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Abstract

Purpose The study aims to assess the impact of human activity on the content and migration of trace elements in soil profiles
of various physico-chemical properties. The research hypothesis assumed that human impact related to the functioning of
buildings, agriculture, industry and communication negatively affected the trace element contents and physico-chemical
properties of soils in a selected urban area (the Grudziadz Basin).

Materials and methods Seven soil exposures were made in areas that differed in land use and soil type over an area totalling
approx. 200 ha. In the soil profiles, samples of soil of disturbed structure were taken from each genetic horizon. Selected
physico-chemical properties of soils were determined: soil texture, soil pH, TOC, CaCO3 content. The total content of heavy
metals in the soils was determined by AAS after digestion in hydrofluoric acid and bioavailable forms in 1 M DTPA. The
sources of elements in the studied soils were assessed using the following indices: Enrichment Factor (EF), Geoaccumula-
tion Index (Igeo) and Contamination Factor (CF).

Results and discussion The sand fraction dominated the examined soil profiles, with its content ranging widely and averaging 64.7%.
In general, the humus horizons had lower pH values than the deeper layers and parent rock horizons. The organic carbon content
ranged from 0.07 to 4.64%. The vertical decomposition of total N was strongly related to the decomposition of organic carbon. The
highest metal contents in the soil samples were for zinc, and then for nickel. Conversely, the lowest concentrations were for mercury.
Most of the profiles had higher contents of the analysed elements in their upper horizons. The humus horizons were characterised
by the accumulation of Cr, Hg, Zn and Fe. The samples from the soil profiles were highest in bioavailable forms of zinc and nickel.
Conclusions The assessment of human impact on the concentrations and migration of trace elements in profiles of agricul-
tural soils found the contents of heavy metals to be variable. Only in a few profiles were EF values for Cd, Pb and Ni found
to indicate the effects of human activity. Likewise, CF and Igeo attest to only slight contamination in the research area.

Keywords Soil profiles - Trace elements - Pollution indices - Anthropogenic factors

1 Introduction

The trace element contamination of soil is an indicator of
environmental quality. Soils are a major host for the accu-
mulation of elements, including trace elements, as well as
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acting as a natural filter preventing elements from penetrat-
ing into the soil profile.

Trace elements are mainly associated with the clay frac-
tion in most soils, and a high content of organic matter.
Therefore, loamy soils are more abundant in these elements
than are sandy soils, which have low sorption capacity and
acid reaction (Acosta et al. 2010; Kabata-Pendias 2011).

Trace elements occur naturally in the environment. They
derive from parent rock, organic matter, sediments and pre-
cipitation. They can occur in soil as a result of anthropo-
genic activities. Increases in heavy-metal contents in the
environment significantly affect the chemical composition
of plants, as well as disturbing the natural balances between
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the various minerals in plants (Okereafor et al. 2020). The
main industries they derive from are chemical, pulp and
paper, electrotechnical, glass, ceramics, asbestos, iron and
steel, non-ferrous metal, aluminium metallurgy, oil refin-
ing, coal-fired power and the coke industry. Over the years,
much research has been done on the impact that various
industries have on soil. It has been shown that the range of
impact of industrial emissions can be up to 50 km, though
the greatest changes have been demonstrated to occur in the
immediate vicinity of the emitters (Fruziniska 2011; Kabata-
Pendias 2011; Borrelli et al. 2020; Naidu et al. 2021). The
concentration of heavy metals in soils is equally affected
by road transport (Jaworska et al. 2015). Research shows
a significant statistical correlation between trace element
contents in soils and distance from emission source (a road).
Another source of anthropogenic impact on trace element
contents in soil is agricultural production. The main sources
of contamination of agricultural land are mineral fertilisers,
pesticides and plant protection products, as well as waste
from industrial-scale pig, cattle and poultry farms. The
heavy use of chemicals in agriculture, mainly as mineral
fertilisers containing trace elements, introduces them into
the soil, thereby increasing their contents. The mineral fer-
tilisers that are most heavily contaminated with trace ele-
ments are in order of contamination level: phosphorus > cal-
cium > potassium > nitrogen fertilisers. From the perspective
of protecting the soil environment, it is important to also
study areas potentially exposed to lower pollutant emissions.
Trace elements occur in soils in the form of various chemical
compounds with various types of bonds. Contaminated soils
contain more mobile forms of trace elements. This is due
to the processes of sorption, chelation and co-precipitation
with soil particles. Thus, under specific physico-chemical
conditions, the pool of bioavailable metals increases. The
changeability of conditions allows trace elements present
in soils to be transformed into mobile forms. Therefore,
in environmental, agricultural and geochemical studies, in
addition to determining the total amount of metals accumu-
lated in soils, it is important to collect data on their mobil-
ity and bioavailability to plants. The content of bioavailable
forms of a given element depends in part on the total content
(Czarnowska and Kozanecka 2001; Niesiobgdzka 2005).

It is important to study how the migration of heavy met-
als relates to soil composition, grain size and organic matter
content (including the various forms of organic carbon).

The research hypothesis assumed that production plants,
housing and service facilities, local roads and agricultural
areas located in the area covered by the research may nega-
tively affect the properties of the surrounding soils.

The aim of the research was to determine the physical
and chemical properties of soils, including the content and
profile distribution of trace elements in soils subjected to
anthropopressure.

2 Methods and materials
2.1 Study area and soil sampling

According to the division proposed by Kondracki (2009),
the research area is located in the Grudziadz Basin mes-
oregion, in the Lower Vistula River Valley macroregion
of the Southern Baltic Lake Districts sub-provinces of the
Central European Lowland province (Fig. 1). According to
Drozdowski (1974), the Grudziadz Basin traces its origins
to the glacial stage of the last glaciation and is associated
with glacial erosion by the ice sheet. The area lies in a tem-
perate climate zone and is characterised by a high temporal
variability in meteorological and climate parameters. Annual
precipitation ranges from 295 to 757 mm. South-westerly
winds predominate and wind directions are conditioned by
the orientation of the Vistula valley.

According to Journal of Laws of 2016 item 71, the indus-
trial activities carried out here are classed as posing a per-
manent threat of environmental impact. The research area
is partly crossed by a highway, whose adjacent soils are
exposed to contamination with substances from fuel com-
bustion and the abrasion of the road surface and vehicle tires.
A significant portion of the area is covered by agricultural
land (both arable and pasture) where agrotechnical treat-
ments are applied that may affect the physical and chemical
properties of the soil.

Seven soil exposures were made in areas that differed in
land use and soil type over an area totalling approx. 200 ha
(Fig. 2). In the soil profiles, samples of soil of disturbed struc-
ture were taken from each genetic horizon. For each plot, geo-
graphic coordinates (x, y) were defined. Point locations were
determined in the field using a GPS receiver (Fig. 2).

To describe the soil morphology, before field research
began, we analysed topographic maps, orthophotomaps,
detailed geological maps of Poland, and soil and agricul-
tural maps. The locations of the soil profiles were selected
based on these analyses and in-field observations. Then,
after verifying morphological features, this description was
corrected in the laboratory based on the Polish Soil Classi-
fication (PTG 2011) and the World Reference Base for Soil
Resources (WRB 2016).

2.2 Laboratory analysis

In air-dry soil samples, after sieving through a 2-mm
mesh, the following analyses were performed:

¢ Grain-size composition by laser diffraction using a
Malvern Mastersizer 2000E (ISO 13320 2009).

e Soil reaction as pH in extracts in H,O and in 1 M KCl
(ISO 10390 2005) by potentiometric method using a
CPC-551 pH meter (ISO 10390 2005).
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Fig. 1 Research area located in
the Grudziadz Basin mesore-
gion
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e Hydrolytic acidity by Kappen method (Kabata and
Karczewska 2017).

e Organic carbon and total nitrogen contents for 25 sam-
ples from the soil profiles using a VarioMAX CN ana-
lyser according to ISO 10694 (1995).

e Calcium carbonate content by Scheibler method
according to ISO 10693 (1995).

e Total heavy-metal contents after mineralisation in
Teflon crucibles in a mixture of HF and HCIO, acids
by Crock and Severson (1980) method using the ASA
method on a SOLAR 969 apparatus (Unicam).

e Bioavailable forms of heavy metals in soil samples by
Lindsay and Norvell’s (1978) method using 1 M dieth-
ylenetriamine pentaacetic acid (DTPA) as an extract-
ant by ASA method using a SOLAR 969 apparatus
(Unicam).

e Mercury content in soil by atomic absorption spec-
trometry using an AMA 254 analyser.

All analyses were performed in triplicate. The paper
presents the arithmetic means of the results. The results
were additionally verified using Till-3 certified material.

2.3 Statistical analyses

Calculations were performed in Statistica 12 software. The
tests were performed on data from the soil samples obtained
from the soil profiles. To summarise the data, basic descrip-
tive statistics were performed specifying minimum and
maximum arithmetic means (5c), kurtosis, standard devia-
tion (SD) and coefficient of variation (CV).

Pearson’s correlation coefficients (at p <0.05) were used
to determine the relationship between analysed elements and
the selected physico-chemical properties of the soils.
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The Shapiro—Wilk test was performed to determine the
probability that the sample came from a normally distributed
population.

2.4 Pollution indices

The sources of elements in the studied soils were assessed
using the following indices: Enrichment Factor (EF), Geo-
accumulation Index (Igeo) and Contamination Factor (CF).

EF is calculated by normalising the concentration of a
single metal in the soil with respect to the concentration
of a reference element. The reference element is one that
is particularly stable in soil and characterised by a lack of
vertical mobility and/or degradation phenomena (Ackerman
1980). Studies make wide use of Fe, Al, Mn and Rb as typ-
ical elements, and of total organic carbon and grain size
(Ackerman 1980; Loring et al. 1995). This way, the degree
of accumulation of other metals in the soil profile layers can
be determined relative to the concentration of the reference
element. The calculations employ the content levels of
individual metals, which are defined as the background val-
ues. EF is determined according to the formula:

__(M/Fe) in a genetic layer
" (M /Fe) background value

where: M =total metal content, Fe =total iron content.
According to Chen and Guo (2017), EF values were
divided into seven classes as follows:

EF<1 enrichment not indicated\

EF <3 slight enrichment

EF=3-5 moderate enrichment
EF=5-10 moderately severe enrichment
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7 18°42'35.313"E 53°26'18.478"E

Fig.2 Samples of soil of disturbed structure taken from each genetic
horizon

EF=10-25 severe enrichment
EF=25-50 very severe enrichment

Enrichment factors between 0.5 and 1.5 reflect natural
content of elements resulting from soil processes. An enrich-
ment factor above 1.5 indicates anthropogenic accumulation
of metallic elements (Zhang and Liu 2002).

The index describing the degree of soil contamination
with metals is the Geoaccumulation Index (Igeo). It was
originally defined by Miiller (1969) for metal concentrations
in the two-micron fraction. It is used to compare contents
of metallic elements in tested soil material against natural
metal concentrations. The geoaccumulation index is calcu-
lated according to the formula:

I—geo=log (Cn/(1.5%Bn))

where Cn=measured concentration of heavy metal in soil,
Bn=geochemical background value, 1.5 =natural variation
in the concentration of a metal in an environment of low
human impact; Cn is the concentration of a metal in the soil
reference to calculated values and Bn to background values;
the factor 1.5 is applied to order control the variations of Bn
values caused by the environment.

The applied geochemical background values were
derived from the analysis of the determined content in the
parent material (Table 1).

Geoaccumulation Index:

Igeo <0 unpolluted

O<Igeo<1 unpolluted to moderately polluted
1 <Igeo<2 moderately polluted

2<Igeo<3 moderately to highly polluted
3<Igeo<4 highly polluted

4 <Igeo<5 highly to extremely polluted
Igeo>5 extremely polluted

The Contamination Factor (CF) assesses anthropogenic
effects on the soil environment. It is calculated according
to the following formula:

total metal content

=ge0cheical background value

where (Hakanson 1980):

EF>50 extremely severe enrichment
Table 1 Geochemical . Cr Cu 7n Ni cd Pb Fe
background value used in 1 _1
calculations Profile (mgkg™) (gke™)
v 28.98 11.39 79.54 29.82 0.37 25.52 57.08
Silts
L IL 101, VI, VI 7.46 4.79 12.74 7.18 0.52 13.79 7.86
Sand
\% 17.53 3.97 25.88 13.00 0.52 15.48 19.73
Loamy sand
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CF<1
1<CF<3
3<CF<6
CF>6

low contamination factor
moderate contamination factor
significant contamination factor
very high contamination factor

3 Results and discussion
3.1 Morphology and systematics of soil profiles
Based on the analyses and in-field observations, the

locations of soil profiles were selected (Fig. 2) and soil
exposures were performed. Then, after verifying the

Table 2 Texture

morphological features of the identified soil horizons, the
studied soils were classified as Cambisols (profile I, VI),
Fluvisols (profile II, III, IV) and Luvisols (profile V, VII)
(IUSS Working Group WRB 2015).

3.2 Physico-chemical soil properties

Grain size is a basic soil property. The absolute and rela-
tive sizes of soil grains play an important role as they affect
many of the properties of a soil, and particularly physi-
cal and physico-chemical properties, and thus their utility
(Uziak and Klimowicz 2000). Grain-size distribution anal-
ysis used alongside the identification of physico-chemical
properties allows the genesis and soil-forming processes of

Genetic horizons Depth Gravel and Fraction (%) Granulometric
(cm) stones N subgroup
(%) Sand Silt Clay symbol(USDA)
(2.0-0.05 mm) (0.05-0002 mm) (<0.002 mm)
Profile I
Ap 0-20 5.5 76.56 21.05 2.39 Loamy sand (LS)
C 20-150 11.1 83.2 14.66 2.14 Loamy sand (LS)
C1 >150 10.4 84.96 13.16 1.88 Loamy sand (LS)
Profile II
Ap 0-25 3.0 57.92 38.81 3.27 Sandy loam (SL)
Bw 25-50 2.0 52.64 44.15 3.21 Sandy loam (SL)
C 50-150 1.0 91.8 7.55 0.65 Sand (S)
Profile IIT
Ap 0-35 2.8 67.82 28.89 3.29 Sandy loam (SL)
Bw 35-58 1.8 72.79 24.97 224 Loamy sand (LS)
C 58-150 1.3 96.22 3.66 0.12 Sand (S)
Profile IV
A 0-19 1.3 34.33 60.78 4.89 Silt loam (SiL)
Bvg 19-80 0.0 17.05 75.44 7.51 Silt loam (SiL)
Cg 80-150 0.0 3.13 84.64 12.23 Silt loam (SiL)
Profile V
Ap 0-25 2.0 39.82 55.37 4.81 Silt loam (SiL)
A 25-75 1.7 67.01 29.81 3.18 Sandy loam (SL)
Et 75-98 0.0 76.14 20.54 3.32 Loamy sand (LS)
Btg 98-120 2.0 39.82 55.37 4.81 Loamy sand (LS)
Cg 120-150 1.7 67.01 29.81 3.18 Sandy loam (SL)
Profile VI
Ap 0-58 4.5 68.34 28.51 3.15 Sandy loam (SL)
Bw 58-68 8.7 81.85 15.85 2.30 Loamy sand (LS)
Ck 68-150 39 92.23 6.85 0.92 Sand (S)
Profile VII
Ap 0-13 13.8 52.20 43.75 4.05 Sandy loam (SL)
A 1343 21.6 59.56 33.74 6.70 Sandy loam (SL)
Et 43-64 19.3 56.35 38.32 5.33 Sandy loam (SL)
Bt 64-80 18.2 34.05 55.81 10.14 Silt loam (SiL)
C 80-150 16.0 63.14 3142 5.44 Sandy loam (SL)
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aregion’s soils to be estimated. The sand fraction dominated
the examined soil profiles, with its content ranging widely
(Table 2) and averaging 64.7%. The average silt content was
34.5%, and the clay fraction averaged 4.0%. The soils in the
study area were found to vary greatly in grain size, which
may result from the diverse geomorphological structure. The
grain size of the soils is clearly dependent on the geological
formations from which they were created (Kabata-Pendias
2011). On the floodplain terraces, sands with a small amount
of clay and silt dominate, and in the areas that have been
flooded and separated from the Vistula by a flood bank, silt
dominates. River meadows are classified as intrazonal soils
that are influenced by climatic factors (as zone soils are), but
largely depend on local conditions, i.e. water relations and
geochemical factors (Bednarek and Prusinkiewicz 1999).
They are distinguished by a strongly acidic reaction and a
small clay fraction (Kabata-Pendias 2011).

In the tested samples from soil profiles, the pHyy, value
ranged from pH 5.33 to 8.36. The lowest pHy, value was

determined in a soil sample taken from the humus horizon
of profile No. II, and the highest in a sample from the par-
ent rock of profile VI (Table 3).The pH g, in the analysed
samples from the soil profiles ranged from pH 4.32 to 8.04.
The reaction was lowest in a sample from the parent rock of
profile IV and highest in a sample from the profile VI parent
rock (Table 3). In general, the humus horizons had lower pH
values than the deeper layers and parent rock horizons.pH
was highest for soil samples from soil profile No. VI, which
was classified as a Cambisol. The hydrolytic acidity (Hh)
was similar across profiles and ranged from 0.02 to 2.50
cmol(+)-kg~. It usually decreased with depth, being highest
in humus horizons (Table 3).

The calcium carbonate content was varied. It was highest
in a soil sample from profile V, at 3.98%, which may be due
to the soil having been limed.

The organic carbon content in the tested samples from
the soil profiles ranged from 0.7 to 46.4 g-kg™!. In gen-
eral, organic carbon content decreases down through the

Table 3 Physico-chemical

"  soil Genetic horizons  Depth pH CaCO;, OoC N total C:N Hh
properties of soils % ko~ Ko~ 1(+)-ke™!
(cm) o KCl (%) (gkg™) (gkg™) (cmol(+)-kg™)
Profile I
Ap 0-20 6.83 6.44 <1 6.2 0.5 13 0.6
C 20-150 7714 758 215 4.2 0.1 42 0.2
Cl > 150 795 7.8 3.22 6.8 0.1 68 0.2
Profile I1
Ap 0-25 533 433 <1 31.9 2.8 11 0.3
Bw 25-50 6.08 5.42 <1 46.4 6.4 7 2.3
C 50-150 712 6.53 <1 0.7 0.1 7 2.5
Profile 111
Ap 0-35 544 432 <1 16.0 1.1 15 1.3
Bw 35-58 6.10 5.33 <1 10.0 0.4 25 0.5
C 58-150 6.74  5.86 <1 0.7 0.1 7 14
Profile IV
A 0-19 5.88 497 <1 16.0 2.6 7 0.9
Bvg 19-80 6.92 5.86 <1 13.9 2.3 6 0.5
Cg 80-150 7.58  6.55 <1 13.3 2.0 7 0.5
Profile V
Ap 0-25 7.55 7.11 3.98 16.0 1.7 10 0.5
A 25-75 8.08 7.62 <1 2.0 0.2 10 0.1
Et 75-98 8.06 7.95 <1 1.3 0.1 13 0.2
Btg 98-120 836 7.25 <1 1.3 0.1 15 0.2
Cg 120-150 7.09  6.66 <1 1.3 0.3 5 0.4
Profile VI
Ap 0-58 727 694 <1 14.0 1.0 10 0.2
Bw 58-68 740  6.60 <1 1.7 0.1 17 0.3
Ck 68-150 8.12 8.04 1.13 4.8 0.1 148 0.1
Profile VII
Ap 0-13 7.25 6.92 <1 32.9 12.4 14 0.3
A 13-43 8.03 748 217 16.1 8.4 0.9 0.2
Et 43-64 7.62 729 1.13 16.1 0.7 23 0.2
Bt 64-80 8.12 739 234 16.1 0.2 80 0.2
C 80-150 8.02 753 1.75 13.1 0.2 66 0.02
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soil profile. The exception is profile II, where organic car-
bon content was greater in the subsurface horizon, which
is due to the tested soil being a Eutric Fluvic Cambisol
(WRB 2016), which is characterised by irregular enrich-
ment in humus and to its agricultural use. The develop-
ment of soil when the water table is lowered (e.g. on river
terraces) increases the oxygenation of subsurface layers
and increases biological activity below the humus level.
In the tested soils, the organic carbon content was below
35 g-kg™!. According to international conventions, humus
content below 35 g-kg™! (approx. 20 g-kg~'OC) is taken as
a sign of desertification (Gonet 2007). Accordingly, 89%
(by area) of Polish agricultural soils should be classified
as being low in organic matter content and/or drought-
affected. The degree of mineralisation of humus in the
soil is directly dependent on how much mineral nitrogen
is supplied by plants. In the studied soil profiles, the total
nitrogen content decreased with depth (except in profile
IT) and ranged from 0.1 to 18.4 g-kg™! (Table 3) The verti-
cal decomposition of total N was strongly related to the

decomposition of organic carbon. The nitrogen content
in Polish soils is 0.2-20 g-kg~!. The amount of nitrogen
present in soil fractions depends mainly on meteorologi-
cal conditions and agrotechnical treatments. The dynamics
of nitrogen are determined primarily by meteorological
conditions (temperature, precipitation) and the rhythm
of plant development and the forms of nitrogen fertilis-
ers used (Trawczynski 2016; Dromantiené et al. 2020).
The C:N ratio in the soil profiles tended to decrease down
through the soil profile (Table 3), probably reflecting the
greater decay and older age of the humus.

The calculated C:N ratio varied widely, from 0.9:1 (sam-
ple from soil profile VII) to 148:1 (sample from soil profile
VI). Researchers (Bednarek et al. 2004; Callesen et al. 2007)
emphasise that the lower the C:N ratio in the mineralised
material, the faster the organic matter decomposes.

The physico-chemical properties of soil affect the dis-
tribution of heavy metals in the environment. The size of
soil aggregates has a significant impact on the heavy-metal
contents in the soil. Heavy-metal concentrations in soils and

Table 4 Total content of heavy

. : Depth Cr Cu Zn Ni Cd Pb Hg Fe
metals in soil profiles . .
(cm) (mg-kg™) (gkg™)
Profile I
0-20 11.56 4.85 21.56 7.12 0.38 17.63 0.049 57.22
20-150 10.89 5.63 14.48 7.51 0.53 13.48 0.021 7.77
> 150 10.63 2.14 12.04 9.15 0.55 14.59 0.013 7.84
Profile IT
0-25 12.78 5.70 35.53 10.74 0.58 15.51 0.055 12.24
25-50 12.29 7.19 27.99 12.21 0.57 15.96 0.058 13.10
50-150 7.14 2.51 8.63 4.10 0.51 7.45 0.005 543
Profile IIT
0-35 11.08 2.63 31.78 7.80 0.55 11.41 0.029 7.32
35-58 11.12 16.52 25.93 8.38 0.55 7.82 0.018 6.51
58-150 6.04 13.91 8.53 6.84 0.54 6.92 0.008 3.04
Profile IV
0-19 13.17 5.86 35.03 12.33 0.52 13.01 0.033 10.63
19-80 26.05 12.73 68.29 27.54 0.45 24.04 0.074 39.34
80-150 28.98 11.39 79.54 29.82 0.37 25.52 0.107 57.08
Profile V
0-25 26.30 9.30 16.18 9.57 0.62 28.26 0.064 11.07
25-75 16.52 2.84 12.95 7.68 0.50 8.68 0.019 7.31
75-98 13.91 2.46 7.58 6.34 0.55 6.94 0.014 4.39
98-120 12.63 1.73 11.16 10.63 0.41 10.04 0.009 6.50
120-150 17.53 3.97 25.88 13.00 0.52 15.48 0.025 19.73
Profile VI
0-58 21.38 4.68 23.34 10.42 0.41 18.27 0.036 18.23
58-68 16.54 1.25 10.14 3.46 0.60 7.39 0.010 6.91
68-150 7.69 1.00 15.51 10.59 0.58 27.86 0.021 12.85
Profile VII
0-13 7.19 4.57 72.98 6.07 1.13 15.97 0.043 6.11
13-43 5.89 6.47 21.41 6.62 1.33 18.16 0.016 11.57
43-64 591 12.03 27.52 5.79 1.68 13.41 0.025 10.87
64-80 5.41 8.20 26.20 9.14 0.54 16.31 0.024 12.87
80-150 5.80 4.66 19.02 5.24 0.41 12.12 0.026 10.13
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sediments generally increase with decreasing grain size due
to the tendency of metals to bind to the finer soil fractions.

In the studied soil profiles, heavy-metal contents were
found to vary widely, which is related to the typological
diversity of the tested soils, the topography of their loca-
tion in the field and their physico-chemical properties. The
highest metal contents in the soil samples were for zinc,
ranging from 7.58 to 79.54 mg-kg™', and then for nickel,
ranging from 3.46 to 29.82 mg-kg~'. Conversely, the low-
est concentrations were for mercury, ranging from 0.005 to
0.107 mg-kg™! (Table 4).

Most of the profiles had higher contents of the analysed
elements in their upper horizons (Table 5). The humus
horizons were characterised by the accumulation of Cr,
Hg, Zn and Fe. Analysis of the lead content in soil shows
that this element’s quantity is positively correlated with
the total cadmium content and the share of clay fraction.
The average lead content in the study area was half that
of the average lead content in samples collected from
agricultural areas around the world (Wei and Yang 2010).

The average content of Pb and Zn was identical to the
average content indicated by Kabata-Pendias (2011) for
Polish soils. The average Cu content was similar to the
average copper content reported by Rézanski et al. (2017)
on arable land adjacent to the A1 motorway. The average
content of Ni and Cr corresponds to the average content
reported by Kabata-Pendias (2011) and that observed by
Rézanski et al. (2017) on arable land adjacent to the Al
motorway. In terms of the vertical distribution of mercury,
the same relationship is found as that indicated by Wang
et al. (2015), who showed that the concentration of mer-
cury was greatest in the arable layer (0—20), which mainly
evidenced the external source of this element in the soil.

Pursuant to the Regulation of the Minister of Environ-
ment of 1 September 2016 on methods for assessing pollu-
tion of the earth’s surface (Journal of Laws No. 2016, item
1395), the total content of trace elements in the studied soils
did not exceed the natural content levels (Table 4).

To illustrate the availability of micronutrients in the tested
soil, the content of DTPA-extracted forms, which are the

Table 5 Content of selected

c g R Genetic horizons Depth Cr Cu Zn Ni Cd Pb
bioavailable elements in (cm)
samples from soil profiles
(mg-kg™) Profile I
Ap 0-20 3.88 2.43 2.67 0.36 0.11 0.96
C 20-150 4.46 0.39 1.83 0.41 0.11 0.29
Cl >150 4.16 0.26 1.97 0.00 0.16 0.13
Profile II
Ap 0-25 4.58 4.67 11.79 4.16 0.17 0.63
Bw 25-50 0.00 0.85 10.10 7.35 0.00 0.67
C 50-150 2.73 0.53 3.13 0.96 0.00 0.25
Profile IIT
Ap 0-35 1.86 1.71 24.03 4.56 0.00 0.30
Bw 35-58 2.43 1.83 11.25 4.02 0.00 0.34
C 58-150 0.89 4.66 7.52 0.80 0.13 0.96
Profile IV
A 0-19 0.16 1.66 6.16 9.87 0.00 0.30
Bvg 19-80 0.20 2.47 4.14 5.36 0.00 0.34
Cg 80-150 0.00 2.12 34.46 3.87 0.13 0.96
Profile V
Ap 0-25 0.16 0.15 4.36 3.70 0.1 1.01
A 25-75 0.00 2.62 2.34 1.43 0.00 0.78
Et 75-98 0.33 1.68 2.80 1.10 0.00 0.26
Btg 98-120 0.07 1.71 2.47 1.76 0.09 0.93
Cg 120-150 0.00 3.02 4.66 0.44 0.17 0.05
Profile VI
Ap 0-58 0.00 0.53 8.80 1.01 0.00 0.31
Bw 58-68 0.05 0.18 3.47 0.45 0.00 0.68
Ck 68-150 0.00 0.62 1.82 0.24 0.00 0.13
Profile VII
Ap 0-13 0.00 1.18 4.15 2.06 0.00 1.75
A 1343 0.00 5.84 9.74 0.51 0.17 0.44
Et 43-64 0.17 7.81 3.88 1.09 0.24 4.37
Bt 64-80 0.00 0.85 9.74 1.00 0.42 0.00
C 80-150 0.00 0.63 3.88 0.60 0.20 345
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Table 6 Enrichment Factor (EF) Cr Cu 7n Ni cd Phb
Mean 0.21 0.13 0.23 0.14 0.1 0.18
Max 3.57 7.51 7.37 2.48 7.64 3.25
Min 1.46 1.58 1.53 1.17 1.76 1.16
SD 0.82 1.62 1.31 0.60 1.57 0.69
Fig. 3 The distribution of E F
metallic elements determined
using Enrichment Factor
——7/n Pb Cd
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6
[N
w
4
——
2 / \\
0 R
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forms defined as bioavailable, was determined. The samples
from the soil profiles were highest in bioavailable forms of
zinc, ranging from 1.82 to 34.46 mg-kg~! and nickel, rang-
ing from 0.00 to 9.87 mg-kg~! (Table 5). The results were
characterised by a high coefficient of variation.

The basic criterion for assessing the ecotoxicological
harmfulness of heavy metals is the dissociability of their salts,
and the ionic forms are considered mobile, i.e. absorbable by
plants. The amounts in which heavy metals are absorbed by
plants are strongly influenced by the type and form in which
they occur and their total content in the soil. The interaction
of the ions of these elements stimulates or inhibits their uptake
by plants (Dube et al. 2001; Qishlaqi and Moore 2007).

Statistical analysis showed a statistically significant posi-
tive correlation between clay fraction content and total con-
tent of: Zn (0.6186775), Ni (0.617177), Pb (0.436323), Hg
(0.593812) and Fe (0.482107) at p <0.05. A positive, statis-
tically significant correlation was also found between con-
tent of DTPA-extracted Zn (0.530197) and Cd (0.461939)

PROFILE

and share of clay fraction. By contrast, this relationship was
negative for Cr DTPA (-0.413060). Organic carbon content
was statistically significantly positively correlated with total
content of Zn (0.500120), Hg (0.513378) and Ni DTPA
(0.573374). The remaining correlations between the exam-
ined soil properties and the total content of micronutrients
and their bioavailable forms can be considered weak.

The distribution of metallic elements in individual genetic
layers of soils was determined using the Enrichment Factor
(EF). In most of the studied profiles, EF for Cr, Cu, Zn, Ni,
Cd, Pb was in the range 0.5-1.5, which corresponds to the
natural levels for these elements. As regards the content of
Cd and Pb, levels were slightly elevated in the V profile, and
moderately elevated in two genetic layers (Table 6, Fig. 3).
This may result from the pedogenetic process of lessivage,
but it also may be anthropogenic. In addition, this indica-
tor also showed slightly elevated levels of Cd in profile VII,
which are also classified as Luvisols. There is also a slight
enrichment in Ni in the luvic (Lat. eluere) and argic (Lat.

Table 7 Contamination Factor Cr Cu cd Hg Ni Pb Zn
(CF)
Mean 0.45 0.21 0.29 0.41 0.73 0.45 0.19
Max 2.87 3.45 5.73 1.7 3.23 2.02 7.28
Min 1.20 1.18 1.47 0.97 1.22 0.97 1.24
SD 0.53 0.81 1.11 0.33 0.56 0.39 1.33
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Fig.4 The distribution of
metallic elements determined
using Contamination Factor
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Table 8 Geoaccumulation Cr Cu 7n Ni cd Pb Fe
Index (Igeo)
Mean -0.52 —0.86 -0.70 -0.56 —-0.31 -0.53 -3.52
Max 0.28 0.36 0.58 0.04 0.33 0.13 -2.30
Min -0.13 -0.20 -0.11 -0.22 -0.12 -0.22 -2.86
SD 0.18 0.29 0.29 0.16 0.15 0.18 0.34

argilla) levels in the V profile, which may be associated with
the process of lessivage. Profile III, classified as Fluvisols,
showed moderate and moderately severe enrichment in cop-
per, which should be considered a result of human impact.
The determined Contamination Factor (CF) indicates low
or moderate contamination with metallic elements and thus
proves a moderate impact of anthropogenic factors on the

Fig.5 The distribution of
metallic elements determined
using Geoaccumulation Index

0.8
0.6
0.4
0.2

IGEO

-0.2
-0.4
-0.6

soil environment. Only in four cases was CF found to be
significant and very high (Table 7, Fig. 4).

The Geoaccumulation Index (Igeo) reflects the degree of
soil contamination with metals. Except for a few samples in
which values are < 1 (slight to moderate pollution), the Geo-
accumulation Index of the soil profiles is negative, evidenc-
ing slight contamination of the study area (Table 8, Fig. 5).

IGEO

——/n Pb Cr
3 4 5 6 7
k)vK
PROFILE
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4 Conclusion

The assessment of the human impact on the concentra-
tions and migrations of trace elements in agricultural soil
profiles showed variability in the content of heavy metals.
This is related to the typological classification, location
in the study area and the physical and chemical properties
of each tested soil. In all tested soil profiles, the total con-
tent of trace elements did not exceed natural levels. There
is a noticeable correlation between trace element content
and soil granulometry (higher clay fractions were associ-
ated with higher levels of micronutrients). The sources of
elements in the studied soils were assessed using the fol-
lowing indices: Enrichment Factor (EF), Geoaccumulation
Index (Igeo) and Contamination Factor (CF). In most of
the profiles, the calculated values of the above indicators
were within the ranges of naturally occurring contents of
selected elements. Only a few profiles found that the EF
values for Cd, Pb and Ni were indicative of human impacts.
Similarly, CF and Igeo confirm only minor contamination
in the study area. The coefficients of anthropogenic impact
on soils indicate that the content of individual elements in
the study area was influenced by agriculture, housing and
production buildings, but in a moderate range.
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