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1-Introduction

One of the most essential types of soil pollution is heavy metal pollution, which has been increasing due to
the expansion of urbanization and industrialization and has attracted much attention worldwide (Ghanavati
et al., 2019). Heavy metals in the soil have turned it into a significant pollutant (Babaei et al., 2018).
Knowledge of the level of heavy metal contamination in soil systems seems essential in making decisions
to reduce pollution, reduce human exposure, and protect humans from the risks of heavy metal
contamination.

2-Material and methods

In this regard, considering that the area of Hashtgerd and Nazarabad has different uses (many industrial
towns, residential and agricultural areas), In the current research, an attempt has been made to investigate
the study area from the environmental geochemistry point of view, according to the results of the analysis
of 250 geochemical samples. The samples were prepared using the partial digestion method (METHOD
3050B) and analyzed using ICP-MS.

3-Results and discussions

Pollution indices were used, a valuable tool for evaluating the intensity of soil pollution and determining
their origin to evaluate the level of heavy metal pollution in soil (Hamzenejad Taghlidabad and
Khodaverdiloo, 2020). Using these indicators can be very beneficial in managing the zoning of
contaminated soils and their risk creation for plants and humans. In this research, metal enrichment factor
(E.F.) and land accumulation indicators (Igeo), pollution factor (Cf), environmental risk assessment (Eri),
pollution index (PINemerow), pollution load index (PLI), pollution security index (CSI) ) toxicity
probability index (MERMQ), ecological risk potential (R.l.) was evaluated (Gong et al., 2008; Rapant et
al., 2008; Sekabira et al, 2010). By comparing the average pollution factor of heavy metals in the soil based
on the classification of pollution factor value, nickel element number (6.33) shows very high pollution and
chromium and arsenic values show moderate pollution. Based on the pollution security index, which
provides information on determining the high toxicity limit that causes adverse effects in the soil
environment, the north and south sides of the studied area are medium in terms of pollution security. The
enrichment factor is a suitable method for distinguishing the natural and human origin of pollution; the
higher the value of the enrichment factor, it shows that the contribution of human factors in increasing the
pollution of the desired metal in the region's soil has increased.

4-Conclusion

According to the cluster diagram obtained from the statistical analysis, aluminum, iron, and magnesium
elements are in one cluster and are not closely correlated with other polluting elements, so this shows that
heavy metal pollution is not geogenic. In the studied area, the elements nickel > arsenic > chromium >
copper > lead > zinc show significant and moderate richness, especially in the north of the region, which
has led to a decrease in the quality of the soil in the region and it shows the significant contribution of
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human factors. The Pollution Load Index (PL1I) evaluates the total degree of pollution and provides evidence
of soil degradation due to the accumulation of heavy metals. In Hashtgerd and Nazarabad, most of the areas,
especially the northern part and parts of the southern part, have seen a decrease in soil quality. Since the
soil of the research area is contaminated with heavy metals in some areas, it is necessary to carry out more
projects in contaminated areas to evaluate the strategic plans of soil resource management.
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Tablel. Soil quality according to Geoaccumulation Index (lgeo) values (Muller, 1969)

Class
0

Values of Igeo
I<0
0-1
1-2
2-3
3-4
4-5
5-6

o O WN B

Soil quality
unpolluted

unpolluted to moderately polluted

moderately polluted

moderately to highly polluted

highly polluted

highly to extremely high polluted
extremely high polluted
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Table 2. Categories of Enrichment Factor (EF) (Kowalski et al, 2018)

Class EF Value
0 >2
1 2-5
2 5-20
3 20-40
4 40<

Enrichment of soil

deficiency to minimal enrichment

moderate enrichment

significant enrichment

very high enrichment

extremely high enrichment
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Table 3. Contamination Factor (Cf) interpretation (Kowalski et al, 2018)

Class Value of Cf Soil pollution
1 <1 low contamination
2 1-3 moderate contamination
3 3-6 considerable contamination
4 >6 very high contamination

9/g™H - 1980 «yguilSla (sois ails ol p Cons polin g o Saio | b @ po polie -F Jguo
Table 4. Ecological risk factor (Eri) interpretation (Kowalski et al, 2018)

Elements Ni Zn Cr Pb Cu As Cd Hg
Pre-industrial reference level 5 175 90 70 50 15 0.1 0.25
toxicity response 5 2 2 5 5 10 30 40

(Kowalski et al., 2018) (E/') Su5¢551 Saas; 555 Loll 5 (Sogll (gt 08, -0 Jgo>
Table 5. Ecological risk factor (Eri) interpretation (Kowalski et al, 2018)

Class E,' Soil pollution
1 <40 low ecological risk
2 40 - 80 moderate ecological risk
3 80 -160 considerable ecological risk
4 160 - 320 high ecological risk
5 >320 very high ecological risk
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Table 6. Contamination categories of Pollution Load Index (PLI) (Kowalski et al., 2018)
class  PLI Quality of soil
1 <1 denote perfection
2 1 only baseline levels of pollution
3 >1 deterioration of soil quality
(Kowalski et al., 2018) 4,05 Sogll jasls Lulul p» Sodl sames, ¥ Jgox
Table 7 Nemerow Pollution Index (PINemerow) soil pollution classes (Kowalski et al., 2018)
Class Value of PINemerow Quality of soil
1 <0.7 Clean
2 0.7-1 Warning limit
3 1-2 Slight pollution
4 2-3 Moderate pollution
5 >3 Heavy pollution
(Kowalski et al., 2018) (Pl) s ,a10 (Sogll jasls olul » Sogl gomos, -A Jgox
Table 8- Pollution classification based on the single pollution index(PI) (Kowalski et al., 2018)
Class Value of PI  Quality of soil
1 <1 absent
2 1-2 Low
3 2.3 moderate
4 3.5 strong
5 <5 very strong
(Kowalski etal., 2018) aie; S é 5556 Lolwl p Sogll s 4 Jgo
Table 9. Interpretation of Background Enrichment Factor (PIN) (Kowalski et al., 2018)
Class PIN Contaminants
1 0-70 Clean
2 70-95.1 Trace
3 951-518.1 Lightly
4 518.1-2548.5 Contaminant
S >2548.5 Highly
5 Syl cutel asls aculoe gl amd oo 41| 34 oo Contamination ) Sogll caswel aslis —A-Y-Y
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Table 10. Weight of each heavy metal according to (Pejman et al, 2015)
Elements Computed weight
Cu 0.075
Zn 0.075
Cr 0.134
Ni 0.215
Pb 0.251
Cd 0.25
(Long et al., 1995) I,Sap 5 Sl Lawsgs oas a3l )| ERM ,ERL jolie VY Jso
Table 11. ERM and ERL values given by (Long et al, 1995)
Elements ERL ERM
As 80 70
Cd 1.2 9.6
Cr 81 370
Cu 34 270
Pb 46.7 218
Hg 0.15 0.71
Ni 20.9 51.6
Ag 1.0 3.7
Zn 150 410
(Kowalski et al., 2018) (CSI) Sogll ccal (ol (o aiibs -\Y Jgo
Table 12. Classification of Contamination Security Index (CSI) (Kowalski et al, 2018)
Class Csl Contamination severity
1 <05 uncontaminated
2 0.5-1 very low severity
3 1-1.5 low severity
4 1.5-2 low to moderate severity moderate
5 2-2.5 moderate éeverity
6 2.5-3 moderate to high severity
7 3-4 high severity
8 4-5 very high severity
9 >5 ultra-high severity
Dyl oo dulee A alayl ) bl 1y a3 ol (et al., 2015 (Probability of coow Jlis! asls -3-Y-Y
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Table 13. The Probability of Toxicity Index interpretation (MERMQ) (Kowalski et al, 2018)

MERMQ value Risk level Probability of toxicity (%)

<0.1 low 9
0.1-0.5 moderate 21
0.5-1.5 high 49

>15 very high 76

Kowalski et al., 2018) Rl) 59551 Jas Jousiliy wlul 5 S coaS o aib ) F Jgu
Table 14. Grades of Potential Ecological Risk (RI) Kowalski et al., 2018)

Numerical value of ecological risk potential ~ Soil pollution quality

<90 Low
90 -180 moderate
180-360 strong
360-720 very strong
>720 highly-strong
Fe Al pae pSiop alols ;o amed o JuSis 1) ) abgs Ecological risk ) 56590951 shas Jumiliy —Ve-Y-Y
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Figure 2. Clustering of heavy metals
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Fig. 3. Comparison of the average geo accumulation index of heavy metal in soil
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