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ABSTRACT
Aim: A study on the health risk assessment of heavy metal concentration in Oyster (Crassostrea gasar) found along the stretch of Woji creek, Rivers State, Nigeria.
Study Design: A cross-sectional randomized study
Place and Duration of Study: Three (3) sampling stations along Woji Creek, Rivers State and the study was conducted from July to December 2024.
Methodology: Seventy-five (75) oysters were randomly collected (twenty-five per sampling station), conveyed to the laboratory for identification and analysed for copper, arsenic, nickel, lead, cadmium and chromium using atomic absorption spectrophotometer as well as water samples from Woji creek were analysed for selected physicochemical parameters.
Results: The physicochemical parameters indicated that pH of the creek increased progressively from 6.72±3.31 in station 1 to 8.10±2.51 in station 3, biochemical oxygen demand was least in station 2 at 2.54±6.78 and highest at 3.00±2.64 in station 1, dissolved oxygen concentration ranged from 4.39±0.15 in station 1 and 5.46±0.64 in station 3, electrical conductivity was between 34.61±7.92 in station 1 to 42.58±4.83 in station 2, chemical oxygen demand ranged from 10.53±2.05 in station 1 to 15.34±1.76 in station 2, salinity fluctuated between 9.09±1.42 in station 1 to 10.26±1.03 in station 3, temperature values ranged from 28.03±0.94 in station 1 to 29.11±2.45 in station 2 and total dissolved solids ranged from 16.45±2.14 in station 3 to 24.42±4.60 in station 2; the physico-chemical parameters recorded in this study were within the WHO permissible limit. Based on heavy metals analysis, copper ranged from 3.15±1.98 in station 1 to 6.57±1.08 in station 2, Arsenic was highest (0.98±1.00) in station 1 and least (0.37±0.16) in station 3, nickel ranged from 0.01±0.05 in station 1 to 1.00±0.07 in station 2, lead ranged from 0.94±1.00 in station 2 to 1.06±0.41 in station 3, cadmium ranged from 0.21±0.10 in station 1 to 0.53±1.10 in station 2 and chromium ranged from 0.42±1.61 in station 2 to 0.68±0.006 in station 1. EDI values were low in nickel, cadmium and chromium but higher in arsenic, copper and lead while nickel, arsenic, copper, cadmium, lead and chromium all had THQ less than 1 in oyster samples.
Conclusion: Existing regulations should be enforced on point and non-point discharges of effluents and wastes around Woji creek to minimize accumulation of heavy metals in aquatic organisms, which cause health complications when consumed by humans.
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1. INTRODUCTION
Heavy metals are non-degradable inorganic chemicals that can accumulate in the bodies of organisms due to inability to metabolise them. Therefore, heavy metal pollution in the aquatic ecosystem is of global concern due to potential harmful effects and bioaccumulation (Ayanda et al., 2019; Hossain et al., 2019: Kahal et al., 2020; Qian et al., 2020). Heavy metals can occur through natural (weathering of rocks, erosion and atmospheric deposition) and anthropogenic (wastewater discharge, agricultural and coastal land runoff) activities in the estuarine environment (Kang et al., 2019; Liu et al., 2020). Changes in the physico-chemical parameters of the aquatic environment allow heavy metals dissolution in water and fixation into sediments and substratum, which further create secondary contamination (Islam et al., 2015). Dietary route is the major route of human exposure to heavy metals except for occupation exposures (Moslen & Miebaka, 2016; Ali & Khan, 2019). Shellfish are excellent sources of protein and a healthy alternative to red meats due to low calorific value as well as rich in omega-3 polyunsaturated fat which reduces cholesterol levels in humans (Okoye, 2019). In coastal areas, shellfish are significant part of human diet and are major exportable items in countries such as Nigeria (Hossain et al., 2019; Ali et al., 2022). Shellfish are excellent bio-indicators because they accumulate pollutants (such as heavy metals) in their tissues and occupy a high trophic level as well as are an essential food source for humans (Giri & Singh, 2017; Ahmed et al., 2020; Zhu et al., 2020). The assessment of heavy metals in shellfish helps to evaluate the potential health risks to humans associated with consumption of shellfish (to safeguard human health) and give knowledge in the biological and physico-chemical status of the aquatic environment. This study evaluated the health risk of heavy metal concentration in Oysters (Crassostrea gasar) in Woji creek, Rivers State, Nigeria.
2. MATERIALS AND METHODS
2.1 Study Area
Woji creek is located at 4°47’18” N and 7°0’3”E in Rivers State (Niger-Delta region), Nigeria (Figure 1). The Niger-Delta region of Nigeria is characterized by tributaries, river networks and industrial activities. Woji creek receives effluents such as agricultural run-off from farmlands and oil spill from oil companies located within the banks of the creek. Woji creek is also very important to the local dwellers because of its economic values such as travelling, recreation and fishing.
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Figure 1: Map of Woji creek (indicating sampling stations)

2.2 Study Design
A cross-sectional randomized sampling technique was used to select three (3) sampling stations for the collection of samples within the study area (to eliminate bias).
2.3 Duration of Study
The study was conducted from July to December, 2024.
2.4 Sample Collection and Analysis
Seventy-five (75) Oysters (Crassostrea gasar) were randomly collected (twenty-five oysters per sampling station) by handpicking during mean low tide level (MLTL) at the intertidal flats of mangrove swamps located at the creek shores (along three sampling stations), washed and kept in well labelled sterile containers and conveyed to the laboratory for identification and digestion. Water samples from Woji creek were collected and analysed for physico-chemical parameters using standard laboratory procedures; the parameters analysed were hydrogen ion concentration (pH), biochemical oxygen demand (BOD), dissolved oxygen (DO), electrical conductivity (EC), chemical oxygen demand (COD), salinity, temperature and total dissolved solids (TDS). For health risk assessment, the estimated daily intake (EDI) and target hazard quotient (THQ) were also calculated using standard formulars (Omojowo et al., 2010; Kalogeropoulos et al., 2012). The shells of oysters were cracked and removed to obtain the soft edible parts. The tissues separated were rinsed with distilled water, dried in an oven at 120°C for three hours, cooled in a desiccator and ground to a fine homogenous powder/ash. Three grams (3g) of ash sample was weighed and transferred into a 100ml beaker on a calibrated weighing balance, 30ml of Aqua Regia was added to the sample in a fume hood and the samples were heated with a hot plate until digestion was completed. The beaker was rinsed with distilled water, the digested samples were filtered into a 50ml standard flask (the contents were increased to the 50ml mark using distilled water), 3-point calibration standards for each heavy metal were prepared and used to calibrate the Atomic Absorption Spectrophotometer (AAS). The absorbance of the standards and the sample on the Agilent SPECTRAA 55B AAS was measured using the appropriate hollow cathode lamp. The heavy metals analysed were nickel, Arsenic, Copper, Cadmium, Lead and Chromium. Means, standard errors and standard deviation ranges were used in describing data obtained.
Estimated Daily Intake (EDI) is the estimated quantity of substances in food expressed on a body mass basis (usually in mg/kg body weight) that can be ingested daily over a life time by humans without appreciable health risk (Omojowo et al., 2010). In this study, a standard average body mass of 60kg was used as well as the EDI of heavy metals were estimated from the average concentration of metals in oysters and water with an estimated daily average consumption rate of 0.0345g for aquatic food 9Omojowo et al., 2010).
EDI = …………………………………………………… Equation 1
Where, Bw = Body weight estimated for an adult
C = Concentration of heavy metals in the sampled oyster in mg/kg
Cons = Daily average consumption rate of the sample in the study area (0.0345g/person/day)
Target Hazard Quotient (THQ) is used to assess non-carcinogenic risks and it evaluates the quantity of substances which could lead to negative health impact for exposed humans over a period of time. The health risk assessment of each contaminant is based on evaluating its risk level as well as classifying such contaminants as carcinogenic or non-carcinogenic health hazards. THQ is a ration of the potential exposure to a contaminant and the acceptable level of the same contaminant at which no harmful effect is expected to occur (Kalogeropoulos et al., 2012). THQ values from 0.0 – 1.0 have low hazard (unlikely to cause adverse effects) while THQ values above 1.0 are potentially hazardous to human health (Kalogeropoulos et al., 2012).
THQ =  x10-3………………………………. Equation 2
Where, EF = Exposure frequency (365 days/year)
ED = Exposure duration (equivalent to the average lifetime of 55years)
FIR = Fresh oyster ingestion rate (g/person/day) which is considered to be 0.0345g/person/day
CF = Conversion factor (0.0208)
Cm = Trace metal concentration in oyster (mg/kg)
ABW = Average body weight in humans (60kg)
TA = Average exposure time for non-carcinogens (it is equal to EF x ED)
2.5 Statistical Analysis
Appropriate graphical representation of data was done using tables and bar charts as well as all data generated were analysed statistically by IBM Statistical Package for Social Sciences version 28.0 using student T test and analysis of variance (ANOVA) with Turkey’s HDS post hoc as well as all statistical results were considered significant at P<0.05.
3. RESULTS
The results of physico-chemical parameters analysis of Woji creek indicated that the pH increased progressively from 6.72±3.31 in station 1 to 8.10±2.51 in station 3, biological oxygen demand was least in station 2 (2.54±6.78mg/L) and highest (3.00±2.64mg/L) in station 1, dissolved oxygen concentration ranged between 4.39±0.15mg/L to 5.46±0.64mg/L, electrical conductivity was between 34.61±7.92µS/cm to 42.58±4.83µS/cm, chemical oxygen demand ranged from 10.26±1.03mg/L to 15.34±1.76, salinity fluctuated between 9.09±1.42ppt to 10.26±1.03ppt, temperature ranged from 28.03±0.94°C to 29.11±2.45°C and total dissolved solids ranged from 16.45±2.14mg/L to 24.42±4.60mg/L (Table 1).
Table 1: Physico-chemical Parameters of Woji Creek
	Parameters
	STATION 1
	STATION 2
	STATION 3
	WHO STANDARD

	pH
	6.72±3.31
	7.01±4.36
	8.10±2.51
	6.5-8.5

	BOD (mg/L)
	3.00±2.64
	2.54±6.78
	2.33±1.94
	0-6

	DO (mg/L)
	4.39±0.15
	5.16±3.42
	5.46±0.64
	>4

	EC (µS/cm)
	34.61±7.92
	42.58±4.83
	35.19±6.45
	2000

	COD (mg/L)
	10.53±2.05
	15.34±1.76
	13.89±6.42
	30

	Salinity (ppt)
	0.09±1.42
	9.64±2.10
	10.26±1.03
	NA

	Temperature (°C)
	28.03±0.94
	29.11±2.45
	28.17±2.15
	25-32

	TDS (mg/L)
	21.26±6.19
	24.42±4.60
	16.45±2.14
	250


Each value is a mean of three replicates as mean±SD values
NA = Not Available, BOD = Biological Oxygen Demand, DO = Dissolved Oxygen, EC = Electrical Conductivity, COD = Chemical Oxygen Demand, TDS = Total Dissolved Solids, mg/L = milligram per litre, µS/cm = microSiemens per centimetre, ppt = parts per thousand, °C = degree Celsius
The results of heavy metal concentration in Oysters indicated that nickel was highest (1.00±0.07 mg/kg) in station 3 and least (0.01±0.05mg/kg) in station 1, arsenic was highest (0.98±1.00 mg/kg) in station 1 and least (0.37±0.16 mg/kg) in station 3, copper was highest (6.57±1.08 mg/kg) in station 2 and least (3.15±1.98 mg/kg) in station 1, cadmium was highest (0.53±1.10mg/kg) in station 2 and least (0.21±0.10mg/kg) in station 1, lead was highest (1.06±0.41mg/kg) in station 3 and least (0.94±1.00mg/kg) in station 2, chromium was highest (0.68±0.06mg/kg) in station 1 and least (0.42±1.61mg/kg) in station 2 (Table 2).
Table 2: Heavy Metal Concentration in Edible Oysters from Woji Creek
	Heavy Metals (mg/kg)
	STATION 1
	STATION 2
	STATION 3
	WHO STANDARD

	Nickel
	0.01±0.05
	0.09±0.02
	1.00±0.07
	>5

	Arsenic
	0.98±1.00
	0.65±0.04
	0.37±0.16
	3.00

	Copper
	3.15±1.98
	6.57±1.08
	4.32±2.64
	10

	Cadmium
	0.21±0.10
	0.53±1.10
	0.43±0.24
	0.10

	Lead
	1.00±0.06
	0.94±1.00
	1.06±0.41
	0.05

	Chromium
	0.68±0.06
	0.42±1.61
	0.59±0.08
	0.05


Results for EDI showed that nickel, arsenic, copper, cadmium, lead and chromium had highest values of 0.00057 mg/kg (station 3), 0.00058 mg/kg (station 1), 0.00088 mg/kg (station 2), 0.00035 mg/kg (station 2(, 0.00061 mg/kg (station 3) and 0.00039 mg/kg (station 1) respectively (Figure 2).
Results for THQ showed that nickel, arsenic, copper, cadmium, lead and chromium had highest values of 1.2 x 10 -9 mg/kg (station 3), 1.1 x 10-9 mg/kg (station 1), 3.7 x 10-9 mg/kg (station 2), 1.4 x 10-9 mg/kg (station 2), 1.9 x 10-9 mg/kg 9station 3) and 1.3 x10-9 mg/kg (station 1) respectively (Figure 3).


Figure 2: Estimated Daily Intake in the Study 


Figure 3: Target Hazard Quotient in the Study
4. DISCUSSION
The ideal range of pH for aquatic life is 6.5 – 8.5 according to WHO and pH is an essential environmental factor for growth as well as normal physiology of aquatic organisms (Dewangan et al., 2023). The use of water with a high pH could have adverse effects on the digestive and lymphatic systems of humans (Dewangan et al., 2023). The range of pH recorded in this study is within the WHO permissible limits. A higher pH was reported by Igwenyi (2017) in water samples collected from Ikwo Local Government Area, Ebonyi State while Adama et al. (2023) reported a pH of 7.2±0.11 (Bosso dam) and 7.23±0.02 (Fadipe pool), Niger State. BOD and COD provide important information on water quality because they indicate the level of organic pollution (Agwa et al., 2015). The BOD in this study was within the WHO permissible limit; BOD level is affected by the build-up of organic materials from decaying plant parts, human activities and animal litters. Wokoma et al. (2020) in a study at Sobreiro river recorded a BOD range of 5.4±0.27 to 12.12±0.66 mg/L which implied heavy pollution of the river due to oil spillage from anthropogenic activities. The COD range in this study was within the WHO permissible limits; high levels of COD are an indication of inadequate oxygen and leads to death of aquatic organisms. The Dissolved oxygen (DO) values in this study were within the WHO permissible limits; DO affects growth, survival, distribution, behaviour and physiology of aquatic organisms (Woke et al., 2014). The electrical conductivity (EC) values in this study were within the WHO permissible limits; the EC of water is of importance in measuring the concentration of ions in the aquatic environment due to temperature, concentration of impurities and mobility of ions (Malla et al., 2015).The salinity values in this study were within the WHO permissible limits; variations in salinity are caused by seasons (Ajao & Fagade, 2016), proximity to and from freshwater or marine water source (Komi & Sikoki, 2013), tidal flows (Komi & Sikoki, 2013) and land derived freshwater inputs associated with the rainy season (Haque et al., 2021). Shalom et al. (2011) reported higher salinity levels of 133.8±2.90 in Iju river, Ogun State. The water temperature in this study was within the WHO permissible limits; water temperature plays a vital role in the aquatic ecosystem and significant fluctuations in temperature affects the metabolic activities of aquatic organisms (Ayandele et al., 2015). The total dissolved solids (TDS) values in this study were within the WHO permissible limits; high TDS significantly changes the composition of water and is toxic to aquatic organisms (Tawati et al., 2018). Heavy metal toxicity is a major global concern due to human health risk associated with consumption of contaminated aquatic organisms (Moslen & Adiela, 2020). The nickel concentration in this study was within the WHO permissible limits but some other researchers recorded higher values in similar studies (Sharrif et al., 2016; Akinrotimi et al., 2019). Aquatic nickel contamination occurs when compounds containing nickel are deposited into waterbodies through anthropogenic activities; bioaccumulation and biomagnification of nickel through food chain is the second highest means of exposure to nickel (Agency for Toxic Substances and Disease Registry, 2015). Low values of arsenic (below WHO permissible limits) were recorded in this study but some other similar studies reported higher values (Sharrif et al., 2016; Hans et al., 2021); high aquatic arsenic concentrations could be due to agricultural runoffs from fertilizers and pesticides. Copper concentrations in this study were below the WHO permissible limits which corresponds with values reported in similar studies (Ubong & Obunwo, 2018; Moslen & Adiela, 2020). The concentration of cadmium in this study was higher than the WHO permissible limits, this agrees with reports from some similar studies (Olmedo et al., 2013; Hans et al., 2021) but disagree with some other similar studies with low cadmium concentrations (Bellinger et al., 2014; Orisakwe et al., 2015). Cadmium levels in water is dependent on several factors such as solid waste disposal and climatic conditions (Orisakwe et al., 2015). Lead concentration in this study was higher than the WHO permissible limit; lead has been implicated in the etiology of sleep disorders, poor appetite, anaemia, vomiting and fatigue as well as damage in young children (Fatoki & Mathabatha, 2018; Djedjibegovic et al., 2020). Chromium concentrations in this study were above the WHO permissible limits which corresponds with values reported in similar studies (Islam et al., 2010; Hans et al., 2021). The estimated daily intake (EDI) of nickel, arsenic, copper, cadmium, lead and chromium were evaluated according to the average concentration of each metal in each oyster and their respective consumption rate for adults. The EDI values were low in nickel, cadmium and chromium but higher in arsenic, copper and lead. A target hazard quotient (THQ) greater than one indicates a potential health risk; nickel, arsenic, copper, cadmium, lead and chromium all recorded THQ values less than one which corresponds with values reported in some similar studies (Amirah et al., 2013; Ezemonye et al., 2019).
5. CONCLUSION
Existing regulations should be enforced on point and non-point discharge of effluents and wastes around Woji creek to minimise accumulation of heavy metals in aquatic organisms such as oysters, which can lead to health complications when consumed by humans.
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Nickel	STATION 1	STATION 2	STATION 3	1.0000000000000005E-9	1.1000000000000001E-9	1.2000000000000006E-9	Arsenic	STATION 1	STATION 2	STATION 3	1.1000000000000001E-9	1.0000000000000005E-9	1.0000000000000005E-9	Copper	STATION 1	STATION 2	STATION 3	2.8000000000000011E-9	3.7000000000000021E-9	3.0000000000000016E-9	Cadmium 	STATION 1	STATION 2	STATION 3	1.1000000000000001E-9	1.4000000000000003E-9	1.2000000000000006E-9	Lead	STATION 1	STATION 2	STATION 3	1.7000000000000005E-9	1.5000000000000008E-9	1.9000000000000009E-9	Chromium	STATION 1	STATION 2	STATION 3	1.3000000000000007E-9	1.1000000000000001E-9	1.2000000000000006E-9	Concentration (mg/kg)
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