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Abstract: Environmental pollution by petroleum hydrocarbon is a major challenge in most nations of the world
with such pollutant exerting acute and chronic toxicity on soil properties and micro biota. Using Ofagbe town
located in Delta State, Nigeria, as a case study, it was observed that excavation could be a palliative measure in the
management and treatment of hydrocarbon polluted soil. The values of physicochemical parameters (pH, total
nitrogen, chloride, electrical conductivity and organic carbon) reduced considerably 30 days and 60 days after
excavation at a depth of 0-15cm and 15-30cm. The results also showed that crude oil impacted soil samples
examined 30, 60, 90 and 120 days after excavation dropped significantly in its hydrocarbon counts against samples
collected before excavation. Hence, excavation is a possible remedy to crude oil polluted soil.
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I. Introduction

Oil spillage is a term used to describe an accidental discharge of crude oil into the natural environment [1].
Oil spillage causes damage to the soil for a very long period of time. Spillage of crude oil into arable lands in
Nigeria has been reported since 1971 [2]. Oil exploration and activities have been concentrated in the Niger Delta of
Nigeriawith over 1000 oil wells and over 47,000 km of oil and gas flow stations[3].One of the methods of knowing
whether an area is contaminated or polluted is by estimating the total extractable hydrocarbon content of the
impacted soil [4]. Nigeria produces both the light and the medium crude oil and each can exert acute or chronic
toxicity or both on soil properties [2;5]. Qil spillage may be attributed to flow line/pipeline leakages, blow outs,
sabotage to well heads, flow lines and tanker loading systems [6;7]. In Nigeria, the major cause of oil spill is lack of
maintenance of oil pipelines and storage tanks as well as vandalism [1]. Most pipelines from flow stations in Nigeria
are obsolete, being over20 years old making them corrosion prone and consequently, leakage of petroleum products
[8]. Qil Pipeline Vandalism is a threat to Nigerian National Security [9]

According to Directorate of PetroleumResourcesAnnual Report(1997) [9], over 60,000 spills have occurred
in Nigeria during the over 40 years of oil exploration. Between 1976 and 1996, spills of 2.4x 10®barrels of crude oil
occurred from 647 incidents with only 54706038 barrels recovered, implying that 182040666 barrels of oil were lost
to the ecosystem [10]. This occurrence of oil spillage on land is of major concern as it could result amongst other
things in a substantial increase in organic load. The alkalinity, acidity and salinity regimes of oil spills and
discharged effluents may alter the pH of the receiving soil body. Qil spills may also introduce heavy metals such as
copper, nickel and mercury which could have serious toxic effects on the biota[11].

The southern part of Nigeria, especially the Niger Delta is an area of active petroleum exploitation
activities, thus exposing the lands in these areas to risk of contamination from petroleum and associated pollutants.
Niger Delta is one of the world’s largest deltas; it is a vast coastal plain covering over 70,000 square kilometers in
the central part of southern Nigeria [12]. Endowed with immense natural resources, especially hydrocarbon deposits,
the region produces over 2 million barrels of crude oil per day, accounting for over 90% of the Nigeria’s total export
earnings. With an extensive network of over 900 producing oil wells, 11,000 km aging flow lines and over 160 flow
stations, which cut across about 800 oil-producing communities. The region has become synonymous with pollution
of aquatic and terrestrial ecosystem, recording an estimated average of 221 oil spills per annum [12;13].

Because of the challenges posed by oil spillage to the soil, ecosystem and the environment, different
researchers have suggested various strategies for removingthese compounds from the environment.Amadi, (1990)
[14] and Amadiet al., (1993) [15], agreed that adverse effects of crude oil inundation of soils could be ameliorated
by nutrient supplementation. Chemical reclamation of the crude oil inundated soils from the Niger Delta region of
Nigeria was optimally enhanced at 2% (w/w) and 3% (w/w) supplementation with (NH,),SO,.KH,PO, and KCI (N-
P-K) fertilizer for NO3-N and potassium respectively [16]. Amelioration of crude oil polluted soils with poultry
manure may be advantageous [17]. Biodegradation, especially by microbes is one of the primary mechanisms of
ultimate removal of petroleum hydrocarbons from polluted environment [18;19]. The acceleration of this natural
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process is the objective of bioremediation efforts. Also, phytoremediation is a new technology that promises
effective and inexpensive clean up and restoration of oil polluted environment. It involves the use of plants that aid
in the restoration of contaminated ecosystems [20]. All this methods are known to be expensive. Therefore, this
work is aimed at determining the effect of excavation as affordable potential treatment for petroleum polluted soil.

Il. Experimental Method
i. Study Area
Ofagbe town is located inlsoko North Local Government Area of Delta state, Southern Nigeria(latitude 5°
33’ N and 5° 55’ N, and longitude 6°21' E and 6° 35’ E) and is a rural farming community about 15 kmEast South of
Ozoro, the local government headquarters. Over 10,000 barrels of crude oil spilled on a farm land of the rural
community from 19" to 23" of November 2010.The vandalized pipe line that caused spillage belongs to one of the
indigenous oil company.

.ﬁagbelown—(&tudy Area)

Figure 1: Map of Delta State, Nigeria showing the location of Ofagbe Town

ii. Sampling Design and Soil Collection

Samples were collected from four broad zones, heavily impacted zone, medium impacted zone, little
impacted zones and no impact zone (control).100g of soil samples were collected at the surface (i.e 0-15 cm) and
(15-30 cm) for subsurface soils at two separate locations for both impacted and un-impacted area and bulked
together to obtain a representative of the depth and zones. Soil samples were collected in a sterile polyethylene bag
from the contaminated site before excavation, 30, 60, 90 and 120 days after excavation and transported to the
laboratory for immediate analysis.

iii. Samples Analysis

The representative samples were air dried, sieved through 2mm size sieve and stored in a plastic bag for
analysis. The pH was measured as described by Smith and Smith [21] using pH meter (model: Jenway). Twenty
(20g) of soil samples were weighed and suspended in 50 ml of distilled water and properly stirred. The distribution
of sizes of particles (% clay, sand and silt) and texture were determined using the method of [22]. The electrical
conductivity was measured using conductivity bridge (Chandos conductivity model A19 Bridge). Soil organic
carbon was determined by the wet combustion method of Walkleyand Black [23] and the total nitrogen was
estimated by the Kjeldahl digestion technique [22;23;24]. The chloride concentration was obtained by titration with
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0.06 M Silver nitrate solution using potassium chromate as indicator and total hydrocarbon count was determined
using the method described by Walkleyand Black [23].

I11. Results
Table I: Physicochemical Parameters of Polluted Soil before Excavation

Parameters Control Little impact Mediunm impact Heavy impact
0-15cm 15-30¢m 0-15cm 13-38cm 3-15cm 15-30cm 3-15cm 15-30cm
pH 4995=007%= | S.08=001%;, 52014 486=0.08*2 144=008% 4332012 | 461005 5.08=001%=
EC (aSam) 108=141%2 | §37x018%= | 503=028% 5765700 126522432 | 54465=051%= | 10252226 | 11265 =205
Organic C. (%) 249=013% | 1565=091*= 114 212031 TA4z008%E 178=014 31.00=028
Total Nitrogen 04=014 029=003%% 0.162005 0.14=001*2 011001 0.09 =0.003%= 0142001
Chloride (mgkg) | 21.722238%= | 63.07=1359%% | 2495=023 | 2005=023%2 | 6871=172%= | ¢6732=132 2403z143

Results are given as Mean + standard deviation

Key:

E.C = Electrical Conductivity

*ab denotes significant difference between control and little impact (P < 0.05)
*ac denotes significant difference between control and Medium impact (P < 0.05)
*ad denotes significant difference between control and Heavy impact (P < 0.05)

Table I1: Physicochemical Parameters of Impacted Soil 30 Days after Excavation

Parameters Little Impact Medinm Impact Heavy Impact
0 -15cm 15 30cm 0-13cm 15.30cm 0-15cm 15.30cm
pH 8120 14%= 732014 752014 7720143 7420 14%= 7320142
EC (pScm) 348 = 14178 5 146 = | 41"8% §1meske 595 =2 13%%% | 2§ 5 =2 2%k
Organic C. (%) 3.61=0.12%% 201 £0.13%* 134008 213:023% 1.78 £ 0.17%¢
Total Nitrogen (%c) 1852007 16=016 142014 162014 1452007
Chloride (mg Kg) 62345 =431"= 7753 =38.18%% | §927 =50.50%%*% 7095.5 =7 78%%%% 6207 = §5.05%% 4451 = 83 4%ac*™

Results are given as Mean + standard deviation

Key:

E.C = Electrical conductivity

*abc denotes significant difference between little impact, medium impact and heavily impacted soil (P < 0.05)
*ab denotes significant difference between little impact and medium impacted soil (P < 0.05)

*ac denotes significant difference between little impact and heavily impactedsoil (P < 0.05)

*bc denotes significant difference between medium impact and heavily impacted soil (P < 0.05)

Tablelll: Physicochemical Parameters of Impacted Soil 60 Days after Excavation

Parameters Little Impact Medium Impact Heavy Impact
0-15cm 15-30cm 0-15cm 15-30cm 0-15cm 15-30cm
rH 445021 432014 4352007 4352007 45014 442014
E.C (uS/cm) 209.520.71%be | 209 £ 1.41%c | D82 £ 2 §2%d¥nc | 3305 £0.71%d¥e 151.5 £2.12%=¥he 219.5 £0.71%x¥*e
Organic C. (%) 225+021 2452007 295021 21£0.14 23028 22+0.14
Total Nitorgen (%) 0.18 £0.02%= 0222003 0.25 £ 0.01%%0e 0.170.02 0.17 £0.01%x 0.18=0.01
Chloride (mgkg) 171.2 £ 8.62 88.520.16 260,95 £7.00 88.365 037 265.5 £0.56 3836 £0.37

Results are given as Mean + standard deviation

Key:

E.C = Electrical conductivity

*abc denotes significant difference between little impact, medium impact and heavily impacted soil (P < 0.05)
*ab denotes significant difference between little impact and medium impacted soil (P < 0.05)

*ac denotes significant difference between little impact and heavily impacted soil (P < 0.05)

*bc denotes significant difference between medium impact and heavily impacted soil (P < 0.05)
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Figl : Result of Soil Partice Distribution of Polluted Soil Samples
before Excavation
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Fig 2: Result of Soil Particle Distribution of Polluted Soil 30 days after
Excavation
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Fig.3: Result of Soil Particle Distribution of Polluted Soil 60 days
after Excavation
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Fig 4: Results of Total Hydrocarbon Count of Petroleum Impacted Soil

Key: BE: Before excavation; AF: 30 days after excavation; AG: 60 days after excavation; AH: 90 days after
excavation;Al: 120 days after excavation

IV. Discussion

The results of this study shown in Tables 1 to 3 revealed that pH values ranged from 4.35 + 0.12 t0 5.20 +
0.14 before excavation; 7.30 + 0.14 to 8.10 £ 0.14, 30 days after excavation and 4.30 £ 0.14 to 4.50 + 0.14, 60 days
after excavation. The values of EC were also observed to be between 50.30 + 0.28 to 126.50 + 24.32 before
excavation at a depth of 0 — 15 cm and 54. 65 + 0.91 to 112.65 + 2.05 at 15 — 30 cm depth (Table 1). The EC values
recorded 30 days after excavation were relatively low (28.50 uS/cm £ 2.12) at 15 — 30 cm depth for heavily
impacted reference zone compared to others. At 60 days after excavation, the values were relatively high with the
least value being 151.50 uS/cm £ 2.12 (Table 3).

Similarly, organic carbon was relatively low before and after excavation (Tables 1, 2 and 3) while nitrogen
content and chloride concentration were high 30 days after excavation against before and 60 days after excavation.

The percentage of sand in the polluted site was high for all the reference zones against silt and clay.
Meanwhile, total hydrocarbon counts fell considerably with excavation (Figure 4).

The pH values of the sampleswere relatively low before excavation and 60 days after excavation compared
to 30 days after excavation. The pH values before excavation were however within an acidic range (Table
1).Similarly, pH values between the range; 5.5 to 8.8 is known to favour the rate of biodegradation in petroleum
contaminated soil [1]. However, the results of the pH values obtained before excavation was found to be lower than
the range required for effective biodegradation. This is an indication that the spillage was massive enough to kill the
microbial population present in the soil, thereby making bioremediation impossible as the first and only remedy to
the oil spillage. Upon excavation (30 days), it was observed that the pH values rose considerably (Table 2) enough
to allow microbial action in the remediation process. This is an indication that excavation could be a palliative
measure in the treatment of petroleum contaminated site. Statistical analysis showed that there was significant
difference between the pH values obtained before and after excavation.

The result of electrical conductivity of soil samples before excavation were found to be generally low for
both top soil and sub-soil; the range being 50.30 + 0.28 to 126.50 + 24.32 (uS/cm). Higher values of electrical
conductivity were measured 60 days after excavation; the range being 151.50 + 2.12 to 320.50 + 0.71 (uS/cm) and
similar higher values for 30 days and 120 days after excavation. This indicates that salt content of oil impacted soil
are lower. Similar observation was made by Benka-Coker and Ekundayo [27]. However, significant difference exists
between the control and little impacted region of the top soil as well as in the subsoil between control, medium and
heavily impacted zones.

From this study, it is evident that the oil spill at Ofagbe town, Delta state, Nigeria resultedin an increase in
organic carbon content of impacted soils, (medium and heavy). Similar increases have been reported by Benka-
Coker and Ekundayo[27] and Ekundayo and Obuekwe[28]. However, the values recorded for organic carbon were
found to decline 30 days and 60 days after excavation. This is an indication that excavation is a means of reducing
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significantly, the carbon content of oil impacted soil. In all the samples examined, the percentage of sand was
relatively high, compared to other particles present in the soil (Figures 1-3). This high sand content of the soils is
characterized by sand formed on unconsolidated coastal plain sand and sandstones [29]. However, the significant
effect of the oil spill on the sand content of affected soils of Ofagbe town when compared with that of the control
can be observed in Figure 1 to 3. Since sandy soil is not fit for crop production, the presence of oil spill which
significantly increased the percentage of sand in the soil has adverse effect on the fertility of the affected soils. This
is as a result of a probable high drainage of oil into the lower horizon of the soil causing aeration problem as the air
pores will be blocked with oil and prevent the easy flow of nutrients to the soil [30].

V. Conclusion

It is evident that the oil spill at Ofagbe town, Delta state, Nigeria resultedin an increase in organic carbon
content of impacted soils, (medium and heavy).The results of total hydrocarbon counts represented in figure 4 shows
general enhancement in content ranging from 28.29 + 1.02 mg/kg measured 15 to 30 cm of little impacted reference
zone to 250.87 £ 8.10 mg/kg measured in 0 to 5 cm of heavily impacted zone. For both top and subsoil of the zone
taken as control, the total hydrocarbon content was found to be zero. For the top soil, a decrease in the concentration
of hydrocarbons 30 days after treatment by 28.2%, 65.4% and 80.58% of little impact zone, medium impact zone
and heavily impacted zone respectively. Similarly, the result of 60 days after excavation shows a decrease of 55.7%,
74.8% and 88.0% for little impact zone, medium impact zone and heavy impact zone. This implies that excavation
could be a possible remedy for treating hydrocarbon polluted soil despites its other consequences.
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