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Urbanization in developing countries has caused extensive soil and environmental 
contamination with heavy metals. Determination of pollution indices and fractionation 
of heavy metals in soil is pivotal for assessment and prediction of their mobility and 
hazard potentials in the environment. Therefore, in this investigation pollution factor as 
single (PF) and comprehensive (Pn), pollution load index (PLI) and sequential 
extraction technique were used for Ni, Pb, Cd, Zn, and Cu in soils affected by municipal 
wastewater in some large cities of Hamedan province, western Iran. According to 
results, PF factors for heavy metals in Hamedan, Malayer, Razan and Kabudarahang 
were respectively 2.47-27.40, 2.44-28.80, 2.46-27.20, and 2.50-27.10. PF results 
indicated that pollution intensity were 21.6-26.56 (very high) for Ni, 4.52-4.81(High) 
for Pb, 21.90-28.80 (very high) for Cd and 2.44-2.74 (medium) for Zn and 11.85-13.92 
(very high) for Cu in the studied sites. Pn and PLI were 20.89-24.88 and 9.44-10.16 in 
the studied area, respectively. According to results, the OM fraction was the most 
abundant pool for Ni, Pb, and Cd. The mobility of metals in calcareous soils acquired 
for Ni (22.81%), Pb (15.32%), Cd (17.88%), and Cu (18.18%) was a representative of 
potential risk for groundwater contamination through deep percolation or runoff. The 
bioavailability factor related to each metal was estimated for Ni (26.51-35.72 %), Pb 
(27.67-35.55 %), Cd (30.22-39.51 %), Zn (22.06-26.71 %), and Cu (22.88-27.34 %). 
Such high bioavailability of heavy metals especially for Cd can severely impose 
adverse effects on the environment, groundwaters and accordingly human health. 
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INTRODUCTION1  

Over the last decades soil contamination has 
become a serious problem as a result of 
urbanization and industrialization in developed and 
developing countries since heavy metals can pose 
adverse effects on environment and human health 
(Okoro et al. 2017; Ghorbani et al. 2015). Heavy 
metals in soils can be originated from natural and 
anthropogenic processes (Prartono et al. 2016; 
Jagus et al. 2013). Generally, most of soil heavy 
metals are derived from anthropogenic sources e.g., 
industrial activities, automobile emissions, and 
agricultural practices compared with natural ones 
(Wei and Yang 2010; Li and Feng 2012; Karim et 
al. 2014; Burt et al. 2014). In fact, industrial 
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activity and municipal wastewater are of high 
importance in environmental contamination with 
heavy metals (Raman and Narayanan 2014). 
Wastewater pollution (Qaiser et al. 2013) is 
problematic because of the high levels of 
potentially toxic elements such as Ni, Pb, Cd, Zn, 
and Cu (Puga et al. 2015).  

Depending on soil conditions, metals can be 
transferred from soil to groundwater (Puga et al. 
2015) or crops and jeopardize the lives of plants, 
animals, and human beings (Jalali and Hemati 
2013; Benhaddya and Hadjel 2014).  

However, compared with other elements, the 
availability of heavy metals in soil is low owing to 
high capacity of soil in retention of these metals 
attributed to soil pH, redox potential, cation 
exchange capacity, organic matter, and assimilation 
by plant roots (Ross 1994).  

Research on assessment of heavy metals 
bioavailability and their fate in soil is imperative 
which can be accomplished through various 
methods. The total concentration of heavy metals 
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may be as a representative of the level of soil 
contamination with these metals, however it 
provides quite insufficient information concerning 
their mobility, bioavailability and hazard potentials. 
(Alvarenga et al. 2012). Therefore, investigations 
upon various heavy metals fractions have become 
increasingly important in environmental studies to 
come up with precious information regarding their 
mobility, remediation, along with their risk 
assessment (Jalali and Hemati 2013). Heavy metals 
in soil can be incorporated among several phases 
including water-soluble and exchangeable, organic 
associated, inorganic, and residual phases (Li and 
Shuman 1996). Water- soluble and exchangeable 
fractions are of highest mobility and bioavailability 
than other fractions, especially the residual one. 
The solubility in residual phase is the lowest of all.  

Sequential extraction technique has been 
extensively used to assess the amount and 
proportions of metals in soil and to predict their 
mobility, availability along with their potentials for 
leaching through soil profile. Such technique can 
also assist to diagnose the origin of heavy metals 
(lithogenic or anthropogenic). Indeed, 
anthropogenic metals are mostly incorporated as 
mainly liable extractable fractions though those 
derived from lithogenic sources mainly occur in the 
residual phase (Salomons and Förstner 1980; 
Hooda and Alloway 1994; Madrid et al. 2004). 

Anthropogenic processes generally lead to 
substantial rise in the level of heavy metals in soils 
and environments (Sun et al. 2010; Acosta et al. 
2015). Soils of metropolitan areas are 
predominantly exposed to discharge of effluents 

and municipal wastewaters especially in 
developing countries such as Iran contributing to 
serious contamination of soils by heavy metals 
(Benmalek et al. 2014).  

However, little is known about heavy metals 
fractions in soils of Hamedan provinces, western 
Iran affected by municipal wastewater. Therefore, 
the objectives of this research was to determine the 
content along with various fractions and pollution 
of heavy metals i.e., Ni, Pb, Cd, Zn, and Cu in soils 
of some cities of Hamedan provinces in Iran 
comprising Hamedan, Malayer, Razan and 
Kabudarahang affected by municipal wastewater to 
assess their pollution indices, mobility and 
bioavailability in soil and hazard potentials in the 
environment.   

MATERIALS AND METHODS 
Description of studied area and soil sampling 

The studied areas is located in Hamedan 
provinces, western Iran (longitudes 33° 59′ 11″ to 
35° 44′ 27″ N and latitudes 47° 44′ 23″ to 49° 27′ 
51″ E) with about 1.75 million inhabitants and an 
area of 19,368 km2. The studied area has a cold and 
semi-arid climate. The mean annual rainfall is 
approximately 300 mm which occurs from October 
to May, with the highest annual precipitation rate 
during November and February. The mean monthly 
temperatures varies between -4 and 25 °C, and the 
mean annual temperature is 11 °C. Soils of 
different textures in each province affected by 
municipal wastewaters were investigated for heavy 
metals concentrations along with their fractions. 
Five soil samples were collected from the depth of 

Table 1. Some physical and chemical properties of studied soils 
Sampling site Soil No. pH* EC* (ds m-1) OM (%) CaCO3 (%) Sand (%) Silt (%) Clay (%) 
H 1 7.80 0.26 1.11 23.67 31 48 21 

2 7.80 0.25 1.89 25.11 29 52 19 
3 8.10 0.27 1.42 24.01 27 39 34 
4 7.80 0.26 1.28 25.31 32 42 26 
5 8.10 0.24 1.78 22.9 33 44 23 

Mean  7.90 0.26 1.50 24.20 30.40 45 24.60 
M 6 8.20 0.28 1.69 23.49 30 38 32 

7 8.00 0.29 1.87 22.28 32 41 27 
8 7.90 0.31 1.92 21.71 28 41 31 
9 8.10 0.30 1.35 24.27 29 37 34 
10 7.90 0.23 1.74 23.2 33 40 27 

Mean  8.02 0.28 1.71 22.99 30.40 39.40 30.20 
R 11 8.10 0.34 1.67 23.11 31 29 40 

12 8.10 0.28 1.94 22.97 34 33 33 
13 8.00 0.29 1.79 24.00 32 32 36 
14 8.00 0.27 1.64 23.61 30 30 40 
15 7.80 0.29 1.80 22.87 30 28 42 

Mean  8.00 0.294 1.77 23.31 31.40 30.40 38.20 
K 16 8.00 0.27 1.74 23.47 26 45 29 

17 8.10 0.28 1.66 22.24 24 41 35 
18 8.00 0.29 1.54 21.90 29 44 27 
19 7.90 0.31 1.39 22.67 32 46 22 
20 8.10 0.28 1.54 23.49 28 43 29 

Mean  8.02 0.29 1.57 22.75 27.80 43.80 28.40 
*pH and EC are determined in 1:5 soil to water ratio suspensions 
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0- to 30-cm in each site in August 2017. Soils were 
air-dried, ground and passed through a 2-mm sieve. 
Some of soil properties are depicted in Table 1. 
Cities abbreviations are denoted by H, M, R and K 
for Hamedan, Malayer, Razan and Kabudarahang, 
respectively. Heavy metals interpolation map was 
produced using Inverse Distance Weighted (IDW) 
interpolation method.  

Soil analysis 

Soil texture was determined according to the 
Stokes' law (Bauycos 1962). The soils pH and 
electrical conductivity (1: 5, soil to deionized 
water) were measured using pH meter (Metrohm 
742 pH meter) and EC meters (Metrohm 712 
Conductometer) (Rowell 1994). The wet digestion 
procedure of Walkley-Black was followed to 
determine the soils organic matter content (Rowell 
1994). Soil calcium carbonate equivalent was 
measured using titration with NaOH (Sims et al. 
1996). Since total concentration of heavy metals 
cannot provide information regarding their 
availability in soil, the sequential extraction of 
heavy metals in soil was performed through 
Sposito method (1983). 

Single pollution factor, Ccomprehensive 
pollution factor, Pollution load index  

In this study, three indices of single pollution 
factor (PF), comprehensive pollution factor (Pn), 
and pollution load index (PLI) were applied to 
qualify the degree of heavy metal pollution and 
evaluate anthropogenic influences on the studied 
sites. PF and Pn were used to identify the types of 
heavy metals, while the cumulative effect of all 
contaminants were manifested using the PLI 
indices (Esmaeili et al. 2014). To determine the 
level of soil pollution to heavy metals, the factor 
PFi  and Pn values were calculated as follows: 

PF = 	   (Eq.1) 

where, PFi is single pollution factor for metal i, 
CMetal is metal concentration in polluted soil and 
CBackground is the background level of metal i in non-

contaminated soil. Regarding CBackground the typical 
background levels of heavy metals in non-
contaminated soils were considered as 0.50, 10.00, 
0.10, 9.00 and 1.00 mg kg-1 for Ni, Pb, Cd, Zn and 
Cu, respectively (http:// www.aleastern.com) 

Pn = ( ∑ PF) + (max PF) /2 
  (Eq. 2) 

where, Pn is the comprehensive pollution factor, 
max PF is the maximum value of the pollution 
factor for the heavy metal, and n is the number of 
heavy metals. 

Furthermore, PLI was used to determine the 
level of pollution risk and awareness of hazard 
potential for heavy metal. The mathematical 
expression of this factor is given below:  

PLI = PF ∗ 	PF ∗ … ∗ PF   
 (Eq.3)  

where, PF represents the pollution factor of each 
metal and n is the number of heavy metals. 

Sequential extractions of heavy metals in soil 

Sposito et al. (1983) was applied to determine 
various fractions of heavy metals in soil. Two 
grams of each soil sample was weighed and placed 
in polypropylene centrifuge tube and then 
extractants were sequentially applied to soils.  As 
shown in Table 2, four fractions of heavy metals 
were determined using the sequential procedure 
i.e., water-soluble/exchangeable fractions [EXCH] 
using KNO3 + H2O, organic fraction [OM] using 
NaOH, mineral-associated fraction [INO] using 
EDTA, and residual fraction within the primary 
mineral lattice [RES] using HNO3. Concentration 
of heavy metals in extractions was analyzed by 
atomic absorption spectrophotometer (AAS) 
(Varian, spectra 220) and the collected data were 
processed using SAS (Version 9.4) and Excel 
statistical software. Generally, water 
soluble/exchangeable fractions are considered as 
readily mobile and bioavailable fraction and thus 

Table 2. Summary of the sequential extraction method (Sposito et al. 1983). 
Step Fraction Abbreviation Extractant Operational definition 
1 Soluble plus 

exchangeable 
EXCH 0.5 mol L−1 KNO3 and 

then H2O 
25 ml extractant, 16 h 
shaking 
 

2 Organic OM 0.5 mol L−1 NaOH  Residue from step 1 
shaken for 16 h with 
25-ml extractant  
 

3 Inorganic precipitates INO 0.5 mol L−1 Na2 EDTA Residue from step 2 
shaken for 6 h with 25-
ml extractant 
 

4 Residual RES 4 mol L−1 HNO3 Residue from step 3 
heated for 16 h at 80◦C 
with 25-ml extractant 
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are expected to be highly released posing 
environmental problems. However other fractions, 
are considered as poorly mobile since they are 
strongly bound to soil compounds, and hence due 
to poor bioavailability they have relatively lower 
hazard potentials in the environment. 

RESULTS AND DISCUSSIONS 
Soil Characterization  

Results related to the content of Sand (24 - 
34%), silt (28 - 52%), clay (19 - 42%) and organic 
matter (1.11 – 1.94 %) for soils of each region are 
depicted in Table 1. Soils EC were ranged from 
0.23 to 0.34 ds m-1 indicating that they were non-
saline. The soils showed moderately alkaline pH 
and high CaCO3 concentrations (21.71 – 25.31 %). 

Total concentrations of heavy metals in soil 
Results related to total concentrations of Ni, 

Pb, Cd, Zn, and Cu in soil samples are shown in 
Table 3 in the following descending order i.e., Pb ˃ 
Zn ˃ Cu ˃ Ni ˃ Cd. Similarly, Okoro et al. (2017) 
reported that the highest and lowest metals 
concentrations were related to Pb and Cd, 
respectively. According to results, for total 
concentrations of a given metal, there was no 
significant difference between studied sites (Table 
3). Obtained data were compared with the available 
reference ranges acquired from natural soils i.e., 2 
– 100 (Ni), 10 – 100 (Pb), ˂1 – 2 (Cd), 17 - 125 
(Zn) and 2 – 60 (Cu) mg kg-1 (Kabata-Pendias and 
Pendias 2001) along with mean reference values 

related to agricultural soils of Hamedan i.e., 32.8 
(Ni), 67.9 (Pb), 1.67 (Cd), 59.1 (Zn) and 16.0 (Cu) 
mg kg-1 (Khanlari and Jalali 2008).  

Total Ni concentrations were ranged from 
10.80 to 13.28 with a mean of 11.96 mg kg-1 (Table 
3 and Fig. 1). These values were much lower than 
the mean value (32.8 mg kg-1) reported by Khanlari 
and Jalali (2008) for agricultural soils and were in 
the range reported for uncontaminated soils i.e., 2 - 
100 mg kg-1 (Kabata-Pendias and Pendias 2001). 
However, the mean concentration of Ni (11.96 mg 
kg-1) in this research (Table 3) exceeded the 
permissible limits for agricultural soil set by 
FAO/WHO (2007) i.e., 0.2 mg kg -1 and WHO/EU 
(2002) i.e., 0.2 mg kg -1.  

Total soil Pb concentrations were ranged from 
45.17 to 48.11 with a mean value of 46.76 mg kg-1 
(Table 3 and Fig. 2). The mean concentration was 
lower than both the reference value for Hamedan 
agricultural soils i.e., 67.9 mg kg-1 (Khanlari and 
Jalali 2008), and that of the uncontaminated soil 
i.e., 10 - 100 mg kg-1 (Kabata-Pendias and Pendias 
2001). However, the measured mean Pb 
concentration (46.76 mg kg-1) in sites was higher 
than the permissible limits defined by FAO/WHO 
(2007) i.e., 0/5 - 1/0 mg kg-1, and WHO/EU (2002) 
i.e., 5/0 mg kg-1. Wu et al. (2011) and Qureshi et al. 
(2016) reported the total Pb concentrations of 44.47 
and 88.73 mg kg -1 in soils affected by wastewater.  

Total soil Cd concentrations were ranged from 
2.19 to 2.88 mg kg-1 with a mean value of 2.56 mg 

Table 3. Total concentrations (mg kg-1) of Ni, Pb, Cd, Zn, and Cu in soils (three replications) 
Sampling site Soil. No. Ni Pb Cd Zn Cu 
H 1 12.21 47.52 2.65 23.61 12.64 

2 12.00 46.94 2.74 22.19 13.42 
3 12.29 46.84 2.36 23.48 13.19 
4 13.28 47.00 2.49 24.67 12.70 
5 12.71 46.38 2.66 22.96 12.37 

Mean  12.50a* 46.94a 2.58a 23.38a 12.86a 
M 6 11.13 45.17 2.88 24.38 13.20 

7 10.80 46.82 2.81 23.68 12.81 
8 11.91 45.39 2.70 22.41 12.53 
9 11.49 47.64 2.68 21.94 11.85 
10 11.96 47.22 2.51 22.54 12.30 

Mean  11.46a 46.45a 2.72a 22.99a 12.54a 
R 11 12.34 45.60 2.32 22.17 13.37 

12 12.50 46.68 2.46 23.61 13.92 
13 11.93 47.82 2.50 22.84 12.68 
14 11.45 47.21 2.72 23.66 13.20 
15 12.06 46.38 2.64 23.10 13.46 

Mean  12.06a 46.74a 2.53a 23.08a 13.33a 
K 16 12.87 45.19 2.19 22.73 12.80 

17 12.31 47.61 2.48 22.75 13.39 
18 11.28 47.20 2.31 22.49 12.22 
19 10.89 48.11 2.43 23.81 12.63 
20 11.84 46.53 2.71 22.60 13.40 

Mean  11.84a 46.93a 2.42a 22.88a 12.89a 
*Mean values with the same letter in an each column are not significantly different at the 0.05 level, according to Duncan 
test. 
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kg-1 (Table 3 and Fig. 3). These concentrations 
were higher than 1 – 2 mg kg-1 reported by Kabata-
Pendias and Pendias (2001), and higher than the 
mean value of 1.67 mg kg-1 for Hamedan 
agricultural soils area (Khanlari and Jalali 2008). 
Likewise, the mean Cd concentration was lower 
than the mean value i.e., 2.8 mg kg-1 reported by 
Jalali and Hemati (2013) for contaminated paddy 
soils of Isfahan, Central Iran. In fact, Cd 
concentration higher than 0.5 mg kg-1 in topsoil can 
be attributed to anthropogenic processes (Errecalde 
et al. 1991). 

 Furthermore, total soil Zn content was ranged 
from 21.94 to 24.67 mg kg-1 with a mean value of 
23.08 mg kg-1 (Table 3 and Fig. 4) which was 
lower than the mean value reported for agricultural 
soils (59.1 mg kg-1) by Khanlari and Jalali (2008), 
and for natural soil (17 - 125 mg kg-1) reported by 
Kabata-Pendias and Pendias (2001). Similar 
findings have been also reported by Wu et al. 
(2011) and Qureshi et al. (2016). The mean 
concentration of Zn (23.08 mg kg-1) was below the 
permissible limits determined by WHO/EU (2002) 
i.e., 300 mg kg-1, guidelines for soil i.e., 300.0 mg 
kg-1 reported by Ewers (1991), and Pendias and 
Pendias (1992) as well as that of median soil 
worldwide i.e., 70.0 mg kg-1 reported by Reimann 
and De Caritat (2012). However, it was above the 
value related to continental crust i.e., 65.0 0 mg kg-

1 reported by Wedepohl (1995).  

Total Cu concentration was ranged from 11.85 
to 13.92 with a mean of 12.90 mg kg-1 (Table 3 and 
Fig. 5). These levels were in the range related to 
uncontaminated soil (Kabata-Pendias and Pendias 

2001). The mean concentration of Cu (12.90 mg 
kg-1) was lower than the permissible limits set by 
WHO/EU (2002) i.e.,140 mg kg-1, guidelines for 
soil i.e., 100.0 mg kg-1, reported by Ewers 
(1991),and  Pendias and Pendias (1992), and that of 
median soil worldwide  i.e., 25.0 mg kg-1, reported 
by Reimann and De Caritat (2012) though it was 
higher than that of continental crust i.e., 25.0 0 mg 
kg-1, reported by Wedepohl (1995).  

To sum up, the studied soils of cities in 
Hamedan province, western Iran affected by 
municipal wastewater could not be regarded as 
contaminated soils with Ni, Pb, Zn and Cu, 
however they were moderately-contaminated with 
Cd. Jalali and Hemati (2013) indicated that effluent 
and sewage sludge are a significant source of heavy 
metals in top soils. In fact, total concentration of 
heavy metals cannot give sufficient information 
about their hazard potentials. A low concentration 
of heavy metals of high bioavailability can be a 
concern to the environment. Therefore, it is 
imperative to determine the chemical forms of 
these metals in soil, too.   

Pollution indices  

According to Eqs. [1-3], PF, Pn and PLI were 
calculated. Soil samples based on PF, Pn and PLI 
are shown in Table 4. The descending order of 
mean PF for all studied sites was  Cd ≥ Ni > Cu > 
Pb > Zn. PF values of  Hamedan, Malayer, Razan 
and Kabudarahang with soil numbers equal to 1 - 5, 
6 - 10, 11 - 15 and 16 - 20 were respectively 
between 2.47 – 27.40, 2.44 – 28.80, 2.46 – 27.20 
and 2.50 – 27.10. In this research, Hakanson 

Table 4. Soil contamination indices for each site  
Sampling 
site 

Soil. No.  PF  Pn PLI 
 Ni Pb Cd Zn Cu  

H 1  24.42 4.75 26.50 2.62 12.64  23.50 10.04 
2  24.00 4.69 27.40 2.47 13.42  24.14 10.04 
3  24.58 4.68 23.60 2.61 13.19  22.15 9.87 
4  26.56 4.70 24.90 2.74 12.7  23.62 10.16 
5  25.42 4.64 26.60 2.55 12.37  23.64 9.98 

           
M 6  22.26 4.52 28.8 2.71 13.20  24.88 10.07 

7  21.60 4.68 28.10 2.63 12.81  24.29 9.91 
8  23.82 4.54 27.00 2.49 12.53  23.72 9.82 
9  22.98 4.76 26.80 2.44 11.85  23.42 9.67 
10  23.92 4.72 25.10 2.50 12.30  22.43 9.73 

           
R 11  24.68 4.56 23.20 2.46 13.37  22.16 9.70 

12  25.00 4.67 24.60 2.62 13.92  22.65 10.09 
13  23.86 4.78 25.00 2.54 12.68  22.41 9.83 
14  22.90 4.72 27.20 2.63 13.2  23.87 10.04 
15  24.12 4.64 26.40 2.57 13.46  23.48 10.04 

           
K 16  25.74 4.52 21.90 2.53 12.80  22.66 9.62 

17  24.62 4.76 24.80 2.53 13.39  22.45 9.97 
18  22.56 4.72 23.10 2.50 12.22  20.89 9.44 
19  21.78 4.81 24.30 2.65 12.63  21.69 9.68 
20  23.68 4.65 27.10 2.51 13.40  23.89 10.01 
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classification (Hakanson, 1980) was used for PF to 
evaluate the level of heavy metals contamination 
(Table 5) according to which PF indices for Zn 
(2.47 – 2.74), Pb (4.52 – 4.81), Cu (11.85 – 13.92), 
Ni (21.60 – 26.56) and Cd (21.90 – 28.80) in all 
sites were respectively classified as medium, high, 
and very high pollution intensity. The Pn for all 
sampling points was calculated to show the relative 
magnitudes of soil pollution. The obtained Pn 
values for Ni, Pb, Cd, Zn and Cu in all soil samples 
were ranged from 20.89 to 24.88. As shown in 
Table 4, the mean PLI was 9.88, indicating that 
soils were highly pollutant. The highest PLI (10.16) 
was observed in soil sample located in Hamedan 
city. It seems that PLI is an effective tool for 
differentiating natural and anthropogenic sources in 
research.  

 

Chemical fractionation of Ni, Pb, Cd, Zn, and 
Cu 

The results related to chemical fractionation of 
Ni, Pb, Cd, Zn, and Cu in soil samples are 
illustrated in Fig. 6, 7, 8, 9 and 10. The OM, EXCH 
and RES fractions of Ni were, respectively, the 
most abundant forms of this  heavy metal in the 
soils (Fig. 6) accounting for  49.22, 22 .81 and 
19.57 % of total soil Ni, respectively. The smallest 
Ni pool i.e., 8.40% of total concentration was 
related to the INO fraction. A higher concentration 
of Ni was found in OM and EXCH fractions for 
native and control soil. Similar results were 
obtained by Jalali and Arfania (2011). Moreover, 
Khanlari and Jalali (2008) and Jalali and Hemati 
(2013) asserted that the RES and OM fractions 
were higher than other fractions in soils. Such 
fractionation pattern was in line with the results 
reported by Nannoni and Protano (2016). 
Furthermore, Jalali and Latifi (2018) demonstrated 
that in the treated soil, the proportion of OM and 
EXCH fractions of Ni were the largest of all metal 
forms.  

Besides, Pb was primarily more abundant in 
the OM-associated (49.31 %) fractions  and the 
proportions of other fractions were relatively lower 
where almost 19.72, 15.65 and 15.32 % of total soil 
Pb accounted for the RES, INO and EXCH 
fractions, respectively (Fig. 7). This result was in 
agreement with those acquired by Jalali and 
Arfania (2011) and Burt et al. (2014) reporting that 
in native soil, the OM-associated Pb was the most 
predominant fraction of all. Jalali and Hemati 

(2013) found that the smallest form of Pb in paddy 
soils of Iran was related to the EXCH, INO and 
RES fractions, however Rogan et al. (2009) and 
Xiao et al. (2015) showed that the most dominant 
form of Pb in the soil was the INO fraction. 
Reported by Acosta et al. (2015) and Nannoni and 
Protano (2016) Pb was largely incorporated in RES 
fraction in soil.  

Soil Cd in the OM-associated fraction 
accounted for 49.96 % of total soil Cd which was 
respectively followed by EXCH (17.88 %), INO 
(16.69 %), and RES (15.47 %) fractions (Fig. 8). A 
higher concentration of Cd was found in OM 
fractions for native and control soil as also 
demonstrated by Jalali and Arfania, (2011). 
Furthermore, Nannoni and Protano (2016) showed 
that mean proportion of Cd in EXCH fraction 
equaled to 61%. Jalali and Hemati (2013) 
demonstrated that the EXCH and RES fractions 
accounted for the lowest Cd fractions whereas the 
most dominant form of soil Cd was related to the 
INO fraction. Zinati et al. (2004) reported that at 
soil pH above 7.6, Cd precipitated dominantly as 
CdCO3. Reported by Jalali and Latifi (2018) Cd 
was the most mobile heavy metal in soils with high 
leaching potential through soil profile. Similar 
finding was obtained through analytical data by 
Nannoni and Protano (2016). 

Soil Zn in the RES fraction had the largest 
proportion accounting for 70.80 % of total soil Zn 
and the remainder was mostly incorporated in INO 
(18.92 %) fractions, with a very small percentage 
occurring in the OM-associated (5.14 %) and 
EXCH (5.14%) fractions (Fig. 9). This results were 
similar to those reported by other researchers who 
indicated that Zn was most dominant in RES 
fraction (Kaasalainen and Yli-Halla 2003; Obrador 
et al. 2003; Jalali and Khanlari 2006; Jalali and 
Arfania 2011; Burt et al. 2014; Puga et al. 2015; 
Acosta et al. 2015; Xiao et al. 2015; Nannoni and 
Protano 2016; Palleiro et al. 2016 and Prartono et 
al. 2016). In control soil, Zn was predominantly 
associated with RES fraction (39.7%) similarly 
reported by Jalali and Latifi (2018) in calcareous 
soil. Khanlari and Jalali (2008) found that the 
chemical partitioning of agricultural soils Zn was 
extremely retained in the RES fraction accounting 
for 83.6 % of total soil Zn. In the contrary, other 
investigators have reported that the most dominant 
Zn fraction was related to non-residual forms 
(Ramos et al. 1994; Nachtegaal and Sparks 2004; 
Rogan et al. 2009; Kabala et al. 2011; Jalali and 
Hemati 2013). Results suggest that Zn was strongly 
fixed within crystalline silicate lattices and thus 
was poorly mobile.  

The highest proportion of soil Cu was 
associated with the RES fraction (51.73 %), OM-
associated (23.73%) and EXCH (18.18 %) fraction, 
respectively (Fig. 10). Nannoni and Protano (2016) 

Table 5. Evaluation of heavy metals pollution based on 
pollution factor (PF) 
Variability range Pollution intensity 
PF < 1 Low 
1 ≤ PF < 3 Medium 
3 ≤ PF < 6 High 
6 ≤ PF Very high 
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reported that in soil samples, Cu was largely 
incorporated in RES fraction (19.7–22.3 mg kg−1) 
accounting for 82% of total Cu concentration. 
Moreover, Palleiro et al. (2016) demonstrated that 
Cu was highly present in the RES fraction (74.6%). 
Similar results have been reported by other 
researchers, as well (McLaren and Crawford 1973; 
Ramos et al. 1994; Jalali and Arfania 2011; Burt et 
al. 2014; Xiao et al. 2015; Acosta et al. 2015). The 
higher concentration of Cu in RES fraction may be 
ascribed to rocks weathering. Soil Cu in the INO 
fraction accounted for 6.36 % of total soil Cu. Jalali 
and Hemati (2013) indicated that Cu was mainly 
held in the RES (41.4 %) and OM (21.4 %) 
fractions with the remainder incorporated in other 
pools (37.2 %). They also showed that Cu was 
moderately associated with the OM-associated 
fraction, which was consistent with the findings by 
Clemente et al. (2006). In fact, metals such as Cu 
can form stable complexes with organic functional 
groups (e.g., COO-) in soil and thus can be retained 
tightly in soil. This contributes to poor Cu 
bioavailability to plants and hence little release to 
terrestrial ecosystem. (Adriano 2001). Even upon 
release, plants are not able to take up the large 

metal-organic matter complexes and this leads to 
poor bioavailability of the metals. Results of Cu 
fractionation in agricultural soils of Hamedan 
showed that Cu was mainly held in the RES (56.3 
%) and OM-associated (20.3%) fractions which 
was similarly reported by Khanlari and Jalali 
(2008).  

In general, soil Ni, Pb, and Cd were 
predominantly associated with the OM fraction. 
The effects of OM on fractionation of heavy metal 
depends soil pH. For example, the formation of 
soluble organo-metallic complexes at high pH can 
increase metal solubility (Gregson and Alloway 
1984), however, it should be noted that in 
calcareous soils with high pH i.e., 7.5-8.3, such 
effect is inhibited. In the studied soils, Cu and Zn 
were mainly associated with RES fractions. Such 
results were in agreement with those found by 
Jalali and Hemati (2013). 

Rodriguez et al. (2009) have made a risk 
assessment regarding the influence of heavy metals 
in the environment based on the magnitude of 
EXCH fraction of soil metals. According to such 

Table 6. The % Bioavailable and % Non-bioavailable factor (abbreviation as B.F. and N.F. respectively) of heavy metals in 
the sampled soils. 
Soil. No. Ni Pb Cd Zn Cu 

B.F. N.F. B.F. N.F. B.F. N.F. B.F. N.F. B.F. N.F. 
1 29.07 70.93 28.05 71.95 37.74 62.26 23.93 76.07 25.71 74.29 

2 31.08 68.92 30.08 69.92 36.5 63.5 24.61 75.39 23.55 76.45 

3 28.23 71.77 30.94 69.06 35.59 64.41 23.72 76.28 23.28 76.72 

4 26.51 73.49 35.55 64.45 36.95 63.05 24.81 75.19 25.75 74.25 

5 29.35 70.65 33.16 66.84 34.59 65.41 23.48 76.52 25.14 74.86 

6 33.06 66.94 33.21 66.79 31.94 68.06 22.15 77.85 23.26 76.74 

7 32.04 67.96 28.17 71.83 32.74 67.26 23.82 76.18 24.75 75.25 

8 30.73 69.27 35.10 64.90 36.67 63.33 24.72 75.28 26.02 73.98 

9 30.64 69.36 30.54 69.46 30.22 69.78 26.71 73.29 27.34 72.66 

10 29.26 70.74 29.20 70.80 30.28 69.72 22.72 77.28 25.12 74.88 

11 30.31 69.69 32.54 67.46 36.21 63.79 24.18 75.82 23.64 76.36 

12 30.56 69.44 32.01 67.99 32.52 67.48 22.66 77.34 23.35 76.65 

13 33.61 66.39 29.55 70.45 31.60 68.40 23.51 76.49 24.21 75.79 

14 35.72 64.28 31.50 68.50 36.40 63.60 22.06 77.94 23.41 76.59 

15 30.27 69.73 29.24 70.76 33.71 66.29 24.2 75.8 22.88 77.12 

16 31.70 68.30 32.93 67.07 32.42 67.58 25.82 74.18 24.53 75.47 

17 32.74 67.26 30.31 69.69 33.06 66.94 25.27 74.73 24.87 75.13 

18 35.02 64.98 30.66 69.34 32.90 67.10 24.32 75.68 26.60 73.40 

19 32.58 67.42 27.67 72.33 39.51 60.49 24.28 75.72 25.02 74.98 

20 33.78 66.22 29.57 70.43 39.48 60.52 24.65 75.35 23.28 76.72 
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assessment EXCH fraction ˂ 1%, 1–10%, 11–30%,  31–50%, respectively, represent low, medium, high 
and very high risk to the environment. In this 

  
Figure 1. Nickel interpolation map related to soils affected 
municipal wastewater in Hamedan province.  

Figure 2. Lead interpolation map related to soils affected 
municipal wastewater in Hamedan province.  

  
Figure 3. Cadmium interpolation map related to soils affected 
municipal wastewater in Hamedan province.  

Figure 4. Zinc interpolation map related to soils affected 
municipal wastewater in Hamedan province.  

 
Figure 5. Copper interpolation map related to soils affected municipal wastewater in Hamedan province. 
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research, the descending order of metal EXCH 
fractions were as follows: Ni (22.81 %) ˃ Cd 
(17.88 %) ˃ Cu (18.18 %) ˃ Pb (15.32 %) ˃ Zn 
(5.14 %). Therefore, it can be inferred from these 
findings that respectively Ni, Cd, Cu, and Pb in soil 
samples have shown higher risk compared to Zn.  

The EXCH fraction is highly bioavailable for 
plant uptake, the INO fraction is vulnerable to pH 

changes, and the OM fraction can be broken down 
under oxidizing conditions (Tessier et al. 1979). 
Jalali and Hemati (2013) reported that the RES 
fractions in calcareous soils cannot be solubilized 
over a reasonable course of time. Wong et al. 
(2002) asserted that the EXCH and INO pools were 
both regarded as the mobile and the bioavailable 
fractions. Hence, the mobility and bioavailability of 
the metals presumably declined in the following 

  
Figure 6. Distribution of Ni between fractions in soils. Figure 7. Distribution of Pb between fractions in soils. 

  
Figure 8. Distribution of Cd between fractions in soils. Figure 9. Distribution of Zn between fractions in soils. 

 

Figure 10. Distribution of Cu between fractions in soils. 
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order i.e., Cd ˃ Ni ≥ Pb ˃ Cu ˃ Zn. In general, the 
high concentration of heavy metals in bioavailable 
fractions are strongly ascribed to anthropogenic 
processes (Jalali and Hemati 2013) and have high 
potential for leaching and transport to aquatic and 
terrestrial ecosystems compared to other forms.  

Bioavailability and mobility of heavy metals in 
relation to chemical fractionation 

Sequential extraction was used to assess the 
heavy metals mobility and bioavailability potential 
in the soil and environment. Metal bioavailability 
factor was obtained through   and the 
non-bioavailable factor was acquired via 

  (Fatoki and Awofolu 2003). In these 
equations F1, F2, F3, and F4 respectively denote for 
EXCH, OM, INO and RES fractions. The 
bioavailable factor for Ni, Pb, Cd, Zn and Cu were 
respectively estimated within the ranges of 26.51 – 
35.72 %, 27.67 – 35.55 %, 30.22 – 39.51 %, 22.06 
– 26.71 %, and 22.88 - 27.34 % with means equal 
to 31.33, 31.00, 34.55, 24.08, and 24.58 %. 
Similarly, the non-bioavailable factor for these 
metals were respectively, within the ranges of 
64.28 – 73.79 %, 64.45 – 72.33 %, 60.49 – 69.78 
%, 73.29 – 77.94 %, and 72.66 – 77.12 % (Cu) 
with means equal to 68.69, 69.00, 65.455, 75.92, 
and 75.41 % (Table 6).  

Result indicated that based on obtained high 
bioavailability percentage indicating poor retention 
of metals in the soil Ni, Pb, Zn, and Cu had lower 
bioavailability whereas Cd was the most mobile 
metal compared with others. As a result, Cd was 
found to be the greatest threat for groundwater 
pollution. On the flip side, Cu beside Zn was found 
to be the least bioavailable metal in soil samples of 
all locations in the studied areas. This result was in 
agreement with those found by Okoro et al. (2017). 
Reported by some authors, Zn and Cu distributions, 
fractions and bioavailability within soil profiles 
were dependent on organic matter, amorphous 
oxides, clay fractions, hydroxides of Fe and Mn, 
soil texture, pH, oxidation and reduction potential, 
organic matter, mineral composition, temperature, 
and water regime. In fact, the higher the 
bioavailability of heavy metals in soil, the more 
hazardous they will be to the environment and 
living being.  

 CONCLUSIONS 
Determination of speciation, fate, and transport of 
heavy metals in soil is pivotal in terms of their roles 
in environmental contamination and their 
involvement in food chain and lives of living 
beings. In this research, the fractionation and 
bioavailability of heavy metal i.e., Ni, Pb, Cd, Zn, 
and Cu in calcareous soils of Hamedan province, 
western Iran (Hamedan, Malayer, Razan and 
Kabudarahang) were determined. Total 

concentration of heavy metals in soil of these 
regions are in the following order i.e., Pb ˃ Zn ˃ 
Cu ˃ Ni ˃ Cd. According to results of sequential 
extraction Ni, Pb, and Cd are predominately 
present in the OM fraction, whereas Zn and Cu are 
mostly held in RES fractions. The presence of Ni, 
Pb, Cd, and Cu in the EXCH fractions suggests that 
these elements have high bioavailability and 
leachability potential in these soils. The amount of 
EXCH heavy metals is considered as an indication 
of the mobile forms in soil. The bioavailable 
factors of Ni, Pb, Cd, Zn and Cu are respectively 
within the ranges of 26.51 – 35.72 %, 27.67 – 
35.55 %, 30.22 – 39.51 %, 22.06 – 26.71 %, and 
22.88 - 27.34 %, with the means equal to 31.31, 
31.00, 34.55, 24.08, and 24.58 %. According to 
results, PF factors for heavy metals in Hamedan, 
Malayer, Razan and Kabudarahang are respectively 
2.47-27.40, 2.44-28.80, 2.46-27.20, and 2.50-27.10. 
PF values are within ranges equal to 21.60-26.56 
(extremely high) for Ni, 4.52-4.81(High) for Pb, 
21.90-28.80 (Extremely high), for Cd, 2.44-2.74 
(medium) for Zn and 11.85-13.92 (extremely high) 
for Cu in studied sites. Pn and PLI are 20.89-24.88 
and 9.44-10.16 in the studied area, respectively. It 
can be concluded that the risk of groundwater 
contamination especially by Cd is high as in these 
regions a result of urbanization and thus further 
investigations and evaluations are required to 
determine Cd fate in soil and environment.  
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