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Abstract

Introduction: Heavy metal contamination is one of the major forms of soil pollution and is of particular
concern in agricultural areas surrounding large cities. The accumulation of heavy metals in soils and plants
can pose significant risks to ecosystems and human health. Therefore, accurate information on the
concentrations and potential sources of heavy metals in agricultural soils is essential. This study aimed to
assess the contamination of agricultural soils in selected areas of Isfahan Province, Iran, by heavy metals,
including cadmium (Cd), lead (Pb), copper (Cu), nickel (Ni), zinc (Zn), arsenic (As), and iron (Fe).

Materials and Methods: A total of 90 surface soil samples were collected from agricultural lands in
Khomeini Shahr, Isfahan, Falavarjan, Lenjan, and Ardestan counties. The samples were transferred to the
laboratory in polyethylene bags, air-dried, and passed through a 2-mm sieve. The soil samples were then
extracted using 4 M nitric acid, and the concentrations of heavy metals were determined by inductively
coupled plasma mass spectrometry (ICP-MS). Descriptive statistical parameters, including the mean,
minimum, maximum, skewness, and kurtosis, were calculated using SPSS software. The Kolmogorov—
Smirnov test was used to assess data normality. Because the data were not normally distributed, Spearman’s
correlation analysis was used to evaluate the relationships among the studied elements. Statistical
significance was set at p < 0.05. The degree of heavy metal contamination was assessed using the enrichment
factor (EF), geoaccumulation index (Igeo), and ecological risk index (RI).

Results and Discussion: The mean concentrations of Cd, Pb, Cu, Ni, Zn, As, and Fe in the soil samples
across the study area were 1.28, 34.09, 20.57, 59.29, 88.41, 27.77, and 31,511.39 mg kg™!, respectively. The
overall order of metal concentrations was Fe > Zn > Ni > Pb > As > Cu > Cd. Significant positive
correlations were observed among all the studied elements except Fe, which may indicate common sources
for these elements. The mean concentrations of Pb, Zn, and Cd in the soils of Isfahan were significantly
higher than those in the other study areas, which may be attributed to the presence of the Bama lead-zinc
mine and a cement factory, as well as higher traffic density. Ardestan showed higher As concentrations and
contamination levels than the other study areas, which may be related to the geological characteristics of the
area. The enrichment factor indicated significant to very high enrichment of Cd, Pb, and Zn in the soils of the
study area. According to the geoaccumulation index, Cd and As showed moderate to strong contamination
across the study area. In Isfahan, Pb and Zn exhibited moderate to strong contamination based on the Igeo
values. The ecological risk index indicated that Cd had the highest potential ecological risk among the
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studied elements across the study area and individual cities, suggesting a considerable influence of
anthropogenic activities on Cd accumulation.

Conclusion: The entry of heavy metals into the human body through the consumption of agricultural
products and livestock products, inhalation of contaminated dust, and dermal contact can have adverse toxic
effects, particularly as these elements accumulate in the body over time. Therefore, further investigations into
the concentrations of these metals, particularly As, in airborne dust, plants, livestock, and human populations
are recommended.

Keywords: Heavy metals, Agricultural Soil, Enrichment Factor, Geoaccumulation Index, Ecological
Risk Index
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Table (1) Statistical summary of total heavy metal concentrations in the study area, Swiss and

Iranian standards, and the average of the Earth's crust (mg/kg)

Fe Zn As Ni Cu Pb Cd
5273450 541.16 469.45 111.13 41.73 172.25 3.67 Maximum
12617.06 26.05 7.31 23.55 5.54 9.21 0.42 Minimum
31511.59 88.41 27.77 59.29 20.57 34.09 1.28 Mean The entire
region
9182.17 66.81 52.69 17.00 5.19 21.78 0.65 Std.
deviation
29.13 75.56 189.73 28.67 25.23 63.89 50.78 C.V.
30983.40 122.81 25.64 87.07 26.94 57.23 2.91 Maximum
14139.78 40.08 15.08 35.49 9.17 24.00 0.83 Minimum
23165.55 80.28 19.83 65.39 19.63 36.57 1.50 Mean Khomeinishahr
4354.08 18.63 2.60 13.74 4.68 8.24 0.61 Std. (20)
deviation
18.79 23.21 13.11 21.01 23.84 22.53 40.68 C.V.
38516.35 541.16 29.86 111.13 30.45 172.25 3.67 Maximum
19589.21 68.08 18.21 4357 12.40 28.40 1.09 Minimum
29016.62  149.25 22.87 66.99 22.66 50.17 1.86 Mean Isfahan
4754.64 139.32 3.60 16.81 4.65 40.93 0.76 Std. (16)
deviation
16.38 93.34 15.74 25.09 20.52 81.58 40.86 C.V.
36710.66  139.65 20.81 83.08 41.73 59.92 2.06 Maximum
12617.06 26.05 14.09 23.55 5.54 18.86 0.82 Minimum
31357.81 83.99 18.56 70.35 20.10 39.63 1.48 Mean Falavarjan
5939.20 23.73 2.09 15.29 7.47 9.64 0.39 Std. (19)
deviation
18.94 28.25 11.26 21.73 37.16 24.32 26.35 C.V.
52734.50 66.78 13.09 44.48 27.24 16.95 0.81 Maximum
31843.10 36.30 7.31 25.32 11.19 9.21 0.42 Minimum
45094.82 55.31 10.54 38.94 18.90 13.04 0.61 Mean Lenjan
6434.56 8.29 1.56 5.39 4.56 2.14 0.12 Std. (19)
deviation
14.26 14.98 14.80 13.84 24.12 16.41 19.67 C.V.
33955.16 96.64 469.45 67.14 25.25 40.92 151 Maximum
21926.29 63.42 10.11 43.98 17.61 25.92 0.53 Minimum
28290.27 81.92 77.11 54,72 22.34 33.26 0.95 Mean Ardestan
3640.78 9.46 119.07 6.91 2.02 4,53 0.28 Std. (16)
deviation
12.870.20 11.55 154.41 12.63 9.04 13.61 29.47 C.V.
50000.00 70.00 1.80 75.00 55.00 12.50 0.20 Earth's
crust
500.00 40.00 110.00 200.00 75.00 5.00 Iranian
Standard
50000.00 150.00 50.00 40.00 50.00 0.80 Swiss
Standard
50.00 40.00 30.00 10.00 0.06 Global

average
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Table (2) Spearman correlation coefficients of heavy metals in soils of the study area

Zn Fe As Ni Cu Pb Cd
1 Cd
1 0.879™ Pb
1 0.447™ 0.408™ Cu
1 0.420™ 0.872™ 0.799™ Ni
1 0.538™ 0.419™ 0.733™ 0.666™ As
1 -0.412™ -0.076 0.255" -0.197 -0.259" Fe
1 -0.106 0.583™ 0.737" 0.519™ 0.782™ 0.724™ Zn

Table (3) Comparison of average heavy metals in soils of the 5 studied cities

Zn Fe As Ni Cu Pb Cd
0.001™ 0.001™ 0.853 0.706 0.080 0.030™ 0.030™ Khomeinishahr -
Isfahan
0.000™ 0.849 0.935 0.221 0.775 0.605 0.855 Khomeini Shahr -
Falavarjan
0.000™ 0.203 0.553 0.000™ 0.654 0.000™ 0.000™ Khomeini Shahr -
Lenjan
0.005™ 0.937 0.001™ 0.015™ 0.124 0.599 0.001™ Khomeini Shahr -
Ardestan
0.188 0.002™ 0.795 0.432 0.143 0.095 0.021™ Isfahan -
Falavarjan
0.000™ 0.000™ 0.457 0.000™ 0.032™ 0.000™ 0.000™ Isfahan - Lenjan
0.698 0.003™ 0.003™ 0.008™ 0.859 0.012™ 0.000™ Isfahan - Ardestan
0.000™ 0.150 0.613 0.000™ 0.469 0.000™ 0.000™ Falavarjan -
Lenjan
0.091 0.922 0.001™ 0.001™ 0.208 0.319 0.002™ Falavarjan -
Ardestan

0.000™ 0.209 0.000™ 0.000™ 0.054 0.002 0.051 Lenjan - Ardestan
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Table (4) Geoaccumulation index values in the entire region and the studied counties

Zn As Ni Cu Pb Cd Index

-0.25 3.36 -0.91 -2.00 0.86 2.09 Mean The entire
region

-2.00 1.44 -2.25 -3.83 -1.02 0.48 Minimum

2.36 7.44 -0.01 -1.00 3.20 3.61 Maximum

-0.39 2.87 -0.78 -2.06 0.96 2.32 Mean

-1.39 2.48 -1.69 -3.18 0.36 1.47 Minimum

0.23 3.24 -0.38 -1.59 1.61 3.28 Maximum Khomeinishahr

0.51 3.08 -0.76 -1.90 141 2.63 Mean

-0.62 2.75 -1.36 -2.74 0.59 0.18 Minimum Isfahan

2.36 3.46 -0.01 -1.43 3.20 3.61 Maximum

-0.32 2.78 -0.69 -2.06 1.07 2.30 Mean Falavarjan

-2.00 2.38 -2.25 -3.83 0.01 1.45 Minimum

0.41 2.95 -0.43 -0.97 1.67 2.78 Maximum

-0.91 1.96 -1.51 -2.12 -0.53 1.03 Mean

-1.56 1.44 -2.18 -2.94 -0.03 0.48 Minimum

-0.64 2.27 -1.36 -1.60 -0.15 1.43 Maximum Lenjan

-0.36 4.83 -1.03 -1.90 0.82 1.66 Mean

-0.74 1.90 -1.36 -2.25 0.46 0.81 Minimum Ardestan

-0.12 7.44 -0.74 -1.70 1.12 2.33 Maximum
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Table (5) Enrichment factor values in the entire region and the studied counties

Zn As Ni Cu Pb Cd Index

2.00 24.48 1.25 0.59 4.33 20.31 Mean The entire
region

1.47 16.09 1.24 0.39 2.92 16.64  Minimum

7.33 247.28 1.40 0.72 13.06 34.80  Maximum

247 37.12 1.87 0.77 6.79 32.37 Mean

2.02 26.43 1.52 0.59 6.31 29.35 Minimum

2.83 59.64 2.06 0.79 7.38 46.96  Maximum Khomeinishahr

3.67 21.89 1.54 0.71 6.91 32.05 Mean

2.48 21.50 1.48 0.57 5.80 27.82 Minimum Isfahan

10.04 25.82 1.92 0.72 17.89 47.64  Maximum

1.91 16.44 1.49 0.58 5.98 23.60 Mean Falavarjan

1.47 16.03 1.24 0.39 5.05 25,50  Minimum

2.71 16.74 151 1.03 6.52 28.06 Maximum

0.87 6.49 0.57 0.38 1.16 6.76 Mean

0.81 6.38 0.39 0.32 1.16 6.59 Minimum

0.90 6.89 0.71 0.47 1.28 7.68 Maximum Lenjan

1.56 75.71 1.32 0.72 4.73 16.79 Mean

1.26 12.81 1.29 0.62 4.70 12.08 Minimum Ardestan

1.91 384.04 1.34 0.82 4.82 22.23  Maximum

o 313 plonil ST mis diate  pmbaw oSS (g5, » (Taati et al. 2020) 01, Ken 5 ol oS (slanlllas o
(S5 o 8 Il 55 ol sl e T Jlezs! Lo s o OLES 87 515 V0 1 28 S b 55856 S
Lgd o3l Cad Ll (gal b 4 WSl g o 3l pl 48T Wyls VO I i Sds b 5556 (ST Y
ST 03 dT o g 03 JT 1 o (Shls 55 5 JSG (e 51 (SRR opn) Gt lb o L3S 0Ly s
Aty s b b ge (S IT ST 5 b ge (ST eslS o s

Sy 5l 8 oK Sl Chle gy, 5 S laalas s (Toomanian et al. 2022) o, Kes 5 0Ll s
(YF/7) 59, 5 (¥Y/9) Mﬂ.slf WVl (il g8 o o 4S5 Lk y deS ol 4 Lisls plx! Ol J Ol Ciodn 87 mbann
(Sl s b p3lin ol 1 35 oS CIAY) a5 (V) 580 o g2 (P1F) o wtom 5 B (V) IS VL 5l
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Lyl b

IS 53 R K355 6Ky Latls s o 0lis S s 1) &K juolie ST K348 56 7 Jpun
5 VOUAL OFFA/PY CFYF/VA (FBV/+ & OFPV/e+ 5 4 Okl 5 355001y cOlor 55D cOlgaul ¢ gd snas cailaie
e (Sl Ol g o ste 645 ST 6y (113 3 gp0nl Ol g e li opl 4 e 5 L ST ol 08)/0F
s 4 g5 BB G5 ST K5 (61 Ol ) 5 Olghonl (Ol 5 530

Table (6) Average coefficient of potential environmental risk (Er) and potential ecological risk (R1)
in the entire region and the studied counties

RI Zn As Ni Cu Pb Cd E: index
367.00 1.26 154.28 3.95 1.87 13.64 192.00 Whole region
357.09 1.15 110.17 4.36 1.78 14.63 225.00 Khomeinishahr
434.79 2.13 127.06 4.47 2.06 20.07 279.00 Isfahan
348.67 1.19 103.11 4.69 1.83 15.85 222.00 Falavarjan
159.89 0.79 58.56 2.60 1.72 5.22 091.50 Lenjan

591.04 1.17 428.39 3.65 2.03 13.30 142.50 Ardestan
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