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Abstract 

Access to safe drinking water remains a huge challenge in developing regions, especially those facing population growth and 

industrial activities. The present study carried out an assessment of water demand and determined the physicochemical quality 

of major domestic water sources in 22 accessible communities of Eastern Obolo, a coastal area of Akwa Ibom State, Nigeria. 

The population projection indicated 59,970 persons in 2006 and 107,627, respectively, and thus increased the total water demand 

from 29.99 million L/day to 53.81 million L/day. Water samples from both surface and groundwater were collected and analyzed 

using standard ASTM and WHO procedures. Findings revealed widespread deterioration of water quality. pH, salinity, turbidity, 

TSS, TDS, and electrical conductivity frequently exceeded NSDWQ limits. Coastal communities exhibited high salinity, TDS, 

and EC due to seawater intrusion, while nitrate concentrations (69–72.5 mg/L) in agricultural areas were far above the EPA limit 

of 10 mg/L, reflecting fertilizer runoff. Sulfate levels reached 1200.5 mg/L in oil-producing areas. Heavy metals—including iron 

(0.21–0.72 mg/L), manganese (up to 0.44 mg/L), copper (up to 3.48 mg/L), and zinc (up to 5.76 mg/L)—also exceeded NSDWQ 

standards, linked to abandoned oil and gas facilities. Overall, the research indicates that most water sources are not safe for 

consumption without treatment in Eastern Obolo. In fact, the combined impacts of seawater intrusion, agricultural runoff, and 

petroleum-related contamination bring into focus the pressing demand for targeted purification and decentralized treatment 

solutions. 
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1. Introduction 

Water is known to be an essential component of the meta-

bolic activities of living things. Studies reveal that the human 

body contains over 70% water [1]. As such, the provision of 

quality and adequate water is a key feature of good govern-

ance at the global level. The World Health Organization 

(WHO) has set guidelines for drinking water quality with 

physical, chemical, and microbial parameters. These guide-

lines specify safety levels for different categories of contami-

nants. Many countries and territories have also developed 

their own guidelines based on their unique social, cultural, 
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economic, and environmental situations. In Nigeria, the Nige-

rian Standard for Drinking Water Quality (NSDWQ) is re-

sponsible for developing the national standards for safe drink-

ing water [2]. 

Rapid industrialization, agricultural intensification, and ex-

panding human settlements are continuing to put immense 

pressure on water supplies, particularly in developing areas 

with limited regulatory frameworks and water treatment infra-

structure. Due to this trend, most rural communities depend 

on groundwater and surface water supplies that are increas-

ingly susceptible to contamination by nitrate, sulfate, iron, 

zinc, copper, and manganese. Nitrate contamination is more 

common because of over-fertilization, sewage leakage, and 

poor animal husbandry practices [3]. Concentrations exceed-

ing the WHO guideline value of 50 mg/L pose a serious health 

threat, especially to infants, due to methemoglobinemia a con-

dition often referred to as "blue baby syndrome"-experienced 

from nitrite-caused impairment of oxygen transport capabili-

ties [4]. Long-term exposure to nitrates has also been associ-

ated with thyroid disruption and increased risks of various 

gastrointestinal cancers among adults [5]. Sulfate contamina-

tion, derived from mineral dissolution, industrial discharges, 

and wastewater intrusions, and may also cause diarrhea, dehy-

dration, and gastrointestinal irritation, particularly among sen-

sitive subgroups of populations [6]. 

Naturally occurring metals like iron and manganese give rise 

to aesthetic and health hazards when they exceed recommended 

limits. High concentrations of iron result in discoloration, metal-

lic taste, and staining; this often forces households to use other 

water sources. High manganese levels have been associated with 

neurotoxicity, cognitive deficits in children, and motor dysfunc-

tion. Zinc and copper are essential micronutrients, but they also 

become deleterious when their concentrations are excessively 

high [7]. High intake of zinc may cause nausea and vomiting and 

interfere with the absorption of copper, leading to anemia and im-

mune suppression [8]. High copper exposure has been associated 

with gastrointestinal distress, liver damage, and complications in 

people suffering from Wilson’s Disease [9]. Given the high de-

pendence on shallow groundwater and unprotected surface wa-

ters in places like Eastern Obolo Local Government Area, defin-

ing the concentration profiles and health implications of these 

pollutants is crucial to informing local water management strate-

gies. This study therefore assesses the levels of nitrate, sulfate, 

iron, zinc, copper, and manganese across twenty-eight villages in 

Eastern Obolo and evaluates their potential health risks relative 

to established drinking-water standards. 

The population of Eastern Obolo has been on a steady rise, 

propelled by the growth of industrial activities, which has in 

turn increased the demand for potable drinking water. How-

ever, the activities of numerous industries, such as oil and gas, 

Agricultural industries, have undermined the quality of water 

in the region. In Nigeria, urban areas have water projects while 

rural towns, where most of these industries are situated, de-

pend to a large extent on surface water for their supply. It is 

thus necessary to determine the sources of domestic water in 

these areas, make a comprehensive analysis of the quality of 

the water that can guide water management policies [10]. 

2. Materials and Method 

This research utilized various laboratory equipment, such 

as Water analyzer, pH meter, conductivity meter, dissolved 

oxygen (DO) meters, sample bottles, thermometer, UV spec-

trometer, hydrometer, sieve, furnace, beakers, desiccators, 

crucibles, filter paper (Whitman's filter paper), burette, water 

bath, measuring cylinders, magnetic stirrer, tray dryer, and 

weighing balance. The following laboratory reagents were 

used in the research; Merck KGaA. (Germany). Analytical 

Grade Nitric Acid (69%), BDH Chemicals. Barium Chloride 

Dihydrate (BaCl₂·2H₂O), Merck KGaA, Anhydrous Sodium 

Sulphate (Na₂SO₄) for Standard Preparation, Potassium Ni-

trate (KNO₃, ≥99% purity, Sigma-Aldrich). 

2.1. Study Area 

Eastern Obolo is a local government area which is coastal 

in Akwa Ibom State; it is bordered on the west by Ikot Abasi, 

on the north by Mkpat Enin, on the east by Ibeno, and on the 

south by the Atlantic Ocean as shown in Figure 1. It has a total 

area of 117,008 square kilometers and is located between lon-

gitudes 7°35' and 7°50' E and latitudes 4°29' and 4°35' N. In 

2016, Eastern Obolo produced about 40% of the total crude 

oil found in Akwa Ibom State [12]. The location consists of 

twenty-eight villages officially cataloged by the Akwa Ibom 

State government and are titled Akpabom, Ama Ngbuoji, Ama 

Nguasi, Amadaka, Atabrikang, Ayama, Bethlehem, Elekpon, 

Elile Emere Oke I, Emere Oke II, Emeremem Eqwennwe, Iko, 

Ikonta, Iworfe, Kampa, Obionga, Okoro Inyong, Okorobilom, 

Okoroete, Okoroiti, Okorombakho, Okoromobolo, Okwon 

Obolo, Otuwene, Ozugbo, and Umauka. 

 
Source: [11] 

Figure 1. Map of Eastern Obolo Akwa Ibom State. 
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2.2. Water Demand of the Study Area 

The determination of water demand for each residence in 

the area under study was estimated using national population 

censuses conducted in 1991 and 2006. The data presented in 

Table 1 was utilized with the geometric growth method to 

yield the current population of the study area [13, 14]. Crouch 

[15] Estimated a per capita daily water use of 175 liters, which 

was within the range stipulated by the World Health Organi-

zation (WHO) as recommended value, 50 to 200 liters per day, 

for domestic consumption. 

The calculations of the population estimate of the study area 

and the water demand was calculated using equation (1) as 

adopted from the study of [16]. 

Qavg = PT × 175LPD             (1) 

Where: 

Qavg − Average daily water demand (L/day) 

PT − Projected population 

175 LPD - Per capita water demand (L/person/day) 

1) Design consideration and Assumptions 

2) The population for the study area in 2006 was taken from 

demographic records, which reported 59,970 people. 

3) Water Demand Allocation: The study assumes 35% of 

the total water demand is allocated to domestic con-

sumption, and the remaining 65% is allocated to indus-

trial and agricultural sectors. 

2.2.1. Domestic Water Consumption (DWC) 

Domestic water consumption was estimated by multiplying 

the population by the average per capita consumption of water. 

In this study, the average per capita water consumption of 175 

liters per day (LPD) was used 

Equation (2) was used to calculate domestic water con-

sumption 

DWC = PT2006 × 175LPD             (2) 

Where, 

DWC - Domestic water consumption (L/day) 

PT2003 - Population in year 2006 (persons) 

2.2.2. Total Water Demand 2006 

The total water demand was calculated using the relation-

ship between domestic water consumption and the total water 

demand. 35% of the total water demand was attributed to do-

mestic consumption [17]. This relationship is expressed in 

equation (3) 

Qav,2006 =
DWC

%DWC
                 (3) 

Where: 

Qav,2006 −Total average water demand in 2006 (L/day) 

DWC − Domestic water consumption (L/day) 

%DWC − Proportion of domestic water consumption in to-

tal demand (here, 0.35) 

2.2.3. Industrial and Agricultural Water Demand 

(DAI) in 2006 

The industrial and Agricultural water demand (DAI) was 

calculated. According to the design assumption, 65% of the 

total water demand is allocated to industrial and agricultural 

purposes. Equation (4) was used to calculate the industrial and 

agricultural water [18]. 

DAI2006 = 0.65 × Qav2006           (4) 

Where, 

DAI2006 − Industrial and agricultural water demand in 

2006 (L/day) 

Qav2003 − Total average water demand in 2006 (L/day) 

0.65 - Fraction of total demand allocated to industrial and 

agricultural use (65%) 

2.2.4. Projected population in 2025 

Method of population projection was applied to estimate the 

population of the study area. The projected population was 

calculated using the compound growth formula equation (5) 

as highlighted by [3]. 

PT = PO(1 + AGR)n            (5) 

Where: 

PT − Projected population after nth years (persons) 

PO − Base year population (persons) 

AGR − Annual growth rate 

n − Number of years between base year and design year 

2.2.5. Projected Domestic Water Consumption 

(DWC2025) 

The domestic water consumption for the year 2025 was cal-

culated by multiplying the projected population by the per 

capita water consumption (175 LPD) 

DWC2025 = PT2025 × 175LPD           (6) 

Where, 

DWC2025 − Domestic water consumption in 2025 (L/day) 

2.2.6. Projected Average Water Demand for 2025 

(Q2025) 

To determine the total water demand in 2025, we use the 

same relationship between domestic water consumption and 

the total water demand as in the previous calculations. Since 

35% of the total water demand is allocated to domestic con-

sumption, the total demand was calculated using equation (7) 
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Qav,2025 =
DWC2025

%DWC
                (7) 

Where, 

Qav, 2025- Total average water demand in 2025 (L/day) 

2.2.7. Projected Industrial and Agricultural Water 

Demand (DAI2025) 

The industrial and agricultural water demand in 2025 is 

DAI2025 = 0.65 × Qav2025           (8) 

DAI2025 − Industrial and agricultural water demand in 

2025 (L/day) 

Qav2025 − Total average water demand in 2025 (L/day) 

2.2.8. Water Quality Assessment of the Study Area 

Water samples from various sources were collected from 

major water sources of the twenty-eight villages that makes 

up eastern Obolo; however, not all the communities in the 

Eastern Obolo local government area have underground water 

resources. Additionally, some of the villages share boundary 

disputes with adjoining local government areas, and this inter-

fered with the sample collection process. Samples were col-

lected from accessible villages and their mean values deter-

mined and recorded. It was noted during sampling that most 

of the locals depend on surface water to meet their daily water 

need. 

2.3. Sample Collection and Sampling Method 

Samples were collected in 22 out of 28 villages that makes 

up the Eastern Obolo local government area due to communal 

crisis in six villages. Samples were collected using sterilized 

4-liter plastic containers. To prevent biological degradation 

and changes in water quality, the samples was immediately 

stored in ice-packed coolers (at ~4°C) and transported to the 

laboratory within 2 hours of collection. 

Table 1. Sampling location and sources of water sampled. 

S/N Village Major source of water GPS Location 

1 Akpabom Surface water 007o 51'54''E (long) 04o 74'92'' N (lat) 

2 Ama Ngbuoji NA NA 

3 Ama Nguasi NA NA 

4 Amadaka Ground water 007o69'80.5''E(long) 04o 34'16''N(lat) 

5 Atabrikang Ground water 007o75’65.4”E (long.) 04o 49’70.6”N (lat.) 

6 Ayama Ground water 007o70'44.7''E (long) 04o 33.44''N(lat) 

7 Bethlehem NA NA 

8 Elekpon surface water 007o72' 15.7''E(long) 04o 30' 63.4''N (Lat) 

9 Elile Ground water 007o71'11.07''E(long) 04o 34.20''N (lat) 

10 Emere Oke I Surface water 007o68'83''E(long) 04o 30' 78''N(lat) 

11 Emere Oke II Surface water 007o66'56''E(long) 04o 35'68''N(lat) 

12 Emeremem Surface water 007o 51'50''(long) 04o 73'20'' N(lat) 

13 Eqwennwe Surface water 007o 47'00''E(long) 04o 73'80'' N (lat) 

14 Iko Ground water 007o74’86.6”E(long) 04o 46’ 83.8”N(lat) 

15 Ikonta Surface water 007o42'00''E(long) 04o74'90'' N(lat) 

16 Iworfe Surface water 007o 32' 36.3''E(long) 04o 32'16.8''N(lat) 

17 Kampa Ground Water 007o42' 20''E (long) 04o73'90 N (lat) 

18 Obionga Ground Water 007o31'34.31''E(long) 04o28'0.60''N(lat) 

19 Okoro inyong Surface water 007o 48'50'' E(long) 04o 73'40''N(lat) 

20 Okorobilom NA NA 

21 Okoroete Ground water 007o 74’80.7”E (long.) 04o 48’ 47.2”N (lat.) 

22 Okoroiti Ground water 007o75'86''E(long) 04o 50'67''N(lat) 
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S/N Village Major source of water GPS Location 

23 Okorombakho Ground water 007o75’65.4”E (long.) 04o 47’89.6”N (lat.) 

24 Okoromobolo Surface water 007o50'50''E(long) 04o73'10'' N(lat) 

25 Okwon Obolo Surface water 007o45'60''E (long) 04o74'20''N(lat) 

26 Otuwene Surface water 007o 68' 49.5''E(long) 04o 30'80.4''N (lat)  

27 Ozugbo NA NA 

28 Umauka NA NA 

 

2.4. Determination of Physico-Chemical 

Properties 

Water samples of 500 mL were collected from each sampling 

location (find GPS location in table1) into pre-washed polyeth-

ylene bottles and transported to the laboratory for analysis. 

2.4.1. Onsite Analysis 

Onsite measurements of electrical conductivity (EC), pH, 

dissolved oxygen (DO), colour, total dissolved solids (TDS), 

and temperature were conducted using a calibrated high-preci-

sion water quality analyser (Model H13453). All field parame-

ters were determined in accordance with relevant American So-

ciety for Testing and Materials (ASTM) protocols, including 

ASTM D1125 for electrical conductivity, ASTM D1293 for pH, 

ASTM D888 for dissolved oxygen, and ASTM D1888 for col-

our, ensuring standardisation and analytical reliability. 

2.4.2. Offsite Analysis 

All the samples collected were analyzed in Akwa-Ibom 

state university unit operations laboratory to determine other 

of water quality, including the levels of heavy metal contami-

nation and biological contaminants. 

2.4.3. Nitrate Concentration 

Nitrate concentration was analyzed using the UV–Visible 

spectrophotometric method in accordance with APHA Stand-

ard Methods 4500-NO₃⁻ B (APHA, 2017). 50 mL aliquots 

were taken from each sample, Each 50 mL sample was filtered 

through a 0.45 µm membrane, and 10 mL of the filtrate was 

transferred into a quartz cuvette for absorbance measurement 

at 220 nm with correction at 275 nm. Calibration standards 

ranging from 0 to 10 mg/L were prepared from analytical-

grade potassium nitrate (≥99% purity) obtained from Sigma-

Aldrich. 

2.4.4. Sulphate Concentration 

Sulphate concentration was determined by the turbidimetric 

procedure according to APHA 4500-SO₄²⁻ E. In each analysis, 

50 mL of water sample was transferred to a beaker and mixed 

with 1 mL of a conditioning reagent containing sodium chlo-

ride, glycerol, and hydrochloric acid. To create turbidity, 0.5 

g barium chloride (BaCl₂·2H₂O) crystals from BDH Chemi-

cals was then added to the solution and its absorbance meas-

ured at 420 nm. Standard sulphate solutions were prepared 

from anhydrous sodium sulphate (Na₂SO₄) from Merck. 

2.4.5. Metal Concentration 

The concentrations of iron, manganese, zinc, copper, lead, 

and chromium were determined by AAS according to ASTM 

D4691-16 and ASTM D1976-20. For heavy-metal analysis, 

100 mL each of the samples was first digested by adding 5 mL 

of concentrated nitric acid (69%, Merck) and then heating the 

mixture at 95°C until the volume was reduced to about 20 mL. 

After cooling, the digests were filtered and diluted to a final 

volume of 50 mL using deionized water. Calibration standards 

(1–10 mg/L) for each metal were prepared from certified 1000 

mg/L stock solutions supplied by Fisher Scientific. Metal con-

centrations were then quantified using the AAS at their char-

acteristic wavelengths in accordance with instrument specifi-

cations and ASTM guidelines. 

3. Results and Discussion 

Table 2. Water Demand Projection of Eastern Obolo Local Government Area. 

Design Results 2006 2025 

Population (P) 59,970 107,627 
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Design Results 2006 2025 

Per Capita Water Consumption (175 LPD) 175 LPD 175 LPD 

Domestic Water Consumption (DWC) 10,494,750 L/day 18,834,725 L/day 

Percentage of Total Demand for Domestic 

Use (%DWC) 
35% 35% 

Total Water Demand (Qav) 29,985,000 L/day 53,813,500 L/day 

Industrial/Agricultural Demand (DAI) 19,490,250 L/day 34,980,775 L/day 

Design Results 2006 2025 

 

Table 2 indicated that the projected population by 2025 is 

107,627, approximately 79% more than the population in 

2006 (59,970). The population growth was calculated on a 3.5% 

annual growth rate, which is standard in most developing 

countries, especially those experiencing urbanization and eco-

nomic development. The population growth directly affects 

the demand for water, specifically for domestic use, because 

the increased population will have to be provided with water 

for drinking and other domestic use [19]. 

Population growth, as argued by Arsiso [19] is one of the 

major causes of water demand, and rapid growth in the devel-

oping world has a tendency to lead to rising pressure on exist-

ing water resources and infrastructure. As the population in-

creases, the total water demand also increases proportionally, 

which places higher demands on water supply systems that re-

quire wise water resources management and infrastructure 

planning. 

3.1. Total Water Demand of Eastern Obolo 

Total demand for water is estimated to increase signifi-

cantly from 29,985,000 L/day in 2006 to 53,813,500 L/day in 

2025. This increase is due to both the growth in population 

and the need to meet industrial and agricultural sector de-

mands, which typically consume more water resources than 

domestic use, especially in developing regions where agricul-

ture plays a significant role in the economy [20]. 

Industrial and agricultural water use has been estimated to 

grow from 19,490,250 L/day in 2006 to 34,980,775 L/day in 

2025, reflecting the growth of water demand in these sectors. 

Agriculture in most developing countries accounts for 70-80% 

of the total use of water, while industrial use adds significantly, 

mostly in the rapidly developing nations [20]. 

3.2. Water Quality 

3.2.1. Temperature and Color 

Water samples were of different colors within the study 

area. In upland communities, water was cloudy, while in 

coastal communities like Kampa and Elile, the samples were 

clearer and whitish. All samples, after 24 hours at room tem-

perature, developed a brownish-red discoloration; this effect 

was less pronounced in coastal samples, due to the replenish-

ing and diffusive influence on the water table as reported by 

[21]. 

Among the samples analyzed for appearance, only Atabrikan, 

Kampa, and Elile met the requirements for clear appearance as 

prescribed in NSDWQ. Samples were not in compliance with 

the standard from Okoroete, Okorombokho, and Iko, especially 

after 24 hours, required to undergo further treatment. 

Water temperature as shown in Figure 2 ranged between 

25.7°C and 28.7°C with a mean of 26.87°C. the water temper-

ature pattern was attributed to the dry-season sampling and af-

ternoon solar heating effect [22]. 

 
Figure 2. Temperature of Water Samples. 

3.2.2. pH 

General, the pH value ranged between 6.17 and 8.1, which 

communities like AKpabom, Atabrikan, Iko are below the 

limits of 6.5 – 8.5 set by NSDWQ, and therefore requires bet-

ter control to improve the quality of the water. Relatively high 

pH values in the coastal communities are a reflection of sea-

water intrusion, similar to what was reported by Shaker [23] 

and Askri [24], which results from mixing between saline and 

freshwater bodies. This agrees with Olufemi [25], who docu-

mented that freshwater–seawater interaction disrupts the equi-

librium of carbonate. 
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The low pH value observed at Iko Town could be a result 

of microbial release of CO₂ and carbonic acid as suggested by 

Köhler [26]. Acidic surface waters in Otuene, Okoromobolo, 

and Ikonta reflect localized anthropogenic impacts such as 

runoff and pollution, supporting the findings of Zhang [27]. 

Overall, this spatial pH pattern illustrates the combined influ-

ence of seawater intrusion and human activities on the chem-

istry of water sources. 

 
Figure 3. pH Levels of Water Samples. 

3.2.3. Salinity 

Salinity was quite high throughout the study area, a range 

from 0.16 in Amadaka to 0.42 in Elekpon. However, while the 

NSDWQ has not been able to provide a limiting value for sa-

linity, there is emphasis on constituent ions such as Na⁺ and 

Ca²⁺, hence the need to determine them for acceptable drink-

ing water. Besides proximity to the Atlantic Ocean, localized 

environmental conditions may also explain variability in sa-

linity. 

 
Figure 4. Salinity Levels of Water Sample. 

3.2.4. Turbidity and Suspended Solid 

Turbidity and total suspended solids (TSS) contents of the 

water samples analyzed during this work were extremely high 

and beyond the tolerable limits of the Nigerian Standard for 

Drinking Water Quality (NSDWQ) of 5 NTU for turbidity and 

35 mg/L for TSS as shown in Figure 4 and Figure 5 respec-

tively. The highest turbidity and TSS values in the groundwa-

ter were recorded in Iko Town at 8.01 NTU and 96.12 mg/L, 

respectively. In comparison to Akpabom Town, it had more 

impressive values for surface water with turbidity 8.92 NTU 

and TSS 99.73 mg/L. 

 
Figure 5. Turbidity Levels of Water Samples. 

 
Figure 6. Total Suspended Solid of Water Samples. 

Figure 4 shows the high TSS and turbidity in Iko Town can 

be traced back to the significant impact of oil exploration ac-

tivity in the area. The drawdown impact of oil production per-

turbing the aquifer stability and equating to higher sedimenta-

tion rates. This result is consistent with that of Tochukwu [28] 

where it was noted that the locality is prone to a sand-domi-

nated aquifer very susceptible to silt formation. As highlighted 

by Ogbeibu [29], in the absence of thorough investigation of 

directional flow prior to borehole drilling, the danger of higher 

turbidity and sediment load can be heightened. The findings 

also indicate that turbidity and TSS of surface water were al-

ways higher compared to groundwater. All this inconsistency 

is, to a large degree, brought about by human activities, in-

cluding washing clothes, bathing, and swimming, which add 
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excessive sediments and pollutants into water bodies near the 

surface. Higher turbidity levels are also contributed by natural 

factors like soil erosion and microbial activity. 

3.2.5. Total Dissolved Solids 

Total Dissolved Solids for the various groundwater sources 

within the catchment were high, with the value from Iko Town 

reading 568.14 mg/l, due perhaps to its proximity to the Gulf 

of Guinea. High TDS demonstrates that there are higher levels 

of dissolved salts and minerals, which may pose detrimental 

impacts on water quality [30]. In contrast, communities 

largely dependent upon surface water generally showed less 

TDS, except Elekpon, whose level remarkably reached 630.66 

mg/l, demonstrating a high influence of seawater intrusion and 

diffusion of salt into local aquifers. These findings have rein-

forced evidence that coastal freshwaters are highly vulnerable 

to saline encroachment, a process known to compromise aq-

uifer sustainability [31]. 

 
Figure 7. Total Dissolved Solid of Water Samples. 

3.2.6. Electrical Conductivity 

Electrical conductivity also followed the trend in salinity, 

with the highest values recorded in Elekpon (315.45 µS/cm) 

and the lowest values in Otuwene (200.11 µS/cm). Increased 

EC, especially in the coastal waters, indicates higher ion con-

centrations that pose a threat to aquatic ecological balance, 

thus supporting Biplab [32] claims of such phenomena. In-

creased temperature due to climate change will result in in-

creased evaporation and salt concentration, leading to strained 

EC levels, hence stressing freshwater ecosystems [33]. 

 
Figure 8. Electrical Conductivity of Water Samples. 

3.2.7. Biological Oxygen Demand (BOD) 

Values of DO were significantly higher in surface waters 

than in groundwater; the highest values were observed in 

Ikonta Town, 11.71 mg/L, and Otuwene, 11.00 mg/L. This 

pattern is consistent with increased turbulence and atmos-

pheric mixing in flowing water bodies, as well as photosyn-

thetic oxygen production by submerged aquatic plants and al-

gae, in agreement with Griggs [34]. Lower values were ob-

served in groundwater samples because of its limited atmos-

pheric contact and slow circulation, a condition that might af-

fect subsurface biota, according to Li [35]. The dynamic be-

havior of TDS, EC, and DO reflects the combined impacts of 

seawater intrusion, climate-related processes, and hydrologi-

cal conditions on regional water quality. 

 
Figure 9. Biological Oxygen Demand of Water Samples. 
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3.2.8. Nitrates and Sulphate Concentrations 

The nitrate levels in some communities, namely Amadaka, 

Okoroete, and Elile, were between 69.01 and 72.50 mg/L, 

which is way above the limit set by the EPA at 10 mg/L. These 

rates indicated high agricultural contributions. Nitrogen-based 

fertilizers are used round the large St. Gabriel coconut planta-

tion, leading to runoffs and leaching into the nearby water 

body. This agrees with Srivastava [36], who document nitrate 

contamination in areas of intense farming. 

 
Figure 10. Nitrate Concentration of Water Samples. 

 
Figure 11. Sulphate Concentration of Water Samples. 

The concentration of sulfate was also high, with a maxi-

mum value of 1200.5 mg/L in the Iko area, which exceeded 

the permissible limit of 100mg/L set by NSDWQ in some ar-

eas. These high values arise from petroleum-related activities 

which disturb sulfate-containing minerals and release the sul-

fate ions into nearby waters through drainage and wastewater 

routes. This trend agrees with earlier studies in oil-producing 

regions, as reported by Niaz [37]. 

3.2.9. Heavy and Trace Metals 

Table 3. Heavy Metal Contamination of Water Samples in the Study Area. 

S/N Village  Iron (Fe2+) mg/L Manganese (mg/L) Copper (Cu2+) mg/L Zinc (Zn) 

1 Akpabom 0.13 0.24 0.001 1.08 

2 Amadaka 0.36 1.19 1.18 1.22 

3 Atabrikang 0.26 0.29 2.2 1.57 

4 Ayama 0.44 0.22 0.91 2.5 

5 Elekpon 0.35 0.01 0.84 0.95 

6 Elile 0.3 0.34 0.99 1.21 

7 Emere Oke I 0.14 0.02 0.76 0.1 

8 Emere Oke II 0.28 0.019 1.05 0.06 

9 Emeremem 0.11 0.17 0.06 1.06 

10 Eqwennwe 0.21 0.19 0.01 0.04 

11 Iko 0.72 0.2 2.01 2.05 

12 Ikonta 0.16 0.21 0.25 0.02 

13 Iworfe 0.28 0.03 0.23 1.2 

14 Kampa 0.21 0.19 0.92 2.17 

15 Obionga 0.43 0.2 1.3 3.1 
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S/N Village  Iron (Fe2+) mg/L Manganese (mg/L) Copper (Cu2+) mg/L Zinc (Zn) 

16 Okoro inyong 0.29 0.05 1.02 5.76 

17 Okoroete 0.56 0.32 2.35 1.73 

18 Okoroiti 0.21 0.44 3.48 4.01 

19 Okorombakho 0.6 0.26 1 3.45 

20 Okoromobolo 0.3 0.3 0.6 1.46 

21 Okwon Obolo 0.32 0.11 0.01 1.2 

22 Otuwene 0.14 0.19 0.01 1.25 

 

Metal analyses showed multiple exceedances of the 

NSDWQ limits, including iron (0.21-0.72 mg/L), manganese 

(up to 0.44 mg/L), copper (up to 3.48 mg/L), and zinc (1.2-

5.76 mg/L), which are all linked to abandoned oil and gas in-

frastructure in Iko. These contaminants have serious health 

implications. For instance, high iron levels may cause aes-

thetic and long-term health impacts [38]. Elevated manganese 

levels generate neurological concerns [39], while contamina-

tion of copper could lead to gastrointestinal and organ toxicity 

[40]. Excessive levels of zinc can induce respiratory and di-

gestive complications [41]. The result agrees with Sankhla 

[42], showing evidence for increased risks among more sensi-

tive populations, such as children and people with predisposed 

health conditions [43]. 

4. Conclusions 

Water demand analysis was conducted which indicated 

an 80% population increase in the study area between 2003 

and 2023, with an enormous rise in domestic, industrial, 

and agricultural water needs. The water demand projection 

in 2023 amounted to 53.8 million liters per day, establish-

ing the need for water infrastructure. The water quality of 

the 22 villages was found to be above NSDQW standard. 

Elevated physical, chemical, and biological contamination. 

Excessive turbidity, total suspended and dissolved solids, 

heavy metals (manganese, iron, copper, zinc), and exces-

sive concentrations of nitrates and sulfates were prevalent 

in the majority of water sources, particularly in coastal and 

industrially polluted sites such as Iko, Okoroete, and 

Okorombokho. These disorders exceed Nigerian Standards 

for Drinking Water Quality (NSDWQ) and represent seri-

ous public health and environmental risks, especially to 

vulnerable groups. 
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