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Figure 1. Map of sampling stations
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Table 1. Classification of enrichment factor values (Turekian & Wedepohl, 1961)

Range Pollution intensity

EF<1 No enrichment (NE)
1<EF<3 Lowly enrichment (ME)
3<EF<5 Moderate enrichment (MDE)
5<EF<10 Moderate severe enrichment (MSE)
10<EF<25 Severe enrichment (SE)
25<EF<5 Very severe enrichment (VSE)
EF>50 Extremely severe enrichment (ESE)
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12- Soil Adherence Factor

13- Dermal Absorption Factor
14- Hazard Quotient

15- Hazard Index

16- Total Cancer Risks

17- Reference Doses

18- Carcinogenic Slope Factors
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- Average Daily Dose of Ingestion
- Average Daily Dose of Inhalation
- Average Daily Dose of Dermal Contact
- Ingestion Rate

- Inhalation Rate

- Exposure Frequency

- Exposure Duration

- Body Weight

- Average Time

10- Particle Emission Factor

11- Exposed Skin Area
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Table 2. The corresponding values of exposure factors, reference doses and slope factors for health risk
assessment (non-carcinogenic and carcinogenic risks) (USEPA, 2002)

Values

Factor Children Adult
IngR (mg d?) 100 200
EF (dyr?) 350 350
ED (Yr) 6 24
BW (Kg) 15 70
AT (D) (non-carcinogenic) ED x 365 ED x 365
AT (D) (carcinogenic) 25550 (70 x 365) 25550 (70 x 365)
SA (cm?) 2800 5700
AF (mg cm™2d™) 0.2 0.07
ABF (No unit) (non-carcinogenic) 0.001 0.001
ABF (No unit) (carcinogenic) 0.01 0.01
InhR (m®d™?) 7.63 12.8
PEF (m*kg™?) 1.36 x 10° 1.36 x 10°

RfDing (Mg kg* day) CSF (mg kg day™)
Element Ingestion Inhalation Dermal Ingestion Inhalation Dermal
Co 2.00E-02 5.71E-06 1.60E-02 - 9.80E+00 -
Cu 4.00E-02 4.02E-02 1.20E-02 - - -
Mn 4.60E-02 1.43E-05 1.84E-03 - - -
Ni 2.00E-02 2.06E-02 5.40E-03 - 8.40E-01 -
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1- Kolmogorov-Smirnov

2- Leven Test

3- One-Way ANOVA

4- Duncan Multiple Range Test
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Table 3. Descriptive statistics of concentration of analyzed elements in roadside soils
Element (mg kg™ )

Road .
Co Cu Mn Ni
G 1.28° 12.8° 216° 15.9°
R 1.928 18.5° 3342 22.28
K 1.55% 25.02 226° 16.6°
Min 0.98 10.16 213 15.5
Max 2.15 26.1 341 23.4
Average 1.58 18.7 259 18.2
CV (%) 215 28.4 21.9 16.6
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G: Goltapeh Road; R: Razan Road; K: Kermanshah Road; Min: Minimum content of analyzed elements in the soil samples; Max:
Maximum content of analyzed elements in the soil samples; ACV: The coefficient of variation of the analyzed elements
The letters (a, b, ¢) in each column show the considerable difference between the mean contents of analyzed elements in the soil samples
based on the results of One-Way ANOVA and DMRT (p < 0.05)
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Table 4. Results of analysis of variance of the average concentration of analyzed elements in roadside soils

Sources of variation df MS F Value Prob>F (sig)
Co 2 2.10 57.73 < 0.0001*
Cu 2 791.19 5055.87 < 0.0001*
Mn 2 89453.27 4475.54 < 0.0001*
Ni 2 253.04 2976.06 < 0.0001*

6o re mhaws SIG tlay e (1, Kilo (MS ¢ g0l3T ax o df

oy /) haw jo 5l e *
Df: degree of freedom; MS: the mean square; sig: significance level
*indicates level of significant difference of 0.1%
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Fig. 2. The EF values of Co, Cu, Mn and Ni in soil samples of the sampling sites
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Table 5. Results of non-carcinogenic risk assessment (HQ and HI) of analyzed elements in the roadside soil

samples
HQ

Sait Receptor Pathway Co Cu Mn Ni HI
Goltapeh Children Ingestion 8.2 E-04 408 E-03  6.02 E-02 1.02 E-02 7.53 E-02
Inhalation 8.07 E-05 1.14 E-O07 5.45 E-03 2.77 E-07 5.53 E-03
Dermal 238E-15 119E-14 353E-12 881E-14 8.81E-14
Total 9.01E-04 4.08E-03 657E-02 1.02E-02 8.09 E-02
Adults Ingestion 875E-05 438E-04 6.46E-03 1.09E-03  8.08 E-03
Inhalation 289E-05 4.08E-08 197E-03 9.91E-08  2.26 E-04
Dermal 3.13E-16 4.25E-15 471E-13 118E-14  4.83E-13
Total 116 E-04 438E-04 843E-03 1.09E-03  1.01E-02
Razan Children Ingestion 1.23 E-03 5.9 E-03 9.28 E-02 1.42 E-02 1.14 E-01
Inhalation 124E-04 165E-07 8.39E-03 3.88E-07 8.51 E-03
Dermal 3.13E-15 462E-14 543E-12 1.23E-13 555E-12
Total 135E-03 59E-03 1.01E-01 142E-02 1.22E-01
Adults Ingestion 132E-04 6.33E-04 9.96E-03 152E-03 1.22E-02
Inhalation 436E-05 595E-08 3.03E-03 139E-07 3.07E-03
Dermal 438E-16 492E-15 7.28E-13 164E-14  7.44E-13
Total 136E-04 6.33E-04 13E-02 152 E-03 153 E-02
Kermanshah  Children Ingestion 9.9 E-04 7.98 E-03 6.28 E-02 1.06 E-02 8.24 E-02
Inhalation 9.74E-05 223E-07 568E-03 289E-07 5.77 E-03
Dermal 2.88E-15 6.25E-14 3.69E-12 9.2E-14 3.84 E-12
Total 1.01E-03 7.98E-03 6.85E-02 1.06E-02 8.81E-02
Adults Ingestion 106 E-04 858E-04 6.74E-03 1.14E-03  8.84 E-03
Inhalation 354E-05 8.01E-08 204E-03 1.04E-07 2.08E-03
Dermal 3.75E-16 8.42E-15 492E-13 1.24E-14  5.04 E-13
Total 141E-04 858E-04 8.78E-03 1.14E-03  1.09 E-02
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Table 6. Results of carcinogenic risk assessment (CR and TCR) of analyzed elements in the roadside soil

samples

Site Receptor Element CRing CRimn CRderm TCR
Goltapeh Children Co - 3.85 E-10 - 3.85 E-10
Ni - 4.05 E-10 - 4.05 E-10
Total - 7.53 E-10 - 7.53 E-10
Adult Co - 5.20 E-10 - 5.20 E-10
Ni - 5.39 E-10 - 5.39 E-10
Total - 1.06 E-09 - 1.06 E-09
Razan Children Co - 5.64 E-10 - 5.64 E-10
Ni - 5.80 E-10 - 5.80 E-10
Total - 1.14 E-09 - 1.14 E-09
Adult Co - 7.53 E-10 - 7.53 E-10
Ni - 7.49 E-10 - 7.49 E-10
Total - 1.51 E-09 - 1.51 E-09
Kermanshah  Children Co - 4.66 E-10 - 4.66 E-10
Ni - 4.22 E-10 - 4.22 E-10
Total - 8.88 E-10 - 8.88 E-10
Adult Co - 5.90 E-10 - 5.90 E-10
Ni - 5.57 E-10 - 5.57 E-10
Total - 1.15 E-09 - 1.15 E-09
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Abstract

Soil contamination with heavy metals is an important, common environmental, public health
challenge, and concern worldwide. Therefore, this study was conducted to evaluate the
contamination level and health risk of potentially toxic elements (cobalt, copper, manganese and
nickel) in the surface soil samples of the roadside environment of Hamedan in 2019. In so doing,
63 surface soil samples (0-15 cm) were collected along 700 m from a 9 km section of Goltepeh
(G), Razan (R), and Kermanshah (K) roads. After acidic digestion of soil samples in the laboratory,
the contents of elements were determined using ICP-OES. Based on the results obtained, the
highest amounts of the analyzed elements (mg kg?) were found in the samples collected from the R
site (1.92, 334 and 22.2 for Co, Mn, and Ni, respectively), and for Cu with 25.0 mg kg? it was
related to K site, which indicating the effect of traffic density on soil pollution. The calculated
values of EF showed that the enrichment (pollution) of Cu, Mn and Ni in the stations with high
traffic (Razan and Kermanshah roads) was greater than 1.5, indicating the effect of human inputs
especially with the traffic origin, while the EF values for the Co indicated "non-contaminated or no
enrichment” conditions. Also, the results of the health risk assessment showed that "ingestion™ was
the main route of exposure of children and adults to the non-carcinogenic risk (HQ) of soil
contaminated with heavy metals. In all sampling stations, the values of cumulative non-
carcinogenic risk index (HI) of the studied elements in both child, and adult groups indicated "low
risk". In addition, Mn with an average of 82% had the highest share in causing non-carcinogenic
risk for both children and adults. On the other hand, the carcinogenic risk (CR) of Co and Ni was
negligible for both children and adults. Since the results indicating the impact of traffic activities on
the contamination of roadside soil with heavy metals. Therefore, periodic monitoring of the sources
of soil contamination in the roadside environment is recommended for the environmental and
human health aspects.
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