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1-Introduction

Contamination of soil and sediments with heavy metals causes the life of organisms in all ecosystems to be
endangered, (Kowalski et al, 2018). The sources of sediments and soil of the Jovein Plain are from Sabzevar
ophiolites, (Ghasemzadeh et al, 2016). Therefore, it is vital due to geogenic pollutants, especially chromium
and nickel elements.

2-Material and methods

In this study, some indicators of heavy metal pollution in the soil and sediments of Jovein Plain were
assessed. The purpose of this research is to assessment of pollution in soil and sediments. One hundred
seven soil samples were taken. These samples were taken from a depth of 0-30 cm. Then, it was dried in
the open air. It was sent to the laboratory for analysis. Soil samples were digested using the four-acid
method, and the concentration of the heavy metals was measured using the ICP-OES device.

3-Results and discussions

Results showed that the metal pollutants could be classified into two groups. The first group includes nickel
and chromium, which are 6 and 3 times higher than the average shale values in all samples. The second
group, which contains arsenic, cobalt, copper, lead, and zinc, is almost equal to the global average of shale.

4-Conclusion
The western side of the plain has a low level of pollution. Most likely, the cause of environmental

geochemistry abnormality can be chromite mines and their processing activities in this area. The northern
region of the ferrochrome factories and the sugar and citric acid factories of Jovein, which are downstream
of the above industries, is very high in terms of the possibility of toxicity to heavy metals with an increased
risk level. Also, the percentage of possible toxicity is between 50-75%.
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Table 1. Categories of Enrichment Factor (EF) (Kowalska et al, 2018)

Class EF Value

Enrichment of soil

0 >2 deficiency to minimal enrichment
1 2-5 moderate enrichment

2 5-20 significant enrichment

3 20-40 very high enrichment

4 40< extremely high enrichment
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Table2. Soil quality according to Geoaccumulation Index (Igeo) values (Muller, 1969)
Class Values of Igeo Soil quality
0 1<0 unpolluted
1 0-1 unpolluted to moderately polluted
2 1-2 moderately polluted
3 2-3 moderately to highly polluted
4 3-4 highly polluted
5 4-5 highly to extremely high polluted
6 5-6 extremely high polluted
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Table 3. Contamination Factor (Cf) interpretation (Kowalski et al, 2018)

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

Table 4. Pre-industrial reference level and toxicity response by Hakanson (1980) (ug g-1)

Elements Ni Zn Cr Pb Cu As Cd Hg
Pre-industrial referencelevel 5 175 90 70 50 15 0.1 0.25
toxicity response 5 2 2 5 5 10 30 40
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Table 5. Ecological risk factor (Eri) interpretation (Kowalski et al, 2018)

Class E/
1 <40

Soil pollution

low ecological risk
2 40 - 80 moderate ecological risk
3 80-160 considerable ecological risk
4 160 - 320

5 >320 very high ecological risk

high ecological risk
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Table 6. 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 467 218
Hg 015 071
Ni 209 516
Ag 10 37
Zn 150 410

(Pejman et al, 2015) wlalllas ol 5 Koo I3l 00l awles 059 -V Jgom
Table 7. Weight of each heavy metal according to (Pejman et al, 2015)

Elements Calculated weight

Cu 0.075
Zn 0.075
Cr 0.134
Ni 0.215
Pb 0.251
Cd 0.25

(Kowalski et al, 2018) (CSI) Sogll ol ozl (gams ails -A Jso
Table 8 Classification of Contamination Security Index (CSI) (Kowalski et al, 2018)

Class CSI Contamination severity
1 <05 uncontaminated
2 0.5-1 very low severity
3 1-15 low severity
4 1.5-2 low to moderate severity moderate severity
5 2-2.5 moderate severity
6 2.5-3 moderate to high severity
7 3-4 high severity
8 4-5 very high severity
9 >5 ultra-high severity
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Table 9. The Probability of Toxicity Index interpretation (MERMQ) (Kowalski et al, 2018)

MERMQ Risk Probability of toxicity
(%)
value level
<0.1 low 9
0.1-0.5 medium 21
0.5-1.5 high 49
>15 very high 76

sl wl) axdllas 590 03507 ;5 IS5 5 p3)S e (eSile) Sz Jed 5 Lo polie 5 (oS S iogi ol @l -V Jpur

(D3l oo UL Gow sl &13) Sz Jod 5o Lawgie polie 5l (58
Table 10. Results of descriptive statistics of heavy metals and average values in global shale. (The average value of
chromium and nickel in the studied range (red cells) is higher than the average values in global shale (green cells)).

As Co Cr Cu Ni Pb Zn

Mean 7.99 39.30 “ 21.52 84.30
Median 7.0800°  37.3600° 280.0000° 53.0900° 384.6000° 20.8167%  69.3400°

Mode 451 42.03>  277.40° 4530  463.80>  16.89" 60.99°

Std. Deviation 5.19 13.37 183.36 15.01 286.55 7.21 102.03
Variance 26.89 178.74  33620.24 22534 8210858  51.94  10409.70

Skewness 0.62 0.53 0.65 0.41 0.89 0.97 0.87

Kurtosis -0.49 -0.18 1.25 0.37 0.31 1.02 100.33
Range 21.50 58.05  1019.90 7260 124851 3483  1069.39

Minimum 0.50 13.37 2.10 23.45 47.99 7.17 44.21
Maximum 22.00 7142 1022.00  96.05  1296.50 4200  1113.60

Average Shale Conc. 13 19 90 45 68 20 95

a. Calculated from grouped data.

b. Multiple modes exist. The smallest value is shown
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