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The impact of traffic on environmental quality in 
urban areas bas been widely investigated (Elwood 1983; 
Elwood and Gallacher 1984; Mcclellan 1986; Wheeler and 
Rolfe 1979) with major emphasis placed on air pollution 
and associated human health hazards from auto emissions 
(Chamberlain 1983; Elwood 1986; Schroeder et al 1987). 
However, auto emissions are not the only source of 
metal pollution of the surrounding environments. Auto 
tires could be an important source of environmental 
pollution. 

As a result of wear, tire particles are scattered into 
the ambient environment and can contaminate it if these 
particles contain metals. Contributions to 
environmental pollution from auto tires will depend 
upon the rate of wear and the concentrations of 
potential pollutants in them. Information on metal 
concentrations in auto tires and tire wear coefficient 
under various road conditions are lacking in the 
literature. The objectives of this study are to 
determine metal concentrations in various auto tires 
and to evaluate metal pollution from auto tires. 

MATERIALS AND METHODS 

The most commonly used auto tires were considered for 
this study. A total of 58 pieces of car tires (10xl0 
cm) was cut from 29 tires of different brands and 
sizes. The manufacturing country and company, and size 
of each tire sample were recorded. 

All the tire samples were first washed with detergent 
and then with distilled water several times to remove 
extraneous materials. The tires were cut into small 
pieces tO remove iron wires. Then the samples were 
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dried at 60 ~ to constant weight and crushed to near- 
powder conditions. Triplicate samples of one g of 
pulverized tire was taken into digestion tubes. Ten ml 
of ultrex grade nitric acid and 5 ml of perchloric acid 
were added to each digestion tube. The content of the 
tubes were digested for three hours in a block digestor 
at 120 ~ After cooling, the aliquots were filtered 
and the volume was increased to 50 ml using double 
distilled water. Concentrations of metals in the 
filtrates were determined using an inductively coupled 
argon plasma analyzer (ICAP). 

Surface soil samples (upper 2 cm layer) were collected 
from two location on the Riyadh-Dhahran highway at a 
distance of 2, 20, 50, i00 and 200 meters from the 
highways. Location 1 was in the desert, about 30 km 
from Dhahran, and location 2 was in Dhahran, behind 
Petromin offices. The soil samples were sieved and 
dried at 60 ~ Triplicate soil samples of one g were 
taken in digestion tubes containing i0 ml ultrex nitric 
acid and 2 ml perchloric acid. These samples were 
digested and filtered as described above. 

Special attention was paid to quality control of the 
analytical data. Reference material of citrus leaves 
from the United States Bureau of Standards (USNBS) was 
included in the analysis. 

RESULTS AND DISCUSSION 

Concentrations of various metals in different brands of 
auto tires are given in Table I. Because zinc compounds 
are used as a filler in all auto tires, its 
concentrations were found to be several percents and 
these data are not included in Table i. The auto tires 
varied significantly (P < 0.05) in aluminum 
concentrations. Uniroyal contained the highest aluminum 
concentrations (2714-3823 ug/g) followed by Goodyear 
(584-1212 ug/g). Depending upon the tire brand and 
traffic volume, it seems that wear of auto tires could 
be an important source of aluminum contamination along 
highways. Aluminum concentration within the same brand 
of tire varied significantly (P < 0.05) suggesting that 
aluminum, and perhaps other metals too, was not 
distributed uniformly in the tires. 

Concentrations of cobalt in the tire samples ranged 
between i0 to 997 ug/g dry weight. Analysis of variance 
of the data revealed that cobalt concentrations between 
various brands of tires and within the same brand were 
significantly different (P < 0.05). However, some 
general conclusion can be drawn from these results. 
Yokahoma, Goodyear, Goodrich, Marchal, Mightyorb, and 
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Dunlop contained significantly (P < 0.05) higher 
concentrations of cobalt than other tires. The data of 
this study suggest that tire wear could be an important 
source of cobalt contamination along the roadside. 

Although there were some higher values, in general the 
concentrations of copper, nickel and manganese in the 
tire samples were below i0 ug/g tire. It seems that 
wear of auto tires would hOt make appreciable 
contributions to copper, nickel, and manganese 
contamination of the ambient environment. 

Lead concentrations in the auto tires samples varied 
significantly (P < 0.05), with a range of 2.1 to 518.6 
ug/g tire. The data of this study suggest that, 
depending on the tire brand and traffic load, the wear 
of auto tires can contribute substantially to lead 
contamination along the roadside. This source of lead 
pollution will gain further significance when lead in 
auto missions is decreased to a minimum in future. 
Similar conclusions can be drawn regarding the 
contribution of auto tires to environmental pollution 
of phosphorus, titanium and iron although these 
elements already exist in appreciable amounts in soils 
(Lindsay 1979). 

To further verify the contribution of auto tires to 
metal pollution, soil samples were collected from two 
locations along the Dhahran-Riyadh highway and analyzed 
for metal concentrations. These results are summarized 
in Table 2. As mentioned above, all the auto tires 
contain several percents of zinc compound as filler. An 
increase in zinc concentrations in the soil surrounding 
a road can be attributed to tire wear and traffic 
volume. Concentrations of zinc in the soil samples 
ranged between 23125 to 55398 ug/g. Zinc concentrations 
in the soil samples increased several hundredfold as 
compared with the average zinc levels in uncontaminated 
soils in the area (5-30 ug/g soil). These results 
suggest a significant contribution to soil zinc from 
auto tires. 

As expected, lead concentrations decreased with 
distance. The soil samples from location 2 contained 
severalfold higher lead concentrations than location i. 
This could be attributed to substantially higher 
traffic volume at this location. Similar trend was 
exhibited in barium concentrations in the soil samples. 
Distribution of all other metals did not follow a 
particular trend. Comparing the results of soil 
analysis of this study with the average concentrations 
of these metals in uncontaminated soils in the area, it 
may be concluded that zinc, lead, barium and nickel 
were higher in the soil samples. 
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