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ABSTRACT 
Tyre chips, tyre shreds and tyre chip-soil mixtures can be used in geotechnical engineering 
applications considering the beneficial properties of the tyre materials. Though there are several 
examples of use of scrap tyres in geotechnical engineering, the question regarding environmental 
suitability still persists, particularly the potential impact on groundwater and aquatic life due to 
leaching. Several researches have indicated that shredded tyres do not show any likelihood of 
being a hazardous waste material or of having adverse effects on groundwater quality. This 
paper reviews the benefits and impacts of scrap tyre use in geotechnical engineering. 
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INTRODUCTION 

Scrap tyres have become a growing disposal 
problem worldwide, caused by the increasing 
number of vehicles on the roads. Scrap tyres are 
non-degradable and because of their shape, 
quantity and compaction resistance, require a 
large amount of space for stockpiling and land 
filling. Stockpiles of scrap tyres can result in 
public health, environmental, and aesthetic 
problems. To avoid these conditions, it is 
desirable to reduce the quantity of stockpiled 
scrap tyres through recycling and alternative use 
programs. The need to manage scrap tyres has 
given rise to numerous scrap tyre management 
programs and brought about laws or regulations. 
Scrap tyres have been beneficially utilized in 
many industrial applications. Scrap tyre is 
beneficially used as raw material for civil 
engineering construction. 
From geotechnical engineering perspective, scrap 
tyres have interesting properties. Tyres have high 
strength (especially when steel belted), the 
durability is excellent, the supply is potentially 
high, the cost is low and the density is low. Tyres 
are manufactured to combine flexibility, strength, 
resiliency and high frictional resistance. If tyres 
are reused as a construction material the unique 

properties of tyres can once again be exploited in 
a beneficial manner. The benefits of using scrap 
tyres are particularly enhanced if they can be 
used to replace virgin construction materials 
made from non-renewable resources. 
Scrap tyres can be used in several ways either as 
whole or halved or shredded. They can be used 
alone as well as embedded or mixed with soils. 
Geotechnical applications of shredded tyres 
include embankment fill, retaining wall and 
bridge abutment backfill, insulation layer to limit 
frost penetration, vibration damping layer and 
drainage layer.1,2 Environmental applications of 
shredded tyres include use as reactive drainage 
layer in landfills, septic tank leach field aggregate 
and nutrient barrier in golf courses and athletic 
fields.3-6 Whole tyres are used as retaining walls7, 
as a reinforcement layer in earthfill8 and floating 
breakwater9. In these applications tyre materials 
of varying sizes (from small chips to whole tyres) 
will have contact with water in varying 
conditions (infiltrating, seeping, circulating, 
stagnant, etc.) resulting in interactions either 
releasing metals and organic chemicals or 
absorbing them depending on the chemical 
environment (i.e., pH and concentration of 
various chemicals in the contacting water).  
Due to the content of potential hazardous 
compounds in  used  tyres  and the designation  *Author for correspondence 
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as a waste product there may be concerns of the 
potential environmental effects of shredded tyres 
in civil engineering applications. Thus it is 
important to investigate tyre shreds properly in 
order to use the information to perform an 
application, and site specific evaluation before 
use. There are several surveys available on the 
content of post-consumer tyres, leachability of 
different compounds under different leaching 
conditions in laboratory and actual cases where 
tyre shreds were used in full scale. This paper 
presents a review of the benefits and impacts of 
scrap tyre use in geotechnical engineering based 
on the available literature. 

DISCUSSION 
Composition of tyres 
Tyres manufactured today have a complex 
composition of hydrocarbons, minerals and 
metals. The main functional parts of the tyre are 
the bed, carcass and the tread. The bed consists 
of rubber-covered metal wires or braids that do 
not stretch and therefore can hold the tyre on the 
rim, round which the plies of the carcass are 
wrapped. The carcass is an assembly of plies 
made of spun or braided cords of natural fibres 
(cotton), synthetic fibres (nylon or rayon), or 
metal. The most common carcass today is made 
of braided rayon cords. These cord plies 
constitute a sort of reinforcement of the tyre on 
which the sidewalls and tread are applied. The 
sidewalls and the tread are made of one or more 
rubber-based mixtures to which carbon black is  

added. About 40% of the tyres are rubber, over 
25% are soot, almost 15% are steel, 5% is 
textile fabrics and the remaining 15% of other 
chemical compounds. The sulphur content of a 
tyre is in the same order of magnitude as in 
fuel oil. During its use the car tyre wears and 
small particles are abraded by friction. 
Typically a car tyre loses 10-20% of its weight 
by wear during use. 
Tyres are fabricated with vulcanized rubber that 
contains reinforcing textile cords, high strength 
steel or fabric belts, and a high strength steel wire 
reinforcing bead. The most commonly used tyre 
rubber is Styrene Butadiene Copolymer (SBR) 
containing about 25% styrene. Other tyre rubbers 
used are natural rubber (cis-polyisoprene), 
synthetic cis-polyisoprene, and cis-
polybutadiene. A typical chemical composition 
for tyre rubber is provided in Table 1.10 Carbon 
black is added to strengthen the rubber and 
increase abrasion resistance. The extender oil 
used in fabrication is a mixture of aromatic 
hydrocarbons that acts to soften the rubber and 
increase its workability. Sulphur is employed to 
harden the rubber by cross-linking the polymer 
chains within the rubber which prevents high-
temperature deformation. The zinc oxide, stearic 
acid, and an organo-sulphur accelerator are used 
to aid in the vulcanization process and enhance 
the physical properties of rubber. Antioxidant 
and other additives are also added to prevent 
deterioration of the rubber complex. 

Table 1 : Typical composition of tyre rubber 

Component Weight (%) 
Rubber polymer (SBR) 62.1 
Carbon black 31.0 
Extender oil 1.9 
Zinc oxide 1.9 
Stearic acid 1.2 
Sulfur 1.1 
Accelerator 0.7 

Leachability of scrap tyres 
Tyres contain numerous ingredients such as 
carbon black, vulcanizing agents, metallic rein-
forcements, antioxidants, pigments, acceler-
ators, etc. in addition to petroleum products   
that   might   be collected  during geotechnical  

use. Thus, laboratory and field leaching studies 
have focused on both organic and inorganic 
compounds. 
Organic compounds 
Miller and Chadik11 presented results of a 
laboratory analysis of organic compounds and 
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concluded that aromatic components of 
gasoline (e.g. ketones), carboxylic acids and 
aniline could be leached from tyre shreds. 
Several other volatile compounds such as 
benzene and toluene were also present in their 
leachate. In the field study conducted by them, 
however, benzene was not found in the 
leachate. Toluene was found in the field 
leachate at low concentrations, and 
trimethylbenzene and 3-ethyltoluene were 
present in significant concentrations. 
A study of the rubber manufacturers 
association12 indicated that volatile organics 
such as toluene, carbon disulfide and methyl 
ethyl ketone may leach from tyre chips. 
However, benzene was not detected in any 
samples. Only phenol was detected as a semi-
volatile compound. The concentrations of 
organic compounds are below TCPL (Toxicity 
Characterization Leachability Procedure) 
limits. 
Edil and Bosscher1 reported Biological And 
Chemical Oxygen Demand (BOD and COD) 
as indicators of organic compounds in leachate 
collected in their laboratory and field studies in 
Wisconsin. They reported that laboratory tests 
showed decreasing BOD and COD with time. 
In the field, however, they could not determine 
whether organic compounds in the leachate 
were generated by percolation through the 
tyres or from surrounding soil. 
Inorganic compounds 
Miller and Chadik11 reported that zinc and 
arsenic were found in their laboratory leaching 
tests at concentrations below drinking water 
standards. Low concentrations of chromium 
were also detected. They also pointed out that 
biological activity, co-precipitation or the 
common ion in the leachate may make 
evaluating leaching of metals from tyre chips 
complex. 
The study of rubber manufacturers 
association12 indicated that no silver, cadmium 
and selenium exist in tyre chip leachate. 
However, barium, chromium and lead may 
leach at low concentrations that do not exceed 
TCPL limits. 
The field test carried out by Edil and 
Bosscher1showed no significant leaching of 
barium or lead but possible leaching of zinc 
and manganese. They indicated that leaching  

of  zinc, manganese and iron might also have 
been occurred from the surrounding soil. Their 
field data showed high concentrations of 
cationic index parameters, such as 
conductivity, hardness and calcium and 
magnesium concentrations, which may be due 
to leaching through the soil from activity at the 
site, such as roadway dust treatment. 
Kim13 reported an analysis of tyre chips 
leachates that were obtained from column 
tests. Leachate samples were collected 830 
days and 790 days after initial exposure from 
columns containing tyre chips and soil or soil 
only. Filtered and unfiltered leachate samples 
were analyzed. Tap water was also tested for 
control purposes. Analyses were conducted for 
metals such as zinc, barium, arsenic, lead and 
chromium. None of the samples had 
concentrations exceeding drinking water 
standards. However, unfiltered leachate from 
the column tests conducted with tyre chips had 
higher concentrations of zinc and barium than 
the unfiltered leachate from the column 
containing soil only. Also, arsenic was found 
in higher concentrations in the unfiltered and 
filtered leachate from the soil tests. Lead was 
found in the highest concentration in the 
unfiltered leachate from the soil-tyre chips 
tests. Filtered samples usually resulted in low 
metal concentrations. Differences in the metal 
concentrations in samples from different 
specimens may also be due to the different 
sampling period (i.e. 830 days for the soil-tyre 
chips test and 790 days for soil test). 
O’Shaughnessy and Garga14 performed tests 
on water quality in laboratory test columns on 
tyre chips embedded in sand and clay to 
provide a conservative estimate of the potential 
release of toxic compounds. The study 
provided evidence of an increase in aluminum 
(Al), iron (Fe), zinc (Zn) and manganese (Mn) 
concentrations which, with the exception of 
zinc, exceed their respective drinking water 
standards. All inorganic target elements were 
below detection limits or background levels for 
tyre chips embedded in clay. 
The main factors affecting the characteristics 
of leachates from tyre chips (shreds) include 
the aquatic environment in which the tyre 
chips are exposed, the age of the tyres chips, 
the   size   of   the   tyres  chips  and the time of  
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exposure of the tyre chips to water. 
Understanding the relationships between these 
factors and the chemical characteristics of tyre 
chips (shreds) leachate is crucial to any 
leaching study.  
The aquatic environment is typically described 
by the pH of the extraction liquid. Twin City 
Testing Corporation15 performed four different 
leaching tests to simulate a range of pH 
conditions (pH of 3.5, 5.0, 7.0 and 8.0). This 
study showed that higher metal (such as 
calcium, iron and magnesium) concentrations 
were obtained in the leachate at pH=3.5. 
Higher hydrocarbons concentration was 
reported in the leachate at pH=8.0. 
Miller and Chadik11 prepared slightly acidic 
(pH=5.4), neutral (pH=7.0) and slightly 
alkaline (pH=8.6) solutions to investigate how 
pH affects leachate characteristics. They also 
reported pH changes during the test, which 
were attributed to microbial enzymatic 
activity. They reported that there was no strong 
correlation between pH and the concentration 
of metal ions in the leachate. They proposed a 
possible reaction mechanism resulting in 
adsorption of metal ions by tyre chips. Edil and 
Bosscher1 reported that tyre chips leachates 
were slightly alkaline (pH=7.13 to 7.43) based 
on their field test results. They recommended 
not to use tyre chips in highly acidic or 
alkaline environments to avoid generating 
stronger leachates. 
Scrap tyres and groundwater quality 
Several studies have been conducted for 
evaluating the concentration of metal ions, 
Volatile Organic Compounds (VOCs) and 
semi volatile organic compounds leached from 
tyre chips under worst case conditions (acidic 
or alkaline), which affect groundwater quality. 
In geotechnical and geoenvironmental 
engineering, the tyre chips (shreds) are 
typically used as fill material and these 
extreme conditions (acidic or alkaline) are not 
likely to appear. The leaching process is 
typically caused by the infiltration of rain 
water or when tyre chips are in contact with 
groundwater 
Twin City Testing Corporation15 performed a 
field study to determine how groundwater 
characteristics changed when exposed to tyres 
and tyre chips. The study consisted of 

comparing ground water samples collected 
beneath a tyre stockpile to background 
concentrations of a typical groundwater 
samples. This study indicated that the average 
zinc concentrations increased from 0.1 to 0.87 
mg/l, iron concentrations from 5.8 to 298 mg/l 
and the magnesium concentrations from 6.2 to 
383 mg/l. The arsenic, barium, cadmium, 
chromium and lead concentrations for only the 
groundwater sample collected underneath the 
tyre stockpile exceeded the recommended 
allowable limits. Soil samples were also 
collected from the area and the concentrations 
of arsenic, barium, calcium and selenium were 
higher than those for the background samples. 
In contrast, aluminium, iron, magnesium and 
zinc were found in lower concentrations when 
analyzing the soil sample. 
Humphrey and Katz16 conducted a five year 
field study to investigate the water-quality 
effects of tyre shred fills placed above the 
groundwater table. The tyre chips were placed 
beneath a secondary highway and the leachate 
was collected using 3 m2 geomembrane-lined 
basins located beneath the shoulder of the 
road. Filtered and unfiltered samples were 
collected for determination of metals. The 
following metals having primary drinking 
water standards were included in the analysis :  
barium, cadmium, chromium, copper, lead and 
selenium. It was found that the presence of tyre 
shred layer did not cause a measurable 
alteration of the naturally occurring 
background concentrations of barium and 
chromium. On the other hand the 
concentrations of cadmium, copper, lead, and 
selenium were generally below the test method 
detection limits. They also reported that there 
was no evidence that the tyre chips have 
increased the concentration levels of 
aluminium, zinc, chloride, or sulphate, which 
are secondary drinking water standards. 
Later, Humphrey and Katz17 conducted another 
study to evaluate the water quality effects of 
tyre shreds placed on three sites constructed 
below the water table. The soil types at the 
sites were marine clay, glacial till and peat. 
Samples were taken over a four year period 
and analyzed for a range of metals, volatile 
organics and semi volatile organics. The 
results showed that tyre shreds had a negligible  
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effect on the concentration of metals with 
primary (health based) drinking water 
standard. For metals with secondary (aesthetic 
based) drinking water standards, samples from 
the tyre shred filled trench had elevated levels 
of iron, manganese, and zinc. However, the 
concentrations of these metals decreased to 
near background levels for samples taken 
down the gradient of the tyre shred filled 
trench. Tyre shreds placed below the water 
table appeared to have a negligible off-site 
effect on water quality. 
O’Shaughnessy and Garga14 conducted field 
monitoring of a prototype test embankment 
constructed with cut and whole tyres above the 
groundwater table. This study indicated that 
insignificant adverse effects on groundwater 
quality had occurred over a period of 2 years. 
Targeted inorganic elements, having a 
maximum acceptable concentration 
designation, included barium, cadmium, 
chromium, lead, selenium, and fluoride were 
all well below their respective concentration 
limits. 
Edstrom et al.18 constructed a low traffic 
volume road section to determine the 
environmental fate and effects of chemicals 
from tyre shreds materials placed below the 
seasonal groundwater table. In this study 
copper was not detected in samples. Barium 
was measured in elevated levels but it was well 
below the regulatory limits set for drinking 
water.  Iron, manganese and zinc, which are 
secondary drinking water standards, were 
found in an increasing concentrations trend.  
Application of tyre derived material may 
increase levels of certain organic compounds 
which are mainly of volatile and semi volatile 
form. Twin City Testing Corporation 15 
reported that under alkaline conditions, the 
concentration of polycyclic aromatic 
hydrocarbons (PAHs) in tyre chip leachate 
exceeded drinking water standards. Miller & 
Chadik11 suggested that these compounds may 
leach from carbon black, petroleum residues 
and recipe extenders associated with the 
manufacturing of tyres. Rubber Manufacturers 
Association12 reported that VOCs such as 
toluene, carbon disulfide and methyl ethyl 
ketone might leach from tyre chips. In 
addition, benzene was detected in tyre chips 

leachates and only phenol was detected as a 
semi volatile compounds. This study added 
that the concentrations of these organic 
compounds are below TCLP limits. Edstrom et 
al.18reported that tyre material would leach 
semi-volatile organic chemicals when placed 
below the groundwater table. The 
concentrations of aniline in groundwater in this 
study were dependant on the thickness of the 
tyre layer in water in the road base. The use of 
a geotextile fabric wrap provided an element of 
restricted water flow through the road base. 
Bosscher et al.19 used BOD and COD as 
indicators of organic compounds in leachates 
from tyre chips and reported decreasing BOD 
and COD in their leachates. Miller &     
Chadik 11 prepared 27 aquatic solutions in the 
laboratory at different pH levels and varying 
ionic strengths. Tyre chips of various sizes 
were then submerged in these aquatic solutions 
and the liquids periodically analyzed. They 
reported that organic compounds such as 
aromatic compound of gasoline, carboxylic 
acids and aniline were leached from tyre chips. 
Two of their solutions used were similar to 
groundwater. The leachates obtained using 
these liquids had benzene concentrations as 
high as 0.0115 mg/l and toluene concentrations 
of 0.0112 mg/l. 
Humphrey and Katz16 found negligible level of 
organics present in samples taken from field 
trials above water table in their study of tyre 
shreds fills placed above the groundwater 
table. In another study of tyre shreds placed 
below the groundwater table, Humphrey and 
Katz17 found trace concentrations of a few 
organic compounds in the tyre shreds filled 
trenches but concentrations were below 
method detection limits for virtually all the 
samples taken from the down gradient wells. 
It can be noted from the above studies that tyre 
derived materials may increase levels of 
certain metals (e.g., iron and manganese) and 
some organic compounds. However, as 
concluded by Humphrey and Swett20 in a 
detailed literature review report, there appears 
to be limited effect on drinking water quality 
of groundwater from leachate derived from 
tyres for a range of applications involving tyres 
or tyre shreds and so human health concerns 
are minimal. 
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Scrap tyres and sorption capacity 
Park et al.3 conducted batch isotherm tests on 
scrap tyre chips and found that the tyre chips 
have relatively high VOC sorption capacities. 
This suggests innovative applications in which 
shredded tyre chips can be used to eliminate 
VOCs from contaminated water or leachate 
thus mitigating the contamination problem. 
They found that tyre chips have 1.4 to 5.6% of 
the  sorption  capacity  of granular  activated  

carbon on a volume basis. To remove a given 
amount of organic compounds, they 
proposed equations to determine the 
thickness of the tyre chip layer and the mass 
of tyre chips required based on batch 
isotherm tests on tyre chips in contact with 
various organic compounds. For general 
landfill application, the tyre chip layer 
thickness of 30 to 45 cm was recommended 
as shown in  Fig. 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Thickness of a tyre layer for 90% organic compound removal 
Kim et al.21 conducted a series of batch isotherm 
tests with ground tyre powder to investigate the 
effect of environmental conditions such as 
presence of organic materials, ionic strength and 
pH of the solution, particle size of tyre powder, 
and temperature. Since this study used only 
ground tyre rubber not tyre chips, it was possible 
to identify which part of tyre chips played a 
major role in adsorbing organic compound. They 
found that organic compounds sorbed primarily 
onto tyre rubber polymeric materials and 
partially other materials in tyre rubber such as 
carbon black. They reported that since the rate of 
organic compound sorption is a function of the 
diffusion coefficient and not the surface area, 
tyre chip size does not play a significant role. 
Therefore, the tyre chip size ranging from 5 to 30 
cm is recommended for use as a substitute for 
landfill leachate collection media. 
Twin City Testing Corporation 15 indicated that 
the average concentrations of zinc, iron and 
manganese increased in the groundwater samples  

under a tyre stockpile but at the same time the 
concentration of petroleum hydrocarbons 
decreased from 11.8 to <0.5 mg/l compared to 
background groundwater samples indicating the 
potential of tyres to absorb these compounds. 
Therefore, scrap tyres can be used as a sorptive 
medium taking advantage of their sorptive 
quality to chemicals. 
The study conducted by Aydilek et al.5 to 
investigate the performance of tyre chips as 
leachate collection material in municipal solid 
waste landfills indicated that the leachate flow 
rates and total leachate volumes generated by the 
two field test cells (cell 1 for gravel and cell 2 for 
tyre chips) are comparable (Fig. 2) indicating no 
flow retardation of leachate drainage due to use 
of tyre chips instead of gravel as the leachate 
collection layer material. The field temperatures 
inside the tyre chips were between 28 and 61⁰C, 
which is comparable to the temperatures 
observed in solid waste landfills. Moreover, these 
temperatures were well below the approximate 
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threshold temperature for potential combustion 
of tyre chips. The leachate collected from the tyre 
chips  layer  had  lower  inorganic compound, 
dissolved metal and VOC concentrations (Fig. 3) 
than those collected  from  the  gravel  layer.  
The sorption capacity of tyres can beneficially 
be exploited in landfills by using it as a 

reactive drainage medium in leachate 
collection layer. It is possible to use tyre chips 
alone and especially in mixtures with granular 
soils as a sorptive drainage material taking 
advantage of their high permeability and high 
absorbency of chemicals without the fear of 
self-combustion. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : Volume of leachate generated by two cells 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Comparison of concentrations of VOCs in leachate collected from two cells 

Scrap tyres and aquatic life 
Due to the leaching behaviour of tyres, the 
aquatic environment may become toxic to the 
habitants of water. Abernethy22 reported tyre 

leachate obtained by immersing an automobile 
tyre in 300 litres of water caused mortality in 
trout and other species. Later, Abernethy et al.23 

reported that tyres placed in a tank of flowing 
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water were non-lethal to trout. Hartwell et al.24 

showed that toxicity decreased with increasing 
salinity and concluded that tyre shreds are 
probably a greater threat to freshwater habitats 
than brackish or marine habitats.  
Sheehan et al.25-27 conducted aquatic toxicity tests 
on leachate samples collected from the below 
ground water disposal study sites of Humphrey 
and Katz.17 They found elevated levels of iron, 
manganese and several other chemicals but no 
adverse effect to test organisms from the leachate 
of the tyre chips placed above the groundwater 
table. However, leachate from the tyre chips 
placed below the groundwater resulted in 
significant reduction to both survival and 
reproduction of a test organism. However, they 
expected these effects to decrease downstream 
from the tyre chips. They recommend a buffer 
zone of 3 to 11m between the tyre chips fill and 
the surface water to avoid impact on aquatic life. 
The impact of leachate from tyre shreds placed 

below the groundwater on the surface water may 
be limited by allowing an appropriate separation 
zone between the tyres and the surface water. 
Scrap tyres and vegetation 
Sand-based root zones lack sufficient cation 
exchange capacity to restrict migration of 
nitrogen and phosphorus through the root zone 
and into sub-surface drainage systems. Lisi et 
al.6studied the adsorptive properties of tyre 
rubber for retaining nitrogen and phosphorus, 
which can be used in a beneficial manner by 
applying it as a distinct sub-surface drainage or 
intermediate layer in golf course and athletic 
filed construction. (Fig. 4) A visual assessment 
of the field plots from seed germination through 
the end of the sampling period showed that the 
granulated tyre treatments did not affect turf 
grass quality, colour, density or germination rate. 
Therefore, crumb rubber used as a drainage layer 
material beneath sand-based root zones can be a 
value-added reuse of scrap tyres. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4 : Average nitrate concentrations detected in water samples collected from three putting 
green profiles in the laboratory column test 

CONCLUSION 
While using scrap tyres as a recycled material, 
either as whole or shredded into small pieces, 
the potential impact on ground and surface 
water have been studied by several 
investigators. Although the levels of certain 

metals (e.g., iron and manganese) increase, the 
impact of tyre leachate on drinking water 
quality of groundwater is found to be limited 
for a range of applications involving tyres or 
tyre shreds. Laboratory and field evidence 
available does not show any likelihood of 
scrap tyres being a hazardous waste or having 
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potential for significant adverse effects on 
water quality. 
Scrap tyres are shown to have significant 
sorption capacity for organic compounds. This 
property of tyres can beneficially be exploited 
in geoenvironmental applications such as in 
reactive barriers in landfills and in cleanup 
efforts. The adsorptive properties of tyre 
rubber for retaining nitrogen and phosphorus 
can be beneficially used beneath sand-based 
root zones of athletic fields and golf courses. 
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