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The road transportation has become one of the major metal contamination sources that could
impact on roadside soils. Therefore, this study was conducted to evaluate the toxicity and
related health implications of roadside contaminated soils with potentially toxic elements
(Zn, Pb, Cd, and Cr) in city of Hamedan, west of Iran. In so doing, a total of 63 surface soil
samples were collected along 700 m of a 9 km segment of the three major highways (i.e.,
Goltepeh (G), Razen (R) and Kermanshah (K)) in Hamedan Province. After acid digestion of
samples in the laboratory, the Zn, Pb, Cd, and Cr contents were determined using inductively
coupled plasma optical emission spectroscopy (ICP-OES). The computed values of the
Nemrow integrated pollution index (NIPI) showed that the pollution of all the analyzed
elements in the highways with higher traffic volume (i.e. R and K) could be classified as
"severe", indicating that effect of human activities, especially with the traffic origin. Also,
based on the mean values of the toxic risk index (TRI) of the elements, the soil samples could
be classified as 'non-toxicity'. Besides, the non-carcinogenic risk index (HI) values of the
tested elements suggested that the HI could be classified as 'low risk' for both children and
adults. Moreover, the carcinogenic risk (CR) of Cr was at a tolerable level for both children
and adults, while Pb and Cd have been shown no significant carcinogenic risk. In conclusion,
it is suggested that contaminated soil analyses be included in future studies in order to
maintain environmental and human health.
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Extended Summary

Introduction

Roadside soils, as a source and sink of metal elements, are always exposed to pollutant emissions from traffic which
due to the lower dynamics, durability and longer survival of elements compared to air and water, the contamination is
more important.

Therefore, surface soil is one of the most important factors affecting human health as a suitable indicator of heavy metal
pollution caused by airborne dust, which is directly via soil ingesting, inhalation of soil particles, and dermal contact is
considered as a health threat for humans. Hence, assessment of pollution and related risks of potentially toxic elements
in roadside soils has received increasing attention over the recent decade. Generally, as there are very few studies
regarding the evaluation of the pollution and health risk of PTEs of surface soils along the main roads of Iran; the
current study was conducted with the aim of assessing the risk of toxicity and related health implications of Zn, Ph, Cd
and Cr in the roadside soils of city of Hamedan.

Materials and Methods

In this descriptive cross-sectional study, the three most important access roads between the Hamedan Province and the
western and central provinces of Iran, i.e., Goltapeh (G) with about 2420 vehicle traffic per day, Razan (R), with about
7120 vehicle traffic per day, and Kermanshah (K) with about 14800 vehicle traffic per day, were selected to assess of
environmental and human health risks of road-related metal pollution. In so doing, a total of 63 surface soil samples
were collected along 700 m of a 9 km segment of the G, R and K highways. After acid digestion of samples in the
laboratory, the contents of analyzed elements were determined using inductively coupled plasma optical
emission spectroscopy (ICP-OES). The Nemrow Integrated Pollution Index (NIPI), mean effect range median quotient
(TRI; and TRIy), hazard quotient (HQ) and carcinogenic risk (CR) indices were also calculated. The experimental data
were analyzed using SPSS software.

Results and Discussion

The results showed that the maximum levels of Zn (122 mg/kg), Cd (0.320 mg/kg) and Cr (17.3 mg/kg) were found in
the samples collected from the R site, and the maximum amount of Pb with 26.4 mg/kg belonged to K site, and were
significantly higher than those in G site (p < 0.050). This result showed the effect of traffic density on soil
contamination. Also, the average concentrations of the elements in soil samples decreased in the order of Zn > Pb > Cr
> Cd.

The Nemrow Pollution Index is a useful and suitable tool for integrated assessment of soil quality. The computed values
of NIPI showed that soil contamination with analyzed elements in the sampling sites with high traffic intensity (i.e., R
and K) categorized was "severe", indicating the effect of anthropogenic activities.

The results obtained from the TRI; of Zn, Pb, Cd, and Cr with 0.401, 0.361, 0.212, and 0.277, respectively, represented
none of the analyzed elements have not been shown toxic risk (TRI; < 5). Also, the average values of index decreased in
the order Cr > Cd> Pb > Zn. Besides, the TRIy values associated with all analyzed elements also confirmed that the
soils of all sampling sites (0.679 for G, 1.76 for R, and 1.81 for K) had been no toxic risk (TRI+ < 5). However, soil
specimens of the R and K sites had higher risk index values than site G. Also, Zn with 32% of the mean values of TRI+
showed significant potential to occurrence the toxic risk, therefore, source apportionment and control of emission
sources of this element in the roadside ecosystem is crucial.

Based on the calculated values of HQs for all the analyzed elements, no significant and serious non-carcinogenic risk
were observed via ingestion, inhalation, and dermal exposure routes for both children and adults. Also, the results
showed that ingestion of soil particles was found to be the main pathway of exposure to PTEs for non-carcinogenic risk.
Indeed, ingestion contributed about 99.8% of the total hazard index (the average of three highways) and inhalation only
contributes about 0.18% for children; compared to ingestion and inhalation, the effect of dermal contact (about 0.02%
to the total HI) is insignificant and totally unlikely to pose any significant risk. The results also demonstrated that Pb
and Cr contributed 94% of the total HI values for both age groups, at the sampling sites; however, at the K site, Pb had
the greatest contribution to the total HI (an average of 56%). This suggests that the probable non-carcinogenic
toxicological effects were driven mainly by the mentioned elements (i.e., Pb and Cr). Chromium is the vital and
essential element for biological functions, which in the case of chronic or over exposure by ingestion or inhalation can
cause skin irritation, neurological, digestive, and cardiovascular disorders. On the other hand, Pb affects many human
body organ functions and may cause neurologic, respiratory, cardiovascular, digestive, and urinary diseases.

The results illustrated that no carcinogenic risk was observed via the inhalation route as the CRin, values were all less
than the threshold standard of 1 x 107®; however, carcinogenic risk through ingestion poses a serious and considerable
threat, especially for Cr that had the CRing values higher than 1 x10 in all three sites. Meanwhile, among the three
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analyzed elements, the total carcinogenic risk of Cr with TCR values exceeding 1 x 107 for both children and adults,
suggesting tolerable or acceptable carcinogenic risk level. The TCR values of other elements for both groups were less
than 1075, indicating no considerable carcinogenic risk of Pb and Cd in the studied soil samples of all three sites.
Besides, carcinogenic risk cause by Cr contributed 98.4% of the total TCR for children and adults (the mean from all
sampling sites).

Conclusions

Based on the results obtained, the soils in the vicinity of highways with higher traffic density, R and K sites, clearly
showed the highest contamination with metals. This suggests that the increasing traffic volume has ineluctably
contributed to metal contamination in roadside soil due to exhaust and non-exhaust emissions. The computed values of
the NIPI showed that pollution of Zn, Pb, Cd, and Cr in the sampling sites with high traffic (i.e., R and K) was "severe".
Also, the mean values of the TRI; of the elements indicated that soil samples were categorized as 'non-toxicity'. The Zn
with 32% of the mean values of TRIt showed significant potential to occurrence the toxic risk, therefore, regular
monitoring and health risk assessment of contaminated soils with this element is recommended in order to maintain the
health of the environment and humans. Moreover, although the studied groups showed a risk of lower than the U.S.EPA
limits, and no adverse health effects were expected through exposure to PTEs, these kinds of studies can clarify the
main ways of being exposed to PTEs as well as providing a scientific basis for attempts for mitigating the PTEs
emission in roadside biotopes.
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