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2- Natural pedogeochemical background
3- Geogenic natural content
4- Vertical comparison
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1- Horizontal comparison

2- EF: Enrichment factor

3- Igeo: Geoaccumulation index
4- PI: Pollution index

5- RI: Potential ecological risk
6- Typic Xeric

7- Frigid



AL (1) 0,lond (TY) s S g ol Cbilis oo gy & puid

N 48°20'0"E 48°30'0"E 48°40°0"E 48°50'0"E
36°44'30"N

= Industrial Complex
e
Lead Factory
36°39'0"N
$3) 3D S, 18
® 4:4% Je.:'Solt.ameh C.
® by ;ad ZanjanC. I \
sampling Point @ /1
o (8310 pdigel b v
— ol glaool }
Major Roads

stl)' @ﬁ)r Land Use
tsj)jurAgricultuer

L élﬁ Garden
-, 35290°N

- ksﬂ"‘:' Urban

Lo ° . e

36°23'30"N . . ‘
0 25 5 10 Km 48°30'0"E 48°40°0"E 48°50'0"E
Loy oo 1o g |

'd‘bb‘ 6““&5).‘)‘5 9 6)|.51453~5 C._ajy v?bdl.b.« aakaie —\ JSJ’:
Figure 1. Land use types sampling location map of the area studied.
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Figure 2. Geological map of the study area with the sampled.
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4- Pollution index

5- Integrated pollution index
6- Potential ecological risk
7- Biological toxicology
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Strong to very strong
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Very strong

1- Response factor
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Table 2. Indices and grades of potential ecological risk of toxic metals contamination.
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Potential ecological risk index (RI) Potential ecological risk class
s RI <150 i as E'<40
Low ecological risk Low potential ecological risk
s 150 <RI < 300 s 40<E'<80
Moderate ecological risk Moderate potential ecological risk
L e W o ‘
o 300 <RI < 600 L 80<E' <160
Considerable ecological risk Considerable potential ecological risk
ol - - Ll - .
o et RI > 600 Stas 160 <E' <320
Very high ecological risk High potential ecological risk
Ak
E[>320

Very high ecological risk at hand for

the substance in question
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Table 3. Total concentration, concentration of background natural background concentrations calculated and
presented in the study area in China, the global shale and medium-scale global average heavy metals (mg kg).

Fe Mn Co Cr Ni Pb Zn Cd Cu
Min
8438 338.8 17.0 7.0 12.8 40.0 86.3 0.24 113 ol
Max
27500 1761.3 35.8 65.8 86.8 1357.5 1353.8 4.11 352.5 Sl
Mean
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(0\%
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Table 4. The statistical properties of enrichment factors (EF) of heavy metals in different land use.

Mn Co Cr Ni Pb Zn Cd Cu EF
Agriculture
Sooskes
Min
0.62 0.61 0.55 0.35 0.56 0.75 0.79 0.52 Sl
Max
1.62 1.51 2.70 1.99 5.39 14.20 10.92 9.64 Sl
Mean
0.98 1.02 1.25 1.26 1.22 1.84 3.08 1.44 Jil..«
Pasture
&’
Min
0.49 0.56 0.30 0.38 0.47 0.72 1.27 0.33 Sl
Max
2.16 1.77 1.94 2.09 5.17 7.47 14.33 9.24 Sl
Mean
1.10 1.05 1.07 1.11 1.43 1.64 343 1.35 Jil..«
Urban
S A
Min
0.72 0.69 0.63 0.39 1.66 1.98 6.15 1.56 Sl
Max
1.33 1.46 1.45 1.84 34.96 15.21 22.15 17.94 Sl
Mean
0.97 1.07 1.02 1.11 4.82 5.26 12.07 3.47 Jil..«
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Figure 3. The spatial distribution of enrichment factors (EF) of various metals in the study area.
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Table 5. The statistical properties of the index geoaccumulation (Igeo) of heavy metals in different land use.
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Figure 4. The spatial distribution of land accumulation index (Igeo) different metals in the study area.
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Table 6. Average pollution index (KPI) and total pollution index (IPI) studied metals in land use.

PI
1Pl
Fe Mn Co Cr Ni pb Zn Cd Cu
Agriculture
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Sioslis
Pasture
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Table 7. Average potential environmental hazard ratio (Er) and the index of potential environmental risk (IR)

in land use.
Er
IR
Cr Ni pb Zn Cd Cu
Agriculture
114.09 2.61 6.46 5.97 1.83 90.27 6.96 .
oS
Pasture
122.08 2.16 5.46 6.97 1.60 99.81 6.07 .
laBs
Urban
339.62 1.7 4.56 19.04 4.35 29591 14.07 .
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Figure 5. The spatial distribution of metals pollution index (IPI) and potential environmental risks metals (IR).
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Abstract

Background and Objectives: This study was conducted to determine natural concentration of
heavy metals and their pollution risk using pollution indices in a 2000 km’ area in central
Zanjan.

Materials and Methods: Soil samples (N=241) was taken from 0-10 cm depth based on
gridding procedure in a completely randomized design. Geometric means of 53 natural soil
samples were used to determine heavy metals background concentration in the area.

Results: Results showed that the background concentration for Fe, Mn, Co, Cr, Ni, Cu, Zn, Pb
and Cd were 16509, 628.4, 24.2, 20, 40.7, 27, 91.8, 57.8 and 0.25 mgkg", respectively. The
means of enrichment factor for Cd, Zn, Pb, Cu, Ni, Cr, Co and Mn were found 4.20, 2.16, 1.69,
1.64, 1.19, 1.17, 1.04 and 1.02, respectively. The highest enrichment factor for Cd (12.07),
Zn (5.26), Pb (4.82) and Cu (3.47) was observed in urban area. In all land uses studied, the
geo-accumulation index was negative for the elements Fe, Mn, Co, Cr and Ni, indicating that
the study area is categorized in non-polluted soil groups. However, the geo-accumulation index
for Pb, Zn, Cd and Cu varied in urban land uses was positive. The pollution index for Cd and Zn
under agriculture (3.01 and 1.83), rangeland (3.33 and 1.60) and urban (9.86 and 4.35) land uses
were higher than other elements studied. Moreover, the lowest pollution indexes in all land uses
were attributed to the metals Fe, Mn, Co and Cr. The mean of potential of ecological risk in
agriculture, rangeland and urban land uses were 114.09, 122.08 and 339.62, respectively; in
which the urban land use showed the highest potential of ecological risk for inhabitants of the
area.

Conclusion: The results show that urban land has the highest pollution index and this may be
due to urbanization activities such as transport and traffic and nearby factories of Zanjan city.

Keywords: Land use, Enrichment factor, Geo-accumulation index, Pollution index, Potential
ecological risk
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