




Heavy Metal Levels in Surface Sediments from Bonny Estuary, Nigeria

ABSTRACT: 
Essential metals such as Cu and Cr are needed in trace amounts, and their absence may cause serious problems, while non-essential metals such as Cd and Pb have no biological function, and their presence, even in very small quantities, may be toxic. This study aims to assess the level of some heavy metals in sediments of some intertidal creeks around Port Harcourt in the upper Bonny Estuary. The concentrations of heavy metals (Cr, Cd, Pb and Cu) in the sediments of five (5) intertidal creeks (Elelenwo, Choba, Eagle Island, Ogbunabali and Amadi-ama) around Port Harcourt metropolis, Nigeria, for a period of six (6) months, were investigated. Heavy metal concentrations were determined using Atomic Absorption Spectrophotometry. A General linear model of ANOVA was used to test for significant variations in space and time between study areas. The software packages – MS Excel and Minitab R16 were used. There were notable spatial and temporal variations of heavy metal concentrations in sediment across the study areas. Maximum concentrations (mg/kg) of Cr, Cd, Pb and Cu in sediments were 9.75, 3.56, 72.80 and 11.50, respectively. Heavy metal concentrations were discovered to exceed threshold effect values at several stations, with cadmium (0.44-3.56 mg/kg) and lead (72.80 mg/kg) being of particular concern. The study confirmed that areas like Ogbunabali and Choba were hotspots of contamination with regard to heavy metals due to solid waste disposal and discharges in those areas. The study, therefore, concluded that there was heavy metal pollution in the sediments of the intertidal areas studied.
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[bookmark: _Hlk177667293]INTRODUCTION: 
In the Niger Delta, the problem of sediment pollution has been of concern to all stakeholders, following the rate and extent of degradation of the environment by human activities, particularly from domestic and industrial sources (Moslen, et al., 2006; Daka et al., 2007; George et al., 2009; Onojake et al., 2011; Moslen and Daka, 2013; Daka and Moslen, 2013; Moslen and Daka, 2014; Olorode et al, 2015). Fundamentally, estuarine regions of large river systems are known sinks of contaminated sediments and a source of contamination for the adjacent marine habitats. Although this situation can be observed in many estuarine regions worldwide (Anyanwu et al., 2023). This is mainly due to the fact that improperly treated solid wastes are discharged directly into creeks. The interaction and impact of solid wastes within the immediate environment (ecosystem) create pollution problems (Kanu and Achi, 2011). A good number of heavy metals are present in trace amounts, but high levels of accumulation may affect organisms through the food chain and pose a risk to consumers of seafood when concentrations exceed permissible limits (El-Moselhy et al., 2014). Heavy metals have serious complications, including mutagenic effects, carcinogenic effects, toxicity, accumulation in adipose tissue, and long shelf life (Ezez & Belew, 2023). Essential metals such as Cu and Cr are needed in trace amounts, and their absence may cause serious problems (Ekweozor et al., 2017), while non-essential metals such as Cd and Pb have no biological function, and their presence, even in very small quantities, may be toxic. Nonetheless, it is clear that they are potentially hazardous to living organisms at high exposure levels and are extremely persistent in the marine environment and therefore should be routinely monitored (Igwemmar et al., 2013). Solid wastes that are dumped on the intertidal zones of creeks have varying levels of heavy metals in them, which are inert in the sediment environment and are often considered to be conservative pollutants. Due to their limited solubility, heavy metals are absorbed and built up in the bottom sediments. Generally, the deposition of heavy metals in beach sediments occurs through adsorption, co-precipitation, and hydrolysis mechanisms (Mostafa et al., 2024). When predicting possible ecological hazards in intertidal creeks, sediment contamination is a useful indicator. This study, therefore, aims to assess the level of some heavy metals in sediments of some intertidal creeks around Port Harcourt in the upper Bonny Estuary.
MATERIALS AND METHODS
Study areas: The study areas are within the Port Harcourt metropolis (Fig. 1). The five creeks include Choba, Eagle Island, Ogbunabali, Amadi Creek and Elelenwo. The creeks are tidal in nature and have input of domestic, commercial and industrial waste products, hence the high concentration of solid wastes in the study area. Dredging/sand mining, boat maintenance, transportation route and fishing activities were observed in Eagle Island, Choba (New Calabar River) and Amadi Creek. Mangrove vegetation that serves as a nursery ground for fish has been removed for development purposes, making Ogbunabali Creek vulnerable to contamination. Anthropogenic activities along the Elelenwo creek included recreational activities, a plastics dumpsite and fishing. 
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Fig. 1: Map Showing Study Area
Sample Collection: Sediment samples were collected and composited from three randomly selected points per station on a monthly basis for six (6) months (July-December, 2024). The sampling was done at the time of low tide. Samples were collected with a hand trowel and wrapped in labelled cellophane bags before transfer to the laboratory for analysis. 
Sample Analysis: Sediment samples were prepared and digested using the procedure described in the methods of APHA (2012). The analysis was duplicated to ensure precision in the digestion process and the analytical instrument. The digested sediment samples were analysed for lead, cadmium, copper, and chromium using standard methods of Atomic Absorption Spectrophotometry (Buck Scientific 200A model). 
Statistics: A General linear model of ANOVA was used to test for significant variations in space and time between study areas. The software packages – MS Excel and Minitab R16 were used. 
RESULTS 
The monthly concentration of Copper (Cu) ranged from 3.60 - 29.1mg/kg (Fig. 2). The monthly concentration of Copper (Cu) was lowest in Elelenwo at 3.60mg/kg and highest in Eagle Island at 29.1mg/kg. There was no significant difference between the study areas (p>0.005). Comparison of the analysis of variance of the different months showed July was significantly different (p<0.005) from other months. However, some stations (Eagle Island) showed elevated levels during certain months. 
The monthly concentration of Cadmium (Cd) ranged from 0.44 - 3.56mg/kg (Fig. 3). There was a significant difference (p<0.005) between study sites. Comparison of the analysis of variance of the different study areas showed Choba was significantly different from other study areas, but there was no significant difference in time at p>0.005. 
Lead values were less than 0.001mg/kg. 
The concentration of Chromium (Cr) was lowest in Elelenwo (1.96mg/kg) and highest at Choba (53.0mg/kg) (Fig. 5). There was a significant difference between the stations (p<0.005) across the stations. Comparison of the analysis of variance of the different months showed July was significantly (o<0.005) different from other months.
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Fig. 2: Monthly Concentrations of Copper			   Fig. 3: Monthly Concentrations of Cadmium
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Fig. 4: Monthly Concentrations of Lead			Fig. 5: Monthly Concentrations of Chromium

DISCUSSION
The concentration of heavy metals in the sediment of the study areas showed variations as follows: Cd: 0.44 – 3.56mg/kg, Pb: 17.20 - 72.80mg/kg, Cu: 3.60 – 11.50mg/kg and Cr: 1.96 – 9.75mg/kg. The levels of Cr in this study were less than those (76.40 mg/kg) reported by Yi et al. (2011). The concentrations of heavy metals (Cd and Pb) recorded by Marcus et al. (2013) and Marcus & Ekpete (2014) were generally higher than values obtained in this study, suggesting fluctuations of metal concentrations in sediments of the study areas in space and time. Daka et al. (2007) recorded higher values of metals: Cd (0.62mg/kg, Cu (17.26mg/kg) and Pb (30.0mg/kg) during the wet season in the study area. The ranges of heavy metals recorded by Moslen et al. (2018) were as follows: Cd 0.0 - 0.6mg/kg, Cr 2.8 - 35.7mg/kg and Pb 5.7 - 22.5mg/kg. These results are in conformity with the results obtained in this study. 
      

            



Fig. 6: Heavy Metal Concentrations in Sediments of Study Areas

Using Fig. 6 above, it was observed that there was no significant difference across the months except in July. In all the study areas, the significant difference in the concentration of Cr, Cu, Pb and Cd was between the month of July and other months. The fluctuations during this study can possibly be due to the settling down of heavy metals into the underlying sediments. Runoffs and anthropogenic activities from increased waste disposal could also increase the load of heavy metals during the rain. 

CONCLUSION
This study showed changes in the concentration of heavy metal contaminants over time. Seasonal variations, tidal effects and the fluctuating level of human activity (waste disposal) surrounding the study areas are probably the combined causes of these swings. Hence, there should be regular monitoring of these creeks to detect perturbations and extra loads in the environment.
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