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Abstract. This study focuses on distribution, bioaccumulation and speciation of mercury in
technogenically transformed soils on the area of the former Angarsk Metallurgical Plant (AMP) located
in Svirsk town, Irkutsk Region, Russia. The study was conducted in 2019-2020, 5 years later after
the soil reclamation. The maximum Hg concentrations (up to 15.7 mg/kg), which significantly exceed
maximum permissible concentrations, MPC (2.1 mg/kg) and regional background levels (0.020 mg/
kg) are found in the soils around the waste dumps. Amongst the Hg fractions, mercury mainly occurs
in organic and strongly-bound fractions, characterized by lower mobility. The study of the “soil-plant”
system exemplified by the couch grass (Elytrigia repens L.) shows that Hg is mainly accumulated in roots,
therefore the translocation of this element in plants is limited. Despite the performed soil reclamation, a
residual mercury contamination is still observed in the upper soil horizons. The predominance of stable
Hg fractions indicates a low risk for Hg remobilization under current environmental conditions, though
continuous monitoring of Technosols is required for assessing a long-term ecological stability.
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TpaHCd)OpMMpOBaHHbIX noyBaxr. CBMPCKa
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UHemumym e2eoxumuu um. A.l1. BuHoegpadosa CO PAH, 664033, Poccus, 2. ipkymck, yn. ®asopckoeo,
0. 1A

*baenguev@igc.irk.ru

AHHoTauus. B pabote paccmoTpeHbl Npoueccsl pacnpegeneHms u 6MoHakonneHus, a Takke opmbl
HaxoX4eHus1 PpTyTU B TEXHOrEHHO TpaHCOPMUPOBAHHbLIX NoYBaxX Tepputopun BbiBlLero AHrapckoro
metannyprudeckoro 3asoga (AM3) r. Ceupcka (Mpkytckasa obnacte, Poccus) B 2019-2020 rr., cnycTsa
5 net nocne npoBedeHUs PeKynbTUBALMOHHBLIX MeponpuaTuin. MakcumanbHble cogepXaHus pTyTu
(8o 15.7 mr/kr) 3acpmkcmpoBaHbl B 30HE BMWSIHUSA OCTATKOB OTBarnoB, YTO 3HAYMTENbHO MpeBbllaeT
3HayeHwue MIOK (2.1 mr/kr), a Takke pernoHansHble oHoBble 3HadYeHus (0.020 mr/kr). OcHoBHas YacTb
PTYTW HAXOAUTCS B BUAE OpraHUYecKn CBA3aHHOM 1 NPOYHOCBA3aHHOW Ppakuuin, XxapaKkTepusyoLwmxcs
HW3KOW MNOOBWXHOCTbIO. M3yyeHne cucTembl «rnoyBa—pacTeHMe» Ha npumepe Mbipes Mnonsy4vero
(Elytrigia repens L.) nokasano, 4to Haubonbllee HakonfeHwe pTyTU Habniogaercsa B KOPHSX;
Taknm obpasom, TpaHCNoKauus aneMeHTa B pacTeHWUsIX orpaHuyveHa. HecmoTpsa Ha npoBedeHHYo
PEeKynbTUBaLMIO, OCTAaTOYHOE 3arpsi3HeHWe PTYTbI0 COXPAaHSETCH B BEPXHWX TFOPU3OHTaxX MOYB.
MpeobnagaHue yctonumebix hopm Hg cBMOETENLCTBYET O HU3KOM pYcKe pemMobunuaauumn anemMmeHTa
B COBPEMEHHbIX YCNOBUAX, OOHAKO ANS OLEHKU AOMNrOBPEMEHHOW 3KOMormyeckom crabunusaumm
TpebyeTca NOCTOAHHBIN MOHUTOPUHT COCTOSIHUSA TEXHO3EMOB.

KnrouyeBble crnoBa: 3arpsis3HeHWe MoyB, TeXHO3eMbl, OMOOOCTYMHOCTb, MOcfeAoBaTeNbHas AKCTpaKLUms,
nbipen nonsyyni

durHaHcupoBaHue. ViccnegoBaHme BbINOMHEHO B pamkax roc3agaHus, Tema Ne 0284-2026-0007.

BnarogapHocTu. ABTOpbI BbipaxatoT bnarogapHocTb M.KO. XoMyTOBOW 3a pefaKTMPOBaHNE aHITIMNCKON
BEPCUU TEKCTa.


https://orcid.org/0009-0004-1504-8995
https://orcid.org/0000-0003-2929-6776
https://orcid.org/0000-0003-1078-7145
https://orcid.org/0009-0005-3143-5394
https://orcid.org/0000-0001-6047-3035

64 Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78

ORCID:

B.A. BaeHryes, https://orcid.org/0009-0004-1504-8995
I"A. Benoronosa, https://orcid.org/0000-0003-2929-6776
M.B. Mactyxos, https://orcid.org/0000-0003-1078-7145
M., Qonrux, https://orcid.org/0009-0005-3143-5394
C.H. MpocekuH, https://orcid.org/0000-0001-6047-3035

Ona uutupoBanusa: baenryes, B.A. n pgp., 2026. OcobGeHHOCTM Murpaumun, TpaHcdopmauum u
OMOHaKoMneHns pTyTM B TEXHOrEHHO TpaHcopMMpOBaHHbIX noyBax . CeBupcka. TpaHcghopmayus
akocucmem 9 (3), 62—78. https://doi.org/10.23859/estr-251120

Moctynuna B pegakumio: 20.11.2025
MpuHsaTa k nevatu: 19.01.2026
Ony6nukosaHa oHnaviH: 22.08.2026

Introduction

Mining and metallurgical industries generate significant amounts of waste, which can pose an
environmental hazard due to high concentrations of heavy metals, including mercury (Qiu et al.,
2005). In mining, mercury can occur as primary minerals (cinnabar HgS) and as impurities in other
sulfide minerals including pyrite (FeS) and sphalerite (ZnS), galena (PbS), chalcopyrite (CuFeS,).
Technogenic processes such as ore grinding, smelting, flotation, and waste storage release mercury
into the environment, causing long-term effects on ecosystems. Soil plays an important role in the
biogeochemical Hg circulation, as it accumulates this element and serves as a source for other
components of the environment.

Mercury is recognized as a highly toxic, persistent, and mobile contaminant, as it does not decompose
in the environment and is volatile (Gworek et al., 2020). In addition, mercury is extremely chemically
and biologically active and can exist in different chemical forms. Even at low concentrations, mercury
has toxic effects on plants and animals (Gworek et al., 2020; Singh et al., 2020). In agriculture, mercury
compounds were previously used as seed disinfectants and herbicides, which additionally contributed
to mercury entry into the soil (Gao et al., 2010). The phytotoxicity of mercury results from its ability to
induce oxidative stress in cells, leading to increased lipid peroxidation, reduced activity of cytoplasmic
and membrane proteins, photosynthetic pigments, loss of turgor, and changes in the respiration of plant
organisms. It inhibits the plant vitality and decreases the plant growth rate (Azevedo and Rodriguez,
2012; Khan and Chaudhry, 2006).

Of particular interest is the behavior of mercury in Technosols, which are generated in areas of
intense anthropogenic impact. These soils demonstrate altered chemical composition, structure, and
physical and chemical properties. In Technosols, mercury can exist in various forms, including insoluble
substances, mobile ions, organic complexes, and volatile compounds. The geochemical behavior of
mercury depends on a number of soil characteristics such as organic matter content, pH levels, microbial
activity, and hydrological conditions (Biester et al., 2002).

Studying mercury migration and transformation in Technosols is important in terms of the sustainability
of ecosystems and environmental safety of areas affected by technogenic pollution. These studies are
particularly relevant for areas with the long-term exposure to industrial pollution including town of Svirsk
(Irkutsk Region), the zone of the Angarsk Metallurgical Plant (AMP) influence.

This study was aimed at identifying the patterns in distribution, migration and transformation of
mercury compounds in the soil-plant system after the remediation actions on the contaminated industrial
site of the former AMP in Svirsk town.
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Materials and methods

The town of Svirsk lies on the left bank of the Angara river within the Irkutsk-Cheremkhovo Plain
(Southern Baikal, Russia) (Fig. 1A). The area is a part of the southern Siberian Platform, where Lower
Cambrian carbonate rocks overlain by alluvial deposits are predominant. The topography here is
characterized by gently hilly terrain, composed of the ancient alluvial Quaternary deposits overlain by a
layer of loams and clays with carbonates. The clay layers demonstrate poor water permeability therefore
forming natural geochemical barriers, limiting the migration of mercury and other heavy metals to depth
(Shen’kman, 2016).

The area of Svirsk town had experienced significant anthropogenic impact due to the activities of
the AMP, which operated until 1949. The Plant produced arsenic compounds for defense purposes
using the ores with high contents of arsenopyrite and sulfide minerals. After the enterprise ceased
operations and was abandoned for a long period, the industrial site and adjacent areas were subjected
to remediation in 2009-2014 (Bogdanov et al., 2014). The major remediation actions included collection
and removal of contaminated soil, treatment with lime solution and adding of the conditionally fertile soil
(Bogdanov et al., 2014). Despite the remediation measures, the area around the AMP industrial site still
retains higher concentrations of arsenic and other heavy metals (Baenguev et al., 2022; Belogolova et
al., 2025; Kachor et al., 2024).

In 2019-2020, ecological and geochemical studies were conducted on the territory of the AMP
industrial site and in its vicinities (Fig. 1B). According to the World Reference Base for Soil Resources
(IUSS Working Group WRB, 2015), the studied soils are classified as Technosols. In terms of the
“Classification and Diagnostics of Russian Soils” (Shishov et al., 2004), they can be classified as
chemozems. To assess the spatial distribution of mercury in the surface soil layer, 70 soil samples were
collected from a depth of 0—20 cm. Taking into account differences in physical and chemical properties
and the level of technogenic impact, 3 areas were conditionally identified: site 1 — zone of former arsenic
dumps; site 2 — zone of former buildings of industrial facilities; site 3 — area in the vicinities of the major
pollution zone. Two soil profiles up to 70 cm were sampled to study the vertical Hg migration. Profile
1 (N 53°05'44,2" E 103°20'18,8") lied in the area of former dumps (site 1), profile 2 (N 53°05'49,3"
E 103°20'27,2") was located on site 2. Sampling points were fixed with the navigation system (GPS)
receivers (GARMIN Montana 650t, Garmin Ltd., Taiwan) for further construction of geochemical
contamination maps (Fig. 1B).

Fig. 1. Map of the study area (A) and sampling sites of Technosols (B). Sites: 1 — major contamination zone, 2 — former area of
the plant buildings, 3 — area located outside sites 1, 2. Triangles in the figure indicate soil sections.
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The study area is covered with herbaceous plants dominated by creeping couch grass Elytrigia
repens (L.) Nevski. This species was chosen to assess Hg bioavailability as it is the dominant species
in the phytocenosis and demonstrates tolerance to high levels of heavy metals in soils (Kaznina et al.,
2016; Laidinen et al., 2018). Previous studies reported that E. repens is able to accumulate significant
amounts of heavy metals in the roots (Chaplygin et al., 2022; Shtangeeva, 2021; Stofejova et al., 2021;
Yun et al.,, 2018). For the analysis, the plants were collected in the amount of 45 samples. Then
the plant samples were dried to an air-dry state at room temperature and were separated into shoots
(30 samples) and roots (15 samples). Plant roots were pre-washed with running water.

All chemical analyses were accomplished using the scientific equipment of the certified analytical
center of collective use ‘Isotopic and Geochemical Research’ of the Institute of Geochemistry, SB RAS.
Soil samples were pre-sieved through 2 mm sieve.

In soil samples from site 1with the highest Hg abundances, the mercury species were studied by the
method of sequential extraction described by N.S. Bloom et al. (2003). The obtained fractions included:

1 — water soluble (the samples were treated with distilled water);

2 — acid-soluble (the solid residue remaining from the first step (1) was treated with a mixture 0.1 M
solution of CH,COOH and 0.01 M HCl);

3 — organic (the residue from (2) was treated with 1 M NaOH);

4 — tightly bound within mineral matrices (the residue from (3) was treated with 12 M HNO,);

5 — sulfide or residual (residue from (4) was digested in aqua regia).

The precipitate from each fraction was air-dried and then treated with a reagent to obtain the next
fraction. Total Hg concentrations in soils plants and soil extracts were measured by the atomic absorption
spectrometry with a RA-915+ analyzer coupled with Rp-91 attachment (Lumex, Russia). The following
reference materials were used as control samples: SCT-3 (typical chernozem soil) and SDS-2 (sandy-
loamy sub-podzolic soil).

The soil organic matter (Corg) was analyzed using the Tyurin method following the GOST 26213-
2021". The pH values were determined in soil suspension (soil: water ratio 1:5) using potentiometry.

Mercury accumulation by plants was estimated by calculating biological accumulation coefficients
for the shoots (BCF ) and roots (BCF ) of the studied plants and translocation factor (TF) using the
following formulas:

BCF. = Cshoot

Csoii!
C
BCFr — root
Csoii! ’
C
TF = shoot
Croot ’
where C__ and C__ — mercury concentrations in the aboveground biomass and roots (dry weight),

respectively; C_, — mercury concentration in soil.

Statistical processing of the obtained data was accomplished using PASW Statistics 10.0 software.
The maps of Hg concentrations distribution in soil and plants were constructed in the Golden Software
Surfer.

Results and discussion

According to literature data, background mercury content in soil varies from 0.03 to 0.1 mg/kg
with an average value of 0.06 mg/kg (Li and Jia, 2018; Wang et al., 2012). The maximum mercury
concentrations in the studied soils reached 15.7 mg/kg in the zone affected by former waste dumps
(site 1). The average Hg content for this site amounts to 2.61 mg/kg which exceeds both the MPC for
soils (2.1 mg/kg) in accordance with SanPiN 1.2.3685-212, and the regional geochemical background
of 0.02 mg/kg (Grebenshchikova et al., 2008). On sites 2 and 3, the average Hg concentrations are
significantly lower amounting to 0.3 and 0.2 mg/kg, respectively (Table 1).

" GOST 26213-2021, 2021. Soils. Methods of organic matter analysis.

28anPiN 1.2.3685-21, 2021. Hygienic standards and requirements for ensuring the safety and (or) harmlessness of environmental
factors to humans
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The spatial distribution of Hg concentrations (Fig. 2) shows that after the conducted reclamation the
primary Hg contamination zone is concentrated around the remaining waste dump and its surroundings.
On site 2, owing to the reclamation actions, Hg concentrations are significantly lower as compared to
other sites. The average Hg concentration here is lower than the background level for the region.

To better understand the mechanisms of Hg accumulation and its subsequent transport pathways, we
studied the pattern of Hg migration and variations of Hg concentrations through the vertical soil sections
and determined the major zone of Hg accumulation. In soil profile 1 (site 1), maximum Hg concentrations
(up to 11.9 mg/kg) were observed in the surface humus layer (0—10 cm), which demonstrated the higher
organic matter content (COrg = 6.47%) (Table 2). Hg concentrations quickly decreased with increasing
depth thus indicating a weaker migration ability of this element and its accumulation restricted to the
upper horizon. These data confirm a higher Hg binding capacity to organic matter and fine-dispersed
components of the upper soil horizon and are in agreement with other studies (Butakov et al., 2017).

Variations in pH values in the soil profile (site 1) were found to strongly influence the Hg behavior.
In the upper horizons of technogenic soils, pH was low (3.0-3.5), being the result of oxidation zones of
widespread sulfide mineralization on site 1 (Table 2). Such acidic conditions accelerate the release of
individual ions from secondary minerals; however, the high organic matter levels compensate for this
effect, binding mercury by forming stable organic complexes. Below the 30-40 cm depth, there was a
sharp transition to a neutral-alkaline environment (pH 6.8—8.0), therefore leading to the predominance
of insoluble Hg forms and minimal migration of this element into deeper soil layers.

Table 1. Hg concentrations in soils of the former AMP, Svirsk town, mg/kg; n — sample size, min and max — minimum and maximum
values, M — the mean value, o — standard deviation, Me — median, D — the sample variance.

Site no. n min max M o Me D
1 18 0.04 15.7 2.61 4.52 0.72 20.4
2 15 0.04 2.96 0.31 0.80 0.05 0.65
3 37 0.04 0.66 0.20 0.18 0.17 0.03

Table 2. Distribution of Hg concentrations (mg/kg), C__ (%) and pH in soil profiles.

org

Depth, cm
Parameter
0-10 10-20 20-30 3040 40-50 50-60 60-70
Profile 1 (site 1)
Hg 11.9 0.04 0.03 0.04 0.03 0.02 0.07
org 6.47 4.02 3.02 1.52 1.42 0.89 0.71
pH 3.0 3.1 3.5 6.8 7.7 7.9 8.0
Profile 2 (site 2)
Hg 0.04 0.03 0.04 0.04 0.03 0.03 0.05

4.74 4.13 2.89 2.31 1.09 0.83 0.61

org

pH 3.8 3.8 4.1 7.4 7.9 8.1 8.1
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Fig. 2. Map representing the distribution of Hg concentrations in soils, mg/kg. Legend as in Fig. 1.

In soil profile 2 (site 2), Hg concentrations remained relatively constant and varied between 0.03 and
0.05 mg/kg. As opposed to site 1, low pH values (3.8—4.1) in the soil upper layers here were not followed
by the increased Hg levels, that was a result of the reclamation efforts. A lack of clear vertical variation
in Hg contents indicates relatively weak Hg migration mobility under such conditions.

It is known that determining of only total Hg concentrations are insufficient for understanding the
biogeochemical cycle of this metal, since total Hg concentrations do not provide useful information on its
reactivity, bioavailability and toxicity in soils (Issaro et al., 2009). Our results of the sequential extraction
of Hg compounds showed that the percentage of Hg occurring in the organic and tightly bound fractions
was high, while the smallest fractions included water-soluble and acid-soluble (Fig. 3), thus indicating
low mobility and limited bioavailability of mercury in the studied soils.

On site 1, the major source of Hg contamination is likely cinnabar (HgS), a stable mineral form in
the oxidation zone (Kim et al., 2004; Wang et., 2011). Our results are consistent with the data for the
contaminated soils near former chlor-alkali and metallurgical plants (Biester et al., 2002; Gordeeva et
al., 2017). On site 1 (source of contamination), Hg mainly exists as sparingly soluble compounds. It
reduces its further migration and entry into biological objects. On sites 2 and 3, Hg may occur in more
mobile forms, similar to As and Pb (Baenguev et al., 2022; Belogolova et al., 2025).

A lower proportion of acid-soluble Hg fraction points out a lack of higher Hg concentrations
associated with carbonates and other readily soluble secondary minerals. So, mercury entering the
soil underwent long-term technogenic transformation, during which the element mainly existed as more
stable compounds: sulfides, tightly bound mineral forms, and also as part of organomineral complexes.
This type of element behavior is typical of areas with long-term technogenic pollution, when mobile
forms of mercury gradually transform into tightly bound and residual forms (Wang et al., 2012).
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The formation of the water-soluble Hg fraction in conditions of prolonged atmospheric exposure
can be explained in terms of the hypergenesis of sulfide material. Oxidation of arsenopyrite (FeAsS),
pyrite (FeS,) and other sulfides characteristic of arsenic production wastes breaks down the structure
of primary minerals releasing associated elements, including mercury, which exists as impurities in
sulfide minerals. Hypergenesis reactions lead to the formation of acidic sulfate solutions and mobile
forms of metals, including mercury, which transforms into more mobile and soluble complexes, often
containing chloride and sulfate ions in the oxidation zones. However, local oxygen saturation, periodic
humidification and drainage effects are not able to stabilize the entire volume of mercury released,
therefore water-soluble fraction may be detected (Fig. 3).

Comparison of our results with the data for the ‘Usolyekhimprom’ sludge storage area, located
50 km away from Svirsk town (Gordeeva and Pastukhov, 2023), shows that organically bound and
tightly bound Hg fractions dominate in both studies, therefore confirming that under conditions of strong
technogenic pollution, mercury tends to stabilize in less mobile forms.

For a complete evaluation of Hg bioavailability and its potential entry into food chains, the plant
component is to be considered as well. The analysis of concentrations of heavy metals, including
mercury, in plant tissues allows determining the degree to which the element accumulated in the soil
transports into the biological system and participate in environmental processes. Numerous studies
recognize the essential role of terrestrial plants in the Hg biogeochemical cycling (Fantozzi et al., 2013;
Mazur et al., 2014). According to A. Kabata-Pendias (2011), the accepted background mercury levels
in herbaceous plants range within 0.001-0.1 mg/kg. In this study, Hg concentrations in Elytrigia repens
plant samples vary within 0.008-0.054 mg/kg in the aboveground biomass and 0.012-0.093 mg/kg in
roots (Table 3). The maximum Hg concentrations are recorded on site 1 (the remaining waste dump)
which demonstrates the highest soil contamination (Fig. 4).

Critical Hg levels for many plants range between 1 and 8 mg/kg (Kabata-Pendias and Szteke,
2015), so the recorded values are not higher than the toxic limits. Elevated Hg concentrations in Elytrigia

Fig. 3. Distribution of Hg concentrations by fractions (%), site 1. Fractions: 1 — water-soluble, 2 — acid-soluble, 3 — organic, 4 —
tightly bound compounds, 5 — solid residue.
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repens roots can result both from the absorption of bioavailable Hg forms and Hg sorption on roots as
well as binding with soil aggregates.

The bioaccumulation coefficient (BCF) and translocation indices (TF) were used to evaluate the
Hg translocation in the soil-plant system (Table 4). The results obtained align with the previous data
indicating that Hg is mainly accumulated in roots (Schwesig and Krebs, 2003; Windham-Myers et al.,
2014), which serve as natural barriers (Patra and Sharma, 2000; Zare et al., 2020).

The highest BCF_ values are recorded on site 2 (0.631), which is characterized by relatively low Hg
concentration in soil. Translocation factors (TF) for plants on sites 2 and 3are almost two times higher
as compared to those on site 1, which may be explained by stronger barrier mechanisms in plants. In
response to high mercury concentrations in soil, plants can increase root selectivity and limit Hg uptake
into cellular structures (Gworek et al., 2020).

Table 3. Hg concentrations (mg/kg dry weight) in aboveground parts / roots of couch grass (Elytrigia repens).

. Number of . .
Site no. samles Minimum Maximum Mean value
1 1/5 0.008/0.027 0.054/0.093 0.017/0.066
2 6/6 0.008/0.012 0.012/0.052 0.009/0.030
3 13/4 0.007/0.013 0.015/0.05 0.010/0.028

Fig. 4. Map of the distribution of Hg concentrations in the above-ground parts of Elytrigia repens plants, mg/kg.
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Table 4. Distribution of Hg in plants (E. repens) and soil, as well as calculated indices. C_, — concentration in the aboveground
biomass, C_ — concentration in roots, C_, — concentration in soil (mg/kg dry weight); BCF_— bioconcentration factor in the shoots,
BCF, — bioconcentration factor in roots, TF — translocation factor.

Ne npobei Ceoot C.oot C..i BCF, BCF, TF
Site 1
36 0.013 0.093 2.18 0.006 0.043 0.14
37 0.011 0.027 0.168 0.065 0.161 0.407
42 0.009 0.056 0.702 0.013 0.08 0.161
43 0.02 0.086 3.4 0.006 0.025 0.233
55 0.012 0.07 1.17 0.01 0.06 0.171
Mean 0.013 0.066 1.524 0.02 0.074 0.222
Site 2
31 0.008 0.042 0.041 0.195 1.024 0.19
32 0.009 0.031 0.038 0.237 0.816 0.29
34 0.012 0.026 0.117 0.103 0.222 0.462
45 0.01 0.052 0.048 0.208 1.083 0.192
47 0.008 0.015 0.045 0.178 0.333 0.533
49 0.009 0.012 0.039 0.231 0.308 0.75
Mean 0.009 0.03 0.055 0.192 0.631 0.403
Site 3
40 0.012 0.029 0.051 0.235 0.569 0.414
54 0.007 0.013 0.875 0.008 0.015 0.538
58 0.009 0.021 0.186 0.048 0.113 0.429
60 0.008 0.05 0.178 0.045 0.281 0.16

Mean 0.009 0.028 0.323 0.084 0.244 0.385




72 Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78

In the case of Elytrigia repens, the calculated BCF values show that potentially toxic elements are
mainly accumulated in its roots. Increased BCF and TF indices recorded on site 2 likely result from
lower Hg concentrations in soil and more mobile Hg forms. Our data agree well with the results by
O.N. Gordeeva et al. (2017) for the Southern Baikal region, showing that Hg accumulation coefficients
in roots were almost 2—-3 times higher than those values in the above-ground biomass. It confirms a
general tendency of Hg accumulation primarily in the root system of herbaceous plants and its limited
translocation to the above-ground part, resulting from both Hg forms in the soil and physiological barriers
of element translocation to plants (Yuan et al., 2022).

Conclusion

The present study revealed Hg forms, its distribution and bioaccumulation in technogenically
transformed soils (Technosols) in Svirsk town after the reclamation measures on the area of the former
Angarsk Metallurgical Plant. The highest Hg concentration (15.7 mg/kg) was recorded in the vicinities
of the former arsenic dump and was more than 7 times higher than the MPC value and significantly
exceeded the regional geochemical background. Most mercury was found in in organically bound and
tightly bound fractions, which resulted in its relatively low mobility and limited bioavailability. In the case
of Elytrigia repens plants, Hg was mainly accumulated in the roots with low translocation to the above-
ground part of the plant, therefore indicating a barrier function of the root system. The comparison of
3 sites demonstrated that the mercury bioavailability depends not only on the metal concentrations, but
on its speciation.

The data obtained indicate that the Hg migration reduced, herewith the residual contamination still
remained in the upper soil horizons. The predominance of stable mercury forms reduced the risk of
its remobilization under the current conditions. However, changes in the hydrological or acid-alkaline
regime may lead to the re-entry of the element into the biogeochemical cycle.

It is vital to continue long-term ecological monitoring of Technosols, to assess the role of microbiota
in Hg transformation, and to develop phytoremediation techniques using sustainable plant species to
stabilize mercury in soils of contaminated areas.

References

Azevedo, R., Rodriguez, E., 2012. Phytotoxicity of mercury in plants: a review. Journal of Botany, 1-6.
https://doi.org/10.1155/2012/848614

Baenguev, B.A., Belogolova, G.A., Chuparina, E.V., Prosekin, S.N., Dolgikh, P.G., Pastukhov, M.V,,
2022. Raspredelenie soderzhaniia svintsa i formy ego soedinenii v tekhnogennoi pochve g. Svirska
(luzhnoe Pribaikal’e) [Lead distribution and forms of lead-containing in the technogenic soil,
Svirsk town, South Baikal region]. /zvestia Tomskogo politekhnicheskogo universiteta. Inzhiniring
georesursov [Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering] 333 (8), 205—
214. (In Russian). https://doi.org/10.18799/24131830/2022/8/3670

Belogolova, G.A., Baengueyv, B.A., Chuparina, E.V., Pastukhov, M.V., Prosekin, S.N., Sokolnikova, Y.V,,
2025. The mechanism of arsenic behaviour in the soil-plant system and its interaction with biogenic
macroelements of plants under conditions of toxic stress. Chemistry and Ecology 41 (2), 173-193.
https://doi.org/10.1080/02757540.2024.2416654

Biester, H., Muller, G., Schdler, H.F., 2002. Binding and mobility of mercury in soils contaminates by
emissions from chlor-alkali plants. Science of the Total Environment 284 (1-3), 191-203. https://doi.
org/10.1016/S0048-9697(01)00885-3

Bloom, N.S., Preus, E., Katon, J., Hiltner, M., 2003. Selective extractions to assess the biogeochemically
relevant fractionation of inorganic mercury in sediments and soils. Analitica Chimica Acta 479 (2),
233-248. https://doi.org/10.1016/S0003-2670(02)01550-7

Bogdanov, A.V., Kachor, O.L., Fedotov, K.V., Chaika, N.V., 2014. Likvidatsiia posledstvii deiatel'nosti
mysh'iakovogo proizvodstvagorno-pererabatyvaiushcheipromyshlennosti[Mitigation of consequences



Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78 73

of activities of mining and processing industry’s arsenic production. Ekologiia i promyshlennost’ Rossii
[Ecology and Industry of Russia] 5, 31-35. (In Russian). https://doi.org/10.18412/1816-0395-2014-
5-31-35

Butakov, E.V., Kuznetsov, P.V., Kholodova, M.S., Grebenshchikova, V.., 2017. Mercury in soils of the
Agro-Industrial zone of Zima city (Irkutsk oblast). Eurasian Soil Science 11, 1401-1408. https://doi.
org/10.1134/S1064229317110035

Chaplygin, V., Minkina, T., Mandzhieva, S., Nevidomskaya, D., Chernikova, N., Sherstnev, A., 2022.
The influence of Zn and Cd accumulation on the growth and development of medicinal plants in
the impact zone of the Novocherkassk power station. KnE Life Sciences 7 (1), 41-47. https://doi.
org/10.18502/kls.v7i1.10104

Fantozzi, L., Ferrara, R., Dini, F., Tamburello, L., Pirrone, N., Sprovieri, F., 2013. Study on the reduction
of atmospheric mercury emissions from mine waste enriched soils through native grass cover in
the Mt. Amiata region of ltaly. Environmental Research 125, 69-74. https://doi.org/10.1016/j.
envres.2013.02.004

Gao, S., Ou-yang, C., Tang, L., Zhu, J.Q., Xu, Y., Wang, S.H., Chen, F., 2010. Growth and antioxidant
responses in Jatropha curcas seedling exposed to mercury toxicity. Journal of Hazardous Materials
182 (1-3), 591-597. https://doi.org/10.1016/j.jhazmat.2010.06.073

Gordeeva, O., Pastukhov, M., 2023. Forms of mercury in soils and its accumulation by herbs in the
zone of influence of the sludge storage of a chlor-alkali plant (Southern Baikal region). E3S Web of
Conferences : lll International Conference on Geotechnology, Mining and Rational Use of Natural
Resources (GEOTECH-2023) 417, 02013. https://doi.org/10.1051/e3sconf/202341702013

Gordeeva, O.N., Belogolova, G.A., Pastukhov, M.V., 2017. Mercury speciation and mobility in soils of
industrial areas in the Baikal region, Southern Siberia, Russia. Environmental Earth Science 76, 558.
https://doi.org/10.1007/s12665-017-6882-4

Grebenshchikova, V.I., Lustenberg, E.E., Kitaev, N.A., Lomonosov, |.S., 2008. Geokhimiia
okruzhaiushchei sredy Pribaikal'ia (Baikal'skii geoekologicheskii polygon) [Geochemistry of Baikal
environment (Baikal geoecological poligon)]. Geo, Novosibirsk, Russia, 234 p. (In Russian).

Gworek, B., Dmuchowski, W., Baczewska-Dabrowska, A.H., 2020. Mercury in the terrestrial environment:
a review. Environmental Sciences Europe 32, 128. https://doi.org/10.1186/s12302-020-00401-x

IUSS Working Group WRB, 2015. World reference base of soil resources 2014, update 2015 international
soil classification system for naming soils and creating legends for soil maps. World Soil Resources
Reports no. 106. FAO, Rome, ltaly.

Issaro, N., Abi-Ghanem, C., Bermond, A., 2009. Fractionation studies of mercury in soils and sediments:
a review of the chemical reagents used for mercury extraction. Analitica Chimica Acta 631 (1), 1-12.
https://doi.org/10.1016/j.aca.2008.10.020

Kabata-Pendias, A., 2011. Trace elements in soil and plants. 4th edition. CRC Press, New York, USA,
548 p.

Kabata-Pendias, A., Szteke, B., 2015. Trace elements in abiotic and biotic environments. 1st edition.
CRC Press, New York, USA, 468 p.

Kachor, O.L., Trusova, V.V., Gantimurova, S.A., Goryachev, I.N., lkramov, Z.L., Parshin, A.V., 2024.
Territoriia byvshei promploshchadki Angarskogo metallurgicheskogo zavoda (g. Svirsk) 10 let
spustia: sovremennoe geokhimicheskoe sostoianie i analiz mezhgodovykh izmenenii po dannym



74 Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78

distantsionnogo zondirovaniia Zemli [The former industrial site of the Angarsk metallurgical plant
(Svirsk, Russia) 10 years later: current geochemical state and interannual change analysis based on
earth remote sensing data). Nauki o Zemle i nedropol’zovanie [Earth Sciences and Subsoil Use] 47
(1), 66—89. (In Russian). https://doi.org/10.21285/2686-9993-2024-47-1-66-89

Kaznina, N. M., Batova, Yu.V., Titov, A.F., Laidinen, G.F., 2016. Rol' otdel'nykh komponentov
antioksidantnoi sistemf k adaptatsii rastenii Elytrigia rapens (L.) Nevski k kadmiiu [Role of antioxidant
system components in adaptation of Elytrigia repens (L.) ‘Nevski’ to cadmium.] Trudy Karel'skogo
nauchnogo tsentra RAN [Proceedings of the Karelian Research Centre of the Russian Academy of
Sciences] 11, 17-26. (In Russian). https://doi.org/10.17076/eb365

Khan, A.S., Chaudhry, N.Y., 2006. Peroxidase activity in some cucurbits under the stress of mercury
and lead. Journal of Food, Agriculture and Environment 4 (2), 274-276.

Kim, C.S., Rytuba, J.J., Brown, G.E. Jr., 2004. Geological and anthropogenic factors influencing mercury
speciation in mine wastes: an EXAFS spectroscopy study. Applied Geochemistry 19 (3), 379-393.
https://doi.org/10.1016/S0883-2927(03)00147-1

Laidinen, G.F., Kaznina, N.M., Batova, Y.V., Titov, A.F., 2018. The resistance of Phleum pratense
and Elytrigia repens to high concentrations of zinc. Biology Bulletin 45 (5), 454—-460. https://doi.
org/10.1134/S0002332918050119

Li, S., Jia, Z., 2018. Heavy metals in soils from a representative rapidly developing megacity (SW China):
levels, source identification and apportionment. CATENA 163, 414-423. https://doi.org/10.1016/j.
catena.2017.12.035

Mazur, M., Mitchell, C.P.J., Eckley, C.S., Eggert, S.L., Kolka, R.K., Sebestyen, S.D., Swain E.B.,
2014. Gaseous mercury fluxes from forest soils in response to forest harvesting intensity: a field
manipulation experiment. Science of the Total Environment 496, 678—687. https://doi.org/10.1016/j.
scitotenv.2014.06.058

Patra, M., Sharma, A., 2000. Mercury toxicity in plants. Botanical Review 66, 379—422. https://doi.
org/10.1007/BF02868923

Prok, K., Bulak, P., Kaczor, M., Bieganowski, A., 2021. A new approach quantifying bioaccumulation of
elements in biological processes. Biology 10 (4), 345. https://doi.org/10.3390/biology10040345

Qiu, G., Feng, X., Wang, S., Shang, L., 2005. Mercury and methylmercury in riparian soil, sediments,
mine-waste calcines, and moss from abandoned Hg mines in east Guizhou province, southwestern
China. Applied Geochemistry 20, 627—638. https://doi.org/10.1016/j.apgeochem.2004.09.006

Schwesig, D., Krebs, O., 2003. The role of ground vegetation in the uptake of mercury and methylmercury
in a forest ecosystem. Plant and Soil 253, 445-455. https://doi.org/10.1023/A:1024891014028

Shen’kman, B.M., 2017. Svirsky dump of arsenopyrite concentrate and its impact on water bodies.
Water Resources 44, 914-923. https://doi.org/10.1134/S0097807817070120

Shishov, L.L., Tonkonogov, V.D., Lebedeva, I.l., Gerasimova, M.l., 2004. Klassifikatsiia i diagnostika
pochv Rossii [Classification and diagnostics of soils in Russia]. Oikumena, Smolensk, Russia, 342 p.
(In Russian).

Shtangeeva, |., 2021. About plant species potentially promising for phytoextraction of large amounts of
toxic trace elements. Environmental Geochemistry and Health 43, 1689-1701. https://doi.org/10.1007/
$10653-020-00633-z



Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78 75

Singh, H., Kumar, D., Soni, V., 2020. Copper and mercury induced oxidative stresses and antioxidant
responses of Spirodela polyrhiza (L.) Schleid. Biochemistry and Biophysics Reports 23, 100781.
https://doi.org/10.1016/j.bbrep.2020.100781

Stofejova, L., Fazeka$, J., Fazekasova, D., 2021. Analysis of heavy metal content in soil and plants in
the dumping ground of magnesite mining factory JelSava-Lubenik (Slovakia). Sustainability 13, 4508.
https://doi.org/10.3390/su13084508

Wang, J., Feng, X., Anderson, C.W.N., Qiu, G., Ping, L., Bao, Z., 2011. Ammonium thiosulphate
enhanced phytoextraction from mercury contaminated soil — Results from a greenhouse study.
Journal of Hazardous Materials 186 (1), 119-127. https://doi.org/10.1016/j.jhazmat.2010.10.097

Wang, J., Feng, X.,Anderson, C.W., Xing, Y., ShangL.,2012. Remediation of mercury contaminated sites —
Areview. Journal of Hazardous Materials 221, 1-18. https://doi.org/10.1016/j.jhazmat.2012.04.035

Windham-Myers, L., Fleck, J.A., Ackerman, J.T., Marvin-DiPasquale, M., Stricker C.A. et al., 2014.
Mercury cycling in agricultural and managed wetlands: a synthesis of methylmercury production,
hydrologic export, and bioaccumulation from an integrated field study. Science ofthe Total Environment
484, 221-231. https://doi.org/10.1016/j.scitotenv.2014.01.033

Yuan, W., Wang, X., Lin, CJ., Wu, F., Luo, K., et al.,, 2022. Mercury uptake, accumulation, and
translocation in roots of subtropical forest: implications of global mercury budget. Environmental
science & Technology 56 (19), 14154—-14165. https://doi.org/10.1021/acs.est.2c04217

Yun, L., Jensen, B.K,, Larson, S.R., 2018. Accumulation of metals in native wheatgrasses and wildryes
when grown on metal-contaminated soil from three mine sites in Montana. Journal of Agricultural
Science and Botany 2, 19-24. https://doi.org/10.35841/2591-7897.2.1.19-24

Zare, L., Ronaghi, A., Ghasemi, R., Zarei, M., Sepehri, M., 2020. External detoxification mechanism of
corn plants exposed to cadmium stress. Chemistry and Ecology 36 (8), 733—749. https://doi.org/10.1
080/02757540.2020.1777990

CnUCoK nutepaTypbl

baeHryes, B.A., bBenoronosa, I"A., YynapuHa, E.B., lNpocekun, C.H., Jonrux, MN.I", MNacTtyxos, M.B.,
2022. PacnpepeneHve cofepxaHus CBUHLA M POPMbl €ro COeQUHEHUA B TEXHOTNEeHHOW Mo4Be
r. Ceupcka (KOxxHoe [Mpubanikanbe). M3gecmus TOMCKO20 MOMIUMEXHUYECKO20 yHUBepcumema.
UHxuHupuHe 2eopecypcos 333 (8), 205—-214. https://doi.org/10.18799/24131830/2022/8/3670

borgaHoB, A.B., Kauop, O.Jl., depotos, K.B., Yainka, H.B., 2014. JlukBngaums nocrneacTeui
0esATeNbHOCTN  MbILLILSKOBOTO  MPOW3BOACTBA rOpPHO-NepepadaTbhiBatolleld  MPOMbILLSIEHHOCTMW.
Okonoeus u npombiwneHHocms Poccuu 5, 31-35. https://doi.org/10.18412/1816-0395-2014-5-31-35

IpebeHLumkoBa, B.U., NycteHbepr, 3.E., Kutaes, H.A., llomoHocos, U.C., 2008. Ffeoxumus okpyxatoLem
cpeppl Mpubarikanbs (bankanbckuii reoakonornyeckmn nonurox). Neo, Hosocmndupck, Poccus, 234 c.

KasHnuna, H.M., batoBa, FO.B., TutoB, A.®., llanguHen, I®., 2016. Ponb oTAenbHbIX KOMMOHEHTOB
aHTUOKCUAaHTHOM cuctemd K agantauuu pacteHun Elytrigia rapens (L.) Nevski k kagmuio. TpyOdbi
Kapenbckozo HayyHoz2o ueHmpa PAH 11, 17-26. https://doi.org/10.17076/eb365

Kauop, O.J1., Tpycosa, B.B., NaHTUMypoBa, C.A., lNopaues, U.H., Ukpamos, 3.J1., MNapwuH, A.B., 2024.
TeppuTopusi BbiBLLEN NpOMNOLWaakn AHrapckoro Metannypriudeckoro 3aeoga (r. Ceupck) 10 net
CMyCTH: COBPEMEHHOE reoXMMUYEecKoe COCTOSIHME U aHann3 MEeXrofoBbIX U3MEHEHWU MO OaHHbIM
OucTaHUWOHHOro 3oHaMpoBaHus 3emnu. Hayku o 3emre u Hedponorns3oeaHue 47 (1), 66—89. https://
doi.org/10.21285/2686-9993-2024-47-1-66-89



76 Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78

NlanguHeH, I ®., KasumHa, H.M., batosa, t0.B., Tutos, A.®., 2018. Yctonunsoctb Phleum pretense
n Elytrigia repens K BbICOKUM KOHUEHTpauuam umHka. M3secmus PAH. Cepus buonoauyeckasi 5,
512-518. https://doi.org/10.1134/S0002332918050119

Wwuwos, J.J1., ToHkoHoroB, B.[., lNebegesa, N.W., TepacumoBa, M.U., 2004. Knaccudumkaumsa u
AnarHocTuka noys Poccun. OrikymeHa, CmoneHck, Poccus, 342 c.

LWeHbkmaH, 5.M., 2016. CBupcku O0TBan apceHONMPUTOBOro KOHLUEHTpaTa U ero BNnsHWe Ha BOAHble
06bekThl. [eoakornozus. MIHxeHepHas eeonoausi, 2udpoaeosioaus 2, 121-132.

Azevedo, R., Rodriguez, E., 2012. Phytotoxicity of mercury in plants: a review. Journal of Botany, 1-6.
https://doi.org/10.1155/2012/848614

Belogolova, G.A., Baengueyv, B.A., Chuparina, E.V., Pastukhov, M.V., Prosekin, S.N., Sokolnikova, Y.V,
2025. The mechanism of arsenic behaviour in the soil-plant system and its interaction with biogenic
macroelements of plants under conditions of toxic stress. Chemistry and Ecology 41 (2), 173-193.
https://doi.org/10.1080/02757540.2024.2416654

Biester, H., Muller, G., Schdler, H.F., 2002. Binding and mobility of mercury in soils contaminates by
emissions from chlor-alkali plants. Science of the Total Environment 284 (1-3), 191-203. https://doi.
org/10.1016/S0048-9697(01)00885-3

Bloom, N.S., Preus, E., Katon, J., Hiltner, M., 2003. Selective extractions to assess the biogeochemically
relevant fractionation of inorganic mercury in sediments and soils. Analitica Chimica Acta 479 (2),
233-248. https://doi.org/10.1016/S0003-2670(02)01550-7

Butakov, E.V., Kuznetsov, P.V., Kholodova, M.S., Grebenshchikova, V.., 2017. Mercury in soils of the
Agro-Industrial zone of Zima city (Irkutsk oblast). Eurasian Soil Science 11, 1401-1408. https://doi.
org/10.1134/S1064229317110035

Chaplygin, V., Minkina, T., Mandzhieva, S., Nevidomskaya, D., Chernikova, N., Sherstnev, A., 2022.
The influence of Zn and Cd accumulation on the growth and development of medicinal plants in
the impact zone of the Novocherkassk power station. KnE Life Sciences 7 (1), 41-47. https://doi.
org/10.18502/kls.v7i1.10104

Fantozzi, L., Ferrara, R., Dini, F., Tamburello, L., Pirrone, N., Sprovieri, F., 2013. Study on the reduction
of atmospheric mercury emissions from mine waste enriched soils through native grass cover in
the Mt. Amiata region of Italy. Environmental Research 125, 69-74. https://doi.org/10.1016/].
envres.2013.02.004

Gao, S., Ou-yang, C., Tang, L., Zhu, J.Q., Xu, Y., Wang, S.H., Chen, F., 2010. Growth and antioxidant
responses in Jatropha curcas seedling exposed to mercury toxicity. Journal of Hazardous Materials
182 (1-3), 591-597. https://doi.org/10.1016/j.jhazmat.2010.06.073

Gordeeva, O., Pastukhov, M., 2023. Forms of mercury in soils and its accumulation by herbs in the
zone of influence of the sludge storage of a chlor-alkali plant (Southern Baikal region). E3S Web of
Conferences : lll International Conference on Geotechnology, Mining and Rational Use of Natural
Resources (GEOTECH-2023) 417, 02013. https://doi.org/10.1051/e3sconf/202341702013

Gordeeva, O.N., Belogolova, G.A., Pastukhov, M.V., 2017. Mercury speciation and mobility in soils of
industrial areas in the Baikal region, Southern Siberia, Russia. Environmental Earth Science 76, 558.
https://doi.org/10.1007/s12665-017-6882-4

Gworek, B., Dmuchowski, W., Baczewska-Dabrowska, A.H., 2020. Mercury in the terrestrial environment:
a review. Environmental Sciences Europe 32, 128. https://doi.org/10.1186/s12302-020-00401-x



Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78 77

IUSS Working Group WRB, 2015. World reference base of soil resources 2014, update 2015 international
soil classification system for naming soils and creating legends for soil maps. World Soil Resources
Reports no. 106. FAO, Rome, ltaly.

Issaro, N., Abi-Ghanem, C., Bermond, A., 2009. Fractionation studies of mercury in soils and sediments:
a review of the chemical reagents used for mercury extraction. Analitica Chimica Acta 631 (1), 1-12.
https://doi.org/10.1016/j.aca.2008.10.020

Kabata-Pendias, A., 2011. Trace elements in soil and plants. 4th edition. CRC Press, New York, USA,
548 p.

Kabata-Pendias, A., Szteke, B., 2015. Trace elements in abiotic and biotic environments. 1st edition.
CRC Press, New York, USA, 468 p.

Khan, A.S., Chaudhry, N.Y., 2006. Peroxidase activity in some cucurbits under the stress of mercury
and lead. Journal of Food, Agriculture and Environment 4 (2), 274-276.

Kim, C.S., Rytuba, J.J., Brown, G.E. Jr., 2004. Geological and anthropogenic factors influencing mercury
speciation in mine wastes: an EXAFS spectroscopy study. Applied Geochemistry 19 (3), 379-393.
https://doi.org/10.1016/S0883-2927(03)00147-1

Li, S., Jia, Z., 2018. Heavy metals in soils from a representative rapidly developing megacity (SW China):
levels, source identification and apportionment. CATENA 163, 414-423. https://doi.org/10.1016/j.
catena.2017.12.035

Mazur, M., Mitchell, C.P.J., Eckley, C.S., Eggert, S.L., Kolka, R.K., Sebestyen, S.D., Swain E.B.,
2014. Gaseous mercury fluxes from forest soils in response to forest harvesting intensity: a field
manipulation experiment. Science of the Total Environment 496, 678—687. https://doi.org/10.1016/j.
scitotenv.2014.06.058

Patra, M., Sharma, A., 2000. Mercury toxicity in plants. Botanical Review 66, 379—422. https://doi.
org/10.1007/BF02868923

Prok, K., Bulak, P., Kaczor, M., Bieganowski, A., 2021. A new approach quantifying bioaccumulation of
elements in biological processes. Biology 10 (4), 345. https://doi.org/10.3390/biology10040345

Qiu, G., Feng, X., Wang, S., Shang, L., 2005. Mercury and methylmercury in riparian soil, sediments,
mine-waste calcines, and moss from abandoned Hg mines in east Guizhou province, southwestern
China. Applied Geochemistry 20, 627—638. https://doi.org/10.1016/j.apgeochem.2004.09.006

Schwesig, D., Krebs, O., 2003. The role of ground vegetation in the uptake of mercury and methylmercury
in a forest ecosystem. Plant and Soil 253, 445-455. https://doi.org/10.1023/A:1024891014028

Shtangeeva, ., 2021. About plant species potentially promising for phytoextraction of large amounts of
toxic trace elements. Environmental Geochemistry and Health 43, 1689—-1701. https://doi.org/10.1007/
$10653-020-00633-z

Singh, H., Kumar, D., Soni, V., 2020. Copper and mercury induced oxidative stresses and antioxidant
responses of Spirodela polyrhiza (L.) Schleid. Biochemistry and Biophysics Reports 23, 100781.
https://doi.org/10.1016/j.bbrep.2020.100781

Stofejova, L., Fazeka$, J., Fazeka$ova, D., 2021. Analysis of heavy metal content in soil and plants in
the dumping ground of magnesite mining factory JelSava-Lubenik (Slovakia). Sustainability 13, 4508.
https://doi.org/10.3390/su13084508



78 Baenguev, B.A. et al., 2026. Ecosystem Transformation 9 (3), 62—78

Wang, J., Feng, X., Anderson, C.W.N., Qiu, G., Ping, L., Bao, Z., 2011. Ammonium thiosulphate
enhanced phytoextraction from mercury contaminated soil — Results from a greenhouse study.
Journal of Hazardous Materials 186 (1), 119-127. https://doi.org/10.1016/j.jhazmat.2010.10.097

Wang, J., Feng, X.,Anderson, C.W., Xing, Y., ShangL.,2012. Remediation of mercury contaminated sites —
A review. Journal of Hazardous Materials 221, 1-18. https://doi.org/10.1016/j.jhazmat.2012.04.035

Windham-Myers, L., Fleck, J.A., Ackerman, J.T., Marvin-DiPasquale, M., Stricker C.A. et al., 2014.
Mercury cycling in agricultural and managed wetlands: a synthesis of methylmercury production,
hydrologic export, and bioaccumulation from an integrated field study. Science of the Total Environment
484, 221-231. https://doi.org/10.1016/j.scitotenv.2014.01.033

Yuan, W., Wang, X., Lin, C.J., Wu, F., Luo, K., et al., 2022. Mercury uptake, accumulation, and
translocation in roots of subtropical forest: implications of global mercury budget. Environmental
science & Technology 56 (19), 14154—-14165. https://doi.org/10.1021/acs.est.2c04217

Yun, L., Jensen, B.K,, Larson, S.R., 2018. Accumulation of metals in native wheatgrasses and wildryes
when grown on metal-contaminated soil from three mine sites in Montana. Journal of Agricultural
Science and Botany 2, 19-24. https://doi.org/10.35841/2591-7897.2.1.19-24

Zare, L., Ronaghi, A., Ghasemi, R., Zarei, M., Sepehri, M., 2020. External detoxification mechanism of
corn plants exposed to cadmium stress. Chemistry and Ecology 36 (8), 733—749. https://doi.org/10.1
080/02757540.2020.1777990



	Migration, transformation and bioaccumulation of mercury in technogenically transformed soils, Svirs
	Introduction
	Materials and methods
	Results and discussion
	Conclusion
	References
	Список литературы


