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Figure 1. Location of the study area and land uses
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Table 1. Indices and grades of risk for heavy metals

Grade of Potential Grade of Er
ecological risk ecological ecological

risk risk

(PER) of individual
metal

low 65 < PER low 40 < E;
moderate 130 < PER < moderate 80 < E <40

65
considerable 260 < PER < considerable 160 < E, <80

130
Very high 260> PER high 320< E <

160
Very high 320 > E;

Contamination Degree of Contamination  Contamination
degree contamination degree factor (Cy)
of the (Co) of individual
environment metal
low 5<Cqy low 1<Cs
moderate 10< Cy<5 moderate 3< Gl
considerable 20< C3<10 considerable 6< C;<3
high 20 > Cy high 6> Ct

Sldlas ol 5 cdisgs Jbo s aies sl)ls (ages F)
& s &30 4 o BB 1 pols sl 5 L3
(meadian + 2MAD) aile llas Bl il ol g0 0gdle
95, polie (Reimann & Garrett, 2005) o cas =5

el 00 4\3‘)|Y J9&> )é&?usyfoGB

Slr (e 9 @25 GB g3 5o 5l 5 asllas ol o
Saie lawgie ol eolatwl Sogll sl asls )
Taylor, ) o eolawl x> 0 GB lgie 45 (pao) dsogy
chale asul 4 azgi b (Ao GB (e (512 (1964
0l (S yglae sladiges ,o ool JIUT (Kiw i3l

(PSS 2 035 Shno) i I3l ((o2b) (oro 9 &2 0 (o2 looandgd] Ao polio -V Jguor
Table 2. Reference and local geochemical backgrounds values heavy metals (mg/kg)
Heavy Reference Local geochemical Minimum
metals geochemical background concentration of
background” heavy metals
Cd 0.2 1.8 0.1
Pb 125 22.69 6.75
Cu 55 17.55 5.05
* Ni 75 128.64 26.65
Zn 70 76.9 13.15
As 1.8 162.11 55.7
Taylor (1964)
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Table 3. Physicochemical properties of soils under different land uses in the study area

Land use pH EC oM CCE Clay Silt Sand Soil texture
_ (dSm™) (%) (%) (%) (%) (%) class
Agriculture 7.5 0.42 15 26.6 30.1 38.8 31.1 Clay loam
Rangeland 7.6 0.38 0.9 29.7 26.3 40.1 33.6 loam
Industrial 7.4 0.41 0.9 25.8 245 37.9 37.6 loam

YO

1-principal component analysis
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Table 4- Some statistical properties of the concentration (mg/kg) of heavy metals in different land uses

Land use Cd Pb Cu Ni Zn As
Min 0.1 6.8 53 26.7 134 66.5
Max 3.65 252.3 24.6 172 858 357.2
Agriculture Mean® 1.1ab 34.2a 13.4a  92.6ab 87.5a 154a
SD 0.7 355 3.1 29.5 109 46.5
Min 0.1 11.4 51 29.1 27.8 55.7
Rangeland Max 2.6 196.2 34.1 151.9 565.2 237.6
Mean 1b 37.1a 13.4a 85.6b 115a 147.5a
SD 0.7 40.4 51 40.6 121 40.6
Min 0.2 12.9 8.1 47.8 13.2 89.6
Max 2.75 256 18.7 165.4 676.9 232.8
Industrial Mean 1.4a 56.5a 14.3a  104.6a 175.7a 140.4a
SD 0.7 68.6 2.8 30.7 210.8 37.6
World-soil™ 0.45 28 23 26 60 8.4

At 0oy O e 58 o e BB BB gt ym 0 alie By, b sla Silo™
Mean similar letters in each column are not significantly different level (P < 0.05).

**Kebata-Pendias (2010)
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Table 5- Contamination factor (Cs), Degree of contamination (Cq) and pollution level of heavy metals in
different land uses

Contamination factor (Cr) Degree of Pollution
contamination level
(Ca)
Reference geochemical background
Land use Cd Pb Cu Ni  Zn As
Agriculture 55 274 024 123 125 855 96.46 High
Rangeland 5 29 024 114 164 819 92.82 High
Industrial 7 452 026 139 251 78 93.68 High
Local geochemical background
Land use Cd Pb Cu Ni  Zn As
Agriculture 061 15 076 0.71 114 0.94 5.66 Moderate
Rangeland 0.55 1.63 0.76 066 15 0.9 6 Moderate
Industrial 0.77 25 081 082 228 0.87 8.05 Moderate

Bold indicates high contamination factor (C¢>6).
waxg by ogd o Latine dilaie ;3 8,5 oo 5l adlhas
Sy (Grxio 5 )5 0 AS s 4y Sl aes clile a5yl
solie GLIS PLI ez ls asess jo sl 8550 9 (55,5LaS 5
s (Bagheri et al., 2018) | )Kan 5 (5 ,8L .l (5 i
o>l . Slke 55 (Solgi et al., 2020) )l Son 5 SLos

S S ) s | (Segll b
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(Rodriguez-Eugenio et al., 2018)
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Figure 2. Pollution load index (PLI) values based on reference and local GB in different
land uses ( Reimann & Garrett, 2005 Taylor, 1964)
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Mean similar letters are not significantly different level (P < 0.05).
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Table 6- Potential ecological risk factor (E;), Potential ecological risk (PER) and pollution level of heavy
metals in different land uses

Potential ecological risk factor (Er) Potential Pollution
ecological risk level
(PER)
Reference geochemical background
Land use Cd Pb Cu Ni Zn As
Agriculture 165 13.7 1.2 6.15 1.25 855 1042.2 Very high
Rangeland 150 14.5 1.2 5.7 1.64 819 992.04 Very high
Industrial 210 22.6 1.3 6.95 2.51 780 1023.4 Very high
Local geochemical background
Land use Cd Pb Cu Ni Zn As
Agriculture 18.3 7.5 3.8 3.55 1.14 9.4 43.69 Low
Rangeland 16.5 8.15 3.8 3.3 15 9 39.28 Low
Industrial 23.1 12.5 4.06 4.05 2.28 8.7 54.69 Low

el Er 2 VY 0y aome can jlas il 59551 ol (L o soims s o olow polis
Bold indicates very high potential ecological risk factor (E; > 320).
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Figure 3. Principal component analysis (PCA) of heavy metal in soils collected from different land uses
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Abstract

The aim of this study was to investigate the origin and potential ecological risk of heavy metals
(arsenic (As), cadmium (Cd), lead (Pb), nickel (Ni), zinc (Zn) and Cu (copper)) in different land uses
in West of Arak, Markazi Province. A total of 235 Surface soil samples were taken from the depth
of 0-5 cm including 160, 46 and 29 samples from agricultural, rangeland and industrial land uses,
respectively. The ranges of As, Pb, Zn, Ni, Cd and Cu in studied soils were 55.7-357.2, 6.8-256,
13.2-858, 26.7-172, 0.1-3.65 and 5.1-34.1 mg/kg, respectively. Comparison of the mean
concentration of heavy metals in different land uses indicative of the same influence of land use to
metal accumulations of As, Pb, Zn and Cu, but in the case of Ni and Cd showed that a differential
influence of land use the distribution of these metals in the soil. When the average amount of crust
was used as a reference background, the Cr values of As in all land uses were higher than other
metals, indicating high level of pollution of soils in this region. The index of PLI in land uses
comprised, industrial (3) > rangeland (2.4) > agriculture (2.39), indicating the pollution and gradual
destruction of soil. The mean PER based on reference and local GB showed very high and low
pollution level in all land uses, respectively. Principal component analysis (PCA) showed that Pb
and Zn originated from common anthropogenic sources related to industrialization and mining,
whereas Cu and Ni are probably in associated with geological sources. Cd was mainly derived from
the input of agricultural and industrial activities, and As should be attributed to natural resources,
emissions from local industries, mining, herbicides and the use of poultry manure and atmospheric
dust.
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