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Ecological Risk of Heavy Metals Pollution and its Relationship with Soil
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Abstract

The contamination of agricultural lands, especially orchard soils with heavy metals, caused by long-term
agricultural practices (overuse of fertilizers and pesticides), has become a high-priority topic for soil, food,
and human health. This research was conducted with the aim of investigating the pollution and ecological
risk of heavy metals in different types of soil in the apple orchards of Urmia Plain. The studied soils were
classified in the Incepitsols order and the subgroups: TypicHaploxerepts (TH), Typic Endoaquepts (TE),
Typic Calcixerepts (TC), Fluventic Haploxerepts (FH) and Aquic Calcixerepts (AC). The Nemerow
Pollution Index (PIN), and Ecological Risk (ER) were calculated. Most heavy metals had the highest
concentration in the Ap horizon. The results showed that the concentration of all studied heavy metals are
lower than the permissible limit of pollution. The highest average concentration of the Zn and Cu were in
the TH soil (73.1 and 21.87 mg kg, respectively). The difference of the concentration of Pb was significant
only in the FH and there was no significant difference in other soil types. The highest average concentration
of the Ni and Cd was observed in the TH soil (30.86 and 1.19 mg kg, respectively) and the lowest in the
TE soil (25.96 and 0.8 mg kg?, respectively). The PIN order of the studied heavy metals was as
Cd>Zn>Pb>Cu>Ni, showed that the risk of Cd for the soil contamination was higher than other metals.
Multivariate analysis showed that the main sources of Mn and Cu are from natural processes, while Cd, Pb
and Ni were derived from the both natural and anthropogenic factors.
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Figure 1. The location of the studied area and the
excavated profiles-West Azarbayjan-Urmia
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Table Y. Pollution classification based on Nemerow pollution index

Pollution level Pl nemerow Class
Clean <0.7 1
Warning Limit 0.7-1 2
Slight Pollution 1-2 3
Moderate Pollution 2-3 4
Heavy Pollution >3 5

(Kowalska et al., 2018) jole SKu59095 ks (asli whel p S catns godaiub -¥ Jouz
Table 2. Classification of soil quality based on the Ecological Risk Index (ER)

Ecological potential risk ER
Low <40
Moderate 40-80
Strong 80-160
Very Strong 160-320
Highly Strong >320
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Table3. Characteristics of excavated profiles
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* S and W indicate soil limits and drainage, respectively

'?';)/ip:e Soil Classification Sllj_bir:gss Ph);s;g%irgﬁhic Elez/mat)ion SCIIC; 2: Profile Soil Series
TH Typic Haploxerepts 1S River alluvial plain 1321 Aa 1 Choobtrash
TE Typic Endoaquepts W 3 Lowlands 1212 Aa 2 Sarajoogh
TC Typic Calcixerepts 1S Piedmgln;iﬁlluvial 1370 Ba 3 Goorttapeh
TE Typic Endoaquepts 1w Lowlands 1210 Aa 4 Ordooshahi
TC Typic Calcixerepts 1S Plateau 1331 Cc 5 Dizajtekih
FH Fluventic Haploxerepts I River alluvial plain 1317 Aa 6 Saralan
TH Typic Haploxerepts 1S Piedmg::izlluvial 1380 Bb 7 Didan
FH Fluventic Haploxerepts I Piedmgratizlluvial 1360 Bb 8 Barandooz
TH Typic Haploxerepts 1S Piedmgratizlluvial 1270 Aa 9 Saatloo
TC Typic Calcixerepts 1S Plateau 1310 Cc 10 Balanej
AC Aquic Calcixerepts IR River alluvial plain 1315 Cc 11 Babarood
TC Typic Calcixerepts 1S Plateau 1290 Aa 12 Rashakan
TC Typic Calcixerepts 1S River alluvial plain 1267 Aa 13 Dolama
AC Aquic Calcixerepts 1w Lowlands 1260 Aa 14 Kokia
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Table 4. Some physicochemical characteristics of the studied soils

Sand (%, Silt(%) Clay (% pH EC CEC OM (%) CCE
Max 90.42 65 55 8.4 3.8 39.1 4.82 45.5
Min 7.5 4.16 54 7.4 0.58 4.96 0.21 45
Mean 29.57 40.25 28.65 7.65 0.89 20.13 1.13 215
SD 13.8 8.9 9.4 0.25 0.45 4.3 0.67 6.1
(hH CV 33.8 25 40.3 0.03 74.3 28.5 42 28.6
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Figure 2. The average concentration of heavy metals in different types of studied soils (Zn, Mn, Cu, Pb, Ni, Cd)
Means followed by the same superscript letters are not significantly different at P < 0.05
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Table 5. Correlation matrix between heavy metals and some soil properties

Clay PH EC CCE OM CEC Ni Zn Cu MnCd Pb

Clay 1

PHO0.153 1

EC-0.231 0.252* 1

CCEO0.22 -0.470**0.029 1

O.M 0.297 -0.141-0.224 0.331**1

CEC 0.633**0.168 0.259*0.187 0.413** 1

Ni 0.153 0.050 -0.147 0.253*0.449**0.387* 1

Zn 0.030 0.139 -0.037 0.200 0.506**0.324* 0.761** 1

Cu 0.010 0.367**0.038 -0.292 0.353*0.550**0.271* 0.431** 1

Mn-0.176 0.111 -0.043 0.102 0.332**0.254* 0.533**0.457**0.571** 1

Cd 0.082 0.058 0.115 0.332**0.379**0.324**0.673**0.549 0.095 0.391** 1
Pb 0.306*-0.145 0.113 0.092 0.551**0.651**0.608**0.371**0.261 0.177 0.401**1

** and * Significant at 1% and 5% probability level

Sk Haw sb@dl o S jolie PCA bl -# Jgu
Table 6. PCA results of heavy metals in surface horizons

Variable PC1 PC2
Eigen value 3.12 1.17
Of Variance 52.0 19.6

Cumulative% 52.0 71.6

Mn-Total 0.334 0.88

Cu-Total 0.031 0.918

Zn-Total 0.814 0.196

Cd-Total 0.831 0.06

Pb-Total 0.638 .089

Ni-Total 0.886 0.296
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