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1. Geoaccumulation index (Igeo)

2. Contaminiation factor (CF)

3. Degree of contamination (CD)

4. Modified degree of contamination (mCd)
5. Pollution Load Index (PLI)

6. Integrated Pollution Index (IPI)
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Table 1. Equation and explanation of contamination indices

Index Equation Explanation Reference
e oy et e e,
index geo = 1082 =0 : & 1969
Contaminiation CF = Crnetal Coneta - Heavy metal. concentration Hakanson,
factor . Chackeround : concentration of element in 1980
background shale
Degree of n Contaminiation factor :CF Hakanson,
L CD = CF
contamination i=1 1980
cn Cfi :Contaminiation factor
Cfi = Bn Cn: Heavy metal concentration
Potential Eri = Tri >r<1Cfi . Bn:Copcentratiqn ba.ckg.round Gurumoorth
. . n Eri: potential ecological risk index ofa  iefal, 2016
Ecological Risk _ . .
RI= »  Eri single element
=1 Tri: toxic-response factor
. CD: degree of contamination .
Modified degree >, Cd ) . Abrahim,
of contamination mCd = . n: The number of heavy metals studied 2005
. .. ) G Ci :Heavy metal concentration
Potgngal acute Toxicity Unit = PEL PEL,;: probable effect level Long et al,
Toxicity 1 . . 1995
XTU = TU¢ + TUy, + TUz, + -+ TU : The toxic unit
Pollution Load n CF: Contaminiation factor Angulo,
Index PLI = VCF1 X CF2 x ... x CFn n: The number of heavy metals studied 1996
. Ci: Heavy metal concentration
n 1 Ci
ggﬁiﬁidm dex IPI = (Z PDn Pl =— Bi: Concentration background Hg(f 1t 9a L
=1 Bi n: The number of heavy metals studied
Cfinax: maximum Cf value of each
PlNemerow (Cfaverage)?® + (Cfmax)? heavy metal Nemerow,
Pl = 2 Cfaverage: average Cf value of each 1991
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Table 2. Chemical properties of soil in studied distances and Electrophilter

Control area

300m 500m  800m  1000m 2000 m  Electrophilter
pH 7.2 7.36 7.70 7.48 7.67 12.40 6.97
EC(dsm™)  0.39 0.216 0.211 0.239 0.15 3.92 0.165
OM (%) 7.9 6.25 7.77 7.42 9.2 9.8 6.6
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Table 3. Average concentration of heavy metals (mg / kg) and comparison of results with standard
Cd Cr Ni Mn Pb Zn
USEPA standard 0.06 100 40 600 10 50
Concentration 0.1 69 55 950 17 67
background
300 1.04+0.10 13.44+5.3 201.2+50.7 257.3+78.7  95.54+41.2 44.1£2.9
Distances 500  0.95+£0.08  20.074£5.5 189.7+£55.4 196.7£24.8  44.7+27.3 41.3+6.3
(m) 800  0.94+0.07 15.6+4.2 193.02+41.4  193.9433.3  60.08+15.4  38.3+6.5
1000 0.99+0.09 21.3+7.4 210.9458.2 197.8+£26.6 31.6+4.8 40.6%6.5
2000 0.88+0.02 22.2+7.7 250.7+4.9 220.1429.5  17.3+1.03 38.8+£9.8
Control area ND* 10.97412.28 154.16+19.81 195.7£11.45 20.25+3.79 31.47+1.11
Electrophilter 1.4+0.04 23.841.2 164.7+4.3 223.6£19.8  215.7£9.2 39.7+0.5

ND"=Non-detect
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Table 4. Results of comparison of heavy metals concentration in soil samples and Electrophilter

heavy metals Chi-Square df Sig

Cd 26.33 5 0.00
Cr 15.25 5 0.018
Ni 55.08 5 0.128
Mn 13.02 5 0.00
Pb 55.08 5 0.00
Zn 13.02 5 0.043
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Table 5. Correlation coefficients between heavy metals concentration, pH and EC in soil samples
surrounding cement factory

Cd Cr Pb Zn Ni Mn EC PH
Cd 1
Cr -0.15 1
Pb 0.52"  -0.35" 1
/n 0.26 0.28" 0.15 1
Ni 0.02 037" -0.19 0.5 1
Mn 0.59" -0.05 039" 022 030 1
EC 042" -0.14 046" 0.15 -0.18 037 1
pH -0.28"  0.02 -0.23 -0.17 -0.003 -0.16 -0.39" 1
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Figure 2. Heavy metals pollution in the region according to Igeo and CF indices
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Figure 5. The state of heavy metals relative to the components
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Table 6. Principal Component Analysis (PCA) for Heavy Metals

Component
1 2
Cd 0.84 0.07
Cr -0.42 0.77
Pb 0.93 -0.01
Zn 0.32 0.73
Ni 0.19 0.86
Mn 0.92 0.22
Eigenvalues 2.86 1.82
of Variance % 47.82 30.43
% Cumulative 47.82 78.25
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Table 7. Concentration of heavy metals (mg / kg) in around Nahavand Cement factory and comparison with
some other researches

Mn Ni Zn Pb Cr Cd Reference
The results of this study 216.7 209.1 40.6 49.8 18.5  0.96
Ottawa Canada 431.5 15.2 112.5 39.1 433 - Rasmussen etal., 2001
Africa - - 168.1 469.2 186.2 298.9 Ogunkunle and Fatoba, 2014
Hamedan - - - 5.1 - 0.13 Solgi and Khodabandelo,2016
Kurdistan - - - 1.5 - 0.37 Solgi, 2015
Volta (Ghana) 635 - - - - Ahiamadjie etal, 2011
Neka (Iran) 84.5 345 747 31.06 125.5 0.36 Darivasi etal., 2016
Karoon - 72.6 78.1 115.8 0.11 Mousavi etal., 2013
Behbahan 64 75.2 Pour Khabbaz et al.,2016
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Abstract

The cement production process is a major source of heavy metal contamination through dust
emissions due to massive use of minerals and fossil fuels in this industry. The purpose of this study
was to investigate the effect of distance from the source (Electrophilter) on the amount of heavy
metals in the surrounding soils of Nahavand cement factory. Soil samples were collected at 300,
500, 800, 1000 and 2000 meter from the cement factory and also Electrophilter dust were sampled.
At these intervals, 4, 4, 3, 4 and 2 points with three replicates were sampled, respectively. Also, 6
samples were collected 11 km from the factory as control area. Samples were prepared, digested
and then the concentration of heavy metals was measured by atomic absorption spectrometry.
According to the results, there was a significant difference (p<0.05) in the heavy metals
concentration (Cd, Pb, Zn, Cr and Mn) between different distances and Electrophilter. The highest
values of the pollution indices were observed at the distance of 300 meter and pollution decreased
along with increasing distance from the cement factory. Meanwhile, the heavy metal concentrations
in the control area were less than their concentration around the cement factory. The highest values
of contamination factor (CF) and Igeo index were determined for cadmium, lead and nickel. The
results of principal component analysis showed that the first component include Cd, Mn, and Pb
and the second component include Zn, Ni, and Cr. Regarding to the, statistically significant
difference between the distances, and higher concentrations around the cement factory than the
control area, it can be concluded that Nahavand cement factory is the main source of heavy metals
pollution in its surrounding soils.
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Pollution
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