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Figure 1. Location of Sabzevar in the piedmont of ophiolitic belt, Northeastern Iran (a) and location of the

study area in South of Sabzevar City (b).
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Table 1. Potential ecological risk levels based on potential ecological risk factor (E,) and potential ecological

risk index (RI).
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Table 2. Statistical analysis of surface soil physical and chemical properties in the study area.

Ao SAS SR e Srs Sl oSl S
Maximum  Minimum ()% Standard deviation Mean Parameter
() op
74.3 60.7 6.9 4.7 67.6
Sand (/)
(1) cdow
26.1 12.4 20.6 4.2 20.2 .
Silt (/)
) s
15.7 8.3 20.9 2.5 12.1
Clay (/)
(1) dolrs s 2l S
31 20.3 13.3 3.6 27
CaCOs (1)
el
8.98 7.95 39 0.3 8.3 T
pH
o rma i) (S S glia
1.07 0.33 38.9 0.2 0.56 4
EC (dSm™)
) S J s
0.94 0.31 37.6 0.2 0.57 . .
Soil organic carbon (7.)
(SAS 2 e S )
29.3 13.4 26.8 5.1 18.8 1
Pb (mgkg )
(¢SS o S he) oS
3.5 1.3 27.1 0.7 2.7 B
Cd (mgkg )
(¢ S5hS 2o S ) U5
371.7 214.7 17.8 54.6 306.2 . 1
Ni (mgkg™)
(S5S 2o S o) g5
320.2 121.6 35.6 77.4 217.5 B
Cr (mgkg )
(¢SS 5 p S o) 5
887.4 643.1 9.5 74.2 781.4 1
Mn (mg kg™)
(¢ S5hS e Ske) s
703.7 166.7 57.5 173.9 302.2 1
Zn (mgkg )
(¢ S5S oS e) e
348.9 231.1 12.7 34.1 268.3 B
Cu (mgkg )
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Table 3. Universal standards for heavy metals.

S o8 5 o I S < EPIRHEN
Mn Cd Cr Cu Ni Zn Pb Standard
- 3 75 140 75 300 300 EU (European Union, 2002)
- 0.35 - 30 - 90 30 FAO/WHO (FAO/WHO, 1984)
600 0.06 100 30 40 50 10 USEPA (USEPA, 1983)
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Table 5. Comparison of heavy metal concentrations in agricultural soils around the world (mg kg™).

andllae 5 50 adlats Sosle sl g G S o e S S K s
Study area Parent material Zn Cd Pb Cu Ni Cr Mn Reference
(bl b ,eJT (C0 () 0L en 5 5 K
e b ) S s 657 04 256 257 269 29.6 lar 5580020
Almeria (Spain)  Calcareous sediments Rodriguez et al. (2013)
(Lolw) L ;S 5 s Yoy 0l 5 b ST
P o o 184 02 489 11 135 176 152 'V ebSesbes
Murcia (Spain) Metamorphic rock Acosta et al. (2011)
: 5 5 Ko anle YY) OLKes 5 g8
() 9520 572 01 161 583 148 276 0 Shes 5 s
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Table 6. Average of heavy metals concentration (mgkg"') in agricultural and uncultivated surface soil,
atmospheric dust and used fertilizers in Sabzevar region.
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Figure 2. Dendrogram results of cluster analysis of the elements.
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Table 9. Rotated principal component matrix of the investigated elememts.

Y oad 5e

Y adl s

\ adse g
Component3 Component 2 Component 1 Element

0.224 0.306 0.784 S
Mn

0.042 0.147 0.943 055
Cr

0.302 0.125 0.604 S
Ni

s
0.061 0.904 0.061 =2
cd

0.738 0.177 0.327 o
Cu

0.891 -0.187 0.126 20
/n

0.088 0.942 -0.056 =
Pb

- al
0.193 -0.163 0.837 o
Fe

(Mo 32) o azr 5 iyl
19.117 24.112 33.745
Percent of variance
(Ao 3) mazs sl
76.974 57.856 33.745

Cumulative variance (Percent)

Component 2

1.0

0.0

1.0

\

Pb

Cd

Mn

andlas 3550 olis (gl ol slaadd o 5IUT (dman Silei —F K3
Figure 3. Three dimensional illustration of the PCA results of the studied elements.
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Figure 4. Enrichment Factor (EF) diagram for the studied elements.
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Table 10. Statistical description of the factor and ecological risk Index (RI) of heavy metals in the surface soil

of the study area.
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Abstract

Background and Objectives: Heavy metals enter naturally in the soil environment from the
pedogenic processes during weathering of parent materials or through a variety of human
activities. Determining the source of heavy metal in agricultural soil is necessary to
management the soil pollution. This study aimed to investigate soil pollution by selected heavy
metals and determine their sources in agricultural soils in Southern Sabzevar.

Materials and Methods: The study area is located in the piedmont of ophiolitic belt in the
South of Sabzevar city, Northeastern Iran. Surface soil samples from 0 to 20 cm depth of
cultivated lands were regularly collected up to 2 km from the main road. Also, three profiles
were studied at a distance of 1 km intervals. Five samples were taken from the depths of 0-20,
20-40, 40-60, 60-80, 80-100 cm. The total concentrations of Al, Fe, Mn, Ni, Cr, Zn, Cu, Pb, and
Cd were measured by Inductively Coupled Plasma (ICP-OES). In this study, Pollution indices
were calculated for the studied heavy metals. Multivariate statistical techniques were also
applied to assess the sources of the heavy metals using SPSS software V 24.

Results: Mean concentrations of Ni, Cr, Mn, Cu, and Zn were 306.2, 217.5, 781.4, 268.3,
and 302.2 mg kg was found to be higher than EU, WHO, and USEPA standards. Cadmium
with an average concentration of 2.7 mg kg was higher than WHO and USEPA standards
and Pb with an average concentration of 18.8 mg kg was higher than USEPA standards.
Based on Pearson correlation coefficients, statistically-significant positive correlations (P<0.01)
were found between Ni and Cr, Cu and Zn (P<0.01), and also between Pb and Cd (P<0.05).
In addition, based on principal component analysis (PCA), three components accounting
for 76.97% of the total variance explained. The first component contained Fe, Mn, Cr, and Ni,
the second and third components included Pb, Cd and Cu, Zn, respectively. According to
the pollution indices (enrichment factor and geoacumulation index), Cd, Cu, and Ni
are important pollutants, with the highest EF and I, index among the analyzed elements.
Potential ecological risk factor (E,) also showed that Cd, Cu, and Ni are important pollutants
responsible for ecological threats.

Conclusion: According to the results of correlation and multivariate statistical analyses the
heavy metals were classified in three groups of (Mn, Cr, Ni), (Cu, Zn) and (Pb, Cd), which
indicates their similar sources. Elevated amounts of Cd and Ni in the soil, based on EF, I,
and E,, were attributed to the long-term and extended applications of the chemical fertilizers
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and traffic emission for Cd and ophiolitic parent material for Ni. In comparison, the elevated
amount of indexes for Cu were associated with both anthropogenic and geogenic sources.
Hence, control of elements from geogenic and anthropogenic sources into the soil seems
necessary. In case of non-observing environmental considerations such as excreting proper
management in the region, The environmental cycle will face irreparable damage in the
long-term; therefore, it seems necessary to make decisions to reduce these pollutants and, if
possible to eliminate them.

Keywords: Agricultural soil, Ecological risk index, Multivariate analysis, Soil pollution,
Ultramafic rocks
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