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ABSTRACT

Problem statement: Peatlands act as natural geochemical barriers that accumulate various chemical elements, including heavy
metals. The qualitative characteristics of peat and its potential applications directly depend on the spectrum and concentrations of
elements present in it. For the peatlands of Ukraine, no systematic studies of mobile element forms or assessments of their relation-
ships with local geochemical and physico-chemical gradients (pH, ash content, moisture) have yet been conducted. This gap high-
lights the need for systematic, methodologically unified investigations with broad spatial coverage and standardized procedures for
data processing.

Objective: To determine the levels, spatial (profile) distribution, and factors controlling the mobility of mobile forms of select-
ed elements (Pb, As, Tl, Mo, Zn, Cd, Ni, Sb, Cu, Co, Mn, Cr, V) in the peats of the Lviv region; to clarify their relationships with
physico-chemical properties of peat (pH, ash content, moisture content, organic matter content); and to identify depth-related trends
and accumulation anomalies.

Methods: Twenty-six samples were collected from the 0—140 cm depth interval at 20 cm steps (across three profiles), supple-
mented with samples from upper peat layers at additional sites. Mobile element forms were extracted with 0,2 M HCI and quantified
by inductively coupled plasma atomic emission spectroscopy (ICP-AES). Ash content, moisture content, and pH were determined
using arbitration methods according to DSTU standards. Statistical analyses were applied to evaluate the dependence of element
concentrations on depth and physico-chemical parameters, to examine relationships among trace elements and other peat characteris-
tics, and to assess potential sources of their accumulation.

Results: Average concentrations of mobile forms of Pb, Zn, Cd, Cu, Ni, Mn, and Cr were 10,8; 15,5; 0,65; 3,86; 2,09; 16,6 and
0,96 ppm, respectively. Very high coefficients of variation (>80%) were observed for Pb, Cd, T1, Mo, Sb, and Mn, indicating a mosa-
ic spatial distribution. Maximum values of Pb (132,35 ppm) and Cd (8,88 ppm) occurred in the 60-80 ¢cm horizon of the Honchary
peatland, while elevated As (14,9 ppm) was found in the lower part of the Hamaliivka profile. In most samples, concentrations of
mobile element forms were significantly lower than the approximate normal values for soils and the contamination thresholds estab-
lished for arable soils in EU countries, indicating a generally low level of technogenic impact, despite the presence of local Pb and
Cd anomalies. A positive relationship between the contents of most metals and ash content, and a negative relationship with organic
matter content were identified. Significant correlations among Zn, Cu, Ni, Co, Mn, and V reflect shared sources and accumulation
mechanisms. The strongest correlation (r = 0,99) was observed between mobile Pb and Cd, confirming their similar geochemical
behavior in peat.

Conclusions: The results expand current knowledge on the geochemistry of European peatlands and, for the first time, charac-
terize the mobile forms of several elements in the peats of the Lviv region. The peatlands of the region act as effective geochemical
barriers for potentially toxic elements, while local deep anomalies of Pb—Cd and As may reflect both geogenic influences and histori-
cal atmospheric inputs. These findings refine the understanding of the geochemistry of Ukrainian peatlands and provide a basis for
future assessments of environmental risks and the suitability of peat for economic use.

Keywords: peat, peatland, geochemistry, trace elements, mobile forms, accumulation, Ukraine, Lviv region, ICP-AES.
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Introduction land surface. These geological systems accumulate

Peatlands, owing to the high sorption capacity
of organic matter and a unique combination of envi-
ronmental conditions (waterlogging, predominantly
acidic pH, and a substantial content of humic com-
ponents), act as important natural geochemical bar-
riers despite occupying only about 3% of the Earth’s

various chemical elements, particularly heavy met-
als that are potentially toxic [1]. Potentially toxic
elements (PTEs) include both essential (biogenic)
trace elements such as Fe, Mn, Cu, Zn, Ni, and Mo,
which are required for the functioning of plants and
microorganisms, and strictly toxic metals and metal-
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loids (Cd, Pb, Cr, As, Sb, Tl, V) for which no bio-
logically beneficial roles are known [2]. Conceptual-
ly, nearly every element in the periodic table may
exhibit toxicity under certain conditions, depending
on concentration, biological environment, pH, and
redox potential.

In peat deposits, the accumulation of P7ESs is
determined by a combination of external inputs (at-
mospheric deposition, inflow from surface and
groundwater, local anthropogenic sources) and in-
trinsic properties of the peat itself (organic matter
content and composition, degree of decomposition
and mineralization, pH, redox conditions, and the
content and proportions of oxides).

A large share of these elements in peat is incor-
porated into stable organo-mineral complexes with
humic substances, which reduces their mobility and
bioavailability. However, changes in physico-
chemical conditions such as acidity, ash content,
moisture level, and redox regime, can remobilize
bound forms and induce their transfer into ground-
water and surface waters. Therefore, assessing the
mobile forms of chemical elements is of particular
importance, as they determine bioavailability, eco-
logical mobility, and potential toxicity, in contrast to
total concentrations.

The qualitative characteristics of peat and its
potential applications directly depend on the con-
centrations of elements it contains. Given the central
role of fundamental geochemical research in the
preliminary assessment of peat resources and their
rational use, this study aims to expand possibilities
for practical application and support the industrial
development of peatlands in the Lviv region.

The aim of the study is to evaluate the levels,
spatial (profile) distribution, and factors controlling
the mobility of mobile forms of heavy metals and
potentially toxic trace elements (Pb, As, T1, Mo, Zn,
Cd, Ni, Sb, Cu, Co, Mn, Cr, V) in the peats of the
Lviv region; to clarify their relationships with phys-
ico-chemical properties of peat (pH, ash content,
moisture content, organic matter content); and to
identify depth-related trends and accumulation
anomalies.

The object of the study is peat material from
lowland-type deposits within the Lviv region (Bi-
logorshcha, Honchary, Hamaliivka, Artyshchiv, Po-
lonychna, Sknylivka).

The subject of the study is the content of mo-
bile forms of Pb, As, Tl, Mo, Zn, Cd, Ni, Sb, Cu,
Co, Mn, Cr, and V in peat, as well as the physico-
chemical characteristics of the samples (pH, ash
content, moisture content, organic matter content).

A considerable body of research by authors
from Northern and Eastern Europe has examined the
geochemistry of heavy metals and other potentially
toxic elements in peatlands and soil systems, the

patterns of metal enrichment in peat bogs, mecha-
nisms of metal fixation and mobility, and the influ-
ence of environmental changes on the migration
behavior of PTEs. Particular attention has been de-
voted to peatlands in Scandinavia and the Baltic re-
gion [1, 3-8]. These studies emphasize not only to-
tal metal concentrations but also mobile fractions,
which determine bioavailability and potential eco-
logical risks [9].

In contrast to European research, Ukrainian
studies devoted to the geological and geochemical
characterization of peat and peatlands remain lim-
ited, despite Ukraine’s considerable peat resources.
Fragmentation is especially evident in studies of
mobile element forms and their relationships with
local geochemical and physico-chemical gradients
(pH, ash content, moisture). This highlights the need
for systematic, methodologically unified investiga-
tions with broader spatial coverage and standardized
approaches to data comparison.

Methods

Peat samples were collected using a core sam-
pler from depths of 0 to 140 ¢cm in 20 cm incre-
ments; the maximum depth reached 140 cm at the
Honchary and Hamaliivka sites. Samples were
placed in sealed polyethylene zip-lock bags with
appropriate labeling and tightly closed to minimize
weathering and contamination. A total of 26 samples
were obtained.

In the laboratory, the samples were air-dried at
room temperature, avoiding direct sunlight, then
crushed, homogenized in an agate mortar, sieved
through a 2,5 mm mesh, quartered, and divided into
analytical portions and duplicates.

The physico-chemical properties of the samples
were analyzed in accordance with DSTU standards:
moisture content [10], ash content [11], and pH [12]
were determined. To ensure statistical reliability,
each analytical parameter for every depth interval
was measured in triplicate, with final values ex-
pressed as arithmetic means.

To determine the mobile forms of chemical el-
ements, all samples were subjected to extraction
with 0,2 M HCI following DSTU 4405:2005 [13].

The concentrations of mobile forms of Pb, As,
TI, Mo, Zn, Cd, Ni, Sb, Cu, Co, Mn, Cr, and V were
measured by inductively coupled plasma atomic
emission spectroscopy (ICP-AES) using a Thermo
Fisher Scientific iCAP PRO Series instrument oper-
ated with Qtegra Intelligent Scientific Data Solution
software. Detection limits and operational ranges
complied with analytical requirements for natural
soil and peat matrices. All analyses were conducted
in the analytical laboratory of Alpinus Chemia Sp. z
0.0., Solec Kujawski, Poland.

The concentrations of trace elements in the
studied peat deposits were compared with their nat-
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ural levels in the Earth’s crust and soils. Concentra-
tion coefficients were calculated, and the results
were evaluated in comparison with analogous stud-
ies conducted for peat deposits in Europe. Mathe-
matical and statistical data processing included the
calculation of mean, median, minimum and maxi-
mum values, variance, standard deviation, coeffi-
cient of variation, skewness, and kurtosis for the
physico-chemical parameters and the mobile forms
of the studied elements. Correlation analysis was

applied to identify dependencies and typomorphic
associations among the elements.

Results and Discussion

The investigated peatlands are located within
the Lviv region and correspond to the territories of
the following settlements (Fig. 1): Honchary (Pus-
tomyty district), Hamaliivka (Zhovkva district),
Artyshchiv (Horodok district), Polonychna (Rad-
ekhiv district), Bilogorshcha (Lviv district), and
Sknylivok (Lviv district). The last two sites are situ-
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Fig. 1. Map-scheme of the location of research objects
(based on a schematic map of the zoning of the Lviv region (Scale 1:1 500 000)
Symbols for fig. 1:

Borders and boundaries: 1 — the state border of Ukraine; 2 — border of the Lviv region; 3 — districts of the
Lviv region; 4 and 5 — peat regions and districts (based on materials [14]): II — Malopilska peat region.
III — Forest-steppe peat region: 1111 — Volyn foreststeppe region, 1112 — Podilsk forest-steppe region.

V — Carpathian peat region: V1 - Pre-Carpathian region, V2 — Carpathian; 6 — research area;
Peatlands: 1 — Honchary, 2 — Bilorhoshcha, 3 — Hamaliivka, 4 — Artyshchiv, 5 — Sknyilivok, 6 — Polonychna
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ated directly within or adjacent to the city of Lviv.

According to the physical-geographical zoning
of peat bogs in Ukraine [14], the peatlands of the
study area belong to the Male Polissya peat-bog re-
gion with Roztochchya. Most sites — Bilogorshcha,
Honchary, Hamaliivka, Sknylivok, and Artyshchiv —
are located within the Podilskyi district of the For-
est-Steppe peat region, while Polonychna belongs to
the Male Polissya peat region.

The study area is situated in a temperate conti-
nental climate zone with sufficient moisture supply,
which favors waterlogging in low-lying landforms.
The local hydrological network consists of valleys of
the tributaries of the Western Bug (including the Pol-
tva) and the Dniester (including the Vereshchytsia).

The oldest geological units that directly influ-
ence the surface morphology, hydrogeology, and the
formation of the soil profile are the Upper Creta-
ceous silicate-carbonate  sequences of the
Roztochchya area (gray sandy marls, limestones,
and marly sandstones, locally fractured), as well as
the underlying or adjacent Miocene (Badenian-
Sarmatian) sediments of the Pre-Carpathian Fore-
deep. These comprise sands, sandstones, limestones,
marls, and clays (locally containing gypsum or an-
hydrite), which form alternating permeable and im-
permeable layers. This alternation controls the re-
gimes of groundwater and confined aquifers and
locally promotes overmoistening, stagnation of run-
off, and the development of wetlands in floodplains
and depressions: conditions typical for the Male
Polissya region and the foothills of Roztochchya.

Everywhere, the near-surface section is covered
by Quaternary deposits: alluvial-lacustrine sands
and loams dominate in valley floors and depres-
sions, deluvial loams occur on slopes, and locally,
on elevated surfaces, loess-like loams are preserved.

The studied peat deposits are of Holocene age
and belong to the lowland (eutrophic, minero-
trophic) type, formed under conditions of mineral-
rich groundwater feeding and dominated by herba-
ceous vegetation, sedges, hypnum mosses, and
woody remains. They overlie alluvial-lacustrine sed-
iments, and their thickness ranges from decimeters
to several meters depending on basin morphology
and the degree of drainage.

Physico-chemical characteristics of peat.

The analyzed peat samples exhibit a wide range
of moisture content (W), varying from 14,98 to
87,41%, with a mean value of 59,06% and a median
of 63.89% (Tables 1, 2). The substantial variability
(coefficient of variation = 36%), together with nega-
tive skewness and a moderately flattened distribu-
tion (kurtosis < 0), indicates the predominance of
relatively well-moistened layers and the presence of
locally desiccated horizons in the upper parts of
some profiles. The highest moisture values were

recorded in the Artyshchiv peatland (W > 80%) and
in the lower horizons of Bilogorshcha and Ha-
maliivka (W > 76%).

The high dispersion and marked variability of
moisture values with depth reflect the complex in-
terplay of changes in mineral composition, micro-
and mesopore structure, degree of peat decomposi-
tion and compaction, as well as the dynamics of the
hydrological regime and groundwater level. A gen-
eral increase in peat moisture with depth (Fig. 2a) is
observed at all sites, primarily due to proximity to
the stable groundwater table, reduced influence of
evaporation, and changes in the physical properties
of peat.

The ash content of peat (proportion of residue
after oxidation, expressed as a percentage of dry
matter) reflects the amount of inorganic and mineral
components present. Ash content is one of the key
characteristics of peat, since the total quantity of
chemical elements, including those available to
plants, depends on the share of the mineral fraction.
The ash content of the studied peats from the Lviv
region exhibits a relatively uniform distribution (co-
efficient of variation: 41,28; variance: 71,41; stand-
ard deviation: 8,45) and ranges from 9,69% to
37,08%, with an average of 20,47% (median =
16,05%). These lowland peats formed under condi-
tions of mineral-rich groundwater inflow, which
explains their relatively high ash values, genetically
linked to secondary inputs of inorganic sedimentary
material into the peat mass. Elevated ash content is
also associated with river flooding and the wash-in
of mineral particles from steep valley slopes.

High ash values are characteristic primarily of
the deeper horizons of Profile 1 (Honchary, 80-140
cm) and several samples from the Artyshchiv and
Polonychna peatlands (Table 1), indicating a greater
proportion of mineral impurities and potentially
stronger groundwater influence. A downward-to-
upward decrease in ash content is observed in the
Honchary profile, while an opposite trend — an in-
crease toward the surface is found in the Bilogor-
shcha and Hamaliivka profiles (Fig. 2b). These pat-
terns are likely controlled by local geological and
hydrological conditions, including the presence of
mineral interlayers and fluctuations in the hydrolog-
ical regime during different stages of peat for-
mation.

The acid-base properties (pH) of peat are large-
ly determined by the type and composition of organ-
ic acids present (primarily humic and fulvic acids)
and by their associated compounds. pH is one of the
most influential factors controlling the mobility and
chemical speciation of metals. Microcomponents
dissolved in peatland waters form various organo-
metallic complexes with organic matter, and the
transition of these complexes into solution depends
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Table 2
Statistical parameters of the distribution of migration forms of chemical components
and physico-chemical indicators in peats of Lviv region
Chemical
ph‘z}:i?:-lz:tljeillidcal Mean | Median | Min Max | Variance | Std.Dev. | Coef.Var. | Skewness | Kurtosis
indicators
W, % 59,06 63,89 | 14,98 | 87,41 462,38 21,50 36,41 -0,82 -0,59
A, % 20,47 16,05 9,69 | 37,08 71,41 8,45 41,28 0,75 -0,77
pH 5,76 5,53 4,40 7,69 1,08 1,04 18,04 0,63 -0,83
OP, % 79,53 | 83,95 | 62,92 | 90,31 71,41 8,45 10,63 0,75 0,77
Pb (ppm) 10,78 3,58 1,00 | 132,35 649,71 25,49 236,35 4,69 22,94
As 3,10 2,58 1,50 | 14,90 6,52 2,55 82,45 4,25 19,91
Tl 0,04 0,01 0,01 0,53 0,01 0,11 254,76 3,83 15,48
Mo 0,30 0,05| 001] 1,98 0,27 0,52 176,55 2,51 6,05
Zn 15,51 13,48 6,95 | 4142 57,56 7,59 48,92 1,91 4,65
Cd 0,65 0,18 0,05 8,88 2,94 1,72 262,63 4,78 23,56
Ni 2,09 1,85 1,15 3,58 0,51 0,71 34,16 0,72 -0,45
Sb 0,03 0,01 001] 0,18 0,00 0,04 139,99 2,06 4,36
Cu 3,86 330 | 2,35 7,18 2,24 1,50 38,71 1,14 0,18
Co 0,16 0,13 0,01 0,50 0,02 0,15 93,89 1,22 0,38
Mn 16,55 10,23 3,38 | 70,25 258,75 16,09 97,19 2,37 5,62
Cr 0,96 0,70 | 0,09 | 3,43 0,55 0,74 77,60 1,76 3,86
v 0,37 0,21 0,10 1,43 0,12 0,34 93,88 2,01 3,97
MO24 34 &8 54 B8 T4 OB Ll 19 » 4 6 3 &0 70 80 %
*n 0.20 02 020
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Fig. 2. Changes in the values of moisture (a), ash content (b), pH (c), and organic matter (OM) content (d) of
the studied peats in Lviv Region with depth for Profiles 1 (Honchary), 2 (Bilohorshcha) and 3 (Hamaliivka).

Symbols for fig. 2:
—e—Bilorhoshcha

= o= Honchary —o Hamaliivka

(trend lines — grey color)
X-axis: values of moisture content, W (a); ash content, A (b); pH (¢); organic matter, OM (d);
Y-axis: depth of the peat deposit profile, cm.

strongly on the pH of the environment. Thus, pH
levels and their variations are crucial in regulating
the geochemical migration and precipitation of

chemical elements in peatlands.
Changes in pH directly influence the stability of
metal-organic complexes. Their stability depends
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both on the intrinsic properties of the metal and on
the functional groups participating in coordination.
In general, transition metals form complexes with
humic substances following the well-known Irving—
Williams series [15, 16] for divalent ions: Pb*" >
Cu?* > Ni** > Co?* > Zn?*" > Cd?** > Fe?" > Mn?".

It should be noted that the Irving—Williams se-
ries formally applies to divalent metal ions in ideal-
ized aqueous systems. In peat environments iron
commonly occurs as Fe** or is incorporated into Fe-
oxide phases, which may modify its relative binding
strength. Thus, the series is used here as a conceptu-
al reference rather than as an exact predictor of met-
al-humic complex stability in natural peat matrices.

Lead and copper thus form the most stable
complexes. Under different environmental condi-
tions, these relationships may shift. For example,
Van Dijk [17], in experiments on metal binding by
humic acids, found that at pH 3 approximately 70%
of metal ions remain uncomplexed, while at pH 5
the strength of complexation follows the order: Zn**
> F62+ > Ni2+ > CO2+ > Mn2+ > Mg2+ > Ca2+ > BaZ+.

This indicates that under mildly acidic condi-
tions, zinc and ferrous iron form the strongest com-
plexes.

As acidity increases (i.e., pH decreases), the
stability of metal-organic complexes declines due to
protonation of functional groups and displacement
of metal ions from the complexes. Conversely, high-
er pH levels promote the formation of metal com-
plexes with organic ligands: at neutral to slightly
alkaline pH, most carboxyl and phenolic groups are
deprotonated and actively bind metals [18].

The pH range of the studied peats (Fig. 2c)
spans acidic, slightly acidic, neutral, and locally
slightly alkaline conditions. pH values vary from
4,40 (acidic conditions in the 0-20 cm horizons of
Bilogorshcha and Sknylivka, and in the 60-80 cm
horizon of Hamaliivka) to 7,69 (slightly alkaline
conditions in the 120-140 cm horizon of Honchary
and in the upper layers of Polonychna). Most stud-
ied peats exhibit a slightly acidic environment, with
an average pH of 5,76, which is typical for peat-
lands. In general, pH increases with depth. Under
the prevailing slightly acidic conditions (pH 5,1-6,0)
characteristic of these peatlands, metals do not re-
main in free ionic form but instead form stable or-
ganometallic complexes whose stability increases
with depth.

Organic matter (OM) in peat comprises a wide
spectrum of compounds, including humic substanc-
es (humic acids, fulvic acids, humin), lignin and
cellulose residues, amino acids, and low-molecular-
weight organic acids. These components play an
important role in geochemical processes such as
solubility, mobility, concentration, and accumulation
of metals. The analyzed peat samples contain sub-

stantial amounts of organic matter: on average, OM
accounts for 79,53% of the total mass, with values
ranging from 62,92% (Bilogorshcha, 20-40 cm) to
90,31% (Hamaliivka, 60-80 cm). Such high OM
concentrations indicate the dominance of biogenic
material that has undergone varying degrees of an-
aerobic decomposition.

With depth, the OM content increases in the Bi-
logorshcha and Hamaliivka profiles (with maximum
at 60-80 cm) and decreases in the Honchary profile
(with a minimum at 80-100 cm). Vertical distribu-
tions of moisture, ash content, pH, and OM (Fig. 2)
show pronounced differences between the sections:

Profile 1 (Honchary): Moisture content rises
from 21-25% in the upper 40 cm to 43-47% be-
tween 40-80 cm, followed by contrasting fluctua-
tions associated with the alternation of more miner-
alized and more organic horizons. Ash content in-
creases with depth from 16% to 36%, accompanied
by a decline in OM to ~63-67% in the lower part of
the profile. pH increases from slightly acidic (~6.7)
near the surface to neutral-slightly alkaline values
(7,3-7,5) at 40-140 cm.

Profile 2 (Bilogorshcha): This peat is generally
more humid (W 61-77%) and less ash-rich (A 13-
21%), with predominantly acidic pH values (4,5-
5,4). With depth, moisture increases and ash content
slightly decreases, likely reflecting a diminished
influence of the mineral substrate and a more stable
hydrological regime.

Profile 3 (Hamaliivka): Moisture content grad-
ually increases from 52% to 78%, while ash content
decreases from 31% to 10-15% in the middle part of
the profile before rising again to ~15% in the deep-
est horizons. pH is mostly acidic (4,4-6,1), with a
trend toward slightly more neutral conditions at
greater depths.

Overall, the peatlands of the Lviv region are
characterized by generally high organic matter con-
tent and contrasting vertical trends in moisture and
ash content, reflecting differences in hydrological
conditions, groundwater feeding, and the degree of
peat mineralization.

Distribution of mobile forms of trace ele-
ments. The general patterns of distribution of mo-
bile forms of chemical elements in the studied peat-
lands illustrated by their statistical characteristics
(mean, minimum and maximum values, median,
variance, coefficient of variation, etc.) indicate sub-
stantial variability and pronounced spatial heteroge-
neity in their concentrations (Table 2, Fig. 3).

Lead (Pb) shows an average concentration of
10,78 ppm (range 1,0-132,35 ppm, median 3,58
ppm). The very high coefficient of variation
(>230%) and strongly positive skewness and kurto-
sis values (4,69 and 22,94, respectively) indicate the
presence of one or several sharply elevated measur-
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Fig. 3. Geochemical spectrum of accumulation of mobile forms (ppm) of trace elements
in the studied peats of Lviv Region.

ements superimposed on a low background typical
of most samples. Cadmium (Cd) exhibits similar
behavior: the mean value is 0,65 ppm, with a maxi-
mum of 8,88 ppm and a coefficient of variation ex-
ceeding 260%, reflecting a highly asymmetric dis-
tribution dominated by a single anomalous sample.

Zinc (Zn) concentrations range from 6,95 to
41,42 ppm (mean 15,51 ppm, CV = 49%). Copper
(Cu) occurs within 2,35-7,18 ppm (mean 3.86 ppm,
CV = 39%), and Nickel (Ni) within 1,15-3,58 ppm
(mean 2,09 ppm, CV = 34%). A particularly wide
concentration range (3,38-70,25 ppm) and high var-
iability (CV ~97%) were recorded for manganese
(Mn), likely reflecting heterogeneous redox condi-
tions and the potential involvement of Mn oxides as
sorbents for other PTEs.

Among anionic and metalloid components, ar-
senic (As) stands out (mean 3.10 ppm; range 1,5-
14,9 ppm), characterized by high skewness (4,25)
and kurtosis (19,91), which points to a pronounced
deep anomaly. Other elements (T1, Mo, Sb, Co, Cr,
V) occur mainly at trace levels (tenths to hundredths
of ppm), yet also display increased variability and
asymmetric distributions.

Overall, most elements exhibit coefficients of
variation exceeding 40%, a pattern typical for peat
ecosystems where local anthropogenic inputs inter-
act with a geogenic background. Similar variability
has been reported for peatlands in Latvia, Romania,
and Poland [3-8].

Assessment of distribution normality using

skewness and kurtosis indicates moderate deviations
from normality for Zn, Cu, Ni, Co, and Mn, whereas
Pb, As, Tl, and Cd clearly follow a lognormal distri-
bution. This reflects the presence of anomalously
high values associated with local sources of input.
Wide concentration ranges, high coefficients of var-
iation, and pronounced positive skewness demon-
strate that element concentrations vary significantly
depending on sampling location. Such contrast and
heterogeneity reflect the complex interplay of mul-
tiple factors that control the behavior of elements in
peatlands, including differences in deposition and
fixation conditions, migration processes, hydrologi-
cal dynamics, biogeochemical transformations, and
species-specific uptake patterns of peat-forming
plants.

The concentration series of mobile trace ele-
ments in the studied peat samples, based on median
values, is as follows: Zn > Mn > Pb > Cu > As > Ni
>Cr>V>Cd>Co > Mo > (Tl, Sb).

This series highlights which elements dominate
in absolute terms in the mobile phase. Biogenic and
chalcophilic elements such as Zn and Mn occupy
the leading positions, indicating their active partici-
pation in biochemical and geochemical processes.

The geochemical spectrum of mobile element
forms, expressed through average concentration coef-
ficients normalized to background (median) levels, is
as follows (K.»): Tl (8,73), Sb (6,17), Mo (5,69),
Cd (3,57), Pb (3,02), V (1,72), Mn (1,62), Cr (1,37),
Co (1,28), As (1,20), Cu (1,17), Zn (1,15), Ni (1,13).
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This metric provides a more precise indication
of anomalous enrichment. Elements with the highest
concentration coefficients: T1, Sb, Mo, Cd, and Pb,
exhibit the strongest deviation from background
values, reflecting their high mobility and efficient
accumulation within the peat deposits.

Comparison of the concentration series of
chemical elements, based on median values, in the
ash of Lviv region peats [19] with the series of mo-
bile forms obtained in this study clearly demon-
strates that the geochemical behavior of elements in
peat is strongly controlled by their chemical proper-
ties and forms of occurrence. In the series of mobile
forms, chalcophile elements (Zn, Pb, Cu) dominate
and the potentially hazardous As and Cd. Their
prevalence reflects high mobility, a strong tendency
to form readily soluble complexes, and consequent-
ly a high potential for migration and biological ac-
cumulation. In contrast, the concentration series
based on ash content is dominated by lithophile el-
ements (Ti, Zr, Sr, Ba) mainly associated with the
mineral fraction of peat (clay minerals, quartz, feld-
spars), which enter peatlands from surrounding geo-
logical substrates. Thus, assessing only the total el-
ement content in peat is insufficient for a compre-
hensive understanding of environmental conditions:
reliable evaluation of ecological risks and bioavaila-
bility requires analysis of mobile forms, which bet-
ter reflect the actual environmental and biological
impact.

Assessment of element accumulation or deple-
tion relative to their Clarke values in the Earth’s
crust and soils revealed characteristic patterns and
allowed us to infer the nature of their geochemical
behavior. Based on the concentration coefficient
(CC) relative to the continental crust values of Rud-
nick and Gao [20], the studied elements can be
grouped as follows: CC > 1: Cd (7,259); CC < 1: As
(0,645), Pb (0,634), Mo (0,269), Zn (0,231), Cu
(0,138), Sb (0,077), T1, Ni (0,044), Mn (0,021), Cr
(0,01), Co (0,009), V (0,004).

The geochemical spectrum of mobile element
forms, expressed as average concentration coeffi-
cients normalized to global soil values [21], is as
follows (CC): Cd (1,866), Pb (0,899), As (0,516),
Mo (0,247), T1 (0,218), Zn (0,172), Cu (0,129), Ni
(0,042), Sb (0,031), Co (0,02), Mn (0,017), Cr
(0,014), V (0,004).

This spectrum corresponds closely to the classi-
cal sequence described in [15] — Pb > Cu > Ni > Co
> 7Zn > Cd > Mn, which reflects the relative affinity
of metal ions to bind with common functional
groups in the peat matrix. The slight displacement of
Cd, Pb, and Zn within our series results from their
comparatively elevated concentrations and specific
interactions with the peat organic-mineral complex.

Comparison with background concentrations in

European soils [22] yields the following: CC > 1:
Cd (3,447); CC < 1: Mo (0,693), Pb (0,66), As
(0,541), Zn (0,339), Cu (0,258), Ni (0,135), Sb
(0,118), Cr (0,046), Mn (0,037), Co (0,021), V
(0,014).

Relative to background values in Ukrainian
soils [22], the distribution is similar: CC > 1: Cd
(4,083); CC < 1: Pb (0,926), Mo (0,822), As (0,595),
Zn (0,402), Cu (0,254), Sb (0,134), T1 (0,12), Ni
(0,094), Cr (0,04), Mn (0,034), Co (0,018), V
(0,013).

It is important to emphasize that most soil
standards refer to total element concentrations,
whereas this study examines the fraction extracted
by weak acid — mobile forms. Therefore, actual total
concentrations in peat are likely higher, particularly
within anomalous horizons.

Vertical distribution of elements
profiles.

Profile 1 (Honchary) is the most contrasting in
terms of PTE concentrations (Table 1). In the upper
horizons (0-40 cm), mobile Pb does not exceed 8,9
ppm; Zn ranges from 13,5 to 26,1 ppm; Cd from
0,25 to 0,38 ppm; and Cu from 4,37 to 4,43 ppm. At
40-60 cm, Cu moderately increases to 6,57 ppm,
accompanied by a decline in Pb, Zn, and Cd.

The most pronounced anomaly occurs at 60-80
cm: mobile Pb reaches 132,35 ppm, Cd rises to 8,88
ppm, and Zn to 18,62 ppm, while Mn decreases to
3,38 ppm and pH reaches 7,41. This horizon also
displays elevated ash content (26,88%) and reduced
organic matter (73,12%). Below this level (80-140
cm), Pb, Cd, and Zn concentrations drop sharply
(Pb: 1,0-27,7 ppm; Cd: 0,05-1,77 ppm; Zn: 10,7-
13,9 ppm), although ash content remains high (up to
36,55%) compared to the upper profile.

The position of the anomalous Pb—Cd horizon
in the middle rather than the upper part of the profile
suggests secondary metal migration caused by verti-
cal redistribution/sorption/desorption on Fe/Mn ox-
ides, transport with groundwater, or the introduction
of material during land reclamation. Similar deep Pb
and Cd maxima are known from other peatlands
where post-depositional redistribution occurs under
variable redox conditions.

Profile 2 (Bilogorshcha) contains maximum Mn
(up to 70,25 ppm) and Zn (up to 41,42 ppm) values in
the upper 0-20 cm, along with increased Cu (6,82
ppm) and Pb (13,05 ppm). With depth, concentrations
of most metals decline, although Zn, Mn, and Ni re-
main relatively elevated to 40 cm, and Pb and Cu
persist at moderate levels down to 120 cm.

All horizons exhibit acidic pH (4,48-5,39) and
high moisture (>60%), typical for waterlogged low-
land bogs. The surface maxima of Pb, Zn, Cu, and
Mn correspond well with atmospheric deposition
trends and local pollution inputs documented for

in peat
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many European peatlands.

Profile 3 (Hamaliivka) is characterized by gen-
erally lower metal contents. The upper 0-40 cm con-
tains 3,2-4,4 ppm Pb, 9,5-13,5 ppm Zn, ~0,18-0,27
ppm Cd, and 2,35-2,45 ppm Cu. The middle part
(40-80 cm) shows only minor changes, while the
lower horizons (100-140 cm) feature a sharp As in-
crease to 14,9 ppm, accompanied by low pH (5,6-
6,1) and elevated ash (14-15%).

Deep As enrichment, contrasted with stable
concentrations of other metals, suggests a geogenic
source such as arsenic-bearing minerals in underly-
ing sediments or inflow of mineralized groundwater.
Similar patterns have been reported in peatlands
influenced by metalliferous waters and historical
mining zones.

The deep arsenic enrichment may reflect a geo-
genic source, as the Miocene and Upper Cretaceous
sedimentary units underlying the peatland locally
contain clay-rich horizons and dispersed sulfide
minerals capable of releasing As under reducing
conditions. Although no direct mineralogical data
are available for the studied site, the depth-specific
enrichment pattern is consistent with upward diffu-
sion or groundwater-mediated transport from miner-
alized substrata.

In samples from Artyshchiv and Polonychna,
relatively high concentrations of Pb (up to 16,15
ppm), Cu (up to 7,18 ppm), Zn (up to 20,4 ppm),
and Mn (up to 35,1 ppm) occur, particularly in sur-
face horizons. Sknylivok displays low to moderate
metal concentrations, with high moisture and low
ash content.

Overall, all sites exhibit substantial spatial het-
erogeneity in mobile metal concentrations — con-
sistent with the mosaic nature of PTE sources such
as atmospheric emissions, local human activities,
microrelief variability, and hydrological differences
within peatlands.

Against the broader European background, mo-
bile PTE concentrations in Lviv region peats can be
classified as low to moderate. Compared with indus-
trially affected peatlands in Romania, Poland, and
Ireland, where Pb may reach 50-60 ppm and Zn
over 40-70 ppm [6, 23], the studied peats contain
generally lower levels of Pb, Zn, Cu, and Ni. Con-
centrations of Mn, As, and Cr are close to or do not
exceed typical values for organic soils.

Crucially, these values refer to mobile forms,
which are potentially available to plant roots and
soil biota. Even relatively low concentrations of
such forms may be critical for sensitive species, es-
pecially under stress conditions (acid deposition,
drought, fires, drainage). At the same time, the re-
sults do not indicate systematic exceedance of regu-
latory limits or significant human health risks during
typical peat use, except for specific anomalous hori-
zons, which require detailed assessment before pos-
sible agricultural or recreational application.

The relationship between the content of metals
and physico-chemical parameters. Correlation anal-
ysis (STATISTICA, classical pairwise Pearson cor-
relation analysis) showed several significant statisti-
cal relationships between the content of mobile
forms of elements and basic physicochemical indi-
cators of peat (Table 3).

Table 3
Correlation matrix of mobile metal forms and physico-chemical parameters
in the studied peatlands of Lviv Region

Pb 1,00
Cd 0,99 1,00
As | -0,08 -0,07 1,00
v -0,10 -0,07 -0,06 1,00
Cr -0,10 -0,11 0,73 0,02 1,00
Mn | -0,10 -0,10 -0,01 0,45 0,46 1,00
Co 0,07 0,04 -0,15 0,54 0,15 0,52 1,00
Ni 0,04 0,04 -0,22 0,77 0,05 046 0,72 1,00
Cu 0,12 0,09 -0,14 0,15 0,27 0,50 0,68 0,46 1,00
Zn 0,19 0,17 -0,25 0,24 0,15 0,68 0,72 048 0,69 1,00
Mo | -0,04 -0,07 -0,02 -0,05 0,04 0,15 0,28 0,01 0,38 020 1,00
Sb 0,06 0,06 -0,07 0,40 -0,21 -0,14 0,01 0,30 -0,23 -0,10 -0,14 1,00
Tl -0,06 -0,08 0,09 -0,20 -0,08 -0,16 -0,02 -0,13 0,05 -0,08 0,32 0,12 1,00
pH 0,36 0,35 0,13 -0,21 0,03 -0,33 -0,18 -0,37 -0,06 -0,21 0,02 -0,10 0,01 1,00
\ -0,14 -0,15 0,18 -0,28 0,25 0,16 -0,13 -0,11 0,04 -0,05 0,07 -0,12 0,13 -0,57 1,00
Ash | 023 024 -0,09 0,22 -0,02 023 0,15 0,11 029 0,19 0,34 -0,30 0,06 0,44 -0,40 1,00
OM -0,23 -0,24 0,09 -0,22 0,02 -0,23 -0,15 -0,11 -0,29 -0,19 -0,34 0,30 -0,06 -0,44 0,40 -1,00 1,00

Pb Cd As V Cr Mn Co Ni Cu Zn Mo Sb TI pH W Ash OM

Bold values indicate significant correlations at p < 0,05.
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Ash content and organic matter. For most met-
als (Mo, Cu, Cd, Pb, Mn, V, Zn, Co, Ni), a positive
correlation with ash content and a negative correla-
tion with organic matter was identified. This pattern
reflects the tendency of these elements to concen-
trate in the mineral fraction of peat and/or to accu-
mulate in horizons with a more substantial influx of
mineral material. In contrast, Sb, As, and Cr display
negative correlations with ash content, indicating
their relative enrichment in more organogenic, low-
ash layers.

pH. pH values exhibit positive correlations with
Pb and Cd, and negative correlations with Ni and
Mn. This suggests reduced mobility of Ni and Mn
under more neutral conditions, while Pb and Cd
may form increasingly stable complexes with organ-
ic ligands as pH rises.

Relationships between metals. A remarkably
strong correlation was observed between Pb and Cd
(r = 0,99), indicating shared sources and nearly
identical migration behavior. Strong positive rela-
tionships also occur among Zn, Cu, Ni, Co, Mn, and
V (r=0,46-0,77), as well as between As and Cr (r =
0,73). These associations align with multivariate
statistical results from other European peatlands [6],
where similar clusters of elements reflect either ge-
ogenic signatures or anthropogenic inputs.

The results confirm the crucial role of mineral
admixture and acid-base conditions in regulating
metal mobility in peat, consistent with current con-
cepts of PTE chemical speciation in organic soils [9].

To further clarify geochemical associations, cor-
relation profiles were constructed (Fig. 4), enabling a
detailed examination of element relationships and
their behavior during peat formation. Analysis of the
ranked correlation coefficients revealed four principal
paragenetic associations of mobile forms of the stud-
ied elements: (1) Zn — Ni — Cu — Co — Mn; (2) Sb —
V; (3) Pb— Cd - TI; (4) Cr — As.

These associations reflect shared sources, simi-
lar bonding mechanisms, or coordinated migration
pathways within the peat deposit.

The strongly positive skewness and kurtosis
values for Pb, As, Tl and Cd suggest a distribution
close to log-normal; however, this conclusion is ten-
tative, as formal normality tests (e.g., Shapiro-Wilk
or Kolmogorov-Smirnov) were not performed.
These deviations imply heterogeneous inputs and
the presence of anomalous samples rather than a
fully log-normal statistical structure.

Sources and mechanisms of PTE accumula-
tion in the peats of the Lviv region.

The combination of statistical characteristics,
vertical distribution patterns, and correlation analy-
sis allows several inferences to be drawn regarding
the sources and processes controlling PTE distribu-
tion in the studied peatlands.

Elevated concentrations of Pb, Zn, and Cu in
the surface horizons of the Bilogorshcha peatland,
as well as in composite samples from Artyshchiv
and Polonychna, likely reflect the accumulation of
atmospheric aerosols originating from transport
emissions, fuel combustion, and local economic ac-
tivities. Such profiles, with PTE maxima in the
upper 20-30 cm, are typical of many ombrotrophic
and mesotrophic peatlands across Europe [6].

Deep As enrichment in the lower part of the
Hamaliivka profile, along with an increase in ash
content with depth in several profiles, indicates a
substantial contribution from mineral material de-
rived from underlying rocks and groundwater. Simi-
lar peatlands have shown [8] that elements prone to
binding with sulfides or Fe/Mn oxides (As, Cr, Ni,
Co) may accumulate in transition zones between
peat and mineral subsoil.

The pronounced mid-profile Pb—Cd anomaly in
Honchary, combined with low concentrations above
and below this horizon, suggests secondary migra-
tion or reworking processes — such as redistribution
driven by fluctuating redox conditions, groundwater
movements, or historical anthropogenic disturb-
ances. Comparable redistributions of Pb, Zn, and
Cd, driven by sulfide dissolution/precipitation and
varying stability of technogenic particles, have been
documented in Romanian and Polish peatlands [6, 8].

The negative correlation of most metals with
organic matter and their positive correlation with
ash content indicate predominant fixation to mineral
phases (Fe/Mn oxides, clay minerals). High organic
matter content in the upper, low-ash horizons likely
promotes complexation with humic substances,
forming stable organometallic compounds. These
observations agree with modern concepts of com-
petitive sorption between organic and mineral phas-
es in peat soils [9].

Conclusions

1. Physico-chemical characteristics. Peat de-
posits of the Lviv region are characterized by high
organic matter content (~80% on average), moderate
ash content (~20%), a wide moisture range (15-
87%), and pH values spanning acidic to slightly al-
kaline conditions (4,4-7,7). Vertical physico-chemi-
cal profiles vary markedly between peatlands, re-
flecting differences in hydrology and mineralization.

2. Average metal concentrations. The average
concentrations of mobile Pb, Zn, Cd, Cu, Ni, Mn,
and Cr are 10,8, 15,5, 0,65, 3,86, 2,09, 16,6, and
0,96 ppm, respectively. Most elements show high
coefficients of variation and asymmetric distribu-
tions, indicating mosaic patterns of accumulation
and the presence of local anomalies.

3. Local anomalies. The most pronounced Pb—
Cd anomaly (132,35 ppm Pb and 8,88 ppm Cd) oc-
curs at 60-80 cm in the Honchary peatland, contrast-
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Fig. 4. Correlation profiles of the distribution of mobile metal forms in the studied peatlands of Lviv Region

ing with generally low values elsewhere. In the Ha- 4. Comparison with regulatory and background
maliivka profile, notable As enrichment (up to 14,9  values. Comparison with national and European in-
ppm) occurs in deeper horizons. Most other sites  dicative soil standards shows that the average con-
show elevated Zn, Cu, Mn, and Pb in surface layers. tent of mobile PTE in Lviv region peats does not
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exceed background levels and remains significantly
below pollution thresholds except for a distinct Pb—
Cd anomaly in Honchary. Although the regional av-
erage concentrations of mobile PTE forms remain
low and generally fall within background levels, the
presence of sharp local anomalies, such as the Pb—
Cd enrichment in the Honchary profile, indicates
that the contamination pattern is spatially heteroge-
neous. Therefore, regional assessments should dis-
tinguish between background conditions and local-
ized anomalies, which may reflect site-specific geo-
chemical or anthropogenic factors rather than re-
gional contamination.

5. Controls on metal mobility. Correlation
analysis confirms the key role of ash content, organ-
ic matter, and pH in regulating metal mobility.
Strong positive correlations occur between Pb and
Cd, and among Zn, Cu, Ni, Co, Mn, and V, indicat-
ing shared sources and similar accumulation mecha-
nisms.

6. Scientific and practical significance. The
findings expand current knowledge on the geochem-
istry of European peatlands and provide the first
comprehensive characterization of mobile PTE
forms in the Lviv region. These results may inform

the development of regional ecological assessment
criteria, guide rational peatland use, and support
further environmental monitoring. These findings
also provide baseline information relevant for evalu-
ating the suitability of peat deposits for future eco-
nomic use, including agricultural substrates, land rec-
lamation materials, or other low-impact applications.

7. Although no widespread exceedance of in-
dicative thresholds was detected, localized anoma-
lies, particularly the Pb—Cd horizon in the Honchary
profile, may pose potential ecological risks if hydro-
logical conditions change (e.g., drainage, drying, or
enhanced groundwater flux). Under such scenarios,
remobilization of metal-bearing phases could in-
crease the availability of PTE to vegetation, soil bio-
ta, or adjacent water bodies. These zones therefore
warrant site-specific monitoring before any agricul-
tural or recreational use of peat from such layers.
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Pyxomi ¢popmu mikpoeseMeHTIB y TOppoBHX Binkiaagax JIbBiBcbKOI 001aCTi:
BEPTHUKAJBLHUI PO3MOIiJT TA 3B’ 30K i3 Pi3MKO-XiMiYHMMU BJIACTHBOCTAMH

Mupocnaea HArosenko’

K. T€0JL. H., CT. IOCIIL., CT. HayK. CIIiBpOOITHHK,

! TacTuTyT Teonorii 1 reoximii roprounx xonanun HAH Ykpainu, JIbBiB, Ykpaina;
Opiii Xoxa'

. TEOJL. H., CT. IOCIIiTHHK, ITPOB. HayK. CITiBPOOITHIK;

Mupocnae Iaeniox '

akanemik HAH Vkpainw, 1. reon.-MiH. H, mpodecop, pafHUK IIPH AUPEKIIT

VY poboTi gocmimKeHo BepTHKAIBHAN po3moAin pyxomux ¢Gopm Baxkux erementiB (Pb, Tl, Zn, Cd, Cu, As, Sb,
Mo, Ni, Co, Mn, Cr, V) y TopdoBux Bigkinagax JIbBiBCbKOI 00JacTi Ta BCTAHOBJICHO iX 3B 30K i3 0a30BUMH (Di3HKO-
XIMIYHUMH NTapamMeTpami (BOJIOTICTh, 30JIbHICTB, pH, BMICT opraniuHoi peuoBuHH). BifgiOpaHo 26 3pa3kiB 3 INTUOMHHOTO
inrepBaiy 0—140 cM 3 kpokom 20 cM (A5l TPHOX PO3PI3iB) Ta 3 BEPXHIX IIAPIB iHMIKUX TOPOBUI; pyxoMi ¢popmu erne-
MeHTiB ekcrparyBainu 0,2 M HCI i Bu3Hayanu MeTOJOM aTOMHO-EMICIHHOT CHIEKTPOCKOIIT 3 iHIyKTHBHO-3B’SI3aHOIO
mwia3moro (ICP-AES). [TpoBeneHO MOCIHTIPKEHHS 3aI€KHOCTI KOHIICHTPAI[iM XiIMIYHUX €JICMEHTIB BiJl ITHOUWHU Ta (i3u-
KO-XIMIYHHMX BJIACTUBOCTEH TOP(’SHOTO HIapy, B3a€MO3B’SI3KiB 1 B3a€MOJii MK BMICTOM MIKpOEJIEMEHTIB Ta IHIIMMHU
XapaKTepUCTUKaMHU TOp(y W OLIHKK MOMIJIMBHX JDKEPEN X HAKOMYEHHS 32 JOOMOT'OI0 CTaTUCTUYHOTO aHamizy. Bera-
HOBIICHO, IO cepeaHiil BMICT pyxomux ¢opm Pb, Zn, Cd, Cu, Ni, Mn ta Cr cranoBuB Biamosigao 10,8; 15,5; 0,65;
3,86; 2,09; 16,6 ta 0,96 mr/kr (ppm), Ipu Iy’Ke BUCOKHX KoedimienTax Bapiatii mist Pb, Cd, T1, Mo, Sb, Mn (0inbme
80 %), mo BKa3ye Ha MO3ai4Hy IIPOCTOPOBY CTPYKTYPY PO3IOBCIO[DKCHHS €leMEHTiB. MakcumanbHi 3HaueHHS Pb
(132,35 mr/kr) Ta Cd (8,88 mr/kr) 3adikcoBani y ropuzonti 60—-80 cm Topdosuma ['onvapu, a miaBumeHnii BMicT As
(14,9 mr/xr) — y HIKHINA 9acTHHI ipodinro ["amaniiBka. ¥ Oipmocti 3pa3kiB KOHIIEHTpAIIil pyXoMuX (opM €IIEMEHTIB €
3HAYHO HIKYUMH 32 OPIEHTOBHI HOpMaJbHI 3HAYECHHS JUIsl IPYHTIB Ta TIOPOTOBI PiBHI 3a0pyJHEHHsI, BCTAHOBJICHI st
OpHHX IPYHTIB y Kpainax €C, 110 CBIqUUTh PO 3arajoM HU3bKHU PIBEHb TEXHOI'CHHOI'O HABAHTA)KCHHS 32 HASBHOCTI
JIOKaJBbHUX aHOMaJIiii BMICTY CBHHIIIO Ta KaaMiro. Bojoricte Topdy B cepenabomy cranoBmia 59 % (15-87 %), 30mb-
HicTh — 20 %, BMICT opraHiyHoi peuoBuHH — 01u3bk0 80 %, pH BapiroBaB Bij KHCIOrO 10 ciabkoiyxHoro (4,4-7,7).
s mpodinie Binoroprina ta ['amaniiBka xapakTepHe 3pOCTaHHS BOJIOTOCTI 3 TITHOWHOK0, TOMI K y 'oHYapax crocrepi-
raeThcsl YepPryBaHHs OUTBII 3BOJIOKEHUX 1 BIIHOCHO MiJICYIIEHUX TOPU30HTIB. BCTaHOBIEHO MO3UTHBHUI 3B’ 30K BMic-
Ty OITBIIOCTI METAJIB 13 30JIBHICTIO Ta HETaTMBHUHA — 3 BMICTOM OpraHi4HO{ PEYOBMHH, a TAaKOX 1CTOTHY KOPEJALI0
Mix Zn, Cu, Ni, Co, Mn Ta V, mo Bijjo0pakae CIiJIbHICT JKepesl Ta MEXaHI3MIB akyMyJIsIii; HalBUIILy KOpEIsIio (1 =
0,99) BusBeHo Mix pyxomumu (popmamu Pb i Cd, mo miareepmkye ix crmiapHY TeoxiMiduHy moBemiHKy B Topdi. Pe-
3yJIbTaTH CBiA4aTh, Mo TopdoBumia JIEBIBIMHN € e()EeKTUBHUM TeOXiMIdHIM Oap’e€poM Ajs aKyMyJBAdii MOTEHIIHHO
TOKCHYHHX €JEMEHTIB, BOJHOYAC JOKaNbHI TauOnHHI anomaiii Pb—Cd ta As MoxxyTh OyTH ITOB’s3aHi SIK i3 T€OTEHHOIO
CKJIJIOBOIO, TaK 1 3 ICTOPHYHKUMH €11i30/1aMK aTMoc(epHOro HaaxomkeHHss. OTpUMaHi 1aHi YTOUHIOIOTH YSIBICHHS PO
reoxiMito yKpaiHChKUX TOPGOBUIL Ta GOPMYIOTh OCHOBY JIJIsl IOAAJIBIIOT OLIIHKY €KOJOTTYHUX PU3HKIB 1 IPUIATHOCTI
TOp(Y 0 TOCHIOAAPCHKOTO BUKOPHCTAHHS.

Knrouosi cnosa: mopgh, mopghosuwse, ceoximis, mikpoeiemenmu, pyxomi popmu, Hakonuuerws, Yxpaina, JIb6ieco-
xuti pecion, ICP-AES.
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