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ABSTRACT

The study assessed the ecological risks of heavy metal contamination in sediment
samples from the Obunagha river. The study aims to evaluate the Ecological Risk
Assessment of Inorganic Contaminants of Sediments in Obunagha River. Eight
sediment samples were collected from four sampling points in the Gbarain Clan
community river. Heavy metals such as Zinc, Manganese, Cadmium, Chromium,
Nickel, Lead, and Copper were analysed. Pollution Indices such as Contamination
Factor, Heavy Metal Potential Ecological Risk Coefficient, Potential Ecological Index,
The Nemerow Multi-Factor Index, Potential Contamination Index, Geo Accumulation
Index and Enrichment Factor analysis were used. The mean Contamination Factors
(CF) indicated a moderate contamination levels across all metals, with Zn (3.224), Mn
(CF = 2.352), Cd (2.483), Cr (2.686), Ni (2.701), Pb (2.689), and Cu (0.976). The
ecological risk landscape is complex, with moderate levels of zinc, manganese, and
Cadmium, and varying degrees of contamination for Chromium, Nickel, Lead, and
Copper. The Pollution Contamination Index (PCI) values reveal significant
contamination, especially for Nickel and Lead. The Geo-Accumulation Index (Igeo)
values indicated low to moderate pollution levels in sediment samples, with Zn
(0.275), Cd (0.168), Pb (0.168), and Ni (0.275), while the Enrichment Factor shows
moderate enrichments that could warrant close monitoring. It is recommended that
more detailed investigations using artificial intelligent approach (Al) should be done.
The work is important for decision making and policy formulations on environmental
sustainability.
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INTRODUCTION

Rivers and sediments are contaminated through recipients of industrial wastes and municipal sewage

(Reis et al, 2019). Changes in water chemistry occur due to anthropogenic sources via domestic,
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sewage, industrial and agricultural releases that may in turn result to degradation of the aquatic
ecosystems (Sonone et al., 2020). One of the most life-threatening problems of developing countries is
improper management of huge amount of wastes generated by several anthropogenic activities. More
challenging is the unsafe disposal of these wastes into the ambient environment (Ansari et al., 2019).
This has often rendered these natural reservoirs unsuitable for both primary and secondary usage
(Vaverkova et al., 2020). These effluents can alter the physical, chemical and biological nature of the
receiving water bodies (Vardhan et al., 2019). Therefore, evaluation of contamination risks of rivers and
sediments is of ecotoxicological importance. In the aquatic ecosystem (Huang et al., 2020), water
soluble wastes and other materials that are dumped, spilled or stored on the surface of the land or in
sewage disposal pits can be dissolved by precipitation, irrigation (Akhtar ez al., 2021). Sediment sources
in aquatic ecosystem include soil erosion, decomposition of plants and animals and discharge of
effluents (Dar et al.,, 2022). Sediments are contaminated with different contamination from industrial
and agricultural waste discharge and run off into the Obunagha River. The percentage of silt and clay in
river sediments can have impact on the structure of the biotic accumulation. Inorganic contaminants
such as heavy metals are wide spread contaminants of great environmental concern as they are non-
degradable, toxic and persistent with serious ecological implications (Wang et al., 2020). Humans have
always depended in aquatic resources for food, medicines and materials as well as recreational and
commercial purposes such as fishes and tourism. Aquatic ecosystems are strongly influenced by long
term discharge of untreated domestic and industrial wastewater, storm water runoff, accidental spill and
direct solid waste dumping (Akhtar et al, 2021). The main sources of these contaminants in the
environment include forest fire, natural petroleum seeps, combustion of fossil fuels, coal burning and
use of oil for cooking and heating (Kularathne et al, 2019). Other sources include domestic and
industrial waste waters and sewage (Kishor et al., 2021). Contamination of river bodies has become
major and global problem due to inadequacy of environmental protection measures (Preisner, 2020).
The aim of this Research is to assess the Ecological Risk of Inorganic Contaminants in Sediments of

Obunagha River in Gbarain Clan, Bayelsa State, Nigeria.

MATERIALS AND METHODS
The study was carried out in Obunagha community in Gbarain Clan, Bayelsa State, South-South

Geopolitical Zone of Nigeria. Obunagha is situated inbetween Okolobiri and Korama communities. The
community is located at Latitude 5.03223° or 5° 1’ 56°” N and Longitude 6.3104° or 6° 1’ 37°” E. The
Obunagha River flows through Okolobiri down to Korama. The major occupation of the people is

fishing and farming. Other occupations include palm oil milling, local gin making, trading and carving.
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Figure 1: Map of Bayelsa State Showing Sample Location

Sediment samples were randomly collected at each sampling station using grab sampling method.

Replicate samples were taken at each sampling station to account for variability.


http://www/

African Journal of Engineering and Environment Research Vol.6(1) 2024
©2024 CEFPACS Consulting Limited | www. cefpacsconsultingltd.org.ng ISSN: P-2992-2828, E-2714-2264

ATINE0TE LRl B = Rl b AT VEANTE
i i i

T
FITH

Pt 2 Pla.lnl all:]

Point 3(B} =

.
Paimt 48] Point 1{AY

Point 20}

E . Podnt dfs} p\:nl ;) {I g | E
| e in
lE Legend =
1
; Sample Point
Road
River / Creek
o 0.5 1
3 Ty
G 18'A0°E 6 180 E &= 15I0°E

Figure 2: Map Showing Sampling Points (Stations)

Sediment Sample Preparation
Collected sediment samples were air-dried for 72 hours at room temperature and then was taken to the

oven for further drying at 105°C for 24 hours. The dried sediment samples were grinded with laboratory
porcelain mortar and pistle and sieved with 0.2nm mesh. The sieved samples were kept in an air tight
plastic sample container and labeled appropriately. The sediment samples were digested, and 2.0 g of
sample was measured into 100mL beaker mixed with 30 mL acid solution (3:1 of HNO;s and H,SO;, ),
heated on a hot plate in a fume cupboard. The digested samples were filtered through watchman filter
paper; the filtrate was diluted with 50 mL of distilled water and were taken to the laboratory for metal
analysis using Atomic Absorption Spectrophotometer (AAS) model (IS 1622 (1981).

In this study, contamination factor (CF), heavy metal potential ecological risk coefficient and potential
ecological index, Nemerow Multi Factor Index, potential contamination index, geo-accumulation index,
and enrichment factor (EF) were used to assess the metal pollution levels in the sediment samples.
Reference values (Earth crust averages) of the studied metals which were used as background values

were taken from different locations where no activities are taking place.
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The contamination factor is an expression of the level of metal contamination in the surface sediment. It
is the quotient attained by dividing the concentration of each metal in the soil by the reference value. It

is given by the formula (Mirzaei et al., 2020).
CF — Cmetal (1)

Where Cl&?;:tilmlil: dthe concentration of a given metal in the sediment and Cpackgrounda 1S the metal
concentration of a control sample.

Potential ecological risk index is an approach to evaluate the heavy metal contamination and also
associates ecological and environmental effects with toxicology. The potential ecological risk is related

to individual pollution coefficient, heavy metal toxicity response coefficient, and its formula is as

follows:

RI=ZE=TixC: )
[ c urface

¢t = % ............. (3)

Where E'; is potential ecological risk individual coefficient, T; ’ is toxicity response coefficient of a
certain kind of metal toxicity using standard heavy metal toxicity coefficient development as reference,

in accordance with the normalized toxic response factor of 30, 5, 5,5, 2 and 1 respectively for Cd, Cu,

Pb, Ni, Cr, and Zn. C¥is the accumulating coefficient of element I, and RI is the potential ecological risk
index (Panghal et al., 2021). To assess the degree of heavy-metal contamination, pollution index (P;)
for each metal and Nemerow multi-factor or integrated pollution index (P, or NIPI), the single

contamination (Hao et al., 2022) index,

— Ci
Po= s (4)

Where p; is the contamination index of soil contamination, C; is the measured value of soil contaminants
in mg/kg, S;1s the background value of the soil contaminants / in mg/kg. The soil is not contaminated
when P; <1, but contaminated where I, and the higher the P;, the more serious the soil contamination
(Yang et al., 2018).

The Nemerow multi-factor index,
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Where P, is the comprehensive contamination index of the soil contaminant, (Ci/Si)ave 1S the average
value of the pollution index of soil contaminants, and (Ci/S;) max 1S the maximum value of the single

contamination index (Yang et al., 2018).
The potential contamination index (Cp) can be evaluated by the equation;

M
C = (6)

Mreference

Where M gample max 1S the maximum concentration of an element in the soil, and Myeference 1 the value of
same element in a reference soil. Cp value were explained as proposed, where Cp < 1 indicates low
pollution; 1< Cp < 3 is moderate pollution; and Cp > 3 is severe or very severe pollution (Kumar et al.,

2019).

The geo- accumulation index (/ g0) Was utilized to evaluate the degree of element pollution in soils by
balancing the present with original concentrations; however, it is hard to find original soil. The I g,

values of a sample can be evaluated with the following equation:

¢;
Igeo =log, l /(I.SBL') ................ (7)

Where C; is the current elements concentration in the soil samples and B; is the geochemical reference
value as defined. The modified coefficient constant 1.5 was utilized to characterize the effect of
accumulation and geological characteristics and determine the consequence of human activities. / 4., can
be separated into seven classes (Nour et al., 2019).

Enrichment factor (EF) is one of the indicators most often used for estimating anthropogenic inputs.
Using this techniques, the sediment’s EF ratio can be used as a pollution index by comparing the
concentrations of selected metals to the background levels of metal in sediments or suspended

particulate matter from local or worldwide rivers. The advantage of using measurement concentration of
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local sediments as background values is that they can be better for comparison. The widely used
elements for normalization are Al and Fe. EF is important indicators that quantitatively assess the levels

and sources of heavy metal pollution.

(Me/Fe)simple

= TMe
( /Fe)background

EF= p_—osmele 9)

Where /W/F e) sample 1S the sample value of metal of interest to Fe,
/W/F e) background 15 the background value of metal to Fe.
Iron was chosen as the element of normalization because natural sources (1.5%) vastly dominate its

input (Kahal et al., 2020).

RESULTS AND DISCUSSION
The observed contamination levels in the sediment samples reveal potential risks for both human

populations and aquatic ecosystems and was calculated using Eqn. 1 . The mean values of the metals,
particularly Zinc, Manganese, Cadmium, Chromium, Nickel, Lead, and Copper, provide valuable
insights into the extent of their presence in the environment (Fig. 3). Zinc, with a mean Contamination
Factor (CF) of 3.224 mg/Kg, suggests a moderate level of contamination across the sampled stations.
While Zinc is an essential trace element for humans, excessive exposure can lead to adverse health
effects. Prolonged high intake of Zinc may result in gastrointestinal discomfort and interfere with the
absorption of other essential minerals. In aquatic environments, elevated Zinc levels can be detrimental
to aquatic organisms, disrupting their metabolic processes and overall well-being. Manganese, with a
mean CF of 2.352 mg/Kg, indicates a moderate level of contamination. Excessive exposure to
Manganese can lead to neurological issues, especially in children. It is crucial to note that Manganese is
an essential nutrient, but excessive levels can pose risks. In aquatic ecosystems, elevated Manganese
levels can negatively impact the respiratory and metabolic processes of aquatic organisms. Cadmium,
with a mean CF of 2.483 mg/Kg, is a highly toxic metal with severe implications for both humans and
aquatic life. Chronic exposure to Cadmium can result in kidney damage, respiratory problems, and even
fatalities. Children are particularly vulnerable to its effects. In aquatic environments, elevated Cadmium
levels can be devastating for aquatic organisms, disrupting their growth, reproduction, and survival.
Chromium, with a mean CF of 2.686 mg/Kg, poses potential risks to human health and aquatic
ecosystems. Hexavalent Chromium (Cr (VI)) is a known carcinogen and can lead to respiratory
problems. Long-term exposure may lead to serious health issues. In aquatic environments, high
Chromium levels can be toxic to aquatic organisms, affecting their respiratory and reproductive systems.

Nickel, with a mean CF of 2.701 mg/Kg, warrants attention due to its potential health implications for
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both humans and aquatic organisms. Chronic exposure to Nickel can result in allergic reactions,
dermatitis, and respiratory issues, particularly inhaled Nickel. In aquatic environments, elevated Nickel
levels can negatively impact aquatic organisms, affecting their growth, reproduction, and overall health.
Lead, with a mean CF of 2.689 mg/Kg, is highly toxic to both humans and aquatic life. Chronic
exposure to Lead can lead to a range of health issues, including neurological damage, developmental
delays in children, and cardiovascular problems in adults. In aquatic environments, Lead can be
detrimental to aquatic organisms, affecting their nervous and reproductive systems. Copper, with a mean
CF of 0.976 mg/Kg, indicates a relatively lower level of contamination. While Copper is an essential
nutrient, excessive exposure can lead to gastrointestinal discomfort. Children may be more susceptible
to copper toxicity. In aquatic environments, high Copper levels can be toxic to aquatic organisms,

affecting their respiration and reproduction.
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Fig. 3: Contamination Factor of Sediment Samples.

The data presented below was obtained using Eqns. 2 & 3 and this shows a comprehensive assessment
of the Heavy Metals Potential Ecological Risk Coefficients (E';) and resulting Potential Ecological Index
(R1) values across four distinct sampling stations. Analyzing the mean values per metal provides critical
insights into the potential ecological risks associated with heavy metal contamination in the sediment
samples. Among the metals examined (Fig.4), Zinc exhibits a moderate ecological risk with a mean E';
of 3.224 mg/Kg. This is mirrored in the Ri values, which consistently remain below 4 across all stations.
This suggests that while Zinc contamination is present, it poses a relatively lower ecological risk
compared to other metals. In contrast, Manganese demonstrates a higher ecological risk, indicated by its
mean E'; of 4.714 mg/Kg. The Ri values corroborate this assessment, consistently exceeding 4 across all
stations. Cadmium shows a moderate ecological risk with a mean E' of 2.484 mg/Kg,. The Ri values

further support this evaluation, with Station 3 displaying the highest Ri value for Cadmium. This station
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may require specific attention to address the potential ecological risk associated with Cadmium
contamination. Chromium presents a moderate ecological risk, as indicated by its mean E' of 2.573
mg/Kg. This assessment is validated by the Ri values, which consistently surpass 2 for all stations. This
underscores that Chromium contamination is an ecological concern and warrants close monitoring and
potential remediation measures. Nickel emerges as a notable concern with the highest mean E'. value of
7.803mg/Kg, signifying a higher ecological risk. This is substantiated by the Ri values, particularly at
Station 1, where an exceptionally high Ri value for Nickel is observed. This station poses a significant
ecological risk due to Nickel contamination, necessitating targeted intervention. Lead also exhibits a
moderate ecological risk, with a mean E\ of 4.1056 mg/Kg. The Ri values align with this assessment,
consistently exceeding 4 across all stations. This indicates that Lead contamination is a notable
ecological concern and should be closely monitored to prevent potential environmental impacts. Copper
presents the highest ecological risk among the metals, with a mean E', value of 5.801 mg/Kg. This
assessment is confirmed by the Ri values, which consistently exceed 5 across all stations. Copper
contamination poses a significant ecological threat and demands immediate attention and mitigation
efforts. The analysis of the mean of E', values and resulting Ri trends emphasizes the potential ecological
risks associated with heavy metal contamination. Nickel, Copper, and Manganese emerge as particularly
concerning elements, demonstrating higher ecological risks. Stations with elevated Ri values for specific

metals require targeted intervention to mitigate potential environmental impacts.
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Fig. 4: Potential Ecological Risk Coefficient and Potential Ecological Index.
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The Nemerow Pollution Index (NPI) values (Table 1) obtained using Eqns. 4 & 5, provides a
comprehensive evaluation of metal pollution levels across all four stations shown below. Zinc has a low
NPI value of 0.76, indicating that its concentration is within acceptable limits. This is a positive sign,
suggesting that Zinc does not pose a significant threat to the environment at current levels. On the other
hand, Manganese has a moderately elevated NPI value of 1.39. This indicates that the concentration of
Manganese in the samples is slightly higher than desired. Cadmium has a relatively low NPI value of
0.30, which is encouraging considering its high toxicity. The current concentration levels of Cadmium
appear to be within safe limits. However, strict monitoring protocols must be maintained to prevent any
rise in Cadmium levels that could be harmful to the environment. Similarly, Chromium demonstrates a
moderate NPI value of 0.99, suggesting moderately elevated concentrations. Nickel has an NPI value of
0.62, indicating that its concentration in the samples is within acceptable limits. This is important
because high levels of Nickel can be toxic. Lead has an NPI value of 1.11, which shows a moderately
elevated concentration. Given the well-known toxicity of Lead, it is crucial to closely monitor its levels.
Although the current levels may not pose an immediate threat, preventive measures should be taken to
avoid potential adverse effects and to ensure that Lead levels do not increase to harmful levels for the
environment. Copper has an NPI value of 0.84, indicating a moderate concentration in the samples.
While it may not pose an immediate danger, it is recommended to continue monitoring and

implementing control measures to keep Copper levels within safe limits.

Table 1: Nemerow Pollution Index (NPI) for Sediment Samples

Metals NPI Contamination Level Contamination Factor
Zn 0.76 Save Clean

Mn 1.39 Light Slightly contaminated
Cd 0.30 Save Clean

Cr 0.99 Save Slightly contaminated
Ni 0.62 Save Clean

Pb 1.11 Light Slightly contaminated

Cu 0.84 Save Clean
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The Pollution Contamination Index (PCI) values (Table 2) were obtained using Eqn. 6. The PCI which
evaluates the degree of contamination of various metals in the sediment across the examined stations are
as shown below. Zinc exhibits a significantly high PCI of 3.228, indicating a substantial contamination
compared to the background concentration. Manganese shos a moderately high PCI of 2.428, showing a
significant contamination relative to the background concentration. While Manganese is an essential
element, its increased presence in the sediment may have ecological implications. Continuous
monitoring is recommended to gain a better understanding of its impact on the aquatic environment.
Cadmium displays a relatively high PCI of 2.481, indicating a substantial contamination of this heavy
metal in the sediment. Considering the potential adverse effects of Cadmium on aquatic life and
ecosystem health, it is imperative to implement measures to mitigate its presence and prevent further
contamination. Chromium exhibits a lower PCI of 0.858, suggesting a comparatively lower level of
contamination in relation to the background concentration. Although Chromium levels appear to be
lower. Nickel presents a relatively high PCI of 2.699, indicating a significant contamination level
compared to the background concentration. The elevated levels of Nickel emphasize the need for
proactive measures to mitigate its potential adverse effects on aquatic organisms and overall ecosystem
integrity. Lead displays a moderate PCI of 1.063, indicating notable contamination of this heavy metal

in the sediment. Elevated Lead levels can have detrimental effects on aquatic life and ecosystem.

Table 2: Pollution Contamination Index (PCI) for sediment Samples

Metals CPI Pollution Levels

Zn 3.225 Severe pollution
Mn 2.428 Moderate pollution
Cd 2.481 Moderate pollution
Cr 0. 858 Not polluted

Ni 2.699 Moderate pollution
Pb 1.063 Moderate pollution

Cu 0.968 Not polluted



http://www/

African Journal of Engineering and Environment Research Vol.6(1) 2024
©2024 CEFPACS Consulting Limited | www. cefpacsconsultingltd.org.ng ISSN: P-2992-2828, E-2714-2264

13

The mean Igeo values obtained using Eqn. 7 (Fig. 5) reveal that Zinc has a relatively low pollution level
with a mean value of 0.275, indicating generally low levels of Zinc contamination in the sediment
samples. Manganese follows with a mean Igeo of 0.225, signifying a low to moderate level of pollution.
Some stations show slightly elevated Manganese levels, warranting further investigation. Cadmium, on
the other hand, has a mean Igeo of 0.168, indicating a low level of pollution. The sediment samples
display relatively low levels of Cadmium contamination, suggesting a less polluted environment in
terms of this metal. However, Chromium stands out with a mean Igeo of 0.500, indicating a moderate
level of pollution. This highlights the need for closer scrutiny and potential mitigation measures to
address Chromium contamination across the sampled stations. Nickel and Lead both exhibit mean Igeo

values of 0.275 and 0.168 respectively, indicating low levels of pollution.

v Q / = ' .
: §é§§ -

Metal

Fig. 5: Geo-Accumulation Index for Sediments

The enrichment factors of all the metals which were obtained using Eqn. 8 are as shown in Fig.6 below.
Among the metals, Zinc exhibits the highest mean EF of 3.224, indicating a substantial enrichment
compared to natural background levels. This suggests a notable anthropogenic influence or localized
geological conditions contributing to heightened Zinc concentrations. Cadmium follows with a mean EF
of 2.485, signifying a significant enrichment and potential ecological risks associated with its presence
in the sediment. Nickel also demonstrates a notable enrichment with a mean EF of 2.699, highlighting
the need for careful monitoring and management. Manganese, while showing an elevated mean EF of
2.359, is an essential element and its presence may not necessarily imply contamination. Chromium,

with a mean EF of 0.857, indicates concentrations closer to background levels, but ongoing monitoring


http://www/

African Journal of Engineering and Environment Research Vol.6(1) 2024
©2024 CEFPACS Consulting Limited | www. cefpacsconsultingltd.org.ng ISSN: P-2992-2828, E-2714-2264

14

remains essential. Lead and Copper exhibit mean EF values of 1.063 and 0.967 respectively, suggesting

moderate enrichments that warrant further investigation.

4
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Fig. 6: Enrichment Factor (EF) for Sediment Samples

CONCLUSION
The observed contamination levels in the sediment samples reveal potential risks for both human

populations and aquatic ecosystems. The Pollution Load Index (PLI) values provide crucial insights into
the potential impacts of heavy metal contamination on both human populations and aquatic ecosystems.
By analyzing the mean PLI values for each metal across the sampled stations, we understood the overall
pollution levels and their potential ramifications. The analysis of the mean of E'; values and resulting Ri
trends emphasizes the potential ecological risks associated with heavy metal contamination, while the
Geo-Accumulation Index (Igeo) values offer valuable insights into the extent of heavy metal pollution in
sediment samples across all stations. Summarily, the assessment reveal that the area studied is

moderately polluted.
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