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Table 1. Degrees of potential ecological risk (Zheng et al. 2010)

Low Medium Remarkable Much Very much
E/ 40< 40-80 80-160 160-320 >320
RI 150< 150- 300 300-600 >600
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Table 2. Pollution factor classes (Hakanson, 1980)

Degree of contamination Pollution factor

Low pollution CF>1

Moderate pollution 1>CF>3

High pollution 3>CF>6

Too much pollution CF>6
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Table 3. Pollution load index classes (Shikazono et al., 2012)

Low pollution PLI< 1

High pollution PLI>1
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Table 4. Statistical summary of the concentration of studied elements (mg kg™)

Elements Pb Ni Cd Fe Mn Zn Cu

Mean 27.98 35.52 1.73 1039.27 590.71 26.97 13.71
Median 28.01 35.51 1.71 1036.84 585.73 26.14 13.46
Std. 2.59 5.48 0.18 42.20 50.73 4.86 2.21
Deviation

Variance 6.74 30.03 0.03 1781.57 2573.74 23.64 491
Skewness 0.38 0.10 0.87 -0.21 -0.58 412 0.21
Kurtosis -0.11 -0.64 0.91 -0.03 0.50 19.98 -0.17
Minimum 23.92 24.97 1.41 943.27 466.05 22.43 9.38
Maximum 34.57 46.12 2.19 1118.62 668.25 50.47 18.52
Coefficient 0.09 0.15 0.10 0.04 0.08 0.18 0.16

of variation
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Table 5. Concentration of heavy metals in soil according to global standards (mg kg™)

Values / Elements
WHO standard @
EU standard ®
Austrian standard ©

Average amount in the soils of the world ¢ 0.35

Quality standards of Iranian soil resources ©

Cu Fe Mn Pb Zn Ni
36 - - 85 50 -
140 - - 300 300 -
100 - - 100 300 -
30 - - 35 90 -
63 - - 300 20 -

(WHO, 1996: 85)

(McGrath et al., 1994: 110)

(El-Bassam & Tietjen, 1977: 255)
(Adriano, 2001: 200)

Human Environment, Soil & Water Office.
2018.
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Table 6. Comparison of soil heavy metal concentrations with the maximum allowable amount

Ccv df Metal concentration t

Average concentration of Pb 29 27.98 -552.508 ™
Average concentration of Cd 29 1.73 -181.52 ™
Average concentration of Ni 29 35.52 -494.187 ™
Average concentration of Zn 29 26.97 -532.82™
Average concentration of Cu 29 13.71 -1201.00 ™

Significant at 1% probability level
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Table 7. Concentration of heavy metals (mg kg?) in around Darab Cement factory and comparison with some
other researches

Zn Mn Pb Cd Fe Cu Ni Reference
Abiek 79.5 - 325 0.95 - - 41.95 Mousavi, 2015
(Iran)
llam 2.3 0.8 1.38 0.28 - 2.02 0.26 Nouroozi et
(Iran) al., 2016
Yasooj - 436.46 18.47 0.96 - - 243.53 Rahmanian,
(Iran) 2020
Behbahan - - 64.69 75.29 - - 64 Pourkhabbaz,
(Iran) 2016
Khash - 726.02 18.59 1.22 - - 103.61 Moslempour,
(Iran) & Shahdadi,
2013
Neka 84.56 747 - 0.36 - 136.30 58.34 Darivasi et al.,
(Iran) 2016
Germany - - 25.40 2.81 - - - Sielaff &
Einax, 2007
Iraq - 169.70 19.80 1.70 - - 5.90 Laftaetal.,
2013
Saudi - - 5.41 0.35 - - 8.22 Al-Ommran et
Arabia al.,, 2011
Jordan - - 55 5 - - 245.26 Al-Khashman
& Shawabkeh,
2006
Ghana - 544.92 13.13 - - - - Addo et al.,
2012
Jamaica - - 31.47 5.24 - - - Mandal &
Voutchkov,
2011
Nigeria - 30.29 15.08 - - - - Schuhmacher
etal., 2002
Spain - 0.007 - - - - - Adekola et al.,
2012
Darab 26/97 590.71 27.98 1.73 1039.27 13.71 35.52

(Iran)
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Table 8. Results of potential ecological risk index

RI value Risk index Status of stations according to the values of the risk index
(percentage)
R1 <150 Low risk index 100

asllian 5590 Al ) (i G358 (Fogll 595 gulsainb -1 Joo
Table 9. Classification of heavy metal pollution factor in the study area

Metal Pb Ni Cd Fe Mn Zn Cu
Factor value 1.12 1.97 1.58 0.02 1.41 0.44 0.98
Degree of  Moderate Moderate Moderate Low Moderate Low Low
contamination pollution pollution pollution pollution  pollution  pollution  pollution
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Abstract

Cement factories are one of the most polluting industries in the world. In this regard, the purpose of this
study is to investigate the contamination of heavy metals lead, nickel, cadmium, iron, manganese, zinc
and copper in the soils around Darab Cement Factory. 30 soil samples were taken from a depth of 0-30
cm from the soil around the Cement Factory. Heavy metal concentrations were measured by atomic
adsorption spectrometry. The results showed that the mean values of cadmium, nickel, copper, lead,
zinc, iron and manganese in the soils of the region were 1.73, 35.52, 13.71, 27.98, 26.97, 1039.27, and
590.71 mg kg respectively. The average cadmium in the soils of the region (1.71 mg kg?) is higher
than the maximum standard of cadmium in the soils of the world. The average concentrations of metals
in the study area are Fe> Mn> Ni> Pb> Zn> Cu> Cd, respectively. The results showed that the mean
concentrations of lead, nickel, zinc, copper and cadmium were significantly different from the maximum
allowable amount in the soil and was less than that (P <0.01). The results of the risk index showed that
100% of the samples have a low risk index. The study area has a moderate degree of pollution in terms
of manganese, cadmium, nickel and lead metals. The pollution load index for all stations is less than 1,
indicating the pollution load index in the area close to the normal and non-polluted concentration. In
general, although the concentration of heavy metals in the soils of the study area is not in a critical state
of pollution, but planning to control the release of heavy metals and other pollutants should be
considered.
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