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Keywords: Sangan iron mine is one of the largest iron ore deposits in the Middle East, where the
Eg;w'?ﬂ”étalsﬁ ore is extracted by open pit mining. The present study aims to investigate the soil’s
soil, concentration of heavy metals and to assess the level of soil’s contamination in the
?;2;%_ Sangan mining area. For these purposes, 44 samples of the soils (including both

topsoils and subsoils) of the Sangan mining area were collected, and were analyzed
by an ICP-MS device. The obtained data were analyzed by calculating the
geochemical indices and statistical methods. On the basis of descriptive statistics of
the analytical data, Pb with an average content of 138.39 mg/kg and Cd with an
average concentration of 0.19 mg/kg had the highest and lowest concentrations in top
soils, respectively. Moreover, Cr with an average value of 102.19 mg/kg, showed the
highest, and Cd with an average of 0.2 mg/kg showed the lowest concentrations in
subsoils. The average concentrations of As, Cr and Fe in the study area were higher
than their respective values in the World-Soil Average composition. Among the
elements, Pb had very high and severe enrichment in two stations with enrichment
factor values of 149 and 23.85. The results indicated no severe soil pollution and
ecological risk in the study area, except in some sampling sites. The most polluted
soils were collected near the placer extraction units and tailing ponds of Ehya-
Sepahan Company, as well as the waste rock pile of Sanabad Comprehensive
Development Industrial and Mining Company.

Introduction contamination with heavy metals (Ran et al.,

The issue of soil contamination with heavy 2021). Metals can be introduced into the soil
metals is a main problem in industrialized and through natural processes (e.g., rock
urbanized regions which may impose serious weathering, volcanic eruptions) and human
threat to public health of the local residents activities (such as mining, wastewater
and the whole environment worldwide (Xiang discharge, and excessive application of
etal., 2021). Mining operation is considered to pesticides and fertilizers in agricultural
be one of the main sources of soil practice) (Irshad et al., 2022). The Sangan
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mining area contains numerous ore deposits
and geochemical anomalies, and is one of the
main iron ore belts of Iran (Golmohammadi et
al., 2015). Geologically, the Sangan mine is
located in the Teknar volcanic-intrusive belt.
This magmatic belt with an east-west trend is
located to the north of the Darone fault and
extends to Afghanistan. The mineralization in
this mine is of skarn type and it is included in
the Khaaf-Daroneh volcanic-plutonic belt
(Aganbati, 2004). Soil pollution is probably a
major problem in the study area which is
probably intensified by some specific
climatological conditions including the
prevalence of strong winds. The main purpose
of the present study is to assess the level of soil
contamination in the Sangan mining area with
target heavy metals.
Material and methods

A total of 44 soil samples (23 topsoils of 0-
5 c¢cm and 21 sub-soils of 20-25 cm) were
collected using a pre-cleaned plastic shovel.
The samples were air-dried at room-
temperature and then were passed through a 63
pum  stainless steel sieve. The total
concentrations of major and trace elements
were determined using an ICP-MS instrument.
Geochemical indices including enrichment
factor (EF), pollution index (PI), potential
ecological risk index (Er and RI), hazard index
(HD), as well as statistical methods such as
principal component analysis (PCA) and
cluster analysis were applied for data analysis
(Mohiuddin et al., 2011; Chabukdhara and
Nema, 2012; Yang et al., 2011; Mei et al.,
2011; Zheng et al., 2010).
Results and discussion

The results indicate that the average
concentrations of As, Cd and Fe in the study
area are higher than the World-Soil Average
composition (WSA, Kabata-Pendias and
Mukherjee, 2007). Indeed, while there is no
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noticeable difference in the concentrations of
Al, Cu and Ni in the study samples and the
WSA composition, the average concentrations
of Cd and Zn in the soil of the study area are
lower than the WSA (Table 1). In general, the
concentration of elements in the soil of the
region follows the decreasing trend of
Al>Fe>Cr>Pb>Zn>Ni>Cu>As>Cd. The
analytical data show that although the
concentrations of Pb and Fe in topsoils are
much higher than their respective values in
subsoils, there is no significant difference in
Al concentration of topsoils compared with
subsoils. The highest concentrations of As
(>100 mg/kg), Cd (0.6 mg/kg), Cu (124
mg/kg), Fe (>10%) and Zn (122 mg/kg) were
detected in the sample taken from the filtration
cake depot of Ehya-Sepahan Company.
Among the studied elements, Pb, As, Cu, Fe
and Cd have the highest variation coefficients.

The average values of the enrichment
factor and pollution index showed that Cr,
As and Fe are the most enriched elements
in the topsoils; however, As and Fe are the
most enriched elements in the subsoils. It
worth to mention that even in the case of
elements with less intensity  of
contamination, relatively high enrichment
factor values are observed in some
sampling sites such as placer area of Ehya-
Sepahan Company and the waste rock
piles. However, the ecological risk of most
elements in the study area is low and
except for the three soil samples collected
near the placer area, other sampling sites
are in the low risk class. The results of the
risk assessment revealed that the hazard
quotient value for all target elements
through ingestion, inhalation and dermal
contact is higher in children than in adults.
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However, the value of total hazard index is
less than 1 for all the studied elements
through ingestion, inhalation and dermal
contact, which implies that there is no non-
carcinogenic risks in the study area. Based
on the principal component analysis, the
main reason for the classifying the studied
elements in various components is the role
of some hot spots in increasing the
concentration of elements around the
source. For example, the highest

concentration of Fe was observed in three
samples collected from the south of the
industrial complex, adjacent to the tailing
pond of Ehya-Sepahan and the waste rock
piles of the Sanabad Comprehensive
Development Industrial and Mining
Company. This may also lead to the
placement of these three samples in the
same branch of cluster analysis.

Table 1. Statistical summary of heavy metal concentration in soil samples

Element Average Median Std. Skewness Min Max VC World- Average  Average

Deviation Soil Topsoil  Subsoil
Average

Al (%) 6.00 6.15 1.23 -1.92 1.13 8.25 0.21 7.101 5.51 6.72

As 16.51 13.20 13.33 5.62 7.50 >100 0.81 7.202 13.17 15.40

(mg/kg)

Cd 0.21 0.20 0.09 189 <01 0.60 040  0.352 0.19 0.20

(mglkg)

Cr 102.30 104.00 17.45 -0.44  47.00 148.00 0.17 70 104.30 102.19

(mglkg)

Cu 35.32 32.00 16.15 419 23.00 124.00 0.46 23 32.21 34.42

(mglkg)

Fe (%) 4.50 3.68 1.96 206 2.89 >10 044 3501 5.04 3.56

Ni 38.72 38.00 9.29 0.96 12.00 75.00 0.24 21 36.39 42.80

(mglkg)

Pb 85.43 17.00 360.50 6.44 7.00 2451.00 4.22 32 138.39 35.71

(mglkg)

Zn 81.74 78.00 12.19 143 61.00 122.00 0.15 90 79.04 83.04

(mglkg)

Conclusions processing activities which enhance the

In general, considering the mineralized
nature of the study area and the presence
of natural anomalies, the enrichment of
most of the elements in soil of the region
is expected. However the placer mining
can be considered as a probable reason for
negligible difference in the concentration
of target metals in topsoils and subsoils.
On the other hand, despite the natural soil
enrichment of Fe, mining and mineral
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rate of dust production in the study area
may lead to a significant enrichment of
topsoil samples. Moreover, considering
the semi-arid climate of the study area the
transportation of heavy metals through
blowing dusts may escalate the risk of soil
contamination even in distant areas and
can impose negative health risks on the
mine workers and local residents.
Therefore, it is of crucial importance to
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monitor the concentration of pollutants on

a regular basis.
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Table 3. Statistical summary of heavy metal concentration in soil samples

Element  Average Median Std. Skewness Min Max VC  World-Soil Average Average
Deviation Average Topsoil Subsoil

Al (%) 6 6.1 1.2 -19 11 82 0.2 7.1 55 6.7
As

165 132 133 5.6 7.5 >100 0.8 7.2 13.2 15.4
(mg/kg)
Cd 0.2 0.2 0.1 19 <01 0.6 04 0.3 0.2 0.2
(mg/kg)
cr 102.3 104 17.4 -0.4 47 148 0.2 70 104.3 102.2
(mglkg)
Cu

35.3 32 16.1 4.2 23 124 05 23 322 34.4
(mg/kg)
Fe (%) 45 3.7 2 21 29 >10 04 35 51 3.6
NI 38.7 38 9.3 1 12 75 0.2 21 36.4 42.8
(mglkg)
Pb 85.4 17 360.5 6.4 7 2451 4.2 32 1384 35.7
(mg/kg)
Zn 81.7 78 12.2 1.4 61 122 0.1 90 79.1 83.1
(mglkg)
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Table 4. Average values of HQ and HI for topsoil samples

As Cd Cr Cu Ni Pb Zn
Oral 3.E-04 1.E-03 3.E-03 4.E-02 2.E-02 4.E-03 3.E-01
RfD Dermal 1.E-04 1.E-05 6.E-04 1.E-02 5.E-03 5.E-04 6.E-02
Inhal. 2.E-05 1.E-03 1.E-04 4.E-02 5.E-05 4.E-03 3.E-01

Ingestion pathway
Mean 6.E-01 2.E-03 4.E-01 1.E-02 2.E-02 5.E-01 3.E-03
HQ (Children) Min 3.E-01 1.E-03 2.E-01 7.E-03 8.E-03 3.E-02 3.E-03
Max 1.E+00 4.E-03 6.E-01 3.E-02 4.E-02 9.E+00 5.E-03
Mean 6.E-02 3.E-04 5.E-02 1.E-03 2.E-03 5.E-02 4.E-04
HQ (Adults) Min 3.E-02 1.E-04 2.E-02 8.E-04 8.E-04 3.E-03 3.E-04
Max 1.E-01 4.E-04 7.E-02 3.E-03 4.E-03 1.E+00 5.E-04

Dermal pathway
Mean 4.E-03 7.E-04 6.E-03 1.E-04 2.E-04 9.E-03 5.E-05
HQ (Children)  Min 2.E-03 3.E-04 3.E-03 7.E-05 8.E-05 5.E-04 4.E-05
Max 7.E-03 1.E-03 9.E-03 2.E-04 4.E-04 2.E-01 6.E-05
Mean 6.E-04 1.E-04 1.E-03 1.E-05 4.E-05 1.E-03 7.E-06
HQ (Adults) Min 3.E-04 4.E-05 4.E-04 1.E-05 1.E-05 7.E-05 6.E-06
Max 1.E-03 2.E-04 1.E-03 4.E-05 6.E-05 3.E-02 1.E-05

Inhalation pathway
Mean 3.E-04 7.E-08 4.E-04 3.E-07 3.E-04 1.E-05 9.E-08
HQ (Children) Min 2.E-04 3.E-08 2.E-04 2.E-07 9.E-05 7.E-07 8.E-08
Max 5.E-04 1.E-07 5.E-04 7.E-07 4.E-04 3.E-04 1.E-07
Mean 1.E-04 3.E-08 1.E-04 1.E-07 9.E-05 5.E-06 3.E-08
HQ (Adults) Min 6.E-05 1.E-08 6.E-05 7.E-08 3.E-05 3.E-07 3.E-08
Max 2.E-04 4.E-08 2.E-04 3.E-07 1.E-04 9.E-05 5.E-08

HI

Mean 6.E-01 3.E-03 5.E-01 1.E-02 2.E-02 5.E-01 3.E-03
Children Min 3.E-01 1.E-03 2.E-01 7.E-03 8.E-03 3.E-02 3.E-03
Max 1.E+00 5.E-03 6.E-01 3.E-02 4.E-02 9.E+00 5.E-03
Mean 6.E-02 4.E-04 5.E-02 1.E-03 3.E-03 6.E-02 4.E-04
Adults Min 3.E-02 1.E-04 2.E-02 8.E-04 9.E-04 3.E-03 3.E-04
Max 1.E-01 6.E-04 7.E-02 3.E-03 4.E-03 1.E+00 5.E-04
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Table 5. Results of principal component analysis

with Varimax rotation of elements in top soils

Component
1 2 3 4
Al 0.073 -0.333 -0.914 -0.087
As 0.782 0.146 0.091 0.007
Cd 0324 0174 -0.2 -0.486
Cr 0175 -0.186 -0.725 0.267
Cu 0.821 0.005 0.007 0.073
Fe 0326 0417 0.703 0.177
Ni  -0.254 0.72 -0.525 -0.103
Pb  0.007 0 -0.144 0.957
Zn 049  -0.086 0.781 -0.082
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Table 6. Results of principal component analysis

with Varimax rotation of elements in subsoils

Component
1 2 3 4

Al 0.842 0.198 0.166 -0.039
As 0.583 -0.022 0.578 0.31

Cd -0.115 0.193 0.523 -0.086
Cr 0.055 0.335 -0.837 0.047
Cu 0.747 0.012 -0.002 -0.102
Fe 0.385 0.401 0.156 0.361
Ni 0.752 0.286 -0.39 0.174
Pb 0.109 -0.066 -0.017 0.888
Zn 0.307 0.849 0.084 -0.064
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