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Figure 1. The location of studied area and sampling points
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Table 1. Grade standards for IgeoClass

Quality value Class
Practically Uncontaminated <0lye0
Uncontaminated to moderate Uncontaminated <10<ly,
Moderate contamination <21<lyeo
Moderate to strong contamination <32<lge,
Strong contamination <43<lye,
Strong to very strong contamination <54<lye,
Very strong contamination 5<lge0

Sl ol p3Lls 4 by po (Sogll law 9 oS-Y Jgo
Table 2. Grade standards for Pollution index

Quality value Class
Low contamination IPI< 1
Moderate contamination 1<IPI<£ 2
High contamination 2<IPI<S5
Very high contamination IPI >5

VY

1. Geoaccumulation index
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Table 3. Indices and grades of potential ecological risk of toxic metals contamination

Potential ecological risk

Potential ecological

i
index (R1) value Rl risk class value Er
Low ecological risk RI< 150 Low potential ecological risk Ei<40
Moderate ecological risk 150 <RI <300 Moderate pOtﬁQIt('al ecological 40<Ei<80
Considerable ecological Considerable potential ;
risk 300< RI <600 ecological risk 80 <£;<160
Very high ecological risk RI> 600 High potential ecological risk 160<E}:<320

Very high ecological risk at
hand for the substance in E!>320

question

4. Geogenic
5. Anthropogenic

YA

1. Potential ecological risk
2. Biological toxicology
3. Availibility ratio
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Table 4. Brief statistics of physico-chemical properties of soils

EC pH CCE! oM Sand Silt Clay

(dS m™) (%)
Mean 2.01 8.12 20.1 2.53 24.8 29.8 45.3
Min 1.90 7.80 15.52 1.80 19.3 27.3 42.7
Max 2.20 8.34 24.35 3.10 30.0 333 48.0
CVv 0.004 0.005 0.39 0.10 0.67 0.13 0.10

- CCE: Calcium Carbonate Equivalent, OM: Organic Matter, EC: Electrical Conductivity '
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Table 5. Brief Statistics of available, total and Background values of heavy metals (mg kg?)

Zn Cu Pb Cd Co Cr Ni Zn Cu Pb Cd Co Cr Ni
Total Available
Min 995 224 328 0084 240 234 6.00 12 047 261 0.046 0.045 0.051 0.044
Max 243 448 108 0.100 806 216 433 157 56 11.0 0.031 0.055 0.057 0.053
Mean 146 42.06 523 0.092 490 731 2502 7.1 301 57 0.041 0.041 0.030 0.047
CVv 198 6.70 145 180 0510 648 701 33 13 16 210 1.7 2 15
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Table 6. The statistical properties of enrichment factors (EF) of heavy metals in studied soils

Cd Co Cr Cu Ni Pb Zn
Min 0.580 1.29 2.78 2.77 2.78 2.23 1.55
Max 0.590 4.2 25.72 8.27 6.18 4.43 3.80
Mean 0.640 2.52 8.70 5.21 3.93 3 2.36
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Table 7. The statistical properties of the index geoaccumulation (Igeo) of heavy metals in case study

Cd Co Cr Cu Ni Zn Pb
Min -0.33 -0.21 0.89 0.88 0.81 0.05 0.57
Max -0.40 1.49 4.1 2.46 2.04 1.34 1.56
Mean -0.36 -0.68 0.89 1.69 1.15 0.59 0.95
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Table 6. The average of pollution index (PI) and total pollution index (IP1) of studied metals in study area

Pl
Cd Co Cr Cu Ni Zn Pb 1Pl
Min 0.58 1.29 2.78 2.77 0.85 1.55 2.23
Max 1 4.23 25.7 8.27 6.18 3.80 4.43
Mean 0.69 2.59 8.70 5.21 3.93 2.36 3 4.08
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Table 9. The average of potential environmental hazard ratio (Er) and the index of potential environmental

risk (IR)
Er
Cd Co Cr Cu Ni Zn Pb IR
Min 17.6 1.29 13.92 2.77 4.27 1.55 111
Max 20.9 4.22 128.72 8.27 30.9 3.80 36.9
Mean 19.3 2.59 43.52 5.21 17.8 2.28 17.7 109
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Table 10. The average of indices of availability ratio in the studied soils

Cd Co Cr Cu Ni Zn pb
Min 0.319 0.61 0.023 2.12 0.11 1.27 7.88
Max 0.514 2.02 0.21 8.97 0.83 6.45 14.0
Mean 0.449 1.16 0.11 6.50 0.29 4.45 10.9
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Abstract

Considering the development of industry and technology, the accumulation of environmental
contaminants, especially heavy metals (HMs) in the soil led to increasing concern about food
security. The purpose of this study was to assess the environmental risk of HMs using soil pollution
indices. For this purpose, thirty-five soil samples were taken from agricultural area in seven sites.
The total and available concentration of metals extracted by Aqua Regia and DTPA were determined
using atomic absorption spectrometry. Geoaccumulation index (lgeo), enrichment factor (EF),
pollution index (PI), contamination factor (CF), potential ecological risk (RI), and availability ratio
(AR) were calculated. Mean total concentration of Cd, Pb, Zn, Ni, Co, Cu and Cr were 0.09, 52.3,
146, 25.0, 4.90, 42.1 and 73.1 mg kg, and their available values were 0.035, 5.07, 7.10, 0.047, 0.041,
3.01 and 0.030 mg/kg of soils, respectively. The highest values of Igeo, EF, PI, Rl and AR indicators
were found for Cu (1.69), Cr (8.70), Cu (5.21), Cr (43.52), and Pb (10.87), respectively. Integrated
pollution index (IPI) calculated using the average of total CF was 4.08, indicating the higher
contamination class in the area whereas IR value was in acceptable ecological range (IR= 109).
Analysis of Igeo and IR data showed that Pb, Zn and Cu vary by anthropogenic activities in the area
while Cd and Co values are solely affected by geogenic factor. Agricultural inputs and urban
wastewaters can be the major factors to be blamed for increasing of pollutants in the agricultural soils
in the area. Monitoring the pollutants concentration in the agricultural soils as well as in agricultural
products is essential to conserve natural resources and ensure the food security.
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