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Abstract Content of potentially toxic elements was
examined in soils from Srem (Vojvodina), to evaluate
industrial facilities as pollution sources. Based on the
distribution of the elements, the results of sequential
extraction, enrichment factor (EF), ecological risk factor
(Er), ecological risk index (RI), and statistical analysis,
the current ecological status of the soils was determined.
Elements in soils around the industrial facilities can be
grouped into the five significant components derived by
the principal component analysis (PCA), which explains
78.435% of the total variance. Al, Fe and Mg, and K and
Mn are associated with two lithogenic components,
respectively. Anthropogenic origin is identified for Hg
and Cd. Mixed sources, geogenic and anthropogenic,
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are identified within two PCA components; one wich
includes As, Pb, B, Zn, and the other: K and Cr, Ni and
Cu. Cluster analysis (CA) corroborated the results ob-
tained by PCA. The preliminary results revealed that the
soils studied in a vicinity of industrial facilities in Srem
have been exposed to different degrees of pollution.
Among the characterized studied elements, Pb, Cd,
Hg, Cu, Ni, and Cr are the main contaminants. Based
on calculated EF, the studied soils show minor to severe
enrichment with heavy metals. Ecological risk assess-
ment results indicate that Cd and Hg carry the highest
ecological risk level, and Zn and Cr the lowest.

Keywords Heavy metals - Boron - Cobalt - Soils -
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Introduction

Soils are a medium in which heavy metals and other
contaminants accumulate from various sources, espe-
cially in the surface layer. The accumulation of heavy
metals in such environment presents a potential risk to
humans by the transfer of these elements into the aquatic
environment, or uptake by plants entering the food
chain. Element content in soils and sediments depends
both on the nature of the parent material, due to process-
es such as erosion, transformation or transport, and on
various anthropogenic activities. Activities in urban
areas, including emissions from transport (exhaust gas-
es, tyre wear, particles formed by road erosion), indus-
trial waste (from power plants, fuel combustion,
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metallurgy, automobile repair plants, chemical industry,
etc.), household waste, and erosion of buildings or side-
walks, etc., can be a source of soil pollution (Su et al.
2014). Industrial pollution usually contaminates surface
layers 0—40 cm, and in the other hand, elevated values
that originate from the natural sources, i.e., geological
matrix, are accommodated at all depths (Krishna and
Govil 2007). Thus, soil and atmosphere around urban
and rural areas that could contain the metals originating
from industrial sources are as follows: Hg, Cr, Cu, Pb,
Zn, Ni, Cd, and As (Lee et al. 2005; Yongming et al.
2006; Baez et al. 2007; Lu et al. 2007; Slezakova et al.
2007; Ghariani et al. 2009; Maura de Miranda et al.
2012; Nagajyoti et al. 2010; Wuanna and Okiemen
2011; Li and Feng 2012; Su et al. 2014).

In agroecosystems, which are observed in this paper
as well, there are two main input pathways for microel-
ements as potential pollutants: through air (aerosol,
suspended particles, resuspended particles, and newly
formed particles in the atmosphere, etc.) and through
soil (agrochemistry use, solid waste, etc.), while their
output is due to crop removal, plant use in food and
textile industries, leaching and erosion of soils.

The actual concentration of the elements in soils is
affected by anthropogenic element fluxes, while the
background (BG) concentration of microelements in
the soil does not change much because of short-term
agricultural activities (Bradford et al. 1996). The main
sources of heavy metals in agricultural soils, in addition
to the aforementioned impacts from cities, are exhaust
gases from transport, landfill, sewage sludge, fertilizers,
and pesticides (Montagne et al. 2007), as well as irriga-
tion by impure water. Once agrochemicals, fertilizers,
especially phosphates, and pesticides are applied, the
soil may become contaminated with Cd, As, Pb, Hg,
Cr, Zn, and Cu. Zn and Cu appear in manure due to
supplements added to animal nutrition (Mico et al.
2016; Huang and Jin 2008; Cai et al. 2012; Pinto et al.
2015; Yong et al. 2015). Besides that, impure water
irrigation may enrich the soil with Fe, Mn, Zn, Pb, Cu,
and Cr (Shomar et al. 2005; Khan et al. 2010).

As the samples used for this study were collected
mostly from a set of agricultural soil surfaces surround-
ing the industrial facilities, potential sources of pollution
could be agrichemicals, including irrigation, apart from
industrial activities. Additionaly, possible pollution
sources include traffic activities within the nearby urban
areas and contamination from the combustion of fossil
fuels, both within the industries as well as in private
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households, including city stoves during the autumn and
winter periods. In many studies, it has been established
that increase in Cr, Ni, Co, and Cu contents originates
from natural sources—parent rocks (Bradford et al.
1996; Rodrigues Martin et al. 2006; Cai et al. 2012; Li
and Feng 2012; Naveedullah et al. 2013; Giuseppe et al.
2014; Panagopoulos et al. 2015; Pinto et al. 2015).

Furthermore, within the framework of GEMAS pro-
ject, many samples (above 2000) of agricultural soils
were collected across almost the entire European conti-
nent, resulting in a publishing of a set of the elements.
Albanese et al. (2015) presented Co, Cr, Cu, and Ni
distribution in agricultural and grazing land soil of
Europe. The association of these elements suggests the
presence of mafic and ultramafic parent rocks (rocks
which can be associated with ancient oceanic crust),
and their influence on concentration is a well-known
fact for soils in Serbia, northern Greece, and Italy. Here,
the studied area of Vojvodina has a different geological
matrix (sedimentary rocks) relative to other parts of
Serbia. Consequently, we assumed that there are some
differences in contents of the elements, in particular of
Co, Ni, Cu, and Cr. Previous studies of soils explained a
presence of Cr and Ni in the territory of Vojvodina as a
consequence of the geochemical characteristics of the
lithological matrix (bedrock) (Ubavi¢ et al. 1993;
Sekuli¢ et al. 2005; Sakan et al. 2007, 2010, 2011;
Strbac 2014; Nesié et al. 2008; Ninkov et al. 2010:
Maksimovi¢ et al. 2012) where in the content level of
Cu determined in the sediments and soils is in good
correlation with Ni (Reli¢ et al. 2005). Higher Ni con-
tent, particularly in the alluvial-diluvial soils of Srem
and the Sava river coastline, Dozet et al. (2011) ex-
plained by alluvial processes which may have
transported nickel from ultramafic rocks (as a bedrock)
exposed at Fruska Gora Mountain towards a
hypsometrically lower relief. Uniform Co content in soil
samples (agricultural or non-agricultural) (Brankov
et al. 2006) indicates an insignificant anthropogenic
effect. By this paper, we improve the previous explana-
tion of the possible natural sources of these trace
elements.

On the other hand, some researchers (Jaksi¢ et al.
2012; Zeremski-Skori¢ et al. 2015) observed higher
values of Ni and Cr content attributed as a consequence
of anthropogenic impact (especially in surface layers)
generated by the sewage sludge, composts, and fertil-
izers. Elevated concentrations of copper seem to appear
due to the application of copper compound fungicides
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(Ninkov et al. 2010, 2012). In the aforementioned re-
ports, the mean content of the toxic elements Pb, As, Cd,
and Zn is below the maximum allowed content (MAC)
according to the domestic standards; however, the main
reasons for increased values in some localities are con-
sequence of the application of agrochemistry (Ninkov
et al. 2010) including traffic, in the case of Pb (Popovi¢
et al. 2008). Even though aforementioned researcher
made some progress, there are the leak of the data that
can be used in geochemical mapping and determination
of status of nutrition value and the presence of unhealthy
elements in soils of Serbia and Vojvodina. In order to
characterize the concentration level of the trace ele-
ments, and influence to quality and safety of food and
food crops, than hazardous natural and anthropogenic
sources that have existed, more information are
required.

The initial guideline of this paper is a potentially
higher impact of the industrial facilities to the level of
toxic trace elements. Here, we included boron, an ele-
ment that has been recognized as an essential element
for plants much earlier. It is one of the seven essential
micronutrients and is, therefore, extremely important in
the production of commercial crop plants. Although
many studies of boron content in the soils have existed,
the method of sequential extraction as described in our
work has never been applied to this element. We have
opinion that it is important to characterize the form of
this element in soils and that the information in this
paper might be useful in other studies in the future.

The presented article provides an approach to evalu-
ate the origin, pollution status, and environmental risk of
the toxic elements in soils surrounding industrial facili-
ties in Srem (Vojvodina), using the following: enrich-
ment factor (EF), ecological risk factor (Er), ecological
risk index (RI), statistical methods (principal component
analysis (PCA) and cluster analysis (CA)) and risk
element speciation by applying sequential extraction.
In addition, geochemical background content (BG) for
the elements is determined in the investigated area.
These BG values should be a representative of the
geological settings, bedrock, and chemical composi-
tions of studied region and they must be determined
locally. Currently, published studies that characterized
concentrations and patterns of spatial distribution of
heavy metals, as well as their background values in soils
located at Srem are extremely limited. Moreover, in this
research, the EF values are calculated by using Co as
element for normalization. Such approach in assessment

of anthropogenic impact in soils is relatively new, since
it has not been applied often in researches.

Definition of the environmental status of Srem is
important because the entire Vojvodina, as well as
Srem, is a typical agricultural region with a dominant
percentage of agricultural land. We expect that the re-
sults of this study would provide answers to the ques-
tions related to the origin of various toxic elements.
Furthermore, the results of this research should contrib-
ute to the creation of an environmental database of the
soils of the Vojvodina region, Serbia, and Europe.

Material and methods
Study area

The Srem administrative area is situated in the north-
western part of Serbia, in southwest Vojvodina. The
northern boundary is presented by the Danube River,
and the western boundary is the state line with Croatia,
while the rivers Sava and Danube (further downstream)
form the eastern edge.

The Srem area is part of the Pannonian basin, where
tectonic activity, i.e., faulting and subsidence of the
ancient ‘Pannonian land’, was not part of the processes
that can be associated with the Fruska Gora domain. As
a consequence of tectonic activity during Neogene, a set
of sedimentary successions associated with shallow
lakes were accommodated. Neogeneis followed by lo-
calization of Quaternary deposits: initiation of the
Danube River bed (upper Pleistocene) formation by
termination of lacustrine sedimentation and dry-out.
These processes are followed by accumulation of a
eolian material which is further deposited by the rapid
climatic changes in the glacial and inter-glacial periods,
further resulting in the rhythmical alteration of glacial
and fluvial erosion. These processes shaped the present-
day geomorphological units: (1) the mountain chain of
Fruska Gora and (2) ‘Ravni Srem’ area, composed of (a)
loess deposits of Fruska Gora and the Zemun Plateau,
(b) loess terraces of the southern realm of the Srem
loess, and (c) alluvial planes of the rivers Sava and
Danube (Niki¢ et al. 2010). Among the other geological
formations, surface Quaternary deposits, late
Pleistocene deposits, and Holocene deposits have the
most prominent role. The surface geology of Fruska
Gora Mt. is rather different to the surrounding geomor-
phological units. Fruska Gora Mountain is composed of
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metamorphic and partially magmatic rocks, which dif-
ferentiates the research point in a vicinity of Beocin
from other sampling locations. The northern slope,
where Beoéin (point 8, Fig. 1) is situated, consists
of marly tuffites and tuffaceous marl (marine fa-
cies) with a high calcium carbonate content
(Arsikin and Congradac 1979).

Other sampling localities, designated 1-7 (Fig. 1),
are positioned within the sediments of the Ravni
Srem. Holocene deposits are presented by alluvial
terraces, terraces of alluvial flood plains, alluvium
and diluvium. A large part of the deposits across the
investigated area can be associated with the
Pleistocene: shallow lacustrine systems, including
swamp deposits, proluvial-diluvial deposits, and
loess-swamp deposits accommodated in lower ter-
race flat planes. In the Fruska Gora domain, proluvial
deposits are in the form of conus, and accumulations
of intermittent water flow (between Cerevié¢ and
Beocin), while diluvial deposits are associated with
the mild hill-slopes. Diluvial deposition and accumu-
lation processes were very intensive in the vicinity of
Ruma and other settlements on the northern slopes of
Fruska Gora (Cvetkovi¢ 2010). Processes associated
with proluvial-diluvial deposition could have some
influence on the present-day soils associated with the
majority of the sampling points; thereby, the soil

samples can be related to the latest Quaternary sedi-
mentary successions.

This study observes mostly agricultural soils sur-
rounding the industrial facilities in eight localities
(Fig. 1): (1) Simanovci town, samples S1-S5 (S1: plant
for manufacturing cauldrons and cutting metal, S2—S3:
printing house, S4-S5: plant for pesticides and facade
material); (2) Pecinci, samples S6-S8 (sugar refinery);
(3) StaraPazova, samples S9-S14 (S9: salt plant, S10:
printing house, S11: solid metal waste, S12—S14: metal
processing factory); (4) Indija, S15-S20 (S15-S16: to-
bacco factory, S17-S18: paint and lacquer factory, S19—
S20: animal feed manufacturing, battery plants, tin sheet
manufacturing); (5) Ruma, S21-S26 (S21-S22: leather
industry, S23-S26: tyre industry); (6)
SremskaMitrovica, S27-S32 (S27-S28: plant for wood
processing, cellulose and paper, S29: urban area, S30—
S32: sugar refinery); (7) Sid, S33-S41 (S33-35: paint
and lacquer factory, S36—S37: insulation material facto-
ry, S38 and S41: oil refinery, S39-S40: animal food
factory and printing house); (8) Beocin, S42—S45 (ce-
ment industry).

Sampling and analytical method

Forty-five soil samples (S1-S45) were collected in
October 2010 from agricultural and non-agricultural

®
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N Zrenjanin
Novi Sad
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Sremska Mitrovica
°

b)

The study area
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Fig. 1 Location of the study area. Explanation: the studied soil samples - Srem locality; Srem is part of Vojvodina; Vojvodina is part of Serbia
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land of 15 industrial zones of Srem. Sampling was
performed using plastic shovels, at various depths de-
pending on whether samples were of agricultural or non-
agricultural soils (10-30 or 30-50 cm, respectively),
according to the GEMAS (Geological Mapping of
Agricultural and Grazing Soils) sampling methodology
(EuroGeoSurveys Geochemistry Working Group 2008).
Composite samples of 1 kg were divided into 200-g
portions. The representative samples were divided for
granulometric, mineralogical, and chemical analysis.

The other set of samples was obtained by digging
seven boreholes at different depths. For the purpose and
aim of the study, seven soil samples from shallow layers
(0.2 or 0.3 m), as well as six samples from the deepest
layers from the same boreholes (6.8, 6.0, 6.0, 7.4, 7.9,
and 5.0 m) were considered. After sampling, all samples
were frozen at — 20 °C until analysis. Chemical specifi-
cation was conducted by modification of the Tessier’s
sequential extraction (Tessier et al. 1979) which includ-
ed the five phases: F1—"“ion-exchangeable”-adsorbed
and water soluble metal forms, and much less metal
bound to carbonate (IMCH3COO(NH,)); F2—metal
bound to carbonate and easily reducible species
(0.01 M HCI and 0.1 M NH,OH-HCI); F3—metal
bound to moderately reducible phases or the Fe-oxide
fraction (0.2 M H,C,04 and 0.2 M (NH,4),C,0,); F4—
organic matter and sulfides (30% H,0, adjusted to pH 2
with HNO;, followed by extraction with 3.2 M
CH;COO(NH,)); F5—“residual” fraction (6 M HCI)
(Sakan et al. 2011; Reli¢ et al. 2005).

The concentrations of trace elements Cu, Cd, Pb, Cr,
Cu, Co, Ni, Pb, Fe and Mn, B, As, and major elements
Al, Ca, Mg, and K from the five extracts were deter-
mined by ICP/AES (inductively coupled plasma atomic
emission spectrometry; iCAP-6500 Duo, Thermo
Scientific, UK), and the concentration of Hg was deter-
mined using a mercury hydride generation system
(Perkin Elmer 6500, MHS-15). Light metal contents
represent macro components in the soil matrix; it was
used to understand the interactions of light metals with
the elements studied, using statistical analysis and cor-
relations. The organic matter content (% of humus) was
determined by the Kotzman method.

Quality control, accuracy, and precision of the mea-
surement and concentration values were performed
using a certified reference material, Loamy Soil
3(CRMO034-50G:;Fluka Analytical), after aqua regia di-
gestion (USEPA 3050 b). The recoveries (%) of the
elements were as follows: Cd 94.2, Cr 104.4, Cu

101.5, Ni 100.5, Pb 97.3, Zn 101.6, Co 99.0, Hg 76.7,
Fe 103.3, Mn 99.9, B 101.8, As 102.8, Al 109.8, Ca
100.5, Mg 96.4, and K 104.2.

Granulometry and mineralogical analysis

Grain sizes were detected by sieving and by the pipette
method. Sieving was performed using 4, 2, 1, 0.5, 0.25,
0.125, and 0.063 mm sieves; for the pipette method, a
fraction finer than 0.063 mm size (at a temperature of
20 °C) was taken. For analysis of samples, defined
pipetting time intervals were used to divide particles of
0.02, 0.01, 0.005, and 0.002 mm size; samples were
classified according to Konta (1973).

The fraction of soils coarser than 0.063 mm was
examined in immersion fluid under a binocular loupe
or polarization microscope in emitted light (OrtolixII
Pol-Bk and LeitzWeltzlar, Germany), in order to ob-
serve the main coarser components of the geological
matrix and the presence of rock fragments (especially
igneous rocks).

Statistical analysis

Descriptive statistics, including mean, standard devia-
tion, maximum, minimum, and median values, were
used to present results. Correlation coefficients
(Pearson’s coefficient) can be used to understand rela-
tions between elements and their similarity or dissimi-
larity with regard to origin, geochemical affinity, and
ways of transformation. Multivariate statistical analysis,
PCA, was applied to check for some logical patterns in
the data that might be explained. CA is usually used in
combination with PCA; its primary purpose is to classi-
fy the objects of a system into categories—clusters—
based on their similarities (Suresh et al. 2012). The
objective is to find an optimal grouping of parameters
within each cluster as similarities and differentiation
between distinct clusters as dissimilarities. Descriptive
statistics, CA, and PCA were carried out using SPSS 21
for Windows.

Assessment of soil pollution status

Determination of the extent or degree of pollution by a
given heavy metal requires comparison of the pollutant
metal concentration with that of reference material—
unpolluted or pristine substances comparable with the
samples studied (Abrahim and Parker 2008). Two major
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methods for determining BG content are common: di-
rect (geochemical) and indirect (statistical) (Pinto et al.
2015). The geochemical method refers to the investiga-
tion of samples unaffected by industrial activities—at a
certain distance from anthropogenic pollution sources,
or deep core samples (Dung et al. 2013)—and uses
simple descriptive statistics, such as median or mean,
to estimate BG content (Pinto et al. 2015). The research
in this paper is based on the geochemical method. The
area distant from sources of anthropogenic pollution
chosen to determine BG values is the area of southwest-
em Srem covered with oak wood in which seven bore-
holes were drilled (point BG, Fig. 1). The reference BG
values were taken as the mean of the concentration of
the element from the samples of boreholes at a depth of
0.2 or 0.3 m (BG1) and at the deepest point (6.8, 6.0,
6.0,7.4,7.9, and 5.0 m) of these boreholes (BG2). The
value taken for final comparison of the results was the
average (BGavr), the arithmetic mean of BG1 and BG2
values (Table 1).

Also, according to the organic matter content, the
samples examined were from chernozems; for compar-
ison, the mean value and the range of values (Table 1) of
the concentration in the chernozems are given as well
(Kabata Pendias 2011).

As it is known that heavy metals of anthropogenic
origin are mostly concentrated in mobile phases and
have affinity for easily soluble geochemical fractions
(Lu et al. 2007; Sakan et al. 2010), the distribution
between phases after sequential extraction can be an
indicator of anthropogenic impact in some areas.

Table 1 Reference values (mg kg ™"): background (BG) and con-
centrations (Cavr and Crange) in chernozems

Elements BG1* BG2* BGavr Cavi® C range’
Pb 12.3 19.9 16.1 23 870

Zn 51.3 48.0 49.7 65 20-770
Cu 13.5 19.9 16.7 24 6.5-140
Ni 37.2 56.8 47.0 25 661

Co 12.5 12.3 12.4 7.5 0.5-50
As 5.67 5.84 5.76 8.5 1.9-23
Hg 0.38 0.22 0.30 0.1 0.02-0.53
Cd 0.32 041 0.36 0.44 0.18-0.71
Cr 40.0 52.5 46.2 77 11-195

B 3.70 1.81 2.76 45 11-92

2 This manuscript
®Kabata Pendias (2011)
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Another criteria to quantify anthropogenic influ-
ence and risk level can be EF. This factor represents
the actual contamination level of recent soil compared
to older soil (e.g., at deeper depths). An EF of approx-
imately 1 is considered an indicator of lithological
origin, while values above 10 indicate anthropogenic
origin (Nolting et al. 1999). According to some au-
thors, an EF <5 (Li and Feng 2012) or <2 (Wang
et al. 2006) is not taken as significant, because in-
creasing values can reflect the difference between the
reference sample and the composition of the local
material. EF is calculated using the formula:

(M/Y)sample

EF = 1
(M/Y)background ()

where M is the concentration of a target element and Y is
the concentration of the elements chosen for normaliza-
tion. EF values can be interpreted as follows: EF < 1 no
enrichment, i.e., absence of anthropogenic effects, EF
1-3 minor enrichment, EF 3-5 moderate enrichment,
EF 5-10 moderately severe enrichment, EF 10-25 se-
vere enrichment, EF 25-50 very severe enrichment, and
EF >50 extremely severe enrichment (Acevedo-
Figueroa et al. 2006). In geochemical studies, different
elements are used to correct differences in the particle
size (grain size) and mineralogy. The most common is
Al (Rubio et al. 2000; Sakan et al. 2009; Ra et al. 2014);
others such as Fe (Acevedo-Figueroa et al. 2006), Ca
(Loska et al. 2004), or Sc (gparica 2012) are also used.
In this paper, Co was used as the element for normali-
zation, since it is recommended in other studies (Matthai
and Birch 2001; Sakan et al. 2015; Grygar and Popelka
2016).

Er is the potential ecological risk of a single metal,
calculated using the following:

Eir = Tir Cir (2)

where T'r is the biological toxicity factor of different
metals as a constant: Tir(Hg) =40, T'r(Cd) =30,
Tir(As) = 10, T'r(Co) = T'r(Cu) = T'r(Ni) = T'r(Pb) = 5,
T'r(Zn)=1, and T'r(Cr) =2, and C'r is the polluted coef-
ficient of many metals (given as the ratio of concentration
measured in the sample and in the reference sample). E'r
values can be interpreted as follows: Er < 40 low ecolog-
ical risk, 40 < Er < 80 moderate ecological risk, 80 <Er <
160 considerable ecological risk, 160 <Er<320 high
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ecological risk, and Er>320 very high ecological risk
(Banu et al. 2013; Cigek et al. 2013; Ra et al. 2014).

RI, which quantifies ecological risk in a particular
area (Cicek et al. 2013), is calculated using the
following:

RI = YEir (3)

where E'r is the risk factor of a single metal, and classi-
fication of the risk is as follows: RI < 150 low ecological
risk, 150 <RI <300 moderate ecological risk, 300 <RI
<600 considerable ecological risk, and RI>600 very
high ecological risk.

Results and discussion
Texture and type of soils

By granulometric analysis of soil and sediment, we
characterize the percentage values of fractions (Konta
1973) or fraction saturated with the following grain
component: sandy (fraction 0.25-0.063 mm): 5.21 +
8.06% (I depth); 5.21 £8.00% (II depth); silty fraction
(0.063-0.005 mm): 88.14+8.45% (I depth); 87.72 +
10.48% (I depth); clayey (>0.005 mm): 6.54 +3.99%
(I depth); 7.14 +6.63% (II depth).

Using the fraction percentages or each individual
sample fraction, we classified the investigated soil into
four groups: silty soil > clayey-silty soil (S10, S14, S15,
and S29) > sandy-clayey-silty soil (S34 and S40);
sandy-silty soil (S42, S43-1I depth) > silty-sandy soil in
one sample (S45). Sample 43-1 depth was classified as
clayey-sandy-silty soil.

There was no significant difference in the texture
between the two depths. The clay content was slightly
higher and varied more in the sub-surface layer (coeffi-
cients of variation (CV) were 61 and 93%). The highest
values for clayey or clay-dominating grain fractions
were detected in samples S29 surface (17.5%) and S14
sub-surface (30%). As silty and clayey fractions are the
main carriers of natural and anthropogenic heavy metals
(Banat et al. 2005), this implicates that the area in the
urban zone of Sremska Mitrovica and the locality 200 m
away from the metal processing plant in the urban area
of Stara Pazova have the highest affinity for metals
(97% of the total includes silty and clayey fractions).
Samples from boreholes at depths of 0.2 or 0.3 m were

classified as clayey-silty soils, while deeper sediments
were classified as clayey-sandy or sandy-clayey-silty
sediments.

The resulting organic matter content of 2.08-7.00%
which is characterized for the surface layer (mean value
4.71%) and 1.05-7.16% (mean value 4.85%) in the sub-
surface layer, the soils of Srem classified as moderately
to very humus type soil, except the sample S45 which is
slightly humus type soil. Furthermore, considering the
average organic matter content, the soil can be classified
as a type of chernozem.

Within the fraction coarser than 0.063 mm, we iden-
tified quartz, chlorite, amphibole, feldspar, muscovite-
sericite, dolomite, calcite, limonite, magnetite, tourma-
line, biotite, and rutile. Furthermore, the significant in-
formation observed here is the presence of rock frag-
ments. Rock fragments mostly consist of the two types
of fragments: aggregates of sediments (clays, silt, etc.)
and metamorphic fragments, both sometimes impreg-
nated with metallic minerals. In Indija, rock fragments
were not detected, and the similarity between soils from
Ruma and Beocin was indicated by the presence of a
third type: rock fragments of magmatic origin, which
could indicate the influence of the Fruska Gora bedrocks
in these two areas.

Heavy metal distribution

Geochemical distribution of the elements between
phases (F1-F5) is shown in Fig. 2, explaining the results
at two sampling depths. The diagrams show that the
elements Zn, As, Pb, Cr, Ni, Co, B, and Cu were mostly
concentrated in the “residual fraction” (F5). The excep-
tions are Cd (with dominant presence in the carbonate
phase, F2) and Hg (dominant presence in the “ion-
exchangeable” phase, F1). At first depth-surface layer
(Fig. 2a), the distribution of lead and cadmium in the
phases differs from the subsurface layer. In the surface
layer, the mobile species were more enriched, indicating
the potential impact of anthropogenic activity. Also, the
accumulation of elements in the surface layer could be a
consequence of bio-geochemical cycling of elements in
soil profiles as described by Matys Grygar and Popelka
(2016). Chromium and nickel were distributed, accord-
ing to geochemical affinity, in a similar manner to the
distribution in the sediments of river Tisa in Vojvodina
(Sakan et al. 2010), suggesting a common geogenic
origin of the elements, and their geochemical similarity
across the two sampling depths.
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A summary of the elements in the phases and char-
acterization of the percentage within the first layer can
be represented as follows:

F1: The most dominant trace element—water sol-
uble or adsorbed in the soil complex and much
less—bound to the carbonates was Hg in both
layers (41.8%), followed by As, Cd (4.12%)>B
(3.43%)>Cu (1.46%)>Pb (0.83%)>Zn
(0.74%) > Co (0.14%) > Ni (0.06%);

F2: In the easily mobile phase, due to changes in
pH and slight changes of redox potential, B was
released in both layers in the greatest amount
(45.67%) followed, in percentage order, by Cd
(40.5%)>Co (17.7%)>Ni (8.17%) > Pb
(11.4%)>Zn (7.42%)>Hg (2.90%) > Cu
(2.37%) > As (1.83%) > Cr (0.45%).

F3: Because of dissolution of the less crystalline
and amorphous iron oxides, trace elements became
mobile in the following order in the surface layer:
Hg (29.1%)>Ni (18.7%)>Cd (17.5%) > Zn
(16.2%)>Co (12.6%)>Cr (10.0%) > Pb
(7.84%) > B(5.97%).

F4: Oxidation of organic matter and sulfides caused
release of Hg in the greatest amount (29.09%,
25.72%) in both layers, followed in order in the
surface layer by Cr (23.4%)>Ni (21.3%) > Co
(11.9%)>Pb (9.24%)>B (8.76%) > Cd
(6.92%) > Cu (3.46%) = As (3.81%) > Zn (2.44%).
F5: In the “residual phase”, after the sequential
extractions, the following elements were present
in the surface layer: Zn (73.2%)>Pb (70.7%) >
Cr (66.0%)>Co (58.1%)> As (55.6%)>Cu
(45.5%)>Ni (51.8%) >B (36.2%) > Cd (31.0%).

At second depth—the sub-surface layer (Fig. 2b), the
distribution of lead was the same as that of chromium
and nickel, suggesting a natural origin. A summary of
the elements in the phases, according to the percentage
present, in this layer can be represented as follows:

F1: Values were similar for the sub-surface layer:
Cd (3.41%)>As (2.93%)>B (2.84%) > Cu
(1.35%)>7Zn (0.49%)>Pb (0.33%) > Co
(0.15%) > Ni (0.10%). Cr was not detected in
adsorbed form.

F2: B (45.2%) > Cd (24.6%) > Co (17.3%) > Ni
(8.27%)>Pb (5.16%)>7Zn (3.54%)>Cu
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(3.78%) > As (1.51%) > Cr (0.29%). Hg was not
detected in this phase.

F3: Cd (22.7%)>Hg (20.4%)>Ni (18.8%) > Co
(14.4%)>7Zn (12.0%)>Cr (9.95%) > Pb
(9.45%) > B (3.52%).

F4: Ni (18.5%)>Cr (17.4%)>Pb (15.2%) > Co
(8.08%)>Cd (5.30%)>B (3.95%)>Zn
(2.51%)> As (2.70%) > Cu (2.40%).

F5: Zn (81.6%) >Cr (72.4%)>Pb (69.9%) > Co
(60.1%)>Cu (59.7%) > As (56.8%) > Ni
(54.3%) > B (44.7%) > Cd (43.9%).

It can be concluded that the most mobile elements are
Hg, B, Cd, and As, as they make up a significant part of
elements detected in the most mobile phases (F1 and
F2), while Zn, Cr, and Pb are the most represented in the
least mobile phase (F5).

Heavy metal content and enrichment factor

Figure 3 illustrates the total content of the elements as
the sum of the content in the five phases. In addition,
standard deviation, maximum and minimum values, and
the median are presented in Table 2.

Cobalt

The values for cobalt content in the research area were
within the range of values for chernozem given in
Table 1, while the mean value was below the BG avr
value (Table 1), taken for comparison. The maximum
value was recorded in surface sample S42, in which
calcite dominated. The largest percentage of Co was
distributed between the residual and the carbonate
phase, as well as in the locality of S12, with a maximum
value in the sub-surface layer. Such distribution—geo-
chemical affinity does not deviate from the average
distribution represented in Fig. 2, in soil of the investi-
gated area. It is most likely the result of decomposition
of minerals.

The following results could be observed for Co: (a)
the same distribution at both depths of content in the
investigated localities, regardless of the vicinity of in-
dustrial facilities or the kind of industry; (b) the maxi-
mum value was registered in the area with a specific
geological BG, which had ultramafic rocks from Fruska
Gora Mt.; (c) a higher coefficient of correlation with
most of the studied elements (Supplementary Table 1);
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Fig. 2 Distribution of element by sequential extraction fractions
in two depths: a (1) depth (surface soils); b (2) depth (sub-surface
soils). Explanation: Fl-exchangeable; F2-metal bound to

(d) for the samples taken from the two layers, as well as
boreholes, indicates the absence of a change in content
with depth (Tables 1 and 2); (e) lack of significant
anthropogenic sources of Co in studied area.

In accordance with the results of the correlation anal-
ysis (Supplementary Table 1), we verify which of the
elements can be used for the normalization, i.e., the
elements that are positively correlated with the content
of the toxic and potentially toxic elements. The results
indicate that the cobalt is positively correlated with As,
B, Cr, Fe, Ni, Pb, and Zn (not with Cd). Aluminum is
positively correlated only with Cd and Fe (As were
negatively correlated). Therefore, we calculated EF for
Cd using Al (EF4;) and Co (EFc,) as normalizers and
compared the results (Supplementary Fig. 1). The re-
sults suggest that there is a positive correlation between
EFc, and EF,, values for Cd, e.g., r=0.51 at the sig-
nificance level 0.01 and »=0.33 at the 0.05 significance
level (in the surface layer and subsurface layer, respec-
tively). Since that, we decided to use a cobalt as the
reference element in this paper.

Chromium and nickel

The distribution of nickel and chromium content
(Table 2, Fig. 3) indicates that individual values in the
research area were both below and above the reference
BG avr values (Table 1), while the mean value was
slightly higher. The mean EF value for nickel in both
layers was 1.59, and the EF for chromium (1.40 and
1.33, respectively) indicates a small anthropogenic in-
fluence (1 < EF < 3).

However, the EF values of 3.66 and 6.30 for nickel
(Fig. 4) in samples S21 and S43 (surface layer, Fig. 5)
suggest anthropogenic influence, i.e., moderate and

b)

carbonate and easily reducible species; F3-metal bound to moder-
ately reducible phases or the Fe-oxide fraction; F4-organic matter
and sulfides; F5-residual fraction

moderately severe enrichment with Ni due to the vicinity
of leather and cement factories. The EF values for chro-
mium in these samples were above 3: sample S43 (EF =
3.59 and 3.52 in both layers) was from a locality defined
as having moderate enrichment, and S21 (EF = 5.32 sur-
face layer) from a location with moderately severe en-
richment. Chromium salts are commonly used in the
leather industry; thus, groundwater and soil can be con-
taminated by this element originating from solid and/or
liquid waste (Sekaran et al. 1998; Gitet et al. 2013).
Additionally, leather tanning commonly introduces a set
of other elements, including Zn, Cu, Pb, Ni, Cd, Mn, Fe,
and Co (Kashem and Singh 1999; Tariq et al. 2005;
Dheeba and Sampathkumar 2012). On the other hand,
in the cement industry, wear of rotary kilns releases
chromium and contaminates the surrounding area and
soil (Banat et al. 2005; Bodaghpour et al. 2012).
Additionally, in both samples taken near the leather fac-
tory, S21 and S22, we detected the presence of chlorite
and amphibole, which suggests that chromium and nickel
could partially originate from natural sources.
Furthermore, in the samples from Ruma and Beo€in,
the presence of mafic rock fragments is likely to be the
main reason for Cr, Co, and Ni contents in these areas.
The distribution of nickel in both layers in sample
S21 has no difference relative to the distribution be-
tween phases (Fig. 2), while in S43, the greatest content
was in F3 and F5, which may be due to decomposition
of minerals from the residual phase, as well as the
influence of cement plant-derived dust or fuel combus-
tion dust. The chromium distribution in S21 indicates
the impact of this factory on the soil, especially for the
sample site located directly next to the drainage channel.
The same correlation between effluent and contamina-
tion of soil with Cr was presented in the research of
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Fig. 3 Trace element content in studied soils. a (1) Depth; b (2) depth
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Table 2 Parameters of descriptive statistic at both depths (mg kg~

D)

Elements 1 depth 1I depth

Mean St dev Median Min Max Mean St dev Median Min Max
As 6.55 3.78 6.52 1.09 21.4 6.48 3.16 6.77 0.40 12.6
B 8.50 4.44 8.03 1.43 24.5 6.32 2.74 6.01 0.78 12.8
Cd 0.36 0.17 0.33 0.21 1.27 0.28 0.10 0.28 0.16 0.68
Cr 493 39.0 36.8 21.1 247 44.8 29.1 36.9 20.1 152
Cu 28.0 15.6 22.8 13.6 94.4 37.0 79.6 22.0 14.2 553
Ni 51.6 404 39.9 23.5 230 49.7 44.8 36.4 21.7 273
Pb 21.6 14.0 18.6 6.42 67.7 18.2 15.6 13.5 5.34 95.4
Co 10.8 3.99 9.97 5.31 24.1 10.1 3.55 9.45 5.44 20.2
Zn 65.9 36.7 51.3 334 192 55.6 24. 52.5 27.4 154
Hg 0.37 0.27 0.25 0.07 0.95 0.23 0.12 0.22 0.05 0.57
Mn 630 105 625 455 899 647 404 581 281 3106
Fe 20,088 6345 21,144 11,515 34,855 19,659 6870 19,309 10,609 33,601
Al 20,399 5144 20,417 10,444 31,386 20,049 5429 19,115 10,034 30,610
Ca 28,078 16,708 4734 68,422 24,062 13,109 9158 10,574 8857 13,339
Mg 18,201 14,169 13,805 6061 85,900 22,435 17,650 13,337 7503 75,285
K 1531 721 1614 391 3013 1528 907 1542 327 5252

Tariq et al. (2005). In effluent, Cr is released as Cr (VI).
Further, in soils, Cr (VI) can be reduced to Cr (III) in the
presence of clays, because of their specific surface area,
which can increase the reaction rate reductants (Gitet
et al. 2013) as catalizer. However, Kwak et al. (2018)
discussed that clay minerals could reduce Cr (VI) to Cr
(IIT) in the soil, but the mechanisms and influential factors
for the reduction reaction have not been clearly reported.
After the reduction, Cr (IIT) can be associated with insol-
uble crystal structures (Gitet et al. 2013) or form com-
plexes with organic matter, which improves its reduction
(KabataPendias 2011; Wuanna and Okiemen 2011).

Copper

The mean content of Cu (Table 2) was slightly higher
than BG value (Table 1). As in the cases of chromium
and nickel, the maximum values are observed 400 m
from the cement plant and were extremely high (Table 2,
Fig. 3) in the sub-surface layer distanced 250 m from the
leather factory. The average EF value for copper, 2.48,
classifies the surface layer of the soil samples as having
minor enrichment by this element. Figure 4 shows a
marked increase in EF values (and thus an increase in
the mean value of EF to 3.18), especially in the sub-
surface layer of the locality of S22 (5.65 and 40.05),

which suggests very severe anthropogenic influence
(Fig. 5). The sample was taken from an abandoned
orchard, so this extremely high copper content is most
likely the result of application of a Cu-based fungicide
of the Bordeaux mixture type (usually used in vineyards
and orchards), a long time before sampling. In the
surface layer, enrichment was moderately severe which
is also expressed in the locality of S43 (EF =7.13 and
5.11). Higher EF values for the sample S43 show the
influence of the cement factory at a greater distance for
copper content. The same conclusion is also indicated
by Ghorbani et al. (2013).

Lead

The mean lead content in the soil around industrial
facilities was above the reference value, while the indi-
vidual values were both above and below the reference
value, however within the range of values characteristic
of chernozem (Table 1), except for the sample of the
sub-surface layer of the localityof S29. According to the
mean EF value for lead (EF =2.04 and 1.76), the soil of
the research area has minor enrichment by this element.

The maximum value for lead content in the first
layer was obtained for sample S42 (Table 2), while
the EF value of 2.86 classifies it as land with minor
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Fig. 5 Box plot showing the variation of EF in the soil samples in the study area. a) (1) Depth; b) (2) depth

anthropogenic impact. However, in this sample, dis-
tribution of lead between the residual and carbonate
phases is observed. It is a well-known fact that lead
originating from anthropogenic sources (e.g., air,
traffic) is concentrated in the mobile phases, espe-
cially carbonates (Ghariani et al. 2009). In this local-
ity, carbonates could be lead-binding, since the dom-
inant mineral is calcite. One of the sources of lead
could be the cement factory (Popovi¢ et al. 2008).
The main path could be through fly ash (a product of
coal combustion), as well as fugitive dust along with
Cr, Cu, and Zn (Yongming et al. 2006). Banat et al.
(2005) found elevated lead content in soil samples
around a cement plant, with similar content distribu-
tion between phases.

In Sremska Mitrovica, around the wood and cellulose
plant, EF was above 3 in S29 (EF 4.02 and 5.77), 250 m
east of the plant in the urban area, and S28 (EF 5.71 sub-
surface layer), 400 m west of the plant. In these locali-
ties, lead was concentrated in the sub-surface layer,
suggesting a stronger anthropogenic impact at a depth
0f 30-50 cm (moderately severe enrichment). The dom-
inant bonding of lead here was in organic matter (F4).
Thus, the presence of lead could be explained by the
influence of the urban environment (primarily traffic) on
the surface, followed by lead translocation into deeper
layers in the presence of organic matter and complexing
with lead (Noll et al. 2014).

In Fig. 4, EF of 8.92 (moderately severe enrichment)
is evident for sample S23, taken directly next to the
rubber plant. The specific distribution of lead, in which

44.7 mg/kg of the total (49.9 mg/kg) was concentrated
in the organic phase, could indicate an anthropogenic
effect on the surface layer. Such a distribution pattern
differs from the distribution in the second layer, as well
as from lead distribution in the other samples collected
in the vicinity of the manufacturing facility (S24 and
S25). One reason could be the residue of old rubber that
was stored in this locality some time earlier. Namely,
different studies of lead content in crumb rubber in
playgrounds have indicated that lead content can range
from 50 to 400 mg/kg (Vallete 2013).

Zinc

The mean value for zinc content in the area investigated
was above the BG reference values, and the average EF
values indicate a minor anthropogenic impact. The in-
dividual values for zinc content were lower and higher
than the reference values (Tables 1 and 2). Increased
values of zinc were determined at the localities of S12,
S21, S22, S29, and S26. However, the EF values calcu-
lated (Fig. 4) indicate a moderate anthropogenic effect
on samples S21 (EF =3.21) and S26 (EF =3.54) in the
surface layer.

Various industrial activities—the leather industry and
the old rubber production plant—and the fact that sam-
ples were taken from non-agricultural soils suggest that
the most likely common source of pollution could be
fuel combustion in the production processes.

In the study of Swietlik et al. (2012), it was
established that Zn in fly ash is not only found in the
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residual phase, but also in the fraction dissolved in weak
acids, and in reducible and oxidable fractions. Also, as a
consequence of biomass combustion in household fur-
naces, uncontrolled atmospheric deposition of particles
containing zinc and potassium (as indicators of these
processes) (Hedberg et al. 2005) should be observed in
the research area. Furthermore, zinc is added to tyre
tread rubber, mostly as ZnO, to facilitate vulcanization
of the rubber (Councell et al. 2004); atmospheric depo-
sition from traffic due to tyre wear and deposition of
rubber waste (in the old rubber industry plant) could also
contribute to soil contamination by zinc in the area
investigated. The increased Zn as well as Cu content in
the soil surface is not necessarily non-natural. As bio-
genic elements, they may be involved in (bio) geochem-
ical cycling and associated with translocation in soil
profiles. The phenomenon discussed Matys Grygar
and Popelka (2016).

Cadmium

The values of Cd content in the area around in-
dustrial facilities were both below and above the
reference value. Cd belongs to geochemically sol-
uble elements, and according to the results, it is
one of the most mobile element carring the highest
ecological risk, besides Hg. The highest content of
Cd was detected at the locality of S4, sampled
from agricultural soil, next to a pesticide factory
on one side and a building material factory on the
other, in Simanovci town. The EF value calculated
(4.98) suggests moderate enrichment of soil with
Cd in the surface layer, which could be a conse-
quence of the application of fertilizers, and the
combustion of fossil fuels in different processes.

Arsenic

The range of arsenic content in the samples of the
studied soils indicates that values were below and
above the reference value, and the mean value was
slightly higher. According to the mean EF values
(1.35 and 1.45), the soil has minor contamination by
arsenic, and individual values were below 3 (Fig. 4).
The maximum As content was observed at the lo-
cality of S42. On the other hand, the highest EF
value was registered at the locality of S34 (EF =
2.32 and 2.53). However, the content of 6 mg/kg
here is similar to the reference level, indicating the
absence of significant anthropogenic impact.
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Mercury

The range of values for mercury content around the
industrial facilities is widely distributed, both below and
above the reference value. The EF values of the investi-
gated soils generally lie in the range 0.16-4.51 (surface)
and 0.13-2.63 (sub-surface soils). Higher values are
registered for the surface layer samples S21 and S27
(samples of agricultural soil next to the cellulose industry,
Sremska Mitrovica) and S7 (sub-surface layer taken from
agricultural soil, 400 m away from the sugar refinery in
Pecinci). The soil samples, classified as moderately
enriched by Hg, are as follows: S1, S14, S18, S26, and
S27 in the surface layer. With regard to the three facts: (1)
similarity of distribution of Hg content between the first
four phases for all samples; (2) samples being taken both
from agricultural and non-agricultural grazing areas; and
(3) samples being taken in the vicinity of various indus-
trial facilities, it can be concluded that Hg in the area of
Srem has different anthropogenic sources: the application
of agrochemistry, activities in the urban environment,
and fossil fuel combustion in industrial processes (e.g.,
rubber industry, cellulose plant). Moreover, Hg com-
pounds are used for preserving wood (KabataPendias
2011) and, thus, during wood and pulp decomposition
processes, Hg is released into the environment.

Boron

Across the investigated area, boron is predominantly
concentrated in the surface layers, which is usually due
to intense accumulation during the soil formation pro-
cess (Tanci¢ 1994). Increasing depth (in soil and bore-
holes, Fig. 3) induced a decrease in content of this
element. According to the EF values, a third of the
samples in the surface layer had moderate enrichment
(Fig. 4). However, for this element, it is difficult to draw
a conclusion that anthropogenic activity is the only
source, considering that in the reference samples, there
was no tourmaline, which after weathering becomes a
source of the more mobile boron form in soils (Nable
et al. 1997; KabataPendias 2011). Moreover, the mean
EF values (EF 2.73 and 2.20) indicate minor soil en-
richment by this element. The maximum EF value was
registered for the locality of S34 (Fig. 4), a sample of
non-agricultural soil in the urban area of Sid town, taken
300 m from the paint and varnish factory. Considering
the content values for other localities (within the range
characteristic of chernozems; Table 1), and the EF
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values <3, a variety in spatial distribution of this ele-
ment in the research area is evident. Anthropogenic
sources of contamination could be pesticides and fertil-
izers, as well as fossil fuel combustion, and natural
sources are aluminosilicate-clay minerals and borosili-
cates (tourmalines).

Statistical analysis and origin of the elements

The statistical analysis presented in this section (cor-
relation analysis, PCA and CA) was carried out using
the mean values for element content in the two layers.
Supplementary Table 1 shows the correlation matrix
for elements in the soils studied. A mainly positive
correlation between element content is observed from
the correlation matrix. The moderate or strong corre-
lations between the elements are precondition for
PCA and CA performing which can be further used
as a good tool to distinguish their natural and anthro-
pogenic origin.

Figure 6 presents CA dendrograms, which pro-
duced four clusters. The first cluster contains Fe, Al,
Cd, and Mn; the second is divided into two subclus-
ters: (a) elements having the same natural and anthro-
pogenic origin—Cr, Ni, and Cu—and elements with
different natural and anthropogenic origin (As, Pb, B,
Zn, and K); the third contains Hg and Ca. This

connection can be explained by sorption of Hg into
carbonates, since mercury is extracted in the first
extraction stage. Co-precipitation or sorption of mer-
cury into phosphates, carbonates, and sulfate-
containing minerals is described in the literature
(Renneberg and Dudas 2001). The association of Hg
and Ca can be also caused by mobility of both ele-
ments in soil profiles. The fourth cluster consists of
Mg alone, reflecting the fact that it represents both
silicates and carbonates.

The results of the PCA analysis, presented as a factor
matrix after Varimax rotation, are given in Table 3.

According to Kaiser’s criterion (eigenvalues > 1),
there were five main components (PC) identified:

PC1 explains 21.66% of the total variance and
includes the elements As, Pb, B, Zn, and K. These
are the elements mostly presented in the “residual
phase” (except for B), which, according to many au-
thors, suggests a primarily geogenic rather than an-
thropogenic origin. However, the “residual fraction”
represents the more stable metal forms associated with
anthropogenic or geogenic components, an influence
to the ecological system as much less as the others
forms in observed conditions. Moreover, such group
of the elements could indicate two main sources of the
anthropogenic pollution—the use of fertilizers—and
combustion of fossil fuels. In addition, atmospheric

Fig. 6 Hierarchical dendogram
for studied elements

Dendrogram using Average Linkage (Between Groups)
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Table 3 PCA of the elements (n =45)

PC1 PC2 PC3 PC4 PC5

As 0.867

B 0.777

Pb 0.862

Zn 0.676

Al 0.912

Fe 0.934

Mg ~0.846

Cr 0911

Ni 0.846

Cu 0.752

Hg 0.806

K 0.605 0.554
Cd -0.520

Ca 0.650

Mn 0.865

Factor loadings lower than 0.5 are not presented

deposits due to combustion of biomass and traffic
could contribute to their content.

PC2 explains 20.36% of the variance and includes
the elements Al, Fe, and Mg (negative sign). This is a
group of lithogenic elements; Al and Fe with Mg do not
have the same geochemical behavior and have only
partially the same origin. Al and Fe (with a high corre-
lation coefficient) occur in silicates and oxy hydroxides,
and Mg occurs in carbonates (especially in detected
dolomite), which suggests a negative sign of Mg.

The third factor, which accounts for 17.79% of the
total variance, has a high loading for the elements Cr, Ni,
and Cu. Pearson’s coefficient values, distribution be-
tween phases, and natural sources (amphibole, chlorite,
ultramafic fragment rocks) indicate a dominant litholog-
ical origin of these elements. The positive correlation and
the association of cobalt with chromium and nickel may
suggest a presence of ultramafic and mafic rocks
(Albanese et al. 2015) which are embedded in the
Fruska Gora mountain region. Additionally, the same
elements in the same factor could be a consequence of

a set of the common anthropogenic sources (cement
plant, leather factory, and fungicide in the orchard).
Such grouping is confirmed by the CA (Fig. 6).

Hg together with Ca and Cd (negative sign) provides
the highest loadings for factor PC4 which explains
10.06% of the total variance. The negative sign suggests
that there are no similarities between Cd and Ca and
between Cd and Hg. The negative sign in the compo-
nent matrix is probably caused by competitive substrates
other than carbonates, which are significant for Cd
binding. In the study of Bermudez et al. (2010), it was
demonstrated that pH and Ca concentration affects the
mobility of Cd, Cu, Pb, and Zn in soils by competing for
the adsorption sites. This assumption approves the sug-
gestion from the CA that Cd is bound with Fe and Mn,
most probably in crystalline and amorphous forms,
adsorbed or occluded, while Hg is grouped with Ca.
Thus, Cd and Hg do not have the same behavior, natural
origin, and geochemical similarity, except a comparable
mobility in the soil profiles.

PC5 (8.56% of the variance) contributes to explana-
tion of the lithological elements K and Mn. K is one of
the main components of most aluminosilicates detected
in the investigated area (dominant content in F5, resid-
ual phase), while Mn is in amorphous and poorly crys-
tallized oxy hydroxide forms (F2). The relationship
between them could be explained by associations be-
tween clay minerals and manganese oxyhydroxide.

Ecological risk factor and risk index
Ecological risk factor

The Er values for heavy metals are presented in Table 4.
The mean Er values for different metals are below 40, so
according to the given criteria, the elements in the soil
present low ecological risk. The exception is the value
for copper (Er=205), which carries a high ecological
risk at the locality of S22. The highest risk level, how-
ever, is carried by Hg and Cd, in accordance with the
distribution of these two elements (both present in mo-
bile phases), especially in the surface layer. Decreasing

Table 4 Mean risk factors of the elements (Er) and ecological risk index (RI)

Er Ni Er Cr Er Pb Er Zn Er cd Er As Er Hg Er Co RI
I depth 6.9 2.5 8.8 1.3 34.1 11.6 38.7 43 119
II depth 6.7 2.2 7.4 1.1 28.1 11.4 24.4 4.0 99.0
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values of Er follow As> Cu>Pb>Ni>Co>Cr>Zn,
and in the sub-surface layer the order is Cd >Hg > Cu >
As>Pb >Ni> Co > Cr>Zn. The lowest ecological risk
is presented by Cr and Zn, which is in accordance with
the highest percentage of elements extracted in the least
mobile phase (F5).

At several localities, some elements carry some level
of risk: cadmium has moderate risk at the localities of
S1, S12, S28, S29, S40, S41, and S42 in surface sam-
ples, and of S3, S25, and S28 in sub-surface soil sam-
ples. In sample S4, in which the maximum cadmium
content was registered, a significant risk from cadmium
was also observed; mercury carries a moderate risk in a
larger number of localities: S1, S14, S16, S17, S23, S25,
S33, and S34, in the surface layer; in both layers S 15,
S18, S19, S7, and S29 in the sub-surface layer consid-
erable ecological risk from mercury was registered in
the surface layer at the localities of S13, S21, S22, S24,
S26, and S27.

Ecological risk index

The mean RI in both layers was below 150, which
classifies most of the soils researched as having low
ecological risk. Moderate ecological risk (150 <RI<
300) was observed at the localities of S1, S4, S13,
S17, 824, S25, and S27, because of a significant contri-
bution of mercury and cadmium together. In the surface
layer, at the locations of S21, S22, S42, and S43, and in
the sub-surface layer at the locations of S12 and S43,
nickel, copper, and arsenic contributed to the total eco-
logical risk, in addition to mercury and cadmium risk.
Additionally, at the locality of S29, lead contributed to
the RI value. The aforementioned localities should be
taken into consideration for quality monitoring, espe-
cially referring to agricultural soils.

Conclusion

In this paper, statistical methods, chemical fractionation
by using the sequential extractions, element content, and
pollution indices (RI, EF, and Er) are calculated to char-
acterize a possible origin and the recent risk level of the
elements in the target localities. Contamination was ob-
served in the studied soils for Pb, Cd, Hg, Cu, Ni, and Cr.

Cr, Ni, Co, and Cu are abundant in the areas of Ruma
and Beocin, influenced both by the leather factory
(Ruma) and cement plant (Beo€in). Most of the high

content levels are detected in non-agricultural soils, with
the exception of the orchard with the highest copper
value. We observed the greatest influence of industrial
processes on lead and zinc content.

Arsenic and cadmium are elements that mostly orig-
inate from ash after fuel combustion and agrochemicals.
Hg, in addition to being released by urban activities,
traffic, and fossil fuel combustion, is also released main-
ly from the cellulose and wood, as well as from the
cement plant. Boron is mostly accumulated in the sur-
face layers without a spatial distribution pattern across
the area investigated.

Based upon the local BG levels and calculated EF
values, the soils studied can be characterized as enriched
with Ni, Cr, Cu, Cd, and Hg and lesser enriched degree
with Zn, B, and As (minor to severe anthropogenic
influence). The mean Er of the individual elements
indicates a low ecological risk. Cd and Hg carry the
highest level of ecological risk, and Zn and Cr the
lowest. In some localities, there was a considerable
ecological risk carried by other elements, such as in
the case of copper (orchard, Ruma) and lead contami-
nation (urban environment of Stara Pazova), while in
some localities, partial contribution of nickel, copper,
and arsenic to the total ecological risk is observed.

Summarizing the results of our study, it can be con-
cluded that the industrial facilities, most of all the ce-
ment plant, have an influence on heavy metal content in
the soils studied. Agricultural activities do not have a
significant impact on icreased values of Co, Ni, and Cr
content. On the other hand, specific geological matrix of
Fruska Gora Mt. may have significant effect to their
detected higher content values. Since these elements
are known to be toxic for humans and plants, the results
obtained could be useful as a contribution to the current,
and eventual future studies of a local and regional envi-
ronmental quality and monitoring. The EF calculated
shows that Co is a contributive reference element, so we
recommend using this element in similar research.
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