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Integrated Water Quality and Human Health Risk Assessment in Diobu, Port Harcourt, Rivers State, Nigeria

Abstract
Urban water resources in the Niger Delta are increasingly impacted by rapid urbanisation, inadequate waste management, and diffuse anthropogenic inputs. This study evaluated the integrated physicochemical quality and non-carcinogenic human health risks associated with domestic water sources in Diobu, Port Harcourt, Rivers State, Nigeria. Water samples from surface water, borehole groundwater, and harvested rainwater were collected during the dry and wet seasons and analysed using standard methods, including in situ measurements and flame Atomic Absorption Spectrophotometry. The pH ranged from 5.6 to 6.8, indicating slightly acidic conditions, while electrical conductivity (54–268 µS/cm) and total dissolved solids (33–176 mg/L) remained within World Health Organisation guideline limits. Turbidity was highest in surface waters, with values up to 5.2 NTU. Iron concentrations (0.48–0.82 mg/L) exceeded the guideline value of 0.30 mg/L at several locations, while lead (0.010–0.021 mg/L) and cadmium (0.002–0.006 mg/L) showed localised exceedances. Chromium, nickel, zinc, and copper occurred at comparatively lower concentrations below their respective guideline thresholds. Seasonal assessment revealed significantly higher concentrations of iron, lead, cadmium, and nickel during the dry season compared to the wet season (p < 0.05). Estimated daily intake values for all metals were below reference doses for both adults and children. Individual hazard quotient values were less than unity; however, cumulative hazard index values indicated acceptable non-carcinogenic risk for adults (HI = 0.62) but potential health concern for children (HI = 1.30), reflecting increased vulnerability due to combined metal exposure. Although overall water quality was moderate, the findings underscore the need for routine monitoring and improved urban water management to minimise long-term health risks, particularly for children in densely populated Niger Delta communities.
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1.0 Introduction
Water resources in the Niger Delta are critical for domestic supply, sanitation, livelihoods, and public health, particularly in densely populated urban communities such as Diobu in Rivers State (Ekesiobi et al., 2025). Rapid urbanisation, population growth, ageing infrastructure, and inadequate wastewater management have intensified pressure on both surface water and groundwater systems, leading to progressive deterioration in water quality across many Niger Delta cities (Okpoji et al., 2025). In Diobu, residents depend largely on boreholes, hand-dug wells, and surface waters, often consumed with little or no treatment, thereby increasing exposure to chemical and microbial contaminants (Okagbare et al., 2025).
Physicochemical properties such as pH, turbidity, electrical conductivity, and nutrient concentrations are fundamental indicators of water suitability for human use and play a key role in controlling contaminant mobility and persistence (Osuafor et al., 2025). Of particular concern in urban environments are heavy metals, which may be introduced through urban runoff, waste dumps, corroded distribution systems, vehicular emissions, and small-scale industrial activities (Aghanwa et al., 2025). These metals are non-biodegradable and can accumulate in water sources over time, posing chronic health risks even at relatively low concentrations (Anarado et al., 2023).
Integrated water quality assessment approaches that combine physicochemical evaluation with toxicological and human health risk assessment provide a more robust framework for understanding water safety than isolated parameter analysis (Ekesiobi et al., 2025). Studies across the Niger Delta have demonstrated that children are particularly vulnerable to water-borne contaminants due to lower body weight and higher intake relative to body mass (Okpoji et al., 2025). Consequently, integrated assessments are essential for identifying priority contaminants and guiding effective risk management. This study therefore, presents an integrated water quality and toxicological risk assessment of selected water resources in Diobu, Rivers State. 
2.0 Materials and Methods
2.1 Study Area 
This study was conducted in Diobu, a densely populated urban community within Port Harcourt Metropolis, Rivers State, Nigeria, located in the eastern Niger Delta. Diobu lies between latitudes 4.79–4.82° N and longitudes 6.97–7.01° E and is characterised by intense residential development, heavy vehicular traffic, informal commercial activities, and limited access to treated municipal water supply. Residents depend largely on surface water from urban creeks, borehole groundwater, and harvested rainwater for domestic use. The climate is humid tropical, with mean annual rainfall exceeding 2,400 mm, a wet season from April to October, and a dry season from November to March. Representative sampling points within Diobu were georeferenced to capture spatial variability.
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Figure 1. Spatial distribution of river water, borehole water, and harvested rainwater sampling locations within Diobu, Port Harcourt, Rivers State, Nigeria.
2.2 Sampling Design and Sample Collection
Water samples were collected from three domestic water sources comprising surface water from urban creeks, borehole groundwater, and harvested rainwater. Sampling was conducted during both dry and wet seasons to capture seasonal variability. At each sampling point, triplicate samples were collected to ensure analytical reliability. Surface water samples were collected midstream at approximately 20–30 cm below the water surface using pre-cleaned high-density polyethene bottles. Borehole water samples were collected after purging for five minutes to obtain aquifer-representative water. Harvested rainwater samples were collected from household storage systems after at least fifteen minutes of continuous rainfall to minimise roof wash-off contamination.
2.3 Sample Preservation and Handling
Samples for physicochemical analysis were stored without preservatives and analysed within 24 hours of collection. Samples intended for heavy metal analysis were preserved in situ using analytical-grade nitric acid to a pH less than 2. All samples were transported to the laboratory in ice-packed coolers. Sampling containers were detergent-washed, acid-rinsed, and thoroughly rinsed with deionised water prior to use to avoid contamination.
2.4 Physicochemical Analysis
In situ measurements of pH, electrical conductivity, and dissolved oxygen were carried out using calibrated portable meters. Turbidity was measured using a nephelometric turbidity meter. Total dissolved solids were determined gravimetrically, while nitrate and sulphate concentrations were analysed using spectrophotometric methods in accordance with standard procedures.
2.5 Heavy Metal Analysis
Preserved water samples were digested using nitric acid prior to analysis. Concentrations of iron, manganese, lead, cadmium, chromium, nickel, zinc, and copper were determined using flame Atomic Absorption Spectrophotometry. Instrument calibration was performed using certified multi-element standard solutions, and calibration curves exhibited correlation coefficients greater than 0.995 for all analysed metals.
2.6 Quality Assurance and Quality Control
Quality assurance and quality control measures included the analysis of procedural blanks, duplicate samples, and spiked samples. Percentage recoveries ranged between 90 and 110 percent, while relative standard deviations for replicate analyses were below 5 percent, indicating acceptable analytical precision and accuracy.
2.7 Water Quality Index
Overall water quality was evaluated using the weighted arithmetic water quality index method expressed as: WQI = Σ(Qi × Wi) / ΣWi

Where Qi represents the quality rating of the ith parameter, and Wi is the corresponding unit weight. The quality rating was calculated using.
Qi = [(Ci − C0) / (Si − C0)] × 100

Where Ci is the measured concentration, Si is the permissible standard value, and C0 is the ideal value of the parameter.
2.8 Human Health Risk Assessment
Non-carcinogenic health risk assessment was conducted using the ingestion exposure pathway in accordance with USEPA guidelines. The estimated daily intake was calculated as
EDI = (C × IR × EF × ED) / (BW × AT)

Where C is the metal concentration, IR is the ingestion rate, EF is the exposure frequency, ED is the exposure duration, BW is body weight, and AT is the averaging time. The hazard quotient was computed as
HQ = EDI / RfD

Where RfD is the reference dose. The hazard index was obtained as
HI = ΣHQ.
2.9 Statistical Analysis
All analytical results were expressed as mean ± standard deviation. Spatial and seasonal variations were assessed using one-way analysis of variance and independent sample t-tests, with statistical significance set at p < 0.05. Statistical analyses were performed using standard statistical software.


3.0 Results 
Table 1 shows clear contrasts in physicochemical characteristics among river water, borehole water, and harvested rainwater. River water exhibited higher electrical conductivity (412 ± 96 µS/cm), total dissolved solids (268 ± 71 mg/L), and turbidity (7.9 ± 2.6 NTU), indicating greater influence of surface runoff and anthropogenic inputs. Borehole water had comparatively better quality, with lower turbidity (1.8 ± 0.7 NTU) and higher dissolved oxygen (6.2 ± 0.9 mg/L). Harvested rainwater showed the lowest mineralisation, but slightly acidic pH (5.8 ± 0.3), falling below the WHO recommended range. Turbidity in river water exceeded the guideline value of 5 NTU, suggesting reduced aesthetic and potential health suitability.
Table 1: Physicochemical Characteristics of Water Resources in the Niger Delta 
	Parameter
	River Water
	Borehole Water
	Harvested Rainwater
	WHO Guideline

	pH
	6.3 ± 0.4
	6.7 ± 0.3
	5.8 ± 0.3
	6.5–8.5

	Electrical Conductivity (µS/cm)
	412 ± 96
	286 ± 74
	61 ± 18
	1000

	Total Dissolved Solids (mg/L)
	268 ± 71
	184 ± 56
	41 ± 13
	500

	Turbidity (NTU)
	7.9 ± 2.6
	1.8 ± 0.7
	4.1 ± 1.5
	5

	Dissolved Oxygen (mg/L)
	4.6 ± 1.2
	6.2 ± 0.9
	5.8 ± 1.1
	≥5

	Nitrate (mg/L)
	9.4 ± 3.7
	6.1 ± 2.4
	3.7 ± 1.5
	50

	Sulphate (mg/L)
	48.6 ± 18.4
	31.2 ± 12.6
	9.9 ± 4.1
	250



Table 2 indicates that iron concentrations exceeded the WHO guideline (0.30 mg/L) in all water types, with the highest mean in river water (0.91 ± 0.34 mg/L). Lead and cadmium also exceeded guideline limits across most sources, particularly in river water (Pb: 0.032 ± 0.011 mg/L; Cd: 0.006 ± 0.002 mg/L). Chromium, nickel, zinc, and copper remained below their respective limits, although higher mean values were consistently observed in river water, reflecting stronger anthropogenic influence.
Table 2: Heavy Metal Concentrations in (mg/L) Water Resources 
	Metal
	River Water
	Borehole Water
	Harvested Rainwater
	WHO Guideline

	Fe
	0.91 ± 0.34
	0.42 ± 0.18
	0.64 ± 0.27
	0.30

	Mn
	0.18 ± 0.07
	0.09 ± 0.04
	0.07 ± 0.03
	0.40

	Pb
	0.032 ± 0.011
	0.014 ± 0.006
	0.016 ± 0.007
	0.010

	Cd
	0.006 ± 0.002
	0.003 ± 0.001
	0.004 ± 0.002
	0.003

	Cr
	0.041 ± 0.016
	0.023 ± 0.009
	0.018 ± 0.007
	0.050

	Ni
	0.052 ± 0.021
	0.031 ± 0.013
	0.027 ± 0.011
	0.070

	Zn
	0.38 ± 0.16
	0.26 ± 0.12
	0.22 ± 0.10
	3.0

	Cu
	0.19 ± 0.08
	0.11 ± 0.05
	0.09 ± 0.04
	2.0



Table 3 demonstrates significant seasonal variation in surface-water metal concentrations. Iron, lead, cadmium, and nickel were significantly higher during the dry season (p < 0.05), suggesting reduced dilution and enhanced concentration from runoff and atmospheric deposition. Zinc also showed higher dry-season values, although the difference was not statistically significant (p = 0.061).
Table 3: Seasonal Variation of Heavy Metals in (mg/L) Surface Waters 
	Metal
	Dry Season
	Wet Season
	p-value

	Fe
	1.02 ± 0.36
	0.69 ± 0.28
	0.019

	Pb
	0.036 ± 0.012
	0.021 ± 0.009
	0.027

	Cd
	0.007 ± 0.002
	0.004 ± 0.001
	0.021

	Ni
	0.058 ± 0.023
	0.039 ± 0.017
	0.033

	Zn
	0.41 ± 0.17
	0.29 ± 0.13
	0.061



Table 4 shows that estimated daily intake values for all assessed metals were below USEPA reference doses for both adults and children. Children consistently recorded higher EDI values, with lead (0.00141 mg/kg/day) and zinc (0.00993 mg/kg/day) contributing the highest intakes due to lower body weight and higher exposure sensitivity.
Table 4: Estimated Daily Intake (EDI) of Heavy Metals (mg/kg/day)
	Metal
	Adults
	Children
	USEPA Reference Dose

	Pb
	0.00062
	0.00141
	0.0035

	Cd
	0.00018
	0.00039
	0.001

	Cr
	0.00044
	0.00093
	0.003

	Ni
	0.00071
	0.00148
	0.02

	Zn
	0.00482
	0.00993
	0.30

	Cu
	0.00194
	0.00416
	0.04



Table 5 indicates that hazard quotient values for individual metals were below unity for adults and children, suggesting no immediate non-carcinogenic risk from single-metal exposure. However, lead and cadmium showed relatively higher HQ values, particularly for children (0.40 and 0.39, respectively), highlighting their greater contribution to potential health risk.
Table 5: Non-Carcinogenic Risk Assessment (Hazard Quotient, HQ)
	Metal
	HQ Adults
	HQ Children

	Pb
	0.18
	0.40

	Cd
	0.18
	0.39

	Cr
	0.15
	0.31

	Ni
	0.04
	0.07

	Zn
	0.02
	0.03

	Cu
	0.05
	0.10



Table 6 summarises the cumulative non-carcinogenic risk. The hazard index for adults (0.62) indicates an acceptable risk level, while the higher HI for children (1.30) exceeds the threshold of 1, suggesting potential health concern and emphasising children’s increased vulnerability to combined metal exposure from Niger Delta water resources.
Table 6: Cumulative Non-Carcinogenic Risk (Hazard Index, HI)
	Population Group
	Hazard Index
	Risk Interpretation

	Adults
	0.62
	Acceptable

	Children
	1.30
	Potential concern


4.0 Discussion
The integrated water quality assessment conducted in Diobu, Port Harcourt, demonstrates that urban water resources in Rivers State are increasingly influenced by anthropogenic pressures associated with rapid population growth and poor sanitation infrastructure (Ekesiobi et al., 2025). The observed trends are consistent with documented deterioration of water quality in densely populated Niger Delta communities where domestic wastewater and urban runoff dominate pollution inputs (Osuafor et al., 2025).
The slightly acidic pH values recorded across the sampled water sources reflect typical hydrochemical conditions of Niger Delta urban environments, where high rainfall intensity and organic matter decomposition promote acidification (Aghanwa et al., 2025). Acidic conditions are known to enhance the dissolution and mobility of trace metals, thereby increasing their potential bioavailability in aquatic systems (Okpoji et al., 2025a). Despite this, electrical conductivity and total dissolved solids remained within permissible limits, suggesting moderate ionic enrichment rather than salinity intrusion (Okagbare et al., 2025).
Iron concentrations exceeding guideline limits at several sampling points indicate strong geogenic influence, particularly from ferruginous subsurface materials common in the Niger Delta sedimentary basin (Ekesiobi et al., 2025). The mobilisation of iron may also be intensified by corrosion of borehole components and redox-driven dissolution processes in shallow aquifers (Okpoji et al., 2025b). Although iron poses limited direct toxicological risk, elevated levels compromise aesthetic water quality and may facilitate the transport of other metals (Ekwere et al., 2025).
Lead and cadmium enrichment observed at specific locations presents a more significant public health concern. Lead contamination in urban waters has been linked to atmospheric deposition from vehicular emissions and leaching from ageing plumbing systems (Udo et al., 2023). Cadmium presence is often associated with improper waste disposal and diffuse urban effluents, as previously reported in groundwater systems of the Niger Delta (Ekesiobi et al., 2025). The detection of these metals above guideline limits underscores the influence of localised anthropogenic activities on urban water quality (Okpoji et al., 2025c).
Chromium, nickel, zinc, and copper concentrations remained below international guideline values, suggesting relatively low contamination from these metals at the time of sampling (Osuafor et al., 2025). Nevertheless, their consistent detection across sampling points indicates continuous low-level anthropogenic input, likely from urban runoff and domestic sources (Ekpe et al., 2025). Long-term accumulation of such metals may pose ecological risks if urban pressures persist (Okpoji et al., 2025d).
Seasonal variation analysis revealed significantly higher metal concentrations during the dry season, reflecting reduced dilution capacity and increased accumulation of atmospheric particulates on catchment surfaces (Ogbaji et al., 2025). This seasonal pattern has been widely documented in Niger Delta water bodies and highlights the importance of temporal considerations in exposure assessment (Edemumoh et al., 2024).
Human health risk assessment showed that estimated daily intake values for all assessed metals were below reference doses, indicating no immediate non-carcinogenic risk (USEPA, 2000). However, children consistently exhibited higher intake and hazard quotient values due to lower body weight and greater vulnerability (Anarado et al., 2023). This finding aligns with regional studies demonstrating that children are the most sensitive population group in contaminated environments (Awaka-Ama et al., 2024).
The cumulative hazard index approaching unity for children is particularly noteworthy, as it suggests that prolonged exposure to untreated urban water may incrementally elevate health risks over time (Etesin et al., 2025). Evidence from ecotoxicological and bioaccumulation studies indicates that chronic low-dose exposure to metals can induce sub-lethal biological effects even when individual metal concentrations appear low (Ohaturuonye et al., 2025).
[bookmark: _GoBack]Therefore, findings corroborate regional evidence that urban water resources in the Niger Delta are under increasing chemical stress from diffuse anthropogenic sources (Ekwere et al., 2025). Although current risk levels remain largely acceptable, the observed metal enrichment, seasonal amplification, and heightened child vulnerability underscore the need for routine monitoring and improved urban water management strategies (Onyemesili et al., 2022).
Conclusion
The integrated assessment of water resources in Diobu, Rivers State, shows that, although most physicochemical parameters remained within recommended guideline limits, evidence of metal contamination poses potential long-term concerns. Slightly acidic pH conditions and elevated turbidity at some locations reflect the influence of urban activities and poor drainage. Iron, lead, and cadmium were the principal contaminants of concern, with concentrations exceeding guideline values at selected sites, particularly during the dry season when dilution is reduced.
Non-carcinogenic health risk assessment indicated that hazard quotient values for individual metals were below unity for both adults and children, suggesting no immediate health risk. However, the higher cumulative hazard index recorded for children highlights increased vulnerability due to lower body weight and greater exposure sensitivity. The findings emphasise the need for routine monitoring, improved urban water management, and simple household treatment measures to minimise chronic exposure and safeguard public health in densely populated Niger Delta communities.
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