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In order to investigate the concentration and the health risk of potentially toxic elements in the
agricultural soils of the Bastam Plain, 14 surface soil samples (0-20 cm) were collected. Physico-
chemical characteristics and total concentration of major and trace elements were measured using
standard methods. The obtained data were interpreted using single and integrated environmental indices
and statistical analyses. The soil’s pH varied between 7.9 and 8.4. The average values of organic matter,
calcium carbonate, and cation exchange capacity (CEC) were 2 %, 42.5 %, and 10.4 meqg/100g,
respectively. The concentrations of Cr, Mo, Ni, Sr and Mn in all samples, and the concentration of As,
Cd, Co, Cu and Fe in some samples were higher than the corresponding values in the World Soil Average
composition, confirming the anthropogenic pollution of the studied soils. The calculation of
environmental indices indicated that the studied soil samples were polluted with toxic elements,
especially Mo and Sr. According to the integrated pollution indices, the soils of the study area were
moderately polluted. The results of human health risk assessment indicated the possibility of
carcinogenic risk of As and Cr through the ingestion route for children. Statistical analyses showed that
Fe-Mn oxides may play a major role in the accumulation of pollutants in the soil. Moreover, the
agricultural activity probably enhanced the concentration of toxic elements in soils. The results of the
present study showed that application of chemical fertilizers and pesticides is the main source of
contamination of the agricultural soils of the study area, and therefore, the environmental management
of agricultural practice seems necessary.

Introduction

numerous adverse impacts on human health, as toxic

Soil pollution is an important issue worldwide, since
the input of pollutants into the soil may cause the
pollution of the whole ecosystem, and thereby may
induce some major health problems for humans (Guillen
et al., 2012). Potentially toxic elements are among the
most significant environmental pollutants that may
accumulate in soils as a result of anthropogenic activities
(i.e., mining, smelting, urbanization, industrial activities,
and agricultural practices; Duffus, 2002; Hooda, 2010),
which may eventually result in the exceedance of the
toxic elements in soils than the permissible limit values.
The pollution of agricultural soils can be associated with

pollutants will enter the food chain. The widespread
application of chemical fertilizers, pesticides, and soil
amendment with human and animal waste materials are
among the most important factors of agricultural soil
pollution with potentially toxic elements. Therefore, in
agricultural fields, it is of crucial importance to monitor
the concentration of toxic elements in soils and to assess
the level of pollution in order to evaluate the possible
health risks induced by potentially toxic elements. The
Bastam plain with an area of about 480 km?, is located 6
km north-east of Shahrood, Semnan
Province. Agricultural activity is a common practice in
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the area. The present study aims to investigate the
concentration of potentially toxic elements in agricultural
soils of the area, to evaluate the intensity of soil pollution
by environmental indices, to determine the possible
source elements in the soils, and to assess the possible
health risk of studied elements using the method
proposed by USEPA (1989).

Materials and methods

14 topsoil (0-20 cm) samples were randomly collected
using a stainless-steel shovel. The samples were air dried
at room temperature for 48 h, and then were passed
through a 10-mesh stainless-steel sieve. Soil pH was
measured using the USEPA test method (USEPA 1998,
method 9045) by a calibrated pH meter (Model: YK-
2001 CT). The amount of organic matter of the samples
was determined by measuring the values of organic
carbon through oxidation with potassium dichromate in a
strong acid environment (Chopin and Alloway, 2007).
Carbonate values of the soil samples were determined by
back titration method (FAO, 2020). The cation exchange
capacity (CEC) of the samples was measured by the
standard method of USEPA method (USEPA, 1998,
method 9081A). The total concentration of major and
trace elements was measured by an ICP-OES instrument
(Model: Perkin Elmer ELAN 9000) after a hot acid
digestion of the samples (HF+HCI+HCIO4s+HNOs). To
evaluate the accuracy of the analysis, laboratory
reference materials and blank samples were analyzed,
and to evaluate the data precision, triplicate
measurements were carried out and the relative standard
deviation was obtained. To quantify soil pollution, single
pollution indices  (i.e., enrichment  factor,
geoaccumulation index, single-factor pollution index,
and Nemerow Integrated Pollution Index) were
calculated. Integrated pollution indices (i.e., combined
pollution index, pollution load index, and potential
ecological risk index) were applied to evaluate the
intensity of soil pollution with target toxic pollutants. In
order to assess the possible health risk induced by
exposure to potentially toxic elements, the standard
method provided by USEPA (1989) was applied. The
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possible source of toxic elements in the soils was studied
using bivariate and multivariate statistical methods
including correlation coefficients, cluster analysis, and
principal component analysis.

Results and Discussion

The soil’s pH varies between 7.9 and 8.4. The average
values of organic matter, calcium carbonate, and cation
exchange capacity (CEC) were 2 %, 42.5 %, and 10.37
meq/100g, respectively. The average concentrations of
Al, As, Ba, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Sb, Sc,
Sr, Ti, V, Zn and Zr in the soil samples of the study area
were 54673, 6, 292, 0.3, 13, 83, 38, 31248, 519, 19, 38,
12,1, 10, 408, 3862, 85, 77 and 96 mg/kg, respectively.
The average concentrations of Al, Ba, Cd, Cu, Fe, Pb, Sc,
Ti, V and Zr in the studied soils were lower than the
values of these elements in the World Soil Average
(WSA, Kabata-Pendias, 2011). However, the average
contents of Mo and Sr were higher than their respective
values in WSA. Moreover, the concentrations of As, Cu
and Fe in some sampling sites were higher than their
values in WSA. Noticeably, the concentrations of Cr,
Mo, Ni, Sb, Zn and Mn in all sampling sites were higher
than their respective values in WSA. The concentrations
of Cd, Pb and V in all studied samples were lower than
the composition of WSA. The contents of Mo varied
between 8.2 and 25.5 mg/kg. Considering the value of 10
mg/kg Mo in agricultural soils as the permissible value,
Mo content in all studied samples exceeded the reference
limit. Since manure, chemical fertilizers and pesticides
are typically considered as a significant source of soil
contamination in agricultural  soils (Carbonell-
Barrachina et al., 1998; Peryea, 1998), the consumption
of such products may contribute to the accumulation of
toxic elements in the soils of the study area. The values
of single pollution indices indicated that there was a more
possible risk of Mo, Cu, Co, Sr, Cr, Sb, Ni and As in the
soils of the study area. Moreover, the values of integrated
pollution indices showed a low to moderate level of soil
pollution in the study area. The hazard quotient (HQ) of
studied toxic elements in all the sampling sites was
within the permissible limit (HQ < 1); however, based on
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the calculation of hazard index (HI) values, exposure to
toxic elements in soil through the ingestion route for
children can be associated with non-carcinogenic risks.
The health risk assessment also indicated that there was
a possible carcinogenic risk of As and Cr through
ingestion route for children. Statistical analyses showed
the possible common source of P and As, confirming the
impact of agricultural practice on the accumulation of As
in the studied soils. There was also a significant
correlation between Co, Zn, Cu, Pb, Mo, Ba, Sr, V and
Sb with Fe and Mn, pointing out the oxide phases as
significant sinks of anthropogenically sourced toxic
elements in the study area. V, Ni, Co, Fe, Mn and Cr were
highly correlated with Al, confirming the natural source
of these elements in the study area.

Conclusion

The obtained results in the present study showed that
the average concentrations of Mo, Sr, Co, Cr, Mn, Ni and
Sh in the studied soils were higher than the corresponding
concentration of these elements in the WSA composition.
Noticeably, Mo and Sr concentrations in the studied soil
samples were much higher than the SWA composition
(17 and 2.3 times, respectively). The results of the health
risk assessment indicate the possible carcinogenic risk of
As and Cr for children through the ingestion route. Also,
exposure to toxic elements in the soil through the
ingestion route for children can be associated with non-
carcinogenic risks. Considering the development of
agricultural activity in the area, the environmental
management of the polluted soils is of vital importance
to reduce the possible adverse health impacts on the local
residents, especially for children.
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Fig. 2. The location of soil sampling sites in the Bastam region, Semnan Province.
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Table 1. Description of the environmental indices used in the present study (the element’s values are in mg/kg).

Single pollution indices

Index Formula Classification Reference
Enrichment Factor (EF) Deficiency to minimal enrichment (EF < 2) Sutherland,
(i) Moderate enrichment (2 < EF < 5) 2000
EF Crep sampte Significant enrichment (5 < EF < 20)
-~ B, Very high enrichment (20 < EF < 40)
(m)bac"gmund Extremely high enrichment (EF > 40)
Geoaccumulation Index (Igeo) C, Unpolluted (lgeo < 0) Miiller, 1969
loeo = logy — Unpolluted to moderately polluted (0 < Igeo < 1)
: =" 1.5B, Moderately polluted (1 < Igeo < 2)
Moderately to highly polluted (2 <Igeo < 3)
Highly polluted (3 <Igeo < 4)
Highly polluted to very highly polluted (4 < Igeo < 5)
Very highly polluted (Igeo > 5)
Nemerow Integrated Pollution Index Non pollution (NIPI < 0.7) Yangetal.,
(NIPT) Warning line of pollution (0.7 < NIPI < 1) 2011
Low level of pollution (1 <NIPI <2)
Moderate level of pollution (2 < NIPI < 3)
High level of pollution (NIPI > 3)
Pollution Index C Clean (Pi<1) Esen, 2010;
Pi = C—I Low level of pollution (1 < P; < 2) Gor;%g;al.,
0 Moderate level of pollution (2 <P; < 3)
Strong level of pollution (3 < P; < 5)
Very strong level of pollution (P; > 5)
Integrated Pollution indices
Index Formula Classification Reference
Pollution Load Index (PLI) PLI= (Pig X Pig  PigX...Pip) " Background value (PLI = 0) Ahmed et al.,
Clean (0<PLI<1) 2022
Clean to moderate level of pollution (1 <PLI < 2)
Moderate level of pollution (2 < PLI < 3)
Moderate to high level of pollution (3 < PLI < 4)
High level of pollution (4 <PLI<5)
Very high level of pollution (PLI > 5)
Combined Pollution Index (CPI) 3 Pi Low level of pollution (CPI < 1) Chenetal.,
CPI] = ~ Moderate level of pollution (1 < CPI < 2) 2005

Potential Ecological Risk Index
(PERI)

YYY

High level of pollution (CP1> 2)

Risk Degree, Risk Level:
Slight, A (PERI < 150)

Hakanson, 1980
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Table 2. The applied parameters in the equations of non-carcinogenic and carcinogenic risk of potentially toxic elements in soils.

SF RfD

Dermal Dermal

contact Inhalation  Ingestion contact Inhalation Ingestion
As 3.66 15.1 15 3.00x104 1.23x10* 3.00x104
Cd 6.1 0.0018 6.1 1.00x10°® 1.00x10°8 1.00x10°8
Cr 2 47.6 0.50 6.00x10 2.86x10° 3.00x10°8
Pb 0.0085 0.0085 0.0085 5.25x10* 3.52x10% 3.50x10
Ni 425 0.81 17 2.00x10 2.00x1072 2.00x1072
Zn - - - 6.00x10 3.00x10* 3.00x101
Co - - - 16.00x103 5.70x10°® 2.00x1072
Cu - - - 12.00x10° 4.00x10* 4.00x10*
Mn - - - 14.00x102 5.00x10° 14.00x10-2
Mo - - - 5.00 x10°® 5.00x10%  5.00 x1073
Fe - - - 7.00x10* 7.00x101 7.00x101
Ba - - - 2.00x10? 14.30x10° 2.00x102
Sb - - - 4.00x10* 4.00x10* 4.00x10*
\Y% - - - 9.00x103 9.00x103 9.00x10°3
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Table 3. The values of physico-chemical paramenters in the agricultural soil samples of the Bastam Plain (2023).

pH Carbotante (%) OM (%) CEC (meqg/1009)
1 8.1 42.5 15 5.1
2 8.3 49.0 1.7 8.5
3 7.9 35.0 1.6 7.9
4 8.2 45.0 25 154
5 8.0 375 24 125
6 8.2 40.0 21 125
7 8.3 425 2.6 16.1
8 8.2 42.5 2.1 11.4
9 8.2 40.0 2.4 135
10 8.2 42.5 25 12.6
11 8.4 49.0 1.33 3.9
12 8.3 47.5 18 7.8
13 8.3 425 1.9 9.5
14 8.1 40.0 1.6 8.5
Min 7.9 35.0 1.3 3.9
Max 8.4 49.0 2.6 16.1
Mean 8.2 42.5 2.0 104
YA
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Fig. 3. The positive correlation between OM and CEC values in agricultural soils of the Bastam area
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Table 4. The concentration of elements in the agricultural soils of the Bastam Plain (values in mg/kg/dw).

(S22 555 MIIKY o polie) pllany s (55,9laS S sladiges ;o polic clale -F Jgux

Pb Zn Cd Co Cu Mn Cr Ni Mo As Fe Ba Sh \Y Sr Al Ti zr

1 9 75 027 131 27 504 85 38 22.2 4.6 30640 279  0.93 86 390 55238 3769 96

2 9 75 0.26 13.6 32 514 82 40 17.1 4.8 31256 291 0.91 88 392 55692 3831 96

3 12 73 029 135 25 493 78 38 9.5 7 30500 283 0.95 86 397 54318 3651 94

4 11 78 026 125 55 519 71 34 28.1 4.8 31619 283 1.03 78 381 50126 3783 92

5 12 82 022 140 33 548 85 40 8.2 9.4 32990 310 0.93 89 453 58020 4043 98

6 13 81 027 132 41 522 83 37 11.8 5.3 31260 289 0.95 85 425 56061 3817 94

7 10 81 024 143 28 561 93 41 14.6 75 32717 308 0.96 92 414 59615 4079 99

8 10 68 023 131 25 503 91 37 26.8 4.8 29725 292  0.89 83 410 52946 3722 95

9 17 74 025 134 33 502 78 36 24.2 9.1 30520 286 1.00 80 399 51801 3885 94

10 16 77 024 135 53 526 74 37 20.2 55 31693 303 1.01 85 427 55550 3985 93

11 11 84 026 137 107 546 78 36 28.5 3.8 32171 292  0.96 81 432 53069 4013 97

12 12 75 024 13.0 29 508 78 38 15.6 55 30691 288 1.01 85 399 55535 3922 103

13 10 69 027 129 23 493 92 36 19.7 5.2 29796 288  0.90 78 382 49167 3680 93

14 16 81 027 141 27 526 92 40 12.7 4.8 31896 299  1.00 91 410 58293 3893 100
WSA* 27 70 041 113 389 488 59.5 29 11 6.83 32000 460 067 129 175 67000 7038 267

Calcareous 26 100 0.62 12 23 445 83 34 15 - - 520 - 115 195 - - -
soils™
National 75 500 5 50 200 2 (Cr®), 110 (Cr) 110 20 40 - 600 10 200 - - - -
standards
*World Soil Average; Kabata-Pendias, 2011.
Yo
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Fig. 4. The box plots of elemnts concentration (in mg/kg) in the agricultural soils of the Bastam Plain (2023)
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Table 5. The average values of non-carcinogenic risk (HQ and HI) of potentially toxic elements for children and adults age groups in the agricultural soils
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of the Bastam Plain (2023).

Pb Zn Cd Co Cu Mn Cr Ni Mo As Fe Ba Sh \Y/ HI
Ingestion
e 307E-01 3.27E-03 3.26E-03 B8.58E-03 265E-02 A7AE-02 353E-01 241E-02 A473E-02 250E-01 5.71E-01 187E-02 286E-03 120E-01  1.78E+00
Ingestion
s 320E-02 3.50E-04 349E-04 O.10E-04 227E-02 5.O08E-03 3.78E-02 258E-03 5.07E-03 268E-02 6.12E-02 200E-03 3.06E-04 120E-02  2.11E-01
Inhalation
hiidron 341E-07 256E-08 255E-06 2.36E-04 207E-07 104E-03 104E-03 180E-07 4.63E-08 5.87E-06 4.47E-06 204E-04 2024E-07 O9.42E-07 2.53E-03
Inhalation
ALls 1.92E-07 144E-08 1.44E-06 133E-04 117E-07 5.85E-04 5.84E-04 106E-07 2.61E-08 3.31E-06 252E-06 1.15E-04 126E-07 531E-07  143E-03
Der:r‘]?: dcrc;rr:tact 818E-04 457E-05 913E-04 105E-05 247E-04 133E-04 089E-04 675605 133E-04 7.00E-04 140E-03 5.23E-05 8.00E-05 3.37E-04  5.92E-03
De”ggh?gmaa 1256-04 698E-06 139E-04 458E-06 3.77E-05 203E-05 151E-04 103E-05 202E-06 107E-04 2.13E-04 7.99E-06 122E-05 515605 Ooob04
AAIA
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Fig. 6. The pollution level of the agricultural soils of the Bastam Plain on the basis of the integrated environmental indices
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Table 6. The average values of carcinogenic risk (CR) and total carcinogenic risk (TCR) of potentially toxic elements for children
and adults age groups in the agricultural soils of the Bastam Plain

. . . . Dermal Dermal
Ingestion  Ingestion  Inhalation  Inhalation
(children)  (adults)  (children) (adults) contact contact TCR
(children) (adults)
As Carcinogenic 1.12E-04  1.20E-05 8.86E-09 4.99E-09 7.68E-07 1.17E-07 1.25E-04
Cd Carcinogenic 4.84E-06 1.33E-07 1.56E-10 8.77E-11 3.47E-09 5.3E-10 4.98E-06
Cr Carcinogenic 5.30E-04  5.68E-05 3.95E-07 2.22E-07 5.93E-06 9.06E-07 5.94E-04
Ni Carcinogenic 4.10E-06  4.39E-07 3.06E-09 1.72E-09 5.74E-05 8.76E-06 7.07E-05
Pb Carcinogenic 1.30E-06  1.40E-07 1.02E-11 5.75E-12 3.65E-09 5.58E-10 1.45E-06
Yor
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Table 7. The correlation coefficient matrix of elements in agricultural soils of the Bastam Plain

As Cu Al Cd Co Cr Fe Mn Mo Ni P Pb Sb \Y Zn Ba S
As 1
Cu 0277 1
Al 0140  0.174 1
cd -0300 -0.310 -0.168 1
Co -0.048 0015 0742% -0154 1
Ccr 0329 - 0379 0022 0317 1
Fe 0192 0571° 0662" -0298 0.670° 0,013 1
M 0255 0528 0700 -0.407 0660° 0110 0963 1
Mo -0.420 0.116 - -0.130 -0.419 0-350 -0.231 -0.167 1
Ni  -0.220 -0215 0852% -0139 0.662° 0519 0365 0.383 - 1
P 0682 0634 0037 -0137 0007 -0.365 0323 0278 -0037 -0.307 1
Pb  0611* 0408 0140 -0.041 0172 -0353 0198 0118 -0.249 -0.159 0347 1
Sb 0351 0614° 0064 -0.085 -0001 - 0404 0313 0141 -0198 0133 0597 1
V 0246 -0.120 0905~ -0.063 0.752° 0463 0478  0.486 - 0971" - : - 1
Zn 0130 0575 0588° -0.133 0576° -0.013 0.947° 0913° 0184 0228 0392 0218 0370 036 1
Ba 0329 0134 0637 - 0709° 0371 0657 0756 -0.282 0458 0185 0154 - 047 0525 1
Sr 0492 0284 0553° -0484 0646° 0086 0619 070" 0251 0249 0421 0418 0070 033 0624 079 1
*. Correlation is significant at the 0.05 level (2-tailed).
**_Correlation is significant at the 0.01 level (2-tailed).
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Fig. 7. The cluster analysis diagram of the potentially toxic elements in the agricultural soils of the Bastam Plain
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Fig. 8. The scree plot and loading diagram of components for the studied elements in the agricultural soils of the Bastam Plain
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Component
P Total % of Variance Cumulative % Total % of Variance Cumulative % Total % of Variance Cumulative %
1 6.50 40.89 40.89 6.95 40.89 40.89 5.61 32.99 32.99
2 4.26 25.05 65.94 4.26 25.05 65.94 4.86 28.62 61.62
3 2.16 12.73 78.68 2.16 12.73 78.68 2.50 14.73 76.36
4 157 9.24 87.93 1.57 9.24 87.93 1.96 11.57 87.93

Extraction Method: Principal Component Analysis.
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Table 9. Classification of elements in the agricultural soils of the Bastam Plain on the basis of principal component matrix and rotated
component matrix

Component Matrix?

Component
1 2 3 4
As 0.316 -0.365 0.671 0.425
Cu 0.432 -0.045 -0.084 -0.092
Al 0.445 0.813 -0.063 -0.041
Cd 0.055 0.148 -0.725 0.561
Co 0.640 0.717 0.024 -0.119
Cr -0.239 0.844 0.106  0.153
Fe 0.826 -0.311 -0.416 -0.146
Mn 0.898 -0.289 -0.163 -0.180
Y&
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Ni 0.472
P 0.366
Pb 0.839
Sb 0.567
\ 0.710
Zn 0.820
Mo 0.655
Ba 0.661
Sr 0.717

0.809 -0.092 -0.053
-0479 0695 0.177
-0.147  0.261 -0.075
-0.599 -0.162 -0.250
0.623 -0.141 -0.130
-0.242  -0.468 0.139
-0.393 0.001 -0.571
0.150 0.556 -0.234
0.036  0.534 0.067

Extraction Method: Principal Component

a. 4 components extracted.
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