


EVALUATION OF WATER POLLUTION AND ITS PUBLIC HEALTH IMPLICATIONS IN OSINMO RESERVOIR, EJIGBO, OSUN STATE, NIGERIA

[bookmark: _GoBack]ABSTRACT
	Water quality is a critical determinant of public health, particularly in developing regions where anthropogenic activities are prevalent. This study evaluated the effects of water pollution on public health, focusing on Osinmo Reservoir in Ejigbo, Osun State, Nigeria. The primary objectives were to the sources of pollution, analyze the physico-chemical and heavy metal properties of the water, and compare findings against World Health Organization (WHO) standards. Water samples were collected monthly between January and March 2019 from two strategic locations: the Midstream (Station A) and the Spillway (Station B). Standard laboratory procedures were employed to analyze concentrations of Lead (Pb), Cadmium (Cd), Iron (Fe), and selected physico-chemical parameters such as pH, turbidity, dissolved oxygen (DO), biological oxygen demand (BOD), chemical oxygen demand (COD), and temperature. Results showed that concentrations of lead, cadmium, and iron in both sampling stations exceeded the WHO permissible limits for drinking water. Turbidity and COD levels were also significantly above standard thresholds, indicating moderate to high pollution. Station B consistently recorded higher pollutant concentrations than Station A, suggesting increased exposure to anthropogenic contaminants such as agricultural runoff and improper waste disposal. Though pH and temperature were within acceptable ranges, the overall water quality was found unsuitable for direct human consumption. The study concludes that Osinmo Reservoir is adversely affected by pollution and poses significant health risks to surrounding communities. It recommends immediate intervention measures including wastewater treatment, strict regulation of agricultural activities, afforestation, and public awareness campaigns to mitigate further degradation and protect public health.
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1.	INTRODUCTION
Water pollution occurs when unwanted materials enter in to water, change the quality of water (Alrumman et al, 2016) and the water becomes harmful for the environment and human health (Briggs, 2003). Water is an important natural resource used for drinking and other developmental purposes in our lives (Bibi, 2016). Safe drinking water is necessary for human health all over the world. Water is universal solvent and can serve as sources of infection according to World Health Organization (WHO) 80% diseases are water borne. Drinking water in various countries does not meet WHO standards (Khan, 2013). 3.1% deaths occur due to the unhygienic and poor quality of water (Pawari and Gawande, 2015). 
Discharge of domestic and industrial effluent wastes, leakage from water tanks, marine dumping, radioactive waste and atmospheric deposition are major causes of water pollution. Toxins in industrial waste are the major cause of immune suppression, reproductive failure and acute poisoning. Infectious diseases , like cholera, typhoid fever (Juneja and Chauhdary, 2013) and other diseases such as gastroenteritis, diarrhea, vomiting, skin and kidney problem are spreading through polluted water (Khan and Ghouri, 2011). Human health is affected by the direct damage of plants and animal nutrition. Water pollutants are killing sea weeds, mollusks, marine birds, fishes, crustaceans and other sea organisms that serve as food for human. Insecticides like Dichlorodiphenyltrichloroethane concentration is increasing along the food chain. These insecticides are harmful for humans (Owa, 2013). It is reported that 75 to 80% water pollution is caused by the domestic sewage. Waste from industries like, sugar, textile, electroplating, pesticides, pulp and paper are polluting the water (Kamble, 2014). Polluted river have intolerable smell and contains less flora and fauna. 80% of the world population is facing threats to water security (Owa, 2013).
Large amount of domestic sewage is drained in to river and most of the sewage is untreated. Domestic sewage contains toxicants, solid waste, plastic litters and bacterial contaminants and these toxic materials causes water pollution. Different industrial effluent that is drained in to river without treatment is the major cause of water pollution (Kamble, 2014). Hazardous material discharged from the industries is also responsible for surface water and ground water contamination. Contaminant depends upon the nature of industries. Toxic metals enter in to water and reduced the quality of water (Ho et al, 2012).
Increasing population leads to increase in solid waste generation (Jabeen et al, 2011). Solid and liquid wastes are discharged in to rivers. Water is also contaminated by human excreta. In contaminated water, a large number of bacteria are also found which is harmful for human health (Desai, 2014). All the effort made by the government to supply essential needs to citizens because of increasing number of population was incapacitated due to insufficient fund. Sanitation facilities are more in urban areas than rural areas. (Khan and Ghouri, 2011). Waste is thrown away by putting it in to plastic bags. It is estimated that the core people of urban areas defecate in open. 77% people are using flush latrines and 8% are using pit latrines. Overcrowding, unhygienic conditions, unsafe drinking water are major health issues in urban areas. One quarter of urban population is susceptible to disease (Kamble, 2014).
Pesticides are used to kill bacteria, pesticides are directly polluting the water and affect the quality of water. If pesticides are excess in amount or poorly managed then it would be hazardous for agriculture ecosystem (Yonglonget al. 2015 and Khurana, 2008). Only 60% of the inorganic fertilizer are used in the soil other chemicals leached in to soils polluting the water, xcess phosphate in run off leads to eutrophication. Residues of chemicals mix with river water due to flooding, heavy rainfall, excess irrigation and enter in the food chain. Trace amounts of pharmaceutical in water also causes water pollution and it is dangerous to human health. There is a greater association between pollution and health problem. Some pathogens are ubiquitous while some are found in well-defined area. Many water borne diseases are spreading man to man (Halder, 2015). Heavy rainfall and floods are related to extreme weather and leading tdifferent diseases for developed and developing countriesAhmad et al, 2014). 10% of the developing country population depend on food and vegetables that are grown in contaminated water (Corcoran et al, 2010). Many waterborne infectious diseases are linked with fecal pollution of water sources and results in fecal-oral route of infection (Nel, 2009). Health risk associated with polluted water includes different diseases such as respiratory disease, cancer, diarrheal disease, neurological disorder and cardiovascular disease (Ullah et al,2014). Nitrogenous chemicals are responsible for cancer and blue baby syndrome (Krishnan, 2006). Mortality rate due to cancer is higher in rural areas than urban areas because urban inhabitants use treated water for drinking while rural people do not have facility of treated water and use unprocessed water (Kamble, 2014). Poor people are at greater risk of disease due to improper sanitation, hygiene and water supply (Jabeen, 2011). Contaminated water has large negative effects in pregnant women who are exposed to chemicals during pregnancy it leads to the increased rate of low birth weight (Currie et al., 2013).
Poor water quality destroys the crop production and infects our food which is hazardous for aquatic life and human life (Khan and Ghouri, 2011). Pollutants disturb the food chain (Halder, 2015). Heavy metals, especially iron affects the respiratory system of fishes. Iron clogs in fish gills are lethal to fishes, when these fishes are eaten by human leads to the major health issue (Ahmed et al, 2013). Metal contaminated water leads to hair loss, liver cirrhosis, renal failure (Salem et al., 2000). Neural disorder (Chowdhury et al., 2015). Water pollution is a global issue and world community is facing worst results of polluted water. Major sources of water pollution are discharge of domestic and agriculture wastes, population growth, excessive use of pesticides and fertilizers and urbanization. Bacterial, viral and parasitic diseases are spreading through polluted water and affecting human health.

2.	methodology
Research Study Design 
This research work was designed to find out the effects of water pollution on the health of people in the Osinmo reservoir in Ejigbo, Osun State.
Description of the Study Area
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(A) Map of Nigeria showing Osun State, (B) Map of Osun State showing Ejigbo Local Government, (C) Map of Ejigbo Local Government (D) Osinmo reservoir. The map of the study area showing the sampling points

Osinmo Reservoir, situated in Ejigbo Township of Osun State, Nigeria, was established in 2005 through the impoundment of the Ataro River. The reservoir encompasses a catchment area of approximately 102 square kilometers, with a surface area of about 0.78 square kilometers and an average depth of 3.2 meters. Geographically, it extends between latitudes 7°52.8′N to 7°53.2′N and longitudes 4°21.2′E to 4°21.7′E, positioned at an elevation of 365.8 meters above sea level. The surrounding environment is characterized by lowland rainforest interspersed with derived grassland, and the region experiences a tropical climate with distinct rainy (April to October) and dry (November to March) seasons.
The primary objectives behind the creation of Osinmo Reservoir were to support domestic water supply, agricultural irrigation, and fisheries development. Subsequent studies have highlighted the reservoir's ecological significance, particularly concerning its water quality and aquatic biodiversity. 
Sample Collection
In Osinmo Reservoir, water samples were routinely taken every month from January to March 2019 at two specific locations: the spillway and the midstream. Clearly labeled Grecian and BOD bottles were used for sampling in order to guarantee correct identification and avoid cross-contamination. The samples were carefully put in sterile polythene bags as soon as they were collected in order to preserve their integrity during transportation. All samples were then subjected to standard laboratory analysis (Atomic Absorption Spectrometer for heavy metals analysis) to ascertain their physico-chemical properties. The samples were transported to the Central Science Laboratory in Obafemi Awolowo University Ile-Ife, Nigeria,
 Data Analysis
The obtained results were analyzed using SPSS.
3.0 RESULTS PRESENTATION AND INTERPRETATION
3.1 Heavy Metal Concentrations in Osinmo Reservoir
3.1.1 Lead (Pb) Concentration
The results show that the concentration of Lead (Pb) was consistently higher at Station B (Spillway) than at Station A (Midstream) across the three-month sampling period. The mean values obtained were 16.78 mg/L (Station A) and 26.29 mg/L (Station B), which are significantly above the WHO guideline of 0.01 mg/L for safe drinking water. This suggests a high degree of contamination possibly due to leaching from agricultural, industrial, or domestic sources near the spillway.
Table 1: Concentration of Lead in the Sampling Stations (mg/L)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A (Midstream)
	16.27
	15.58
	18.48

	B (Spillway)
	25.24
	27.30
	26.31



3.1.2 Iron (Fe) Concentration
Iron (Fe) concentrations were also above WHO permissible limits of 0.3 mg/L, with mean values of 37.54 mg/L at Station A and 58.82 mg/L at Station B. Station B again showed higher contamination, potentially due to erosion or leaching of metallic elements into the water.
Table 2: Concentration of Iron in the Sampling Stations (mg/L)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	32.68
	37.81
	41.56

	B
	56.66
	44.39
	75.39



3.1.3 Cadmium (Cd) Concentration
Cadmium (Cd) levels also exceeded the WHO standard of 0.2 mg/L. Station B recorded a higher mean of 28.24 mg/L, while Station A had 19.94 mg/L. These findings are alarming, as Cadmium is highly toxic even at low concentrations and may result from industrial activities or improper disposal of batteries and chemicals.
Table 3: Concentration of Cadmium in the Sampling Stations (mg/L)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	17.28
	18.22
	24.27

	B
	27.30
	26.47
	30.95



3.2 Physico-Chemical Parameters of Osinmo Reservoir
3.2.1 Dissolved Oxygen (DO)
The Dissolved Oxygen values were slightly below the WHO standard of 5–6 mg/L, with mean values of 3.82 mg/L (Station A) and 4.53 mg/L (Station B). These values indicate moderate oxygenation and potential organic pollution, especially at Station A.
Table 4: Concentration of Dissolved Oxygen (mg/L)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	4.00
	4.20
	3.25

	B
	4.33
	5.17
	4.10



3.2.2 Temperature
Temperature values were stable and within WHO permissible range (30–32°C), with minimal differences between stations.
Table 5: Temperature of Sampling Stations (°C)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	24.45
	25.00
	24.55

	B
	24.80
	24.70
	24.55



3.2.3 Turbidity
Turbidity was significantly higher than the WHO recommended level of Neophelometric Turbidity Units (NTU) with mean values of 92.98 NTU (Station A) and 86.60 NTU (Station B). This indicates the presence of suspended particles and poor visual clarity, possibly due to erosion, runoff, or algae.

Table 6: Turbidity Levels in Sampling Stations (NTU)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	93.30
	90.55
	95.10

	B
	86.45
	85.50
	87.85



3.2.4 pH
The pH values at both stations were within the WHO safe range of 6.5–8.5, indicating a slightly neutral to mildly alkaline water condition.
Table 7: pH Levels of Sampling Stations
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	7.30
	7.50
	7.40

	B
	7.55
	7.25
	7.50



3.2.5 Chemical Oxygen Demand (COD)
COD values were substantially higher than WHO standard (3–5 ppm), indicating the presence of high levels of organic and chemical pollutants. Mean COD: 62.21 ppm (Station A), 74.51 ppm (Station B).
Table 8: Chemical Oxygen Demand (COD) of Sampling Stations (ppm)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	50.50
	71.48
	64.63

	B
	70.60
	79.50
	73.44



3.2.6 Biological Oxygen Demand (BOD)
BOD levels were slightly below WHO limits (3–5 ppm), suggesting that although organic matter is present, it may not be decomposing at critical levels yet. Mean values were 2.67 ppm (Station A) and 2.80 ppm (Station B).


Table 9: Biological Oxygen Demand (BOD) of Sampling Stations (ppm)
	STATION
	JANUARY
	FEBRUARY
	MARCH

	A
	3.10
	2.40
	2.50

	B
	3.10
	2.90
	2.40



3.3 Summary Comparison with WHO Standards
Table 10: WHO Guideline for Physicochemical Parameter of Water
	S/N
	Parameters
	Unit
	WHO Limit

	1
	Cadmium
	mg/L
	0.20

	2
	Lead
	mg/L
	0.01

	3
	Iron
	mg/L
	0.3

	4
	Temperature
	°C
	30–32

	5
	pH
	—
	6.5–8.5

	6
	COD
	ppm
	3–5

	7
	BOD
	ppm
	3–5

	8
	Dissolved Oxygen
	mg/L
	5–6

	9
	Turbidity
	NTU
	5



3.4 Overall Mean Summary Tables
Table 11: Mean Heavy Metal Concentrations
	STATION
	Lead (mg/L)
	Cadmium (mg/L)
	Iron (mg/L)

	A
	16.78 ± 0.90
	19.94 ± 2.26
	37.54 ± 2.60

	B
	26.29 ± 0.62
	28.24 ± 1.39
	58.82 ± 9.02


Table 12: Mean Physico-Chemical Parameters
	STATION
	DO (mg/L)
	Temp (°C)
	Turbidity (NTU)
	BOD (ppm)
	pH
	COD (ppm)

	A
	3.82 ± 0.37
	24.66 ± 0.33
	92.98 ± 1.81
	2.67 ± 0.23
	7.40 ± 0.08
	62.21 ± 6.43

	B
	4.53 ± 0.33
	24.68 ± 0.16
	86.60 ± 1.13
	2.80 ± 0.23
	7.43 ± 0.10
	74.51 ± 3.28



4. DISCUSSION OF RESULTS
The findings from the Osinmo Reservoir analysis indicate varying levels of heavy metal contamination and physico-chemical parameters that exceed the World Health Organization (WHO) recommended standards for potable water. These results raise significant concerns about the water quality and its implications for public health and the surrounding ecosystem.
Heavy Metals
Lead (Pb):The mean concentrations of lead at Station A (16.78 mg/L) and Station B (26.29 mg/L) were significantly above the WHO guideline value of 0.01 mg/L for drinking water (WHO, 2022). Elevated lead levels are known to cause neurotoxicity, kidney damage, and developmental issues in children (Tchounwouet al., 2012). The higher lead concentration at Station B suggests increased contamination likely due to anthropogenic activities such as effluent discharge and refuses dumping near the spillway area.
Cadmium (Cd):
Cadmium levels also exceeded the permissible limit of 0.003 mg/L (WHO, 2022), with mean values of 19.94 mg/L at Station A and 28.24 mg/L at Station B. Cadmium exposure through water is associated with kidney dysfunction, skeletal damage, and carcinogenic risks (Jaishankar et al., 2014). The presence of cadmium at such levels may be attributed to agricultural runoff or improper disposal of industrial and domestic waste.
Iron (Fe):Iron concentrations were markedly high, with mean values of 37.54 mg/L and 58.82 mg/L at Stations A and B, respectively, compared to the WHO limit of 0.3 mg/L. Although iron is not as toxic as lead or cadmium, excessive amounts may cause undesirable taste, staining of laundry, and potential clogging of water systems (EPA, 2023). High iron could also result from erosion of natural deposits or corrosion of iron-containing pipes.
Physico-Chemical Parameters
Dissolved Oxygen (DO): DO levels were relatively low, averaging 3.82 mg/L at Station A and 4.53 mg/L at Station B, both slightly below the WHO recommended minimum of 5.0 mg/L. This suggests a level of organic pollution that could impair aquatic life, indicating oxygen depletion possibly due to microbial activity and decomposition of organic matter (Chapman, 1996).
Temperature:Temperatures recorded across both stations were within the acceptable WHO range (30–32°C), with Station A showing 24.66°C and Station B 24.68°C. Though within range, slightly elevated temperatures can enhance microbial activity and exacerbate chemical reactions, contributing to water quality degradation (FAO, 2020).
Turbidity:The turbidity values recorded (Station A: 92.98 NTU; Station B: 86.60 NTU) were significantly above the WHO standard of 5 NTU. High turbidity can harbor pathogens and interfere with disinfection processes, posing a major public health concern (WHO, 2022).
Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD):The BOD values (Station A: 2.67 mg/L; Station B: 2.80 mg/L) were within WHO standards, suggesting moderate organic pollution. However, COD levels (62.21 mg/L and 74.51 mg/L) were far beyond the permissible limit of 3–5 mg/L, indicating a significant presence of oxidizable pollutants (Radojevic & Bashkin, 2006). High COD is indicative of industrial and domestic pollution input.
pH:The pH values ranged from 7.30 to 7.55 across both stations, falling within the WHO acceptable range of 6.5 to 8.5. This suggests that the water is slightly alkaline, which is typical of natural water bodies but still suitable for domestic use if other contaminants are addressed (WHO, 2022).

5. CONCLUSION
This study has comprehensively assessed the pollution status of Osinmo Reservoir by evaluating the concentrations of selected heavy metals. The findings reveal that several parameters, particularly the heavy metals and turbidity levels, significantly exceeded the World Health Organization (WHO) guidelines for safe drinking water. Therefore, Osinmo Reservoir is experiencing moderate to high pollution levels, posing potential threats to public health and the aquatic ecosystem.
6. RECOMMENDATIONS
Based on the findings of this study, the following recommendations are proposed:
Pre-Treatment of Wastewater:
Establish community-based or municipal pre-treatment facilities to reduce the pollutant load entering the reservoir from Station A and Station B. This can help mitigate the influx of hazardous substances, especially heavy metals.
Strict Waste Disposal Regulations:
Implement and enforce environmental laws prohibiting the disposal of solid and liquid waste into the reservoir. Penalties and fines should be imposed on offenders to serve as a deterrent.
Control of Agricultural Runoff:
Farming activities near the reservoir should be strictly regulated. The use of chemical fertilizers and animal manure should be minimized or banned in surrounding areas to prevent nutrient and heavy metal leaching into the water body.
Afforestation and Buffer Zone Restoration:
Encourage tree planting and restoration of vegetative buffers around the reservoir to reduce surface runoff and provide natural filtration of contaminants.
Public Awareness Campaigns:
Sensitize local residents on the environmental and health risks associated with polluting the reservoir. Community-based environmental education programs can foster better water resource management.
Regular Monitoring:
Establish a long-term monitoring program to assess water quality trends and the effectiveness of remediation efforts. Regular sampling and analysis should be carried out by relevant environmental agencies.
Alternative Water Sources:
Government and community leaders should explore the development of alternative potable water sources (e.g., boreholes, rainwater harvesting) to reduce dependence on the polluted reservoir for domestic use.
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