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Abstract:

Subsurface and ground water contamination with étes from industrial and agricultural sources @se
environmental problems. Apart from constituting Itieaisk to both human and animals (terrestrial agdatic),

it is a source of deterioration to physical, cheahand geotechnical properties of the soil.

The reuse of contaminated soil as civil engineemagerials is seeing as one of the effective adtitra methods
of disposing contaminated soil. However, this ibjeat to either the containment of the agent oftamination

in soil or effective remediation of the contamimhtil. The geomechanic and geotechnical behawbuil
contaminated soil is therefore reviewed to asaettair potential reuse as engineering materiak Ehexplored
in relation to the current state of oil contamiaatin Nigeria.

It is was reported that there was reduction in sk&&ngth and stress-strain behaviour of low festd high
plastic clays, significant reduction in permeapilistrength and compressibility of the contaminateul,
reduction in maximum dry density (MDD) and optimunoisture content (OMC) and increase in liquid and
plastic limits of the soil. It is also revealed thiae maximum dry density and thus the compactlaracteristics
of the oil contaminated soil structure depend antipe and viscosity of the pore fluid. Other fastmclude the
nature of the soil particles in relation to its inagical and physicochemical properties and theemiess of any
organic or inorganic materials.

However, irrespective of these constraints, contateid soil can still be applied as reused matesimidiscussed
especially in hot-mix asphalt production, conciateduction and sandcrete block production.

Keywords: Soil, Oil, Contamination, Reuse, Geotechnical prigs.

1. Introduction

Soil is seeing and taken as a key component ofralagcosystems because sustainability of envirommen
depends largely on the sustainable soil ecosyseimanoet al 1998), therefore of important is its functiongalit
in the balance of nature.

Soil and water contamination have been environnhgmtblem that is facing the whole regions of therhd.
The source of contamination which may be eitheunadtor anthropogenic is a very important factoriclih
governs the nature and extent of the contaminafid® anthropogenic sources are environmental paotut
which results from human exploration of naturedther long term or short term benefits and this diaglobal
concerns. Organic and inorganic contaminants cdrat@on in soil though associated with biologicalda
geochemical cycles are influenced as shown in éarand 1b by anthropogenic activities such asralatu
resources exploration, agricultural practices, #tdal activities and waste disposal methods (Ndigde and
Ezehe, 1990; Zauyalet al, 2004; Usmanet al, 2002; Ejaet al., 2003; Ebonget al, 2007). Other sources
include the open dump site, underground storagéitiies, atomic power generating plants and theedik
Therefore, contaminated soil can be classifiedodid svaste of non hazardous type (Meegastaal., 1992) as
well as hazardous waste depending on the natuteeoflastes and so it is of importance that it amed to its
pristine state before use or reuse due to its iumality in the balance of eco-system. This haseniado be of
greater concern not only to the environmentalists laydrologists but also to the geotechnical erggime
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Figure 1b: A General Biogeochemical Cycle of Trace Elements
Source: (Lombi, et al., 1998.)

Consequently, soil pollution is of economic impoda because:
0] Human, terrestrial and aquatic lives are at haadthresulting from the ingestion of contaminamts i

water, inhalation of its particulate matter, derncahtact with chemical wastes, eye sour and
irritation from its gaseous emission.

(i)  Vegetation extinction due to high toxicity of latiEigure2b).
(i)  Abandonment of contaminated soil as brown fieldf fh, abandoned and uncultivated land (Figure

2a and 2b). This is from author’s field survey afide oil contaminated area in Ebubu township of
Eleme Local Government Area of River State, Nigeria

(iv) Indiscriminate disposal of the soil without any cem of its remediation and reuse as engineering
material for road and building construction.
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Figure 2b: Nature of Soil and Vegetation after contamination with Crude Oil

Pollutants commonly found as a source of pollutmsoil include but not limited to the followingehvy metals
such as Lead, Nickel, Chromium, Arsenic, MercurincZand many other, hydrocarbons, halogenated argan
compounds, non-chlorinated pesticides and herlicidérogen compounds and radionuclide. Of impaan
among these pollutants to soil pollution in Nigeai@ the heavy metals, petrochemical hydrocarbdwerbicides
and pesticides. From the report “Selecting RemmudliafTechniques for Contaminated Sediments” EPA
identified a wide range of contaminants presergadiments (EPA, 1993a) and grouped the contamirnatiats
eight categories:

Polynuclear aromatic hydrocarbons (PAHS)

Pesticides (such as DDT)

Chlorinated hydrocarbons (such as PCBs)

Mononuclear aromatic hydrocarbons (benzene ardkiisatives)

YV VY
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> Phthalate esters
> Metals (such as mercury and lead)
> Nutrients
> Other contaminants, such as cyanides and organalsnet

The 1998 National Quality Survey of EPA revealedt tthe most frequent chemical indicators for thghbst
level of sediment contamination were PCBs, mercorganochlorine pesticides, and PAHs, with PCBs and
PAHSs being the most frequent. These chemicals emgtoxic and tend to bioaccumulate in fatty tissaad are
mostly derivative of Crude Oil. It is estimatedttsaveral million pounds of PCBs have entered thérenment
worldwide during the 50 years of its production (Almowicz et al, 1992).

2. Remediation of Contaminated Soil

Beneficial reuse of contaminated soil can only ttei@ized after effective remediation is carried wurestore it
to either its pristine state or a state at whi@ dbncentration of the contaminant cannot caudetmo, that is,
it does not reach the threshold point set as stdnfda pollution to occur. The fundamental objeesvof any
remediation technique according to Atlas (1995) raxtuction of actual or potential environmentak#trand
reduction of potential risk such that the unacdelptaisks are reduced to acceptable levels whi¢hrimdepends
on the expected use of the site after remediaiiwredifferent risk targets can be associated ditferent end
uses (Ukoli, 2003). Remediation of contaminate@ $t actualized through one or more of the follayin

approaches:
(a) Modification of the contaminant to a less toxicrfgr
(b) Destruction and removal of the contaminants and
(c) Isolation of the contaminants from target by inietmg their transportation pathway.

Based on these approaches, remediation technnslogiebe categorised into physical, chemical aalbgical
remediation and can be grouped into two namelytinad ex-situ based on the methodological apgroac

2.1 Remediation Technologies

The potential reuse of contaminated soil as coottmu materials has been seeing as one of thealieshative
means of its disposal; however, since soil to logaled or reuse must be classified as non-hazardoemrding

to New Jersey Department of Environmental Protadideegodaet al, 1998), it needs to be treated to ensure its
decontamination to the acceptable level.

Soil remediation technologies, in recent yearsetgained considerable importance in view of detating soil
environment in many parts of the world, especiallyegions and places where development activitiesaking
place at a faster pace as compared to earlier {iBfendari et al., 2007).

Depending on the nature of contamination, a rarfgemediation technologies have been developedaaed
being practiced all over the world. Most of thesehnologies are known to have been based on baalpgi
physical, chemical, physico-chemical, thermal ombmations of several of these (treatment traifi$)ese
technologies are broadly categorised into In-sigl &x-situ technologies. Both in-situ (i.e., withosbil
excavation and transportation) and ex-situ (witba@ation and transportation, if necessary) appreadttave
been in vogue (Prasad, 2008).

Ex-situ methods involve excavation of effected sahd subsequent treatment at the surface; thiboohet
includes Land farming, Incineration, Solidificatiamd Stabilization (Amro, 2004). The traditionamediation
approach, used almost exclusively on contaminated om the 1970s to the 1990s, consists primafilsoil
excavation and disposal to landfill "dig and duraptl groundwater "pump and treat".

In situ technologies involves the treatment of sab-either by biological means such as contaminant
degradation by microorganisms, chemical-physicatesses which include Bioventing, Air Sparging,| $adi
Suction Extraction, Bioremediation or combinatidntlee two processes and this has been used ex¢édnsiv
the USA (Encyclopaedia Wikipedia, 2008) or in-s#olidification/stabilization treatment which invels the
addition of chemicals binding medium such as Padtl@ement and quicklime to encapsulate contaminated
sediments and/or convert them into less solubds, heobile, or less toxic forms. In situ treatmeintontaminated
soil is considered a possible cost-effective anolsystem supportive treatment option. However, ithsitu
technique of remediation is more effective on sasalythan in soil contains clay (Amro, 2004).
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In situ treatment approach is advantageous fofollmving reasons:
(i) The contaminated soils are left in place withoutbility thereby reducing the chance of further
contamination from re-suspension of contaminantt Hre bound to the fine particles in the soil
sediment.

(i) There is reduction in the physical contact and sypowith the contaminated soil.

(i) Reduction in the volatilization and irretrievablecape of the volatile organic compounds to the
atmosphere of contaminants that are brought teufface.

(iv) Absence of extensive long-term monitoring requifed disposal facilities that handle contaminated
sediments (e.g., landfills).

(v) Finally, it is the more cost-effective technolodiapproach of treating contaminated soil.

Meanwhile, its disadvantage lies in its less effectess in complete remediation of the contaminanhish is due
to many factors including the following: low soipneability, subsurface heterogeneities, contaniinan
distribution, obstructions to treatment zones, pirtess control limitations depending on the typie-gitu
technology under consideration. Some of these psesethe detail of which could be foundite Remediation
Technologies: A Reference Manual by Governmenaofdian (2003pre:

2.1.1  Soil Vacuum Extraction

Also known as soil vapour extraction (SVE), thishieology reduces concentrations of volatile conteamis in
the subsurface. It involves applying a vacuum gghbsurface to enhance the volatilization of aoiriants and
to transport them to the surface. Use of SVE istéichto permeable unsaturated materials like sagrdsels and
coarse silts, and to situations where the contamsnare volatile. One major disadvantage of SViaésneed to
treat air emissions (off-gases) containing contamis extracted from the subsurface. Another disatdge is
that a site containing contaminants with varyingatitities may require technologies other than, ior
combination with, SVE to achieve remediation.

2.1.2  Pneumatic/Hydraulic Fracturing:

This method is used extensively in petroleum ingugt fracture reservoirs of low permeability anghance
recovery of hydrocarbons. Preliminary investigasioagarding this remediation process has suggésaedhis
approach could be used on contaminated soil arld Foacturing is used to enhance pump-and-trea¢sys or
improve SVE in low permeability soils. Soil or rockatrices are forced opened by fracturing throuug t
injection of pressurized air (for pneumatic fraaig) or fluid (for hydraulic fracturing) into a lowermeability
material to generate fractures. In addition, slufrgranular material (sand) and gel could be bhieed into the
newly-formed fractures to keep them open as higidymeable channels both for delivering remediating
materials and r recovering of contaminants by ecédmpump-and-treat or enhanced SVE.

2.1.3 Thermal Treatment

The aim of thermal treatment is to heat #wititu to desorb and volatilize contaminants in the stfase.

1. Volatilization: This method involves injection of hot fluid (hot teg, air or steam) into the
contaminated soil, radio frequency heating, andteéal resistance heating of contaminated soil.
Volatilized contaminants are treated by any ofdffegas treatment technologies after subsurface
extraction.

Targeted contaminants in this process are compasuatsas aliphatic (straight chained hydrocarbon)
and aromatic (ringed hydrocarbon) fractions ofjels and gasoline, and chlorinated compounds
which volatilize between 80°C and 300°C.

One disadvantage of thermal heating is that it s semove non-volatile organics or metals from th
subsurface.

2. Vitrification: is another thermal treatment which is used to edrmeontaminated soils into chemically
inert crystalline glassy materials instead of remgthe contaminants from the soil. When the il i
heated to as high as 3600°C by passing electrieuthrough electrodes inserted in a contaminated
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soil, silicates present in the soil melt to formglass matrix, contaminants are pyrolyzed, and metad
volatilized at this temperature. The contaminattlis then converted into a solid material resengpl

2.1.3

granite at the end of the process. This innovatdelnology reveals low exposure to contaminants and
no need for excavation as the benefiteditu treatments. An important advantage is the stajdess-
like material resulting from this approach.

Bioremediation

This process of remediation includes the following:

@)

()

@)

2.1.3

Natural AttenuationNatural attenuation refers to a decrease in theuaits of contaminants at a site
as a result of natural processes. These processataasified as biotic (biological) or abiotic (ro
biological). This is bioremediation which occursthaut any human intervention apart from
monitoring. It is based on natural conditions aetidviour of soil indigenous microorganisms. In this
process, micro-organisms consume the contaminaraggeowth substrate (ie. food) in the presence of
oxygen and other nutritional requirements. For ratattenuation to occur and be successful, a
suitable environment must exist for the microbiapplation to flourish. Natural attenuation applies
mainly to organic compound contaminants such as XBTPAHs and selected chlorinated
hydrocarbons. The technology is likely not usefd $ituations involving free product or residual
NAPL

Biostimulation:This is the catalysis of natural attenuation pssceith the addition of nutrients and

other substances to serve as source of energhdantigenous microbial populations. This process

includes:

a. Bioventingbioventing is a modified SVE which overcomes tmeitiation of off-gas treatment
associated with SVE. It involves the deliveringpaf/gen to the subsurface to stimulate aerobic
biodegradation of contaminants by microorganismigction and extraction wells (similar to
vent and extraction wells for SVE) aerate the stfasae. Unlike SVE, which stresses a high air
flow for contaminant volatilization, Bioventing mdne enhanced by adding substrates to the
subsurface which however, is sometimes difficuliéo

b. Bioslurping:is an innovative technology which relies on a sarctube to remove free product
floating on the water table and to ventilate thié 3dis ventilation resembles bioventing in
that it enhanceim-situ volatilization and biodegradation of contamina@sntaminant vapours
that reach the surface are discharged directlgg@atmosphere, or treated.

Bioaugumentation or Land Treatment

This approach involves controlling of key enviromta conditions such as pH, soil moisture content,
temperature, oxygen, and nutrient concentratiorcivhifect biodegradation.It may entalil

introduction of genetically altered or engineergdgenic microorganisms(GEMs) which are capable
of detoxifying a particular contaminant in the cminated soil (Biobasics, 2006). Addition of
amendments or bulking materials to the soil mayaeoh its water holding capacity, increase its air
permeability, and or acts as a carbon source ®nticroorganisms. However, this approach is
applicable only to biodegradable contaminants (@fyaromatic hydrocarbons (PAHs) and
pentachlorophenols (PCPs).

Majorly the process is more of redox reaction inolihmicrobes use chemical contaminants in the soil
as source of energy via metabolism in the preseficdectron acceptor and thereby convert it to
metabolites which is less toxic to the soil enviremt. For instance, petroleum hydrocarbons can be
broken down by the microorganism through aerobgpiration in the presence of oxygen to form
Carbon IV oxide and water. In this case, hydrocarlosses electrons and is oxidized while oxygen
gained electrons and is reduced (Nestal.,2001).

Solidification/Stabilization (S/S)

One major physico-chemical remediation process lihatgained much emphasis in geotechnical engnpéesi
solidification and stabilization (S/S). Solidifidat/Stabilization (S/S) is increasingly being usedhe treatment
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of contaminated soil at brownfields sites (Wilk akdiszewski, 2006). This process involves mixinbirading
reagent with contaminated material such as seitigd, sediment, etc. S/S treatment protects hutaeestrial
and aquatic lives and the environment from harreftéct of the contaminants by immobilizing contaarits
within the treated material and at the same timgraves the potency of the materials as constructiaterials.
Immobilization is accomplished by changing the ptgls characteristics of the treated material and by
chemically stabilizing the contaminants within ttieated material. The type of binding materials kerygd
depends on the the following factors:
i) Type and nature of contaminated materials

i) The nature of contaminants

iii) Extent of the contamination

iv) intended reuse purpose and plan for the remedmteerial
v) Cost-effectiveness

Some of the binding materials which can be use8/# process include cement, lime, asphalt, limeplan
additives, cement-pozzolans additives etc.
According to Wilk and Kruszewski, (2006), most pkopecognize portland cement as a generic material
principally used in concrete, but it has also baerrsatile S/S binding reagent with the abilityptith solidify
and stabilize a wide variety of hazardous congtitsieln fact, portland cement-based mix designseHasen
applied to a greater variety of wastes than angra®S binding reagent.
However the selection of the binding agent shoeld&sed on its potency to:

a) chemically bind free liquids;

b) reduce the permeability of the waste form;

¢) encapsulate waste particles by surrounding thiégman impermeable coating;

d) chemically fix hazardous constituents by redgahreir solubility; and,

e) reduce the toxicity of some contaminants.
Also the leachability of the contained contaminasttsuld be ascertained using batch equilibrium rgdiem test
and diffusion test according to EPA’s directive.

3 CrudeOil-Soil Contamination

Soil can be contaminated with crude oil or petroleproducts from varieties of sources which rangamfr
onshore and offshore crude oil exploration, pipeleakages and vandalization, tanker accidentshalige from
coastal facilities, natural seepage, undergrouachge facilities leakage and onsite oil spillagesbme cases,
oil washed ashore causes contamination of shoralails while surrounding soils of the processingnis
become contaminated during the process (Eggal, 1992).

Hydrocarbon liquid during exploration, spills, alehkage percolates and infiltrates into the soilepaunder
gravity thereby saturating the soil in its pathvanyd thereafter reaches the underground water (Ramakd
Hijazi, 1992). Within the capillary layer of thed@ze zone of ground soil, the liquid can furtheesd laterally
as a result of its migration once it reaches tloeigdwater.

Recent increase in petroleum exploration and mgiractivities coupled with other operations of pkum
companies in Niger Delta region of Nigeria haveatd recurring contamination of its soil, creeksasps,
river and streams (Okpowasili, 1996 and Onifatlal.,2007) A total of 2005 oil spill incidents were refsu in
Nigeria by oil companies between 1976 and 1986 aiittestimated total quantity of oil spilled bein@38,711
barrels (Ifeadi and Nwankwo, 1987). Between Janaad June, 1998 alone Nigeria recorded threerdifteoil
spills of approximately 60,800 barrels of crude (@itlepoyigi, 1998). On January 13, 1998, 40,000 dbsrof
light crude oil spilled from MPN’s (Mobil Producingigeria Unlimited) Idoho production platform, Qllaoe
terminal South Eastern Nigeria (Oil and Gas Pubbca]OGP], 1998a). Figure 2a and 2b is an exaropleil
spill in Eleme township of Eleme Local Governmemea of River State. On March 26, 1998 there waltaggi
in which 26,000 barrels of crude oil were lost;dieay to stoppage of crude oil production at Jone=ek by
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Shell Petroleum Development Company, SPDC (OGP84P®n 1st May 2010 a ruptured ExxonMobil
pipeline in the state of Akwa Ibom spilled morerttemillion gallons into the delta over seven dagfore the
leak was stopped. Over the last 50 years, foreilgtompanies have spilled over 1.5 million tonsodfhere, but
there have been no legal convictions against tler, no compensation for spill victims. The NigertBes
now one of the most polluted places in the worldl{d, 2010).

Cumulative concentrations of petroleum hydrocarbammmonly are referred to as total petroleum
hydrocarbons (TPH). Many different analytical teicjues including gravimetric, immunoassay, and gas
chromatography (GC) have been used to measure mRMdiliand water. None of the techniques measwe th
entire range of petroleum hydrocarbons. Severamatic hydrocarbons are known or suspected human
carcinogens and are classified as priority polltgaegulated by the U.S. Environmental Protectigrerdcy
(USEPA) (Office of the Federal Register, 2002). BIEEX compounds and 16 PAHs appear on The Clean
Water Act Priority Pollutant list of 126 chemicaltstances (Office of the Federal Register, 2008hzBne and
PAHs are ranked sixth and ninth, respectively, o8 2001 Comprehensive Environmental Response,
Compensation, and Liability Act Priority List of Hardous Substances. Benzene often is the main dnwater
contaminant of concern at petroleum release séeause of its high toxicity and mobility (as comgzhto other
petroleum hydrocarbons). Plumes of benzene and &REX compounds have been detected in ground water
near crude oil spills. At a site in Bemidji, Minfognzene concentrations as great as 6.8 mg/L veteetdd in
ground-water samples collected 16 years after 1llibmLitres of crude oil were spilled in 1979 (€rarelliet

al., 2001).

4  Soil Contamination and Geotechnical Properties

Contamination of soil will definitely affect its geechnical properties (Meegodgt, al., 1998) and therefore to
implement the contamination management plan of kvinezise of contaminated soil is one, it is pertirten
assess the behaviour of soil under the influencéhefcontaminants. Lateritic soil as residual s@ities in
physico-chemical properties depending on the atayent, a chemically active soil particles, preserit. Based

on the environmental characteristics coupled wity garticles mineralogy, the behaviour of clay smsl
material is always affected to a variable degreab{ptur Rahman, eta al, 2007). Such environmental
characteristics include the pore fluids, their mies and types of ion present therein (Tuncan Renthukcu,
1992).

Benson et al. (1998) reported that due to shomédgnd for development, the need to develop comtatad and
abandoned land i.e., brown-fields is strongly fetvever, the prolonged contamination can partiahyfully
replace the soil pore fluid by chemicals, therebgrging the shear strength and stress-strain bamiraef soils
(Meegoda and Ratnaweera, 2008). In this regardniag the influence of chemical contaminants oeash
strength and stress-strain behaviour and undeis@nihe underlying mechanisms is important. Several
researchers have studied the influence of chemaataminants on shear strength by replacing poterweith
chemicals. Moore and Mitchell (1974) attributed efved changes in shear strength to variations in
electromagnetic forces. Ladd and Martin (1967) afl ws Evanset al. (1986) did not observe a significant
variation in shear strength or stress-strain behaviSridharan and Rao (1973, 1979) attributedothserved
increase in shear strength to a decrease in dielexinstant of pore fluid. Evgin and Das (1992)d&d the
stress-strain behaviour of loose and dense sands saturated with water and oil. Significant rethrd in the
angle of friction were observed for sands whemait used as the pore fluid coupled with sudderease in the
volumetric strain upon full saturation with oil. #d, finite element analysis of the foundation buoift the
contaminated sand experienced increase in setttenSémilar results were observed by Nasr (2009) in
experimental and theoretical studies of the behawvid strip footing on oil contaminated sand with @pntent
ranges from 0 to 5% in respect to weight of dryl. shisignificant decrease in bearing capacity aedring
capacity factor (M) with increase in oil content as well as increassettlement and settlement factor of the
footing with increasing depth of contaminated savals recorded. It was clearly stated that the fattat
controls the behaviour of footing on oil contaméthsand is the type of oil. Heavy motor oil affettts bearing
capacity of the footing more than the light gasinithe absence of any other factors. Thus, theegbaical
behaviour of oil contaminated soil is a functioritefviscosity.
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Bearing capacity of unsaturated oil contaminatattisas carried out by Shin and Das (2001) with veyail
content from 0 — 6%, a drastic reduction in beamagacity of soil was observed. In their furthardst a
significant reduction in shear strength parametdrshe sand was noted (Shiat al., 2002). Geotechnical
properties of Kuwaiti Sand contaminated with cruakewere examined. The results showed an increase i
compressibility and particles attaining a closetkiag possibly due to lubrication. In fact, a retioig in angle

of friction (@) from 32 to 30 was observed for specimen prepared at a relaémsity of 60% and mixed with
6% of heavy crude oil corresponds to a decreadks iffom 30.22 to 20.4 which correspond to 25% reaburcin
the bearing capacity (Al-Sanad et al., 1995; Al&®hand Ismael, 1997).

Rahmaret al., (2010) investigated the influence of oil contantima on the geotechnical properties of Basaltic
Residual soil by artificially contaminating soil thiengine oil in step concentration of 4% of thg deight of
soil sample. It was discovered that oil contamoragnhances the liquid and plastic limits of thié Sthere was
reduction in maximum dry density (MDD) and optimumpisture content (OMC) of the soil compare to
uncontaminated soil with increase in oil contenslagwn in figure 3.

This might result from the formation of thick enepé of oil around the soil particles which actashion and
therefore prevents inter-particles interwoven contehich thereby promotes increased slippage aquaihtity
and viscosity increases and which consequently ceiuhe shear strength and compressibility of the
contaminated soil. This same trend was noted by &ha., (2003).

0%% oil
—_— 425 il

| —— 825 oil

—O— 1295 oil

—— 16% 0il |

Dry density (g em )
W\

Mloisture content (%a)

Figure 3: Compaction Characteristics of Oil-Contaminated Basaltic Residual Sail

Source:  Rahman et al., (2010)
In another research development, Meegeidal., (1997) stated that the geotechnical behaviouoafaiminated
soil depends on the nature of soil, nature andogisg of contaminant liquid. Improvement in the qmantion
characteristics of soil contaminated with non pditarids was attributed to the lubricating actiartibiall the soil
particles are completely coated. In the presencpotdr organic liquids, the soil structure becordespersed
which consequently leads to low MDD. But if thedid viscosity is high enough, the dispersed stmecis
masked and this tends to improve the compactiorrackeristics. The compressibility behaviour of oil
contaminated fine grained soil of low plasticitydahigh plasticity was studied by Meegoda and Ra&maa
(1994), it was concluded that the mechanical angipbchemical factors control the compressibility.

Extensive laboratory testing program carried out Mgshalahet al., (2007) on the effect of crude oil
contamination on the properties of soil from Bustigbach of South Iran revealed that upon contarnginatith
0 — 16% of crude oil by weight of dry soil sampld®re is significant reduction in permeability astcength of
the soil. However, no uniform effect inferred o hear strength parameter even though therealsdatrease
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in the peak shear strength in all studied sampldstlais was associated to the nature of soil sandel which
is a deposited soil. Ratnaweera and Meegoda (2808¢ver attributed the observed reduction in skangth
and stress-strain behaviour of low plastic and Ipigistic clays to a combination of two mechanisms:

(i) Reduction in frictional properties at particle cacts resulting from changes in mineral-pore fluid-
mineral interaction which might be due to the lahtion occurring at particle contacts leading to a
reduction in maximum past consolidation pressutes Tunction can be quantified as function of pore
fluid viscosity.

(ii) Changes in the physicochemical interaction whicults from changes in the dielectric constant ef th
pore fluid.

Meanwhile, investigation by Vipulanandan and Eleasapu (2008) of the effect of kerosene contaminatio

the index properties and compaction characterigifcslayed soil when it is contaminated with kenseat

incremental rate of 2.5% up to 7.5% by dry weightéal sample shows that liquid limit of the saicreased by
75% while the plasticity index increased by 60% mupioe addition of 7.5% kerosene. However, the marim
dry density of the soil reduces by 6% with corregfing increase in optimum moisture content as dggek of
kerosene contamination increases.

The effective porosity is a required parametemfiaiss flow rate calculations in groundwater hydrdogy and

movement of contaminants through clay liners. Hlg an important soil parameter in geotechningireeering.

In fine grained soils, there exist void spacesndividual soil grains in addition to the unconnecteids,

holding fluid by interfacial forces. This makes #féective porosity depend on the physico-chemiit@ractions
of the soil-pore-fluid electrolytic system. (Meegodnd Ratnaweer2008). Stephenst al. (1998) compared
effective porosity values calculated from fieldca tests to that estimated from particle-sizeritistions and
soil-water characteristic curves in the laboratorythree different textured samples and found teehgoor

correlation. The effective porosity of a soil isfided as the ratio of total volume of effective psito the total
volume of the soil matrix. The effective porositlyasoil is always less than or equal to the tptalosity; the
movement of solutes through porous media (soilsrankis) occurs through these interconnected ptinas,the
seepage velocity and hence the effective elemecomiminant transport through a porous medium raipen

effective porosity (Meegoda and Ratnawe@@08).

5 Beneficial Reuse of Contaminated Soil

Oil contaminated soil should still find its useamstruction materials though it is classified agdrdous waste
material unless it is restored to its pristineest&ome of the major possible ways of reusing coimated soil
are discussed below.

1) Subgrade Material in Road ConstructioBorrow pit materials are commonly used as road
construction material. Brown field can as well ksed once it is screened of boulders and larger
soil particles and blended in such a way that tianan soil type from one truck load to another is
avoided (Shan and Meegoda, 1998). However, lealityatii contaminants into the saturated zone
of ground must be guided and prevented as thisntarfere with quality of underground water.

2)  Production of Soilcrete Bricks and Tile®&locks commonly used in constructing non load
bearingwalls are produced from the mixture of seethent. Similarly, soilcrete bricks are made
from the mixture of soil and cement. Eventhoughytlaee weaker in strength compare to the
sandcrete block, they can still be used in non loearing walls and in construction of low cost
building. Contaminated soil can as well be usee likiginal soil in making soilcrete bricks in
which leaching and escaping of volatile organictaorinants are prevented with the use of ceramic
tiles and plastering (Shan and Meegoda, 1998} ttidroughly burnt during firing some of the
contaminants might be destroyed through this imeitien process. Also, encapsulation and
immobilization of contaminants can be achieved Ising contaminated soil in production of
ceramic tiles.

3)  Production of Concrete MixturdResearches on the use of soil in concrete pramtuttave been
limited to the use of contaminated recycled comcrat aggregate in producing fresh concrete
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(Kreijger, 1980). Contaminated soil could be usedand replacement material in producing non
load bearing concrete such as partition wall, btigdconcrete in civil engineering construction

works. The reduction in strength and increase ttingetime initiated by the presence of clay

materials can be cater for by increasing the cemamtent or by using polymer modified cement.

4)  Production of Asphalt Concretélot Mix Asphalt (HMA) and Cold Mix Asphalt (CMA) @ncrete
are road construction composite materials whichsisbrof coarse aggregate or gravel retained on
sieve No 4, fine aggregate or sand with sizes pgssieve No 4 but retained on sieve No 200.
Mineral filler such as lime or crush stone dustsas sieve No 200 and asphalt cement typically in
the following percentage ratio 50:40:5:5. Withootrgpromising its quality and performance, 5 —
10% waste materials such as recycled asphalt paentgre rubber, petroleum contaminated soil,
polythene waste, ore slag, municipal solid waste @sd glass can be added to HMA (Collins,
1992; Flyan, 1992; Czarnecki, 1989).

6 Conclusion

Irrespective of the depth of contamination andrthtire of contaminants especially the organic cuimants, it
is a well established fact that the contaminatidhdefinitely altered the physico-chemical propestof the soil
and thus its geotechnical properties. Thereforis, liighly pertinent to ensure adequate assessofi¢mé impact
of the geotechnical properties of the said contateith soil before any civil engineering project wile
constructed most especially when it involves shkaffoundation since the angle of friction and cobasif the
soil on which the ultimate bearing capacity anésgrstrain relationship depend are affected adyessehis is
case of oil contamination considered.

Meanwhile, despite the reduction in the valueseatgchnical properties of the contaminated sodait still be
used in all the useful areas of application disedsss reused materials especially in hot-mix aspinatiuction
concrete production and sandcrete block productimwever, leachability test or diffusion test issamportant
test that should be carried out to ascertain tteahthe leaching of the petrochemical substafroes the final
products formed.

References

Abramowicz, D. A., Harkness, M. R., McDermott, J, Bnd Salvo, J. J. 1992. “1991 In Situ Hudson Rive
Research Study: A Field Study on BiodegradatioiPGBs in Hudson River Sediments” Final Report
Prepared by General Electric Company CorporatedRelseand Development.

Adepoyigi, T. 1998. “Oil and Energy Insurance irgBiiia: Effects, Problems and Prospecdfsgaper presented
at 1998 Seminar of Actuarial Science and Insuradtalent’s Association&/niversity of Lagos, Lagos,
Nigeria. 16 p.

Al-Sanad, H.A. and Ismael N.F. 1997. “Aging Effemt Oil-Contaminated Kuwait San#l” Geotech. And
Geoenviron. Eng123(3), 290 — 293.

Al-Sanad, H.A., Eid, W.K. and Ismael N.F. 1995. technical Properties of Oil-Contaminated Kuwaih&a
J. Geotech. Engnrd,21(5), 407 — 412.

Amro, M. M. 2004. “Treatment Techniques of Oil-Camtinated Soil and Aquiferslhternational Conference
on Water Resources and Arid Environment.

Benson, C. H., Meegoda, J. N., Gilbert, R. G., @mmence, S. P. 1998. (Eds.) “Risk-Based Corre@istion
and Brownfields Restorations,Geotechnical Special Publication # 82 American 8iyciof Civil
Engineers)SBN: 0-7844-0389-9, 312 p.

Bhandari A., Surampalli R. Y., Champagne P. and Gnd&. 200.Remediation technologies for soils and
ground water(Eds), American Society of Civil Engineers.

Biobasics 2006The Science and the Issubtp://www.biobasics.gc.ca/english/view.asp?x=741

Collins, R.J. 1992. “Assimilation of Wastes and @yducts into Highway System: Status Report and
Regulatory Influences.2nd Inter-agency Symposium on Soil Stabilizatiew Orleans, LA, Section 7,
pp 3 - 11.

Czarnecki, R. 1989. “Hot Mix Asphalt Technology a@tkaning of Contaminated Soils.” In: Kostecki,&nd
Calabrese, E.J. (EdsBetroleum Contaminated Sqilgol. 2, Lewis Publishers.

Demirkan, M.M., Seagren, E.A. and Aydilek, A.H. B00“Re-use of Fly-Ash Amended Petroleum
Contaminated Soils in Highway Embankmentbfansportation Research Record: Journal of the

97



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol4, No.10, 2014 ISTE

Transportation Research Boar@iransportation Research Board of the National Agade. Washington
D.C., pp. 104 — 111.

Duruibe, J. O., Oguwuegbu, M. O. C. and Egwurugivly. 2007, “Heavy Metal Pollution and Human Bidtox
Effects.”Int. J. Physical Sci2(5), 112-118.

Ebong, G.A., Etuk, H.S. and Johnson, A.S. 2007.atiyeMetals Accumlation by Talinum.Triangulare Grown
on waste Dumpsites in Uyo Metropolis Akwa Ibom 8taligieria. J. Appl. Sci.7 (10), 1404 —1409.

Eja, M.E., Ogri, O. R. A. and Rikpo, G.E. 2003. 6Boncentration of Heavy Metals in Surface Sediméois
the Great Kwa River Estuary, Calabar, Southern fagel. Nig. Eviron. Socl, 247-256.

Evans, J. C., Kugelman, I. J., and Fang, H. Y.,6198rganic Fluids Effects on Strength, Deformatiamd
Permeability of Soil-Bentonite SlurryWallsProceedings of the Seventeemlid-Atlantic Industrial
Waste Conferenc®ennsylvania, pp. 275-291.

Evgin, E. and Das, B. M., 1992, “Mechanical Behaviof an Oil Contaminated Sand,” In: H. Usman and Y
Acar, (Eds)Environmental GeotechnologBalkema Publishers, Rotterdam, pp. 101-108.

Flynn, L. 1992. “Recycling: Will Roads become linéandfills?” Roads and Bridgegp. 65 — 70.

Government of Canada 2003. Site Remediation Tdobies: A Reference Manual. Retrieved from:
http://www.ec.gc.ca/etad/csmwg/pub/site_mem/en/d¢tine

Government of Canadian (2003)Site Remediation Technologies: A Reference Manual
http://www.ec.gc.ca/etad/csmwg/pub/site_mem/en/c2_e.htm

Habib-ur-Rahman, Abduljauwad, S.N. and Akram,ZD07. “Geotechnical behaviour of oil-contaminata f
grained soils.Elect. J. Geol. Eng12. http://www.ejge.com/2007/JourTOC12A.htm.

Ifeadi, C.N. and Nwankwo, J.N. (1987), “Criticaladysis of oil spill incidents in Nigerian petroleundustry.”
Seminar Proceedings of Petroleum Industry and tlgeefan Environment. FMNH and NNPC, Lagos.
Pp104-114.

Jardin, X. 2010. More oil spilled in Nigeria "eygrear than has been lost in the Gulf of Mexicath 14, 2010

Khamehchiyan, M, Amir, H. C. and Tajik, M007. “Effects of crude oil contamination on gebitdcal
properties of clayey and sandy soilddurnal of Engineering Geolog§lsevier, Amsterdam, vol. 89, No
3-4, pp. 220-229.

Kreijger, P.C. 1980. (Ed.) “Adhesion Problems iecicling of Concrete.Plenum.Pp. 419.

Ladd, C. C. and Martin, R. T., 1967, “The Effectore Fluid on the Undrained Strength of KaoliRgport to
the U. S. Army Corps of Engineers from the Depantroé Civil EngineeringMassachusetts Institute of
Technology, Cambridge, Massachusetts.

Lombi, E. Wenzel, W. W. and Adriano, D. C. 1998oi!Sontamination, risk reduction and remediatiolnahd
Contamination & Reclamatiorg (4), DOI 10.2462/09670513401.

Mashalah K., Amir H. C. and Majid, T. 2006. “Thdeadts of crude oil contamination on geotechnicalpgrties
of Bushehr coastal soils in Iraithe Geological Society of LonddAEG2006 Paper number 214.

Meegoda J. N. and Ratnaweera P. 20@8ediction of Effective Porosity of ContaminatechéiGrained Soils
Using Electrical PropertiesGeotechnical Testing Journafol. 31, No. 4 www.astm.org

Meegoda, N. J., Huang, D. R., DeBose, B., and MueR. T. 1992. "Use of Petroleum ContaminatedsSail
Asphalt Concrete" In: Kostecki, P. T. CalabrelSe,J. and Bonazountas, M. (EdsHydrocarbon
Contaminated Soil¥'olume II, Chapter 31, pp. 529-548. Lewis Publishe

Meegoda, N.J. and Ratnaweera P. 1994. “Compresgibfl Contaminated Fine grained Soil&Geotech. Tests
J., 17 (1), 101 — 112.

Meegoda, N.J., Chen, B. Gunasekera, S.D. and Regd?s 1998. “Compaction characteristics of conteatgd
soils-reuse as a road base materiBtdceeding of the Geocongress: Geotechnical Spé&uiblication,
Recycled Materials in Geotechnical ApplicatipBeston, MA., pp: 195-209.

Meegoda, N.J., Chen, B., Gunasekara, S.D. and &mderP. 1998. “Compaction Characteristics of
Contaminated Soils — Reuse as a Road Base Mat&#aljcled Materials in Geotechnical Applicatipns
GSP 79, ASCE, pp 195-209.

Moore, C. A. and Mitchell, J. K., 1974, “Electronmaggic Forces and Soil StrengtlGeotechniqueVol. 24, No.

4, pp. 627-640.

Nasr, A.M.A. 2009. “Experimental and Theoreticaludes for the Behaviour of Strip Footings on Oil-
Contaminated SandJournal of Goetechnical and Geoenvironmental Engiiimg. ASCE, Vol. 135, No
12, pp. 1814 — 1822.

Ndiokwere, C.C. and Ezehe, C. 1990, “The Occurrarideeavy metals in the Vicinity of Industrial Colapes
in Nigeria.” Environ. Int.,16, 291-295.

Nester, E. W., Anderson, D. G., Roberts Jr, C.Fearshall N. N. and Nester, M. T. 200icrobiology: A
Human Perspectiverd Ed., New York, Mc Graw-Hill.

Oil and Gas Publication (OGP) 1998a, “Mobil: facitegthe storm of a spill.Nigeria’s Oil and Gas Monthly
4(1):16-17.

98



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol4, No.10, 2014 ISTE

Okpowasili, G.C. 1996. “Microbial Degradation of tRdeum Hydrocarbon by Brackish Water Isolates in
Nigeria Wetlands.” In: Akpata, T.V.l. and Aven OkdEd.), The Nigeria Man and the Biosphere.
(M.AB-5) National Committee, pp:138 — 146.

Opete, S. E. O., Mangibo, I. A. and lyagba, E2010" Stabilization/solidification of synthetic Nigeriadrill
Cuttings” African Journal of Environmental Science and Tedbgy Vol. 4 (3), pp. 149-153, March,
2010http://www.academicjournals.org/AJEST.

Prasad R. 2008. “Review of Soil Remediation tecbgi@ls. 12th International Conference of the Pa@fisin
Consortium on Environment and Health”, Beijing, 28-October, 2007 and published as part of the
proceedings entitledEnvironmental Challenges in the Pacific Basibavid O. Carpenter(Ed) and
published in the Annals of the New York Academysafences, Volume 1140.

Rahman, A. Z., Hamzah, U., Taha, M. R., IthnainSNand Ahmad, N. 2010. “Influence of Oil Contantioa
on Geotechnical Properties of basaltic Residudl”Samerican Journal of Applied Sciences 7 (7): 954-
961.

Ratnaweera P. and Meegoda, N.J. 2006. “Shear $tramgl Stress- Strain behaviour of Contaminateés.3oi
Geotech. Tests 29 (2), 133 — 140.

Shah, S.J., Shroff, A.V., Patel, J.V., Tiwari K.@xd Ramakrishnan, D. 2003. “Stabilization of fudl o
contamination  soil-a case  study.” Geotech.  Geol. Eng., 21. 415-427. DOI:
10.1023/B:GEGE.0000006052.61830.1a.

Shan H.Y. and Meegoda J.N. 1998. “Construction d&fskbandoned Soil'Journal of Hazardous Material&0:
133 — 145.

Shin, E.C. and Das, B.M. 2001. “Bearing CapacityUsfsaturated Oil Contaminated Sarldt. J. Offshore
Polar Eng.,11(3), 220 — 227.

Shin, E.C., Omar, M.T., Tahmaz, A.A. and Das, B2d01. “Shear Strength and Hydraulic ConductivityOaf
Contamianted SandProc., 4 Int. Congress on Environmental Geotechriis de Janeiro, Brazil. Vol 1,
Balkema, 9 — 13.

Sridharan, A. and Rao, G., 1973, “Mechanisms CdintgpVolume Change of Saturated Clays and the Réle
the Effective Stress ConcepGeotechniqueVol. 23, No. 3, pp. 359- 382.

Sridharan, A. and Rao, G., 1979, “Shear StrengthaBier of Saturated Clays and the Role of the Hffec
Stress ConceptGeotechniqueNo. 2, pp. 177-193.

Stephens, D. B. Kuo-Chin, H., Prieksat, M.A.  &nl¢, M.D., Blandford, N., Roth, T. L., Kelsey, J. &nd
Whitworth, J. R. 1998, “A Comparison of Estimatewi&Calculated Effective Porositytlydrogeology.
J., Vol. 6, No. 1, pp. 156-165.

Usman, O.A., Shu'aibu, U. A. and Ayodele J.T. 20®oaccumulation of four Heavy Metals in Leaves of
Clotropis Procera.J. Chem. Soc., Nig27, 26-27.

Vipulanandan, C. and Elesvwarapu, P. 2008. “Indepérties and Compaction Characteristics of Comatet
Clayed Soil"Proceeding of GeoCongress: Geotechnics of Wastealyanent and Remediation.

Wilk, C. M. and Kruszewski, T. (2006) “Locking-inc@taminanHAZMAT CEMENT 12-16.
www.hazmatmag.com

Zauyah, S. B., Julian, R., Noorhafizh, Fauzih, Cad Rosemani, B. 2004. “Concentration and Speaoiaif
Heavy Metals in Some Cultivated and Uncultivatedstls and Inceptisls in Peninsular Malaysia
Supersoil.”3rd Australian New Zelenand Soils Conferergaiversity of Sydney, Australia.

Johnson Rotimi OLUREMI, is currently an academic staff of Civil EnginegriDepartment, Ladoke Akintola
University, Ogbomoso where he bagged Bachelor ohiielogy in Civil Engineering in 2000. He got Masté
Science in Civil Engineering from University of en in 2007 and he is currently on his PhD Prograrimihe
Department of Civil Engineering, Ahmadu Bello Unisity, Zaria. He is a Corporate Member of Nigerian
Society of Engineers and COREN Registered Engirt¢isrfield of interest revolves around Geotechnimadl
Environmental Engineering with main emphasis ontevasuse, liner materials improvement and remexhatf
contaminated soil.

Olukorede Michael OSUOLALE is currently an academic staff in Department ofildtngineering, Ladoke
Akintola University (LAUTECH), Ogbomoso, Nigeria. eHbagged his Bachelor of Technology in Civil
Engineering from LAUTECH, Ogbomoso. He equally loMaster of Science and PhD in Civil Engineering
from University of Ibadan in 2003 and 2012 respedyi. He is a Corporate Member of Nigerian Society
Engineers and Registered Engineer with COREN, iisl fof research interest revolves around Highway,
Transportation and Environmental Engineering.

99



The I1ISTE is a pioneer in the Open-Access hosting service and academic event
management. The aim of the firm is Accelerating Global Knowledge Sharing.

More information about the firm can be found on the homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

There are more than 30 peer-reviewed academic journals hosted under the hosting
platform.

Prospective authors of journals can find the submission instruction on the
following page: http://www.iiste.org/journals/ All the journals articles are available
online to the readers all over the world without financial, legal, or technical barriers
other than those inseparable from gaining access to the internet itself. Paper version
of the journals is also available upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e INDEX ({@‘ COPERNICUS

ros , . - I NTERNATIONAL
INFORMATION SERVICES

@ vimsice soumaocs @

£z 8 Elektronische
@O0@ Zeitschriftenbibliothek

open

Ny _?ﬂ nh
s " \ Y i—-. '. .GE()R(;ET()“N UNIVERSITY
oclc &) WF {IBRARY

eeeeeeeeeeeeeeeeee UniverseDigitall
ccccccccc WorldCat R gy —



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

