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ABSTRACT:

Road traffic is one of the main sources of emission of heavy metals into the environment.
Road traffic involves various potential sources of metals through combustion products from
fuel and oil, wear products from tyres, brake linings, bearings and clutches, corrosion
products of vehicle components and road construction material. The number of vehicles in
operation increasing year by year and lengthening of trips have resulted in the emissions of
larger amount of metals originating from brake, tyre, and road wear. Zn is the most abundant
heavy metal from tire wear. Metal containing aerosols released from vehicular exhaust and
non-exhaust emissions may lead high accumulation of heavy metals such as Pd, Cd, Ni, Cu
and Zn and mixed with road dust. Vehicle brakes release a significant amount of heavy metals
in the form of wear particles. One of the most dangerous elements contained in brake pads is
copper. Zn is the most abundant heavy metal from tire wear. Its high concentration resulted
from the addition of ZnS to the tire during vulcanisation. The greatest Zn emission from tire
occurs through abrasion in the form of tire dust during acceleration, braking, and concerning.
Asphalt and sand paper like effects are significant sources of Ni in road dust. Concentration
of Ni and Zn in road bitumen were higher than in raw bitumen therefore the heavy metal
concentrations in road dust are significantly affected by vehicle operation and road abrasion.
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I. INTRODUCTION

Road traffic is one of the main sources of emission of heavy metals into the environment. Road traffic
involves numerous potential sources of metals through combustion products from fuel and oil, wear products
from tyres, brake linings, bearings and clutches, corrosion products of vehicle components and road
construction material. The major sources of non-exhaust vehicular emissions that leads to heavy metal
pollution in road dust are tire wear, brake, road surface wear, and other heavy vehicles that leads road
component abrasion. This review is an attempt to determine heavy metals in road dusts collected from heavy
traffic areas. The finest fractions of urban and motorway dusts were significantly contaminated with all of
the investigated metals, especially with Ti, Cu, and Cr, which are well-recognized key tracers of non-exhaust
brake wear [1]. That is the reason why brake lining and tire wear majorly contributed to the heavy metal
contamination of road dust. Heavy metals coming out from vehicular exhaust and non-exhaust emissions
can be a serious threat to humans and the environment because they have hazardous effects on ecosystems
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inducing contamination of water and air. Road dust produced during the running of vehicles is obtained from
a number of sources, such as from breaking wear, tire wear and clutch plates abrasion as well as from erosion
engine particles. Diesel engines are a major source of nitrogen oxides and particulate, which mainly consist
of soot and metals. The composition varies depending on engine type, operating conditions, fuel and
lubricating oil composition and whether an emission control system is present [2]. Budai and Clement have
determined that highway wear emission is responsible for 57% of copper and 65% of zinc vehicle traffic
emissions [3]. Landa et al. calculated that 285,000 Mg of Zn was released from tire wear in the U.S. between
1936 and 1999 and that about 10,000 Mg of Zn was released in 1999 [4]. The composition varies depending
on engine type, operating conditions, fuel and lubricating oil composition and whether an emission control
system is present. Recent studies have focused on the composition and toxicity of diesel exhaust (DE) and
diesel particulate matter [5].

[I. Materials and Methods
Sampling

The Road dust samples (ca. 20 g) were collected by means of a vacuum cleaner from the acoustic
barriers on two surfaces: the 0.0-0.6 mx20 m bottom section, and the 1.8-2.4 mx20 m upper section (road
dust samples are denoted as RD-(b) and RD-(u), respectively) [6]. All the road dust samples were allowed to
dry in air under laboratory conditions and then sieved through a nylon 1 mm screen and kept in tightly closed
plastic containers before analysis.

Concentration of heavy metals

Digestion process of road dust should be done by aqua regia digestion method [7]. 3 g samples of dried road
dust were digested using a mixture of 14.4 mL aqua regia solution (HNO3:HCI ¥, 1:3 (v/v)) and 15.6 mL
deionized water [8] in Erlenmeyer flask and left overnight. Then the digested samples were ultrasonificated
for 1 h at 70 degrees Celsius and then heated for 1 h in a water bath maintained at 70 degrees Celsius under
a fume hood operation. The extracted solutions were filtered using quantitative filter paper. Deionized water
was added to the filtered solutions to make 30 mL of the analysis solutions. The concentrations of the heavy
metals, including Cd, Cu, Pb, Zn and Ni, which are commonly released from vehicles and found in urban
dust and plants at the vicinity of the highway [9], were analysed using atomic absorption spectrometry.

Contamination factor and degree of contamination

A modification of the contamination factor and degree of contamination determined by Hakanson (1980)
was applied in order to evaluate the contamination of road dust by the determination heavy metals. The
degree of contamination (Cd) is the sum of contamination factors for all of the elements. The degree of
contamination by the five heavy metals in the road dust from the study areas was determined as follows [10].
In this study, four categories of Cd were used to evaluate metal contamination levels as follows: low (Cd <
5), moderate (5 < Cd < 10), considerable (10 <Cd < 20), and very high (20 < Cd) degree of contamination. If
Cd values exceeded 20, then it was necessary to take immediate countermeasures to reduce heavy metal
contamination in the road dust.

111 Discussion

The high vehicle speeds on road can cause increased energy consumption and increased tire abrasion. The
elevated energy consumption and abrasion can cause more heavy metals concentration on road dust as
compared to those circulation roads where vehicles run with comparative low speeds. Among the samples
from the circulation roads, the concentrations of the heavy metals in the road dust from the road with vehicle
speed limits of 80 to 90 km/h were higher than those from the two other circulation roads with vehicle speed
limits of 70 to 80 km/h. The correlation between the concentrations of heavy metals and the vehicle speeds
was very high (R > 0.94). In addition, the total concentrations of the heavy metals in the road dust from the
industrial circulation road [11] which was adjacent to automobile manufacturing plants and had a higher
volume of vehicles, were higher than those in the sample from the city circulation road located far away from
the industrial areas. Therefore, it had been seen that the higher concentrations of heavy metals were found in
the in the road dust at the circulation roads resulted from the increased vehicle speeds and traffic volumes.
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The road made from asphalt contains a high concentration of hydrocarbons and a much smaller quantity of
heavy metals [12]. Gadd and Kennedy [13] reported that the concentrations of Ni and Zn contained in road
bitumen samples were higher than those in raw bitumen samples. Tire abrasion occur more on concrete
highway as compared to asphalt highway. Therefore, the increased energy consumption of vehicles driving
on a rough concrete highway When compared to asphalt highway could result in increased heavy metal
concentrations in the road dust from the concrete highway. The road dust samples determine an averaged
pattern of exhaust emissions, brake wear, tire wear, road abrasion, and corrosion of road structure and
automotive parts. The concentration of heavy metals in the samples also relates the density of the road traffic
and driving conditions that is averaged for a relatively long time.

IV Conclusion

In the city area there is much more braking involved due to continuous traffic load which causes additional
contamination of road dust with brake pads wear. The highest concentrations of heavy metals in the road
dust were identified in the samples from the heavy traffic areas. The concentrations of heavy metals in the
road dust from the circulation roads were dependent upon their traffic volume as well as on vehicle speeds.
The major sources of Ni were determined to be diesel exhaust emissions, brake abrasion and the corrosion
of vehicles. Cu was mainly derived from brake pads and the exhaust emissions from fuel consumption of
vehicle engines. The concentration of Zn is usually occurring due to tire wearing. Traffic volumes and
exhaust and non-exhaust emissions, vehicle speeds and the road environment were important parameters in
determining the contamination levels of heavy metals in the road dust.
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