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Abstract

Soil pollution assessment was carried out in seven oil producing areas in Riv-
ers State, and also in Nnamdi Azikiwe University, Awka which served as the
control area. Five composite soil samples from five different locations were
randomly collected in each local government area (L.G.A.) with oil deposits,
at a depth of 1 metre using soil auger. The samples were air-dried, ground,
sieved and analyzed for pH, electrical conductivity, moisture content and
heavy metals (cadmium, chromium, lead and nickel), using standard proce-
dures. The data were subjected to statistical analysis using mean and bar
graphs, and the results obtained were compared with those from the control
area and DPR Standard. One way analysis of variance (ANOVA) was also
done to establish the statistical difference between the study areas and the
control area at 0.05 confidence level. The mean values of the parameters ana-
lyzed ranged as follows; pH: 4.25 - 6.48, electrical conductivity: 2.45 - 10.60
uS/cm, moisture: 0.60% - 0.90%, cadmium: 0.08 - 0.58 mg/kg, chromium:
2.86 - 7.91 mg/kg, lead: 0.22 - 9.79 mg/kg and nickel: 0.44 - 5.08 mg/kg. The
control values were; pH: 6.04, electrical conductivity: 92.00 uS/cm, moisture:
0.80%, cadmium: 0.09 mg/kg, chromium: 8.72 mg/kg, lead: 1.04 mg/kg and
nickel: 0.89 mg/kg. The results revealed that the pH levels of the soils were
acidic and most of the values were within the DPR limit. Electrical conductiv-
ity and moisture contents of the soils were low and also below the control
value and DPR standard. Heavy metal concentrations in the soils exceeded
the control values but were below DPR limit. ANOVA results showed that
there was a significant difference (p < 0.05) between chromium concentration
in the assessed soils and the control soil. The results obtained revealed that
the examined areas in Rivers State were not yet adversely polluted in terms of
oil exploration and exploitation activities. Therefore, periodic monitoring of
the project areas is strongly recommended to prevent the buildup of these
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contaminants beyond limits of maximum tolerance.

Subject Areas

Petrochemistry

Keywords

Soil Pollution, Oil Exploration, Heavy Metals, Rivers State

1. Introduction

Soil is an important natural resource for agriculture and industrial development
of a nation. Its importance which cannot be over-emphasized can be seen in
human, plant and animal survival as well as micro-biological organism. The sig-
nificance for an in-depth study of the physical and chemical components of soils
has been greatly highlighted by Ukpong [1] who discovered the inevitability of
high soil quality for human survival [1]. Unfortunately, due to several anthro-
pogenic and natural factors, the soil may become degraded and its productivity
consequently lowered [2].

Oil exploration has continued to play a dominant role in the Nigerian econo-
my, ranging from generation of foreign exchange to serving as a source of ener-
gy to run the nation’s economy. The advent of oil exploration and exploitation
activities resulted in increased pollution of the Niger Delta environment, through
sabotage, accidental spillages, leaks from producing wells, storage tanks, gather-
ing lines, pipelines, flow stations, refineries and industrial dump sites.

The environmental consequences of oil pollution on the inhabitants of Niger
Delta Region are enormous. Oil production gives rise to the degradation of ara-
ble soils in the Niger Delta area, which create negative impact on the physical,
chemical and biological properties of the soil [3]. The Niger Delta over the years
has witnessed massive oil-based environmental degradation, soil fertility loss,
agricultural decline, pollution of air and water, fisheries decline, destruction of
wildlife and depletion of biodiversity [4]. According to a study carried out by a
team of Nigerian and International environmental experts in 2006, the damage
from oil operations is chronic and cumulative, and has acted synergistically with
other source of environmental stress to result in a severely impaired coastal eco-
system, massively threatening the livelihood, health and basic survival of the re-
gion’s impoverished residents [5].

Agriculture forms the most dominant economic activities in the Niger Delta
Region, yet farmlands are lost to non-agricultural use annually at alarming rates
due to oil spill. According to Onwurah [6] crude oil extraction and production
have had adverse environmental effect on soils, forests and water bodies of the
Niger Delta communities [6]. This has ultimately affected peasant agriculture in

a variety of ways leading to drastic decline in farm products, intensive exploita-
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tion of other fertile lands, soil degradation, hunger, immigration, increased health
issues and poverty in the region.

Soil pollution in Niger Delta Region is receiving worldwide attention yet in-
formation regarding this is very scanty. Apart from the data collected by some
individuals and corporate bodies at scattered locations, there is no comprehen-
sive database on the pollution status of these areas. Therefore, this study was
conducted in order to examine the pollution levels of soils in the oil producing areas
of Rivers State. Specific objectives of the study are to assess the physico-chemical
properties and heavy metal contents of the soils, and also compare the values ob-
tained with those obtained from the control area and with the acceptable limits
of environmental agency [7]. This result will provide baseline information on
the levels of damage that oil exploration has done to agricultural production for

the farming communities.

2. Materials and Methods
2.1. Study Area

Rivers State is one of the thirty-six States of Nigeria located in South-South geo-
political zone of Nigeria. The State is divided into twenty-three local government
areas. Its capital, Port Harcourt is economically significant as the leading suppli-
er of wealth to the nations. Rivers State is famous for its vast deposits of crude oil
and natural gas, generating over 60% of the country’s output of crude oil [8]. It
lies between latitude 4°44'59.06"N and longitude 6°49'39.58"E. The total land-
mass is 11,077 km?, with a population of 7,043,800 [9]. It is bounded to the south
by the Atlantic Ocean, to the north by Abia, Anambra and Imo, to the east by
Akwa Ibom and to the West by Bayelsa and Delta States. The climate of the area
is tropical, characterized by rainy and dry seasons. The wet season occurs be-
tween the months of March to October. The only dry months are November to
February, having little or no effect. The rainfall is high which decreases from
about 4,700 mm on the coast to about 1,700 mm in the extreme north. The mean
monthly temperature is between 25°C to 28°C, while the mean annual tempera-
ture is 26°C. Relative humidity is high, above 60% and fluctuates between 90%
and 100% for most of the year. Fishing and farming are the main occupation of
the region. It is one of the leading States in the production of yam, cassava, ma-
ize, rice, beans, and major cash crops such as oil palm, rubber, coconut, raffia
palm and jute. The State also provides valuable sea foods such as crabs, oysters,
shrimps, snail and many others.

Figure 1 shows the map of Rivers State and the study areas, all coordinates are
listed in Table 1.

2.2. Sample Selection

Seven oil producing local government areas in Rivers State were selected for
this study as shown in Figure 1, which include Ahoada West, Eleme, Emohua,

Etche, Ikwere, Ogba-Egbema-Ndoni, and Oyigbo. Five (5) sites from each local
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Figure 1. Map of Rivers showing the study areas.

Table 1. G.P.S. co-ordinates of the different sampling points in Rivers State.

L.GA. Sampling Points Latitude Longitude
Ahoada West 1 5°3'14"N 6°37'59"E
2 5°4'17"N 6°40'32"E
3 5°3'56"N 6°40'15"E
4 5°5'44"N 6°4028"E
5 5°525"N 6°3820"E
Eleme 6 5°5'9"N 6°35'13"E
7 5°422"N 6°37'0"E
8 5°5'53"N 6°37'8"E
9 5°4'47"N 6°3724"E
10 5°4'31'N 6°38'45"E
Emohua 11 4°56'24"N 6°52'11"E
12 4°56'5"N 6°51'41"E
13 4°53'30"N 6°53'60"E
14 4°54'18"N 6°51'55"E
15 4°54'39"N 6°5129"E
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Continued

Etche 16 4°60'50"N 7°3'52"E
17 4°58'12"N 7°3'10"E

18 4°58'46"N 7°523"E

19 4°58'35"N 7°3'37"E

20 4°592"N 7°7'16"E

Tkwere 21 5°4'7"N 6°57'4"E
22 5°1'60"N 6°53'40"E
23 5°3'51"N 6°55'47"E
24 5°4'15"N 6°5526"E
25 5°4'33"N 6°56'54"E
Ogba-Egbema 26 5°23'37'N 6°39'42"E
27 5°22'10"N 6°37'18"E
28 5°20'58"N 6°37'31"E
29 5°20'8"N 6°37'24"E

30 5°2026"N 6°39'0"E

Oyigbo 31 4°50'3"N 7°7'56"E
32 4°52'34"N 7°8'19"E

33 4°52'13"N 7°6'44"E

34 4°5323"N 7°8'30"E

35 4°53'57"N 7°8'6"E

government area were chosen for sampling. The control sample was selected
from Nnamdi Azikiwe university (NAU) Awka, Anambra state, which is a none

oil producing area.

2.3. Sample Collection

Five composite soil samples (20 samples) from five different locations were ran-
domly collected in each local government area with oil deposits, avoiding areas
such as areas under construction, areas that are shut down, areas whose oil wells
have dried up and riverine areas. For each collecting site, four soil samples were
taken and combined together to form a representative sample of that location.
The control samples were randomly collected from Nnamdi Azikiwe University
premises in the same manner, for comparison with the oil producing areas. All
soil samples were collected at a depth of 1 meter, using hand-driven soil auger.
The collected soil samples were put in labeled plastic cans and conveyed to the
laboratory for further processing. The sample collection was carried out biweek-

ly for a period of six months.

2.4. Sample Preparations

The collected soil samples were air-dried to a constant weight for three days,

DOI: 10.4236/0alib.1107583

5 Open Access Library Journal


https://doi.org/10.4236/oalib.1107583

C. Onwuka et al.

ground with porcelain mortar and pestle, and sieved through a 500 pm stainless
sieve. The soil samples (500 g) were securely packaged in clean, dry, closed plas-
tic cans, individually labelled and taken to the laboratory for analysis of various

parameters.

2.5. Sample Analysis

The soil analyses were carried out in the laboratory following appropriate spe-

cific standard procedures for each parameter. The parameters analyzed include:

2.5.1. Determination of pH

The pH of the samples was measured using the pH meter (HI 8424 HANNA
Romania) at 1:2 soil/water ratio. The soil sample (20.0 g) was weighed into 250
mL beaker, using Sartorius weighing balance (AE200 METTLER, Switzerland).
40 mL of deionized water was added to it and the mixture was stirred thoroughly
with a glass rod for proper mixing. The mixture was allowed to settle for 45 mi-
nutes. The reading was obtained by immersing the pH probe into the settled
mixture. The pH meter was calibrated using standard buffer solution at pH 4

and pH 7 before taking measurements

2.5.2. Determination of Electrical Conductivity

The conductivity of the samples was measured using a conductivity meter (HI
98303 HANNA, Romania) at 1:2 soil/water ratio. The soil sample (20.0 g) was
weighed into 250 mL beaker, using Sartorius weighing balance (AE200 METTLER,
Switzerland). 40 mL of deionized water was added. The mixture was thoroughly
stirred with a glass rod and was allowed to settle for 45 minutes. The reading

was obtained by immersing the conductivity probe into the settled mixture.

2.5.3. Determination of Moisture Content

The moisture content was determined gravimetrically. The soil sample (10.0 g)
was weighed into a ceramic crucible of known weight. This was placed in the
drying oven set at 105°C and was allowed to dry for three hours until constant
weight was obtained. The sample was allowed to cool in a desiccator for 30 mi-
nutes. The sample was reweighed and the difference in weight (expelled mois-
ture) was calculated. The percentage moisture was deduced as follows;
A-B _, 100

AT 1

% moisture = X

(1)

where
A = Weight of the sample before drying;
B = Weight of the Sample after drying.

2.5.4. Digestion of Samples for Heavy Metals Analysis

The samples were digested using aqua regia, which is 3:1 mixture of hydrochlor-
ic acid and trioxonitrate (V) acid. Soil sample (5.0 g) was weighed into a diges-
tion flask. 15 mL of hydrochloric acid, 5 mL of trioxonitrate (V) acid and 30 mL
of deionized water, were added to the weighed sample. The total volume was
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heated on a heating mantle in the fume cupboard for two hours until the volume
reduced to about 15 mL. The digest was then cooled and about 30 mL of deio-
nized water was added. This was filtered through a 42 Whatman filter paper into
50 mL volumetric flask and was made up to the mark with deionized water. The

filtrates of the digested samples were then analyzed for heavy metals.

2.5.5. Determination of Heavy Metals

The concentrations of the heavy metals (cadmium, chromium, lead and nickel)
were determined using flame atomic absorption spectrophotometer (A6600 GBC
AVANTA PM, Australia) at wavelengths of 228.8 nm, 357.9 nm, 217.0 nm and
232.0 nm respectively. Standards of cadmium, chromium, lead and nickel solu-
tions were made from each of the heavy metals stock solutions. The standard
samples of the metals to be analyzed were injected into the AAS instrument to
obtain their absorbance from which the calibration graphs of each metal were
plotted using measured absorbance and the corresponding concentration. The
filtrates of the digested samples were then injected into the AAS instrument and
the absorbance measured was used to determine the concentrations of the metals

present, from the calibration curves. The result was given in mg/kg.

2.5.6. Data Analysis

The data generated were analyzed using descriptive statistics. Tables, bar charts,
mean and standard deviation were computed to show the concentration levels
of contaminants in the soil samples. One way analysis of variance (ANOVA)
was used to determine the statistically significant difference (p < 0.05) between
the study areas and the control area, using computer aided SPSS Statistical Pro-

gram.

3. Results and Discussions

The pH analysis results of soils of the surveyed local governments in Rivers State
are shown in Table 2 and Figure 2.

Results obtained (Table 2) depicted that the mean pH levels of examined soils
from Rivers State ranged from 4.25 to 6.48. The highest pH value was observed
in Emohua (6.48), probably as a result of the presence of residual hydrocarbon
spill which must have posed a major resistance to the leaching of basic salts that
are responsible for the raising of the pH. The presence of hydrogen sulphide
which is one of the end products of biodegradation of petroleum, may account
for the least value recorded in Oyibo (4.25). The average pH levels of all the sites
assessed in Rivers (4.25 - 5.98) were below the control site (6.04), with the excep-
tion of Emohua (6.48) which exceeded the control (Table 2 and Figure 2). Table
2, Table 3 and Figure 2, also revealed that the mean pH values of Ahoada West
(5.02), Ogba Egbema (4.78) and Oyibo (4.25) were lower than department of pe-
troleum resources (DPR) limit (5.50 - 6.50), while Eleme (5.98), Emohua (6.48),
Etche (5.50) and Ikwere (5.68) were within the limit. This study revealed that oil

production activities had some impact on the soil pH of some study areas of
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Figure 2. Graphical representation of the effect of oil
exploration on soil pH of Rivers State.

Table 2. Summary (averages) of soil analysis.

Local Govt. pH EC Moisture Cd Cr Pb Ni
Area (uS/cm) (%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
5.02 = 3.61 + 0.80 £ 0.08 £ 6.71 £ 2.87 £ 5.08 £
Ahoada West
1.92 1.51 0.57 0.05 1.23 1.42 1.42
598 + 285+ 0.90 = 0.58 + 4.59 + 2.73 £ 0.44 +
Eleme
1.63 1.39 0.50 0.39 0.48 1.83 0.62
6.48 + 5.55+ 0.70 = 0.11 + 5.37 £ 1.83 + 1.20 £
Emohua
2.74 3.07 0.22 0.10 0.87 0.94 0.20
Etche 5.50 = 10.60 0.90 + 0.12 512 % 1.58 £ 139+
1.01 2.16 0.39 0.07 1.63 0.57 0.56
5.68 £ 245+ 0.70 £ 0.08 + 3.01 £ 0.22 + 1.11 £
Tkwere
1.69 0.99 0.43 0.13 1.17 0.12 0.61
4.78 £ 281+ 0.60 + 0.08 + 2.86 £ 3.56 = 0.92 =
Ogba-Egbema
1.79 1.89 0.42 0.05 1.12 1.09 0.49
R 425+ 7.30 = 0.70 £ 0.16 + 791 % 9.79 = 2.01 £
Oyigbo
1.78 2.50 0.29 0.16 1.44 3.63 0.64
. 6.04 92.00 £ 0.80 + 0.09 + 8.72 1.04 £ 0.89
Unizik
1.84 20.00 0.50 0.08 2.34 0.85 0.41

Table 3. Ranges, State Means and P-values for the various Parameters.

State Standard
Parameters Range Mean+SD Control (DPRY) P-value
pH 425-648 538+1.83 6.04+1.84 5.50-6.50 0.413

Electrical Conductivity (uS/cm) 2.45-10.60 5.02 +3.39 92.00 £20.00 300 - 5000 0.225

Moisture Content (%) 0.60-090 0.76 £0.39 0.80 +0.50 13-26 0.834
Cadmium (mg/kg) 0.08-0.58 0.17+0.23 0.09 £0.08 0.8 0.517
Chromium (mg/kg) 2.86-791 5.08+2.03 8.72+2.34 100 0.002

Lead (mg/kg) 0.22-9.79 323+330 1.04+0.85 85 0.538
Nickel (mg/kg) 0.44-508 1.74+1.60 0.89+0.40 35 0.206
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Rivers State, mainly Ahoada west, Ogba-Egbema and Oyibo, which can adverse-
ly affect soil fertility and crop production in these areas.

The electrical conductivity analysis results of soils of the assessed local gov-
ernments in Rivers State are displayed in Table 2 and Figure 3.

The mean soil electrical conductivities of the investigated areas in Rivers in-
creased from 2.45 puS/cm to 10.60 pS/cm (Table 2). The maximum value was de-
termined in Etche (10.60 pS/cm), may be as results of the accumulation of salts
due to the frequent flooding of the area with saline water, that characterizes the
area. The various oil extracting and processing operations in Ikwere, may result
to regular crude oil spillages, which may account for the observed low value in
this area, since organic compound such as crude oil cannot conduct electric cur-
rent because it does not contain free ions. The mean electrical conductivity val-
ues of the assessed areas in Rivers (2.45 - 10.60 uS/cm) were considerably lower
than the background soil (92.00 puS/cm) and DPR stipulated limit (300 - 5,000
uS/cm) as indicated in Table 2, Table 3 and Figure 3. The results obtained
showed that the study areas of Rivers State were highly depleted of important
nutrients that are necessary for plant growth, and therefore cannot favour high
crop yield.

The results of moisture content analysis of soils of the investigated local gov-
ernment areas in Rivers State are indicated in Table 2 and Figure 4.

Table 2 indicated that the analyzed soils from Rivers varied from 0.6% to
0.9%. The highest value was recorded in Eleme and Etche (0.90%), which implies
that these areas retained more water than other areas, probably as a result of
metabolic processes following oil spill, precipitation and organic matter content

of the soils. The least value was recorded in Ogba-Egbema (0.60%), which could

iver ontr oy KEY
Conductivity Rivers  Control  Standard AET
(uS/cm) 5000
4000 —
R,-Ahoada West
3000 R,-Eleme
R,-Emuoha
2000 — R,-Etche
R.-lkwere
1000 — R.-Ogba-Egbema
Rj—Oyigbo
| C,-Control
800 STD-Standard
600—
400
200—

0 R,R,R,R,R.R,R, C,STD StudyArea

Figure 3. Graphical representation of the effects of oil exploration on
soilelectrical conductivity of Rivers State.
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10 R,-Etche
R.-lkwere
17 R,-Ogba-Egbema
R,-Oyigbo
0.8 - C,-Control
STD-Standard
0.6 1
0.4 -
0.2

0 R,R,R,R,R,R,R; C,STD Study Area

Figure 4. Graphical representation of the effect of oil exploration on soil
moisture content of Rivers State.

be as a result of oil aerations and high rate of evaporation due to gas flaring,
thereby increasing the moisture deficit in the soil. The resultant effect could lead
to delayed seed germination, reduction in plant growth and in the population of
hydrocarbons degrading microbes. Table 2 and Figure 4, revealed that the av-
erage soil moisture content of Eleme and Etche (0.90%) were higher than the
control value (0.80%), but the Ahaoda West (0.80%) had the same value with the
control (0.80%), while Emohua, Ikwere and Oyibo (0.70%), and Ogba-Egbema
(0.60%) were lower than the control. All the examined soils from Rivers (0.60% -
0.90%) were substantially below DPR standard of 13% - 26% (Table 2, Table 3
and Figure 4). These results indicate that the assessed sites in Rivers State may
have low soil fertility and poor agricultural output.

The results of cadmium analysis in the soils of the examined local government
areas in Rivers State are shown in Table 2 and Figure 5.

In Rivers, the mean concentration of cadmium ranged from 0.08 mg/kg to
0.58 mg/kg as described in Table 2. The highest value was found in Eleme (0.58
mg/kg) probably as a result of the effluents from Eleme petroleum refinery, in-
dustrial wastes from Eleme petrochemical industry, oil spillage and the burning
of crude oil in oil wells and flow stations which release significant amount of
cadmium into the environment. The lowest value was seen in Ahoada West, Ik-
were and Ogba-Egbema (0.08 mg/kg). These areas may likely have similar soil
characteristics therefore; the materials from which the soils were formed may
have influenced the distribution of cadmium in these areas. It was explained
(Table 2 and Figure 5) that the mean cadmium concentrations of Eleme (0.58
mg/kg), Emohua (0.11 mg/kg), Etche (0.12 mg/kg), and Oyibo (0.16 mg/kg)
were above the control site (0.09 mg/kg), while Ahoada west, Ikwere and Og-
ba-Egbema (0.08 mg/kg) were below the control. The average concentrations of
cadmium in all the sites surveyed in Rivers (0.08 - 0.58 mg/kg) were compara-
tively below the DPR target value (0.80 mg/kg), as illustrated in Table 2, Table 3
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Cadmium Rivers Control Standard KEY
(mg/kg)
%8 R,-Ahoada West
R.-Eleme
" Rz-Emuoha
- R -Etche
o R:-Ikwere
0.5 R_-Ogba-Egbema
R,-Oyigbo
0.4+ C,-Control
STD-Standard
0.3
0.2
0.1

0" R,R,R,R,R,R,R, C, STD StudyArea

1

Figure 5. Graphical representation of the concentrations of cad-
mium in the assessed soils of Rivers State.

and Figure 5. Thus, the cadmium levels recorded do not have any hazardous ef-
fect in the assessed areas in Rivers State.

The results of the analysis of chromium in the soils of the assessed local gov-
ernment areas in Rivers State are depicted in Table 2 and Figure 6.

Table 2 revealed that the average levels of chromium in the analyzed soils
from Rivers varied from 2.86 mg/kg to 7.91 mg/kg. The highest concentration
was detected in Oyibo (7.91 mg/kg), may be due to different oil-related activities
going on at the NNPC gas plant and other flow stations within the area, which
constantly release crude oil with high chromium content that found its way into
the surrounding soils. Osibanjo et al. (1983) reported that Nigerian crude oil is
rich in heavy metals, probably due to the fact that they are present in organome-
tallic compounds that migrate with hydrocarbon, thereby acting as effective cat-
alysts for the formation of hydrocarbon [10]. The lowest value obtained in Og-
ba-Egbema (2.86 mg/kg) is in agreement with the fact that the soil is very acidic
(4.78) in nature (Table 2), and such soil pH gives the soil low buffering capacity
and a low capacity for the retention of heavy metals [11]. In Table 2, Table 3
and Figure 6, all the studied sites in Rivers (2.86 - 7.91 mg/kg) had mean chro-
mium concentrations lower than that of the background site (8.72 mg/kg) and
DPR limit (100 mg/kg). These results revealed that the levels of chromium found
in the analyzed soils from Rivers, could not be considered hazardous.

The results of the analysis of lead in the soils of the studied local government
areas in Rivers State are described in Table 2 and Figure 7.

In Table 2, the mean levels of lead in the soil samples from Rivers were in the
range of 0.22 mg/kg to 9.79 mg/kg. The maximum value discovered in Oyibo
(9.79 mg/kg), may be attributed to incessant crude oil spillage, as well as lead
discharge from car batteries, gasoline, engine oil, lubricating oil and grease, and

spilled leaded fuels which were carried by runoff from the oil companies
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Chromium Rivers Control  Standard KEY
(mg/kg)
1007 R.-Ahoada West

1

R, -Eleme

70 Rj—Emuoha

40 R4—Etche
R.-lkwere
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R,R,R,R,R,R,R, C, STD Study Area

Figure 6. Graphical representation of the concentrations of chro-
mium in the examined soils of Rivers State.

Lead 90 Rivers CMroI Standard KEY

(mgrkg) 70 — R,-Ahoada West
R,-Eleme
507 R,-Emuoha
_ R,-Etche
30 Rz-lkwere
10— R,-Ogba-Egbema
5 R -Oyigbo
C,-Control

STD-Standard

R/R,R,R,R;R;R, C, STD Study Area

Figure 7. Graphical representation of the Concentrations of lead in
the soils of Rivers State.

mechanic workshop into the surroundings soils; while the cleansing action of
rainfall may be responsible for the minimum value found in Ikwere (0.22 mg/kg).
From the data obtained (Table 2 and Figure 7), the mean values of lead deter-
mined in the test soils from Rivers (1.58 - 9.79 mg/kg) were all higher than the
background soil (1.04 mg/kg), except that from Ikwere (0.22 mg/kg) which was
unexpectedly lower than the control. Table 2, Table 3 and Figure 7, also de-
picted that the average values of lead for the areas studied in Rivers (0.22 - 9.79
mg/kg) were substantially lower than DPR critical value (85 mg/kg). From all
indications, the levels of lead found in the studied locations in Rivers State, will
not exert adverse effects on soil properties, plant community, soil dwelling or-
ganisms or humans.

The results of the analysis of nickel in the soils of the inspected local govern-

ment areas in Rivers State are outlined in Table 2 and Figure 8.
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Nichel

(mg/kg) Rivers Control Standard KEY
357 R,-Ahoada West

5 R,-Eleme
R,-Emuoha

4 R,-Etche
R.-lkwere

3— R,-Ogba-Egbema
R,-Oyigbo

2+ C,-Control

) STD-Standard

Figure 8. Graphical representation of the concentrations of nickel
in the soils of Rivers State.

The average levels of nickel observed in the studied locations in Rivers (Table
2), increased from 0.44 mg/kg to 5.08 mg/kg. Oil spillage, effluent discharge, oil
exploration wastes and automobile activities, may account for the highest value
obtained in Ahoada West (5.08 mg/kg). The lowest value observed in Eleme
(0.44 mg/kg), may be as a result of the fact that greater proportion of nickel may
have been removed during refining, and also the effluents released from NNPC
refinery and Eleme Petrochemical industry may have undergone adequate treat-
ment that would have removed high amount of nickel. It was observed (Table 2
and Figure 8), that the mean levels of nickel for all the investigated sites in Riv-
ers (0.92 - 5.08 mg/kg) were higher than the control site (0.89 mg/kg), except
Eleme (0.44 mg/kg) which was lower than the control. However, all the areas
examined in Rivers (0.44 - 5.08 mg/kg) had average nickel values appreciably
below DPR standard (35 mg/kg) as shown in Table 2, Table 3 and Figure 8.
From these results, the levels of nickel detected in soils from Rivers State were
very low; therefore, the soils can guarantee food security in terms of intensive
crop production.

The State means for the parameters determined in the soils of the investigated
areas in Rivers State are shown in Table 3 and Figure 9.

Table 3 and Figure 9 indicated that the State average pH value for Rivers
(5.38) was far below the control value (6.04) but was slightly below the lower
limit (5.50) of DPR standard (5.50 - 5.60), denoting high impact of oil explora-
tion and processing operations in the assessed areas. According to Nkwocha and
Duru crude oil makes soil acidic; in other words reduces the pH of the soil [12].
The strong acidic pH level could lead to increase availability of micronutrients
than macronutrients, reduction in microbial population, and as well favours
plant uptake of heavy metals, thereby resulting to toxicity problems. This result
(5.38) is at variance with the findings of Udosen et al. who observed a higher pH
value of 5.60 for the bioamendment of petroleum contamination soil [13]. The
ANOVA result revealed that there exist no significant difference (p = 0.413) be-

tween the soil pH of the examined areas and the control area (Table 3). This
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Average Rivers Control Standard KEY
5000
1000 -
1007 pH - pH Range
50 - EC - Electrical Conductivity (uS/cm)
MC - Moisture Content (%)
Cd - Cadmium (mg/kg)
101 Cr - Chromium (mg/kg)
Pb - Lead (mg/kg)
57 Ni - Nickel (mg/kg)
14

pH EC MC Cd Cr Pb Ni Parameter

Figure 9. Graphical representation of the State averages for the various parameters.

may be ascribed to their similarity in soil properties.

In Table 3 and Figure 9, the State average electrical conductivity level for
Rivers (5.02 uS/cm) was appreciably below the control level (92.00 uS/cm) and
DPR regulatory limit (300 - 5,000 uS/cm). This signified that crude oil exploita-
tion, including sabotage and other handling activities, adversely affected the soil
electrical conductivities of these areas, which may result to poor agricultural
productivity. The observed value for this study (5.02 uS/cm) is not in agreement
with the findings of Ikwa et al who obtained a higher value (45.20 uS/cm) for
soil ecosystem variables affected by oil spills in Etche, Rivers State [14]. ANOVA
result (Table 3) indicated that the degree of variation of soil electrical conduc-
tivities of the studied areas and the control area was insignificant (p = 0.225).
This may be related to their similarity in soil composition.

In addition, Table 3 and Figure 9, depicted that the State average moisture
content level of soils from Rivers (0.76%) was slightly below the control level
(0.80%), but significantly below DPR limit (13% - 26%). This may be due to fre-
quent natural resource extraction coupled with so many oil related industries
and facilities in the State. These activities can expose the soil to potentially se-
rious risks, thereby reducing the water holding capacity. The result obtained for
this study (0.76%) was lower than 23.50% reported by Akubugwo et al. for stu-
dies on the impact of crude oil exploration on soil quality and crops grown in
Kpean community, Khana Rivers State [15]. ANOVA result (Table 3) showed
that there was no significant difference (p = 0.834) between the measured soil
moisture contents of the assessed areas and the control area. This may be attri-
buted to the similarity of the parent materials from which their soils were
formed.

Table 3 and Figure 9, further indicated that the State average cadmium con-
tent of soils studied in Rivers (0.17 mg/kg) was above the control value (0.09
mg/kg) but significantly below the DPR recommended value (0.80 mg/kg). Gen-
erally, the test soils from Rivers were not polluted in terms of cadmium, imply-

ing increase in soil fertility, agricultural potentials and other farm related activi-
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ties and practices. This result (0.17 mg/kg) is consistent with similar studies
conducted by Oriji and Zakka who obtained a mean cadmium level of <0.2
mg/kg, for the physicochemical analysis of a typical crude oil spilled site in Riv-
ers State [16]. From Table 3, the ANOVA result showed that the difference in
cadmium concentrations of the test soils and the control soils was statistically
insignificant (p = 0.517). This may be due to their similarity in the composition
of the parent soil material.

More so, the State mean chromium value for Rivers (5.08 mg/kg) was predo-
minantly lower than the control (8.72 mg/kg) and the set standard of DPR (100
mg/kg), as illustrated in Table 3 and Figure 9. This low value observed, pro-
vided evidence of unpolluted soils, which will eventually lead to the enrichment
of the soil with essential nutrients for efficient crop production. However, the
recorded value (5.08 mg/kg) was significantly higher than the value (0.34 mg/kg)
obtained by Onojake and Okonkwo for trace metals associated with oil spillage
in Rivers State [17]. Table 3 further indicated that there was significant differ-
ence (p = 0.002) between chromium concentrations in the surveyed soils and
background soil. This may be due to the effect of oil production and processing
operations in the studied locations.

In Table 3 and Figure 9, the State mean level of lead for Rivers (3.23 mg/kg)
was above the control site (1.04 mg/kg) but considerably below 85 mg/kg, the
DPR permissible limit. The low concentrations found in these sites denote the
potential for improved soil nutrient level. The mean level of lead (3.23 mg/kg)
determined for this present study was greater than 1.20 mg/kg obtained from
previous study by Oriji and Zakka for physicochemical analysis of crude oil spill
site in Rivers State [16]. ANOVA result showed that there was no significant de-
gree of variation (p = 0.538) between the lead concentrations in the investigated
areas and the control area (Table 3). This may be attributed to the composition
of the parent material.

Similarly, the assessed soils from Rivers showed a State average nickel con-
centration of 1.74 mg/kg, which exceeded the control area (0.89 mg/kg) but was
below DPR limit (35 mg/kg), as indicated in Table 3 and Figure 9. The concen-
trations of nickel recorded in these areas are insignificant, indicating favourable
agricultural output. The result obtained in this assessment (1.74 mg/kg), is how-
ever lower than (3.14 mg/kg) reported by Onojake and Okonkwo for trace met-
als associated with oil spillage in Rivers State [17]. Table 3 also revealed that the
difference in the nickel contents of soils from the examined soils and the control
soil was statistically insignificant (p = 0.206). This may be related to the nature
of the parent soil materials.

Generally, the results showed a very low concentrations of all the heavy metals
analyzed, compared to DPR limit (Table 3 and Figure 9). The order of abun-
dance of the heavy metals was Cr > Pb > Ni > Cd.

4. Conclusion

The test result obtained from the soil analysis of the oil bearing areas in Rivers
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State shows that the soils were acidic and contained low amount of organic mat-
ter. Nearly all the physicochemical properties examined were altered by oil pol-
lution since most of the values obtained were far below the recommended DPR
Standard. This in turn implies low agricultural productivity and reduced source
of livelihood in the affected areas. However, the heavy metals status of the soils
were observed to be very low and also below DPR permissible limits. Their effect
on soil quality would therefore be insignificant. ANOVA results showed that
there was significant difference (p < 0.05) between chromium concentration of
the studied soils and the control soils. It can be concluded that the assessed areas
in Rivers State, were not yet adversely polluted in terms of oil exploitation and
exploration activities. Based on of these findings, periodic monitoring of the
study areas is highly recommended to prevent the buildup of the contaminants

beyond limits of maximum tolerance.
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