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1-Introduction

The pollution of soils with the potentially toxic element is a worldwide problem. Potentially toxic elements
presented in the soils can enter to other compartments of the ecosystems and thereby, lead to health problems in
organisms (Rocco et al., 2016; Hasan et al., 2018). Some potentially toxic elements, e.g. Cr, Pb, Cd, Hg, As and
Sh, present naturally in the environment, however, when their concentration increases, they can be harmful for
the environment (Cai et al., 2019; Muhammad et al., 2019). In recent decades, anthropogenic sources including
agricultural and industrial activities as well as urban development lead to the increase of the concentration of
toxic elements in the environment (Karimi et al., 2017; Cai et al., 2019). The application of fertilizers, pesticides
and herbicides during the agricultural activity is one of the most important sources of potentially toxic elements
in the environment; therefore, in the agricultural fields the concentration of these pollutants in the soil can be
higher than the natural background values (Nash et al., 2003; Atafar et al., 2010; Karimi et al., 2017; Hasan et
al., 2018). Thus, in agricultural soils there is a serious health risk imposed by toxic elements because of the
accumulation of these pollutants in the food chain (Walter et al, 2002; Rocco et al., 2016).

Aleshtar plain is an important agricultural field in Lorestan Province. The aim of the present study is to
investigate the concentration of the potentially toxic elements in agricultural soils, to determine the source of the
pollutants, and to assess the health risk imposed by toxic elements.

2-Methodology

In order to study the intensity of the soil contamination with potentially toxic elements and to assess the health
risk of the Aleshtar plain, 18top soil samples were collected in the study area. The soil samples were air-dried at
room temperature and then they were passed through a 2 mm stainless steel sieve. The sieved samples were
stored in polyethylene bags prior to laboratory analysis. The total concentrations of elements were measured by
ICP-OES instrument after digesting by strong acids. The physic-chemical properties of the soil samples
(including pH, organic matter, carbonate, and soils texture) were determined using the standard methods. In
order to assess the pollution of the soils, the geochemical indices (enrichment factor, geomagnetic factor, single
factor pollution index, Nemerow integrated pollution index, combined pollution index, pollution load index,
potential ecological risk index) were calculated. Health risk assessment was conducted using the protocol of
USEPA (1989).

3- Results and discussion

The pH of the samples varies between 6.9 and 7.5% (average value of 7.2 %) which is compatible with the high
content of calcium carbonate in samples. The amount of organic matter varies in the range of 2.7-9.3% (average
value of 6%). The high content of organic matter in the studied soils is due to the application of manure in the
agricultural fields. The calcium carbonate amount of the studied soils is in the range of 5 to 39% (average value
of 21%). The relatively high content of calcium carbonate is probably due to the extensive application of lime as
a soil amendment, as well as the geology of the study area. The presence of calcium carbonate and organic
matter in soils can lead to decrease of the metal availability and mobility. Based on the total concentration
values, the average concentrations of Ni, Pb, As, Zn, Cu, Co, Cr, Ag, Sc, Mo, U, Th and Sb in the studied soils
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are 117.9, 18.4, 14, 84.4, 37.1, 19.7, 155.7, 0.4, 13.5, 0.8, 8.5, 11, and 4.1 mg/kg, respectively. The average
concentrations of Cd, As, Sb, Zn, Ni, Fe, Mn, Cr, Ag, Co, Th and U are higher than the world’s soil average
composition (Kabata-Pendias, 2011), while the concentrations of As, Zn and Sb in all samples are higher than
their values in the World’s soil average composition. The calculation of the geochemical indices indicates that
the studied soils are significantly contaminated with Sb and As. Health risk assessment indicates that the hazard
quotient for As via ingestion pathway for children is higher than 1; therefore, there are adverse non-carcinogenic
health effects of arsenic for this age group. The results show that there is a carcinogenic risk imposed by arsenic
via ingestion pathway for both adult and children age groups. Cr is carcinogenic for children via dermal contact
and ingestion; whereas it is carcinogenic for adults through ingestion. The intake of Ni via ingestion by adults
and via dermal contact by children can be associated with carcinogenic risk. The results indicated that Cd is
carcinogenic for children through the ingestion route.

4-Conclusion

The aim of this study is to study the contamination of the agricultural soils in the Aleshtar Plain, and to assess
the probable environmental health risk imposed by potentially toxic element via ingestion, inhalation, and
dermal contact routes. The obtained results in this study show that the agricultural activity has considerably
increased the concentration of potentially toxic elements in the Aleshtar agricultural soils. On the basis of the
geochemical indices values, the soils of the study area are polluted with respect to As, Sb, Cr, and Ni.
Environmental health risk assessment shows that the presence of As, Cr, Ni, and Cd in soils of the study area
can lead to the carcinogenic and non-carcinogenic effects in both adults and children. Regarding the probable
negative effects of metal accumulation on public health status, the management of agricultural practice in the
study area is of crucial importance.
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Fig. 1. The geological map of the study area and the location of the sampling sites.
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Table 1. Descriptive statistics of the physico-chemical parameters and elements concentration in the Aleshtar Plain soilscompared
with the reference values. The concentration values are reported as mg/kg, and the content of organic matter (OM), carbonate, silt,

caly and sand are reported as %.

parameter Mean Max. Min. Reference value *
pH 7.2 7.4 6.9 -
oM 6 9.3 2.7 -
Carbonate 21 39 5 -
Sand 83.5 88 78 -
Silt 5.4 10 2 -
Clay 11 16 8 -
Cd 0.3 04 0.2 0.4
Ni 117.9 145 91 29
Pb 18.4 27 12 27
As 14 96.1 4 6.8
Zn 84.4 104 65 70
Cu 37 46 28 38.9
Co 19.7 25 15 11.3
Cr 155.7 192 134 59.5
Mo 0.7 0.9 0.5 11
Sc 135 16.5 10.2 11.7
Sh 4.1 4.7 3.4 0.6
Al 59279 | 71384 44020 67000
Fe 36192 | 44665 27639 32000
Ag 0.43 1.8 0.27 0.13
u 8.5 11.9 5.4 3
Th 11 12.8 9 9.2
Mn 750 967 545 488
\Y 96.7 118 71 129
*Kabata-Pendias, 2011
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Fig. 4. The average values of geoaccumulation index for the studied elements in the Aleshtar Plain soils.
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Table 2. The classification of pollution index (Gong et al., 2008) and the situation of the studied elements.

Pi value Classification Studied elements
Pi<i Clean Cd, Cu, Pb, Al, Mo, V
1<Pi<2 Low level of pollution Co, Fe, Mn, Zn, Th, Sc
2<Pi<3 Moderate level of pollution As, Cr, U
3<Pi<5 strong level of pollution Ag, Ni
Pi=5 Very strong level of pollution Sh
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Table 3. The classification of the Nemerow Integrated Pollution Index (Sabitha and Sarala, 2012) and the situation of the studied

elements.
NIPI value Classification Studied elements
NIPI<0.7 Non pollution Pb, V
0.7<NIPI<1 Warning line of pollution As, Al, Mo, Cd, Cu
1<NIPI<2 Low level of pollution Co, Mn, Th, Zn, Fe, Sc
2<NIPI<3 Moderate level of pollution Ag, Cr, U
NIPI>3 high level of pollution Sb, Ni
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Table 4. The classification of Pollution Load Index (Tomilnson et al., 1980).

PLI value Classification
0 background concentration

0<PLI<I unpolluted
1<PLIL2 unpolluted to moderately polluted
2<PLI<3 moderately polluted
3<PLI<4 moderately polluted to highly polluted
4<PLI<5 highly polluted

PLI>5 extremely polluted
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s 1.05-
® 1.06-
® 1.28-
@ 1.39-1.50
@ 150-194

1.06
1.28
1.39

m Ciy
- Village

Fault1
Waterway
Asphalt road

il cis 65,0leS ST sladiges Sooll b pasls SasST, - 0 IS
Fig. 5. Spatial distribution of the pollution load index values in the agricultural soils of the Aleshtar Plain.
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Table 5. The classification of the Potential Ecological Risk (Hakanson, 1980) and the location of the studied elements.
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PERI Classification Studied elements E; Classification Studied elements
<150 Slight (A) Cr, Cu, Pb >40 Slight As, Cd, Cr, Cu, Ni, Pb
150-300 Medium (B) - 40-80 Medium -
300-600 Strong (C) As, Cd, Ni 80-160 Strong Zn
>600 Very strong (D) - 160-320 Very strong -
Zn >320 Extremely strong -
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Table 6. Description of the applied parameters in the Average Daily Dose relationships (USEPA, 1997, Ferreira-Baptista and Miguel,
2005., Sawut et al., 2018).

. . Value
Parameter Description Unit Children Adult
C Concentration in soil mg/kg - -
Ring Ingestion Rate mg/day 200 100
EF Exposure Frequency days/year 350 350
ED Exposure Duration years 6 24
BW Body Weight kg 15 70
AT Average Time EDx365 2190 8760
Rinh Inhalation Rate m3/day 7.6 20
PEF Particle Emission Rate m3/day 1.36x10° 1.36x10°
SA Skin Surface Area cm 5700 2800
SL Skin Adherence Factor mg/cm® 0.2 0.07
ABS Dermal Absorption Factor - 0.001 0.001
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Table 7. The applied reference dose (RfD) and slope factor (SF) for the calculation of carcinogenic and non-carcinogenic risks of the
potentially toxic elements (Park, 2018, Sawut et al., 2018).

Parameter Route Pb Cr Zn As Cd
Ingestion 3.50%x103 3.00x103 3.00x101 3.00x10* 1.00x103
RfD Dermal Contact 5.25x10* 6.00x10°° 6.00x10-2 3.00x10 1.00x10°
Inhalation 3.52x1073 2.86x10° 3.00x10! 1.23x10* 1.00x10-3

Ingestion - - - 15 6.1

SF Dermal Contact - - - 15 6.1
Inhalation - 42 - 4.3x103 1.8x1073
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Table 8. Assessment of the carcinogenic risks forAs, Cr, Ni and Cd through inhalation, dermal contact and ingestion routes in the
agricultural soil samples of the Aleshtar Plain.
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Inhalation Dermal contact Ingestion
Children Adults Children Adults Children Adults
As 7.6E-08 4.29E-08 1.85E-06 2.82E-07 0.00027 2.89E-05
Cr 8.4E-07 4.74E-07 2.04E-05 3.12E-06 0.002986 0.00032
Ni 6.36E-07 3.59E-07 1.55E-05 2.36E-06 0.002262 0.000242
Cd 1.73E-09 9.77E-10 4.21E-08 7.33E-08 6.16E-06 6.6E-07
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