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Abstract

The heavy metal contamination status of Bight of Bonny sea bed sediment
was investigated. Sediment samples were collected from eleven locations grouped
into three stations. The samples were analyzed to determine the heavy metals (Fe,
Pb, Ni, Zn, Mn, Co, Cd, Cu, Cr) concentration using atomic absorption spec-
trophotometer. Index model analyses, such as geo-accumulation index (I-geo),
Enrichment factor (EF), and Pollution load index (PLI) were used for pollu-
tion assessment of sea bed sediment. The most predominant heavy metals in
the upstream sediment were Fe; 13.57 + 1.838 mg/kg, cobalt; 7.987 + 3.550
mg/kg, and Ni; 1.020 = 0.802 mg/kg, midstream sediment were Fe; 8.554 +
3.010 mg/kg, Co; 8.520 = 4.00 mg/kg, and Ni; 1.140 + 0.879 mg/kg, while the
downstream sediment result had Fe; 11.12 + 3.825 mg/kg, Co; 7.275 + 1.700
mg/kg, and Cd; 1.025 + 0.159 /kg. The I-geo results indicate that Cu, Mn, Pb,
Cr, Fe, Zn, Ni, and Co were in their background concentrations while Cd had
I-geo > 3 which implies a moderately or heavily polluted environment. The
EF indicates metal enrichment from anthropogenic sources for Co, Ni, Pb, Cd,
Cu, and Cr while Fe and Mn predicate biogenic origin. The PLI of the heavy
metals in the three sample stations of sea bed sediment was found to be gener-
ally low (<1). The Enrichment Factor and geo-accumulation index strongly
suggest the Bight of Bonny sea bed sediment contamination by Cd from
anthropogenic sources.
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Geo-Accumulation Index, Pollution Load Index

1. Introduction

Metal pollution is a serious issue in the aquatic ecosystem because of its toxicity
and ability to accumulate in the biota (Ghrefat et al., 2011). Sediments form a
critical part of the aquatic ecosystem; made up of fine, medium, and coarse grain
minerals and organic particles found at the bottom of surface water bodies
(Ogbeibu et al., 2014). Heavy metals come from both natural and anthropogenic
sources and are one of the most common environmental pollutants in river se-
diment. Sediment naturally acts as an excellent trap and final sink for heavy
metals in the aquatic ecosystem. It can as well release contaminants to the water
column by various processes of remobilization under variable conditions
(Marchand et al., 2006; Davies & Abowei, 2009).

Pollution of littoral waters of the Niger Delta region of Nigeria has in recent
times received much attention as a result of a high degree of environmental de-
gradation and aquatic perturbation posed by petroleum exploration activities
(Benson et al., 2007). The Bight of Bonny extends its tributaries to Qua Iboe
River, which has been reported as a recipient environment for industrial efflu-
ents especially from the oil and gas industries and agricultural run-offs (Eni et
al., 2021). Sediment as an essential component in an aquatic ecosystem serves as
a sink and also a source of heavy metal (Marchand et al., 2006; Davies & Abowei
2009; Abdullah et al., 2007). Heavy metals most often quickly settle in the sedi-
ment upon deposition in surface waters and are much more concentrated in the
sediment than in the water body of aquatic ecosystem (Shyleshchandran & Ra-
masamy, 2018; Liu et al., 2018). This is due to their chemical properties having
atomic weights between 63.546 and 200.590 and specific gravity that is 5 times
greater than that of water (Andem et al., 2015). More so, when the physico-
chemical or hydrological conditions change, heavy metals in the sediment may
desorb or resuspend to cause secondary pollution in the water body. The pres-
ence of heavy metals is of great concern in terms of pollution of the aquatic eco-
system due to their persistence, environmental toxicity, bioaccumulation, amongst
others (Zhang et al., 2014; Jordanova et.al, 2018), which can result in negative ef-
fects on the ecological health of aquatic animal species and decline in their pop-
ulation.

The use of index model analysis (EF, I-geo, PLI) has been a veritable tool in
the assessment of heavy metals in river sediment. This is because each sediment
layer in the river has been formed as a result of a continued sedimentation
process; hence, investigating the anthropogenic impact on the sediment is most
probable (Fernandes & Nayak, 2012). EF and I-geo indexes are known to dis-
tinguish between the sediment being enriched by anthropogenic or natural input

(Praveena et al., 2008). The I-geo allows the practical determination of contami-
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nation for the examined sediment of organic and inorganic substances by com-
paring present concentrations with pre-industrial sediment layers (Loska et al.,
1997; Ji et al., 2008). Consequently, the use of index model analysis enables us to
gain an integrated picture of the metal contamination in the sediment, therefore,
determining either the sediment presence as natural phenomena, anthropogenic
activities, or a combination of both (Nur et al., 2013).

The Southern Atlantic coast is of economic importance to the coastal com-
munities in the Niger Delta region of Nigeria; providing more than 17 species of
various types of fish (Ekpo et al., 2014). The fishing business has provided a huge
income to the fishing communities living within the coastal areas of the Niger
Delta region. It has become imperative to assess the sea bed sediment quality of
Bight of Bonny because heavy metal toxicity in the food chain could have a debi-
litating effect on human health. The study area covers a horizontal stretch of a
crude oil pipeline that delivers crude to Qua Iboe Terminal (QIT) from an off-
shore oil installation which supports about 50% - 60% of Idoho, Usari, Asabo,
Ekpe, Inim, and Etim Exxonmobil oil productions (Adewole, 2018). The impact
on sea bed sediment from industrial discharges, oil spillage within the stretch of
this pipeline, and other poor waste management practices in the coastal areas as
reported in academic literature (Eni et al., 2021; Oze et al., 2005; Apkan, 1991)
has necessitated this research work. This study reports the heavy metals concen-
tration in the Bight of Bonny river bed sediment to evaluate the pollution status

using pollution index model analysis.

2. Materials and Method
2.1. Study Area

The Bight of Bonny is situated on the Southern Atlantic coast of Nigeria
(4°15'N-4°35'N; 7°30'E-8°25'E). This coastal aquatic system is about 100 km long
and more than 30 km wide and constitutes the eastern flank of the Niger Delta
(Ntekim et al., 1993), traversing the shorelines of Akwa Ibom, Cross River, and
the Rivers States of Nigeria. The entire ecosystem is made up of an extensive
network of rivers, estuaries, creeks, and tributaries which together form a signif-
icant commercial hydrographic feature within the region. The study area is gen-
erally humid and characterized by double maxima rainfall. The area is also noted
for its humid tropical climate with total annual precipitation of 2000 mm to 4000
mm, it has a uniform temperature regime with an annual range between 25°C to
28°C (Iloeje, 1991; Esu & Amah, 1999). The area covers a horizontal stretch of a
crude oil pipeline that delivers crude to Qua Iboe Terminal (QIT) from an off-
shore oil installation which supports about 50% - 60% of Idoho, Usari, Asabo,
Ekpe, Inim, and Etim Exxonmobil oil productions (Adewole, 2018). The study
area is exposed to significant anthropogenic inputs such as crude oil spillage,
untreated sewage, and industrial wastewaters. Several other smaller fluvial and
domestic effluents are also disposed of in the shallow marginal estuarine reaches
and creeks (Benson et al., 2007).
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2.2. Sediment Sampling and Laboratory Analysis

The field sampling design consists of sampling points with transects oriented
toward the South, East, and West directions covering a distance of about 14 km
in the southeast direction. The control sample was collected about 3.5 km from
the offshore crude oil production facilities. Eleven sediment samples were col-
lected around some offshore crude oil facilities. The sample stations were
grouped into three, namely; SD1, SD2, SD3 as Station 1; SD4 and SD5 as station
2, and SD6, SD7, SD8, as station 3 and SD9, SD10 as Station 4 for the down-
stream. The control sample was coded SD CNTRL as shown in Figure 1. A
320kg Day Grab was used for the sediment sampling. Grab-bites were obtained
and sub-sampled at each station. The day grab was set in position and deployed
into the seawater using a winch and A-frame attached to the vessel. The grab was
attached to the winch with wireline and was lowered to the sea bottom and re-
trieved immediately afterward. The content of the grab was sub-sampled for
heavy metals into a polyethylene bag following the standard procedure described
in American Public Health Association (APHA) (APHA, 1998).

<
| Sampling Point
0 2.5 5Km

Scale

GUC\JT‘i’_ ! 02!

8°0'0.05"  4°21'49.91" sp1
7°59'52.92" 4°22'38.09" SD2
7°59'48.11" 4°23'26.62" D3
7°59'52.87" 4°24'15.23" SD4
7°59'57.63" 4°25'3.85" SD5
8°0'2.39" 4°25'52.46" SD6
8°0'7.15" 4°26'41.07" SD7
8°0'11.91" 4°27'29.69" SD8
8°0'16.67" 4°28'18.3" SD9
¢ 8°021.43" 4°29'6.91" sp10 |
Bight of Bonny 8°2'2.36" 4°27'6.11" SDCNTRL

South Atlanti¢ Occan

Figure 1. Study area showing sampling locations.

DOI: 10.4236/gep.2021.912017

289 Journal of Geoscience and Environment Protection


https://doi.org/10.4236/gep.2021.912017

J. N. Okorondu et al.

Sample pre-treatment and analysis

The sediment samples were air-dried and ground to a fine powder in a mor-
tar. The powdered sediment was then sieved through a 0.5 mm sieve to remove
coarse materials. 1 g of the sediment powder was digested using a 1:5:1 mixture
of perchloric acid, concentrated HNO,, and concentrated H,SO, in a fume
chamber at 80°C until a colorless liquid was obtained (Oguzie, 2003). The sam-
ple digest was diluted to 50 ml and analyzed for the listed heavy metals (Fe, Pb,
Ni, Zn, Mn, Co, Cd, Cu, and Cr) at their various resonance frequency using

Atomic Absorption Spectrophotometer (Varian SpectrAA 220).

2.3. Contamination Level Analysis

The pollution status of the study area was assessed using the various pollution
assessment indices, namely the contamination factor (CF), geo-accumulation
(Igeo), enrichment factor (EF), and the pollution load index (PLI).
Contamination Factor (CF)
CF is defined as the ratio of metal content in the sample to the background

value of the same metal. It is given by the following:

CF = C (metal) Sample/C (metal) background value (1)

where C (metal) is the concentration of metal analyzed from sampled soil and
where C (metal) background value is the geochemical background value (or
concentration) of that metal.

The values of the contamination factor are characterized as follows: (7 < 1 -
low contamination factor indicating low contamination of the sediment with the
examined "r substance, 1 < Cf < C~ < C~ very high contamination factor. Con-
tamination factor is used to evaluate the pollution of the environment by single
substances. The sum of contamination factors expresses the value of contamina-
tion degree which describes the contamination of the environment by all ex-
amined substances. The degree of contamination defines the quality of the envi-
ronment in the following way: C,t< 8 low degrees of contamination, 8 < C <z <
16 moderate degrees of contamination, 16 < C, <32 considerable degrees of con-
tamination, 32 < C,~ very high degree of contamination (Loska et al., 1997).

Geo-accumulation index (Igeo)

The heavy metals (HMs) contamination level based on baseline concentra-
tions data were estimated by the model or method suggested by Muller (1969),
which is called the geo-accumulation index (Igeo). This technique measures the
elemental pollution in terms of seven (0 to 6) enrichment classes ranging from

background level to very heavily polluted, as follows:

Igeo =log2 2)

Cn is HMs concentration in the sample, Bn is the geochemical background
value in the average shale of the element (Turekian & Wedepohl, 1961), the shale
value was 1.5 of the background matrix correction in factor due to lithogenic

consequences (Table 1).
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Table 1. Contamination level index for the various areas of study.

Class Value Soil quality level
0 Igeo <0 Uncontaminated
1 0<Igeo<1  Uncontaminated to moderately
2 1<Igeo<2  Moderately Contaminated
3 2<Igeo<3  Moderately to heavily contaminated
4 3<Igeo<4  Heavily Contaminated
5 4<Igeo<5  Heavily contaminated to Extremely Contaminated
6 Igeo > 5 Extremely Contaminated

Enrichment Factor

It is a measure of the metallic concentration to the reference metal (iron) in
the sample compared to the world average shale values, as shown below
(Reimann & De Caritat, 2004).

EF = (M/Fe) sample/(M/Fe) background 3)

M = metal ion concentration in both the sample and background while Fe =
iron concentration in both the sample and the background. Zhang & Liu (2002)
stated that EF values from 1/2 to 1.5 show the metal is of biogenic or natural
processes, while values more than 1.5 are of anthropogenic or man-made
sources. There are five contamination categories according to Sutherland (2000),
where EF < 2 represents the depletion of mineral enrichment; 2 < EF < 5, mod-
erate enrichment; 5 < EF < 20, significant enrichment; 20 < EF < 40, very high
enrichment; EF > 40, extremely high enrichment

Pollution Load Index

However, the sediment/soil quality is assessed based on Tomlinson’s pollution
load index (PLI), an integrated approach proposed by Tomlinson et al. (1980).
The PLI is calculated according to equation 4, and is defined as the nth root of
the multiplications of the contamination factor of each metal:

1/n

PLI=(} CF1xCF2xCF3x---x CFn) (4)

where CF is the contamination factor; Cmetal is metal concentration in the se-
diment.

The PLI value of >1 is polluted while > 1 indicates no pollution (Harikumar,
2009).

3. Results and Discussion

The results show a very low concentration of Cr and Cu in most of the sample
stations in the study area as shown in Tables 2-4. The concentration of Cu was
below equipment detection limit (BDL) in most sample stations as shown in
Tables 2-4, except Upstream Station 2 (1.74 mg/kg), Downstream Station 1
(0.64 mg/kg) and Downstream Station 2 (0.24 mg/kg). A Cr concentration of
2.560 mg/kg was recorded only in Upstream Station 2 as shown in Table 2,
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whereas, other sampling locations had values below the equipment detection
limit. The mean concentration of Fe ranged from 8.55 + 3.011 in the mid-stream
to 13.57 + 1.838 downstream of the study area. Zn had mean concentration val-
ues from 0.036 + 0.008 (upstream) to 0.068 + 0.012 (mid-stream). Other metals
such as Mn, Co, Pb, Ni, and Cd had mean values - 0.110 = 0.081 to 0.134 +
0.095, 7.225 + 1.700 to 8.520 * 4.00, 0.417 + 0.133 to 0.472 + 0.261, 0.189 + 0.321
to 1.140 £ 0.879, 0.853 * 0.251 to 1.025 £ 0.159 respectively as shown in Tables
2-4. This result indicated that the level of iron was higher in the upstream than
the downstream and the midstream was the least, this could be attributed to the
level of human activities within the upstream, this zone of the sea is closest to the
coastline, meaning it receives more of the contaminant coming from the soil
than the other two zones. Apart from iron, the other heavy metals were incon-
sistent in the amount found in the three zones, this could be as a result of the
river flow direction and also a tidal movement which could have deposited more
contaminant at one zone than the rest of the zone.

The high concentration of Fe over the other metals as shown in Tables 2-4
was similar to results reported by (Iwuoha, et al., 2012; Uwah et al., 2013; Og-
beibu et al., 2014). The low concentration of Cr and Cu was consistent with re-
sults from other studies (Eni et al., 2012; Andem et al., 2015; Uwah et al., 2013;
Ogbeibu et al., 2014; Iwuoha et al., 2012). The mean Cd and Pb results were
higher than previous studies on the Qua Iboe river estuary as reported by (Uwah
et al., 2013; Eni et al., 2021). The high level of iron in each of the three zones and
the study area is a signal of activities that release such within the area of study.
The high iron level could be from barges transporting oil, an oil pipeline that
traverses the sea. The presence of cobalt and nickel was high too which may be
due to numerous anthropogenic activities going within the study area. The oc-
currence of these heavy metals may have numerous effects on living and
non-living organisms within the study zone.

The I-geo grades for the study area sediment vary from 0 (unpolluted for most

Table 2. Levels of heavy metals (mg/kg) in sediment upstream of bight of Bonny.

Parameter Station 1 Station 2 Station 3 Mean control
Iron 12.64 16.14 11.94 13.57 £ 1.838 4.673
Zinc 0.068 0.067 0.066 0.067 £ 0.001 0.021

Manganese BDL 0.207 0.195 0.134 £0.095 BDL

Cobalt 10.16 10.82 2.980 7.987 £ 3.550 5.432
Lead 0.840 0.315 0.260 0.472 £0.261 0.270
Nickel 1.100 1.960 BDL 1.020 £ 0.802 BDL
Copper BDL 1.740 BDL 0.580 * 0.820 BDL
Chromium BDL 2.560 BDL 0.853 + 1.207 BDL
Cadmium 1.000 1.060 0.500 0.853 £0.251 0.080
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Table 3. Levels of heavy metals (mg/kg) in the sediment of mid-stream of bight of Bonny.

Parameter Station 1 Station 2 Station 3 Mean control
Iron 4.839 8.610 12.21 8.554 £ 3.011 4.673
Zinc 0.055 0.084 0.066 0.068 £ 0.012 0.021

manganese 0.181 0.161 BDL 0.110 +0.081 BDL

Cobalt 2.860 11.50 11.20 8.520 £ 4.000 5.432
Lead 0.230 0.530 0.490 0.417 £0.133 0.270
Nickel BDL 2.140 1.280 1.140 + 0.879 BDL
Copper BDL 0.240 BDL 0.080 £0.113 BDL
Chromium BDL BDL BDL BDL BDL
Cadmium 0.500 1.140 1.100 0.913 +£0.292 0.080

Table 4. Levels of heavy metals (mg/kg) in the sediment downstream of bight of Bonny.

Parameter Station 1 Station2 Station3 Station 4 Mean control
Iron 12.93 14.82 12.01 4.736 11.12 £3.825  4.673
Zinc 0.049 0.028 0.035 0.034 0.036 £ 0.008  0.021

manganese 0.163 0.175 BDL 0.164 0.125 +0.073 BDL

Cobalt 9.880 7.540 5.780 5.700 7.225+1.700  5.432
Lead 0.550 0.410 0.440 0.350 0.437 £0.073  0.270
Nickel 0.760 0.680 BDL BDL 0.189 + 0.321 BDL
Copper 0.640 BDL BDL BDL 0.160 + 0.277 BDL
Chromium BDL BDL BDL BDL BDL BDL
Cadmium 1.220 0.780 1.020 1.080 1.025 £ 0.159  0.080

of the metals) to 3 (moderately or heavily polluted for Cd). The I-geo results as
shown in Table 5 practically show that Cu, Mn, Pb, Cr, Fe, Zn, Ni, and Co are in
grade 0, which implies that the study area sediment is in background concentra-
tion for these metals. However, an I-geo grade of 3 was recorded for Cd across
all sample stations as shown in Figure 2 which suggests a moderately or heavily
polluted environment concerning Cd. The I-geo grade of 0 for most of the met-
als suggests background concentrations (as shown in Table 1) for Cu, Mn, Pb,
Cr, Fe, Zn, Ni, and Co in the study area and these elements remain unchanged
by anthropogenic activities (especially crude oil exploration) within the study
area.

The pollution Load Index (PLI) (calculated using the result of CFs as shown in
Table 6) of heavy metals in the in the upstream, midstream and downstream
of Bight of Bonny sea bed sediment as shown in Table 7 was found to be gener-
ally low (<1). This suggests non-contamination of Bight of Bonny sea bed sedi-
ment (study area) by the predominantly selected heavy metals. The PLI partly
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Table 5. Geo-accumulation index from the study area.

Parameter Up Qual. Mid Qua L. Down Qua L.
Iron -12.36 -13.02 -13.02
Zinc -11.05 -11.02 -11.97

Manganese -13.29 -13.45 -13.30

Cobalt -1.756 -1.666 -1.905
Lead -5.993 -6.169 —6.099
Nickel —6.644 —6.480 -9.118
Copper -6.861 -9.723 -8.721
Chromium -7.310 - -
Cadmium 2.508 1.021 1.188
Table 6. Contamination factor from the mean of the study area.

Parameter Up Qua L. Mid Qual. Down Qual. Bn value
Iron 0.0002 0.0002 0.0002 47,200
Zinc 0.0007 0.0007 0.0004 95

Manganese 0.0001 0.0001 0.0004 850
Cobalt 0.532 0.473 0.401 18
Lead 0.024 0.021 0.021 20
Nickel 0.015 0.017 0.003 68
Copper 0.013 0.002 0.004 45
Chromium 0.009 - - 90

Cadmium 3.437 3.043 3.417 90

Table 7. Contamination degree (CD) and Pollution Load Index (PLI) of the study area.

Up Qua L. Mid Qua L. Down Qua I.
CD 3.437 3.557 3.847
PLI 0.0103 0.0134 0.0112

Table 8. Enrichment factor from the study area.

Parameter Up Qual Mid Qual. Down Qua L.
Iron 1 1 1
Zinc 2.458 3.949 1.608
Manganese 0.548 0.740 0.180
Cobalt 1543 24070 1704
Lead 82.09 115.05 92.74
Nickel 450.96 92.51 11.79
Copper 44.83 9.809 15.09
Chromium 32.97 - -
Cadmium 9890 16,793 14,502
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Figure 2. Distribution of heavy metals based on geo-accumulation index.
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Figure 3. Enrichment Factor distribution based on sampling station.
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corroborates the results of the I-geo in terms of non-contamination of the river
sediment by the predominantly selected heavy metals.

The enrichment factor (EF) was calculated using Equation (3). The results as
shown in Table 8 indicate metal enrichment from the anthropogenic origin for
Co, Ni, Pb, Cd, Cu, and Cr in the sediment while EF results for Fe and Mn pre-
dicate biogenic origin. The I-geo result strongly corroborates with the EF results
for Cd as shown in Figure 3, which should be of concern in the river sediment.
It can be deduced that human activities as a result of the presence of many off-
shore crude oil facilities in the Bight of Bonny pose a serious threat to the level of
cadmium in the sea bed sediment. Therefore, it is pertinent to call on the locals,
agencies, and corporate bodies to be aware of the impact of anthropogenic activ-

ities on the aquatic environment of the area.

4. Conclusion

The use of the pollution index model has become a veritable tool in assessing the
pollution level of river sediment. In the case of Bight of Bonny sea bed sediment,
the I-geo results of the sea bed sediment suggest a non-polluted environment
concerning some of the heavy metals studied, but Cd was strongly linked to the
pollution of the river sediment. The EF and I-geo result strongly suggest sedi-
ment contamination by Cd from anthropogenic sources which are not uncon-
nected with the oil and gas activities within the study area.

More so, heavy metals in the sediment may desorb or resuspend to cause sec-
ondary pollution of the surface water. Hence, there is a need to access the surface

water pollution to evaluate the level of impact with these trace heavy metals.
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