



IMPACT ASSESSMENT OF ANTHROPOGENIC ACTIVITIES ON HEAVY METALS IN WATER AND SEDIMENT IN ENIONG RIVER, NIGERIA

ABSTRACT
 This research was carried out to assess the impacts of anthropogenic activities on heavy metal concentrations in water and sediments in Eniong River, Nigeria. The study was carried out for a period of twelve months, covering both the wet and dry seasons. Water and sediment samples were analyzed to determine the concentration of selected heavy metals such as Cd, Cu, Cr Fe, Pb, and Zn. The analysis was done using an atomic absorption spectrophotometer. The result revealed variation in the concentration of all heavy metals across the sampling locations. The concentrations ranged from 0.00 – 0.15 mg/L and 0.01- 11.75mg/kg for water and sediment samples, respectively. Concentrations of some metals were higher in due to tremendous anthropogenic activities. Comparatively, concentrations were higher in sediment samples 11.75mg/kg than in water samples 0.15 mg/L, which could be attributed to desorption of the metals from water onto the sediment beneath the water. The results also revealed that some metals, such as Copper (0.15 mg/L) and Iron (0.15 mg/L) were higher in water than in sediment. Generally, highest concentration of 11.75mg/kg for chromium was recorded in sediment samples compared to other heavy metals. Concentration of the metals followed the pattern shown: Cu > Fe > Cr > Zn > Pb > Cd for water samples and Cr > Cu > Fe > Zn > Pb > Cd for sediment. It could be concluded that the highest concentration of the metals in water and sediment samples were 0.15mg/l and 0.15mg/kg respectively and were recorded in the location of tremendous anthropogenic activities, reflecting a corresponding higher impact on the metals. This suggests the need for routine monitoring to prevent escalation.

Keywords: Heavy Metals, AAS, Aquatic Ecosystem, Sediment, WHO standard, Pollution and Environmental Sustainability.


INTRODUCTION
Natural water contamination is a global problem which is principally based on unsafe acts of waste disposal by humans. This has attracted greater attention due to it harmful effect on humans who depend mainly on the water and seafood for consumption. According to Dike et al., 2004, urbanisation, population growth, and industrial and agricultural activities have led to the generation and accumulation of wastes laden with heavy metals into the environment, which might end up in water bodies. When it rains, these heavy metals are washed into the aquatic environment and due to their low solubility in water and are therefore adsorbed onto aquatic sediment. A water sample can be termed as being “safe or unsafe”, when its levels of physical and chemical properties are outside permissible limits given by regulatory bodies for human use (Ogola et al., 2011). Mmualafe and Torto (2011) stated that heavy metals include a greater number of elements in the periodic table and their biogeochemistry and impacts on living organism can vary. Some metals are essential nutrients to aquatic plants at a minimal concentration but toxic at elevated levels or in combination with other metals. Stankovic et al., (2014) noted that some micronutrients such as Cu, Zn, Fe, Mn, Co, Mo, Cr and Se) and macronutrients (Ca, Mg, Na, p and S are essential at low concentrations for living organisms but toxic at elevated levels, which could result in distortion in growth and metabolism in aquatic organisms.
Anthropogenic activities have tremendously increased the level of heavy metals in surface water bodies through runoff during rain. It is estimated that rate of human-induced inputs of heavy metals such as arsenic, nickel and zinc into the aquatic environment is accelerated than the rate of natural inputs (Sukdeo et al.,  2012). According to Ali et al., (2019), water is the sustenance of the biosphere. Water is also a universal solvent. It dissolves different organic and inorganic chemicals making the aquatic ecosystem vulnerable to metal pollution (Udosen, 2014). 
[bookmark: _GoBack]In the aquatic environment, sediments act as main sinks for heavy metals deposition and sediment metals analysis reveal historical records of land-based metals pollution (Zahra et al., 2014). Zhao et al., (2014) pointed out that “adsorption, desorption, and subsequent concentrations of heavy metals in sediments are affected by many physicochemical factors such as temperature, hydrodynamic conditions, redox state, content of organic matter and microbes, salinity, and particle size”. Ali-Azadi et al., (2018) reported that “distribution of heavy metals in sediments is affected by chemical composition of the sediments, grain size, and content of total organic matter”. “As heavy metals cannot be degraded, they are continuously being deposited and incorporated in water, sediments and aquatic organisms, thus causing metal pollution in water bodies” (Ogoyi et al., 2011; Öztürk et al., 2009).  Due to their toxicity and bioaccumulation in biota, determination of the metals levels in water and sediment has received considerable attention in many countries around the world. Such attention is aimed at ensuring sustainability of water quality and seafood to minimise human health risk associated with their consumption.
“Niger Delta Region is a major oil producing zone in Nigeria, located within the Atlantic Coast where River Niger breaks into numerous tributaries. The Niger Delta region is known to be the second largest Delta in the world measuring about 450 kilometers of coast line that terminates at Imo River entry route” (Elum et al., 2016). “It is among the most environmentally impacted regions in Nigeria taking into account indices as increased population rate, metal smelting, increased coastal traffic, intense agricultural activities and intense crude oil exploration over the years” (Offiong, 2015).  As a result of these, natural surface waters in the region receive greater amount of contaminants such as heavy metals and polychlorinated biphenyls among other organic chemicals. These have raised public concerns as a result of the pollution status of the aquatic systems and associated health risk for consumers. 
Site selection of this study was based dependency of the river water for drinking water and other domestic purposes by riverine communities and predominant pollution induced anthropogenic activities around the study area which include transportation, poor farming practices, sand mining, wood logging, log driving, fishing, direct and indirect discharges of domestic and industrial wastes into the rivers which could end up in the main Cross River channel.  
It is believed that these predominant human activities around the study area could result in elevated concentration of the heavy metals in water and sediment of Eniong River with a potential to bioaccumulate in seafood and also on humans through food chain that depend on it, hence this research. Data generated will provide baseline information between levels of anthropogenic activities around the study area and metals pollution status in the river. 

2.0 Material and Methods 
2.1 Study Area
The study area figure 1 is located between latitude 5o 23’ and 7o 48’ 321’E North of the equator and between 5o 11’ 189’E and 7o 58’ 321’East of Greenwich Meridian. Four sampling locations were selected for samples collection: Site 1 (Control), Site 2 (Upstream), Site 3 (Midstream) and Site 4 (Downstream). 
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Figure1: The study area
2.1: Sample Collection and Analysis
Sampling was done twelve months: from April to October and from November to March for wet and dry seasons respectively.
2.2: Determination of Heavy metals in Water
The concentrations of heavy metals in water were determined using UNICAM solar 969 Atomic Absorption spectrophotometer (AAS).
2.3: Determination of Heavy Metals in Sediment
The concentrations of heavy metals in sediment were determined using UNICAM solar 969 Atomic Absorption spectrophotometer (AAS).
2.4: Quality control and Assurance
Quality control of the analytical data was guaranteed through the implementation of laboratory quality assurance and quality laboratory methods, including the use of standards, operating procedures calibrations with standards, and analysis of reagent blanks. Each sample was analysed in triplicate and all chemicals and reagents used in the study were of analytical grade.
2.5: Statistical Analysis
The data obtained in this study were subjected to descriptive statistical analysis using statistical package for social sciences (SPSS). Mean concentrations and standard deviations were also computed.  
Table 1: Levels (mg/L) of heavy metals in water samples for wet and dry seasons
	SITE/TRACE METALS
	
	Cd
	Cu
	Cr
	Fe
	Pb
	Zn

	Control
	Wet
	 0.01±0.01
	0.02±0.01
	0.02±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01

	
	Dry
	0.01±0.01
	0.05±0.01
	0.00±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01

	Upstream
	Wet
	0.01±0.01
	0.09±0.01
	0.02±0.01
	0.04±0.01
	0.01±0.01
	0.02±0.01

	
	Dry
	0.01±0.01
	0.11±0.01
	0.01±0.01
	0.10±0.01
	0.01±0.01
	0.03±0.01

	Mid stream
	Wet
	0.01±0.01
	0.05±0.01
	0.03±0.01
	0.04±0.01
	0.01±0.01
	0.03±0.01

	
	Dry
	0.02±0.01
	0.13±0.01
	0.04±0.01
	0.08±0.01
	0.02±0.01
	0.04±0.01

	Downstream
	Wet
	0.02±0.01
	0.09±0.01
	0.07±0.01
	0.07±0.01
	0.02±0.01
	0.04±0.01

	
	Dry
	0.02±0.01
	0.15±0.01
	0.05±0.01
	0.15±0.01
	0.04±0.01
	0.05±0.01



Table 2: Levels (mg/Kg) of heavy metals in sediment samples for wet and dry seasons
	SITE/TRACE METALS
	
	Cd
	Cu
	Cr
	Fe
	Pb
	Zn

	Control
	Wet
	0.01 ±0.01
	1.02±0.01
	2.11±0.01
	1.92±0.01
	0.17±0.01
	1.53±0.01

	
	Dry
	0.01±0.01
	1.11±0.01
	2.01±0.01
	1.74±0.01
	1.23±0.01
	1.24±0.01

	Upstream
	Wet
	0.03±0.01
	5.41±0.01
	6.87±0.01
	8.00±0.01
	2.55±0.01
	5.40±0.01

	
	Dry
	0.03±0.01
	6.03±0.01
	7.38±0.01
	8.17±0.01
	3.18±0.01
	5.18±0.01

	Mid stream
	Wet
	0.03±0.01
	6.98±0.01
	8.32±0.01
	8.07±0.01
	3.84±0.01
	5.78±0.01

	
	Dry
	0.04±0.01
	7.25±0.01
	9.15±0.01
	8.21±0.01
	3.99±0.01
	5.98±0.01

	Downstream
	Wet
	0.05±0.01
	7.37±0.01
	11.45±0.01
	8.72±0.01
	4.39±0.01
	9.09±0.01

	
	Dry
	0.10±0.01
	11.02±0.01
	11.75±0.01
	8.85±0.01
	4.81±0.01
	9.74±0.01





Figure 2: Seasonal variation of levels of trace metals in water





Figure 3: Seasonal variation of levels of heavy metals in sediment
Table 3: Pearson Correlation matrix of Sediment samples from Eniong River
	
	Cd
	Cu
	Cr
	Fe
	Pb
	Zn

	Cd
	
	1
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cu
	
	  .898**
	   1
	
	
	
	

	
	
	
	
	
	
	
	

	Cr
	
	  .829*
	.960**
	    1
	
	
	

	
	
	
	
	
	
	
	

	Fe
	
	 .659
	.905**
	.924**
	     1
	
	

	
	
	
	
	
	
	
	

	Pb
	
	  .786*
	.954**
	.969**
	.915**
	       1
	

	
	
	
	
	
	
	
	

	Zn
	
	    .879**
	.948**
	.984**
	.881**
	.930**
	1

	
	
	
	
	
	
	
	



	**. Correlation is significant at the 0.01 level (2-tailed).

	*. Correlation is significant at the 0.05 level (2-tailed).








	Table 4:Pearson Correlation matrix of Water samples from Eniong River

	
	Cd
	Cu
	Cr
	Fe
	Pb
	Zn

	Cd
	
	1
	
	
	
	
	

	
	
	
	
	
	
	
	

	Cu
	
	.697
	1
	
	
	
	

	
	
	
	
	
	
	
	

	 Cr
	
	 .852**
	443
	1
	
	
	

	
	
	
	
	
	
	
	

	Fe
	
	.651
	.909**
	.501
	        1
	
	

	
	
	
	
	
	
	
	

	Pb
	
	.813*
	.730*
	.653
	.811*
	        1
	

	
	
	
	
	
	
	
	

	Zn
	
	.828*
	.837**
	.778*
	.888**
	.797*
	1

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	**. Correlation is significant at the 0.01 level (2-tailed).

	 *. Correlation is significant at the 0.05 level (2-tailed).



 3.0: RESULTS AND DISCUSSION 
3.1: Levels of Heavy Metals in Water: 
The levels of heavy metals in surface water samples analysed in both wet and dry seasons are presented in Table 1.
 Levels of Cadmium in Surface Water: Cadmium (Cd) was the least abundant heavy metal recorded in the water samples from all locations.  The levels of cadmium in water samples across sampling locations during wet season ranged between 0.01±0.01 and 0.02±0.01 mg/L and during dry season it ranged between 0.01±0.01 and 0.02±0.01 mg/L with the control and UPS recording the lowest and MDS and DNS recording the highest. The level of Cadmium reported in this study was lower than 0.03 mg L-1 reported by Adebayo (2017) from a study of Ureje water reservoir, Ado Ekiti, Nigeria, Akpan et al., (2024) and Udosen et al., (2014) and was higher than maximum permissible limits of 0.003 and 0.005mg/L recommended by NIS and WHO respectively. Higher levels of cadmium are usually associated with kidney damage, diarrhea, stomach pains, and bone fractures while the lowest concentrations are found in pancreas and spleen. 
Levels of Copper in Surface Water: The mean levels of Cu obtained ranged between 0.02±0.01 and 0.09±0.01 mg/L and from 0.05±0.01 and 0.15±0.01 mg/L in wet and dry season respectively. Levels obtained were consistent with results obtained by Akpan et al., 2024 and Ido et al., (2023) and below the maximum permissible limit of 2.0 mg/L by WHO and NIS. Cu is one of the trace elements essential to human life as it aids in metabolism. However, higher levels are toxic and cause anemia, liver and kidney damage (Udosen et al., 2019). 
Levels of Chromium in Surface Water: The levels of Cr obtained ranged between 0.02±0.01 and 0.07±0.01 mg/L and from 0.00±0.01 to 0.05±0.001mg/L in wet and dry season, respectively. Levels obtained in this study were in consistent with 0.00-0.09mg/L reported by Akpan et al., (2024)  (0.02- 0.07mg/L) by Udosen et al., (2015). The level of Chromium obtained in this study is less than the maximum permissible limit given by WHO.
 Levels of Iron in Surface Water: Iron is the fourth most abundant element in the earth crust. The levels of Fe recorded ranged between 0.01±0.01 - 0.07±0.01 mg/L and from 0.01±0.01 - 0.15± 0.00 mg/L in wet and dry season. Levels of Fe obtained were lower than maximum permissible limits of 0.3mg/L recommended by NSDWQ and WHO. However shortage of iron can lead to anemia and prolonged consumption of drinking water with high level of iron may lead to liver disease called haermosiderosis (Agada et al., 2024)
Levels of Lead in Surface Water: The levels of Pb obtained ranged between 0.01±0.00 and 0.02±0.00 mg/L and between 0.01±0.00 and 0.04±0.00 mg/L in wet and dry season respectively. Results obtained in this study were higher than 0.00-0.01 and 0.002-0.0070 mg/L reported by Ido et al., 2023. Some levels were higher than maximum permissible limit of 0.01 mg/L guideline of WHO (2017) but consistent with the limit of 0.05 mg/L of NIS standards. Higher levels of lead in humans are associated with health risk such as brain and kidney damage, reproduction failure among others.
 Levels of Zinc in Surface Water: The mean levels of Zn ranged between 0.01±0.01 and 0.04±0.01 mg/L in wet season and during between 0.01±0.00 to 0.05±0.01 mg/L in dry season.  The levels recorded in both seasons were consistent with 1.0 and 2.0 mg/L standards of NIS and WHO respectively.
The results showed that the heavy metal contents in the water samples were higher downstream and lower in control.  This could be ascribed to variation in population, types and levels of anthropogenic activities across the locations in addition to flow direction of the river (upstream to downstream). Downstream of the study area is densely populated with tremendous activities such as markets and fishing ports, agriculture, waste dump stations and auto-mechanic workshops whose end products and after effects are usually washed into the river when it rains and thereby contaminating the river with all of kinds of heavy metals. The result was similar to that reported by Dan et al., 2019 in Ishiet River and Udosen et al., (2015) in Qua Iboe River tributary, in Nigeria. Also similar trend of variation in heavy metal concentrations at downstream and upstream stations of River Tawa, India was reported by Andotra (2014) and Kumar and Jha, (2020) from River Mahananda, North Bihar, India (Akpan et al., 2024). The seasonal variability showed that the mean levels of the studied metals recorded in the dry season were higher than the levels obtained in the wet season (figure 2). This could be attributed to concentration and dilution effects in dry and wet season respectively. Sharma et al., (2021) recorded similar higher concentrations of trace metals in the dry season than in the wet season. The distribution pattern of the levels of heavy metals in the water followed the trend shown: Cu > Fe> Cr >Zn > Pb > Cd
 3.2: Results of heavy metals Concentrations in Sediment. 
Table 2 shows the results of mean levels of heavy metals in sediment across the sampling locations. 
Levels of Cadmium in Sediment: The levels of Cd in sediment samples ranged between 0.01± 0.01 and 0.05±0.01 mg/kg in wet season and between 0.01±0.01 and 0.10 ±0.01 mg/kg in the dry season. The results were consistent with levels reported by Benson et al., (2017) from Douglas Creek. However, mean levels of Cd in sediment samples obtained for both dry and wet seasons were lower than 12.62 - 6.39 mg/kg reported by Egbenni et al., (2010) for sediments from Lagos Lagoon, and Utete and Fregene (2020). Levels recorded in all locations in both seasons were within permissible limits of 0.3 -0.8 mg/kg in sediment recommended by DPR and ISQG.
Levels of Copper in Sediment: The levels of Cu samples ranged between 1.02±0.01 and 7.37 ± 0.01 mg/kg in wet season and between 1.11±0.01 and 11.02±0.01 mg/kg in dry season. The levels of Cu recorded in sediment samples in this study were higher than levels reported by  Akpan et al., (2024) and Uwah et al., (2013). However the levels were lower than maximum permissible limit of 1.0 mg/kg recommended by NIS. 
 Levels of Chromium in Sediment: The levels of Cr in sediment in all the samples ranged between 2.11±0.01 and 11.45±0.01 mg/kg in wet season while it ranged from 2.01±0.01 to 11.75±0.00 mg/kg during dry season. These levels were consistent with levels recorded by Uwah et al., (2021) and below 0.5 mg/kg maximum permissible limit in sediment recommended by Department of petroleum Resources (DPR). 
Levels of Iron in Sediment: The levels of Fe ranged between 1.92±0.01 and 8.72±0.01 mg/kg in wet season and ranged from 1.74 ±0.01 to 8.85±0.00 mg/kg dry season. Levels were higher in dry season than wet season across the sampling locations reflecting concentration and dilution effects in dry and wet season respectively (Edem et al., 2020). 
Levels of Lead in Sediment: The level of Pb in sediment samples across the sampling locations ranged between 0.17±0.01 and 4.39±0.01 mg/kg in wet season and between 1.23 ±0.01 and 4.81 ± 0.00 mg/kg during dry season. These levels were lower than the levels reported by Akpan et al., 2024 and  Ido et al., (2023) and below maximum permissible limit of 32.2mg/kg in sediment given by ISQG and 35.3mg/kg by USEPA (1999)
Levels of Zn in Sediment: The levels of Zn in sediment obtained in this study across all the locations ranged between 1.54 ±0.01 and 9.09±0.01 mg/kg in wet season and between 1.24 ±0.01 and 9.74 ±0.01 mg/kg during dry season. The levels recorded in this study were below permissible limit of  200 mg/kg in sediment given by ISQG
All the studied heavy metals showed higher concentrations in the dry season compared to the wet season as seen in figure 3. The disparity in the levels of heavy metals in Eniong River sediment between dry and wet seasons can be explained as a reduction in the volume of water during dry season which leads to an increase in the concentration of the metal in sediment. This observation is similar to Udosen et al. (2015) who recorded higher levels of trace metals in dry season compared to wet season from Qua Iboe River tributary, Nigeria. Also levels of studied heavy metals were higher in the sediment samples compared to the water samples due to the fact that most metals have low solubility in water and are readily desorbed to particulate matter in the water column which eventually settle and accumulate in the sediment. 
The concentrations of heavy metals in Eniong River showed given pattern from the control to downstream during the period of study. Generally, the results showed that all the heavy metals studied were concentrated downstream than upstream and midstream because downstream receives pollutants from other locations, flow slowly downward thereby allowing deposition downward. In addition to that downstream stretches are often densely populated and used for more human activities thereby adding more anthropogenic inputs. This finding corroborates with the report by Ejiseh et al., (2022); Akpan et al.,  (2024) and Udosen et al., (2015), who reported higher heavy metals downstream compare to upstream but disagrees with the finding of Okorondu et al., (2021) who recorded higher levels of trace metals upstream than downstream due to the numerous human activities within the upstream.  Generally, the levels of heavy metals in sediment did not exceed maximum permissible limit set up by international bodies. 
3.3: Correlation among the Heavy Metals in Sediment Samples
As shown in table 3, Pearson correlation analysis was performed to investigate potential relationships between the concentrations of heavy metals in sediment samples (Fig. 4) The results of inter-metal correlations in sediments of Eniong River suggests that Cd has significant positive correlations with Cu (r = .898** p < 0.01), Zn(r = .879** p < 0.01), Cr (r =  .829* p < 0.05), and Pb (r = .786* p < 0.05). Also Cu showed a significant positive correlations with (Cr = 0.960**, Fe= 905**, Pb = 954** and Zn= 948**, p < 0.01 respectively). There was also a strong positive correlation between Cr and Fe (r = .924** p < 0.01), Pb (r = .969** p < 0.01), Zn (r = .984** p < 0.01) while Pb showed a positive relationship with Zn at (r = .930** p < 0.01). The results indicated that the studied metals had similar source of contamination and exhibit similar geochemical behavior in the aquatic environment.

3.4: Correlation among the Heavy Metals in Water Samples
A strong positive correlation was observed as shown in table 4 between Cd and Cr (r = .852** p < 0.01), Cu and Fe (r = .909** p < 0.01), Cu and Zn ( r = .837** p < 0.01) and Fe and Zn ( r = .888** p < 0.01) which is an indication of similar anthropogenic sources. However, positive correlation was observed at p = 0.05 between Cd and Pb (r = 813*), Cu-Pb (r = 730*), Fe- Pb (r = 811*) as shown in figure 5, suggesting common source of contamination.
Generally, the results showed positive correlation between the concentration of the metals in water and sediment as reported by Jin et al., (2022), Akpan et al., (2024). By extension it means as the concentration of the metals increased in water there was also a corresponding increase in the concentration in sediment. 
4.0 Conclusion
The results revealed variation in levels of heavy metals such as Cd, Cr, Cu, Fe, Pb and Zn determined in water and sediment samples of Eniong River, Nigeria. The results also indicated higher levels of the heavy metals in downstream location than upstream confirming a corresponding impacts of tremendous anthropogenic activities downstream than upstream locations of less human activities. Furthermore, the result also revealed a significant positive correlation in the distribution of the metals in water and sediments.  Conclusively, although the levels of the metals in water and sediment were higher in locations of significant anthropogenic activities, they were all within below maximum permissible limits of WHO, NIS, NWQ AND ISQG standards. The results further revealed the need for routine monitoring to check level escalation of the metals. 
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