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Abstract
Soil pollution caused by anthropogenic activities or natural factors results in reduced quality of environment. Fourteen 
elements, including Ti, Al, Fe, Cr, V, Pb, As, Sc, Zn, Cu, Co, Mn, Ca and Mo, in 20 soil samples and a wildflower called 
Anabasis Setifera on the tailing pond of Chadormalu iron ore in Iran were assessed. Metals were measured using inductively 
coupled plasma mass spectrometry (ICP-MS). Enrichment factor and contamination factor were employed to assess the 
ecological risk. Cf

i value within the range of 1.00–1.12 indicates the mean contamination of the soil, and Er
i value within the 

range of 1–10 represents the low ecological risk of the elements in the soil. Transfer factor  (Tri) was also used to calculate 
the transfer of heavy metals from soil to plant.  Tri value within the range of 1.63–29.01 shows that the plant induces the 
transfer of contaminants from soil. The order of the transferred elements in terms of amount is as: Co > Ti > Cr > Al > Mn > 
Fe > Ca > V>Cu > Pb > Zn > As > Mo > Sc. Geo-accumulation (Igeo) and pollution indices have showed some weaknesses in 
assessing the high values of the elements. Therefore, in this study, a new index as level of pollution, Ln (LP), was developed 
to evaluate the contamination of soil by various concentrations of the elements. Based on Igeo and IPOLL, the pollutants fall 
within the class of 0 which indicates no pollution. The Ln (LP) index calculated as 0.069–1.166 shows that the studied ele-
ments, except for cobalt, had no pollution.
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Introduction

To maintain the soil ecological balance, the concentration of 
heavy metals such as Cr, Ni, Cd, Cu, Pb and As must be low. 
However, the concentration of these elements is increasing 
with the increase in anthropogenic activities (Arenas-Lago 
et al. 2013). Soil is a natural dynamic body essential for 
human life, and it should be taken into account due to its 
high potential for absorbing heavy and toxic metals (Blaser 
et al. 2000; Vesali Naseh et al. 2012). In recent decades, the 

soil pollution by heavy metals caused by industrialization 
and urbanization has received special attention (Belis et al. 
2013; Liu et al. 2014; Huang et al. 2015; Wang et al. 2015). 
Heavy metals pollution in urban areas stems from different 
sources such as industrial activities, power stations, mines, 
fossil fuels combustion and wastes disposal (Krishna and 
Govil 2007; Wei and Yang 2010). In mining areas, the dis-
posal of non-recyclable mineral wastes produced from min-
eral ore concentrates is responsible for soil contamination. 
Concentration of heavy metals in soil increases the poten-
tial of risk and adverse effects in soil ecosystems (Cui et al. 
2004; Li et al. 2009a, b). Different enrichment calculation 
methods are used to assess the heavy metals pollution in soil 
(Farsad et al. 2011). Some of these methods are enrichment 
factor (EF), contamination factor, geo-accumulation index, 
pollution index (IPOLL) and level of pollution Ln (LP). EF 
indicates the enrichment of soil contamination compared to 
the pre-industrial soil in the same environment (Dias et al. 
2014).

Chadormalu iron ore mine is located at the center of Iran, 
180 km northeast of Yazd and 85 km north of Bafgh, with 
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five production lines and annual capacity of 9 million tons 
of steel production through direct reduction method. The 
solid wastes area of Chadormalu contains heavy metals in 
an area of 2546 km2 6 km away from Chadormalu iron ore 
processing unit with a population of 4197 people. The popu-
lation density in the mine is 1.65 per  km2 (Fig. 1). Saghand 
village and Bahabad county, with distances of 40 km and 
60 km, are the nearest and furthest residential places to 
the mine, respectively. Population densities in these areas 
are 15.8 and 3.37, respectively. The annual average wind 
speed is 52 km/h, and the annual average rain and snowfall 
is 107 mm in the area. The amount of heavy metals in solid 
wastes and their contamination were assessed in this study. 
The wind disperses the solid waste particles in the surround-
ing area, and a wide area of solid wastes actually provides an 
inactive ecosystem. The ways of preventing the dispersion of 
particles containing heavy metals, reducing the amount of 
heavy metals and providing a sustainable desert ecosystem 
have been considered in this study.

Materials and methods

Study area and sampling

Water is recovered for reuse from slurry-like mineral wastes 
from the ponds located at the southeast of Chadormalu. The 
remaining solids are dried over time. In order to create an 
ecological stable equilibrium, 25-cm-thick soil was poured 
on solid wastes to let the local winds disperse the seeds to 
grow wildflowers. The purpose of this study was to investi-
gate the amount of waste material contaminants transferred 
into the soil and the role of wildflower in reducing soil con-
tamination and also to assess the effects of anthropogenic 
and natural factors on soil contamination.

The soil and plant were taken from 20 different points 
and combined together. A total of 12 compound samples of 
soil and 12 compound samples of plant were obtained. Soil 
samples were dried in a dryer at 40 °C for 36 h (Mollazadeh 
et al. 2013).

Fig. 1  Soil and plant sampling locations at Chadormalu Tail Basin
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Measurement of soil physicochemical properties

The particle size distribution of the samples was measured 
by sieve analysis. Using sieves and ASTM, soil particles 
were classified into slime (< 300 mic), sand (> 300 mic) 
and gravel (> 2 mm). Slime and plant roots were micro-
nized by disk mill. Soil pH was measured in a solution 
with the soil/water ratio of 1:5. The suspension was left 
standing for a while and then its pH was measured by a 
pH meter. For organic matters in soil samples, the sam-
ples were heated in a muffle furnace at 450 °C for 4 h 
(Glasby and Szefer 1998) and then the loss on ignition 
(LOI) was measured. Moreover, the analytical grade 
laboratory chemicals were used to analyze the samples 
and the deionized water (conductivity ≤ 4  µs/cm) was 
employed to prepare solutions. About 2 g of soil samples 
and powdered plant roots were dissolved in 5 ml of nor-
mal hydrochloric acid (0.53 N) in a clean glass container, 
and the obtained mixture was digested using microwave 
digestion system. Finally, the extracted solutions were fil-
tered through syringe filter (DISMIC–25HP PTFE, pore 
size = 0.45 µm) (Toyo Roshi Kaisha, Ltd, Tokyo, Japan) 
and stored in 50-ml polypropylene pipes (Nalgene New 
York) (Arenas-Lago et al. 2014).

Instrumental analysis and quality control

Inductively coupled plasma mass spectrometry (ICP-MS-
HP4500) was used to determine heavy metals contents in 
soil and plant. In order to prepare the calibration curve, 
10 ppb solution of Y, Ce, Tl and Li was used. The calibration 
range for all the elements was 0.1 to 50.0 ppb, and this level 
was used for all of them. The mother solution (100 ppm) 
was from Merck and Chem Lab Companies. These solutions 
covered a wide range of metals. The results of heavy metals 
analysis in soil and plant are provided in Table 1.

Data calculation

Enrichment factors (EF)

The enrichment factor (EF) is a tool for differentiating 
between the heavy metals from anthropogenic activi-
ties and those from natural source. The concentration of 
immobile element in the sample and the reference sample 
was used in calculating EF. Knowing that Sc and Al are 
often considered to be immobile in soil, Al was considered 
immobile in this study. EF is calculated using Eq. 1:

where (CM/CAl) sample is the ratio of heavy metals concen-
tration (CM) to aluminum concentration in soil and (CM/CAl) 

(1)EF =
(

CM∕CAl

)

Sample∕
(

CM∕CAl

)

STD

STD is the same ratio in the pre-industrial or standard 
sample.

The EF value of 1 for all samples places them in a non-
contaminated range. EF values of < 2, 2–4, 4–16, 16–32 
and > 32, respectively, indicate no contamination, low con-
tamination, moderate contamination, high contamination 
and very high contamination (Table 2).

Contamination factor (Cf
i)

Contamination factor (Cf
i) is the ratio between the metal 

content in soil (Cm) and the standard concentration levels 
as suggested by Hakanson (1980) and can be calculated by 
Eq. 2.

The degree of contamination is classified as: low contam-
ination (Cf

i < 1), moderate contamination (1–3), considerable 
contamination (3–6) and very high contamination (Cf

i ≥ 6) 
(Rashed 2010) (Table 3).

Transfer factor (TF)

Transfer factor indicates the movement of contaminant from 
the soil to the plant as presented by Eq. 3.

where CM is the concentration of metal in soil and CP is the 
concentration of metal in plant.

Geo‑accumulation Index (Igeo)

Igeo is used to assess the metal contaminant in sediments 
and soils by comparing the analyzed concentration of metals 
with pre-industrial levels. Igeo proposed by Muller (1969) is 
calculated using Eq. 4.

where CM and CSTD are the concentrations of metal in cur-
rent and pre-industrial soil samples, respectively, factor 1.5 
is used to eliminate possible variations in reference values 
and to eliminate anthropogenic effects. The geo-accumu-
lation index (Igeo) was defined as: Igeo ≤ 0.42 (unpolluted), 
0.42 < Igeo ≤ 1.42 (less polluted), 1.42 < Igeo ≤ 3.42 (mod-
erately polluted), 3.42 < Igeo ≤ 4.42 (strongly polluted) and 
Igeo > 4.42 (extremely polluted). The geo-accumulation index 
(Igeo) is classified into 6 classes (Table 4).

(2)
(

CSTD

)

Ci
f
=

Cm

CSTD

(3)TF =
CM

CP

(4)Igeo = Log2
Cm

1.5CSTD
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Pollution index (IPOLL)

IPOLL index indicates the degree of metal contamination 
which can be calculated by Eq. 5 (Karbassi et al. 2008).

where CM and CSTD are the concentrations of metal in cur-
rent and pre-industrial soil samples, respectively. Classifica-
tion of IPOLL is the same as that of Igeo.

Modified contamination degree (mcd)

Modified contamination degree (mcd) is a modified form 
of the Hankanson equation for calculating the overall 
degree of contamination at a given site. Contamination 
degree is the final index for estimating soil contamination 
in terms of the presence of various elements and can be 
calculated by Eq. 6.

where Cf
i is the contamination factor for each element and 

n is the total number of the analyzed elements. Modified 
contamination degree is classified as: mcd < 1.5 (no con-
tamination), 1.5 ≤ mcd < 2 (low contamination), 2 ≤ mcd < 4 
(moderate contamination), 4 ≤ mcd < 22 (high contamina-
tion) and mcd ≥ 22 (extreme contamination).

(5)IPOLL = Log2
Cm

1.5CSTD

(6)mcd =

∑n

i=1
Ci
f

n

Pollution level (LP)

Considering the specific characteristics of the soil samples 
taken from the iron ore tailing pond, Cf

i, Igeo, IPOLL and mcd 
cannot provide reliable results because of their restricted range 
and high concentrations of elements. Therefore, it was decided 
to develop an index based on math principles and simulation 
using the data obtained from TF and IPOLL to be applicable to 
all types of soil from other mines and to similar projects, with 
the capability to assess high concentrations of contamination. 
The new index was named level of pollution, Ln (LP), and 
it was presented as an equation in Neperian logarithm form 
(Eq. 7):

Classification of pollution level (LP) is: Ln (LP) < 1 (no 
contamination), 1 ≤ Ln (LP) < 2 (low contamination), 4 ≤ Ln 
(LP) < 6 (high contamination) and Ln (LP) > 6 (extreme 
contamination).

Statistical analysis

The data were analyzed using SPSS 2014 (SPSS, ASA), and 
cluster analysis was used for soil and plant separately and in 
compound. In this study, cluster analysis has been widely used 
to analyze the data and the relationship between the metal con-
tents of soil and plant.

Results and discussion

Metal contents in soil and plant samples are provided. The LOI 
range in soil samples is in the range of 10% to 13%. Some stud-
ies indicated that the organic content in the soils from Iran was 
less than 5% (Saeedi and Karbassi 2006). Therefore, the high 
value of organic contents in the soil can be attributed to the 
high level of BOD (Saeedi and Karbassi 2006; Karbassi et al. 
2008; Parvaresh et al. 2011; Mollazadeh et al. 2013). High 
concentration of Ca (about 6%) can be related to the presence 

(7)Ln (LP) = 0.0519 × TF + 0.6931 × IPOLL− 0.163

Table 2  Terminologies for 
contamination classes on single 
and integrated indices

Indices Unpolluted Low polluted Moderately polluted Strongly polluted Extremely 
polluted

Ln(LP) < 1 1–2 2–4 4–6 > 6
IPOLL < 0.42 0.42–1.42 1.42–3.42 3.42–4.42 > 4.42
EF < 2 2–4 4–16 16–32 > 32
Igeo < 0.42 0.42–1.42 1.42–3.42 3.42–4.42 > 4.42
mcd < 1.5 1.5–2 2–4 4–22 > 22

Table 3  Hakanson contamination classes

Factor Low polluted Moderately pol-
luted

Considerable Very high

Cf < 1 1–3 3–6 ≥ 6

Table 4  Muller contamination 
classes

Class 0 Class 1 Class 2 Class 3 Class 4 Class 5 Class 6

Igeo ≤ 0 0 < Igeo ≤ 1 1 < Igeo ≤ 2 2 < Igeo ≤ 3 3 < Igeo ≤ 4 4 < Igeo ≤ 5 Igeo > 5
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of lime in the soil. The percentile of anthropogenic and natural 
metal contents has been shown in Table 5.

Percentile of lithogenous portion

Ti (100%) > Al (99.95%) > Fe (99.93%) > Cr (99.89%) > V 
(99.88%) > Sc (99.85%) > Zn (99.77%) > Cu (99.54%) > Co 
(99.28%) > Mn (98.80%) > Ca (97.14%) > Mo (89.19%)

Percentile of anthropogenic portion

Mo (10.81%) > Ca (2.86%) > Mn (1.20%) > Co (0.72%) > Cu 
(0.46%) > Zn (0.23%) > Sc (0.15%) > V (0.12%) > Cr 
(0.11%) > Fe (0.07%) > Al (0.05%) > Ti (0%)

This chemical partitioning shows that MO and Ca are 
derived from anthropogenic sources. Some studies show 
that about 10% of each metal component can be originated 

from anthropogenic source (10% of the total metal content 
is representative of the anthropogenic portion) (Saeedi and 
Karbassi 2006; Karbassi et al. 2008). Therefore, in this 
study, the anthropogenic portions of Mo, Ca, Mn and Al 
are considered to be normal. The calculated indices val-
ues for metals are shown in Table 6. The restricted range 
of IPOLL, Igeo and EF made them inappropriate to be used 
for the analysis of the data obtained in this study. The 
plant root absorbed water, minerals and food. TF values in 
Table 7 show the importance of plant in absorbing heavy 
metals from soil. They also showed no anthropogenic pol-
lution, implying that the pollution was naturally formed 
with no intervention of human activities.

Cluster analysis identified a positive correlation among 
the metal components in soil samples (Fig. 2). Most of 
this correlation is related to Fe, Co, Cr, Pb, Al, Sc and Ca. 
Fe, Co and Cr, Pb portions also have the same behavior. 

Table 5  Percentile of lithogenous and anthropogenic portion of metals in soil from Tail Basin

Station/fraction %

Al As Ca CO Cr Cu Fe Mn Mo Pb Sc Ti V Zn

1 Lithogenous 99.95 99.06 97.22 99.30 99.90 99.61 99.94 98.75 75.76 99.71 99.84 100.00 99.85 99.67
Anthropogenic 0.05 0.94 2.78 0.70 0.10 0.39 0.06 1.25 24.24 0.29 0.16 0.00 0.15 0.33

2 Lithogenous 99.95 99.51 97.09 99.33 99.93 99.67 99.95 98.80 93.33 99.77 99.85 100.00 99.91 99.79
Anthropogenic 0.051 0.49 2.91 0.67 0.07 0.33 0.05 1.20 6.67 0.23 0.15 0.00 0.09 0.21

3 Lithogenous 99.95 99.66 97.18 99.37 99.91 99.60 99.94 98.85 96.65 99.75 99.84 100.00 99.89 99.79
Anthropogenic 0.05 0.34 2.82 0.63 0.09 0.40 0.06 1.15 3.35 0.25 0.16 0.00 0.11 0.21

4 Lithogenous 99.94 99.65 97.14 99.32 99.89 99.52 99.93 98.74 96.90 99.79 99.82 100.00 99.89 99.80
Anthropogenic 0.06 0.35 2.86 0.68 0.11 0.48 0.07 1.26 3.10 0.21 0.18 0.00 0.11 0.20

5 Lithogenous 99.95 99.58 97.47 99.46 99.91 99.53 99.94 98.86 94.27 99.83 99.85 100.00 99.91 99.82
Anthropogenic 0.05 0.42 2.53 0.54 0.09 0.47 0.06 1.14 5.73 0.17 0.15 0.00 0.09 0.18

6 Lithogenous 99.95 99.62 97.03 99.28 99.89 99.56 99.94 98.82 95.56 99.77 99.89 100.00 99.90 99.79
Anthropogenic 0.05 0.38 2.97 0.72 0.11 0.44 0.06 1.18 4.44 0.23 0.11 0.00 0.10 0.21

7 Lithogenous 99.94 99.53 96.82 99.14 99.84 99.57 99.92 98.75 74.92 99.62 99.84 100.00 99.83 99.75
Anthropogenic 0.06 0.47 3.18 0.86 0.16 0.43 0.08 1.25 25.08 0.39 0.16 0.00 0.17 0.25

8 Lithogenous 99.95 99.35 97.21 99.37 99.92 99.43 99.94 98.79 75.88 99.81 99.85 100.00 99.91 99.77
Anthropogenic 0.05 0.65 2.79 0.63 0.08 0.57 0.06 1.21 24.12 0.19 0.15 0.00 0.09 0.23

9 Lithogenous 99.95 99.33 97.15 99.24 99.92 99.27 99.92 98.73 82.58 99.79 99.85 100.00 99.89 99.73
Anthropogenic 0.05 0.67 2.85 0.76 0.08 0.73 0.08 1.27 17.42 0.21 0.15 0.00 0.11 0.27

10 Lithogenous 99.96 98.97 97.25 99.01 99.89 99.16 99.93 98.95 97.07 99.70 99.80 100.00 99.84 99.77
Anthropogenic 0.04 1.03 2.75 0.99 0.11 0.84 0.07 1.05 2.93 0.30 0.20 0.00 0.16 0.23

11 Lithogenous 99.95 99.62 97.35 99.41 99.83 99.78 99.92 98.67 97.88 99.78 99.87 100.00 99.90 99.79
Anthropogenic 0.05 0.38 2.65 0.59 0.17 0.22 0.08 1.33 2.13 0.22 0.13 0.00 0.10 0.21

12 Lithogenous 99.95 99.92 96.81 99.15 99.84 99.73 99.93 98.83 89.52 99.71 99.86 100.00 99.84 99.79
Anthropogenic 0.05 0.08 3.19 0.85 0.16 0.27 0.07 1.17 10.48 0.29 0.14 0.00 0.16 0.21

Mean Lithogenous 99.95 99.48 97.14 99.28 99.89 99.54 99.93 98.80 89.19 99.75 99.85 100.00 99.88 99.77
Anthropogenic 0.05 0.52 2.86 0.72 0.11 0.46 0.07 1.20 10.81 0.25 0.15 0.00 0.12 0.23
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Cluster analysis of soil and plant showed a positive cor-
relation among Fe, Co, Al, Sc, Ti and As (Fig. 3). The 
interaction of these elements in soil and plant revealed the 

important role of plant in reducing the pollution. Cluster 
analysis also showed that Fe, Cr, Pb, Mo, Co, As, Mn and 
Al were interdependent in the plant (Fig. 4).

Table 6  Pollution intensity in soils from Tail Basin

Station/index %

Al As Ca CO Cr Cu Fe Mn Mo Pb Sc Ti V Zn

Mean of 12 
station

Ln (LP) 0.44 0.07 0.37 1.17 0.70 0.23 0.38 0.41 0.14 0.16 0.04 0.98 0.25 0.15

IPOLL 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Igeo 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
EF 1.00 1.00 1.03 1.00 1.00 1.00 1.00 1.01 1.12 1.00 1.00 0.99 1.00 1.00

Table 7  Transfer factor in soils and plants from Tail Basin

Station/transfer factor %

Al As Ca CO Cr Cu Fe Mn Mo Pb Sc Ti V Zn

Mean of 12 station TF 11.04 1.63 8.62 29.01 17.65 5.57 9.38 9.96 1.12 4.01 0.94 24.68 6.35 3.61

Fig. 2  Dendrogram of cluster 
analysis for soil of Tail Basin
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Fig. 3  Dendrogram of cluster 
analysis for soil and plant of 
Tail Basin

Fig. 4  Dendrogram of cluster 
analysis for plant of Tail Basin
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Conclusion

Solid wastes from iron ore operations have resulted in vast 
areas of dried tailing ponds during the last two decades. The 
results of this study showed that pouring soil on these ponds 
and the growth of wildflowers on them prevented the spread 
of contamination. Plant played an important role in heavy 
metals uptake. Considering this restriction, all the data were 
placed in no pollution range. Therefore, a new index called 
Ln (Lp) was developed and used as a solution. The obtained 
results revealed that all the studied elements, except for 
cobalt with low pollution, were in the range of no pollution. 
For Igeo, IPOLL and EF indices, all the elements were in the 
range of no pollution. Modified degree of contamination also 
showed no contamination.

Acknowledgements Special thanks to Chadormalu Mining and Indus-
trial Company’s management for letting us to use its laboratory for 
sampling and sample preparation process (Import Permit No: 1395/2). 
The authors would also like to thank Professor Abdolreza Karbassi, 
Faculty of Environment in University of Tehran, for his valuable and 
constructive suggestions and full cooperation in conducting the pro-
ject. The authors also appreciate the staff of Chadormalu laboratory 
and Zarazma laboratory in Tehran for their collaboration in sampling, 
chemical analysis of the samples and statistical analysis of the data.

References

Arenas-Lago D, Vega FA, Silva LFO, Andrade ML (2013) Soil interac-
tion and fractionation of added cadmium in some Galician soils. 
Microchem J 110:681–690

Arenas-Lago D, Vega FA, Silva LFO, Andrade ML (2014) Copper 
distribution in surface and subsurface soil horizons. Environ Sci 
Pollut Res 21:10997–11008

Belis CA, Larsen F, Karagulian BR, Hopke PK (2013) Critical review 
and metal-analysis of ambient particulate matter source apportion-
ment using receptor models in Europe. Atmos Environ 69:94–108

Blaser P, Zimmermann S, Luster J (2000) Critical examination of 
trace element enrichments and depletions in soils: As, Cr, Cu, 
Ni, Pb, and Zn in Swis. Sci Total Environ 249(1–3):257–280

Cui Y, Zhu Y, Zhai R, Chen D, Huang Y, Qiu Y (2004) Transfer of 
metals from soil to vegetables in an area near a smelter in Nan-
ning, China. Environ Int 30:785–791

Dias CL, Oliveira MLS, Hower JC, Taffarel SR, Kautzmann RM, Silva 
LFO (2014) Nanominerals and ultrafine particles from coal fires 
from Santa Catarina, South Brazil. Int J Coal Geol 122:50–60

Farsad F, Karbassi AR, Monavari SM, Mortazavi MS, Farshchi P 
(2011) Development of a new pollution index for heavy metals in 
sediments. Biol Trace Elem Res 143:1828–1842

Glasby GP, Szefer P (1998) Marine pollution in Gdansk Bay, puck 
bay and the vistula lagoon, Poland: an overview. Sci Tot Environ 
212:49–57

Hakanson L (1980) An ecological risk index for aquatic pollution con-
trol. A sedimentological approach. Water Res 14(8):975–1001

Huang Y, Li TQ, Wu CX, He ZH, Japenga J, Deng MH, Yang XE 
(2015) An integrated approach to assess heavy metal source 
apportionment in pre-urban agricultural soils. J Hazard Mater 
299:540–549

Karbassi AR, Saeedi M, Amirnejad R (2008) Historical changes of 
heavy metals content and sequential extraction in a sediment core 
from the Gorgan Bay, Southern Caspian Sea, Iranian. J Mar Sci 
37(3):267–272

Krishna AK, Govil PK (2007) Soil contamination due to heavy metals 
from an industrial area of Surat, Gujarat, Western India. Environ 
Monit Assess 124:263–275

Li J, He M, Han W, Gu Y (2009a) Analysis and assessment on 
heavy metal sources in the coastal soils developed from alluvial 
deposits using multivariate statistical methods. J Hazard Mater 
164:976–981

Li XG, Pan J, Xi DL, Yang M (2009b) Bioavailability and speciation 
analysis of heavy metals in textile dyeing sludge. Rock Miner 
Anal 28:10–14 (in Chinese)

Liu G, Yu Y, Hou J, Xue W, Liu X, Liu Y, Wang W, Alsaedi A, Hayat 
T, Liu Z (2014) An ecological risk assessment of heavy metal 
pollution of the agricultural ecosystem near a lead-acid battery 
factory. Ecol Ind 47:210–218

Mollazadeh N, Moattar F, Karbassi AR, Khorasani N (2013) Distri-
bution of metals, chemical partitioning, pollution and origing in 
riverbed sediment. World Appl Sci J 21(5):674–680

Muller G (1969) Index of geoaccumulation in sediments of the Rhine 
River. GeoJournal 2:108–118

Parvaresh H, Abedi Z, Farshchi P, Karami M, Khorasani N, Karbassi 
AR (2011) Bioavailability and concentration of heavy metals in 
the sediments and leaves of grey mangrove, Avicennia marina 
(Forsk.) Vierh, in Sirik Azini Creek, Iran. Biol Trace Elem Res 
143:1121–1130

Rashed MN (2010) Monitoring of contaminated toxic and heavy met-
als, from mine tailings through age accumulation, in soil and some 
wild plants at Southeast Egypt. J Hazard Mater 178(1–3):739–746

Saeedi M, Karbassi AR (2006) Heavy metals pollution and speciation 
in sediments of southern part of the Caspian Sea. Pak J Biol Sci 
9:735–740



8494 International Journal of Environmental Science and Technology (2019) 16:8485–8494

1 3

Vesali Naseh MR, Karbassi AR, Ghazaban F, Baghvand A (2012) 
Evaluation of heavy metal pollution in Anzali Wetland, Guilan, 
Iran. Iran J Toxicol 5(15):565–576

Wang Q, Xie Z, Li F (2015) Using ensemble models to identify and 
apportion heavy metal pollution sources in agricultural soils on a 
local scale. Environ Pollut 206:227–235

Wei BG, Yang LS (2010) A review of heavy metal contaminations in 
urban soils, urban road dusts and agricultural soils from China. 
Microchem J 94:99–107


	Development of soil pollution risk index in the vicinity of a waste dam in Chadormalu iron ore mine
	Abstract
	Introduction
	Materials and methods
	Study area and sampling
	Measurement of soil physicochemical properties
	Instrumental analysis and quality control
	Data calculation
	Enrichment factors (EF)
	Contamination factor (Cfi)
	Transfer factor (TF)
	Geo-accumulation Index (Igeo)
	Pollution index (IPOLL)

	Modified contamination degree (mcd)
	Pollution level (LP)
	Statistical analysis

	Results and discussion
	Percentile of lithogenous portion
	Percentile of anthropogenic portion

	Conclusion
	Acknowledgements 
	References




