal, as well as Belyi Island; the Nadym-Pur
and Pur-Taz interfluves; the north of Western Siberia,
and the Upper Taz Nature Reserve [25-35]. Table 1
shows averaged background concentrations and effective
maximum/approximate permissible concentrations
(Sanitary Standard 1.2.3685-21).

The current approximate permissible concentrations
(APCs) follow Hygienic Standard 2.1.7.2042-06, which
was later replaced by Sanitary Standard 1.2.3685-21
with the same APC values. Noteworthily, they were
calculated for three main soil groups in Russia:

1) sandy and sandy loams; 2) acidic (loamy and clayey)
soils with pH KCIl < 5.5; and 3) close to neutral and
neutral (loamy and clayey) soils with pH KCI > 5.5.
We compared the obtained metal concentrations with
the APCs for acidic soils (pH KCIl < 5.5) since their
textural classes, as well as acidity and alkalinity values,
were published earlier [25].

Table 2 shows the scales for the ecotoxicological
evaluation of soils, including four pollution categories
for the Z_ index, from acceptable to extremely hazardous
(Guidelines 2.1.7.730-99), and seven pollution levels for
the Igeo index, from unpolluted to extremely polluted [21].

Statistical analysis was carried out in the R program.

Results and discussion

The wvertical distribution of metal and oxide
concentrations in the soil profile is mainly of the
regressive-accumulative type and less often of the
progressive-eluvial-illuvial type (Table 3). This anthro-
pogenic-differentiated distribution profile, characteristic
of most agricultural soil and urban soils, resulted from
the long-term (90 years) agricultural use of this land. The
upper layer (0-10 cm) of the agrohumus horizon (Ap)
contained maximum concentrations of all metals and
oxides except for chromium. The transitional illuvial-
ferruginous horizon (Bs) showed a sharp decrease in
element concentrations, especially iron oxide and cobalt.

Table 1. Current maximum/approximate permissible concentrations and background concentrations of metals and oxides

for Yamal-Nenets Autonomous Okrug

Metals and oxides
St | Pb | As | Zn | Ni | Co | MO | C | V | Fe0, | TiO,
Maximum/approximate permissible concentrations
600 | 65 | 5 | 10 | 40 | 50+ | 1500 | 100* | 150 | 600* | 65
Measured background concentrations
1143 | 131 | 64 | 402 | 123 | 52 [ 1495 [ 654 | 332 [ 71 | 05

* — maximum and approximate concentrations for strontium, cobalt, and chromium were taken from [3, 36] since they were not determined

in the standards.

Table 2. Evaluation scales for Z and Igw indexes

Z(‘ [geo
Value Pollution category Pollution class Value Pollution level

Less 16 Acceptable 0 I, < 0 Unpolluted

16-32 Moderately hazardous 1 0<7,<1 Unpolluted to moderately polluted

32-128 Hazardous 2 1< ]geg <2 Moderately polluted

Over 128 Extremely hazardous 3 2< L, < 3 Moderately to strongly polluted
4 3< I, < 4 Strongly polluted
5 4<1,,<5 Strongly to extremely polluted
6 5<I,, Extremely polluted
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Table 3. Concentrations of elements, including heavy metals, in the soil profile

Horizon, cm Sr ‘ Pb ‘ As ‘ Zn ‘ Ni ‘ Co ‘ MnO ‘ Cr ‘ A\ Fe,0, TiO,
mg/kg %
Apl, 0-10 198 23 16 47 23 5 424 81 113 3.54 0.9
Ap2, 10-20 188 13 16 40 19 4 358 98 104 3.00 0.8
Ap3,20-30 203 9 13 39 21 5 372 83 97 3.17 0.8
Bs, 30-75 188 9 16 24 16 2 371 63 86 2.28 0.8
BCg, 75-160 166 11 9 15 14 1 295 121 53 1.09 0.5
Cg@, 160-200 159 3 8 15 10 2 178 51 24 0.71 0.3
MPC/APC 600* 65 5 110 40 50% 1500 100* 150 — —
Background values | 114.3 13.1 6.4 40.2 12.3 5.2 149.5 65.4 33.2 7.1 0.5
* — maximum and approximate permissible concentrations (MPC/APC) for strontium, cobalt, and chromium were taken

from [3, 36] since they were not determined in the standards.

Table 4. Geoaccumulation index (/_ )

geo

Soil horizon, cm Sr Pb As Zn Ni Co MnO Cr A"
Apl, 0-10 0.2 0.2 0.7 -0.4 0.3 -0.7 0.9 -0.3 1.2
Ap2, 10-20 0.1 -0.6 0.7 -0.6 0.0 -1.0 0.7 0.0 1.1
Ap3,20-30 0.2 -1.1 04 -0.6 0.2 -0.7 0.7 -0.2 1.0
Bs, 30-75 0.1 -1.1 0.7 -1.3 -0.2 -2.0 0.7 0.6 0.8
BCg, 75-160 0.0 0.8 -0.1 -2.0 -0.4 -3.0 0.4 0.3 0.1
Cg@, 160-200 -0.1 2.7 -0.3 -2.0 -0.9 -2.0 -0.3 -0.9 -1.1

Arsenic concentrations were above the approximate
permissible value of 5 mg/kg throughout the soil profile.
They varied from 13 to 16 mg/kg in the agrohumus
horizon, decreasing to 8 mg/kg near parent material.
The other trace metals showed concentrations below
the current MPC/APC values.

Higher arsenic concentrations are quite typical
for the Yamal soils, as evidenced by the increased
regional background values. Earlier, Tomashunas et al.
and Alekseyev et al. found increased arsenic contents
in Yamal, both in its natural and anthropogenically
disturbed ecosystems [28, 29]. However, the authors
associated these values with the regional features of
soil-forming rocks. Consequently, classifying these
soils as unsuitable for agricultural use would not be
entirely justified. Yet, arsenic belongs to the first hazard
class so we cannot ignore its excessive concentrations.
Therefore, we strongly recommend further monitoring
to identify possible arsenic migration in the soil-plant
system. Also, primary agricultural products should be
subject to proper quality control to ensure their safety
in terms of arsenic content.

Our comprehensive assessment based on the Z,
index (Fig. 4) showed that vertically the soil quality could
be classified as “acceptable” (Z, < 16). The polymetallic
pollution was of the regressive-accumulative type, with
maximum pollution found in the Ap agrohumus horizon
(Z,= 9.5, n = 9) and minimum pollution registered
in horizon C parent material (Z = 1.8, n = 3).
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Similarly, the SPI index values (< 1 throughout
the soil profile) indicated no contamination in the
soil (Fig. 5). We measured this index for those elements
that had officially established maximum permissible
concentrations, namely Pb, As, Zn, Ni, MnO, and V.

The I, index showed that the soils were mostly
“unpolluted” (Table 4). Only its values for arsenic,
manganese monoxide, and vanadium classified the
soils as “unpolluted to moderately polluted” (Igeo <2).

Thus, the three soil quality indices did not reveal a
critical level of polymetallic pollution in the soils of
the Yamal Experimental Station.

The spatial distribution of polymetallic pollution is
not uniform. The contents of elements in the topsoil
(0—10 cm) are presented in Table 5. We found that the
average contents of heavy and trace metals were within
the maximum and approximate permissible values, except
for arsenic and chromium. Arsenic concentrations were
above the permissible values in all 40 samples, while
chromium — only in 9 samples.

Increased element concentrations in the arable
horizons of agricultural land may be associated with
the application of agrochemicals and manure. Moreover,
most pollutants accumulate in the topsoil since this
layer is most vulnerable to anthropogenic impact [16].

The spatial heterogeneity of polymetallic pollution
could also result from the agricultural experiments of
1932-2007. Every year, the experimental field was
divided into many microsections where agriculturists
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Figure 4. Vertical distribution of the Z_ index values
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Figure 5. Vertical distribution of the soil pollution index
values

Table 5. Contents of elements, including heavy metals, in topsoil (0—10 cm)

Parameter S | Pb | As | Zn | Ni | Co | MO | Cr | V | Fe0, | TiO,
mg/kg %
n=40

Minimum 160.0 40 | 70 | 350 | 17.0 0 3330 | 710 | 73.0 | 28 | 050
Maximum 2470 [ 300 | 180 | 80.0 | 29.0 | 160 | 499.0 [ 1400 | 1170 | 46 | 1.00
Average 1920 | 154 | 115 | 430 | 215 | 56 | 3990 | 907 | 978 | 33 | 085
SD 16.3 58 | 28 | 74 | 236 | 3. 38.4 154 [ 102 | 03 | 008
MPC/APC 600.0* | 65.0 | 5.0 | 110.0 | 40.0 | 50.0* | 1500.0 | 100.0* | 150.0 | — -
Backgrounds 114.3 131 | 64 | 402 | 123 | 52 | 1495 | 654 | 332 | 7.1 0.5

* — maximum and approximate permissible concentrations (MPC/APC) for strontium, cobalt, and chromium were taken from [3, 36] since

they were not determined in the standards.

Table 6. Concentration coefficient K, and index Z_ for elements, including heavy metals, in topsoil (0~10 cm)

Parameter Sr ‘ Pb ‘ As Zn Ni Co MnO ‘ Cr ‘ \'
K, Zc
n=40
Minimum 1.4 0.3 1.1 0.9 1.4 0 2.3 1.1 2.2 5.6
Maximum 2.2 2.3 2.8 2.0 2.4 3.1 33 2.1 3.5 10.1
Average 1.7 1.2 1.8 1.1 1.7 1.1 2.7 1.4 2.9 7.8
SD 0.1 0.5 0.4 0.2 0.2 0.6 0.3 0.2 0.3 1.1

applied different types of fertilizers and agrotechnical
methods, as well as planted different crops. This practice
could not fail to affect the nature of heavy metals
distribution in the soil.

The qualitative assessment based on the Z index
(Table 6) classified soil pollution at the Yamal
Experimental Station as “acceptable” (Z < 16). The
Zindex ranged from 5.6 to 10.1.

According to the complex soil pollution index (Table 7),
the humus-accumulative horizon had an insignificant
level of spatial pollution.

The spatial analysis of the I, index (Table 8) revealed
the mostly “unpolluted” level of soil contamination with
individual heavy metals (Igw < 0). Its maximum values
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were recorded for cobalt (Igeo = 1.0), manganese monoxide
(Igeo = 1.2), and vanadium (Igeo = 1.2), indicating the
“moderately polluted” level of soil contamination with
these elements (1 < Igm < 2). At n = 40, the average
values of the / , index were above or equal to 1 only
for vanadium. For the other elements, they were below
0 or in the range from 0 to 1, indicative of an acceptable
pollution level in spatial terms.

The long-term agricultural use of the Yamal
Experimental Station contributed to a high content of
basic nutrients (Fig. 6). We found a high concentration
of mobile phosphorus compounds (up to 450 mg/kg)
and exchangeable potassium (up to 60 mg/kg) in
the agrolight-humus horizon (Ap). The topsoil also
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Table 7. Soil pollution index (SPI) for elements, including heavy metals, in topsoil (0—10 cm)

Parameter Pb ‘ As ‘ Zn Ni MnO ‘ \'
C/Cy e SPI
n=40
Minimum 0.1 1.4 0.3 0.4 0.2 0.5 0.5
Maximum 0.5 3.6 0.7 0.7 0.9 0.8 0.9
Average 0.2 2.3 0.4 0.5 0.3 0.7 0.7
SD 0.1 0.6 0.1 0.1 0.1 0.1 0.1
Table 8. Igw index values for elements, including heavy metals, in topsoil (0—10 cm)
Parameter Sr ‘ Pb ‘ As ‘ Zn ‘ Ni ‘ Co ‘ MnO ‘ Cr ‘ A\
n=40
Minimum 0.1 2.3 -0.5 -0.8 0.1 -3.0 0.6 -0.5 0.6
Maximum 0.5 0.6 0.9 0.4 0.7 1.0 1.2 0.5 1.2
Average 0.2 -0.5 0.2 -0.5 0.2 -0.6 0.8 -0.1 1.0
SD 0.1 0.6 0.3 0.2 0.2 0.8 0.1 0.2 0.2
Table 9. Contents of main nutrients is topsoil (0—10 cm)
Parameter Mobile phosphorus, Exchangeable potassium, | Ammonium nitrogen, | Nitrate nitrogen,
mg/kg mg/kg mg/kg mg/kg
n=40
Minimum 165.0 53.0 0.9 0.2
Maximum 1268.0 294.0 10.3 62.8
Average 665.6 106.8 4.8 25.4
SD 235.6 479 2.2 19.2
contained maximum concentrations of various The spatial distribution of nutrient concentrations

forms of nitrogen, namely ammonium nitrogen
(up to 6 mg/kg) and nitrate nitrogen (up to 22 mg/kg).
We also observed the penetration of nutrients into the
mineral horizons (Bs, BCg, and Cg@). At a depth of
160-200 cm, the concentrations of mobile phosphorus,
exchangeable potassium, ammonium nitrogen, and nitrate
nitrogen were 34, 2.5, 2.6, and 0.2 mg/kg, respectively.

varied greatly (Table 9). This might be due to the method of
applying various doses of fertilizers to the arable horizon.

Conclusion

Our ecotoxicological analysis of fallow soils at
the Yamal Experimental Station yielded the following
conclusions.
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1. The distribution of heavy and trace metals and 4. The contents of the main nutrients in the soils revealed
metal oxides in the soil profile is mainly of the regressive-  their high potential fertility. Phosphorus, potassium, and
accumulative type. Their maximum concentrations were nitrogen in the forms available for plants had maximum
found in the topsoil horizon (0-30 cm) with the exception concentrations in the topsoil horizon. However, we found
of chromium (75-160 cm). their downward migration along the soil profile.

2. Arsenic exceeded approximate permissible concen- Thus, the fallow soils of the Yamal Experimental
trations in the topsoil and in the soil profile. However, Station have a high level of potential fertility and can
literature reveals increased contents of arsenic in the be used for agriculture provided there is proper quality
soils of Yamalo-Nenets Autonomous Okrug, even in its control to monitor arsenic contents.
anthropogenically undisturbed ecosystems. Therefore,
classifying these soils as unsuitable for agriculture is not Contribution
entirely justified. Yet, we recommend their monitoring E.V. Abakumov supervised the project.
to identify potential migration of arsenic into agricultural T.I. Nizamutdinov, A.R. Suleymanov, E.N. Morgun,
products. In addition, primary quality control of crops and N.V. Dinkelaker implemented the project.
should be in place if these soils are to be used for agriculture.

3. The qualitative ecotoxicological analysis using Conflict of interest
background regional concentrations revealed insignificant The authors declare no conflict of interest.
levels of soil pollution both vertically and spatially. The Z,
index classified pollution as “acceptable”. The Ly index Acknowledgements
characterized the soils as “unpolluted” or “moderately The authors thank Dr. Anatoly Tikhanovsky for
polluted”. The soil pollution index was below 1, both his historical perspective of the Yamal Experimental
vertically and spatially, which also indicated an acceptable Station. The article is in honor of the 300th anniversary of
ecotoxicological state. St. Petersburg State University.
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