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Abstract

Petroleum Hydrocarbon contents in tropical soilshas been in-
creasingly recognized as an important soil degradation factor in
crude oil producing areas. Hydrocarbon can impact and contaminate
the soil apart from playing nutrient inhibition role in the soil. The ap-
plication of an effective and sensitive analytical method to determine
soil contaminants is a crucial step in monitoring and remediation pro-
cesses. In the present work, we optimized the analysis of Volatile Or-
ganic Compounds (VOC) commonly present in fuel: Quantitation of
fluorobenzene and monoaromatic hydrocarbons such as Benzene,
Toluene, Ethylbenzene and Xylene (BTEX). At impacted locations
of Well-Head (WH), Group Gathering Facility (GGF), Group Pro-
cessing Facility (GPF) and non-impacted sites served as the control.
Headspace (HS) and Headspace-Solid Phase Microextraction (HS-
SPME) were optimized in water samples, and validated for contam-
inated soils, using spiked soils. Contaminants were identified and
quantified by Gas Chromatography coupled to Mass Spectrometry
(GC/MS). Average BTEX (2.50mgkg') and TPH (4.0mgkg') were
significantly higher in GGF and the concentration was below de-
tection limit in GPF. Examination of regression lines of BTEX and
TPH to internal standard on concentration using a least-squares fit
demonstrated a linear relationship with correlation coefficients was
consistently greater than 0.999 at the impacted sites.
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Introduction

Volatile Organic Compounds (VOCs), such as Benzene, Toluene,
Ethylbenzene, Xylene and (BTEX), are important environmental con-
taminants because of their toxicity and widespread occurrence. They
are present in aviation fuel and petrol (gasoline) and are widely used
industrial solvents and raw materials [1]. Benzene, toluene and ethyl-
benzene are amongst the compounds designated ‘priority pollutants’
by the US EPA and action levels for BTEX [2], Soils become contam-
inated with BTEXC through spillage of industrial solvents, leakage of
petrol from storage facilities (particularly underground holding tanks)
and deposition from contaminated air [3]. Moreover, BTEX are used
as solvents for many purposes and because of their relative solubility
in water they can contaminate the soil and groundwater, and thus pro-
voking environmental pollution [1].

In the recent past, their toxicity and carcinogenetic effects, in the
case of benzene, have become a serious concern for human health.
The admitted limits for benzene in drinking water are set at 5 and
IpgL! in United States and European Union, respectively [4]. After
theaccidental contamination of soil and water, the BTEX concentra-
tions are generally several orders of magnitude higher. Several meth-
ods are used for BTEX determination and thechoice among the vari-
ous extractions, separation and detection techniques also depends on
the matrix to be analyzed [5]. In water and soil the most commonly
employed methods are based on solid-phase micro extraction (SPME)
coupled to Gas Chromatography-Mass Spectrometry (GC-MS), or to
a Gas Chromatography-Flame Ionization Detector (GC-FID). BTEX
determination using gas chromatography is quite time consuming,
and needs special instrumentation, and thus the development of alter-
native methods that could be used even on-site is highly required [2].

The aim of the present work was to quantify hydrocarbons such as
Benzene, Toluene, Ethyl benzene and Xylene (BTEX) on soils at the
focal point of different production sites of Qua Iboe Terminal crude
oil exploration fields at Ibeno.

Materials and Methods
Experimental site and soil

The study was carried out at Ibeno (latitude 4.5488°N and longi-
tude 8.0093°E), near Mobil Producing Company, Qua Iboe Terminal
(QIT) fields. The site has a mean altitude of 78m above sea level. The
area falls within the tropical rainforest. The climate of Ibeno can be
described as sub-humid tropics with distinct dry and wet seasons. The
dry season runs from end of November to mid-March, while the wet
season is from mid-March to Early November. There are two rainfall
peaks which occur in June and September with dry spell in August
(August break) and result in bimodal rainfall pattern [6]. Based on
the rainfall pattern, there are two growing seasons: early (March to
August) late (mid-August to November). The mean annual rainfall
recorded for a period of 10 years in the area was 2500mm [7].

The temperature of the area like most tropical environment is gen-
erally high. The average annual maximum temperature is 34.8°C for
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the period of 10 years, while the averageannual minimum tempera-
ture is 24.3°C for the same period [6]. February and March have the
highest evaporation rate, and it is as high as 6.9mm. The least evapo-
transpiration rate (1.6mm) is recorded in June/July. This pattern is
directly related to the pattern of rainfall/cloud cover and atmospher-
ic temperature. Sunshine hour is also directly related to cloud cover.
Daily average sunshine hours range from 7.5 hours in January to 14
hours in August. The relative humidity is relatively high throughout
the year. It ranges from 60% in February to 90% in June. Thus, the
highest values are recorded at the height of rainy season, while the
lowest values occur during the dry months [6].

Soil sampling

Soil sampling was carried out at the crude oil spilled site and the
adjacent non-spilled soil to ascertain the baseline properties on the
surface soil (0-15cm) and subsurface (15-30cm) soil layers (Figure
1). The impactedcrude oil spilled site were Well-head (WH), Group
gathering facility (GGF), Group processing facility (GPF) and ad-
jacent non-impacted sites served as the control. A total of 8 auger
and 8 core samples were collected using systematic soil sampling
technique. The auger samples were bulked to represent a composite
sample per traverse. The soil samples were air dried and sieved with
2.00mm sieves for particle size distribution and hydrocarbon content
analyses.

Figure 1: Samplings near the exploration sites at QIT.

Analysis of soil samples

Determination of soil physical properties: Particle size distribution,
bulk density, total porosity, saturated hydraulic conductivity, moisture
content, water stable aggregates and mean-weight-diameterof the soil
were determined as follows:

Particle size distribution: Soil samples collected from each strips
were air dried and allowed to pass through 2.00mm sieve. This is to
remove any plant materials and stones from the soil samples. There-
after, sand, silt and clay particles were determined using a modified
Bouyoucos hydrometer method as described by Grossman and Re-
insch [8]. The soil textural class was estimated using soil textural cal-
culator software.

Bulk density and total porosity: Coring method, as described by
Grossman and Reinsch [8], was used to determine the soil bulk den-
sity. Undisturbed samples were collected within the strips down the
traverse. The sharp end of a cylindrical metal core (Scm in diameter

and 7.5cm in height) was driven vertically into the soil.To avoid com-
paction; another ring of the same size was placed on it to push the first
ring completely entered into the soil. The uniform entry of the ring
into the soil was achieved by placing a piece of plank on top of the
ringwhile hammering it. The plank was hammered at the center until
the ring beneath entered completely into the soil. A hand trowel was
used to remove the cylindrical core from the soil while excess soil
was trimmed off from it. The soil in the core was emptied into mois-
ture canandthereafter oven dried to a constant massat 105°C. Bulk
density was calculated using the following relationship:

Where p, is the soil bulk density (gem?); M_ is the mass of oven
dried soil (g) and V, is the volume of the soil (cm*)=volume of the
cylindrical core.

Where V =nr’h; r and h are the internal radius and the height of the
cylindrical core.

Total porosity: (TP) was determined from the relationship between
the bulk density and the particle density as:

Where TP is the total porosity (%); p, is thesoil bulk density
(Mgm?); p_is the soil particle density which was assumed to be
2.65Mgm™.

Saturated hydraulic conductivity: (K) was determined using a
constant head water permeameter method of Reynolds et al. [9], and
transposed Darcy’s equation for vertical flow of liquid as described by
Reynolds and Elrick [10]:

Where g, (cm s™) is the steady-state infiltration

H (cm) represents depth of ponded water

d (cm) is the ring insertion depth

r (cm) is the inner ring radius

a is the microscopic capillary length put at 0.12cm’!

C1 and C2 are constants with the values of 0.316m and 0.184m, re-
spectively.

Moisture content: (MC) expressed on volumetric basis, was esti-
mated as the different between Field Capacity (FC) obtained at 10
kPa (-100cm water) and Permanent Wilting Point (PWP) at 1500 kPa
(-15,000cm water) using:

AWC = (0,. - 0,,,)/p,

Where O is the gravimetric moisture content, (m’m?) and p, is the
bulk density at the required depth in Mgm.

Determination of macro and micro aggregates: Macro-aggregates
(macro-pores or inter-aggregates) are large soil pores usually between
aggregate that are generally larger than 0.08 in size, thus, permit the
passage of fluid (oil and water) ease. Micro-aggregates (micro pores
or intra-aggregates) are tiny soil pores often seen within the aggregate
structure. Suction is needed to drive water from micro pore. It fosters
the retention and release of water and solutes [11]. Macro and micro
aggregates were determined from the volume of a sphere and cubic
packing of aggregates as described.
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To determine the micro porosity of the aggregates, recall:
Total porosity and that the volume of a sphere:
=(4/3) JIr*=(J1/6)d?

Where r is radius and d is the diameter.

In cubic packing: Assuming the diameter to be of unit length, each
such sphere occupies a cube of unit volume (d*=1 x1x1=1). Therefore
the fractional volume of each sphere in its cube

=J1/6=0.5236

Hence, the macro-(inter-aggregate) porosity
=1-0.5236=0.4764

As a fraction of a unit cube, the micro (intra-porosity) porosity
=0.5236 x1-(Bd/Dp )

Water stable aggregates and mean-weight-diameter: Water Sta-
ble Aggregates (WSA) was determined using a modified Kemper
and Rosenau (1986) wet sieving method as described by Nimmo and
Perkins (2002). Soil sampling for WSAanalysis was carried out with
undisturbed soil samples

Procedures: A wet-sieving method similar to that described by Kem-
per and Rosenau (1986) was adopted. The apparatus required for the
method includes a nest of sieves with openings 4.75, 2.0, 1.0, 0.25
and 0.045mm and moisture cans (250 capacity). Also, sodium hex-
ametaphosphate (calgon -0.5%"/ ) is used to separate sandfrom soil
aggregates.

Fifty gram (50g) of air-dry soil aggregates was weighed, after
passing through 8 mm sieve. The initial masswas recorded as W . The
soil sample was thereafter placed on the uppermost (4.75mm) sieve
with other nest of sieves: 2.0mm, 1.0mm, 0.25mm and 0.045mm
placed below it in that order. The nest of sieves was immersed in water
such that the soil at the top of 4.75Smm sieve was wet by capillarity.
The height of the nest of sieves was adjusted such that the soil sample
on the sieves remains immersed in water on the upstroke of the dip-
ping machine. The set of sieves was cycled through a column of water
for 10 minutes (30 cycles per min, 4.0cm stroke length).

The soil retained on each sieve was washed into moisture can with
distilled water. Each fraction of the retained soil was oven dried at
105°C to a constant mass W,. Water and 10 ml of calgon (sodium
hexametaphosphate) (0.5% */ ) were added to the oven-dried soil for
chemical dispersion and thereafter dispersed for 10 minutes using
mechanical stirrer. The two dispersion processes were carried out to
separate the sand particles from the soil aggregates. The sand particles
were washed into the corresponding moisture can and then oven dried
at 105°C to a constant mass W,.

Computation of Water Stable Aggregate (WSA) and Mean Weight
Diameter (MWD): The proportion of water stable aggregate (WSA)
in each of the sieve size fraction was calculated as the following:

Where i=1,2,3, .................. , .
Where W =oven dried weight of soil sample
W,=oven dried mass of stable aggregate in each sieve fraction

W.=oven dried mass of sand particles in each sieve fraction.

Aggregate size distribution, in terms of Mean Weight Diameter
(MWD), is expressed as follows:

MWD =3Xi x WSAi

Where > =summation of the result of all the sieves

X=mean diameter of the two inter-layered sieve sizes.
The percentage water stable aggregate (% WSA) is expressed as:

W, — W
0%WSA = 2i 3i

—x 100
Wn - Wai

Analysis of petroleum hydrocarbons from contaminated soils

Reagents and standards: The following reagents were used: ben-
zene (purity, 99.8%; grade, PAI ACS (UV-IR-94 HPLC-GPCQ)), tolu-
ene (purity, 99.8%; grade, PAIACS (UV-IR-HPLC-GPC)), ethylben-
zene (purity, 99%; grade, PS), xylene (purity, 99%; grade, PA (Reag.
USP. Ph. Eur). Standard solutions of BTEX was prepared in methanol
(purity, 99.9%; grade, PAI (PAR), with the reagents at a concentration
of 100mgL-' [12]. These solutions were used for the preparation of
standards andfor soil spiking.

Preparation of Samples for TPH: Due to the relatively high vola-
tility and instability of TPH [13], soils were not prepared using con-
ventional soil preparation techniques such as drying, grinding and
sieving to obtain total homogeneity prior to sub-sampling. Therefore,
to homogenize and prepare the soils, a delicate balance between op-
timum homogeneity with minimum losses was considered. Soil sam-
ples were placed in 250mL glass jars with screw tops and Teflon liners
to minimize losses. These jars were placed in a refrigerator at 4°C
overnight prior to sampling by removal of the top Scm [14]. Gravel,
twigs or other material was removed from the jars. The free-flowing
sandy soil samples were end-over-end shaken for 10min and a com-
posite was collected from different locations within the jar. For sticky
(clay material) samples, an apple corer was used to collect sub-sam-
ples from different locations within the jar to obtain a representative
composite.

Extraction of soil samples: These soils were homogenized and the
analytical determinations of the hydrocarbons in the soil extracts were
performed by Infrared Spectrophotometry (IR). Quantitative of the
Total Petroleum Hydrocarbon (TPH) content was done using the pro-
cedure described in U.S. EPA Method 8440 [15]. After collection, the
extracts were passed through sodium sulfate and silica gel to remove
water and polar constituents. An aliquot of the extract was then placed
in the IR analyzer. The TPH value was determined by comparison to
a three-point calibration curve constructed from dilutions of a stock
solution of a 2:3:3 volume ratios of chloro-benzene, isooctane, and
N-hexadecane made up in Perchloroethylene (PCE) [3].

Soxhlet extraction: The Soxhlet extraction equipment was modified
to obtain the optimum extraction time by assembling a Soxhlet sys-
tem with a round-bottom flask containing two necks, the side neck
used for collecting sub-samples during the extraction process. Ho-
mogenized soil (25g) was weighed into a Soxhlet thimble and the
thimble was placed in a Soxhlet extraction tube above a two-neck,
round bottom flask containing 300mL of Dichloromethane (DCM)/
acetone (1:1, v/v). The entire Soxhlet assembly was placed on a boil-
ing water bath with running water condenser. The Soxhlet extraction
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was carried out for 8 h at a rate of 10cycles/h [16]. At the end of the-
extraction period the solution was decanted into an evaporator and the
volume reduced to approximately 100mL. The solution was quanti-
tatively transferred into 100mL volumetric flask and after the volume
was adjusted to the calibration mark with DCM, shaken to obtain ho-
mogenization prior to analyses.

Spiked samples: Spiked distilled water standards of 500ugL' of
individual BTEX (benzene, toluene, ethylbenzene and xylene) were
used for optimization. 2mL of distilled water and 10 pL of standard
solution were added in 22mL Volatile Organic Analysis (VOA) vials
and hermetically closed and homogenized before analyzing. Samples
of the crude oil contaminated and non-contaminated soils from Ibe-
no were used. According to USEPA Method 5021A (volatile organic
compounds in soils and other solid matrices using equilibrium head-
space analysis) [15], the soil was mixed with organic free distilled
water to create a slurry. One gram of sample was mixed with 2 mL
of distilled water, and the slurry was spiked with the standard solu-
tion until 1000pgkg” of individual BTEX. The slurry was stabilized
in hermetically sealed VOA vials at 4°C for 7 days before analyzing
[17]. Calibration standards were prepared with the 100mgL-! standard
in VOA vials with 2mL of distilled water. Fluorobenzene was added
to the soil samples as surrogate or matrix effect corrector, during the
spiking process and stabilized at 4°C. Fluorobenzene concentration
was also maintained constant at 5000ugkg’. The VOA vials contain-
ing the samples were heated in the HS oven, with constant agitation
and for a suitable period of time to achieve an acceptable equilib-
rium between the HS and the sample. When the VOA vial contains
an aqueous sample, the equilibrium takes place between the liquid
and the headspace of the vial. When there is soil/water slurry, the
equilibrium takes place among three phases (soil, water and head-
space) and the interaction of soil with the sorption provoked a lower
displacement towards the headspace, compared to water standards,
where there are no sorption processes.

Volatile Organic Compounds (VOCs) penetration was also mea-
sured from each borehole using a Photo lonization Detector. Stand-
type piezometers were installed at performed boreholes for ground-
water level and quality monitoring.

Statistical analysis of experimental data

The statistical analyses were performed using the General Linear
Model Procedures (GLM Proc) of the Gen Stat statistical software.
Analysis of variance (ANOVA) was employed to evaluate the signif-
icance of treatment effects on data collected. Means that show signif-
icant differences were separated using Least Significant Difference
(LSD) at 0.05 probability level. Also, regression analysis was used to
assess the relationship of BTEX and TPH with internal standard on
concentration based on least-squares fit.

Results and Discussion
Soil physical properties
Particle size distribution

Sand content: Among the impacted locations, there were no signif-
icant changes in the composition of sand fraction of the surface soil
between facility 1 and 2 (WH; 49.2 and GGF; 48.6%, respectively)
(Table 1). Significantly high (P<0.05) sand content was recorded in
the control soil (Control; 76.3%). The trend of sand fractions was in
the order of Control>GPF>GGF=WH. In the subsurface depth, sand

fraction significantly dominated WH and Control, whereas sand con-
tent in GPF (45.8%) was significantly higher GGF (38.7%), but the
contents in both locations were significantly lower than WH (69.5%)
and Control (68.2%). When comparing the sand fractions between the
surface and the subsurface depths, sand fraction was 3.0% higher on
the surface than in the subsurface.

Silt: The oil pollution differed significantly in term of silt content
of the surface soil (Table 1). The silt particles in the polluted facility
1 and 2 were statistically similar (28.6% and 28.0%, respectively)
and higher than GPF (19.1%) and control (13.2%). In the subsurface
IB/SS3 with GGF recorded the highest silt particles of 28.0% fol-
lowed by GPF (18.5%), and the particles in WH (13.8%). In com-
parison to the surface depth, silt in the subsurface depth increased
by 21%.

Locations Sand Silt Clay Texture
Surface Soil (0-15¢m)
WH 49.21¢ 28.59° 22.2° Loam
GGF 48.64¢ 28.03° 23.33" Loam
GPF 55.33 19.1° 25.57¢ Sandy loam
Control 76.33¢ 13.2¢ 10.47¢ Sandy loam
Sub Surface Soil (15-30cm)
WH 69.5° 13.83¢ 16.67¢ Sandy loam
GGF 38.67¢ 28.0° 33.33" Clay loam
GPF 45.83° 18.5° 35.67¢ Loam
Control 68.17° 12.83¢ 19.02¢ Sandy loam
Table 1: Particle size analysis for surface and subsurface soil at near exploration
sites.
Note: WH is Well Head, GGF is Group Gathering Facility, and GPF is Group Pro-
cessing Facility
Means followed by different letter is significantly different (¢=0.05)

Clay: There were significant differences among the locations with
regard to the clay content of the surface soil in both polluted and
control soils (Table 1). The impacted location 3 had clay particles
(25.6%) significantly higher (P<0.05) than other areas GGF (23.3%),
WH (22.2%) and control (10.5%). However, there were no significant
differences between GGF and WH with regard to clay particles in on
the surface soil. In the subsurface, significantly high content of clay
was noticed in GPF (35.7%) and GGF (33.3%). But the content in the
control (19.0%) was higher than WH (16.7%). When compared to
the clay status in the subsurface, the clay content on the surface was
22.1% lower than the subsurface. The textural classes on the surface
varied from sandy loam in the control and GPF to loam in WH and
GGF, whereas, in the subsurface depth, the textural classes were san-
dy loam (WH and control), clay (GGF) and loam (GPF).

Bulk density and total porosity: Soil bulk density showed any sig-
nificant difference (P<0.05) among the impacted sites and the control
(Table 2). On the surface of the impacted sites, soil bulk densities for
impacted soils were typical of organic soil the values were 0.41, 0.31
and 0.78Mgm for WH, GGF, and GPF, respectively and 1.43Mgm
for control site. In the subsurface soil, values for bulk density were
0.46, 0.52, 0.84Mgm for the respective impacted site and 1.67Mgm™
for the control site.
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Stable Aggregates
BD Ksat Porosity Moisture content Micro aggregates Macro aggregates MWD
Locations Mgem™ *10 cmhr! m’m? m’m? % % mm
Surface
WH 0.41 1.0 0.845 0.63 14.8 1.53 1.24
GGF 0.38 0.8 0.856 0.75 11.48 1.42 1.29
GPF 0.78 1.4 0.705 0.57 11.53 1.86 1.3
Control 1.43 37 0.460 0.42 13.56 1.12 1.87
Subsurface

WH 0.46 1.4 0.826 0.66 12.15 3.69 0.95
GGF 0.52 0.2 0.804 0.78 48.75 1.01 0.96
GPF 0.84 1.2 0.683 0.59 14.35 2.98 1.18
Control 1.67 2.6 0.370 0.48 14.7 2.59 2.09

Table 2: Bulk density, saturated hydraulic conductivity and stable aggregates to water at Ibeno.

Note: BD=Bulk Density; Ksat=saturated hydraulic conductivity, MWD=Mean Weight Diameter of soil aggregates.

However, contamination of soil by crude oil reduced bulk den-
sity from 1.44Mgm™ on the surface soil to average bulk density of
0.52Mgm* and from 1.67Mgm? to 0.61Mgm? in the subsurface
depth.

Total porosity followed a reciprocal trend to soil bulk density, and
there were significant differences among the sites (Table 2). At the
surface soil, total porosity for the impacted sites was higher than the
control. Surface porosity for the impacted sites was; 0.85, 0.86 and
0.71m*m for WH, GGF, and GPF, respectively and control site was
0.46m°m=. In the subsurface layer, porosity values were 0.83, 0.80,
and 0.63m>m™ respectively at the impacted site and 0.37m*m? in the
control site. In comparison to total porosity, the soil total porosity for
the control site was lower than oil impacted site.

Saturated hydraulic conductivity: Saturated hydraulic conduc-
tivity (Ksat) was significantly reduced at the oil spill impacted site,
while it improved on the control site (Table 2). The Ksat values at
the impacted area were 1.0x107, 0.8x103, 1.4x10 and 3.7x10-*cmhr!
under WH, GGF, GPF, and control site respectively. While in the
subsurface depth, Ksat values were 1.4x1073, 0.2x103, 1.2x10- and
2.6x10%cmhr'. In comparison, Ksat under control site was signifi-
cantly higher than the crude oil impacted soil, while there were no
significant difference between Ksat in WH and GPFat both depths in
this regard. Saturated hydraulic conductivity under GGF had the least
conductivity.

Soil moisture content: The soil moisture functions at 0-15 and 15-
30cm depths as influenced by crude oil spill is presented in table 2.
Although control location had significantly leaser moisture than oil
impacted locations, the greatest moisture retention was found GGF.
The difference in moisture contents among the locations became in-
creasingly smaller with increase in bulk density. At bulk densities of
0.38 and 1.413Mgem?, effects of moisture were distinctly visible and
significant (P<0.01) from other locations. The moisture retained at
lower density of location 2 (0.38Mgcm™) by the soil under impacted
surface depth was higher than moisture at the same location in the
subsurface depth.

Mean-weight-diameter: The crude oil spill in the soil had high ef-
fect on Mean-Weight-Diameter (MWD) on WH and GGF than other
locations, and the effect was significant compared with the control

site (Table 2). The trend observed in the MWD of the soil under sur-
face depth was higher than same location in the subsurface depth.
Although there were significantly differences in MWD of the surface
and subsurface, but MWD in the control was not significantly differ-
ent between the surface and subsurface depths. However, in compari-
son between the surface and subsurface depths, the MWD on surface
increased by 10% relative to the surface depth.

Micro and macro aggregates: In terms of pore space, micro aggre-
gate varied from 11.5% under GGF to 14.8% under WH on the surface
soil. However, just below the surface soil, micro aggregate increased
to 48.8% at location 2 and WH remained the least small aggregates
(12.2%) measured. Macro aggregate on the surface of the pollution
site increased from as low as 1.2% at the control site to a range of
1.4% at impacted site GGF to 1.9% around GPF. In the subsurface
depth, macro aggregates increased from 2.6% at the non-polluted site
to 3.7% and 3.0% at WH and GPF, respectively, but reduced to 1.0%
at IB/SS/2. On a general not, GGF is worst affected and it is yet to
recover its resilience after cleanup (Table 2).

The extraction of individual hydrocarbon

The extraction yield was investigated at four different impacted
locations by Soxhlet procedure. The procedure described here was
applied to soil samples taken from three contaminated areas and a
control point. For quantitation of BTEX, internal standard (fluoroben-
zene) were added to the soil samples prior to the procedure. The total
BTEX and TPH concentrations obtained from the sites are presented
in figures 2 and 3. The results of the analysis as shown in figures 2
and 3 revealed that, contamination of petroleum was severe at GGF
than WH and the contents at locations GPF and control were below
detection limit of the analytical equipment. The results indicated that
BTEX was significantly higher over a hundredfold on the surface than
TPH, but TPH in the subsurface was 36.6% more than BTEX (Figure
3).

Toluene, ethyl benzene, and xylene remain in solvent and quan-
titatively retaining the BTEX compound at WH and GGF and were
below detection limit at GPF and the control sites. The lowest detect-
able individual concentration of total BTEX were benzene and tolu-
ene estimated as 0.3mgkg 1. These soil samples were further exam-
ined and found to contain mixed matrix including stable aggregates.
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The total BTEX was most detected in soils of GGF (depres-
sion) followed by WH. These results suggest that the probabil-
ity of detecting spill petroleum compounds in an undulating to-
pography site is greater at depressed location compared the crest.

Figure 2: Individual BTEX and TPH concentrations on surface soil of polluted site
at Ibeno.

Figure 3: Individual BTEX and TPH concentrations on subsurface soil of polluted
site at Ibeno.

Assessments of TPH and BTEX Linearity

Soil samples of various degrees of petroleum contamination ob-
tained from polluted field at Ibeno were prepared and the relative re-
covery of individual petroleum component of BTEX and TPH was
extracted. Adsorbed compounds were affected by the soil texture.
Generally, loam and clay loam texture adsorbed more strongly the
hydrocarbons than sand, thus it results in the decrease of extraction
yield in sandy loam of at WH. However, examination of regression
lines of BTEX and TPH to internal standard on concentration using
a least-squares fit demonstrated a linear relationship with correlation
coefficients being consistently greater than 0.999 (Table 3).

Summary and Conclusion

Soil samples collected from the three impacted sites represented
the pollution sites around Mobil Production Company at QIT. The
contaminated soils collected from sites consisted of a range of soil
textures, moisture contents and bulk densities. The soils included

clay loam soils, sandy loam with traces of organic matter and fine
sand. The TPH concentrations for the six contaminated soils ranged
between 0.1-4.0mgkg-1. The moisture content for the surface soil
samples ranged from 42% to 75% (w/w) with average moisture con-
tent of 59.3% (w/w) and 48% to 78% with average of 62.7% in the
subsurface soil. When the total BTEX and TPH concentrations were
examined among the soil samples, total BTEX and TPH were not
detected at GGF area of the impacted site due to elevated topographic
position that enhanceddownward flow of the petroleum compounds.

Group Compounds Regression Coefficients
BTEX Benzene y =0.0029x+0.0569 1.000
Toluene y =0.0062x+0.0134 1.000
Ethyl benzene y =0.0081x-0.0894 0.9999
Xylene y = 0.0022x-0.0475 0.9999
TPH Kerosene+tDiesel y =0.0559x+0.0721 1.000
Table 3: Regression line of BTEX and TPH.

Since all of the BTEX compounds are toxic, the consumption of
BTEX infected plant and water, especially, at WH and GGF, respec-
tively may produce immediate health effects. These symptoms, rang-
ing from mild to severe nature, may even lead to serious health con-
ditions including brain damage and leukemia. Considering the high
water table in the vicinity of Ibeno, groundwater contaminated with
BTEX compounds is inevitable and it is difficult to remediate.
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