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Abstract
Assessment of the concentrations of toxic heavy metals of public health importance in Nworie River water samples in Owerri Imo State South East Nigeria. Aim of the study was to ascertain the concentration of toxic heavy metals in surface water. The study design was analytical. The sampling sites were carefully selected to include upstream and downstream regions water samples were randomly collected from 20 cm below the water surface with 500 ml polypropylene plastic bottles. Samples were collected from four strategic sampling points from Nworie River at Egbeada sampling point 1, Alvan/Fmc sampling point 2, Umezuruike Hospital sampling point 3, and Akanchawa sampling point 4. The Global Positioning System (GPS) was used to locate the coordinates of the sampling points. The samples were collected and labelled for easy identification and were deposited in an icebox to maintain the temperature of the samples. AAS model: FS 240 Varian atomic absorption spectrophotometer connected to Nitrous oxidant and Acetylene gas was used for sample analysis. The results revealed that toxic heavy metals of public health importance were present in Nworie River at the levels  (Hg (0.016 and 0.021), Cd (0.011 and 0.023), As (0.003 and 0.056), Cr (0.006 and 0.064), Ni (0.00 and 0.005), and Pb (0.041 and 0.082) mg/l, respectively. The presence at elevated levels of toxic heavy metals of public health importance, when compared to World Health Organisation (WHO) standards for surface water, which include mercury, arsenic, chromium, and lead, in the Nworie River poses significant public health hazards. Urgent action is required to identify and mitigate the sources of contamination and protect the well-being of the communities and ecosystems that depend on this water resource. Conduct a comprehensive source identification study to determine the origin of heavy metal contamination in the Nworie River. Take immediate action to address the high levels of mercury, arsenic, chromium, and lead. This may include implementing pollution control measures and potentially treating the water to remove or reduce these contaminants. Key words; toxic heavy metals, surface water, Nworie River, concentration.







Introduction
Water quality significantly plays an important role in public health and in the environment, especially in developing countries. There are over 700 chemical contaminants in waters, among these pollutants; toxic heavy metals are the most hazardous substance for the environment and humans due to their high toxicity (2). Surface waters are more exposed to metal contamination than other water (15). Toxic heavy metal pollutants constitute a very serious problem to human health and entire ecosystem. The main human sources of toxic heavy metals contamination of water and aquatic animals are industrial activities, mining and disposal of untreated and partially treated effluents containing toxic metals. Monitoring of the safety of surface water is important in order to be assured of the maintenance of the desired quality of the ecosystem of the aquatic environment (4).
Toxic heavy metals contamination poses a great risk for river systems because; they are very persistent, not biodegradable and may be potential health hazards to aquatic life and to the human population. Heavy metals originating from anthropogenic as well as natural sources contribute to the deterioration of water quality in river systems (8). Anthropogenic sources of toxic heavy metals of public health importance stem mostly from sand and quarries, mining, solid waste dump site, metals smelting and refining, landfill leachates, agricultural runoff, fishing activities, recreational activities, industrial and domestic waste water (15).


Toxic heavy metals of public health importance, such as Hg, Pb, As, Cr, Cd and Ni, present in river water may accumulate in aquatic animals, enter the food chain and cause serious harm to human health where contamination and exposure are significant. Significant Exposure to toxic heavy metals of public health importance may cause renal dysfunction, liver, heart and blood damage, other public health hazards of toxic heavy metals include reduction in cell growth, bone degeneration, cancer and nervous system damage (14,17). Consequently, they have been listed in United State Environmental Protection Agency (USEPA) based on their potential for human consumption as public health risk (16). Monitoring of toxic heavy metals pollution in surface water such as rivers aids in the determination of safety of aquatic ecosystems. In addition a major percentage of toxic heavy metals accumulate in polluted water. Aquatic animals especially fish has been reported to be exposed to polluted surface water from river (9,11). Fish, according to report by the Food and Agricultural Organization (FAO) data to constitute 16% of the world population’s intake of animal protein and 6% of all protein consumed. Toxic Heavy Metals of public health importance in fish tissue can be many times higher than their corresponding waterborne values. Consumption of aquatic animals exposed to toxic heavy metals in river has been reported as important route of human exposure to a variety of toxic heavy metal contaminants (4,10). 
Among all the rivers in Imo State South East Nigeria, Nworie rivers is surrounded with the highest human population density, which has given rise to increased urbanization, industralisation, commercial and institutional activities thereby increasing waste generation and discharge to these rivers upon which the public depend on for water consumption, feeding of animals, commercial scale fishing and other health related activities.  In addition, a major percentage of heavy metals that accumulate in fish come from polluted water through water borne exposure. Consumption of aquatic food animals has been identified as the principal route of human exposure to a variety of toxic heavy metals of public health importance. 
This study aimed to ascertain the presence and concentration of selected toxic heavy metals of public health importance as potential contaminants of Nworie River and to determine the contamination level in line with the regulatory bodies of public health. The data obtained will reveal the extent of pollution of selected toxic heavy metals of public health importance in the Nworie River. The result of the study can be used for future research. It will also, inform the public, policymakers and public health managers about more effective sustainable management and protection of river.
Materials and methods
Description of study area
The study area was Nworie River of Owerri Imo State South East Nigeria, located within 5o 101 N to 5o 571 N and longitude 7o 281 E to 5o 351 and covered an area of about 24.88km2. The area has an annual rainfall of 1900-2900 mm and monthly minimum temperature of 25oC and maximum temperature of 35o C. Owerri municipal area has a tropical wet and dry climate. The north –east trade wind causes the dry season as it advances south wards while the south-west trade wind causes the rainy season as it moves inland towards the north. Dry season starts from November to early March while rainy season starts from March to October and reaches its peak in September after the little period of dry season otherwise known as the August break. There are various land use patterns in the study area which include residential, commercial, industrial, institutional and administrative land uses. The built-up area is within the confluence of the Nworie River. The commercial, market and traditional housing district are both in the less elevated central and southern parts of the town are high-density residential areas. Low-density residential areas and public establishments and major educational institutions are concentrated in the north east axis of the town. Manufacturing industries are distributed throughout the largest of them is located near the Nworie River along the highway (7).



















Figure 1: map of Owerri Nworie River showing the study site
Collection of Water Samples and Treatment
Surface water from the Nworie River was sampled and analysed for toxic heavy metals. The sampling sites were carefully selected to include upstream and downstream regions water samples were collected from 20 cm below the water surface with 500 ml polypropylene plastic bottles. Samples were collected from various strategic sampling points from Nworie River at Egbeada sampling point 1, Alvan/Fmc sampling point 2, Umezuruike hospital sampling point 3, and Akanchawa sampling point 4. The samples were collected and labelled for easy identification and were deposited in an icebox to maintain the temperature of the samples. Several methods of data collection were employed in the study. They include water sampling, observation, field and laboratory analysis, and global positioning system (GPS) measurements.
  HEAVY METAL ANALYSIS
PRINCIPLES OF ATOMIC ABSORPTION SPECTROPHOTOMETER.
Working principles: The Atomic absorption spectrometer’s working principles are based on the sample being aspirated into a flame and atomised when the AAS’s light beam is directed through the flame into a monochromator, and onto the detector that measures the amount of light absorbed by the atomised element in the flame. Since metals have their characteristic absorption wave length a source lamp composed of that element is used, making the method relatively free from spectral or radiational interferences. The amount of energy of the characteristic wavelength absorbed in the flame is proportional to the concentration of the element in the sample.
Method: Emission Spectroscopy (AAS)

Apparatus
	AAS model: FS 240 Varian atomic absorption spectrophotometer
	Nitrous oxidant gas
	Acetylene gas	
	Air oxidant gas
	Distilled water
	250 ml Conical flask
Reagent(s):
Preparation of 1000 mg/l Stock solution of each of the metals analysed.
Chromium (Cr) 2.8285 g of anhydrous potassium dichromate was dissolved in distilled water and make up to 1 litre (1 ml= mg  Cr)
	Mercury: 1.2589 g of mercury (11) Nitrate was dissolved in water and made up to 1 litre. (1 ml = 1 mg Hg) 
		Lead: 1.5985 g of lead in nitrate was dissolved with distilled water and made up to 1 litre (1 ml = 1 mg  Pb )
	Cadmium : 1.6309 of cadmium chloride was dissolved with distilled water and made up to 1 liter. (1 ml = 1 mg  Cd)
Nickel : 1.00 g of nickel metal was dissolved in some distilled water and 5 ml of conic sulphoric acid was added to it, it was then make up to 1 litre (1 ml = 1 mg Ni)
Preparation of Sub-Stock or working solution of each metal
For each of the above metals, a working solution of 100 mg/l was prepared using the dilution factor formulae C1V1 = C2V2
WHERE 
C1 = Conc. of the stock solution (1000 mg/l )
C2  = Conc. of the working solution (100 mg/l)
V1  =  Volume of the stock (unknown)
V2 =   Volume of the working Solution (100 ml)
For example: working solution of any of the metals
C1V1 = C2V2
1000 × V_1=100 ×100
V_1=(100×100)/1000=10ml
 Hence, 10 ml of each of the stock solution was diluted to mark in a 100 ml volumetric flask, respectively
Preparation of five (5) different standards of each of the metals from the 100mg/l working solution for standard calibration curve, using dilution factor formula;
C1V1 = C2V2
100 × V_1=5.0 ×10
V1 = 0.5 ml
Standards:
S/N	Conc. mg/L	Vol ml H2O	Vol ml Std	Total Vol ml
1	5.00	       	9.5	                0.5	               10.0
2	10.00		9.0		     1.0		    10.0
3	15.00		8.5		     1.5	               10.0
4	20.00		8.0		      2.0	               10.0
5	25.00	     	7.5	                  2.5	               10.0
Water Digestion for Heavy Metal Analysis
50ml of sample was digested in 250 ml conical flask by adding 5 ml of aqua-regia (conc. HNO3, HCl, HF in ratio 3:2:1), and heated on a hot plate until the volume remains about 7-12 ml. The digest was filtered using what-man filter paper into a 50 ml volumetric flask and the volume was made up to the mark using distilled de-ionised water, and was then stored in a plastic container for AAS analysis.
Procedure:
The sample (digested) was thoroughly mixed by shaking and 50 ml of it was transferred into a glass beaker of 250 ml volume. The sample was aspirated into the oxidising air-acetylene flame or nitrous oxide acetylene flame of the AAS. When the aqueous sample was aspirated, the sensitivity for 1% absorption was observed. The absorbance of the sample was correlated to obtain the concentration of metal in the sample from the standard calibration curve plotted by the AAS.
Preparation of 1000pm Stock AA Standards
Arsenic
Dissolve 1.000g of arsenic powder in 50ml. conc. nitric acid. Dilute to 1 litre with deionised water or
Dissolve 1.3200g arsenic oxide (As2O3), dried to 110°C, in 50ml. of conc. Hydrochloric acid. Dilute to 1 litre with deionised water.
Cadmium
Dissolve 1.000g. of cadmium metal in 20ml. of 5M.hydrochloric acid and 2 drops of conc. nitric acid. Dilute to 1litre with deionised water.
Dissolve 2.0360g. of cadmium chloride in 250 ml deionised water.Dilute to 1 litre in a volumetric flask. 
Dissolve 2.1032g. of cadmium nitrate in 250ml.of deionised water. Dilute to 1 litre in a volumetric flask.
Copper
Dissolve 1.000g. of copper metal in 50ml. of 5M nitric acid. Dilute to 1 litre in a volumetric flask with deionised water. Or Dissolve 3.7980g. of (Cu(NO3)2.3H2O in 250ml. of deionised water. Dilute to 1 litre in a volumetric flask with deionised water.
Lead
Dissolve 1.000g.of lead metal in 50ml. of 2M nitric acid. Dilute to 1 litre in a volumetric flask with deionised water.
Dissolve1.5980g. of lead nitrate ( Pb(NO3)2 ) in 100ml. of deionised water. Dilute to 1 litre in a volumetric flask with deionised water.
Mercury
Dissolve 1.000g. of mercury metal in20ml. of 5M nitric acid. Dilute to 1 litre in a volumetric flask with deionised water.or Dissolve 1.3520g. of mercury (11) chloride (HgCl2) in 250ml. of deionised water. Dilute to 1 litre in a volumetric flask with deionised water. Or Dissolve 1 .0800g. of mercury (11) oxide (HgO) in 20ml. of 5M hydrochloric acid. Dilute to 1 litre in a volumetric flask with deionised water.
Nickel
Dissolve 1.000g. Of nickel in 20ml. of conc. nitric acid. Dilute to 1 litre in a volumetric flask with deionised water.or Dissolve 4.9530g. of nickel nitrate (Ni(NO3)2.6H2O) in 1 litre volumetric flask with deionised water. 
Results and Discussion
Toxic heavy metals
Concentration of toxic heavy metals of public health importance in water samples (mg/l) in the four locations ( Egbeada point, Alvan/fmc, Umezurike hospital and Akanchawa) of Nworie River Owerri Imo State South East Nigeria?
Table 1:  The analysis of Toxic Heavy Metals 
	PARAMETERS
	WHO Standard
	NWORIE RIVER
	Test METHOD

	
	
	EGBEADA POINT1
N5.5157340
E7.0164960
	     ALVAN/FMC POINT2
N5.5093880
            E7.0175070
	UMEZURIKE HOSPITAL POINT3
N5.4879110
E7.0256130
	AKANCHAWA POINT 4
N5.4739370
E7.0300370
	

	
	
	RUN 1
	RUN 2
	RUN 1
	RUN 2
	RUN 1
	RUN 2
	RUN 1
	RUN 2
	

	
	
	
	
	
	
	
	
	
	
	

	TOXIC HEAVY METALS ANALYSIS

	Mercury, mg/l Hg
	0.001
	0.021
	0.021
	0.018
	0.016
	0.017
	0.017
	0.018
	0.018
	AAS

	Cadmium, mg/l Cd
	0.05
	0.011
	0.011
	0.021
	0.023
	0.021
	0.021
	0.019
	0.019
	AAS

	Arsenic, mg/l As
	0.01
	0.003
	0.003
	0.004
	0.005
	0.018
	0.018
	0.056
	0.056
	AAS

	Chromium, mg/l Cr
	0.05
	0.006
	0.006
	0.017
	0.019
	0.009
	0.008
	0.064
	0.064
	AAS

	Nickel, mg/l Ni
	0.02
	ND
	ND
	0.005
	0.005
	ND
	ND
	0.002
	0.002
	AAS

	Lead, mg/l Pb
	0.05
	0.082
	0.081
	0.044
	0.041
	0.064
	0.062
	0.053
	0.051
	AAS



 The analysis of toxic heavy metals in water samples from the Nworie River reveals important findings and interpretations:
Mercury (Hg): The World Health Organisation (WHO) standard for mercury is 0.001 mg/l. In both Run 1 and Run 2 at all locations, the mercury concentrations exceeded the limit, with values ranging from 0.016 mg/l to 0.021 mg/l. Elevated mercury levels are a significant concern due to their toxicity.
Cadmium (Cd): The WHO standard for cadmium is 0.05 mg/l. Cadmium concentrations are generally within the acceptable range in both runs at all locations, with values ranging from 0.011 mg/l to 0.023 mg/l.
Arsenic (As): The WHO standard for arsenic is 0.01 mg/l. Arsenic concentrations exceeded the standard in both runs at all locations, with values ranging from 0.003 mg/l to 0.056 mg/l. Elevated arsenic levels are a serious health concern.
Chromium (Cr): The WHO standard for chromium is 0.05 mg/l. Chromium concentrations exceeded the standard in both runs at all locations, with values ranging from 0.006 mg/l to 0.064 mg/l.
Nickel (Ni): The WHO standard for nickel is 0.02 mg/l. Nickel concentrations are generally within the acceptable range, although some samples are below the detection limit (ND) in both runs. Lead (Pb): The WHO standard for lead is 0.05 mg/l. Lead concentrations exceeded the standard in both runs at all locations, with values ranging from 0.041 mg/l to 0.082 mg/l. Elevated lead levels are a significant health concern, especially for children.
 Mercury and Arsenic: The presence of elevated mercury and arsenic levels in the Nworie River is a major concern. Both of these heavy metals are highly toxic and pose significant risks to aquatic life and public health. The source of these contaminants should be investigated.
Chromium: Elevated chromium levels are also a concern. Depending on its chemical form (hexavalent or trivalent), chromium can have different toxicity profiles. Further analysis is needed to determine the specific form of chromium present.
Cadmium and Nickel: Cadmium and nickel levels generally meet the standards, although nickel is below detection in some samples. Continuous monitoring is advisable to ensure these metals remain within acceptable limits.
Lead: Elevated lead levels are a significant concern, especially as lead exposure can have severe health effects. Identifying the source of lead contamination and implementing remediation measures is crucial.
Discussion
The findings presented describe the concentrations of toxic heavy metals of public health importance (mercury, cadmium, arsenic, chromium, nickel, and lead) in the Nworie River and their compliance with standards set by the World Health Organisation (WHO).
The range of values recorded for the concentration of mercury in Nworie River water samples ranges from 0.016-0.021 mg/l for mercury, which is higher than the concentration recorded by a similar study (5). The disparity between these two studies maybe due to increased human population density, increased numbers of industries and other anthropogenic activities in the area of study, which may have given rise to increased pollution of the river over the years. The concentration of mercury in the water sample also exceeded the World Health Organisation (WHO’s) minimum regulatory standard for water samples of 0.002mg/l as reported in a study (5). Mercury is a highly toxic heavy metal that can pose severe risks to aquatic life and public health. Mercury, when present in water, can bioaccumulate in fish and other seafood, which, when consumed by human beings, may lead to serious health issues such as neurological damage (6,19). Arsenic exposure has been linked to various health problems, including cancer, skin lesions, and cardiovascular diseases (13,14). While both metals exceeded WHO standards, arsenic concentrations appear to be more variable, ranging from 0.003 mg/l to 0.056 mg/l, indicating potential localised sources. Chromium concentrations exceed the WHO standard. Chromium's toxicity depends on its chemical form. Hexavalent chromium (Cr(VI)) is a known carcinogen, while trivalent chromium (Cr(III)) is less toxic (1). However, further analysis is needed to determine the specific form of chromium present. High chromium levels may indicate industrial pollution. Chromium concentrations, ranging from 0.006 mg/l to 0.064 mg/l, suggest multiple sources or sporadic releases. At 0.064 mg/l the concentration of chromium in some samples of Nworie River exceeds the WHO’s minimum permissible limit of 0.05mg/l as reported in a related study (12). This may be due to localize sources of chromium.  The concentration of Cadmium in Nworie River water samples ranges from 0.011-0.023 mg/l which was above the WHO’s minimum permissible standard for water and also exceeded the concentration of the related study  (14). However, Cadmium and nickel levels generally meet the FMEnv standards, although nickel is below detection in some samples. Cadmium is a known carcinogen and can accumulate in aquatic organisms, posing risks to the food chain (16). Continuous monitoring is advisable to ensure these metals remain within acceptable limits. Nickel, while generally within limits, requires attention to ensure consistent monitoring. Cadmium levels are relatively stable (0.011 mg/l to 0.023 mg/l), while nickel is sporadically detected, possibly indicating localised sources. Lead at concentrations ranging from 0.041-0.082 mg/l exceeded the WHO permissible standard for water (5). The elevated lead level may be due to increased industrial, agricultural, commercial and medical activities taking place around the Nworie River. Elevated lead levels are a significant health concern, especially for children, as lead exposure can lead to developmental and neurological issues (2). Identifying the source of lead contamination is crucial for implementing remediation measures. Lead concentrations are consistently above the standard in all samples, ranging from 0.041 mg/l to 0.082 mg/l, indicating a persistent source. The findings highlight significant concerns regarding mercury, arsenic, chromium, and lead in the Nworie River. These heavy metals pose health risks and require immediate investigation and remediation. Cadmium and nickel levels generally meet standards but require continuous monitoring. The contrasting variability in concentrations suggests the presence of multiple sources and the need for further investigation to pinpoint pollution origins.
Conclusion
The presence of elevated levels of toxic heavy metals, including mercury, arsenic, chromium, and lead, in the Nworie River poses significant environmental and public health concerns. Urgent action is required to identify and mitigate the sources of contamination and protect the well-being of the communities and ecosystems that depend on this water resource.
    Recommendations: Conduct a comprehensive source identification study to determine the origin of heavy metal contamination in the Nworie River. Take immediate action to address the high levels of mercury, arsenic, chromium, and lead. This may include implementing pollution control measures and potentially treating the water to remove or reduce these contaminants. Inform the public about potential health risks associated with heavy metal contamination and take appropriate public health measures, especially in areas where water is used for drinking or agriculture. Establish a regular monitoring program to track changes in heavy metal concentrations over time and assess the effectiveness of any remediation efforts.
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