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Abstract
The study investigates the potential human health risks due to consumption of Oreochromis niloticus and 
Tympanotonus fuscatus, Bodo Creek, Rivers State, Nigeria using the US EPA (2001) human health risk 
assessment protocol.The study showed that heavy metals in sediment (Pb ,0.029±0.002 mg/L; Cd, 0.019±0.001 
mg/L, and Ni, 5.311±0.61 mg/L) exceeded DPR (2002).  limits. Evidence of intake and retention of COPCs in 
Tilapia (Oreochromis niloticus) and Periwinkle (Tympanotonus fuscatus), showing Pb levels of 0.051±0.002 
mg/L in Tilapia and 0.027±0.003 mg/L in Periwinkle, surpassing US EPA limits. The result revealed that PAHs 
in surface water and fish were below detection limits. Sediment showed significant PAH contamination, with a 
total of 11.39 mg/kg. TPHs in sediment reached 277.47mg/kg.  Tilapia and Periwinkle showed TPH levels of 
12.16 mg/kg and 20.28 mg/kg, respectively, exceeding regulatory health limits. The results highlight significant 
potential ecological risks and human health risks from tilapia and periwinkle consumption. Noncancer risk 
analysis showed that Cr and Ni exceeded the threshold for children, with target hazard quotients (THQ) of 
1.39E-01 for Cr and 8.65E-02 for Ni in Periwinkle. There were observed noncancer risk by both children and 
adults due to intake of hydrocarbons in tilapia (THQ, HI >0.1) and no noncancer risk for periwinkle intake 
(THQ, HI<0.1). Cancer risk analysis revealed nickel as the highest risk factor, with a target cancer risk (TCR) 
of 1.24E-04 for children consuming tilapia. From the findings, it was concluded that Bodo population faces 
significant health risk due to the elevated levels of heavy metals and petroleum hydrocarbons in local fish. 
Therefore, it is strongly advised that local authorities implement comprehensive monitoring, effective 
intervention programs and community health education to mitigate the risks and protect the health of local 
populations, particularly vulnerable children.
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I. Introduction
Bodo is the most populous community in Gokana Local Government Area of Rivers State with an 

estimated human population of 70,000 with over 85 percent of her resident primary engaged in peasant farming 
and fishing as a source of livelihood (SDN, 2016). The Local government is one of the four local governments 
in Ogoni, an indigenous group of people located in the Niger Delta region and the South-Eastern geopolitical 
division of Nigeria.

Oil activities began in the area in the late 50s as early as the discovery and exploitation of crude oil in 
Bomu oilfield by Shell D’iarchy, and later Shell BP. Bodo shares boundary with K-Dere community through 
her shores. Oil operation by the Multinationals began in February, 1958 at K-Dere which was referred to as 
Bomu Oil Well-1 in the now Bomu oilfield. Bodo community has several oil facilities including oil wells, 
manifold at Patrick Waterside, and flow stations at Bodo West (UNEP, 2011).

Crude oil exploration and exploitation processes are associated with severe environmental impacts and 
human health threats. The environment in Bodo and other communities in Ogoni have suffered numerous 
unreported, unrecorded and few reported spills. For example, in 2008 and 2012, Bodo experienced 2 major Oil 
spills which had devastating impacts on the lives of the entire community, the aquatic and human ecosystems, 
endangering faunal and floral life, destruction of farmlands rendering them unfit for the cultivation of various 
agricultural products (SDN, 2016). Measurements of the combined spill volume gives an estimated 500,000 
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barrels of crude oil with largescale impacts particularly, the spilt oil having a devastating effect on fish in the 
area, whose numbers, species have been decimated (Leighday, 2024).

In addition to the degrading and devastating effects of these spills caused by equipment failure, human 
error, illegal refining and bunkering activities on the environment, other impacts have also been reported to 
contribute to the devastating effects on the Bodo community. These include health issues, loss of sources of 
livelihood, lack of potable water, general impact on the standard of living and ultimately deaths.

The pollution evidence was provided by a joint mapping, imagery research by Amnesty International-
USA, the Geospatial Technologies and Human Rights Project of the American Association for the 
Advancement of Science (AAAS). A baseline Imagery captured on 4 December 2006 served as a baseline for 
the extent of environmental deterioration especially most riparian vegetation with no evidence of pollution in 
the tidal flats, rivers and streams around Bodo. However, the second satellite imagery captured by 26 January 
2009, revealed high level of environmental degradation evidenced by Large dead vegetation stripes especially 
in proximity to waterways, rainbow effect in waterways leading to Bodo and the tidal flats adjacent to the 
settlement (on which the boats of local residents are visible) have changed from a muddy yellow to an oily grey 
color (AAAS, 2011).

Although, SPDC has made commitments to clean-up the shorelines of Bodo through the Bodo 
Mediation Initiative, the project has not yielded efficient result as occasional spills continue to occur in the area 
with uncomplimentary professional clean-up process. Hence, the people of Bodo and her environs are 
continually being exposed to the negative impacts of oil pollution.

II. Research Methods
Study Area Description

The geographic coordinates of the study area were 4°36'05.2"N 7°16'01.6"E, 4°36'59.0"N 7°15'17.0"E, 
4°36'07.5"N 7°16'04.5"E, 4°36'08.0"N 7°16'04.5"E called Nweemuu community reported as one of the fishing 
ports and settlements for peasant fishing and farming, located in coastal plain of Bodo. The community is seated 
in a wetland, native to mangrove forest and diversities of aquatic lives surviving in the saline and brackish 
ecosystem. Bodo community is situated in Ogoniland, an ethnic group numbering over 2 million and spread 
over a 1,050-square-kilometre (404-square-mile) landscape.

Figure 1. Map of fish sampling locations from the creek of Bodo (Source: Nona, 2024).

Materials and sampling
All fish samples (Tilapia (O. niloticus, n =10 and Periwinkle (T. fuscatus, n>300)) were collected from 

the creek and mudflats by throw-nets and handpickinng respectively. Surface water were collected using 
cleaned laboratory wares while sediment samples were collected using calibrated soil auger at variable depths at 
different points. All grab samples were taken and stored in an ice chest, and transported to the laboratory 
immediately after sampling where they were preserved prior to analysis.

Sample analysis
Unstable water monitoring parameters (Temperature, DO, TDS, EC, Turbidity, Salinity) were analyzed 

in situ using standard grade Hannah Multi Parameter Meter in accordance with relevant APHA and ASTM 
standards while the stable Parameters were analyzed under standard laboratory practices. Levels of chemicals of 
potential concern (COPC) to the ecosystem and human health were analyzed in the sediment and fish samples.
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The collected samples were analyzed for seven heavy metals including Pb, Cr, Cd, Ni, Pb, Cu, , and 
Fe, priority polycyclic aromatic hydrocarbons, and total petroleum hydrocarbons using standard methods for the 
testing of surface water, sediments and aquatic life. Concentrations of the heavy metals in all samples were 
measured using an Atomic Absorption Spectrometry spectrometry (APHA 3111B). Prior to analysis with the 
AAS, the composite samples of the fish samples, Periwinkle samples and the sediments were prepared. Each of 
the composite samples were homogenized, wet ashed with concentrated sulphuric acid and digested with aqua-
regia (mixture of hydrochloric acid and nitric acid in the ratio of 3:1). The digests were filtered with known 
volume of water into clean and well labelled containers for AAS analysis.

Total Petroleum Hydrocarbon and Poly Aromatic Hydrocarbon were measured using Gas 
chromatography flame ionization detector (GC-FID) using ASTM D3921 and ASTM D8100 respectively. 
250ml of the sample was extracted with DCM/Hexane mixture; this was then concentrated to 2ml and then 
cleanup in a sodium sulfate packed column, thereafter injected into the GC-FID.

Quality assurance and quality control
The sample containers (glass bottles) were prewashed to remove external contaminants before they 

were used. All the sample containers were labelled for proper sample identification and temperature controlled 
using ice pack stored in a plastic cooler and conveyed to the BGI Laboratories Limited, Port Harcourt on the 
same sampling date for controlled preservation and analysis. The geographical location coordinate of each 
sample represented in DMS was dully recorded for easy referencing. Coordinates for both soil and water, date 
of sample collection were properly documented. A 70 to 130% recovery of surrogates was set as acceptable 
limit in this study and obtained recoveries were above 80%. High surrogate recoveries like those obtained in 
this study indicate that the target analytes will be detected, if present. Surrogate recoveries with the target 
acceptable range are an indication of suitability and accuracy in analytical method.

Health risk assessment
This study used the US.EPA (2001) probabilistic risk assessment module to conduct the probable risk 

of exposure to chemicals of potential concern (COPC) in fish samples from Bodo community.

Noncancer risk
The approach relies on the estimation of an exposure level for the human population (adults and 

children), that is likely to be without an appreciable risk of deleterious effects during a lifetime. The Target 
hazard quotient and target hazard indices are used to characterize the noncancer risk to the exposed population 
with reference to established toxicity reference value of 0.1 (US EPA, 2024a).

Target Hazard Index, 

Cancer risk
The cancer risk approach uses Equation 3 to estimate the possible deleterious effect that may arise 

from above a threshold risk limit of 1.0E-06.
Target cancer risk (TCRo) = 

Cumulative Lifetime Cancer Risk (ΣILCR)
The cumulative individual cancer risk (∑ILCR) is a measure of the potential cancer risk due to an 

individual’s exposure to more than one carcinogenic heavy metals or hydrocarbons through a single exposure 
route (i.e., a particular fish species). (Sibe et al., 2019). It evaluates the combined risk tendency of all COPC in 
a diet and used

Where n = 1, 2, ----, n is the target risk of individual carcinogenic COPC in a fish diet.

Parameter Definitions
COPC = concentration of chemical of potential concern in the diet (mg/kg).

Rf = 0.0371 kg/bw/day(adult) and 0.0186kg/bw/day(child) = fish ingestion rate value varies among 
different population groups, exposure pathway and exposure scenario location (US EPA, 2005). The United 
States Department of Agriculture (USDA) has developed a national fish consumption model by children as one-
half that of the adult population (MDEP, 1996). Hence, this study adopted one-half the per capita fish ingestion 
rate (13kg/bw/year) for the Nigerian child (6.5kg/bw/year).

BW = resident adult body weight (kg) 70 kg and 15kg for child resident. EF exposure frequency (days/yr) 
350 days/yr for both adult and child resident. ED = reasonable maximum exposure duration (yr) for adult 
resident/fisher = 30 yrs and 6 yrs for child resident/fisher child (US EPA, 2001). AT averaging time = (30 yrs 
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and 6yrs for adult and child noncarcinogens) = (365 days x 70 yrs =25550 days, (carcinogens)), (365 days x 30 
yrs = 10950 days, adult noncarcinogens)),  and 6yrs x 365 =2190days child, (carcinogens)). RfDo oral chronic 
reference dose (mg/kg-day) – chemical-specific. THI target hazard index (unitless) 0.1. THQ target hazard 
index (unitless) 0.1 (US EPA, 2024a). TCRo target cancer risk due to oral intake of COPC in fish.

ATSDR (2024) uses minimal risk levels (MRL) as an analogous to US EPA RfDo to estimate the daily 
human exposure to a hazardous substance that is likely to be without appreciable risk of adverse non-cancer 
health effects over a specified duration of exposure.

These substance specific estimates, which are intended to serve as screening levels, are used by 
ATSDR health assessors and other responders to identify contaminants and potential health effects that may be 
of concern at hazardous waste sites. EPA has not established an RfD or RfC for lead. Although, by comparison 
to most other environmental toxicants, there is a low degree of uncertainty about the health effects of lead, EPA 
believes that it is inappropriate to develop an RfD for lead. In addition, “it appears that some of these effects, 
particularly children's neurobehavioral development, may occur at blood lead levels so low as to be essentially 
without a threshold” (U.S. EPA, 2000a).

In 2022, the Superfund Health Risk Technical Support Center National Center for Environmental 
Assessment Office of Research and Development published a document that provides the data, methods, and 
assumptions for deriving Provisional Peer-Reviewed Toxicity Values (PPRTVs) for six carbon-fractions of 
petroleum hydrocarbons. The six TPH fractions were assigned representative compounds for determination of 
toxicity values and chemical-specific parameters to calculate RSLs.

Toxicity assessments of low aliphatics (C5-C8) uses n-hexane/n-heptane/cyclo-hexene, medium-range 
aliphatic hydrocarbons (C9-C18) uses n-nonane, high aliphatics (C19-C32) uses white mineral oil, while low 
aromatics (C6-C8) uses benzene, mid-aromatics (C9-C10) uses 1,2,3-trimethylbenzene, and high aromatics 
(C10-C32) uses benzo (a) pyrene as a representative compounds and utilizes the respective default exposure 
values, risk values for the evaluation of risk screening levels (US EPA, 2009a, 2009b, 2022). It is however more 
recommended to use the provisional peer-reviewed toxicity values (PPRTV) in risk screenings.  The provisional 
oral reference dose (p-RfD) obtained fron PPRTV calculations (US EPA, 2009a,b; 2022) for low-ranged 
aliphatics (C5-C8) is 6 × 10-2, midranged alipahtics is (C9-C18) is 1 × 10-2 and high-ranged aliphatics (C19-
C32) is 3 x 10o while the sub-chronic provisional reference dose (p-sRfD) for low carbon-ranged aromatics 
(C6−C8) are 1 × 10-2 , 8 × 10-1 , : 5 × 10-2 , 4 × 10-1 (BTEX respectively). RfD and p-RfD for medium carbon-
ranged and high carbon-ranged aromatics exist in the literature.

III. Results And Discussion
Results

Table 1 below presents heavy metal concentrations in surface water, sediment, Tilapia (Oreochromis 
niloticus) and Periwinkle (Tympanotonus fuscatus) from Bodo Creek, Ogoni. Sediment revealed higher 
concentrations of most heavy metals, particularly nickel (Ni) at 5.311±0.61 mg/L and iron (Fe) at 11.268±0.90 
mg/L, indicating significant contamination from industrial or oil-related activities. In surface water, cadmium 
(Cd) and nickel (Ni) are detected, with Cd at 0.009±0.0001 mg/L, which may pose ecological risks.

Tilapia and periwinkle also showed varying levels of bioaccumulation, with tilapia exhibiting notable 
concentrations of nickel (0.701±0.052 mg/L) and copper (0.371±0.071 mg/L). Periwinkle contains significant 
levels of chromium (0.070±0.001 mg/L) and iron (0.863±0.042 mg/L), highlighting potential metal uptake from 
sediment. The presence of heavy metals in these organisms suggests potential risks to aquatic life and human 
health through the food chain in Bodo Creek.
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Table 1. Heavy metals concentrations in the environment and in the tissues of fishes, Bodo fishing creek, 
Ogoni.

Figure 2. Visual representation of the concentrations of heavy metals in (a), surface water and sediments (b), 
and fish tissues sampled at Bodo Creek, Ogoni.

Table 2. Levels of Eighteen polycyclic aromatic hydrocarbons (PAHs) of priority concern in the tissues of 
organisms and the environment, Bodo Creek, Ogoni

*Concentrations below detection limit is represented as a dash (-)
*Concentrations below detection limit is represented as a dash (-)

Table 2 indicates the concentrations of eighteen priority polycyclic aromatic hydrocarbons (PAHs) in 
surface water, sediment, tilapia, and periwinkle from Bodo Creek, Ogoni. Most PAHs were below detection 
limits in surface water, Tilapia (Oreochromis niloticus), and Periwinkle ((Tympanotonus fuscatus) ), suggesting 
minimal contamination or very low sensitivity of detection in these matrices. However, several PAHs were 
detected in the sediment, with notable values: chrysene (1.94±0.07 mg/kg), benzo(k)fluoranthene (3.15±0.09 
mg/kg), benzo(a)pyrene (2.85±0.08 mg/kg), dibenz(a,h)anthracene (1.06±0.04 mg/kg), indeno(1,2,3-cd)pyrene 
(1.13±0.05 mg/kg), and benzo(g,h,i)perylene (1.26±0.06 mg/kg). These findings point to sediment as the 
primary reservoir for PAH contamination, likely from oil pollution. The total PAHs (TPAHs) in sediment 
(11.39±0.39 mg/kg) pose potential risks to the ecosystem, especially for benthic organisms.
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Table 3. Levels of speciated hydrocarbons (C8-C40) of priority concern in the tissues of organisms and 
the environment, Bodo Creek, Ogoni

*Concentrations below detection limit is represented as a dash (-)

Table 3 presents the concentrations of speciated hydrocarbons (C8-C40) in surface water, sediment, 
tilapia, and periwinkle from Bodo Creek, Ogoni. Most hydrocarbons are below detection limits in surface water, 
indicating minimal contamination. However, sediment shows significant levels of hydrocarbons across various 
carbon chains, with a total petroleum hydrocarbon concentration (TPHCs) of 277.4695 mg/kg. This suggests 
sediment acts as a major sink for hydrocarbons, likely due to oil spills and industrial activities in the area.

In tilapia, C13-C19 hydrocarbons were detected, with C18 showing the highest concentration (4.6320 
mg/kg), indicating some level of bioaccumulation. Periwinkle shows detectable levels of C8-C40 hydrocarbons, 
with C32 (5.8912 mg/kg) being the most prominent. The presence of hydrocarbons in these organisms poses 
ecological risks, indicating potential contamination of the food chain. Overall, sediment and biota 
contamination highlight ongoing environmental issues in Bodo Creek due to petroleum pollution.

Discussion
Noncancer Risk Evaluation of Heavy Metals Consumed through Tilapia and Periwinkle
Table 4. Non-cancer Risk of Heavy Metals due to Fish Consumption, Bodo Community, Rivers state, Nigeria.

Metals
(ppm)

THQ Standard
Tilapia Periwinkle Threshold (US EPA, 

2024)
Adult Child Adult Child

Cr 3.56E-03 4.16E-02 1.19E-02 1.39E-01

1.
00

E-
01

Cd 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Pb 0.00E+00 0.00E+00 0.00E+00 0.00E+00

Ni 1.78E-02 2.08E-01 7.39E-03 8.65E-02
As 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Fe 8.12E-04 9.50E-03 6.27E-04 7.33E-03
Cu 4.71E-03 5.51E-02 2.30E-03 2.69E-02
THI 2.69E-02 3.15E-01 2.22E-02 2.59E-01

THQ =Target Hazard quotient, THI = Target Hazard Index

Figure 3: Visual representation of non-cancer risk of heavy metals due to fish consumption, Bodo Community, 
Rivers state, Nigeria.

Among all 7 heavy metals studied (Table 4), Cr (3.56E-03, adults; 4.16E-02, Child and 1.19E-02, 
adult; 1.39E-01, child), and Ni (1.78E-02, adults; 2.08E-01, child and 7.39E-03, adults; 8.65E-02, child) have 
greater potential to cause harm due to chronic consumption of tilapia and periwinkle respectively. Fe is highly 
unlikely to pose a non-cancer effect via fish consumption.

The findings from this research revealed that consumption of Cr, Cd, Pb, Ni, As, Fe and Cu lacks the 
tendency to pose non-cancer effect to the adult population who consume Tilapia (Oreochromis niloticus) and 
Periwinkle from Bodo creek. The target hazard quotients for all heavy metals due to consumption of both tilapia 
and periwinkle were observed below the non-cancer risk threshold of 0.1 and 1.0 recommended by the US EPA 
(2024).  However, intake of Ni and Cr by the children population via tilapia and periwinkle respectively exceed 
the non-cancer threshold and may pose significant intoxication. The target hazard index (HI) which measures 
effect due to cumulative consumption of all heavy metals through one dietary route for children indicates high 
potential of heavy metals intoxication in children through chronic exposure to the two fishes studied in Bodo.

Noncancer Risk Evaluation of Petroleum Hydrocarbons through Tilapia and Periwinkle
Table 5. Daily Intake of Petroleum Hydrocarbons Through the Consumption of Fishes, Bodo Community, 

Rivers State, Nigeria
INDEX THQ STANDARD
Sample Tilapia Periwinkle Threshold (US 

EPA, 2024)
Petroleum 

hydrocarbons
Adult fisher/resident child 

resident
Adult fisher/resident child 

resident

1.00E-01

C8 6.71E-04 7.85E-03 - -
C9 5.16E-03 6.03E-02 - -
C10 0.00E+00 0.00E+00 - -
C11 5.20E-03 6.08E-02 - -
C12 9.67E-03 1.13E-01 - -
C13 8.91E-02 1.04E+00 - -
C14 4.95E-02 5.79E-01 - -
C15 5.42E-02 6.35E-01 - -
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C16 1.03E-02 1.20E-01 - -
C17 5.65E-02 6.61E-01 - -
C18 2.35E-01 2.75E+00 - -
C19 1.01E-01 1.18E+00 - -
C20 - - - -
C21 - - - -
C22 - - - -
C23 - - - -
C24 - - - -
C25 - - - -
C26 - - - -
C27 - - 3.33E-04 3.89E-03
C28 - - 2.72E-05 3.18E-04
C29 - - 0.00E+00 0.00E+00
C30 - - 1.45E-04 1.69E-03
C31 - - 2.72E-04 3.18E-03
C32 - - 9.98E-04 1.17E-02
C33 - - 1.08E-04 1.26E-03
C34 - - 2.16E-04 2.53E-03
C35 - - 5.27E-04 6.16E-03
C36 - - 1.55E-05 1.82E-04
C37 - - 1.57E-04 1.84E-03
C38 - - 8.31E-05 9.72E-04
C39 - - 2.70E-04 3.16E-03
C40 - - 1.35E-04 1.58E-03
THI 6.17E-01 7.21E+00 3.29E-03 3.84E-02

THQ =Target Hazard quotient, THI = Target Hazard Index

Toxicity assessments of medium carbon-ranged aliphatic hydrocarbons (C9-C18) and high carbon-
ranged aliphatics (C19-C32) in tilapia and periwinkle is presented in Table 5. Using the US EPA (2024) 
updated target hazard thresholds of THQ and THI of 0.1, it was found that intake of middle-carbon-ranged 
aliphatics is predominant in tilapia while high-carbon-ranged aliphatics was predominant in periwinkle. The 
exposure and risk evaluation revealed a normal trend of child greater susceptibility than adults.

Adults consumption of C9-C18 were below the noncancer risk threshold of 0.1 except C18 and C19 
while C12-C19 exceeded the 0.1 threshold due to tilapia consumption. Adults and children consumption of all 
high-carbon petroleum hydrocarbons in periwinkle were found below the threshold noncancer limit in the study 
area. The cumulative individual lifetime noncancer risk that may arise due to the consumption of TPHs through 
tilapia fish were all found above the minimum risk limit threshold level of 0.1. the target hazard index, THI for 
adults were 6.17E-01 while children were 7.21E+00 (Table 5) via tilapia. However, THI for both adults and 
children were well-below the acceptable risk limit indicating high uncertainty of ingestion risk from petroleum 
hydrocarbons in periwinkle from Nweemuu, Bodo.

Evaluation of Cancer Risk of Heavy Metals through Tilapia and Periwinkle Exposure
Table 6. Cancer risk due to fish consumption, Bodo Community, Rivers state, Nigeria.

Fish 
sample

Age group Heavy Metals (ppm)
Cr Cd Pb Ni As ƩILCRi TCR

Ti
la

pi
a

Adult 2.29E-06 - 9.44E-08 1.16E-04 - 1.20E-04 1.0E-
06

Child 1.25E-05 - 5.15E-07 1.240E-04 - 1.30E-04 1.0E-
06

Pe
riw

in
kl

e

Adult 7.623E-06 - 4.99E-08 5.77E-05 - 6.54E-05 1.0E-
06

Child 4.16E-05 - 2.73E-07 3.15E-04 - 3.57E-04 1.0E-
06

ƩILCRi = Cumulation of individual lifetime cancer risk, TCR = Target cancer risk
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Figure 4: Visual representation of cancer risk due to fish consumption, Bodo Community, Rivers state, Nigeria.
The potential carcinogenic effects due to consumption of fishes (tilapa and periwinkle) from 

Nweemuu, Bodo community by the children and adult population is shown in Table 6. The carcinogenic heavy 
metals (Cr, Cd, Pb, Ni and As) were investigated and results show that intake of Pb via both exposure pathways 
has the least potential for cancer risk (adults: 9.44E-08 and children: 5.15E-07) and (adults: 4.99E-08 and 
children: 2.73E-07)  for tilapia and periwinkle intake respectively while the greatest cancer risk is due to Ni 
intake by both population group and through both exposure pathways (Tilapia and periwinkle).  Children 
(1.240E-04 and 3.15E-04) and adults (1.16E-04 and 5.77E-05) in tilapia and periwinkle respectively. Generally, 
both Cr and Ni cancer risk exceeded the target threshold cancer risk level of 1.0E-06 indicating greater tendency 
to chronic effect by an individual over a lifetime in Nweemuu, Bodo. The results show greater susceptibility of 
children (greater than the safe limit of 1.0E - 04-1.0E-06) to developing cancer due to oral intake of 
contaminants of potential concern (COPC) due oil spill pollution in the Bodo creeks. In addition, the combined 
potential (ƩILCRi ) long-term (lifetime) cancer effects that may be posed to an individual consuming all metals 
though each fish exceeded the safe limits with children being at greatest risk (3.57E-04) due to intake of metals 
in periwinkle.

IV. Conclusion
This study provides a comprehensive assessment of the environmental and health risks associated with 

heavy metals, polycyclic aromatic hydrocarbons (PAHs), and total petroleum hydrocarbons (TPHs) in Bodo 
Creek, Ogoni. The physicochemical analysis revealed that while surface water quality parameters such as pH 
(7.44±0.06), turbidity (8.8±0.07 NTU), and biological oxygen demand (BOD) (5.34±0.03 mg/L) generally met 
WHO standards, certain factors like elevated temperature (30.88±2.10°C), electrical conductivity (EC) 
(23,300±40.1 µS/cm), and low dissolved oxygen (DO) (3.83±0.01 mg/L) suggest potential stress on aquatic life. 
The high levels of total dissolved solids (TDS) (14,730±20.3 mg/L) and elevated EC further indicate substantial 
ionic pollution, chiefly due to oil-related activities.

The heavy metal analysis showed significant contamination in sediments, with elevated concentrations 
of lead (Pb) (0.029±0.002 mg/L), cadmium (Cd) (0.019±0.001 mg/L), and nickel (Ni) (5.311±0.61 mg/L), 
exceeding DPR regulatory limits. These contaminants also revealed varying degrees of bioaccumulation in 
aquatic species such as Tilapia (Oreochromis niloticus) and Periwinkle (Tympanotonus fuscatus). Specifically, 
Pb (0.051±0.002 mg/L) and Ni (0.701±0.052 mg/L) concentrations in fish tissues were above EPA regulatory 
limits which may trigger cancer risks for consumers. Although Cd was not detected in the tissues, its elevated 
environmental levels point to potential future risks.

The observed concentrations of PAHs and TPHs in sediments and in the tissue tilapia and periwinkle 
point to potential health risk that may arise following frequent consumption and bioaccumulation in consumers.

This study revealed that Cr and Ni present the highest non-cancer risks with highest susceptibility for 
children consuming these fish, as their Target Hazard Quotients (THQ) exceed the recommended threshold of 
0.1. However, the non-cancer risks for adults consuming heavy metals were generally within acceptable limits.

Petroleum hydrocarbons (TPHs) show varying levels of risk based on their carbon range (Middle-
carbon-ranged aliphatics, C9-C18 and high-carbon-ranged aliphatics, C19-C32).

Cancer risk assessments reveal the potentials for Ni and Cr to induce toxic effects in the target 
populations with higher chances for children than adults. The risk of cancer due to PAHs were considered 
negligible as their concentrations were observed below detection limits in the fish tissue studied.
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Consequently, this study reveals that the Bodo population and her environs are at significant health risk 
due to the elevated levels of heavy metals and petroleum hydrocarbons in local fish. Strong local, institutional 
and governmental intervention measures are required to expedite comprehensive monitoring, effective 
intervention programs and community health education to mitigate these risk and protect the health of local 
populations, particularly vulnerable children.
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