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1 INTRODUCTION 
 
A soil may be polluted by crude oil either accidentally 
or intentionally. During the production, transporta-
tion and delivery of petroleum products, accidental 
spills can occur on land or on the sea, which usually 
leads to very expensive cleanup activities to restore 
the land or sea to an acceptable level. However, in de-
veloping countries, most of which occur in the trop-
ics, there are usually auto mechanic villages with a 
large concentration of automobile mechanics. Due to 
the absence of regulation in these countries, there is 
indiscriminate disposal of used motor oil on the bare 
ground. The lateritic soil in these tropical locations 
gets polluted from this haphazard disposal of used 
motor oil which has the potential to alter the biologi-
cal as well as the engineering properties of the soil. 
The contamination of fine-grained soils and sands by 
fluids that have a physico-chemical composition dif-
ferent from that of water has been found to have a de-
teriorating effect on the mechanical properties 
(Abousnina et al. 2015, Nazir 2011, Khosravi et al. 
2013, Kermani & Ebadi 2012). However there does 
not appear to have been many studies on oil contami-
nated lateritic soils and the few that were found in the 
literature  (Akinwumi et al. 2014, Ijimdiya 2011) 
gave inconclusive results of the effect of oil contami-

nation on the liquid and plastic limits. There is there-
fore the need for further work to gain a better under-
standing of the behavior of lateritic soils upon con-
tamination with hydrocarbons given the widespread 
nature of the problem.  

The purpose of this investigation was to under-
stand the effect of used motor oil contamination on 
the plasticity and compaction behavior of lateritic 
soils. The study further investigated the effect of ag-
ing of the contaminated soil on the Atterberg limits 
and the standard Proctor compaction characteristics. 
A laboratory testing programme was carried out on 
clean lateritic obtained from an industrial village in 
Ghana. The soil was subjected to used oil contents 
varying from 0% to 16% and for each the effect on 
the Atterberg limits and the compaction characteris-
tics were measured. 

 
 

2 EXPERIMENTAL PROGRAMME 

2.1 Sample Preparation 

The lateritic soil used in this study, designated SM1, 
was obtained from a trial pit at a depth of between 
0.7 m - 2.0 m at Suame-Magazine in Kumasi, in the 
Republic of Ghana. Suame-Magazine is a place 
where there is a large concentration of auto mechan-
ics who service and maintain motor vehicles of all 
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types. The trial pit was located in the soil formation 
in the Suame-magazine area but away from the zone 
of contamination by used motor oil.  The soil was air 
dried for 4 days and then stored in sacks for the inves-
tigation. 

The used motor oil was obtained from an auto me-
chanic shop that serviced and maintained saloon cars, 
pick-up trucks and sport utility vehicles (SUV). The 
used motor oil was tested to determine the density and 
absolute viscosity. 

2.2 Mineralogical Composition 

The X-ray fluorescence (XRF) was conducted on the 
soil sample to determine the major and trace elements 
present. The scanning electron microscopy was also 
conducted on the oil-contaminated soil to further un-
derstand the behaviour of the soil at the microstruc-
tural level. 

2.3 Atterberg Limits 

A portion of the air-dried lateritic soil was fetched 
from the sack and sieved through the 0.425 mm sieve 
and divided into nine smaller portions of 500 g each. 
The first portion was used for the liquid and the plas-
tic limit tests of the uncontaminated soil as the con-
trol. The remaining eight portions were used for each 
of the used motor oil contamination in the proportions 
of 1 %, 2 %, 4 %, 6 %, 8 %, 10 %, 12 % and 16 % by 
dry weight of the soil. For each test, first the propor-
tion of the used motor oil for contamination was 
weighed. The used oil was then added to the portion 
of the soil and thoroughly mixed by hand. The con-
taminated soil was then wrapped in a plastic bag and 
stored for 24 hours to allow the used oil to evenly dis-
tribute itself throughout the soil. The liquid and plas-
tic limit tests were then conducted. Both the liquid 
limit and the plastic limit tests were conducted in ac-
cordance with BS 1377: Part 2-1990. For the liquid 
limit test the cone penetrometer method as outlined in 
BS 1377: Part 2-1990, section 4.3, was used. 

2.4 Compaction test 

The compaction characteristics of the natural soil and 
the contaminated soil were determined using the 
Standard Proctor compaction standard in accordance 
with ASTM D698-07 Method B. For the contami-
nated soil the contamination was 1 %, 2 %, 4 %, 6 %, 
8 %, 10 %, 12 % and 16 % of used motor oil by dry 
weight of the soil. The sample from the sack was first 
sieved through the 10mm sieve. Then for the contam-
inated soil, the proportion of used oil was measured 
and added. The mixture was then wrapped in a poly-
thene bag and kept for 24 hours to facilitate the mix-
ing. Water was then added in about 2 % increments 
by weight and the 101.6 mm diameter mould was 
filled in three layers with each layer receiving 25 
blows of the 2.5 kg rammer. After each round of com-
paction, the soil was reused for the next water content 
increase. 

2.5 Aging effect 

Since engine oil has volatile components, the 
chemical composition of waste soil changes over 
time. Part of the objective of the study was to investi-
gate how this change in the chemical properties of the 
oil over time affect the Atterberg limits of the lateritic 
soil. 

In order to investigate the aging effect on the At-
terberg limits of oil-contaminated lateritic soil, the 
air-dried sample was sieved through the 0.425 mm 
test sieve. Then four sets of five portions of 500 g of 
the sieved sample was mixed with the required per-
centage of waste oil. The 4 sets represented the aging 
periods of 1 week, 4 weeks, 8 weeks and 12 weeks. 
For the five portions, one was used as the control 
without any oil while the remaining four were for oil 
contents of 2 %, 4 %, 8 %, and 12 %. The mixed sam-
ples were labelled as to the required aging period and 
stored in containers. When the aging period was due, 
the samples were subjected to the Atterberg limits test 
as described in Section 2.3. 

For the test on the effect of aging on compaction 
characteristics, four sets of 15,000 g of the sample 
sieved through 10 mm sieved were prepared. On each 
set, the calculated amount of waste oil required for the 
target oil content was added to the sample and mixed 
in a large basin. The basins were labelled as to the 
waste oil content (i.e. 2 %, 4 %, 8 % and 12 % oil) 
and stored. After every age period, the dry density-
water content relationship was obtained using the 
Standard Proctor compaction specification as de-
scribed in Section 2.4. 
 
 
3 RESULTS AND DISCUSSION 

3.1 Properties of soil and used motor oil 

Table 1 shows a summary of the properties of the lat-
eritic soil used for the investigation while Figure 1 
shows the particle size distribution. The Unified Soil 
Classification system categorizes SM1 soil as a silty 
sand with gravel (SM), and plots below the A-line and 
within the high plasticity zone on the Cassagrande 
Plasticity Chart. 
 
Table 1. Summary of properties of lateritic soil 

Property Value 

Atterberg Limits (%)  
LL 50 
PI 21 

Particle size distribution (%)  
Gravel 25 
Sand 27 
Silt 34 
Clay 14 

Specific gravity 2.75 
Proctor Compaction  

OMC (%) 24.6 
MDD (Mg/m3) 1.548 
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Figure 1. Particle size distribution of lateritic soil  

 
The XRF was used to determine the identity and pro-
portions of the major oxides in the soil. The test was 
performed on duplicate samples (SM1a and SM1b). 
The results from SM1a are shown in Figure 2 as a 
wavelength dispersive XRF Spectrum, plotting the 
count rate against the energy. The XRF spectrogram 
shows a plot of the oxides of the major metals present 
in the soil. 

As shown in Table 2, the average silica component 
is 60.2 while the sesquioxide (Al2O3 + Fe2O3) com-
ponent is 36.2 giving a silica: sesquioxide ratio of 
1.66. According to the chemical classification system 
where ratios less than 1.33 have been considered in-
dicative of true laterites, those between 1.33 and 2.00 
of lateritic soil, and those greater than 2.00 of non-
lateritic soils, (Morin & Todor, 1975; Martin et al. 
1930, Joachin et al. 1941), the soil used in this inves-
tigation can be classified as a lateritic soil.  

 
Table 2. Chemical composition of lateritic soil 

Sample        Elements (%) 
ID    Al2O3 SiO2  K2O TiO2 Fe2O3 MnO 
 CaO  

SM1a  28.8  60.0  1.4 1.0 8.6  0.2  - 
SM1b  24.7  60.4  3.0 1.3 10.3  0.3  - 
Average  26.6  60.2  2.2 1.15 9.5  0.3  - 

 

 
Figure 2. XRF spectrogram for SM1 soil 

 

The properties of the used oil have been summarized 
in Table 3. It can be seen that the used oil is lighter 
than water. Again, it can be seen that the used engine 
oil is about 172 times more viscous than water, im-
plying that the waste oil has higher molecular forces 
of attraction. 

 
Table 3. Properties of used motor oil and water 

Material Density 
(Mg/m3) 

Viscosity at 25˚C 
(mPa-s) 

Waste engine oil 0.88 152.67 
Distilled water 1.00 0.89 

3.2 Effect of oil-contamination on Atterberg limits 

The Atterberg limit values are the average of tripli-
cate samples. The plots of the liquid limit and the 
plasticity index against the oil content are shown in 
Figure 3. The figure shows that as the used oil content 
increases, the liquid limit undergoes first a slight re-
duction in value attaining a minimum value at 1% and 
then rises to a peak at 4%. After that it reduces and 
stays around the initial value from 6% to 12% drop-
ping at 16% oil content. The plasticity index exhibits 
a similar but more enhanced behaviour as the liquid 
limit. 

 

 
Figure 3. Variation of Atterberg limit with oil content 

 
The initial decrease in the Atterberg limits with oil 
contamination may be explained by the nature of the 
clay particles interacting with both oil and water. Clay 
particles have negative charges which attract the pos-
itive charges on water molecules to give it its plastic 
properties. Oil on the other hand is non-polar which 
means it carries no charges. As the oil mixes with the 
soil it coats the clay particles thereby reducing the in-
teraction between clay particle and water and this re-
sults in the initial reduction in Atterberg limits as the 
soil loses its plastic nature. This was also observed by 
Khamehchiyan et al. (2007), Olgun & Yildiz (2010) 
and Rahman et al. (2010).  
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The increase in liquid limit and plasticity index with 
increasing used oil content between 1% and 4% may 
arise from the fact that after the used oil coated the 
clay particles, more water was needed to bring the soil 
to their various limits. This phenomenon may explain 
the observation of Kermani & Ebadi, (2012) and 
Akinwumi et al. (2014) . 

3.3 Effect of oil-contamination on compaction 

Figure 4 shows the individual plots for the compac-
tion tests on the contaminated soil with oil contents 
varying between 0% and 16%. The figure shows the 
plots shifting from the right to the left and upwards as 
oil contents increased. This arises because for low oil 
contents (0-4%), at the initial portion of the compac-
tion curves the dry density values are insensitive to 
increase in moisture content. It is at higher oil con-
tents (8-16%), that the dry density values respond rap-
idly to increasing moisture content. At higher oil con-
tents, less water is required to bring the soil to its 
optimum water content. 

 

 
Figure 4. Compaction curves for oil-contaminated soil 

 
The variation of the optimum moisture content 
(OMC) with increasing oil content is shown in Figure 
5. It is observed that the OMC decreases with increas-
ing oil content.  Initially up to 1 % oil content, the 
decrease is minimal. However, beyond that there is a 
rapid decrease in the OMC values up to 10 % oil con-
tent. Between 10 % and 16 %, the reduction was in-
significant. For the maximum dry density (MDD) the 
overall trend is that the MDD values increase with in-
creasing oil content. Again, there is a minimum and a 
peak at 1 % and 4 % oil contents respectively.   

The lubrication effect of the oil as it coats the soil 
particles allowed a denser packing leading to an in-
crease in the MDD and a decrease in the OMC. This 
was also reported by Al-Sanad et al. (1995) ur-
Rehman et al. (2007), and Kermani & Ebadi (2012). 

 
Figure 5. Effect of oil content on OMC and MDD 

3.4 Microstructure of oil-contaminated soil 

The engineering behaviour of soils is influenced by 
their microstructure. The term microstructure of a soil 
consists of its micro fabric, mineralogical composi-
tion, and inter-particle forces. In this study the scan-
ning electron microscope was used to view soil sam-
ples at 0 %, 4 % and 8 % oil contents. In Figure 6 at 
a magnification of 1000 the particles of the clean soil 
(0 % oil content) are seen to exist in a dispersed ar-
rangement.  

When the soil was contaminated with 4 % of used 
oil as shown in Figure 7 (at the same magnification as 
the clean soil), the soil showed a certain degree of ag-
gregation to form larger particles. The soil particles 
are seen to be aggregated, as the fine particles appear 
to bond to each other to form flocs due to the presence 
of the oil.  

At 8 % oil content Figure 8 shows how, the parti-
cles aggregate to form bigger particles with rounded 
edges. The individual particles are no longer seen but 
rather a block of aggregated fine particles. 

 

 
Figure 6. Micrograph of clean soil (0% oil) 
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Figure 7. Micrograph of soil with 4% oil content 

 

 
Figure 8. Micrograph of soil with 8% oil content 

3.5 Effect of aging on Atterberg limits 

The results of the liquid limits of contaminated soil 
conducted at different periods of exposure after con-
tamination (i.e. age in weeks) are shown in Figure 9. 
The results show that the liquid limit decreases with 
age of exposure and that within three weeks of expo-
sure, the liquid limit drops below that of the clean soil 
before contamination. With increasing age, however, 
the rate of reduction reduces such that beyond 8 
weeks of exposure, for low oil contents (i.e. 2 % and 
4 %) the liquid limit begins to increase. 
 

 
Figure 9. Aging effects on liquid limit  

The overall effect of aging on the plasticity index is 
shown in Figure 10 where the PI initially increases 
slightly within the first week and thereafter reduces 
with increasing age. For low oil contents i.e. 2 % and 
4 %, the PI begins to increase again after about 4 to 8 
weeks so that after about 12 weeks it exceeds the con-
trol value. For higher used oil contents, exposure pe-
riods longer than 12 weeks may be required for the PI 
to attain the control values. The results suggest that 
used oil contamination may have long-term effects on 
the LL and PI. 

 

 
Figure 10. Aging effects on plasticity index 

3.6 Effect of aging on compaction properties 

The aging effects of used oil contamination on the 
compaction characteristics are shown in Figure 11 
and Figure 12. Figure 11 shows that for used oil con-
tents less than about 10 %, after the initial reduction 
in OMC due to used oil contamination, subsequent 
aging does not substantially affect the OMC. For high 
used oil content of 12 %, part of the initial reduction 
in OMC is regained within the first week and thereaf-
ter, there is no substantial change in OMC up to the 
12 weeks investigated. This suggests that the evapo-
ration of volatile compounds from the hydrocarbon 
contaminant affects the amount of water required to 
bring the soil to its optimum water content. 

From Figure 12 it is observed that the first week of 
aging leads to a substantial drop in the MDD of the 
oil contaminated soil even below the MDD of the 
control sample. After the first week, however the 
MDD values begin to increase so that by the 12th 
week all but the very low oil content of 2 % had ex-
ceeded the control value. This seems to indicate a 
more lasting improvement in maximum dry density 
of the oil-contaminated samples. The lubrication pro-
vided by the oil seems to give better packing of soil 
particles when compacted and this packing is im-
proved with time. 
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Figure 11. Aging effects on OMC 

 

 
Figure 12. Aging effects on MDD 

 
 

4 CONCLUSION 
 
The study has clearly shown that used oil contamina-
tion of lateritic soil leads to a change in soil structure 
from a dispersed structure to a flocculated structure 
and that the degree of flocculation increases with in-
creasing used oil content. The Atterberg limits testing 
procedures are supposed to lead to a complete break-
down of the soil structure. However, the results of the 
Atterberg limit tests show that the behaviour for con-
taminated soils with low used oil contents (i.e. be-
tween 1 % and 4 %) is different from that with higher 
oil contents. This suggests that some of the changes 
in the structure may be permanent and may not have 
been destroyed by mechanical reworking. 
- For low levels of contamination there is an initial 

reduction followed by an increase in both liquid 
limit and plasticity index. Aging leads to further 
reduction in both liquid limit and plasticity index 
values.  

- The optimum moisture content reduces with in-
creasing used oil content and this reduction is not 
affected by aging 

- The maximum dry density of used oil contami-
nated lateritic soil increases with oil content. Ag-
ing initially reduces the maximum dry density but 
further aging further increases the maximum dry 
density. This suggests permanent improvement in 
the compaction characteristics contact with used 
motor oil. 
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