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Figure 1. Location of sampling points in the studied area.
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Table 1. Investigating the severity of enrichment (Chen et al., 2007).

S S Ol
Enrichment factor Severity of enrichment
- S S
Deficiency to minimal enrichment
2.5 b Sai gk
Moderate enrichment
Ly Sas s
5-20 S
Significant enrichment
Ly . . /_Lj-’ .
20-40 R S
Very high enrichment
40< HRUIR RN ; Ao s

Extremely high enrichment

1- Enrichment Factor
2- Geoaccumulation Index
3- Contamination Factor
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Table 2. The values of Geo accumulation Index used to determine soil contamination (Muller, 1969).

(Tgeo) ﬁiu‘(x‘} el
Index of geoaccumulation

Lj:_}ﬂ SR

Contamination Level

Ao Ssla b 508
0>

0-1
1-2

2-3

45

>5

03 )ﬂ o
uncontaminated
03 )ﬂ S e PALgeeS
Uncontaminated to moderately contaminated
03 JJT S
Moderately contaminated
o3 L b as l oS
Moderately to heavily contaminated
03 JJT P
Heavily contaminated
o3 )1 Lo b os T s
Heavily to extremely contaminated
0> JJT T.xi A

Extremely contaminated

1- Cross validation
2- Mean Absolute Error, MAE
3- Root Mean Square Error, RMSE
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Table 3. Descriptive statistics of elements concentration and some of the surface soil parameters in the study area.

Saus S R OV T VP S 0. < W SSle Ll S gla S
Kurtosis ~ Skewness (0\% SD Mean Max Min Soil parameters
1.16 0.58 20.00 1.98 9.37 16.40 4.81 (¢S5 Sk S e
Total Cu (mgkg")
0.48 0.34 18.49 9.77 52.83 93.20 33.00 (¢S5 e S k) 5 s
Total Zn (mg kg™)
1.10 0.71 8.56 0.86 10.04 13.25 8.00 (0S5A5 2 05 k) 5 U5
Total Ni (mg kg™)
391 0.95 426 0.35 8.21 10.01 7.10 pH
AP
0.90 -0.40 89.18 0.33 0.37 2.90 0.02 ® s
Organic carbon (%)
/. (P9 (.m.ks_utq
0.12 0.13 22.00 3.74 1.95 28.50 6.50 (1) dotas 4
Calcium carbonate equivalant (%)
0y
0.92 033 38.40 21.99 57.26 95.20 6.00 ) o
Sand (%)
) e
0.52 0.53 60.22 16.23 26.95 73.70 0.50
Silt (%)
.
-0.29 0.68 54.11 8.54 15.78 40.30 2.10 ) o
Clay (%)
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Table 4. WHO standard for concentration of heavy metals (mg kg™).

b 55 1 5 Sl it S5 e S
Moderately contaminated Slightly contaminated Extremely contaminated Heavy metal
290.00 120.00 460.00 @n) s,
- 35.00 - Cu) -
36.00 23.00 49.00 (ND) s
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Table 5. Iranian soil quality standard for soils with pH >7.

S 3 laee 1 bl S 5 0 g8 SiasleS s 8 S 5l
Environmental protection Forest and pastur land use Agricultural land use Heavy metal
200.00 500.00 500.00 @n) s,
63.00 500.00 200.00 Cuw) -
50.00 530.00 110.00 (ND) s
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Table 6. Correlation coefficient of chemical parameters and heavy metals studied.

oS Sl S ol

~ S5 o
o8 o _ S pH S LSS
Cu Ni Zn Clay Silt Sand
ocC CCE EC
S s laa
1.00 S
EC
e e
1.00 002 Bleeebehs
CCE
Mo
1.00 0.01 0.09 oS
ocC
1.00  -0.03 0.01 0.02 pH
100 -0.04 -020%*  .020%* 0.03 o
Sand
e
1.00  -0.94%*% 005 024%%  (23%* 0.01 :
Silt
1.00  0.52%% _0.78%% 0.01 0.28%* 0.08 0.08 o
Clay
1.00  034%% 001  -0.14* 003 003 0.05 0.04 20
/n
1.00 0.09  0.17** 0.1  -0.15* -0.03  0.04 0.13%* 0.07 S
Ni
1.00  021%% 0.17%% 027%% 0.0 -0.17** 0.2  0.17** 0.08 0.01 o
Cu
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Table 7. Mean of Enrichment Factor for heavy metals along the road.

& S5 o o5l
Ni Zn Cu Metals
) o3l 3l A.wa
100 50 0 100 50 0 100 50 0 () ool 5
Distance from the road (m)
L g S0 Lee
0.14 0.15 0.15 0.54 0.56 0.57 0.20 0.21 0.22 S o

Mean of samples

s s oK Sl Sadl e skien
L Lol () L35 (sols s 4 pll O S
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Table 8. Mean of Geo accumulation Index for heavy metals along the road.

S

S0 o AT
Ni Zn Cu Metals
o) sl 3 dlole
100 50 0 100 50 0 100 50 0 () eslr 5
Distance from the road (m)
< < < < < < < < < bt yod ke

Mean of samples

)\J'; eéu.'i.w‘ J)}AC)‘JJ&U._:“ L;:K\A @Jﬁm%
(A Jse) i 8

Gllae S0le 38 5 s Lol G s
Jho (S5 6l ot Slay e SSls 5 sdomn 5 La

e n 5 a5 lp s Jiie 5V e S
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Table 9. The results of the analysis of spatial correlation of variables and models fitted to the data studied.

Jae oLl ela el P L. )
&3 )). Bolbl () M Cns ol o A s Slanks S Ju i
Model evaluation parameters Correlation ratio Nugget
Sill Range Model Variable
RMSE MAE (%) effect
0.60 0.01 95.83 0.01 367.80 0.01 5 S
Gaussian Ni
sl S
7.96 0.20 64.97 42.97 320.05 27.92
Exponential Zn
sl o
1.34 0.01 51.51 0.03 412.82 0.02
Exponential Cu
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Table 10. Results of various methods for estimating heavy metals in the study area.

S S 55 S S
Cokriging Kriging s el ..
IDW o S =
< sl J < sl J Estimated error Variable
Discrete ~ Simple  Ordinary Discrete Simple Ordinary
o e SaS e
Clay (%) Auxiliary variable
&
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Figure 2. Spatial distribution map of metals in the study area.
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Abstract

Background and Objectives: Heavy metals are one of the most important soil pollutants. The
increased level of them in the environment with respect to their stability has led to researchers
attraction in recent decades. Soil contamination produced by heavy metals released from vehicles is
a serious environmental problem. Considering the importance of soil contamination, evaluation of
soil contamination by various industries seems to be necessary. Characteristics of the spatial
distribution of pollutants in contaminated soils are important factors to identify and eliminate
pollution. This study aimed to investigate the spatial distribution of heavy metals such as Ni, Zn and
Cu at the roadside soils of Zabol - Zahedan route.

Materials and Methods: 252 soil samples were collected from a depth of 0-20 cm, using a regular
systematic sampling process. In addition to the total concentration of the metals in the soil, the soil’s
properties including its pH, EC, organic matter, lime percentage and soil texture were measured. The
contamination assessment of soil was done by using the enrichment factor and biological
accumulation indicator. The copper and zinc concentration zonation map was prepared using
conventional and exponential Kriging method and for Ni using conventional Kriging method and
Gaussian model. The accuracies of the method were compared by using mean absolute error (MAE)
and root mean square error (RMSE) and the method with the highest accuracy was used to prepare
the heavy metal maps.

Results: As the distance from the road increased, the concentration of heavy metals decreased. To
prepare the map of nickel Gaussian model and for the zinc and copper Exponential model has the
highest precision. The average Zn, Cu and Ni concentration at 0, 50 and 100 meters intervals were
54.33, 52.75, 51.56, 9.67, 9.49, 9.03 and 10.26, 10.02, 9.76 mg kg']. Zn, Cu and Ni concentrations in
roadside roads in the study area were less than the WHO limit. The results of this study showed that
the relationship between zinc, copper and nickel is positive and meaningful. In fact, the existence of
correlations between different metals represents their common source.

Conclusion: The results of spatial distribution of metals showed that these soils are uncontaminated
to Zn, Cu and Ni. The concentration and distribution of these elements in the region are of
geological and human origin. Zn, Cu and Ni are naturally occurring in the soil, but human activities,
such as agricultural activities and the combustion of fossil fuels, have led to the accumulation of
these metals in parts of the study area.
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