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Fig. 1. Geological map of the study area (1:250000 geological map of Qazvin) 
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Fig. 2. Wind rose diagram of Qazvin province 
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Fig. 3. The location of sampling sites 
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Table 1. Physico-chemical parameters of the studied soils 

 �	��	 pH  �*] ���
  

(%)  

^�!3� _�����  

(%) 

CEC 

(meq/100g) 

1  8/7  73 /1  5/27  4/12  

2  9/7  06/1  0/25  5/11  

3  0/8  20 /0  0/15  9/11  

4  1/8  20 /0  5/17  7/12  

5  0/8  13 /0  0/15  1/12  

6  2/8  26/0  0/25  1/20  

7  6/7  80 /1  0/25  2/18  

8  3/8  90 /0  5/32  1/12  

9  9/7  26/0  5/27  1/10  

10  8/7  53 /0  0/35  6/16  

11  3/7 26/1  5/17 0/17  

12  8/7 60/1  0/30 9/15  

13  7/7 20 /1 0/35 5/17 

14  5/7 00 /1  5/22 2/21  

15  0/8 33 /0  5/27 1/15  

16  7/7 46/0  0/30 8/13  

17  8/7 53 /1  5/32 8/12  

18  9/7 06/1  0/25 3/17  

19  9/7 80 /1  5/32 1/18  

20  0/8 60/1  5/27 2/17  

 ��O	��
  9/7  95 /0  2/26  8/15  

 V;5=6  5/7  13 /0  0/15  1/10  

�`�5=6  3/8  80 /1  0/35  2/21  
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=��1999 (  

Fig. 4. Texture of the studied soils using the triangle of the soil texture (USDA, 1999) 
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Fig. 5. XRD spectra of the selected soil samples 
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Table 2. Descriptive statistics of the major and trace elements in the studied soils 

 �+��,   &�'  
��

 �	�#<  

 ��O	��
   V;5=6  �`�5=6   85�S	5

���Q
  

  e��f

_5���g"  

 �O*�K   �7=�.�  h	���5�   �	��
  

Al 81000  9/69832  0/59716  0/75930  00 /4328  06/0  78 /0-  14 /0-  310/18731536  00 /71179  

As  8/6  8/4  4/2  9/16  34 /3  91 /0  67/2  84 /8  170/11  65/3  

Co  3/11  7/13  0/12  0/16  04 /1  07 /0  13 /0  24 /0  080/1  80 /13  

Cd  41 /0  3/0  2/0  8/0  12 /0  43 /0  51 /0  90 /13  010/0  28 /0  

Cu  9/38  0/72  0/41  0/132  37 /28  44 /0  16/1  24 /0  840/804  50/63  

Cr  5/59  0/60  0/23  0/80  25 /11  18 /0  56/1 -  02/6  630/126  00/62  

Fe  40000  1/37325  0/32542  0/41606  32 /1811  04 /0  36/0 -  66/2  810/3280897  50 /37543  

Mn  488  0/745  0/591  0/923  81 /92  12 /0  35 /0  75 /0-  20 /8614  50 /726  

Ni  29  8/43  0/15  0/74  48 /11  26/0  17 /0  02 /3  850/131  00 /43  

Pb  27  2/44  0/10  0/186  68/45  28 /2  01 /2  17 /4  80 /2086  00 /20  

Sc  7/11  8/12  30 /10  7/15  24 /1  07 /0  25 /0  09 /1  540/1  85 /12  

Sb  67/0  86/0  77 /0  9/0  05 /0  06/0  64/0  26/0  003/0  85 /0  

Ti  7038  5/4863  0/3995  0/5562  70 /365  07 /0  44 /0-  59 /0  997/133732  00 /4906  

V  129  7/136  0/117  0/220  56/21  16/0  27 /3  64/12  829/464  00 /132  

Zn  70  4/212  0/98  0/417  68/102  60/0  96/0  46/0 -  734/10543  50 /169  

Zr  267  0/103  0/91  0/130  32 /8  08 /0  40 /1  37 /4  221/69  00 /105  
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Sb > Cd > Zn > As > Ni > Pb > Cu > V > Mn > Fe 

> Cr >Co  

 �0�5�1  

 �0�5�2  
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Fig. 6. Enrichment factor values of the studied elements in soil sampling sites. 
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Fig. 7. The average values of the geoaccumulation index of the studied elements 
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Table 3. The parameters applied in the calculation of the Average Daily Dose for ingestion, inhalation, and dermal 

contact routes (Qing et al, 2015; USEPA, 1998) 

��
5��G   b��Q"   =65�    ����� �� �5=)
    a�!7�:� �� �5=)
  

ingR  (�) 8�. �"�  mg/day 200  100  

inhR   (�) ]��
��	 �# KN
= �"�  /day3m 63/7  8/12  

EF   (�) �. !
�. v�+= �
 ��	$	"7  days/year  350  350  

ED   (�) �. !
�. v�+= �
 !��� S��  years  6  24  

BW   !�. !�$ U����  kg  15  56  

AT   !��� U����  days  6 × 365  24 × 365  

CF   >#�<= �����7  kg/mg  000001/0  000001/0  

PEF   S	�� �����	 �����7  /kg3m  910 × 36  /1  910 × 36  /1  

SA   (�) �. v�+= �
 /��4 dE� /G�H�  2cm  1600  4350  

SL   /��4 6. (�) �'�
<Hg �����7  mg/cm day 2/0  07 /0  
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HI children: Cr > As > Pb > Cd > Ni > Sb > Cu > Zn 

HI adults: Cr > As > Pb > Cu > Cd > Ni > Sb > Zn 
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� �	".As  �Cd  �Cr  �Pb    $

Ni  :�#
"' 6<��D� "#� 6E.	� B#"a �	  
CR = ∑ ADD × SF 

  

  �6E.	� �#	 �
SF    !J �	�,� 6� /�	 !�a"� W�� W#"X

  "��
� �	".As  �Cr �Pb    $Ni    L$�: �
4    ./�	 ��� 6�	�	

"'	 !�a"� MH#� �	�,�  �	 "�+� �#	�6 -10×  1    "E) ����.

 �	�,�  �#	  6[��
g  $  �
�.  �%	�)  @�g��  S��i.  !�a"�

  �	 "���.4 -10×  1   .
�	
 
�:$ !�a"� 6. `�.	 "E) ����.

  �0�5�3  

 �0�5�4  

  �0�5�5  

  �0�5�6  

 �0�5�7  

 �0�5�8  
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 B�=<4. ����)
RfD  �SF  � 5��J�� � k���) �Q*�0
 ���
 �+��,2015.( 

Table 4. RfD and SF values of the target elements (Qing et al., 2015) 

 �r�,  ing DfR

(mg/kg day) 

 inhDfR

(mg/kg day)  
derm  RfD

(mg/kg day)  
ingSF  inhSF dermSF 

As 4-10×3  4-10×2 /1  3-10×9 /1 6-10×5 /1 1/15  66/3  

Cd  3-10×1  3-10×1  5-10×1 6-10×1/6  3-10×8 /1  1/6  

Cu  2-10×4  2-10×4  2-10×2 /1        

Cr  3-10×3  5-10×8 /2  5-10×6  6-10×5 /0 0/2  2/4  

Ni  2-10×2  2-10×2  3-10×4 /5  6-10×7 /1 25 /4  9/0  

Pb  3-10×5 /3  3-10×5 /3  4-10×2 /5  9-10×5 /8  9-10×5 /8  9-10×5 /8  

Zn  1-10×3  1-10×3  2-10×6        

 
  B�=<5.    �	5��� p���
 ��� �5=)
(ADD) �0' e��f � (HQ)   �	�9����4 �0' s'�� �(HI)    a�!7�:� �  ����� �� �Q*�0
 ���
 ��O�� _5:3� 
5��  

Table 5. The values of Average Daily Dose (ADD), HQ, and HI for the studied elements for children and adults 

 

 

 

 

 

 

 

 

 
 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  ����� 

 "i
�  ADDing ADDinh ADDderm HQing HQinh HQderm HI 

As 6.21E-05 1.73E-09 1.74E-07 2.07E-01 1.45E-05 9.15E-05 2.07E-01 

Cd 4.00E-06 1.12E-10 1.12E-08 4.00E-02 1.01E-06 1.12E-02 5.11E-02 

Cr 2.72E-03 7.59E-08 7.61E-06 2.56E-01 7.66E-04 7.16E-04 2.57E-01 

Cu 9.21E-04 2.57E-08 2.58E-06 2.30E-02 6.43E-07 2.15E-04 2.32E-02 

Ni 5.60E-04 1.56E-08 1.57E-06 2.80E-02 7.82E-07 7.84E-05 2.81E-02 

Pb 5.65E-04 1.58E-08 1.58E-06 1.88E-01 4.49E-06 3.01E-03 1.91E-01 

Sb 1.10E-05 3.08E-10 3.09E-08 2.76E-02 7.71E-07 6.18E-06 2.76E-02 

Zn 2.72E-03 7.59E-08 7.61E-06 9.05E-03 2.53E-07 1.27E-04 9.18E-03 

  a�!7�:� 

 "i
�  ADDing ADDinh ADDderm HQing HQinh HQderm HI 

As 6.65E-06 1.96E-08 2.65E-08 2.22E-02 8.15E-06 1.40E-05 2.22E-02 

Cd 4.28E-07 1.26E-09 1.71E-09 4.28E-03 6.03E-07 1.71E-03 5.99E-03 

Cr 2.91E-04 8.56E-07 1.16E-06 2.70E-02 4.32E-04 1.09E-04 2.75E-02 

Cu 9.86E-05 2.90E-07 3.94E-07 1.97E-02 3.63E-07 3.28E-05 1.98E-02 

Ni 6.00E-05 1.76E-07 2.39E-07 3.00E-03 4.41E-07 1.20E-05 3.01E-03 

Pb 6.05E-05 1.78E-07 2.42E-07 2.02E-02 2.53E-06 4.60E-04 2.06E-02 

Sb 1.18E-06 3.48E-09 4.72E-09 2.96E-03 4.35E-07 9.43E-07 2.96E-03 

Zn 2.91E-04 8.56E-07 1.16E-06 9.70E-04 1.43E-07 1.94E-05 9.90E-04 
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CR �Q*�0
 ���
 �+��, (  

Table 6. Carcinogenic Risk (CR) of the studied elements  
  

  

  

  

  

  

  
  

 B�=<7.  �Q*�0
 ���
 �+��, ���  ����G �O�!>�� e�5�f  

Table 7. Pearson correlation coefficients of the studied elements  
 Al  As Cd Co Cr Cu Fe Mn Ni Pb Sb Sc Ti V Zn Zr 

Al 1                

As 196/0 - 1               

Cd 083/0 - **833/0 1              

Co 330/0 125/0 - 058/0 - 1             

Cr 085/0 - 016/0 - 094/0 - **688 /0 1            

Cu 299/0 - 172/0 162/0 - 323/0 - 406/0 - 1           

Fe 384/0 134/0 - 054/0 - **857/0 422/0 230/0 1          

Mn 393/0 227/0 - 090/0 - **742/0 *515/0 142/0 - **746 /0 1         

Ni 242/0 - 032/0 102/0 - 397/0 **627 /0 193/0 189/0 243/0 1        

Pb 309/0 - 338/0 **583/0 117/0 - 090/0 - *489/0 031/0 - 017/0 256/0 1       

Sb *487/0 - 403/0 *457/0 209/0 - 087/0 127/0 278/0 - 158/0 - 143/0 - *431/0 1      

Sc **739/0 318/0 - 227/0 - **565 /0 139/0 163/0 - **562 /0 **766/0 151/0 - 348/0 - 366/0 - 1     

Ti **620 /0 168/0 - 154/0 - *480/0 017/0 - 317/0 - **633 /0 *529/0 369/0 - 434/0 - *441/0 - **754/0 1    

V 234/0 - 097/0 093/0 - 068/0 051/0 **564 /0 036/0 - 034/0 **691 /0 281/0 202/0 - 131/0 - 190/0 - 1   

Zn 422/0 - 329/0 **637 /0 185/0 - 161/0 - 318/0 270/0 - 203/0 - 007/0 - **747/0 *554/0 422/0 - **549/0

- 

015/0 1  

Zr **576 /0 010/0 083/0 240/0 - **803/0

- 

128/0 013/0 138/0 - **662/0

- 

175/0 - 349/0 - 341/0 **502/0 158/0 - 162 /

0- 

1 

  ingCR    dermCR    inhCR    

 �r�,    a�!7�:�    �����    a�!7�:�    �����    a�!7�:�    �����  

As 1.00E-05 9.31E-04 9.71E-08 6.36E-07 1.47E-08 2.61E-08 

Cd  6.42E-6  5.99E-5 6.25E-07 4.09E-08 9.51E-10 1.69E-09 

Cr  4.37E-5 4.07E-4 4.25E-05 2.78E-05 6.46E-07 1.15E-06 

Ni  9.00E-04 8.40E-04 8.76E-06 5.74E-06 1.33E-07 2.36E-07 

Pb  1.88E-06 1.76E-06 1.19E-8 7.78E-9 6.93E-13 1.23E-13 
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Fig. 8. Cluster analysis dendogram of the major and trace elements in the studied soils 
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Fig. 9. Principle component analysis diagram of the studied soils 
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Table 8 Rotated components matrix of different elements in the studied soils 

 "i
� 1 2 3 4 5 

Al 716 /0  317/0 - 286/0 132/0 082/0 

As 472/0 - 087/0 560/0 036/0 - 637/0 

Cd 469/0 - 061/0 809 /0 066/0 - 276/0 

Co 666/0 617/0 263/0 034/0 - 026/0 

Cr 292/0 846 /0 096/0 - 377/0 - 125/0 

Cu 469/0 - 012/0 069/0 746 /0 189/0 - 

Fe 702/0 402/0 371/0 074/0 043/0 - 

Mn 675/0 484/0 336/0 101/0 277/0 - 

Ni 060/0 - 847 /0 286/0 - 329/0 193/0 

Pb 586/0 - 336/0 474/0 295/0 290/0 - 

Sb 596/0 - 171/0 329/0 433/0 - 244/0 - 

Sc 843/0 044/0 - 283/0 160/0 188/0 - 

Ti 826 /0 240/0 - 304/0 070/0 100/0 

V 180/0 - 417/0 232/0 - 772/0 205/0 

Zn 698/0 - 157/0 449/0 023/0 - 342/0 - 

Zr 237/0 822/0 - 319/0 361/0 066/0 
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Abstract 

This research aims to assess the concentration of potentially toxic elements (PTEs) in the soils around 

the Shahid Rajaei Combined Cycle Power Plant, located 25 km from Qazvin. For this purpose, 25 topsoil 

samples (0 to 10 cm) were collected, and after sample preparation, the physico-chemical parameters of 

the samples (including soil’s texture, pH, organic matter, calcium carbonate and cation exchange 

capacity) were measured. The concentrations of PTEs were determined using an ICP-OES device after 

strong acid digestion. The obtained results indicate that the average concentration of PTEs decreases in 

the following order: Mn > Zn > V > Cu > Cr > Pb > Ni > Co > As > Sb > Cd.  Enrichment factor values 

showed that the studied soils are slightly enriched in Cd, Cr and Cu, and are significantly polluted with 

Pb, Sb, and Zn.  Correlation coefficient values, cluster analysis, and principal component analysis show 

that Cu, Ni, Pb, and Zn are mainly from industrial activities, while As and Cd are probably entered into 

the soil through agricultural practice (i.e., application of chemical fertilizers and pesticides). Indeed, the 

highest concentrations of Cu, Ni, Pb, and Zn are recorded in the soil samples collected close to the power 

plant station in the downwind direction (S-N and NW-SE), indicating that the power plant activity is a 

possible source of these elements in the studied soils. The health risk assessment of PTEs indicates that 

As, Cr and Ni cause a cancer risk to children through ingestion. The carcinogenic risks of As, Ni, Cr, 

Pb, and Cd through all the three exposure routes are higher for children than for adults. 
 

Keywords: Potentially toxic elements, Pollution, Soil, Health risk assessment 
 
Introduction 

The production of electricity through the 

converting fossil energy into electrical energy 

in power plants is a major source of 

environmental anthropogenic pollution, due to 

the significant amounts of emitted dangerous 

organic and inorganic pollutants that finally 

enter into the soil, water resources, crops, and 

air. Power plants usually use natural gas, fuel 

oil and coal as energy sources. It has been 

estimated that in Iran, more than 20 million 

liters of fuel oil, as an economic fuel, are used 

daily in power plants to produce electrical 

energy, which enhanced the entry of dangerous 

pollutants into the environment. Fuel oil is one 

of the petroleum hydrocarbons obtained during 

the refining process of crude oil with large 

amounts of sulfur. 

The entrance of large quantities of toxic gases 

(i. e. SO2, NOx, and CO2) into the atmosphere, 

as well as the input of various organic (e. g. 

polycyclic aromatic hydrocarbons) and 

inorganic pollutants (i. e. potentially toxic 

elements, PTEs) to the surrounding 

environment, may finally lead to sever 

pollution of environmental compartments. 

Exposure to such pollutants may induce 

adverse impacts on the health status of local 

residents. Among the various pollutants 

emitted during a power plant activity, PTEs are 

of crucial importance due to their negative 

impacts on human health, the most important 

of which include enhancing the cancer risks, 

reducing the rate of growth and development, 

inducing adverse impacts on the nervous 

system. As, Cd, Cr, Ni, Zn, and Pb are reported 

as the most significant PTEs which may enter 

the soils around the power plants. 

The present study aims to investigate the 

concentration of PTEs in the soils around the 

Shahid Rajaei power plant and to assess the 

health risk of these pollutants for the human 

population living or working in the area. The 

power plant is located 25 km from Qazvin City, 

in the vicinity of the Tehran-Qazvin highway. 

Geologically, the study area is located in the 
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Alborz structural zone. The Karaj Formation 

consisting of lavas and green volcanic tuffs is 

widely exposed in the study area. On the basis 

of meteorological data, the average annual 

temperature, the average annual precipitation, 

and the average maximum and minimum 

humidity are 19.5 °C, 316.8 mm, 68 % and 31.7 

%, respectively. Therefore, the aridity index of 

the study area is 10.73, poinings to the semi-

arid climate. The prevailing wind directions are 
from south to north and from northwest to 

southeast. 
 

Materials and methods 

25 topsoil samples (0-10 cm) were collected 

using a stainless steel shovel. After drying the 

samples at room temperature, the wooden and 

plastic debris were removed using tweezers. 

Then, each sample was passed through a 63 µ 

(230 mesh) stainless steel sieve. Hydrometric 

test was used to determine soil texture. The pH 

of the soil samples was measured using the 

standard method of USEPA. The percentage of 

calcium carbonate and organic matter were 
measured by the back titration and titration 

methods, respectively. Cation exchange 

capacity (CEC) was determined by calculating 

the absorption and release of ammonium ions 

in a 1M ammonium acetate solution at pH=7 

and then determining the sodium concentration 

in the solution using a flame photometer 

device. The mineralogy of 5 selected soil 

samples was investigated by the X-ray 

Diffraction (XRD) device. The total 

concentrations of potentially toxic elements 

were determined after hot acid digestion 

(HF+HClO4+HNO3+ HCl) of 1 g sieved soil 

sample using an ICP-OES device. In order to 

quantitatively evaluate the soil’s pollution 

intensity and to determine the possible source 

of elements, environmental indices including 

enrichment factor (EF) and geoaccumulation 

index (Igeo) were calculated. Obtained data 

were statistically tested by correlation 

coefficient analysis, cluster analysis and 

principal component analysis. 
 

Results and disscusion 

Texturally, the samples are mainly sandy clay 

loam and sandy loam types. The pH values of 

the studied soils ranged between 7.3 and 8.3 

(with an average value of 7.9), pointing to the 

neutral to alkaline nature of the soils and was 

in accordance with the large amount of calcium 

carbonates (with an average value of 26.2 %). 

The organic matter in the soil can be an 

important factor for the absorption of toxic 

elements (e. g. Cu, Pb, Ni and Cr), which is 

mainly due to the presence of carboxylic (-

COOH) and/ or amine (-NH2) functional 

groups in soil’s organic matter. The amount of 

organic matter in the studied soil samples 

ranges from 0.13 to 1.80 % (average value of 

0.95%). The agricultural soils contained higher 

organic matter values, which is probably due to 
the application of natural and chemical 

fertilizers. The studied samples were 

characterized as low to medium CEC soils, and 

agricultural soils which were characterized 

with higher organic matter values showed 

higher CEC. The results of XRD analysis 

showed that low CEC minerals (e. g. quartz, 

albite, calcite, and clinochlore) are the major 

phases that present in the soil samples. The low 

values of CEC may reduce the capacity of the 

soils to adsorb the elemental pollutants, which 

may enhance the risk of high element’s 

concentration in soil solutions. 

The average total concentrations of Co, Cu, Cr, 

Mn, Ni, Pb, Sb, V and Zn in the studied 

samples were higher than the world soil 

average concentration reported by Kabata-

Pandias (2011). Moreover, the maximum 

concentrations of PTEs were detected in the 

soils where collected in the immediate vicinity 

of the power plant. The highest concentrations 

of Cu, Ni, Pb and Zn were recorded in samples 

collected near the power plant and the road, 

mostly in the prevaling wind direction. 

Considering the high values of skewness and 

kurtosis of Pb, As, V, Cr, and Zn regarding 

their coefficient variation higher than 0.5, these 

elements were not normally distributed, 

confirming their likely anthropogenic sources. 

The statistical analyses showed that while Co 

and Cr were mainly from natural sources, As, 

Cd, Pb, Zn and Sb were likely originated from 

transportation and agricultural activity. At least 

some parts of Cr, Ni, V and Cu may have 

entered the soils through the emissions of the 

power plant.   

The decreasing trend of average EF values of 
PTES was as follows: 

Sb > Pb > Zn > As > Ni > Co > Cu > V > Mn 

>Fe >Cr > Cd 

According to Sutherland's classification, there 

was a low enrichment of soils in Cd, Cr, Cu, 

while the soils were significantly enriched in 

Pb, Sb, and Zn.  
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The average Igeo values of PTEs in the studied 

soils decreased as follows: 

Sb > Cd > Zn > As > Ni > Pb > Cu > V > Mn 

> Fe > Cr >Co 

On the basis of Mueller's classification, the 

soils of the study area were not polluted with 

Cu and Cr (Igeo<0), not polluted to moderately 

polluted with As, Ni, Cr, Cd, Pb and Zn (0 < 

Igeo < 1), and moderately polluted with Sb (1 < 

Igeo < 2). 
Human health risk assessment results indicated 

that the hazard quotient (HQ) values of all 

studied elements through ingestion, inhalation 

and dermal contact routes were higher in 

children than in adults; thus children were at 

higher non-carcinogenic risks. On the basis of 

hazard index (HI) values, the non-carcinogenic 

risks of the studied elements for children and 

adults were as follows: 

 

 

 

The values of cancer risk (CR) of As, Cd, Cr, 

Pb, and Ni showed that there was a probable 

cancer risk of As, Cr, and Ni for children 

through the ingestion route. For this age group, 

the cancer risk of Cd through the ingestion 

route and the cancer risk of Cr through the 

dermal contact route were within the 

acceptable range. For adults, the cancer risk of 

Cr through dermal contact route was higher 

than that of children and is within the 

acceptable range. Moreover, for adults, the 

cancer risks of As, Ni and Cr through the 
ingestion route were within the acceptable 

range.  
 

Conclusion 

The results of the present study showed that 

anthropogenic activity plays a pivotal role in 

enhancing the concentration of PTEs in the 

soils of the study area, which may increase the 

non-carcinogenic and carcinogenic health risks 

for local residents. Therefore, it is necessary to 

take the proper environmental management 

measures to reduce the adverse impacts of 

PTEs on the health of people living or working 

in the study area. 

 
  

  

  

  

  

  

  

  

  

: Cr > As > Pb > Cd > Ni > Sb > Cu > ZnchildrenHI   

 : Cr > As > Pb > Cu > Cd > Ni > Sb > ZnadultsHI  
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