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Abstract

Background: Human activities considerably contribute to polluting potentially toxic element (PTEs) levels in soils,
especially agricultural soils. The consistent introduction of PTEs in the environment and the soil pose health-related
risks to humans, flora and fauna. One hundred and fifteen samples were collected in the district of Frydek Mistek
(Czech Republic) in a regular grid form. The soil samples were air-dried, and the concentrations of PTEs (i.e. lead,
arsenic, chromium, nickel, manganese, cadmium, copper, and zinc) were determined by ICP-OES (inductively cou-
pled plasma optical emission spectrometry). The purpose of this study is to create digitized soil maps that expose the
human-related health risks posed by PTEs, estimate pollution indices, ascertain the spatially distributed patterns of
PTEs, source apportionment and quantify carcinogenic and non-carcinogenic health risks using the sample location
approach.

Results: The results revealed that the pollution assessment of the soils in the study area using diverse pollution
assessment indexes (pollution index, pollution load index, ecological risk and risk index), based on the application of
the local background value and the European average value, displayed a range of pollution levels due to differences
in the threshold limits from differing geochemical background levels. The principal components analysis and posi-
tive matrix factorization, respectively, identified the sources of pollution and the distribution of PTE sources. Mapping
the health index and total carcinogenic risk highlighted hotspots of areas within the study area that require immedi-
ate remediation. The self-organizing map (SeOM) revealed a diversified colour pattern for the factor scores. A single
neuron exhibited a high hotspot in all factor loadings on different blocks of neurons. Children’s CDltotal (Chronic Daily
Intake total) values for non-carcinogenic risk and carcinogenic risk were found to be greater than adults, as were their
HQ (hazard quotients) and CR (carcinogenic risk) values. According to the health index of non-carcinogenic risk, 6.1%
of the study area sampled posed a potential risk to children rather than adults. Corresponding to the sampled point-
wise health risk assessment, 13.05% of the sampled locations are carcinogenic to children. The estimated health risk in
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the study area, particularly children.

of becoming high risk, allowing for rapid remedial action.

organizing map

~

the agricultural soil was high, with both carcinogenic and non-carcinogenic risks that could threaten persons living in

Conclusion: In general, the continuous application of agriculturally related inputs such as phosphate fertilizers and
other anthropogenic activities (e.g., steel industry) can increase the level of PTEs in soils. The use of mean, maximum,
and minimum values in health risk estimation does not provide a comprehensive picture of a research area’s health
state. This study recommends using a sampled pointwise or location health risks assessment approach, which allows
researchers to identify high-risk environments that exceeds the recommended threshold as well as areas on the verge

Keywords: Health risk, Source apportionment, Ecological risk, Spatial distribution, Principal component analysis, Self-

Background

Soil contamination suggests the presence of a chemical
or foreign substance in concentrations above the normal
threshold, which may be detrimental to an organism or
humans [1]. This means of environmental pollution has
become a primary ecological concern due to the time-
less period of potentially toxic elements (PTEs) in nature
coupled with the contamination of agricultural soils [2].
Although the more significant part of toxicity has anthro-
pogenic origins, a few contaminants can typically happen
in soils as components of weathering of rock deposits,
and they can be toxic at high concentrations [3, 4]. Fur-
thermore, contamination of the soil periodically cannot
be precisely assessed or seen outwardly, rendering it a
latent threat.

Human health depends on a sustainable agricultural
sector with minimum human interference, which acts as
a forerunner to a sustainable healthy livelihood. However,
agricultural soil directly impacts human health, and it
is crucial for food safety; PTEs are the most hazardous
contaminants due to their build-up in crops [5]. There
exists a considerable volume of literature indicating that
the accumulation of PTEs in the soil is not exclusively the
result of anthropogenic phenomena, but rather the result
of a collaborative effort between geogenic and anthro-
pogenic activities [6—8]. Due to the agrochemical and
industrial developments, the numerous contaminants are
continually progressing. These pollutant varieties tend
to form complexes with certain organic compounds in
the soil and produce various metabolites through their
biological activity. All of these are combined with the
soil system and extracted through laboratory analysis.
PTEs such as aluminium, arsenic, beryllium, cadmium,
lead, mercury, nickel, and radium may have the ability to
exude toxic effects that are hazardous to humans, such as
carcinogenic effects, teratogenic effects, and endothelial
dysfunction [9-11]. According to FAO and ITPS [1], the
adverse impact of contaminants from agricultural soils,
as they regulate the mobility, bioavailability, and resi-
dence of PTEs, depends on their properties, respectively.

These pollutants (PTE) have the potential to impact cli-
mate, soil, and water, as well as endangering organisms/
animals, humans, food security, health, and life [12].
However, according to Zukowska and Biziuk [13], the
presence of PTEs in the ecosystem (e.g., vegetable soil)
causes them to change from a solid-state to either ionic
ligands or, via biomethylation to metallic organic moie-
ties, which can be potentially hazardous to the health
of humans, animals, and the entire eco-environment via
the food chain. PTEs exhibits potential danger to human
health owing to environmental contamination and are
classified into two risk categories: carcinogenic and non-
carcinogenic risk. Crentsil and Anthony [14] argued that
health risk assessment is a high-profile methodology
recognized as a valuable, critical method for identifying
anthropogenic tendencies that are detrimental to human
health. Chen et al. [15] indicated that a detailed under-
standing of the potential health risks posed by soil PTEs
is necessary for informed decision-making by stakehold-
ers to reduce contamination, reduce human exposure
and protect humans from risk.

There is no question of the natural source of PTEs in
agricultural soil. Regrettably, their increase in agricul-
tural soils is a direct consequence of over-fertilization,
which pollutes the soil with PTEs such as Pb, Cd, Zn, Ni,
Cu, as well as other polluting sources such as wastewa-
ter irrigation (As, Pb, Hg, Cd), compost (Pb, Co, Cd, Zn),
pesticide application (Cd, Pb, Cu, Zn), sub-standard fer-
tilizer, and industrial activities (Mn, Ni, As, Pb, Zn, Cr,
Cu, Cd) [16, 17]. It has been suggested by Kim et al. [18]
and Yang et al. [19] that soil-bound PTEs risk assessment
is based on metallic soil content, which may lead to inac-
curacy and the necessity for costly remediation of soil.
Its important to note, however, that PTEs contamination
is not limited to agricultural land. Nevertheless, it may
also be detected in living tissues, where it is, for the most
part, irreparable [20]. Eziz et al. [21] and Mamut et al.
[2] disclosed that PTEs might potentially cause havoc to
humans, flora and fauna in the environment. Extensive
study has been undertaken in the contemporary era in



Agyeman et al. Environmental Sciences Europe (2021) 33:137

the disciplines of PTEs impact on human health, ecologi-
cal risk, and highlighting environmental impacts [21-25].
Despite the abundance of literature on health concerns
published worldwide, there is a dearth of documenta-
tion and research in the study area. However, according
to Kampa and Castanas [26], health risk assessment is a
practical and indispensable tool for recognizing and eval-
uating the dangers to human health caused by PTEs via
various routes of exposure. The active agricultural pro-
duction and number of industrial activities in the study
area make monitoring human health exposure via PTEs
critical. Indigenous health is a primary necessity in the
study area. Hence a qualitative and comprehensive risk
evaluation of agricultural soil health is necessary and
appropriate. The primary objective of this paper is to cre-
ate a digitized soil map that highlights the human-related
health risks posed by PTEs, as well as to estimate and
map pollution indices outputs, the pattern of PTE spatial
distribution, source apportionment, and determine car-
cinogenic and non-carcinogenic health exposures using
a sample location approach. This research will contrib-
ute significantly to the awareness of the dangers of PTE
exposure in humans and livestock in the study area.

Materials and methods

Study area

The study site is located in the Czech Republic within the
district of Frydek Mistek. Rugged terrain and mountains
from the exterior Carpathians characterize the study
area’s geomorphology. The Carpathians, mountains and
valleys are differentiated by natural rock and undulating
relief. However, there are two mountain ranges in the
northern section of the research region partitioned into
highlands clusters by river valleys. The district’s geologi-
cal terrain is predominantly carbon-producing, making it
an attractive shelter for Paskov and Stari¢ mining activi-
ties that are currently inactive [27].

The study area is characterized by extensive agricul-
tural activity as well as various metal works (such as fab-
rication, pneumatic cylinders, valves, regulator, etc.) and
steel industries (such as the production of cold-rolled
steel strips and sheets, anisotropic electrical steel strips
and sheets). It is geographically positioned at a latitude
of 49°41'0' North and a longitude of 18°20’0" East at an
altitude of 225-327 m above sea level [8]. Oilseeds, corn,
sunflower, and grapevines are among the crops grown in
the study area, as is the principal production of cereals
such as wheat, oats, barley, and rye. Using the Koppen
classification, the study area was classified as Cfb=oce-
anic temperate climate with high rainfall even during
the dry months [28]. Throughout the year, the tempera-
ture ranges typically from — 5 °C to 24 °C, with temper-
atures rarely falling below — 14 °C or rising over 30 °C.
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The average highest rainfall for the year is 83 mm, with
a minimum average total accumulation of 17 mm [29].
The estimated area for this study is 889.8 km? extruded
from a total land area of 1208 km? (39.38% for agro-
nomic activities and forest land 49.36%) for the district
of Frydek Mistek. The soil’s colour and its structure to its
carbonate concentration of the soil’s properties may be
readily recognized from each other. The prevalent soils in
the study area have bleached and paler coloration as well
as dark colour in the topsoil. Nevertheless, the parent
materials of the soil have a medium and fine texture. In
most cases, they are found in aeolian and colluvial depos-
its, which are also characterized by mottles in the top and
subsurface that can be seen in some soil regions, which
are usually followed by concrete and whitening. A cam-
bic diagnostic horizon distinguishes them with fine sandy
loam texture, a clay concentration of more than 4%, and a
lithic discontinuity with reduced carbonate content [30].
Nevertheless, the prevalent soil types in the study are
cambisols and stagnosols [30]. These soils predominate
the Czech Republic and can be found at elevations rang-
ing from 455.1 to 493.5 m [31].

Soil sampling and analysis

A total of 115 topsoil samples were collected from agri-
cultural land in the district of Frydek Mistek (Fig. 1). The
sampling pattern was a standard grid, and the soil sam-
ples distances remained 2 x 2 km applying a hand-held
GPS (Leica-Zeno 5 GPS) device at 0-20 cm deeper into
the soil. The soil samples collected were deposited in
Ziploc bags, categorized, and taken to the research labo-
ratory. To obtain a pulverized soil sample, the obtained
soil samples were air-dried before being crushed by a
machine (Fritsch disk mill pulverize) and mesh sieved
(2 mm). In the Teflon container, 1 g of the dried, homog-
enized, and sieved soil sample (sieve size 2 mm) was
placed and labelled. 7 ml of 35% HCI and 3 ml of 65%
HNO,; (use automatic dispensers—a special dispenser
for each acid) were dispensed in each bottle of Teflon
and gently closed the cap to enable the sample to remain
overnight for reactions to take place (aqua regia proce-
dure). The supernatant was placed on a hot metal plate
for 2 h to promote digestion of the sample and left to cool
when the soil sample was dissolved.

The supernatant was transferred into a prepared 50-ml
volumetric flask and then diluted with deionized water
to 50 ml. The diluted supernatant was then filtered into
50 ml PVC tubes. In addition, 1 ml of diluted concen-
tration was further diluted with 9 ml of deionized water
and filtered into a 12 ml test tube prepared to evaluate
the pseudo-total PTE content. The ICP-OES (induc-
tively coupled plasma optical emission spectrometry)
(Thermo Fisher Scientific Corporation, USA) was utilized
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Fig. 1 Location map showing the sampled site with sampling points

to ascertain the concentration of PTEs (Mn, Ni, As, Pb,
Zn, Cr, Cu, Cd) in compliance with standard procedures
and protocols. Moreover, the quality control and qual-
ity assurance process were ensured by checking each
sample’s standards reference material (SRM NIST 2711a
Montana II soil). The detection limits of the PTEs utilized
in this study are 0.0002 (Cd), 0.0007 (Cr), 0.0060 (Cu),
0.0001 (Mn), 0.0004 (Ni), 0.0015 (Pb), 0.0067 (As), and
0.0060 (Zn). Duplicate analysis was carried out to ensure
that the error was minimized. Pre-treatment analysis of
soil samples was conducted at the Czech University of
Life Science Prague.

Pollution indices assessment

The productive soil quality of agricultural land must be
assessed to evaluate the effects and toxicity of PTE pol-
lution. Based on this, various pollution indices such as
the pollution index (PI), the pollution load index (PLI),
the comprehensive ecological risk (ER) and the risk

index (RI) were utilized to assess the pollution status of
the study region. Huang et al.,, [32] and Sawut et al. [33]
argue that indices can reliably measure the quality of soil
contamination and the extent to which human activity
impacts the soil environment. These indices are widely
used in the assessment of PTE contamination in agricul-
tural soil.

Single pollution index (PI)

The single pollution index (PI) is characterized as the
concentration of PTE in a sample relative to its geochem-
ical or geological background level. Tomlinson et al. [34]
introduced the PI, and the equation is given as

Cn
Pl=—,

5 &)
where B, connotes the geochemical background values of
the PTEs in the soil (mg/kg) and C, symbolizes the PTE
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concentrations in the soil (mg/kg). The PI precise scale is
classified as PI<1 (low level), 1<PI<3(moderate level),
3 <PI<6 (considerable level) and PI> 6 (high level).

Pollution load index (PLI)

The PLI is often used to measure the average amount
of soil pollution. This index provides a direct way to
display the soil deterioration resulting from the accu-
mulation of PTEs. Tomlinson et al. [34] introduced this
equation, and the equation is given as

PLI = {/PI; x PIy x PI3 X ...--- x PL,, 2)

where 7 represents the number of analysed PTEs, PLI is
categorized into four classes such as PLI<1 (low level),
1<PLI<2 (moderate level), 2<PLI<5 (high level), or
PLI>5 (extremely high level) centred on the intensity of
pollution.

Ecological risk assessment (ER and RI)

Ecological risk (ER) is a measure employed to quantify
the degree of ecological threat posed by PTE accumu-
lation in soil. The index ER was pioneered and applied
by Hakanson [35], and the equation is given as:

El =T! x PL (3)

The risk index (RI) is defined as the aggregate of each
PTE’s estimated ecological risk:

n
RI= > E. (4)
i=1

The T is the toxicity response coefficient of specific
PTE [34], and the PI represent the single pollution
index. The toxicity response coefficient of the PTEs
used are 30 (Cd),10 (As), 5(Cu), 5(Pb), 2(Cr), 2(Zn),
2(Ni) and 1(Mn). The ER has 5 classifications: ER <40
(low risk), 40 <ER <80 (moderate risk), 80 <ER <160
(considerable risk), 160<ER <320 (high risk), and
EI>320 (very high risk). The RI has 4 classes, namely
RI <150 representing the low risk, 150 <RI <300 indi-
cating the moderate risk, 300 <RI <600 signifying the
considerable risk and RI>600 representing the very
high risk.

Positive matrix factorization (PMF) model

The EPA-PMF v5.0 receptor model [36] is a multivari-
ate receptor modelling approach used to estimate the
contribution of the source of PTEs or hazardous sub-
stance samples to fingerprints or the composition of
the source. The U.S. Environmental Protection Agency
utilizes this receptor model, developed by Paatero [37];
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Paatero and Tapper [38]. The model does not require
any profile source, and all the data are weighted by
using uncertainty. According to Norris et al. [39], PMF
is used mainly in solving source contributions and
source profile that is dataset composition based which
is given by this equation:

p
Z glkf/’(] + ez] (5)
k=i

in which p represents the factor number, fthe source pro-
file species, g the sample contribution, j and i signifies the
quantity of samples and chemical species, and e;; denotes
the species.

This equation determines the contribution as well as
profile factors:

a=y 3 ()] ©

i=1 j=1

in which m represents the quantity of analysed PTEs, n
denotes the number of sampled soils, and Uj; refers to
the uncertainty of PTE j in soil sample i. The parameters
used to determine the uncertainty U/;; and the minimum
Q were previously defined by the authors [8].

Health risk assessment

The ever-growing human population and human
endeavour to ensure that the planet remains a haven
for humanity are under constant constraint. Fre-
quently, scientists, policymakers, and other stakehold-
ers push the frontiers of research in many ways, and
no matter the initiative and the best course of utilizing
research, the world is now and then polluted. Humans
are exposed to PTEs in three different forms every day,
including inhalation, ingestion, and dermal contact.
There are three procedures to assess the probability of
human PTE exposure in peri-urban, urban, and rural
settings, according to Wang et al. [40]. PTE exposure
pathways to humans are calculated using the following
equations:

C x IRjng X EF x ED 0-6

CDljpg = W X AT , (7)
C x IRjph x EF X ED

CDlinh = — e BW X AT ®)

C x SA x AF x ABS x EF x ED _6

CDlgerm = BW x AT x 1077,

©)
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CDltotal = CDIing + CDljph + CDlyerm. (10)

Additional file 1: Table S1 contains the definitions of
the variables CDIL,, CDI,;,, and CDlg, as well as refer-

ence values for the indices of the preceding Egs. (7-10).

Non-carcinogenic risk assessment

The equation of the potential non-carcinogenic risk for a
single PTEs was computed as the HQ (hazard quotient),
which is given as Eq. (11):

CDI
HQ= ——

RfD’
RfD (see Additional file 1: Table S1) represents the
reference dose (mg/kg/d), and it is the estimated daily
human population exposure. The determination of a par-
ticular health hazard of all the PTEs analysed was done
by computing HQ values. The sum of the values was
reported as the HI (hazard index), which is provided as
Eq. (12) [41]:

HI = Z HQ = HQing + HQjnh + HQqerm»

(11)

(12)

whereby HQ;,,, HQ;, and HQge,y, represent the hazard-
ous quotient for inhaling, ingestion and dermal, respec-
tively. A report from USEPA [42] explicitly outlined that
when the HI < 1, it presupposes that there is a potential to
negatively impact health if PTEs are exposed to humans.
However, Eziz et al. [21] mentioned that if HI > 1, there is
also the propensity for non-carcinogenic health risks to
emerging.

Carcinogenic risk assessment

According to the USEPA’s [41] findings, the possibility of
developing cancer of any sort may be ascribed to humans
being exposed to carcinogenic risk (CR). Equations (13
and 14) were employed to evaluate the carcinogenic risk
of PTEs such as As, Ni, Pb, Cd, and Cr:

CR = CDI x SF, (13)

TCR =) CR = CRing + CRinh + CRyerm, (14)
in which the variables TCR, CR, and SF reflect total car-
cinogenic risk (no unit), carcinogenic risk (no unit), and
slope factor for carcinogenic PTEs (mg/kg/d), respec-
tively. TCR values should be in the range of 1 x 10-6 to
1 x 10—4. That is a reasonable standard that demonstrates
no considerable risk to human health [43]. All the expo-
sure factor values utilized in the health risk calculation
are listed in Additional file 1: Table S1.
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Analysis of data

The data were statistically analysed using kyplot for prin-
cipal component analysis, RStudio for projected principal
component loadings, EPA-PMF 5.0 to estimate source
apportionment, and excel in quantifying the potential
health risk as well as Pearson correlation matrix. PTE
modelling, spatial distribution maps, and health risk
assessment were interpolated using ordinary kriging in
an R software environment. The factor scores of the PMF
receptor model were likewise mapped using a self-organ-
izing map (SeOM).

Kohonen [44] created SeOM by combining an artificial
neural network with unsupervised learning techniques
for organizing, evaluation, and predictions. SeOM was
employed in this study to visualize factor score contribu-
tion as well as determine the number of clusters within
the factor scores of the PMF receptor model in an agri-
cultural urban and peri-urban soil. The SeOM assess-
ment data act as an input dimensional vector variable
[45, 46]. Melssen et al. [47] defined a neural network as
having a single input layer that connects an input vector
to a vector output with a unitary weight vector. SeOM
generates a two-dimensional map composed of several
neurons or nodes knitted together into a hexagonal, cir-
cular, or square topological layout based on their close-
ness [45]. Based on metrics, topographic error (TE) and
quantization error (QE), map sizes were examined, and
a SeOM model with 0.086 and 0.904 was chosen as a
55-map unit (5 x 11). The neuron structure was selected
based on the empirical equation node number, which was
given as:

m="5x /1,

in which the m denotes the quantity of SeOM map neu-
rons, n representing the input data quantity.

(15)

Results and discussion

PTEs concentration in soil

Statistical standards such as mean, median, skewness
and kurtosis, standard deviation were employed to
detect the PTEs concentration levels in the sampled soil
(see Table 1). Table 1 includes PTEs estimated mean
concentrations of the UCC (upper continental crust),
WAV (world average values), and EAV (European aver-
age values) reported by Kabata-Pendias [48]. PTE con-
centrations (Zn, Pb, Mn, Cr, Cu, As, Ni, Cd) varied from
186.02 to 1691.76 mg/kg (Mn), 37.48 to 272.18 mg/
kg (Zn), 9.56 to 155.69 mg/kg (Pb), 10.9 to 62.78 mg/
kg (Cr), 7.88 to 62.62 mg/kg (Cu),4.86 to 42.39 mg/kg
(Ni),1.85 to 30.42 mg/kg (As) and 0.61 io 7.28 (Cd) mg/
kg. In the agricultural soil, the concentration of PTEs
declined in the following order: Mn>Zn>Pb>Cr>C
u>Ni>As>Cd> (see Table 1). The general PTEs mean
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Table 1 PTE concentrations in the study site, basic data, toxic element, and geochemical background levels (number sample 115 per

each PTE)
PTEs (mg/kg)
Mn Ni Pb Zn As Cd Cr Cu

Mean 699.03 16.15 33.86 85.22 532 1.84 2843 2254
Median 664.39 13.75 30.10 7547 457 161 26.90 19.68
Local background value® - 30.00 50.00 80.00 - 0.20 70.00 25.00
Finland® - 60.00 60.00 150.00 10.00 0.50 100.00 100.00
Austria® - 35.00 30.00 100.00 - 040 54.00 35.00
SpainD - 25.50 26.50 57.00 14.00 - 57.00 17.50
Sweden 411.00 13.00 18.00 65.00 3.80 0.17 22.00 17.00
Japan - 26.00 24.00 89.00 - 033 58.00 48.00
Brazil 535.00 25.00 22.00 73.00 - 0.18 86.00 109.00
USA 550.00 19.00 19.00 60.00 7.20 <0.01-41 54.00 25.00
uceP 900.00 20.00 15.00 70.00 1.80 0.10 100.00 17.30
WAV? 488.00 29.00 27.00 70.00 6.83 041 59.50 38.90
EAVC 524.00 37.00 32.00 68.10 11.60 0.28 94.80 17.30
Minimum 186.02 4.86 9.56 3748 1.85 0.61 10.90 7.88
Maximum 1691.76 42.39 155.69 27218 3042 7.28 62.78 62.62
Range 1505.74 37.53 146.13 234.70 2857 6.67 51.88 54.74
Standard Deviation 259.35 6.78 18.51 34.35 4.95 1.01 9.38 9.98
Kurtosis 137 249 18.80 732 11.77 1045 2.69 4.90
Skewness 0.79 1.63 3.67 211 3.04 2.84 133 2.04
V% 39.04 49.29 61.51 45.52 108.23 62.86 34.88 50.71

@World average value (WAV)
b Upper continental crust (UCC)

€ European average value (WAV), [48] (page 41 and 42), coefficient of variability (CV) A [51], B [109], C[110], D [111]

concentration in the soil was relatively high than the
EAV threshold, specifically Pb, Mn, Zn, Cd, and Cu. In
the current study, the mean value of cadmium is 6.57
times greater than that of EAV (see Table 1), as are the
concentrations of Mn (1.33), Pb (1.06), Cu (1.06), and
Zn (1.06), (1.33). Although there may be a geogenic
source, evidence suggests that anthropogenic activi-
ties significantly compensate for the elevation in PTE
concentrations. Toth [49] reported some PTEs thresh-
olds from the Ministry of Environment Finland (MEF),
and As (5.0 mg/kg) and Cd (1.0 mg/kg) threshold lim-
its were lower than the current study’s corresponding
PTEs. The mean concentration of Cr (100.0 mg/kg),
Cu (100.0 mg/kg), Pb (60.0 mg/kg), Ni (50.0 mg/kg),
and Zn (200.0 mg/kg) from the MEF threshold limits,
on the other hand, was found to be greater than the
respective PTEs mean concentration from the current
study.

Conversely, the mean concentrations of the follow-
ing PTEs, like Pb, Mn, Zn, and Cd, in our current study
are similarly greater than the same PTEs from the world
average value (WAV) threshold limit [48] (see Table 1).
PTEs (Mn, Pb, Zn, and Cd) concentration levels in the

current study are 1.48, 1.25, 1.21, and 4.49 times greater
than WAV concentration threshold. Similarly, when the
PTEs studied mean concentration values were compared
to the PTEs of the UCC (Table 1), it was discovered that
Zn, Pb, Cd and As are higher than the respective PTEs in
the UCC. Comparatively, the mean concentration levels
of Zn, Pb, Cd and As surpassed those of UCC by 2.26,
1.55, 3.57 and 18.4 times respectively.

The present study indicated that elevated values of
some PTEs than those of UCCs indicate that anthropo-
genic sources play a vital role in pollution. The assertion
is compatible with Jia et al. [50] point of view. The pre-
sent mean concentration of PTEs in the current research
relative to the mean concentration of PTEs in Sweden
[48] suggests that the concentration of PTEs exceeded
the threshold limits of the PTEs in Sweden (see Table 1).
A comparable comparison to PTEs concentration lev-
els reported in Brazil and the United States [48] shows
that the following PTEs, Mn, Pb, Zn, and Cd, are lower
than those reported in the present study (see Table 1).
Comparing the concentration values of PTEs with those
obtained from Japan [48] revealed that most of the PTEs
under analysis were lower than those from Japan, except
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for Pb and Cd (see Table 1). The current mean values of
the PTEs (Ni, As, and Cr) in the study area were found to
be lower when compared to the agricultural soil thresh-
old limits in Finland, Austria, and Spain. On the other
hand, Pb, Zn, and Cd levels in the current study were
higher than the respective PTEs from Spain, but lower
than the corresponding threshold limits from Finland
and Austria. Cadmium mean concentrations in the pre-
sent study were significantly higher than the threshold
limit (see Table 1) from Finland and Austria. Predicated
on the Nemecek and Podlesakova [51] report, the local
background values (LBV) for Ni, Pb, Cr, and Cu from the
district of Frydek Mistek revealed that the mean con-
centration of PTEs was within the permissible threshold
limit (see Table 1). However, the mean concentrations of
Cd and Zn in the study were higher than the local back-
ground values reported by Nemecek and Podlesakova
[51] (see Table 1).

The estimated standard deviation values were high
due to the concentration of PTEs with high variable het-
erogeneity in the study region. The computed skewness
values were used to determine the normality and abnor-
malities of the distribution of PTEs values. According to
Chandrasekaran et al. [52], if the PTE skew value ranges
from 1 to — 1, it can be viewed as a regular distribution.
Notwithstanding, if the PTE value is slightly skewed posi-
tively (> 1), the distribution is anomalous. The calculated
kurtosis and skewness values were usually greater than 1;
thus, the distribution of PTEs is believed to be irregular,
skewed in the right direction and leptokurtic.

The CV (coefficient of variation) represents the extent
of heterogeneity within PTE concentrations, pursu-
ant to Karimi Nezhad et al. [53]. If the CV is between 0
and 20%, it is assumed that the PTEs are from a natural
source, and if it is greater than 20%, it indicates the influ-
ence of anthropogenic activity. As a result, a CV of 20%
shows low variability, a CV of 50% indicates moderate
variability, a CV of 50% indicates significant variability,
and a CV of 100% suggests extraordinarily high variabil-
ity. The CV of the PTEs in the present agricultural soils
declined in the following order As>Cd>Pb>Cu>Ni>
Zn>Mn>Cr. The results evidenced that the PTEs Cr,
Zn, Mn, and Cr are moderately variable and homoge-
neous. The high variability of Cd, Pb, and Cu inferred a
non-homogeneous variability of PTEs, clearly indicating
that the possible human-related influence. Arsenic (As)
showed a very abnormal CV suggesting an exceptionally
high variability. According to the distribution of Cd, Pb,
and Cu non-spatial homogeneity, there is a likely local
source of enrichment substance.
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Table 2 Principal component illustrating the contributions of
PTEs in the study area

PTEs PC1 PC2
Mn 0621 0.195
Ni 0497 0.709
Pb 0877 —0.306
Zn 0.872 —0.076
As 0.788 — 0491
Cd 0.907 — 0311
Cr 0.501 0.288
Cu 0.577 0.667
Eigenvalues 4.191 1.506
% variance explained 5238 18.83
cumulative % total 71.21
Variables - PCA
1.0 i
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Fig. 2 Showing principal component contribution loadings
projections

Chemometric approach

Multivariate analysis of PTEs

The primary source of pollution in the study area was
detected utilizing principal component analysis (PCA).
It is a supportive approach that can make valuable sug-
gestions about PTE paths and primary sources [54]. The
loadings of the principal components (PCs) extracted
from the principal correlation values were fixed at or
above 0.50 in this study (Table 2; Fig. 2). Following the cri-
terion, PC 1 and PC 2 were statistically significant, accru-
ing 71.21% of the data variance. PC1 explained 52.38% of
the variance explained by the PTEs Pb, Zn, As, Mn, Cr,
and Cd, in that order. According to the report in Table 2,
some of the PTEs (Pd, Zn, As, and Cd) in PC1 had a
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strong positive load ranging from 0.7 to 0.9, while other
tenants, such as Mn and Cr, had a moderate positive load
(0.5-0.7). This indicated that PC1 concentrations might
be attributable to a variety of sources, including anthro-
pogenic and parental material components. Agrochemi-
cals such as lead arsenate herbicides or pesticides, which
are essential sources of agricultural soil chemicals, are
agronomically linked to As and Pb [55]. Existing stud-
ies by Nicholson et al. [56] and Luo et al. [57] estab-
lished that livestock manure and fertilizer are important
sources of As and Pb. The findings of the current study
support this statement. The origins of Zn and Mn (r val-
ues=0.872 and 0.621, respectively) may be traced back to
the convergence of anthropogenic and geogenic sources
(liming). According to Mantovi et al. [58], Zn concen-
tration in soil surges may be linked to the application of
waste resulting from animal husbandry and phosphate
fertilizers. Cd and Cr accumulation in soils are related
to the forging of metal, sewage and chemical fertilizers
[59-62]. PC2 (18.83% of the overall variance) showed rel-
atively high positive loading for PTEs such as Cu and Ni.
As aresult, Cu and Ni have a comparable source of pollu-
tion. Cu concentrations in topsoil are probably caused by
fertilizers, other agricultural pollutants, and urban waste
[63]. The presence of Nickel (Ni) in soil originates from
both the parent material (lithosphere) and the anthropo-
genic deposition [64].

The correlation matrix (see Table 3) among the stud-
ied PTEs demonstrated the existence of a relation-
ship between the PTEs. PTEs correlation revealed a
strong relationship between the PTEs. Pb (lead) and
Zn (zinc) demonstrated a strong positive connection
with PbAs (r-value=0.75), AsCd (r-value=0.9), CdPb
(r-value=0.85), and CdZn (r-value=0.78). As a result,
it is critical to emphasize that they may have the same
or nearly analogous origins. Other correlations between
PTEs, such as As and Zn (r-value=0.63) and Ni and Cu
(r-value=0.69), likewise exhibited a robust nexus, indi-
cating that the pollution cause might be correlated or

Table 3 Showing the correlation matric between PTEs
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close together. Cd and As had the highest correlation
value, while Ni and As had the least positive correlation
(r-value=0.07). All the PTEs had a positive relationship
and no negative correlation.

Spatial distributions of PTEs in the study area

The PTEs spatial distributions in the study area are
depicted in Fig. 3. As and Cd shared the same distribu-
tion map pattern, likewise Cr and Mn. The distribution
pattern of As and Cd primarily was centred in the east-
wards and the south-eastern area of the map. The map
shows hotspots around the eastern (i.e. the steel indus-
try) and the south-eastern part, but the As distribution
map appears to be denser than Cd. Spatial variability of
Cu and Ni showed hotspots across the northwestern,
southwestern, and south-eastern parts of the map. The
source distribution of Cu and Ni spatially in the map may
be attributed to the steel industry and agrochemicals; this
is coherent with the earlier study carried out by Krishna
and Govil [65].

Moreover, Salonen and Korkka-Niemi [66] identified
certain PTEs such as Ni and Cu as minute spatial and
temporal distribution in world soils present in parent soil
materials. Furthermore, Cr and Mn showed more undu-
lated spatial distribution across the entire map except for
the south-eastern part that looks relatively clean. Cr spa-
tial variability appears to be denser than that of Mn. The
abundance of Cr is caused by a variety of human-related
activities such as electroplating. In addition, the indus-
trial utilization of chromium in alloy creation, such as
the steel industry and sewage discharge, are responsible
for the Cr hotspots on the map. According to Goovaerts
[67], the source of PTEs such as Cr, the geochemical/geo-
logical background of Cr is normal in generally. None-
theless, its accumulation in agricultural soils may well
be altered by anthropogenic sources related at times.
Even though Mn is naturally occurring, the regular injec-
tion of manganese sulphate to farmland to boost yields
in plants such as veggies and beans continuously raises

Mn Ni Pb Zn As Cd Cr Cu
Mn 1.00
Ni 0.24 1.00
Pb 042 0.21 1.00
Zn 038 045 0.83 1.00
As 038 0.07 0.75 0.62 1.00
cd 043 0.30 0.85 0.78 0.90 1.00
Cr 0.49 0.27 0.28 0.27 0.25 0.34 1.00
Cu 0.40 0.69 0.35 0.44 0.16 0.31 0.29 1.00
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Fig. 3 The spatial distribution of PTEs in agricultural soil
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the concentration of PTEs [68]. The eastern and south-
eastern areas of the map exhibited a sectorial spatial pat-
tern distribution of Zn and Pb. The distribution of Pb and
Zn spatially is linked directly to fertilizer application
on farmlands, vehicular traffic, steel industry, and fuel
knocking, which is consistent with the preceding study
by Rodriguez et al., [69] stating that elevated levels of Zn

and Pb in cultivated soil are due to anthropogenic factors
composed by human-associated activities.

Source apportionment via PMF

The source apportionment of PTE contributions was per-
formed applying the PMF receptor model, and the total
number of samples included in the PMF analysis for each
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PTE was 115 (see Fig. 4). The minimum Q controls the
residual matrix, which guarantees that an acceptable
number of factors are generated. The PMF discharged
factors loading that ran for twenty iterations, and all of
the minimal Q converge in the current paper. Among the
20 iterations, run 14 was chosen to discharge the factor
loadings and the proportional contributions of each PTE
in the study. For a PTE to dominate a factor loading, the
percentage dominant was fixed at 40% or more.

Factor 1 provided high factor loadings values com-
prising Pb and Zn (47.3% and 41.4%, respectively). The
predominance of Pb and Zn in agricultural soil can be
traced primarily to several sources. The dominant PTEs
(Pb and Zn) in factor 1 are principally anthropogenic
origin, evidenced by the projected principal component
contribution loadings (Fig. 2) and have a strong correla-
tion. They have elevated mean concentrations above the
regulated thresholds, that is, WAV and EAV. Chakraborty
et al. [70] and Khosravi et al. [71] reported that Zn and
Pb are the principal PTEs pollutants in peri-urban and
urban agricultural soil. The high level of Pb in the agri-
cultural fields may be attributable to vehicular traffic,
abrasion of tyres, knocking of fuel, and a limited geogenic
source. Earlier reports from Tepanosyan et al. [72] and Li
et al. [73] suggested that Pb accumulation in the soil may

be attributable to automotive traffic, fuel knocking, and
abrasion tyres. Similarly, Arditsoglou and Samara, [74]
Hjortenkrans et al. [75] and Guan et al. [76] reported that
Pb is deposited throughout agricultural fields via road
networks used by automobile machines that connect
vicinities, suburbs, and farmlands, where automobiles,
agricultural-based machinery, and discharge equipment’s
which is Pb-containing exhaust, triggering soil pollu-
tion. Nevertheless, the source of Zn in the soil might
be accredited to the steel industry within the study area
and the wearing of vehicular tyres. Al-Khashman and
Shawabkeh [77] and Wang et al. [78] recounted that the
level of Zn in the soil might be attributable to the steel
industry and tyre wearing. The metal and steel industries
employ a high amount of Zn, which is generally used
as an anti-corrosive agent in other metal products and
exhibits galvanizing and alloy forming properties. There-
fore, factor 1 source of pollution will be ascribed to the
blend of the steel industry and vehicular traffic.

Factor 2 was controlled by Cu and Ni, accounting for
57.2% and 61.7% factor loading, respectively. The hot-
spots on Factor 2 spatial distribution map indicated that
the Cu and Ni hotspots in the northwest enclave origi-
nated primarily from agricultural activities. The PCA
projection in Fig. 2 suggests that the source of Ni and Cu
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in the farmlands is mostly linked towards the geogenic
origin. Nevertheless, Cu excess beyond the EAV also
hints at a collaborative effort between geogenic sources
and anthropogenic sources such as livestock manure.
Copper accretion is correlated chiefly to cattle manure
[79] because the confluence of Cu and Zn functions as a
complement (anti-bacterial agent in the gut) [80], which
boosts microbial activity and also modulates weaning
patterns [81]. The application of Cu-rich manure (espe-
cially from livestock like pigs) and phosphate-based ferti-
lizers, according to Cheng et al., [82] and Xiong et al. [79],
may perhaps ultimately lead to Cu accumulation in agri-
cultural soil. Even though Ni concentrations in agricul-
tural area may be attributed to a geogenic source, the high
levels recorded at specific sample locations are confirmed
by the spatial distribution map (Fig. 3), demonstrating
that the steel industry is the polluting catalyst. Accord-
ing to Al-Khashman [77] and Harasim and Filipek [83],
the steel and metal industries, food processing, tyre wear,
vehicular traffic, and corrosion appear to be the sources
of Ni contamination. Numerous reports like Li et al. [84]
and Chen et al. [85] have indicated that Ni arises through
manufacturing activities such as steel manufacturing and
metal processing. Ni plays a vital function in the creation
of alloys such as nickel stain (a tin and nickel alloy), sil-
ver (a copper, nickel, zinc) and nickel bronze alloy (a tin
and copper solution). Factor 2 pollution will primarily be
attributable to geogenic sources, which will be bolstered
by steel production industries and livestock manure.

Factor 3 was overshadowed by As, which had a source
contribution of 72.2%. Most insecticides, herbicides, and
pesticides, like sodium arsenate, calcium arsenate and
lead arsenate, are high in arsenic and used in a variety
of agricultural applications. Bhattacharya et al. [86] dis-
covered that agrochemicals of this sort, such as sodium
arsenate, calcium arsenate and lead arsenate, are high
inorganic As. In previous research, Micé et al. [87] and
Nicholson et al. [56], Jayasumana et al. [88, 89] sug-
gested that the potential sources of As-enrichment in
soil are agrochemicals. Furthermore, Liu et al. asserted
that animal wastes containing organo-arsenic feed addi-
tives constitute a significant source of arsenic pollution
in agricultural fields due to concentrated animal feeding
activities. Factor 3 source of pollution will be ascribed to
agrochemicals.

Cr and Mn controlled the final factor (factor 4) with a
contribution load of 47% and 49%, respectively. Thus, the
chromium concentration in the agricultural field might
be attributed to a geogenic source. However, in some
sampled locations, excesses based on maximum values
also point to an anthropogenic source supplementing the
geogenic source. In addition, the consistent application of
phosphate fertilizer to the soil during each crop season
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introduces Cr into the soil, raising the concentration of
Cr in farmlands. Liu et al. [90] recounted that the con-
centration of Cr per bag of phosphate fertilizer ranges
from 30 to 3000 mg/kg. Nonetheless, current literature
by Zhang et al. [91] indicated that high-level Cr concen-
trations in cultivated soils that exceed the permissible
threshold limit are not limited to agro-related sources
but rather a blend of parental material and anthropogenic
sources. The mean concentration of Mn in the current
agricultural soils is 1.43 and 1.33 times greater than the
WAV and the EAV permissible threshold. This suggested
that the high levels might be attributed to a diverse
source such as the steel industry and fungicides. Accord-
ing to Bradl [92] Mn is used in the steel industry to pro-
duce ferromanganese steel. However, Shaw [93] reported
that fungicides had been an integral component of plant
disease management regimens for agronomic crops. Fun-
gicides are applied to agricultural fields to prevent or
limit the spread of fungus-caused disease. The successive
application of manganese-based fungicides such as foliar
fertilizers to increase yield elevates Mn concentration in
agricultural soil. Factor 4 source pollution will be linked
to a geogenic source that is actively augmented by the
steel industry and fungicides.

The shown self-organizing map (SeOM) illustrates the
concentration of PTEs in the PMF factor loadings as
component planes composed of individual neurons. The
component plane exhibited diverse colour patterns, as
shown in Fig. 5. Based on the number of samples used
in this study, the suitable neurons per mapped map was
55. The SeOMs were created with various colours, and
the more similar the colour pattern, the more identical
the sample attributes. Factor 1 and 3 components plane
bore a striking resemblance in colour to the neighbour
distance plot (U-Matrix). Factor 1 component plane was
loaded with dominant PTEs such as Pb and Zn with a
single high neuron on the left side of the map on the sixth
block of neurons. Factor 2 component plane was loaded
with the dominant PTEs Cu and Ni, exhibiting moderate
to high neurons. The high neuron was envisaged on the
fourth block of neurons of the map. Factor 3 was loaded
with dominant PTE such as As, and the high neuron
equally was seen on the Fourth block of neurons. Fac-
tor 4 was controlled by the PTEs like Mn and Cr, and the
SeOM displayed a variety of colour shades from mild to
moderate, moderate to a high neuron. The high neuron
was seen on the tenth neurons block.

Generally, a redder colour neuron was displayed in the
SeOMs. The component plane of the factorl SeOM map
showed a hotspot for the dominant PTEs. The proportion
of Pb, Zn, Cd, and As is predominantly anthropogenic
in origin, accounting for 70.76% of factor 1 loading, con-
firming that SeOM for the factor 1 component plane is
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primarily anthropogenic. Factor 2 percentage proportion
was dominated by geogenic PTEs (Ni, Cu, Mn, and Cr),
which accounted for 75.94% of the cumulative variation.
The factor 2 component plane was more geogenic due to
the significant percentage proportion accrued by Ni, Cu,
Mn, and Cr in factor 2 loading. Based on the PTEs (Pb,
Zn, Cd, and As) percentage proportion (80.11%) accu-
mulated, the factor 3 SeOM component plane is more
anthropogenic. Based on the percentage proportion
(67.33%) accrued by the PTEs (Ni, Cu, Mn and Cr), factor
4 component plane was ascribed to geogenic source.
K-means (silhouette) on the training map resulted in
three distinct clusters (1-3). The partitioned three clus-
ters developed using the K-means technique are displayed
in distinct colours that correspond to the U-Matric com-
ponent plane boundaries. Based on the silhouette tech-
nique (see Fig. 6), the cluster was ideal. The four-factor
component planes represent the four-factor loadings in
the PMF receptor model, which is simplified to allow for
appropriate clustering interpretation [94]. The cluster-
ing of the 115 observation points allotted sampled points
as follows; cluster 1 gathered the most soil samples, 102,
out of a total of 115, cluster 2 received 12 samples, but
Cluster 3 only obtained 1 (see Fig. 6). Due to the diverse
anthropogenic and natural processes that influence soil
formation, it is complicated to have appropriately differ-
entiated cluster patterns in the distributed map [95].

Contamination assessment of PTEs based on local
background (LBV) and European average values (EAV)
LBV and EAV were the geochemical background levels
used in assessing pollution levels in the study area. The
PTEs employed in the LBV, on the other hand, were Cd,
Cu, Cr, Ni, Pb, and Zn, and the EAV As, Cd, Cu, Cr, Nij,
Mn, Pb, and Zn. However, a comparison of pollution lev-
els based on PI, PLI, ER, and RI was performed using the
associated PTEs in both background levels.

Additional file 1: Table S2 shows the calculated single
pollution index (PI) for the EAV, and the results sug-
gested that the pollution level of the PTEs ranged from
low to high. Mn pollution was observed in 22 of the 115
soil samples and As in 86, when PI was measured using
EAV. Some of the locations sampled had a moderate level
of pollution, and 92 of the areas sampled had a moderate
level of Mn and As (67). (i.e. using the EAV). Manganese
and arsenic pollution levels were high in a single observa-
tion location (sampled point 18 for Mn) and in 3 sampled
areas for As. The PI for the following PTEs was estimated
using both EAV and LBV as the geochemical background
values: Cd, Cu, Cr, Zn, Ni, and Pb (see Additional file 1:
Tables S2 and S5). Nickel, lead, zinc, chromium, and cop-
per levels were low when EAV was used as the geochemi-
cal background level in 106, 44, 44, 113, and 108 sampled
locations. Based on LBV as the geochemical background
level, the number of sampled locations 106, 105, 61, 115
and 84 exhibited low pollution levels for the following
PTEs Cu, Cr, Zn, Ni, and Pb. In EAV, Ni, Pb, Zn, Cd, Cr,
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and Cu showed moderate pollution levels in 9, 67, 70, 29,
2, and 7 sampled locations, respectively, whereas, in LBV,
moderate pollution levels were found in 9, 9, 27, 84 and
53 sampled locations, except for Cr, which showed none.
In comparison, Pb, Zn, and Cd pollution levels estimated
using EAV suggested that Pb, Zn, and Cd exhibited a
considerable pollution level in 4, 1 and 73 sampled loca-
tions, respectively, whereas using LBV just a single sam-
pled location showed a significant pollution level for Pb
and Zn, and 27 for Cd. The number of sampled locations
with high levels of Cd pollution in the study area was 13
based on EAV and 88 based on LBV.

The estimated pollution load index (PLI) exhibited a
varied response for both background levels; however, all
background levels revealed low pollution levels in 104
locations for EAV and 103 locations for LBV. Further-
more, for 7 locations, both background values showed
moderate pollution. Only 3 locations had high pollution
levels for EAV and 4 for LBV, but one (sample point 104
with PLI value 498: see Additional file 1: Table S4) had
very high pollution levels for both background levels. The
spatial distribution patterns of the pollution level based
on both background levels were comparable (Fig. 7). The
PLI maps revealed moderate pollution levels with patches
of the hotspot and low spots in the south-eastern part of
the map. These hotspots are consistent with the observed
high PI values.

The ecological risk (ER) approach was utilized to exam-
ine the influence of various PTEs on cultivated soils.
Except for Cd, the results of the ER assessment of cul-
tivated soil samples indicated a low-risk analysis for all
PTEs (Ni, Pb, Zn, Cr, and Cu) in both background lev-
els used (see Additional file 1: Tables S3 and S6). Based
on the background levels application, 15 of the 115 ana-
lysed locations revealed a moderate ecological risk level
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for the EAV, but none showed a moderate ecological risk
level for LBV. On the other hand, 13 locations exhibited a
considerable ecological risk level for LBV and the EAV 77
observed locations. Based on the background levels, the
high ecological risk level was 78 for the LBV and 19 for
the EAV. In contrast, both background levels exhibited
very high ecological risk in 24 for LBV and 4 for EAV for
the background levels in sampled locations, respectively.
The calculated risk index of the study region also
indicated that 3 sampled locations had low ecologi-
cal risk levels for LBV and 64 for EAV (see Additional
file 1: Table S4). Relatively, the LBV and EAV exhib-
ited moderate ecological risk levels in 70 and 44 sam-
pled locations, respectively. Similarly, the risk index
based on the application of the LBV as the geochemical
background level revealed that 36 of the sampled loca-
tions were considerably risky, whereas the EAV, 6 sam-
pled locations were considerably risky. Only 6 of the
sampled locations had a very high ecological risk for
the LBV, while EAV a sample location exhibited high
ecological risk. The RI-OK (risk index ordinary krig-
ing) spatial distribution map revealed that the major-
ity of the risk-prone areas were in the northeastern
and southwestern parts of the map for the potential
ecological risk index based on EAV (PERI-EAV) and
the northwestern to southwestern parts of the map
for the potential ecological risk index based on LBV
(PERI-LBV) (Fig. 8). According to the maps, the under-
lying cause of pollution in that region may be mostly
traced to industrial and agricultural activities. The PLI
and RI values for agricultural soils in Frydek Mistek’s
district indicated that pollution levels range from low
PTE pollution to very high pollution risk. As a result,
it’s critical to identify PTE pollution sources on agri-
cultural soil. LBV use is recommended, particularly

PLI-EAV (mg/kg)

. High : 60.07

Low : -10.05

PLI-LBV (mg/kg)

. High : 74.39

Low : -12.45

Fig. 7 Spatial distribution of PLI_OK (pollution load index kriging) displaying the levels of pollution for Ni, Pb, Zn, Cd, Cr and Cu in the study area
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Fig. 8 Potential ecological risk index spatial distribution of (PERI-Kriging) showing pollution levels for Ni, Pb, Zn, Cd, Cr and Cu in the study area

when anthropogenic impacts and high levels of pollu-
tion are anticipated, because these levels might vary
significantly among lithogenic contexts and should be
examined in pedologically and geologically homogene-
ous areas [96]. However, using a reference geochemical
background (e.g., EAV, UCC, and WAV) in the quanti-
fication of pollution level allows information about soil
quality assessment to be analysed on a worldwide scale,
enabling comparative studies beyond the local scale,
and pollution indices that require reference geochemi-
cal background in their computation to be more multi-
purpose [96, 97].

Potential human health risk

Non-carcinogenic risk

The computed CDI, ., HQ and HI values for non-Car-
cinogenic risk are displayed in Additional file 1: Tables
S7-S10. The CDI,, distribution of PTEs in cultivated
soils in the current research (children and adults) is pre-
sented in the following decreasing order: Mn>Zn>Pb>
Cr>Cu>Cd>Ni>As (see Additional file 1: Tables S4 and
S5). Additional file 1: Tables S4 and S5 illustrate the total
non-carcinogenic intake (CDI,) of adults and children.
The CD ., values for children compared to adults indi-
cate that children are slightly higher than adults. The
CDl,, of the PTEs per sampled data (see Additional
file 1: Table S7 and S8) suggested that the children expo-
sure rate is higher than that of the adults. However, the
children’s computed hazard quotient (HQ) appears to
be higher than the adults HQ (Additional file 1: Tables
§9-S510). Based on the maximum and minimum range
values of the HQs of children and adults per PTE, which
fall between the following ranges such as 4.90E—02 to
2.82E—01 (Cr), 3.12E—03 to 2.72E—02 (Ni), 2.53E—03 to
2.01E—02 (Cu), 7.91E—02 to 1.30E+00 (As), 1.70E—02 to

1.55E—01 (Mn), 3.51E—02 to 5.72E—01 (Pb), 1.60E—03
to 1.16E—02 (Zn) and 8.42E—03 to 1.01E—01 (Cd) for
children whereas the adults are 5.37E—03 to 3.10E—02
(Cr), 3.34E—04 to 2.92E—03 (Ni), 2.71E—04 to 2.15E—03
(Cu), 8.48E—03 to 1.39E—01 (As), 1.82E—03 to 1.66E—02
(Mn), 3.77E—03 to 6.14E—02 (Pb), 1.72E—04 to 1.25E—03
(Zn) and 9.19E—04 to 1.10E—02 (Cd). The calculated
HQs values for PTEs of the minimum and maximum val-
ues (both children and adults) descend in this order As >
Pb>Cr>Mn>Cd>Ni>Cu>Zn. The findings confirmed
that ingestion was the most probable route for people in
the study area to be exposed to PTEs. The variability of
the measured PTEs concentration per sampled location
revealed that the HI (for children) values estimated per
2 x 2 km suggested that 7 of the sampled location were
higher than 1. Nonetheless, the HI estimated also sug-
gested that 6.1% (1.01E400 to 2.05E+4-00 that is 7 out of
115 sampled locations) of the total study area posed a
high non-carcinogenic risk to children (see Additional
file 1: Table S9). Similarly, 13.04% of the entire sampled
area (i.e. 0.704-0.90, or 15 out of 115 for children) is on
the verge of exceeding the allowable threshold if remedial
action is not undertaken (see Additional file 1: Table S9).
Children are more vulnerable to the health impacts of
PTEs due to oral and finger practice, according to Agy-
eman et al. [98], and appear to be highly susceptible to
PTEs. Numerous studies that employ PTE mean values
to determine the risk to human health have consistently
confirmed a High HI or lower risk level. Children’s HI
values in some studies that reported high or low HI val-
ues for children are as follows: Agyeman et al. [98] Han
et al. [99], Natasha et al. [100], Wang et al. [101], Bhandari
et al. [102] and Zheng et al. [103]. The computed HI for
the adult is not statistically significant considering it is
lower than the reference value 1; it thus implies that if
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exposed, a non-carcinogenic adverse impact on an adult
is not likely.

The spatial distribution of the hazard quotient of the
PTEs per sample location suggested that the As, Pb, and
Cd hazard quotient (AsHQ, PbHQs and CdHQs) for
both children and adults showed similar colour patterns
and hotspots in the northeastern and the south-eastern
part of the map (see Figs. 9 and 11). The steel industry
and agricultural activities in the suburbs are extremely
probable to account for the hotspots, predicated on the
commonality of the hazard quotient maps of As, Pb, and
Cd. Chromium and manganese also share similar col-
our patterns of the hazard quotient spatial distribution
map. Both (CrHQs and MnHQs) showed hotspots at
the southwestern part of the map and moderate-to-low
patches all over (see Figs. 9 and 10). This might be attrib-
utable to the usage of phosphate fertilizer and fungicides
on agricultural fields to increase yield. This is supported
by the estimated PMF, which revealed that Cr and Mn
were the major PTEs in the factor 3 loadings.

Copper and nickel share similar hotspots pattern in
the northwestern and the northeastern part of the haz-
ard quotient spatial distribution map (see Fig. 10). Never-
theless, Ni showed more clearer or denser hotspots than
copper. The PMF factor discharged confirms the hotspot
pattern of Cu and Ni since Cu and Ni were the dominant
PTEs in factor 4. Zinc showed a hotspot in the north-
western part of the map, which might be attributed to
agriculture fertilizer and other tenants such as steel and
metal industries that use zinc to coat iron and steel as a
protective layer to inhibit corrosion.

The spatial distribution map of the adult and chil-
dren hazard indexes has a similar colour pattern and
hotspots. The children’s degree of prediction based on
the precise scale, on the other hand, suggested that the
children residing within the enclave of the northeastern
and south-eastern parts of the HI children spatial dis-
tribution map are exposed and vulnerable to PTEs (see
Fig. 11). Therefore, premised on the children’s HI dis-
tribution map scale, it can be inferred that HI values of
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Fig. 10 Spatial distribution of hazard quotient (HQ) of PTEs (Cu, Mn and Ni) per sampled location

0.8 or higher are risk-prone areas, and thus corrective
action should be made to mitigate the imminent threats
to children.

Carcinogenic risk

CDI, o TCR, and CR for both children and adults were
computed, as shown in Additional file 1: Tables S11—
S14. The chronic daily intake was calculated for Cd, Cr,
Pb, Ni, and As. The CDI,,,,, for adults and children are
given in this descending order Pb>Cr>Ni>As>Cd.
The CDI,,, for children per sampled location for
each PTE ranges between 1.20E—05 to 6.89E—05 (Cr),
5.33E—06 to 4.65E—05 (Ni), 2.03E—06 to 3.34E—05
(As) 1.05E—05 to 1.71E—04 (Pb) and 6.65E—07 to
7.99E—06 (Cd), whereas the adults Cr 5.13E—06 to
2.95E—05, Ni 2.29E—06 to 1.99E—05, As 8.71E—07 to
1.43E—05, Pb 4.50E—06 to 7.32E—05 and Cd 2.85E—07
to 3.42E—06. Regardless of the estimated value of the
PTEs, children’s CDI,, ., were higher than adults. PTEs

cause various health issues in children, including cardi-
ovascular disease, poor respiratory function, cognitive
deficits, reproductive toxicity, and bone damage [104].
Adults and children had higher Cr CDI,,,, than the
other PTEs. Furthermore, children’s CDI,,; was signif-
icantly higher than adults’ (see Additional file 1: Tables
S11 and S12). The CR for all PTEs in adults was found
to be significantly lower than that of children.

The difference in measured values per sampled loca-
tion exhibited different values for TCR. Based on the
maximum and minimum values of the estimated TCR,
it was apparent that the TCR of the children at all the
observation points were found to be higher than that of
the adult. The results revealed that 13.05% (i.e. 1 x 10
~* to 2.60E7"* 13.04%, that is 15 sampled points out of
115) of the sampled locations estimated TCR values
for children were above 1 x 107 to 1 x 10~%. However,
the TCR estimated (for children) indicated that 45.22%
(i.e. 7.02E—05 to 9.59E—05, that is 52 sampled points
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out of 115) of the sampled locations are on the verge
of exceeding the carcinogenic risk threshold if correc-
tive measures are not enforced (see Additional file 1:
Table S11 and S12). Nevertheless, several sampled loca-
tions’ estimated TCR for adults exceeded the permis-
sible threshold, while 2.16% (i.e. 7.26E—05 to 8.78 E—05,
or 3 out of 115 sampled locations) are on the cusp of
exceeding the threshold. Due to the variability of meas-
ured PTEs values per sample location, the tendency of
carcinogenic risk to befall a child is higher than that of
an adult. Based on location-wise sampled data, the car-
cinogenic risk of the study area implies that some of the
sample locations are carcinogenically risky to children
compared to adults.

As a result, the likelihood of indigenous peoples, par-
ticularly children, being exposed to carcinogenic-related
health risks is significant at some sample locations
(13.04% or 15 sampling points out of 115) for children.
Furthermore, the CR and HI of children were shown to

be higher than that of adults, showing that children are
nevertheless more likely to be exposed to PTEs because
of their behavioural patterns, which increase the propen-
sity for skin, particularly hand contact.

The spatial prediction of As and Cd carcinogenic risk
for adults and children showed a similar hotspot pattern
in the northeastern and south-eastern parts of the map
(see Fig. 12). However, the hotspots anticipated that chil-
dren with carcinogenic arsenic risk (CRAs) had a denser
colour pattern, as evidenced by the predicted values. The
spatial distribution of children’s carcinogenic chromium
risk (CRCr) revealed patches of hotspots, mainly in the
northwestern and southwestern parts of the map (see
Fig. 12). On the other hand, the adult displayed sporadic
dotted moderate distribution with a broad scale of mild,
moderate distribution across the study area. Nickel car-
cinogenic risk prediction, on the other hand, revealed
moderate hotspots with a combination of high patches
of hotspots in the northwest and the majority of the
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eastern enclave for both adults and children (see Fig. 13).
Despite the similarities, the predicted values showed that
the degree of exposure to children is greater than that of
adults. The carcinogenic exposure rate of children to that
of adults for Pb (CRPb) distribution map revealed mod-
erate to high hotspots for children from the northeast
to the southwest. Meanwhile, the adult CRPb map pre-
diction revealed a continuous low hotspot with multiple
dotted hotspots from the northeastern to the southwest-
ern part of the map (see Fig. 13). When the current TCR
is compared to similar studies conducted by Weissman
nova et al. [105] in Ostrava, Czech Republic, it appears
that Pb poses a significant health carcinogenic risk, Cd
poses a moderate risk, and Cr poses a very high risk to
children. This confirms the current study’s findings that
children are more vulnerable to PTE-related health risks
than adults. In contrast, Kebonye et al. [106] affirmed
the recent findings that children are more susceptible

to PTEs exposure than adults in riverine soils, Pfibram
(Czech Republic).

The TCR maps for the children and adults have similar
hotspot patterns from the northeast to the southwest (see
Fig. 13). The TCR of that of children predicted values, on
the other hand, revealed that the children residing within
the enclave of the northeastern to the southern were in
imminent danger. It can be inferred from the moder-
ate to high hotspots patterns that begin at 1.0E-04 and
higher (children TCR map) suggest that the risk associ-
ated with carcinogenic-related health issues in children,
such as cancer of the skin, kidney, bladder, lung, pros-
tate, and stomach, may occur earlier or later in their life
journey. Numerous studies show that PTEs amass in fat
tissues and subsequently negatively impact functions of
the central nervous structure, immune and the endocrine
systems, the urogenital and cardiovascular systems, and
normal cellular metabolism [107, 108].
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Conclusion

In this study, a sample location technique was used to
assess human health risk exposure and ecological risk
of PTEs pollution in agricultural soils in the district of
Frydek Mistek, Czech Republic. The utilization of the
local background value and the European average value
in the computation of pollution levels such as the single
pollution index, pollution load index, and potential eco-
logical risk revealed a variety of pollution levels based
on dissimilarities in the threshold limits from disparate
geochemical background levels. The PCA identified the
primary pollution sources in the research area and con-
firmed the significant statistics of 71.21%. It suggested
that the pollution source originated from a combination
of sources, such as anthropogenic and geogenic sources.
Pb and Zn (factor 1), Cu and Ni (factor 2), As (factor 3),
and Mn and Cr (factor 4) predominate in various factor

loadings, according to the source apportionment. The
pollution assessment revealed that the pollution levels
and ecological risk assessment ranged from low to high
for pollution degrees and an exhibition of low to high
pollution levels for pollution load index estimation. The
health assessment risk for both carcinogenic and non-
carcinogenic for adults and children indicated that the
children are more exposed to adults. The sampled point-
wise health risk assessment suggested that 13.05% of the
totals sample locations are carcinogenically risky to chil-
dren, and 6.04 of the sampled locations are likewise non-
carcinogenically risky. The health risk spatial distribution
map exposed the ecologically risky areas imminent to
human health, especially children. PTEs in the soil can be
increased by continually utilizing agricultural inputs and
other anthropogenic activities such as the steel produc-
tion industries. Due to the variability in observed PTEs
concentration, the traditional approach of estimating
health risk using mean concentration does not accurately
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reflect the health condition of the area under study. We
suggest that using the sampled location approach for
future health risk assessment computations is essen-
tial. This enables the researcher to fully comprehend the
study area and proffer remedial countermeasures at eco-
logically risky locations and on the verge of entering the
high-risk zone. In general, the findings of this study are
both informative and practical knowledge of the contam-
ination of PTEs within the district of Frydek Mistek and
the health-related risk status of individuals living in the
neighbourhood.
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