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ABSTRACT

Oil spillage is a threat to soil and groundwater quality. The aim of this work is to assess the impact of oil
spillage on soil and groundwater in ljegun area of Lagos State with a view of establishing the correlation
coefficient matrix for the parameters under consideration. Soil samples were collected from 9 different locations
which were stored in different polythene bags labelled SS 1 to SS 9. A control soil sample was taken 1 km from
Ijegun community and was labeled SC 1. Groundwater samples were also collected from 10 different locations
using 1 litre plastic bottles and were labeled GW 1 to GW 10. The locations were soil and groundwater samples
were taken were identified using handheld Global Position System (GPS) for the purpose of universal
identification of the sampling locations.The soil samples were analysed for total petroleum hydrocarbon (TPH),
total organic carbon (TOC), chromium (Cr), copper (Cu), nickel (Ni), manganese (Mn), iron (Fe), lead (Pb)
and cadmium (Cd). Others are zinc (Zn), nitrate (NO3), phosphorus (P), phosphate (PO,4) and nitrogen (N). The
groundwater samples were also analysed for the aforementioned parameters except TOC, phosphorus,
phosphate and nitrogen. Others parameters analysed in groundwater samples include biochemical oxygen
demand (BOD), chemical oxygen demand (COD), pH, electrical conductivity (EC) and total dissolved solids
(TDS) using the methods for the examination of water and wastewater as prescribed by American Public Health
Association (APHA). The results showed that the concentrations of TPH in the soil varied between 0.27 and 0.7
percent while the concentration in the control sample was 0.04 %. The TOCconcentrations in the soil ranged
between 0.36 and 0.98 percent with the control sample having 0.09 percent. The concentrations of chromium
and copper in the soil varied between 39.84 and 74.84 mg/kg and between 50.49 and 68.94 mg/kg respectively.
The concentrations of chromium and copper in the control sample were 0.09 and 0.96 mg/kg respectively. The
concentrations of TPH in groundwater investigated ranged between 0.04 and 2.08 percent while the Nigeria
Standard for Drinking Water Quality (NSDWQ) and World Health Organisation (WHQO) concentration
standardfor TPH was 0.03 percent. The pH values in groundwater investigated varied between 3.10 and 5.9
against the NSDWQ and WHO stipulated limits between 6.5 and 8.5. The correlation coefficient matrices
revealed a strong positive correlation between TPH and nickel in the soil and a weak negative correlation
between TPH and nickel in the groundwater. It was concluded that the oil spillage in ljegun has impacted
negatively on the soil and groundwater quality. It was recommended that alternative water supply should be
provided and appropriate remediation should be carried out on the soil and groundwater.
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l. INTRODUCTION

Pollution is the contamination of the environment which makes the environment unfit for living. An oil
spillage is the discharge of liquid petroleum or products from refined petroleum into the environment as a result
of human activities (Makinde and Tologbonse, 2017 and Osuji and Onojake, 2004). Oil spill is a threat to
surface and groundwater resources of the affected areas due to infiltration and seepage of the oil, thereby
reducing the quality of the affected resources. It is also a threat to human life, marine life, wild life and micro-
organism in the soil (Nwachukwu and Osuagwu, 2004).In Nigeria, the major causes of oil spill include
corrosion of pipelines and tankers (accounting for 50 % of oil spill), sabotage (28 %), oil production operation
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(21 %), sabotage (28 %) and non-function production equipment accounted for 1 % (Nwilo et al., 2007;
Nwachukwu and Osuagwu, 2014).

Several scholars have worked on oil spillage (Nnaji and Egwu, 2020; Okoro et al., 2011; Udoh and
Chukwu, 2014; Makinde and Tologbonse, 2017; Nwachukwu and Osuagwu, 2014; Wekpe and Mgbengasa,
2016; Adams et al., 2008; Osuji and Nwoye, 2007 and Wang and Feng, 2009 and UNEP, 2010). Okoro et al.
(2011) assessed the soil quality after crude oil spillage and clean up in Oluba community, Warri, Delta State,
Nigeria. The assessment revealed there were significantly high levels of diffuse hydrocarbons in the soil.
Nwachukwu and Osuagwu (2014) investigated the effects of oil spillage on groundwater quality in Abacheke
community in Imo State, Nigeria. The investigation showed that the groundwater in the study area was
contaminated as a result of oil spillage.Wekpe and Mgbengas (2016) examined the impact of oil spill on soil
properties in Kalaba / Ayamabele community in Yenagoa, Belyelsa State, Nigeria. The examination indicated
that oil spillage had impacted on the soil physical and chemical properties.

Makinde and Tologbonse (2017) assessed the impact of oil spillage on soil and groundwater in
ljeododo community in Lagos State, Nigeria. The assessment revealed oil spill had affected negatively the soil
and groundwater in ljeododo community in Lagos State. Nnaji and Egwu (2020) carried out a study to
determine the effect of oil spillage on the physicochemical parameters of agricultural soil in Niger Delta. The
study showed that the agricultural soil in Niger delta had been affected negatively as a result of oil spillage.
Therefore the aim of this work is to assess the impact of oil spillage on soil and groundwater of ljegun
community in Lagos State, Nigeria with a view of establishing the correlation coefficient matrix for parameters
under consideration. It also involves determining the suitability of the groundwater for drinking purpose and the
suitability of the soil for habitation which justifies this work.

1. MATERIALS AND METHODS

2.1 Study Area

ljegun community is situated in Igando / Ikotun Local Council Development Area of Alimosho Local
Government of Lagos State, Nigeria. It is located between latitude 6° 31° 2>’ N and longitude 3° 15> 24”” E
(http://nona.net/features/map/placed etail.2246992/1jegun). It is bounded by ljeododo. Iseri Osun, Akesan and
Ikotun communities. It is one of the major residential areas for people of Lagos state. The major source of
drinking water in ljegun is groundwater source. The soil is red and laterite in nature. A state public secondary
school is present in the area which provides educational services to the people in Ijegun and environ. The google
map showing ljegun in Lagos State is shown in Figure 1.
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Figure 1. The map of ljegun in Lagos State
Source: http://nona.net/features/map/placed etail.2246992/1jegun.
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2.2 Sampling Location

9 different sampling points were chosen within ljegun community for collection of soil samples. 1
location was also chosen 1 km away from the study area where soil control sample was taken. 10 various
sampling points were also selected where groundwater samples were taken. All the sampling points were
coordinated using handheld GPS (Etrex 12 Garmin model) for the purpose of universal identification of the
sampling locations. The specifications of the sampling points are presented in Tables 1 and 2 for soil and
groundwater respectively.

2.3. Soil Sampling and Analysis

The method Odunlami and Salami (2017) was adopted. Soil samples were collected from 9 different
points during the month of December, 2020 from surface layer (0 — 20 cm) soil of ljegun community in Lagos
State with the aid of stainless steel auger. The soil samples were stored in different polythene bags and were
labeled SS 1 — SS 9. The augur was washed with distilled water each time it was used for collection of sample
before using it again. A control sample was taken | km away from the surface layer (0 — 20 cm) soil of Ijegun
community and stored in a polythene bag which was labeled SC 1. The soil samples were quickly transferred to
the analytical laboratory of University of Lagos for analysis. The soil samples were first air dried overnight in an
oven at 32°C. The dried samples were mechanically ground and sieved through 200 mesh size sieve. 5 grams of
each sieved samples was placed in an Erlenmeyer flask and 2.5 ml of extracting solution (0.05 M HCI + 0.024
M H,SO,) was added after which the mixture was placed in a mechanical shaker for 15 minutes. The resulting
solution was filtered through whatmann filter paper into a50 ml volumetric flask and diluted to 50 ml with the
extracting solution. The treated samples were analysed for Cr, Cu, Ni, Mn, Pb, Cd, TPC, TOC, and NOs. Others
are P, PO,, Zn and N according to standard methods for examination of water and wastewater as prescribed by
APHA (1994). All experiments were carried out in triplicate and the results were found reproducible within = 3
% error.The data were statistically analysed by setting up and calculating a correlation coefficient matrix using
the in — built software solver tool in Microsoft Excel version 2007.

2.4 Groundwater Sampling and Analysis

The method of Salami et al. (2019) was used. Groundwater samples were taken in the month of
December, 2020, using 1 litre plastic bottles which had been cleaned by soaking in 10 % nitric acid and rinsed
with distilled water in order to avoid contamination and allowed to dry before use. At the sampling locations,
the bottles were rinsed three times with water to be sampled prior to filling and they were labeled GW 1 — GW
10. The samples were quickly transferred to the analytical laboratory of University of Lagos for analysis using
the standard methods for examination of water and wastewater as prescribed by APHA (1994). The parameters
analysed include Cr, Cu, Ni, Mn, Fe, Pb, Cd, Zn, TPH. Others are biochemical oxygen demand (BOD),
chemical oxygen demand (COD), NOs, pH, EC and TDS. All experiments were carried out in triplicate and the
results were found reproducible within = 3 % error. The data were statistically analysed by setting up and
calculating a correlation coefficient matrix using the in — built software solver tool in Microsoft Excel version
2007.

1. RESULTS AND DISCUSSION

The specifications of the sampling locations where soil and groundwater samples were taken are
presented in Tables 1 — 2 respectively.The characteristics of soil samples from ljegun community are presented
in Table 3. The TPH concentrations ranged between 0.27 and 0.70 percent. The TPH concentration in the
control sample was 0.04 percent. This revealed the soils in ljegun community have been impacted with
petroleum products and this is attributed to incessant pillage of petroleum products in ljegun community
resulting from the activities of pipeline saboteurs. Theconcentrations TOC in the soil investigated varied
between 0.36 and 0.98 percent while the control sample has a value of 0.09 percent. All the soil samples
investigatedexceeded the TOC concentration of the control sample which also indicated that the oil spillage has
impacted negatively on the soils of ljegun community. The high values of TOC in the soil samples investigated
compare to the low value in the control sample can be as a result of decomposition or degradation of the spilled
oil. Organic matter content increases with the addition of carbonaceous substances, hydrocarbon fuels or
condensates (Okoro et al., 2011).

Table 1. Specification of the sampling locations for soil samples

SIN Coordinates Sampling location Sampling Identification code of
Easting Northing elevation samples
1 003° 15.469° 06°31.041° Public school 63 SS1
2 003°15.588° 06°30.974° Car wash 43 SS2
3 003°15.531° 06°30.965° Residential building 3 SS3
4 003° 15.470° 06°30.979° Along the road 48 SS4
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5 003° 15.620° 06°30.916 Along the road 72 SS5
6 003°15.574° 06° 31.008° Five junction 123 SS6
7 003°15.587° 06°31.035 Tipper garage 12 SS7
8 003° 15.603’ 06°31.073 Commercial center 62 SS8
9 003°15.610° 06°30.999° Event center 22 SS9
10 003° 15.663° 06°31.065° Along the road 84 SC1
Table 2. Specification of the sampling locations for groundwater samples
SIN Coordinates Sampling location Sampling Identification code
Easting Northing elevation of samples
1 003° 15.546° 06°31.012° Car wash 73 GW1
2 003°15.411° 06° 31.037° Religious house 12 GW 2
3 003°15.531° 06° 30.995 Shopping complex 19 GW 3
4 003° 15.563° 06°31.071° Residential building 84 GW 4
5 003° 15.529° 06°30.957 Residential building 60 GW 5
6 003° 15.445° 06°30.972° Residential building 48 GW 6
7 003° 15.428° 06° 30.898 Residential building 8 GW7
8 003° 15.614° 06° 30.934° Residential building 67 GW 8
9 003° 15.686° 06° 30.934° Residential building 66 GW 9
10 003° 15.563° 06° 31.013° Gas station 177 GW10
Table 3. Characteristics of soil samples from ljegun in Lagos State.
SN Parameters Sample code
mg/'kg SS1 S8 2 S8 3 SS4 S8 5 S8 6 887 SS 8 SS9 sSC1
1 TPH (%) 0.52 0.70 0.33 0.39 0.44 0.53 0.32 0.27 0.34 0.04
2 TOC (%0) 0.87 0.98 0.65 0.96 1.45 0.68 0.95 0.94 0.36 0.09
3 Cr 46.71 39.84 52.44 60.36 43.96 40.96 74.84 58.96 61.84 0.96
4 Cu 58.86 57.79 51.62 58.74 60.37 50.49 68.94 58.29 65.31 0.24
5 Ni 17.52 18.44 17.61 17.61 17.14 14.63 8.20 9.59 7.89 1.44
6 Mn 106.2 46.67 87.67 74.33 44 .49 38.46 49 .44 43.50 84.61 1.71
7 Fe 1441 136.3 148.4 160.49 161.44 171.10 164.44 172.84 124.48 1.49
8 Pb 56.33 48.07 34.42 84.98 77.41 48.49 33.67 34.67 72.00 0.23
9 Ccd 110.4 163.2 151.7 153.30 135.33 164.12 163.33 100.49 12461 0.14
10 n 2249 2551 1981 3140 3241 2592 2343 2098 2782 3.62
11 NO; 10.44 14.24 10.98 14.44 16.40 15.80 10.53 11.90 12.84 4.90
12 P 3.67 10.17 3.30 7.65 9.13 9.77 10.23 3.43 9.00 1.47
13 PO, 26 30.50 24.40 22.40 2741 29.30 30.70 25.50 27.00 0.20
14 N 3.53 3.83 2.40 3.18 3.60 3.43 3.33 2.62 2.82 2.24

The concentrations of chromium and copper in the soil samples assessed ranged between 39.84 and
74.84 mg/kg and between 50.49 and 68.94 mg/kg for chromium and copper respectively. The concentrations of
chromium and copper in the control soil sample were 0.09 and 0.96 mg/kg respectively. This is also an
indication of the effect of oil spillage on the soil of ljegun. The values of nickel and manganese in the soil
samples investigated varied between 7.89 and 18. 44 mg/.kg and between 38.46 and 106.21 mg/kg for nickel
and manganese respectively while the concentrations of iron and lead ranged between 124.48 and 171.10 mg/kg
and between 34.42 and 84.98 mg/kg for iron and lead respectively. The concentrations of nickel, manganese,
iron and lead in the control sample were 1.44, 1.71, 1.49 and 0.23 mg/kg respectively.

The concentrations of cadmium and zinc in the soil samples investigated varied between 100.49 and
164.12 mg/kg and between 1981 and 3241 mg/kg respectively. The values of cadmium and zinc in the control
soil sample were 0.14 and 3.62 mg/kg respectively. This clearly showed the values of cadmium and zinc in the
soil samples investigated exceeded the values in the control samples. The concentrations of nitrate, phosphorus,
phosphate and nitrogen in the control sample were 4.90, 1.47, 0.20 and 2.24 mg/kg respectively. In Table 3, it is
obvious that all the values of nitrate, phosphorus, phosphate and nitrogen exceeded the values of the control
sample. However the concentrations of nitrogen and phosphorus in the soil investigated, including the control
soil sample, were lower than the recommended values of 15,000 mg/kg for nitrogen and 2,000 mg/kg for
phosphorus for agricultural soil (Nnaji and Egwu, 2020). This revealed that the soil in ljegun community may
not be suitable for agricultural purposes.

3.2 Groundwater

The concentrations of groundwater samples from ljegun in Lagos State are shown in Table 4. The TPH
concentrations varied between 0.04 and 2.08 percent while the NSDWQ standard for TPH was 0.03 percent.
This shows clearly that the TPH concentrations in the groundwater samples investigated exceeded the standard
which was an indication that oil spillage had contaminated the groundwater. The concentrations of chromium
ranged between 0.034 and 0.184 mg/L. The stipulated standard for drinking water by NSDWQ and WHO was
0.05 mg/L for chromium. All the groundwater samples investigated exceeded the stipulated standard for
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chromium except GW 6. The contamination of the groundwater can be attributed to oil spillage as there were no
industries in the vicinity where groundwater samples were collected. The health effect of chromium include
ulcers and upset stomach, respiratory problems, weakened immune systems, kidney and liver damage, alteration
of genetic material and lung cancer death (Salami et al., 2020). The groundwater investigated can lead to any of
the aforementioned effects as a result of the level of chromium present in the groundwater hence the
groundwater is not suitable for drinking.

Table 4. Characteristics of groundwater samples from ljegun in Lagos State.

SIN Parameters Sample code
mg/L GW1 GW 2 GW3 GW 4 GW5 GW 6 GW7 GW 8
1 TPH (%) 0.04 0.14 0.24 0.14 0.07 0.14 0.06 2.08
2 Cr 0.142 0.168 0.129 0.173 0.184 0.034 0.128 0.086
3 Cu 2431 1.396 1.464 0.015 1.491 1.981 1.363 2.013
4 Ni 0.068 0.048 0.036 0.044 0.036 0.033 0.014 0.022
5 Mn 0.084 0.149 0.128 0.149 0.167 0.138 0.299 0.391
6 Fe 0.236 0.187 0.149 0.14 1.059 0.046 0.063 0.144
7 Pb 0.037 0.016 0.037 0.024 0.038 0.04 0.053 0.044
8 Cd 0.003 0.001 0.003 0.006 0.001 0.004 0.007 0.009
9 Zn 2.149 2.641 1.891 3.443 3.841 2.296 2.443 1.984
10 BOD 5.26 3.16 4.36 2.80 5.40 3.80 2.10 5.10
11 COD 8.99 12.28 7.44 4.84 9.34 6.57 3.63 5.36
12 NO3 9.19 8.28 8.02 7.85 8.55 9.59 8.88 7.96
13 pH 4.3 3.60 3.50 3.10 5.90 4.60 5.10 3.40
14 EC (S / Cms) 220 520 190 130 830 20 720 20
15 TDS 162 372 143 99 5650 26 550 28

Table 4. Characteristics of groundwater samples from ljegun in Lagos State (Continuation)

SIN Parameters Sample code NSDWQ WHO
mg/L GW9 GW 10
1 TPH (%) 0.10 0.26 0.03 -
2 Cr 0.128 0.082 0.05 0.05
3 Cu 1.344 1.492 1.00 1.00
4 Ni 0.031 0.026 0.02 0.02
5 Mn 0.371 0.196 0.20 0.05
6 Fe 0.136 0.148 0.30 0.30
7 Pb 0.036 0.043 0.01 0.01
8 Cd 0.002 0.001 0.03 0.003
9 Zn 2.840 3.422 3.00 -
10 BOD 3.80 4.30 - 30*
11 COD 6.57 7.44 - 80*
12 NOs 6.97 8.92 50 10
13 pH 4.00 3.10 6.5-85 70-85
14 EC(US / Cms) 270 200 100
15 TDS 197 147 500 500

*indicates Federal Environmental Protection Agency (FEPA)

The concentrations of copper in groundwater samples from ljegun in Lagos State ranged between 0.015
and 2.431 mg/L while the NSDWQ and WHO standard for copper was 1.0 mg/L. All the samples investigated
exceeded the NSDWQ and WHO standard for drinking water except GW 4. Copper is essential for good health
but very large quantity single or daily intake of copper can be harmful. The effects of copper can be expected to
increase with both level and length of exposure. Water containing high level of copper may cause vomiting,
diarrhea, stomach cramps and nausea (Salami et al., 2020). This is a pointer that groundwater in ljegun in the
area where samples were collected is not fit for drinking.

The concentrations of nickel, manganese and iron varied between 0.014 and 0.068, between 0.128 and
0.391 and between 0.136 and 0.236 mg/L respectively. The NSDWQ and WHO standard for drinking were
0.02, 0.05 and 0.30 mg/L for nickel, manganese and iron respectively. All the samples investigated exceeded the
standards stipulated by NSDWQ and WHO for drinking water except GW 6 which was below the regulatory
standard in term of nickel. The concentration of lead, cadmium and zinc in the groundwater investigated ranged
between 0.016 and 0.053 mg/L, between 0.001 and 0.009 mg/L and between 1.89 and 3.443 mg/L respectively.
The threshold stipulated by NSDWQ and WHO for lead and cadmium in drinking water were 0.01 and 0.003
mg/L respectively. The concentrations of lead in the groundwater investigated exceeded the NSDWQ and WHO
standards for drinking water. The concentrations of cadmium in GW 4 and GW 6 — GW 8 exceeded the standard
limit stipulated by NSDWQ for drinking water. However, all the concentration of cadmium in groundwater
samples investigated were within the threshold limit stipulated by WHO for drinking water
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BOD measures the amount of oxygen required by aerobic organisms to degrade organic matters in
water while COD measures the amount of oxygen required to decompose organic and inorganic components in
water chemical reactions. The concentrations of BOD in groundwater samples investigated ranged between 2.10
and 5.40 mg/L while the concentrations of COD varied between 3.63 and 12. 28 mg/L. though the standards for
BOD and COD were not specified by NSDWQ. However, FEPA specified BOD and COD threshold limits of 30
and 80 mg/L respectively for drinking water (Salami et al., 2020).The groundwater samples investigated can be
said not to be contaminated in terms of BOD and COD. The concentrations of nitrate in the groundwater ranged
between 7.85 and 9.19 mg/L which were below the standard of 10 mg/L stipulated by WHO for drinking water.
pH measures the degree of acidity or alkalinity. The pH of groundwater samples from Ijegun community varied
between 3.10 and 5.9. The threshold limit set by NSDWQ and WHO ranged between 6.5 and 8.5. The pH of all
the groundwater samples from Ijegun were below the pH range set by NSDWQ and WHO for drinking water
hence the groundwater investigated were acidic which can be attributed to the result of oil spillage in the area.

EC is a valuable indicator of the amount of materials dissolved in water (Suman et al., 2006). The
concentrations of EC in the groundwater investigated varied between 20 and 830 mg/L while the NSDWQ
standard limit was 100 mg/L. All the groundwater samples from Ijegun community exceeded the set standard by
NSDWQ for drinking water except GW 6. TDS indicates the general nature of water quality. High
concentrations of TDS decreasethe palatability and may cause Castro-intestinal irritation in human (Salami et
al., 2020). The concentration of TDS in GW 5 was 5650 mg/L while the concentrations in the other groundwater
samples varied between 28 and 550 mg/L. This revealed the GW 5 was not fit for drinking in term of TDS.

3.5 Correlation Analysis

Correlation analysis is a preliminary descriptive technique for understanding statistical relationship
between two variables. It is used to understand the association between two variables (Wyesekara et al., 2014
and Suman et al., 2006). A correlation value (r) is such that —1<r <1.A correlation value greater than 0.8

means a strong correlation while a value less than 0.5 is described as weak correlation. A value between 0.5 and
0.8 is described as moderate correlation (Kumar et al., 2007 and Kurumbein and Graybill, 1985). A correlation
of zero means there is no correlation between the variables while a correlation of 1 means a perfect correlation
between the variables. A positive correlation means an increase in one variable leads to an increase in the other
variables and a negative correlation means an increase in one variable results to a decrease in the other variables
(Salami et al., 2019). The coefficient matrices for parameters investigated in soil and groundwater from ljegun
community are detailed in Tables 5 — 6.

Table 5. Coefficient matrix for parameters investigated in soil from ljegun of Lagos.

TPH | TOC | Cr Cu Ni Mn | Fe Pb cd n NO; | POs | P N
TPH | 1.00
TOC | 0.58 | 1.00
Cr 0.27 (046 1.00
Cu 0.60 @ 0.65 0.91 ' 1.00
Ni 0.80 | 0.67 {029 | 0.54 | 1.00

Mn 0.38 | 0.18 0.59 1 0.63 | 0.54 | 1.00
Fe 0.59 : 0.73 0.81 : 0.89 | 0.65 : 0.48 | 1.00
Pb 0.54 | 0.55 0.51 | 0.69 | 0.61 | 0.56 | 0.59 | 1.00
cd 0.73 1059 1073 084 | 070 {049 | 0.86 | 0.58 | 1.00
Zn 0.68 | 0.72 0.71 { 0.88 ' 0.68 | 0.51 [ 0.84 | 091 | 0.83 | 1.00

NO; 0.72 | 0.68 045 1069 069 {023 | 0.77 | 0.79 [ 0.78 | 0.91 | 1.00

PO. 0.76 064 077 093 ! 060 {048 | 0.89 | 0.55 | 091 : 0.83 | 0.75 | 1.00

P 0.76 | 0.65 0.78 1 094 ' 061 049 {091 | 057 | 091 {084 ' 0.76 | 1.00 | 1.00

N 0.86 (069 025 056 061 {017 052 055 062 {067 066 {068 067  1.00

In Table 5, all the parameters investigated were positively correlated with one another. TPH was
moderately correlated with TOC, copper, iron, lead, cadmium and zinc but strongly correlated with nickel. The
strong correlation between TPH and nickel is an indication that oil spillage had impacted on the soil of ljegun
community. Nickel moderately correlated with iron, lead, cadmium, zinc, phosphate and phosphorus. In Table 6,
there was a weak negative correlation among TPH, nickel, pH, EC and TDS. It can be deduced that as the
concentrations of TPH increase, the pH values decreases. This is apparent as the pH values of all the
groundwater samples investigated were below the standard limit set by NSDWQ and WHO.
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Table 6. Coefficient matrix for parameters investigated in soil from ljegun of Lagos.

TPH Cr Cu Ni Mn Fe Pb Cd

TPH 1.00

Cr -0.36 1.00

Cu 0.30 -0.46 1.00

Ni -0.35 0.41 0.14 1.00

Mn 0.58 -0.22 0.06 -0.70 1.00

Fe -0.14 0.53 0.03 0.14 -0.19 1.00

Pb 0.23 -0.51 0.41 -0.62 0.43 -0.05 1.00

cd 0.64 0.25 -0.07 -0.39 0.48 -0.40 0.39 1.00
n 0.37 0.43 -0.56 0.04 -0.10 0.58 -0.21 -0.43
BOD 0.35 -0.07 0.60 0.31 -0.11 0.53 0.13 -0.23
COD -0.26 0.35 0.28 0.61 -0.50 0.40 0.61 -0.76
NO; -0.22 -0.40 0.48 0.31 -0.53 0.02 0.32 -0.05
pH -0.34 0.17 0.28 -0.09 -0.04 0.63 0.37 -0.13
EC -0.41 0.61 -0.11 -0.12 -0.01 0.62 0.06 -0.30
TDS -0.40 0.61 -0.11 -0.15 0.02 0.57 0.09 -0.25

Table 6. Coefficient matrix for parameters investigated in soil from ljegun of Lagos (Continuation).

Zn BOD COD NO; pH EC TDS
Zn 1.00
BOD -0.04 1.00
COoD 0.12 0.36 1.00
NO; -0.10 0.08 0.10 1.00
pH 0.18 0.12 0.06 0.36 1.00
EC 0.42 -0.16 0.26 0.05 0.70 1.00
TDS 0.39 -0.21 0.22 0.04 0.68 0.99 1.00

V. CONCLUSION AND RECOMMENDATIONS

4.1 CONCLUSION

The assessment of oil spillage on groundwater and soil quality in ljegun area of Lagos State has been
carried out. The concentrations of the parameters investigated in soil of ljegun community exceeded the
concentrations in the control sample. This revealed that the soil within the vicinity of the investigated area has
been contaminated which was as a result of incessant oil spillages in the area. The concentrations of parameters
investigated in the groundwater from ljegun community also exceeded the threshold limits stipulated by
NSDWQ and WHO for drinking water in terms of TPH, chromium, copper, nickel, electrical conductivity and
pH. This revealed the groundwater is not fit for drinking. The correlation matrices showed a strong correlation
between TPH and nickel in the soil while a negative correlation existed between TPH and pH in the
groundwater. It is obvious that the oil spillage in ljegun community has impacted negatively on the soil and
groundwater of the community.

4.2 RECOMMENDATIONS
Based on the finding in this work, the following are recommended.

. People living in the vicinity of the investigated area should be properly informed about the
contamination of their soil and groundwater.

. People living in the vicinity of the investigated area should be informed not to drink the groundwater in
their community hence an alternative water supply should be immediately provided.

. Assessment of soil and groundwater quality outside the investigated area should be conducted to
ascertain the quality of the soil and groundwater.

. Appropriate remediation should be carried out on the soil and groundwater in the identified
contaminated areas.

. The people in the community should work in synergy with the governments and security officials to

prevent the activities of the pipeline vandals.
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