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Abstract 
In Rivers State, Nigeria, indigenous communities of Ebocha-Obrikom have access to the nearly 

worst drinking water quality in the province. Accordingly, there are some concerns on various subjects, 
extending from worsening water quality to deficiency of support from oil companies operating in the 
environment. The minute accessible water is suspected, or recognized, to be unsafe or hazardous for 
human consumption, likely to place the community people under a wasted health category.

This paper attempts to compare water quality parameters in the vicinity of Gas Flaring Area 
of Ebocha-Obrikom of Rivers State with that of the recommended standards. It employs standard 
analytical procedures, with all sampling, conservation, transportation, and analysis following standard 
procedures described in APHA (2012). All collected samples are transported to the laboratory in an 
icebox to prevent degradation of the organic substances. Results depict that Turbidity, DO, BOD, COD, 
TSS, Magnesium, Iron, Cadmium, Lead, Chromium, and Nickel have exceeded the desirable limit 
meant for drinking purpose and could potentially pose threats to human societies. Hence, as the water 
remains unsuitable for drinking, the inhabitants become more vulnerable in their total lifetime period 
of exposure through continuous consumption of unsuitable drinking water. It is recommended that 
the local government environmental health officers and other regulatory agencies frequently monitor 
the levels of these pollutants within the area and ensure strict adherence to guidelines to ensure a 
healthy environment. As exposure to the above stated parameters can have a remarkable impact on 
human health living in the vicinity of the gas flaring area through drinking water around the study 
area, groundwater needs to be treated prior to any use for household or drinking purposes. Thus, this 
study would help in decision making of the stakeholders and relevant authorities for execution of 
reasonable groundwater management strategies and remediation plans in the area to protect public 
and environmental health.

Keywords: Decision making, Indigenous populations, Wasted health, Water quality, Exploratory 
analysis, Core Niger Delta
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INTRODUCTION

In Niger Delta, the availability and drinking water quality remain a reflection of where you reside. 
Due to its perceived abundance, it has mainly been taken for granted particularly its access and 
safe drinking water availability (Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Raimi et 
al., 2017; Olalekan et al., 2018b; Premoboere and Raimi, 2018; Olalekan et al., 2019; Raimi et al., 
2019a; Raimi, 2019; Olalekan et al., 2020c). In Niger Delta, the availability as well as quality of 
drinking water vary according to where you reside (Raimi et al., 2018a; Olalekan et al., 2018b; 
Raimi et al., 2019a; Gift et al., 2020; Gift and Olalekan, 2020; Olalekan et al., 2020c; Okoyen et al., 
2020). The water type indigenous populations consume, from treated tap water through to private 
well water or from bottled water usually consumed by oil workers to untreated sourced water 
collected and country-specific differences in preferences for water consumption are partly due to 
socio-demographics as well as perceived health concerns or risks (Olalekan et al., 2018b; Afolabi 
and Raimi, 2021; Raimi et al., 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018a; Raimi, 
2019; Olalekan et al., 2019; Olalekan et al., 2020c). Besides, advisories remain mostly given as a 
preventative measure, not necessarily on the basis that water is dangerous or unsafe or the risk is 
consistent; therefore, the degree of the drinking water risk differs on a case-to-case basis (Olalekan et 
al., 2020c). In spite of these, when drinking water availability or quality is undermined, trustworthy 
as well as efficient public/environmental health sector risk communication is important to reduce 
negative health impacts, irrespective of community size of the population (Morufu and Clinton, 
2017; Raimi and Sabinus, 2017b; Raimi et al., 2017; Olalekan et al., 2018b; Premoboere and Raimi, 
2018; Olalekan et al., 2019; Raimi et al., 2019a; Raimi, 2019; Olalekan et al., 2020c; Raimi et al., 
2020b; Adedoyin et al., 2020). Many of them comprise small (under 5000) or extremely small 
populations (less than 500), have difficulty providing enough and safe drinking water since they 
exist in a regulatory vacuum due of the policies as well as practices established more than 100 years 
ago and which continue to apply to this day (Raimi et al., 2019a; Olalekan et al., 2019; Suleiman 
et al., 2019). Likewise, owing to its direct as well as intimate relationship to public as well as 
environmental health and a vital component in community sustainable development, the quality 
of drinking groundwater resources has attracted significant attention (Raimi et al., 2017; Morufu 
and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018a; Olalekan et al., 2018b; Raimi, 
2019; Raimi et al., 2019a; Olalekan et al., 2019; Raimi et al., 2019d; Gift and Olalekan, 2020; Gift 
et al., 2020; Olalekan et al., 2020c; Afolabi and Raimi, 2021). Groundwater in most urban as well 
as rural areas of the global south, notably the core Niger Delta region of Nigeria, is regarded one 
of the largest important sources of potable water (Morufu and Clinton, 2017; Raimi and Sabinus, 
2017b; Olalekan et al., 2018a; Olalekan et al., 2018b). Under natural geological circumstances and 
human actions, the quality of the groundwater supplies can be altered (Morufu and Clinton, 2017; 
Raimi and Sabinus, 2017b; Olalekan et al., 2018a; Olalekan et al., 2018b). Recently, the quality 
of groundwater has been significantly degraded through mineral activities, industrial as well as 
agriculture with pollutants infiltrating water resources (Morufu and Clinton, 2017; Raimi and 
Sabinus, 2017a; Olalekan et al., 2018a; Olalekan et al., 2018b; Afolabi and Raimi, 2021). Thus, the 
use of contaminated water can thereby raise the danger to human health (Morufu and Clinton, 
2017; Raimi and Sabinus, 2017a; Olalekan et al., 2018a; Olalekan et al., 2018b). For several decades 
it has been recognized that trace levels of specific elements impact plants, animals as well as human 
life positively or negatively (Olalekan et al., 2021c; Raimi et al., 2021e). For proper physiological 
activities of mammals of extremely low concentrations, heavy metals such as manganese, iron, 
copper, zinc, cobalt, chromium and selenium are necessary (Table 1). These elements are called 
‘essential trace elements’ or ‘micronutrients’ and their insufficiencies can also lead to plant and 
animal illness as well as even death. Yet, excessive levels of one or more of these lead to changing 
physiological functioning in the cells of the body. There is no such recognized basic role as necessary 
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Table 1. Nutritive Attributes of Trace Metals 
 

S/N Trace Metals 
Deficiency Causing 
Factors 

Affected Body Functions 
Deficiency 
Symptoms 

1. Zinc 

Excessive intake of Copper 
and Calcium, Alcohol, lack 
of phosphorus, phytic 
acid, oral contraceptives 

Burn and Wound healing, 
Carbohydrate digestion 
Prostate gland function, 
Reproductive organ growth 
and maturity, Vitamin B, P 
and protein metabolism 

Delayed sexual maturity, Fatique, 
loss of taste and appetite, prolonged 
wound healing, Retarred growth, 
Sterility, Atherosclerosis Diabetes, 
Improper metabolism, Baldness, 
Infertility 

2. Copper 
Excessive Zn, Mn, Cd 
Intake, Oral 
Concentration 

Bone Formation Colour of 
hair and Skin, Haemoglobin 
and RBC formation, 
Emotional states 

General weakness, Impaired 
respiration, Skin sores, Diarrhoea, 
Baldness, Copper deficiency, 
Anaemia. 

3. Chromium Excessive Iron intake  
Glucose metabolism, Blood 
sugar lever, Circulatory 
system 

Atherosclerosis, protein-calory 
malnutrition, glucose intolerance, 
multiple pregnancies, disturbed 
amino acid metabolism.  

4. Iron 
Coffee, Excessive P, Zn, 
Cu and Mn intake. 

Haemoglobin production, 
childhood growth, stress, 
disease’s resistance 

Breathing problems, Brittle nails, 
Pale skin fatique, constipation, 
inflamed tongue 

5. Magnesium 

Protein, High intake of 
Vitamin D & Ca, too 
much fat in diet, oral 
contraceptives 

Acid/alkali balance, Blood 
sugar metabolism Metabolism 
of Ca & Vitamin C Protein 
structuring 

Sensitivity to noise, Disorientation, 
Tooth decay, Nervousness, Rapid 
pulse, Overweight, Tremors, 
depression, Heart problems, 
Prostate troubles, Stomach, 
troubles, Protein-calorie 
malnutrition. 

6. Nickel 
Vitamin C, Ca, Sulphur 
containing amino acids 

Membrane structure, Nucleic 
acid metabolism, Liver 
Reproduction 

Brain blood vessel damage, Liver 
cirrhosis, Kidney malfunction, Lung 
cancer, Asthma, Nasal passage 
cancer.  

7. Selenium 
Mercury, Silver, Arsenic, 
Cadmium, Sulfates. 

Pancreatic function (possible 
increased resistance to cancer, 
Membrane integrity. 

Mercury toxicity, Pancreatic 
insufficiency, Cardiac toxicity, 
Aging pigments, Haemolytic 
problems, Petroxidation of Fat, 
Cancer, Muscle wasting.  

8. Manganese 
High Ca, Iron & 
Phosphorus intake. 

Reproduction, Enzyme 
activation, Growth 
Production of sex hormones, 
Fat, Carbohydrate, Vitamin B 
& E metabolism, Tissue 
respiration 

Fatigue, Ear noise, Muscle 
coordination failure, Dizziness, 
Abnormal carbohydrate, Loss of 
hearing, Diabetes.  

9. Molybdenum 
Copper sulfates, Zinc, 
Methionine Lead, Vitamin 
B12 

Liver function, Kidney 
function, Blood, Copper and 
iron metabolism 

Copper deficiency anaemia, Gout 

Source: Adapted and modified from Olalekan et al., 2018b; Olalekan et al., 2020c 
 

Table 1. Nutritive Attributes of Trace Metals
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trace elements as other elements including: Ba, Cd, Ti, Hg, Pb, Ag, Sb as well as As causes toxicity 
exceeding a certain degree of tolerance. In terms of potential hazard as well as occurrence in 
contaminated soils, Zn, Hg, Cd, Cr, Pb as well as As are the major heavy metal (Raimi et al., 2021e).

Generally, rural and small communities (Indigenous population or not) across the Niger Delta 
region have their own particular sets of drinking water issues, for example: whether local access 
to water quality monitoring expertise is available (Raimi et al., 2017; Raimi and Sabinus, 2017b; 
Morufu and Clinton, 2017; Premoboere and Raimi, 2018; Olalekan et al., 2018b); larger private 
wells percentage in these oil rich communities in the core Niger Delta depend upon these kind of 
water (Raimi et al., 2017; Raimi and Sabinus, 2017b; Morufu and Clinton, 2017; Premoboere and 
Raimi, 2018; Olalekan et al., 2018b); improved changing climate susceptibility (Raimi et al., 2018b; 
Morufu et al., 2021e); as well as available resources toward responding to emergencies (Raimi et 
al., 2020a; Raimi and Raimi, 2020; Morufu et al., 2021a; Raimi et al., 2021a; Morufu et al., 2021b; 
Raimi et al., 2021b; Morufu et al., 2021d; Raimi et al., 2021c; Raimi et al., 2021d). More particular, 
researchers discovered that the indigenous population in oil rich communities, has insufficient 
record keeping, which included factors like the past improvement, the various infrastructure age 
within the system, as well as [when or why] past water advisories [have occurred], which led to 
knowledge gaps in the supplies of water as well as distribution systems. The ability toward accessing 
safe as well as clean drinking water along shorelines of the Niger Delta is further compounded via the 
geographical and climatic properties of these regions (Raimi et al., 2018b; Morufu et al., 2021e); for 
instance, rising temperatures, extreme weather events, coastal erosion, as well as flooding can lead 
to intrusion (salinization) of salt water, which may damage infrastructure as well as compromise 
water quality (Odubo and Raimi, 2019; Suleiman et al., 2019; Raimi et al., 2019a; Okoyen et al., 
2020; Raimi et al., 2021e). In summary, the shifting climate and accelerating changes to water 
supplies will eventually affect usage of water for production, consumption as well as development 
(Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Raimi et al., 2017; Olalekan et al., 2018b; 
Premoboere and Raimi, 2018; Olalekan et al., 2019; Raimi et al., 2019a; Raimi, 2019; Ajayi et al., 
2020; Olalekan et al., 2020c; Raimi et al., 2021e), and while the perception and adaptation of humans 
to the risk posed by climate change is uncertain, new research indicates complicated connections 
between environmental stress and human health in relation to changing climate (Raimi et al., 
2018b; Morufu et al., 2021e; Raimi et al., 2021e). At the same time, researchers indicate that 
shoreline communities remain predominantly sensitive to water supply modification since there 
are over a billion individuals residing in the coastal regions globally as well as the population 
influx toward these places is constantly influenced. This will certainly have a substantial effect on 
coastal aquifers especially when pumping water from wells for personal usage, drinking, irrigation 
as well as commercial use (Odubo and Raimi, 2019; Okoyen et al., 2020; Olalekan et al., 2020c). 
Due to Africa low-tech factories which is quickly build, they cause pollution of groundwaters, 
rivers and even streams. Ignored for economic reasons, this leads to excessive pollution of easily 
accessible quality water in the country. In particular, factories producing chemical products can 
release wastewater to the nearest water. This practice, which saves them from the financial burden, 
imposes an incredible burden on public finance and threatens their habitats (Odipe et al., 2018; 
Sawyerr et al., 2018; Henry et al., 2019a; Omotoso et al., 2021; Raimi et al., 2021e). The worsening 
worldwide water problem is threatening emerging nations safety, stability as well as environmental 
sustainability. Every year millions die of waterborne illnesses (Raimi et al., 2017; Olalekan et al., 
2018a; Raimi et al., 2019a; Olalekan et al., 2020c; Gift and Olalekan, 2020; Gift et al., 2020; Afolabi 
and Raimi, 2021), however water pollution as well as growing destruction of ecosystem, mostly in 
the global south (Olalekan et al., 2018b; Premoboere and Raimi, 2018; Raimi, 2019; Olalekan et 
al., 2020c; Raimi et al., 2020c; Olalekan et al., 2020d; Adedoyin et al., 2020; Olalekan et al., 2020a; 
Ajayi et al., 2020; Raimi et al., 2020b; Olalekan et al., 2020b; Raimi et al., 2021f). In recent decades, 
there have been growing acceptance of the need to conduct water resource management with an 
integrated approach, that resource assessment is of fundamental relevance as a foundation for policy 
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making and that necessary assessments must be fully supported by national capacities (Raimi et 
al., 2019a; Omidiji and Raimi, 2019; Olalekan et al., 2020a; Adedoyin et al., 2020; Olalekan et al., 
2020b; Raimi et al., 2020b). Decisions from management on poverty reduction, economic growth, 
food safety as well as the human health of populations and the preservation of critical ecosystems 
must remain based on optimal possible knowledge of all pertinent systems (Sawyerr et al., 2018; 
Oluwaseun et al., 2019; Isah et al., 2020a; Olalekan et al., 2020d; Isah et al., 2020b; Morufu, 2021; 
Hussain et al., 2021a; Morufu et al., 2021c; Hussain et al., 2021b; Raimi et al., 2021e). As the overall 
demand for water grows, the quantity produced, and its overall pollution load are continuously 
increasing worldwide (Olalekan et al., 2019; Raimi et al., 2019a; Raimi et al., 2019b; Raimi et al., 
2019c; Raimi et al., 2019d; Olalekan et al., 2020c; Afolabi and Raimi, 2021). For human existence, 
health as well as dignity, water is essential. It is an essential and irreplaceable development resource 
(Olalekan et al., 2020c; Afolabi and Raimi, 2021). In reality, the good of all societies is closely 
related on sustainable water resources exploitation (Olalekan et al., 2019; Raimi et al., 2019a; 
Olalekan et al., 2020c; Afolabi and Raimi, 2021). The demand for this essential resource has been 
increasing globally, owing among other things, to fast economic development as well as increased 
demographic growth (Zhang et al., 2019; Raimi, 2019; Raimi et al., 2019a; Raimi et al., 2019d; 
Zhou et al., 2019; Raimi et al., 2021e). This will also assist ground water managers as well as policy 
makers assess the health consequences associated with their own actions, thus this will give policy 
makers a basis of making sound policy on whether they should base on environmentally friendly 
development to boost groundwater quality or focus on economic growth alone and would permit 
aid organizations toward targeting their resources more efficiently (Raimi et al., 2019a; Omidiji 
and Raimi, 2019; Olalekan et al., 2020a; Adedoyin et al., 2020; Olalekan et al., 2020b; Raimi et al., 
2020b). It is expected that the result of this study will assist to meet the challenges of achieving 
improved quality of life and health status in the state, strengthen the already existing strategies to 
provide health care services in River’s state and Nigeria at large. Consequently, this study aimed 
to compare water quality parameters in the vicinity of Gas Flaring Area of Ebocha-Obrikom of 
Rivers State with that of the recommended standards. Thus, this research may provide valuable 
information on the heavy metals and other physico-chemical analysis of drinking water associated 
with the contamination of the ground waters by petroleum products.

MATERIAL AND METHODS

The area is placed between latitude 50 20N - 50 27N and longitude 60 40E - 60 46E is situated 
in Ebocha-Obrikom (Figure 1). It encompasses Obrikom, Obie, Obor, Ebocha as well as Agip 
New Base towns all located in Ogba/Egbema/Ndoni Area of Rivers State (Figure 1). The study 
research area lies to the North by River Nkissa, by the West, River Orashi, by the East, River 
Sombrero and by the South Omoku town.

The climate of the study area is the equatorial type. Heavy rainfall of about 2500 mm/annum 
are experienced in the region. During the year, the rainfall takes around eight (8) months (March 
to October), and even months deemed dry remain often not devoid of occasional precipitation 
(Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b). Temperature 
is usually high and the mean monthly temperature is about 250C (Morufu and Clinton, 2017; 
Raimi and Sabinus, 2017b; Olalekan et al., 2018b).

The vegetation is dominated by fresh water swamps, spotted areas are characterized by 
stratified high forest: The vegetation comprises a multitude of evergreen trees that yield tropical 
hard wood, e.g., mahogany. Smaller palm trees are present, ascending plants such as lianas or 
rattan palms may be hundreds of meters long and also epiphytes and parasites that grow on 
other plants. A vast variety of orchids, creepers and ferns thrive below the trees (Morufu and 
Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b). The traditional rainforest 
vegetation has been replaced in most instances by settlements, farms, fallow and secondary 
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forests, construction of civil structures, oil and natural gas exploration/exploitation. The only 
areas where primary forests may be found are raffia palm dominated riparian forests along the 
Sombreiro River, across the Orashi River and sacred groves which is relic of traditional African 
religion (Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b).

The area is actually drained by the Sombreiro on the Eastern flanks and Orashi on the Western 
flank creating an almost uninterrupted inter-basinal area. The region has a topographic structure 
virtually flat, as well as is covered by superficial soil, which is made up of silty clays combined with 
silty sand. There is a clear lack of imposing hills that rise above the whole land surface at a height 
of about 25 metres above sea level. The Orashi River is a prominent feature of the natural drainage 
system. This river, although an independent river system, which accounts for the drainage of the 
entire zone, links up with the Niger Delta system during the wet season (flood stage). Due to the 
more prominent relief of this area, drainage is more efficient and much fewer rivers and creeks 
drain the area. Backswamp depressions exist which entrap floodwaters and so form perennial 
lakes in the area. The rivers are prone to flooding which increases the level of water in the water 
table. The rivers found in the study area are also subjected to tidal flow (Morufu and Clinton, 2017; 
Raimi and Sabinus, 2017b; Olalekan et al., 2018b).

The soil occurring on this area is part of the recent alluvium of the Niger Delta and shows age 
differences in a better development of Argillic horizon (clay illuviation). They are dominantly 
sandy loam on top soil changing to sandy clay loam and then clay in the subsoils. The soil reaction 
is acid (pH 4.3-5.0) (Ogoni, 2010). The high acidity of the soils is due to the high Aluminium 
(Al) content of the soils (Alagoa, 2005; Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; 

 

Figure 1: Map Showing the Study Area with Nigeria and River State insert. 

Sources: Adapted from Olalekan et al., 2018b 
[https://doi.org/10.4236/ojogas.2018.33017] 
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Olalekan et al., 2018b). The soil organic matter content is low as well as could be due to continuous 
cultivation of the land. The organic matter decreases down the soil profile. Available phosphorus 
(P) is moderate especially in middle horizons. The soil fertility in term of percent base saturation 
is high. The soils are mainly Alfisols (Luvisols and Natrosol), Ultisols (Regosols) and Oxisols 
(orthic Ferralsols). Other soils identified are inceptisols (Gleyic cambisols) and entisols (Albic 
Arenosols). The soils are Ultisols (Eutric-Paleudalfs) (Alagoa and Derefaka, 2002; Morufu and 
Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b).

The Ebocha-Obrikom area has various patterns of land use. The only perceptible activity 
of economic importance in the environment is the crude petroleum exploration as well as 
exploitation. The land use pattern of the area is basically characterized by a number of agricultural 
activities which include farming, as well as fishing activities which are among the major activities 
in the area. Some of the crops cultivated include cocoyam, okra, bitter-leaf, cassava, yam etc. 
The oil palm planting harvesting and processing are also important (Alagoa, 2005; Morufu and 
Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b).

The sampling strategy employed for the current research investigation were similar to that 
utilized by Morufu and Clinton (2017); Raimi and Sabinus (2017b); Olalekan et al. (2018b) in 
which sampling was targeted in some vulnerable quarters at a densely populated location. These 
quarters are places predisposed to all kinds of contamination not only because of their geographical 
situation but also because of the presence of crude petroleum exploration and exploitation. From 
the sample location (see table 2 below), extracted water samples from groundwater sources 
utilized mostly for drinking as well as domestic activities. Sample collections were limited to only 
groundwater from dug wells or shallow pumping wells built for household uses exclusively. The 
depth of the wells varies between 10 to 28m, which is a phreatic aquifer. The sampling locations 
sites were documented using portable GPS devices. In the vicinity of the depot, ground water 
sources were selected randomly but at various distances from each other for the purpose of this 
investigation. Furthermore, the samples were manually collected from nine (9) strategic locations 
in the study area for ground water (boreholes and wells) into previously washed clean plastic 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: A schematic illustration of quantification methodology adopted for the current study. 
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Figure 2: A schematic illustration of quantification methodology adopted for the current study.
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sampling bottles after about 20 min of continuous water flow to ensure adequate aquifer quality 
that can be appropriately represented.

All of the samples was obtained during the daytime, from 9.00am to 4.00pm. Due of 
insecurity, flooding and COVID-19 lockdown. Night samples were not collected and sampling 
was performed between September, 2019 to August 2020.

The standard methods outlined in APHA (2012); Morufu and Clinton (2017); Raimi and 
Sabinus (2017b); Olalekan et al. (2018b) have been followed by water sampling, conservation, 
transportation as well as analysis. 

For the analyses of physico-chemical parameters, ground water samples were collected using 
pre-rinsed 1litre plastic containers. Pre-rinsed ground water samples for heavy metal analyses 
were collected with nitric acid of 1litre containers as well as treated with 2ml nitric acid (assaying 
100%, Trace Metal Grade, Fisher Scientific) prior to storage. These were done to stabilize the 
metals oxidation conditions. Groundwater samples were collected in two groups of 250ml glass-
stoppered-reagent bottles per sampling location for Biological Oxygen Demand (BOD), and 
Dissolved Oxygen (DO) determinations. The BOD samples have been properly filled without air 
trapping as well as the bottles covered in black polythene bags. This was done to eliminate light, 
which is present in the samples and capable of producing DO by autotrophes (algae). The BOD 
samples were incubated for five days, which was added to 2ml of each sample. In order to retard 
additional biological activities, Winkler solutions I and II use different dropping pipettes to each 
sample. The bottles were thoroughly shaken to precipitate the floc, which lay at the bottom of 
the bottles. Further, Winkler solution I is a solution of manganese sulphate, while solution II is 
sodium or potassium iodide, sodium or potassium hydroxide, sodium azide (sodium nitride) and 
sodium hydroxide. The DO samples were collected in clear bottles and also tightly stoppered. With 
samples of dissolved oxygen preserved on the spot with Winkler I and II solutions similar to that of 
the BOD samples (APHA, 2012). All samples had been clearly identified and controlled at 4°C for 
easy identification. Determination was carried out on site to know the concentrations of unstable 

2 
 

Table 2. Geographical coordinates of the nine (9) sampling sites (samples). 

S/N Locations Altitude 
(m) Latitude Longitude 

Site – 1 
(Borehole) (Opposite Ijeoma 
Quarters. 750m Away from Agip 
Gas Flaring Center Ebocha) 

10 Lat N050 27' 068" Long E0060 41' 480" 

Site – 2 
(Borehole) (200m Opposite Agip 
Gas Flaring Centre Ebocha and 
50m from Agip Waste Pit) 

- Lat N050 27' 28.7" Long E0060 41' 58.1" 

Site – 3 

(Well) (The Apple Hotel 500m 
from Waste Pit and 150m Away 
from Mgbede Field Oil Well 7 
Ebocha) 

16 Lat N050 27' 37.5" Long E0060 42' 05.3" 

Site – 4 (Well) (1000m Away from the 
Agip Flare Stack Ebocha) 22 Lat N050 26' 51.5" Long E0060 41' 38.8" 

Site – 5 
(Borehole) (Abacha Road 
Obrikom, 800m Away from Agip 
Gas Plant) 

- Lat N050 23' 48.6" Long E0060 40' 36.8" 

Site – 6 
(Borehole) (Eagle Base Obor. 
2,500m Away from Agip Gas 
Plant) 

28 Lat N050 23' 00.9" Long E0060 41' 07.4" 

Sites – 7 (Well) (Obor Road Obie. 2000m 
Away from Agip Gas Plant) 24 Lat N050 23' 22.5" Long E0060 40' 49.1" 

Sites – 8 
(Borehole) (Green River Plant 
Propagation Centre Naoc 3000m 
Away from Agip Gas Plant) 

17 Lat N050 24' 18.9" Long E0060 40' 55.0" 

Sites – 9 (Control) (35,000m from Ebocha) - Lat N50 4' 58.1412" Long E60 39' 30.4806" 
 
  

Table 2. Geographical coordinates of the nine (9) sampling sites (samples).
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as well as sensitive water quality characteristics including total dissolved solids (TDS), electrical 
conductivity (EC), pH, alkalinity (Alka.), and temperature (Temp). Thus, the fundamental 
approaches for investigating the groundwater composition are described in figure 2 below.

Additionally, employing high purity analytical reagents as well as solvents, all analytical 
procedures were closely monitored with quality assurance as well as control techniques. 
Calibration standards were applied to the instruments. Procedure blanks, triplicate analysis as 
well as the analysis of certified reference materials (CRM) was performed through the analytical 
technique validation. For every organic pollutant from the groundwater samples, the limit of 
detection (LoD), repeatability, reproducibility, precision, as well as accuracy was established.

RESULTS AND DISCUSSION

Results of the data obtained from the study were analyzed and the findings were carefully 
discussed below.

Table 3 and Table 4 present comparison result of the water quality characteristics obtained in 
the study location during wet and dry season with that provided by WHO, SON and NAFDAC 
recommended standards. During wet season result indicates that pH, temperature and TPH 
were within the recommended standards while alkalinity was within SON standard but above 
WHO standard. Result also reveals that other water quality parameters were either below or 
above the recommended standards as provided by WHO, SON and NAFDAC with mean values 
of conductivity, total hardness, TDS, salinity, chloride, fluoride, aluminum, Na, Zn, Mn, Cu, 
SO4, NO3, NO2, K and Ca were below the standard while other parameters values were above 
the recommended standards. For dry season, the mean value for Pb, pH, and TPH were within 
standard while that of conductivity, alkalinity, total hardness, TDS, salinity, Cl, F, Al, Na, Zn, 
Mn, K, Ca, Cu, SO4, NO3

- and NO2
- were below the recommended standards while other water 

quality parameters obtained during dry season were above the standards as provided in Table 4.
It is essential to determine the appropriateness of the groundwater resources in a researched 

area, since it is an essential element. Tables 3 and 4 consolidate the descriptive findings of WHO, 
SON and NAFDAC water quality parameters collected in the field in wet and dry seasons with 
those of the recommended criteria. On a background of highly fluctuating physicochemical 
composition, the results presented in this study must remain interpreted prudently on a case-
by-case basis. As the “tragedy of open access” of the groundwater resource in Ebocha-Obrikom 
area of Rivers State was unfolding, public debate centered on two questions: a) what is the 
true extent of groundwater contamination? and b) what are the sources of contamination? 
In the Niger Delta regions, groundwater quality assessments are essential toward facilitating 
sustained economic as well as social development, including human survival. In this study, 
groundwater quality spatial distribution was examined in Ebocha-Obrikom area of Rivers 
State, while addressing the mechanisms governing groundwater chemistry. For all sorts of life 
on earth, water been the most important resources. The drinking water quality undoubtedly 
impacts the lives of indigenous people. The intake or use of polluted/contaminated water is 
the main cause of human illnesses that has produced a major health problem (Raimi et al., 
2017; Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Raimi et al., 2018a; Olalekan et 
al., 2018b; Raimi et al., 2019a; Olalekan et al., 2019; Raimi et al., 2019d; Suleiman et al., 2019; 
Gift and Olalekan, 2020; Gift et al., 2020; Olalekan et al., 2020c; Afolabi and Raimi, 2021). Table 
3 and 4 show the physico-chemical and heavy-metal findings of groundwater samples. These 
findings are compared to the prescribed guideline by WHO, SON and NAFDAC Standards. 
After having compared the finding with these standards, it becomes obvious that chemical 
oxygen demand (COD), turbidity, biological oxygen demand (BOD), dissolved oxygen (DO), 
alkalinity, magnesium (Mg), Iron, Cadmium, Lead, total suspended solids (TSS), Chromium, 
Ammonia, Phosphate, Nitrite and Nickel are major worrying factors in Ebocha-Obrikom area 
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of Rivers State. Other physico-chemical parameters reveal that other water quality parameters 
were either below or within the recommended standards as provided by WHO, SON and 
NAFDAC in most sites or display values exceedingly be found at isolated pockets in some sites. 
Therefore, other parameters analyzed remain not remarkable in discussion. Ebocha-Obrikom 
groundwater quality remained worst affected. In the current investigation, the drinking water 
temperature varied from 27.83 (rainy) to 30.43°C (dry). One of the essential physicochemical 
parameters is water temperature, since it changes both temporally as well as geographically. 
It impacts the water capacity toward holding oxygen as well as aquatic organism’s metabolic 
rates. It likewise, impacts trace metals availability that have an indirect influence on water pH. 
It impacts fish reproductive behavior as well as growth. With a rise in temperature, the solids 
solubility increases as the gases decrease. Significant aquatic life gases therefore diminish with 
temperature increase. Temperature generally influences the fundamental rate of biochemical 
processes, therefore regulating attributes of the organism together with development rate as well 
as survival. 

Temperature of water influences the biological reactions in water. Higher values of temperature 
accelerated the chemical reaction in water. Thus, allaying the conceivable fear of thermal shocks 
on the receiving ground water bodies. The groundwater capacity toward reacting with geological 
materials is determined by the pH value when controlling ions existing in groundwater (Islam 
et al. 2017; Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b). The 
pH is remarkably vital for understanding water nature, as well as likewise make evident a tight 
proximity with other water chemical components. The value of pH in drinking water is a 
significant index of alkalinity, acidity and resulting value of acid base interaction of its minerals 
and organic components. Measurement of pH is one of the most essential recurrently used water 
chemistry test. Although the pH is not directly affecting human health, it is one of the utmost 
significant parameters for water quality. A suitable pH range of 6.5 to 8.5 is generally adopted, 
according to the WHO recommendation. pH values observed in the range of 6.57 to 6.59 in the 
water samples were found in this study. This demonstrates that pH was perceived to be slightly 
demonstrating naturally acidic. From the groundwater results, the pH of the water samples fell 
within the recommended standards as provided by WHO, SON and NAFDAC during wet and 
dry season. In any of the groundwater testing, however, both seasons were found to remain 
within the maximum allowed limit. As a result, based on pH as an indication of agriculture and 
population, the groundwater seems not to appear to be a serious pollution threat to the milieu. 
Thus, the pH water value of the test zone is clearly below the allowed limit (6.5–8.5). There is no 
misunderstanding, therefore, that the region is neither overly acidic or alkaline. Turbidity 
denotes the relative purity of the water which hinders light transmission and is triggered by 
chemicals that do not occur in true solution form as well as is directly connected to light 
dispersal. The ground water turbidity in the research area shows higher turbidity during rainy 
season (17.57mg/L) representing higher rate of light scattering affecting photosynthesis. Thus, 
higher turbidities could be due to continuous and impactful predisposition to receiving large 
quantities of organic and inorganic materials emanating from gas flaring and oil spillage 
contaminating the ground waters of the study area. Thus, the maximum turbidity level surpassed 
the WHO/NAFDAC/SON drinking water quality recommendations. It is therefore doubtful 
that it will be appropriate for drinking. As numerous previous studies have revealed that the 
turbidity in Ebocha-Obrikom groundwater area is significantly more than the permissible levels 
of the WHO/NAFDAC. Likewise, dissolved oxygen (DO) is the oxygen gas (O2) that is dissolved 
in water and it is a highly significant water indicator/constituents which affect physiological and 
biological process and for its quality as well as help to maintain biological life in aquatic 
ecosystem. For excellent water quality, enough dissolved oxygen is required. All kinds of life are 
made out of oxygen. Oxygen influences a large range of other water indicators, such as the 
odour, clarity as well as taste not only biochemical, but also aesthetic ones. Oxygen removes 
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from the water through aquatic living things respiration as well as organic matter decomposition. 
A higher metabolic activity as well as inorganic reducing agents like NH3, H2S, NO2 as well as 
Fe++ ions have reduced water oxygen balance (Raimi and Sabinus, 2017; Morufu and Clinton, 
2017; Olalekan et al., 2018b). The oxygen maxima were observed during rainy season (16.92mg/L) 
suggesting lower amount of inorganic reducing agents during this present research. Organic 
matter decomposition may remain a remarkable factor toward reducing dissolved oxygen during 
dry season (17.97mg/L). Thus, the low dissolved oxygen levels are probably due to the biological 
oxygen demand associated with cycling of bacteria and fungi in the ground water (Olalekan et 
al., 2018b; Henry et al., 2019b; Afolabi and Raimi, 2021) and the large quantity of biodegradable 
organic compounds in groundwater. Likewise, Malcolm et al., (2003) report that groundwater 
upwelling reduces the salmonid eggs survival rate owing to its low dissolved concentrations of 
oxygen as well as its chemically reduced properties. This demonstrates both the flux as well as 
groundwater chemical composition as a controlling element for the hyporheic habitat. This 
indicates that inorganic dissolved minerals (S, NO3, Ca) do influence water purity as well as 
making it more poisonous. Therefore, it remains deduced that larger rates of human activities 
and seasonal fluctuation seem to influence dissolved oxygen, as higher DO signify biological 
activity which is a reflection of high organic matter input. Low DO levels cause stress and 
anaerobic decomposition of organic matter. These results corroborate earlier report by Olalekan 
et al., (2018b) that high or low values impact aquatic life and change in one form or another the 
toxicity of other pollutants. DO in liquid offers an oxygen supply needed to oxidize organic 
materials if its concentration is high as well as deficiency of it causes body of water to become 
lifeless or devoid of aquatic life (Morrison et al., 2001; Chukwu, 2008). This result found support 
in Dami, Ayuba and Amukali (2012) which established that ground water may likewise remain 
conveniently used toward supporting and sustaining fishing pond operations since the values of 
DO were above the required value of greater than 7 as the fishing stream standard. In most water 
quality studies, USEPA (2001) states that the DO is a metric and is proposed by the EPA as an 
added prime response variable for systems that have previously experienced hypoxia. Biological 
oxygen demand (BOD) is the quantity of dissolved oxygen (DO) necessary to stabilize the 
biodegradable organic matter through micro-organisms of water under aerobic conditions. It 
likewise comprises the oxygen essential for the oxidation of several chemical in the water like 
iron, sulfides, ferrous as well as ammonia (Olalekan et al., 2018b; Adewumi and Laniyan, 2020; 
Onyemesili et al., 2020; Afolabi and Raimi, 2021). Higher BOD values in the dry season may 
attribute to the stagnations of water body leading to the absence of self- purification cycle. Thus, 
gas flaring must have contributed to this trend whereby the highest values between raining and 
dry seasons were observed. This tends to supports higher biochemical activity. As anthropogenic 
activities could influence higher BOD just as seasonality influences BOD.  This parameter hence, 
offers information on the microbial respiration potential to breakdown the organic matter that 
might contribute to low DO in water and is a proposed cause of hypoxia (Olalekan et al., 2018b; 
Ezenwaji and Ezenweami, 2018; Egbueri and Unigwe, 2020; Afolabi and Raimi, 2021). The need 
with respect to chemical oxygen demand (COD) is the quantity of oxygen needed by use of a 
strong oxidant as well as to convert it to carbon dioxide and water toward oxidizing organic 
matter in waste water (Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 
2018b; Afolabi and Raimi, 2021). To evaluate the pollution degree in the area under investigation, 
COD test is employed. COD value is constantly greater than that of BOD5 since several organic 
substances can remain oxidized chemically but not biologically (Morufu and Clinton, 2017; 
Raimi and Sabinus, 2017b; Olalekan et al., 2018b; Afolabi and Raimi, 2021). Thus, chemical 
oxygen demand (COD) values was found to be highest during the raining season with an average 
value of (36.60)mg/L followed by 24.42mg/L during the dry season. All recorded values in the 
study area were above the maximum permissible limit set for COD by WHO/SON/NAFDAC. 
Thus, it could be deduced that areas prone to oil related activities as gas flaring and oil spillage 
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influence higher COD more than areas that are not under the influences of such activities. Since 
COD measure oxygen demand created by organic and inorganic compounds as well as by 
biodegradable compounds. The trend shows that higher chemical activity could be attributed to 
gas flaring and oil spill impact. Hence, increase of chemical oxygen demand (COD) values are 
due to the pollution of input Zones. As it could be established that raining seasons influence 
COD more than its dry counterpart. Thus. the higher the BOD (or COD), the higher the 
pollution degree (Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b; 
Uhah et al., 2019; Afolabi and Raimi, 2021). Alkalinity is a water neutralizing capability measure 
of acids or ions of hydrogen. If there are variations made to the pH value of water’s, Alkalinity 
acts as a buffer. Alkalinity will contribute to stabilizing the pH of the water. A neutral pH of 7 is 
required for drinking water. It is beneficial to have high alkalinity in our drinking water since it 
safeguards the water for us to consume. The amount of alkalinity that should be in our water is 
100-200mg/l for typical drinking water. Alkalinity is basically dissolved minerals in the water 
that help neutralize the water we drink. Thus, higher values of alkalinity during rainy season 
(110.91) were due to leaching of soil during natural filtration of water from sewage. The alkalinity 
is primarily due to bicarbonate ions largely caused by bacterial breakdown of organic mineral 
along with exchange of mineral ion which varies from (44.40-110.91 mg/L) in study area. The 
water samples for rainy season was observed (110.91mg/L) at rainy season having more value of 
alkalinity than the WHO tolerable limit in the research location. Thus, bicarbonate and 
hydroxides can be attributable to alkalinity in natural waters. The consequential effects of water 
eutrophication are affected by alkalinity (USEPA, 2019). For Total Suspended Solid (TSS), the 
mean values of TSS show that the highest value was observed during the raining season (37.05)
mg/L. While, the least value was recorded during the dry season (33.27)mg/L. All values recorded 
in this study were above the recommended maximum permissible limit. Generally, it could be 
deduced that seasons affected TSS more than the level of anthropogenic activities within the 
study area. This is because increased atmospheric precipitation during raining seasons help 
increases the amount of materials in ground waters unlike during the dry seasons where reduced 
precipitation help in removing suspended particles in groundwater. Also, excessive influx of 
suspended solids during the raining season could be attributed to discharge of large quantities 
of substances directly into surface water bodies or out rightly onto terrestrial regions from where 
they percolate into ground water bodies. This could be owing to the fact that gas flaring releases 
persistent non-combustible chemicals while oil spillage releases less dense volatile chemicals 
into the atmosphere where they condense and later fall back as rain to the groundwater. 
Magnesium had comparatively high values during the dry season (174.61)mg/L compared to 
the raining season (135.18)mg/L. In this investigation, all values documented were above the 
WHO/SON/NAFDAC maximum acceptable limit. Higher values of magnesium above the 
maximum permissible value can be ascribed to rock weathering, which disintegrates chemical 
elements such as magnesium into surface water bodies from where it percolates into ground 
water bodies. This chemical weathering could be affected by a number of factors, hence the non-
uniform variations between seasons. Also, it could be deduced that seasonal variations have 
significant influence upon the concentration of magnesium within the study area. The findings 
are similar with Olalekan et al., (2018b). It may be concluded that the drinking water supply for 
Ebocha-Obrikom area of Rivers State is not entirely safe and a filtration plant has to be installed 
in Ebocha-Obrikom immediately on the basis of physico-chemical properties. 

While, trace metal may be hazardous to human health and has a tremendous health impact 
even if they are ingested in excess as well as accrues in human bodies at low concentrations 
(Raimi et al., 2017; Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 
2018b; Raimi, 2019; Olalekan et al., 2020c; Afolabi and Raimi, 2021; Raimi et al., 2021f). Even 
though, trace elements are rare but can be incredibly important to the oceans. Some of these 
elements are helping scientists understand the oceans’ role in changing climate, past and the 
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present, which can help predict climate in the future (Raimi et al., 2018b; Raimi et al., 2019b; 
Raimi et al., 2019c; Morufu et al., 2021e). While, iron in groundwater causes a “rusty” taste 
in water. It not only gives an unpleasant taste; it can also stain pipes as well as clothing. Iron 
is natural in nature, and it is the fourth rich earth element in ground water of the research 
area occurring cosmopolitically, and thus most groundwater has a certain quantity of iron in it. 
Iron is derived from the earth minerals, like shale, limestone, as well as coal. In this study, the 
concentration of iron content for raining seasons ranges from 0.95 to 7.3 mg/L with a mean of 
2.95 mg/L, and for dry seasons, Fe ranges from 0.56 to 6.35 mg/L with a mean of 2.43 mg/L, 
Fe concentration exceeds the allowable drinking purpose limit. While iron deficiency causes 
hemoglobin as well as cytochromes to decreases, excess of it causes tissues damage through iron 
accumulation. Hence, iron was found exceeding maximum permissible recommended limits 
provided by WHO, SON and NAFDAC. It is evident in general, the Ebocha-Obrikom ground 
water bodies contain higher amounts of iron as well as make the water inappropriate in a range 
of domestic/ residential purposes. Many treatment options are available, among them, water 
softener installation. In iron precipitation, aeration, oxygen addition to the water can also help 
to eliminate it from the water. Besides, Iron was also the second richest metal on the earth’s crust 
in the world (USEPA, 2017). Iron is the 26th elemental position in the periodic table as well as 
constitutes the key element to nearly all living creatures’ growth and survival (Valko et al., 2005; 
Olalekan et al., 2018b; Olalekan et al., 2020c; Afolabi and Raimi, 2021; Raimi et al., 2021f). This 
is an essential component of organisms such as algae as well as enzymes like cytochromes as well 
as catalase, and proteins that transport oxygen, like hemoglobin and myoglobin (Vuori, 1995; 
Olalekan et al., 2018b; Olalekan et al., 2020c; Afolabi and Raimi, 2021; Raimi et al., 2021f). Iron, 
due to its inter-conversion between the ferrous (Fe2+) as well as ferric (Fe3+) ions is the attractive 
transition metal for a variety of redox biological processes (Phippen et al., 2008; Olalekan et al., 
2018b; Olalekan et al., 2020c; Raimi et al., 2021f). The iron source is anthropogenic in ground 
water as well as is associated with mining as well as flaring activities. Sulfuric acid production 
as well as ferrous (Fe2+) discharge is due to iron pyrites (FeS2) oxidation which are prevalent in 
coal seams (Valko et al., 2005; Olalekan et al., 2018b; Olalekan et al., 2020c; Raimi et al., 2021f). 
The equations below epitomize the simplified ferrous oxidation reaction as well as ferric iron 
(Phippen et al., 2008; Olalekan et al., 2018b; Olalekan et al., 2020c; Raimi et al., 2021f):

2FeS2 + 7O2 → 2FeSO4 + H2SO4 (ferrous) 
4FeSO4 + O2 + 10H2O → 4Fe(OH)3 + 4H2SO4 (ferric)

The dissolved iron concentration is typically 0.6 nM or 33.5 × 10 - 9 mg/L in deep ocean, 
as well as in freshwater, the detection level concentration is extremely low with 5μg/L – ICP, 
however in groundwater, the dissolved iron concentration is rather high with 20 mg/L (USEPA, 
2017; Raimi et al., 2021f). Several people in the Niger Delta region of Nigeria were exposed 
to higher concentrations of iron by means of drinking water, as the groundwater collected 
exceeded the WHO/SON/NAFDAC acceptable limit for drinking water quality (Olalekan et al., 
2018b; Afolabi and Raimi, 2021; Raimi et al., 2021f). The species abundance, including benthic 
invertebrates, periphyton as well as fish diversity are severely influenced by the direct as well as 
indirect iron contamination effects (Vuori, 1995; Raimi et al., 2021f). The precipitate iron will 
cause significant harm through clogging action as well as hinder fishes’ respiration (USEPA, 
2017; Raimi et al., 2021f). Lead (Pb), and cadmium (Cd) are highly toxic metals that have no 
known physiological role but can cause adverse health effects even at trace levels. The higher 
risk of high blood pressure (hypertension) as well as cardiovascular disease (CVD) in adults is 
associated to exposure to certain metals (Chowdhury et al., 2018; Hu et al., 2018; Lanphear et 
al., 2018; Olalekan et al., 2020c; Raimi et al., 2021f) and in pregnant women (Liu et al., 2019). 
The prevalence of exposure to these metals among pregnant women is high. The general resident 
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of Ebocha-Obrikom is ubiquitously exposed to toxic metal such as cadmium through the diet 
and gas flaring as the main sources. Cadmium exposure is associated with increased morbidity 
and mortality in myocardial infarction and stroke. Atherosclerosis is the main underlying 
mechanism of myocardial infarction. However, associations between cadmium and coronary 
artery atherosclerosis have not been examined. Cadmium accumulates mainly in the kidneys 
and has a half-life of decades, and therefore it usually increases with age. Exposure and body 
burden can be assessed by measuring blood or urine cadmium concentrations (Nordberg et 
al., 2015; Akerstrom et al., 2013). Apart from being a well-known cause of kidney and skeletal 
damage, blood or urine, cadmium has been reported to be an independent cardiovascular disease 
risk factor, together with coronary heart disease in several reviews (Tellez-Plaza et al., 2013a; 
Chowdhury et al., 2018; Olalekan et al., 2018b; Tinkov et al., 2018; Olalekan et al., 2020c; Raimi 
et al., 2021f). Though, cadmium is a 20th century metal. It is a byproduct of the production of 
zinc. Soils as well as rocks comprise a certain quantity of cadmium, together with coal as well as 
mineral fertilizers. Cadmium is frequently utilized in electroplating and in various applications, 
for example in batteries, plastics, pigments as well as metal coatings (Martin & Griswold, 2009; 
Olalekan et al., 2018b; Koleayo et al., 2021). 

The International Agency for Research on Cancer classifies cadmium and its compounds as 
Group 1 carcinogenic for humans. Natural processes like volcanic eruptions, river transport, 
weathering, as well as some human activities like mining, gas flaring, tobacco smoking, 
smelting, incineration of municipal waste, and fertilizers production released cadmium into 
the milieu. Even though in most developed nations, cadmium emissions have been substantially 
decreased, it remains a cause of worry for employees and individuals who live in the 
contaminated areas. Cadmium can produce both acute as well as chronic intoxications 
(Chakraborty et al., 2013; Raimi et al., 2021f). Cadmium is very harmful to the kidney as well 
as it accumulates in increasing concentrations in the proximal tubular cells. Cadmium can 
induce bone mineralization either as a result of a bone damage or as a result of renal failure. 
Humans as well as animals’ studies have indicated that osteoporosis (skeletal deterioration) is 
a key consequence of cadmium exposure coupled with calcium metabolism disturbances, renal 
stones formation as well as hypercalciuria. Inhaling larger quantities of cadmium can lead to 
serious harm to the lungs. Ingested cadmium in greater amounts can cause stomach discomfort 
as well as diarrhea and vomiting. On extremely long exposure duration at lower concentrations, 
it can get deposited in the kidney as well as finally cause fragile bones, kidney disease, as well 
as lung damage (Bernard, 2008; Raimi et al., 2021f). In comparison to other metals, cadmium 
and its derivatives are extremely water soluble. Because of their high bioavailability, they tend 
to bioaccumulate in the body. Long-term cadmium exposure can cause morphopathological 
abnormalities in the kidneys. Cadmium poisoning is more common in smokers than in 
nonsmokers. Tobacco plants, like other plants, may acquire cadmium from the soil, making it 
the principal source of cadmium intake in smokers. Cadmium is ingested by non-smokers 
through gas flaring, food as well as some other sources. However, cadmium uptake via other 
routes is significantly much lower (Mudgal et al., 2010). Cadmium toxicity effects are caused by 
interactions with vital nutrients. 50% of cadmium is absorbed in the lungs as well as less in the 
gastrointestinal tract, according to experimental animal analysis. If cadmium exposure is 
significantly high during human pregnancy, it can lead to problems such as premature birth as 
well as reduced birth weights are the issues that can occur (Olalekan et al., 2018b; Olalekan et 
al., 2020c; Raimi et al., 2021f). Groundwaters under study are not potable in relation to the 
concentrations of Cd, Pb as well as Fe. The borehole water and well water from Ebocha-Obrikom 
area also contains high lead concentration, particularly during rainy season. Though iron is not 
regarded a health issue in small amounts, it is nonetheless considered a nuisance when 
consumed in large amounts. Long-term consumption of drinking water containing a high 
concentration of iron can result in liver damage. Laundry staining as well as ceramic ware 
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occurs when iron levels is above 0.30 mg/L. When present in concentration greater than 1.0 
mg/L, dissolved iron in drinking water is difficult to remove. The high content iron in 
groundwater in the Ebocha-Obrikom area of Rivers State, can be linked to two factors: first, the 
bedrock of Ebocha-Obrikom area of Rivers State is fluvial sediments, which also comprises 
iron as well as the second - probable leaching and fall out from gas flaring and sponge iron 
plants- as the outcome shows areas nearby gas flaring plants and sponge iron plant has high 
iron content. Lead as well as its derivatives remain toxic to all living things. As a cumulative 
poison, it tends to lodge in the bones and can disrupt or lead to chromosome damage. Brain 
damage, anaemia, brain tumors, cancer, neonatal defects, central as well as peripheral nervous 
system collapse have all been linked to Lead (Pb). The lead average concentration in current 
ground water samples is greater than 0.01 mg/L (ranging between 0.11 mg/L in the rainy season 
and 0.01 mg/L in the dry season), the value of the rainy season is above the 0.01mg/L standard 
of the drinking water quality. This outcome suggests that the source of increasing Pb 
concentration could remain due to the activities of the oil and gas industries and some other 
sources. Apparently, long term lead accumulation from gas flaring emissions is most likely the 
source of high Pb levels in water of the study area. While, lead on the other hand is a very 
poisonous metal whose widespread usage has resulted in significant extensive environmental 
pollution as well as created health concerns in several regions of the global south. In a dry 
atmosphere, lead is a bright silvery metal that is slightly bluish. When it comes into contact 
with air, it begins to tarnish, thereby generating a complicated compounds mixture that varies 
according to given circumstances. Industrial developments, food as well as smoking, domestic 
sources and drinking water remain the main lead source exposure. Gasoline as well as house 
painting were the main lead sources, which was later extended toward lead bullets, toys, pewter 
pitchers, storage batteries, plumbing pipes as well as faucets (Olalekan et al., 2018b; Olalekan et 
al., 2020c; Raimi et al., 2021f). Some of it is taken up via plants, soil fixation as well as released 
into water bodies, so exposure by human to lead in the overall population is either through 
food or drinking water (Goyer, 1990; Raimi et al., 2021e; Raimi et al., 2021f; Olalekan et al., 
2021c). Lead is a highly poisonous heavy metal that interferes with a variety of plant physiological 
systems as well as unlike other trace metals like copper, zinc as well as manganese, it has no 
biological activities. A plant with a high concentration of lead produces more reactive oxygen 
species (ROS), which damages the lipid membrane that eventually leads to chlorophyll damage 
as well as photosynthetic processes and suppressing the plant general growth (Okoyen et al., 
2020; Raimi et al., 2021e; Raimi et al., 2021f; Olalekan et al., 2021). Some enquiry discovered 
that lead is capable of suppressing tea plant growth via reducing biomass as well as debases the 
quality of tea through altering the components quality (Yongsheng et al., 2011). Treatment of 
lead was discovered to induce significant ion uptake instability in plants, which leads to 
remarkable metabolic alterations in photosynthetic capacity as well as eventually, a strong 
suppression of plant development, even at low concentrations (Mostafa et al., 2017). The 
element chromium being the seventh most abundant on the planet, in the environment, 
chromium occurs in a variety of oxidation states, ranging from Cr2+ to Cr6+ (Rodríguez et al., 
2007; Mohanty & Kumar Patra, 2013). Trivalent- Cr+3 and hexavalent Cr+6, are the two most 
frequent forms of Cr, as well as both are harmful to animals, people as well as plants (Mohanty 
and Kumar-Patra, 2013). Oil as well as coal burning, petroleum from ferro chromate refractory 
material, catalyst, pigment oxidants, fertilizers, chromium steel, oil well drilling as well as metal 
plating tanneries are all-natural sources of chromium. Chromium is discharged into the milieu 
anthropogenically through sewage as well as fertilizers (Ghani, 2011). Cr(III) is immobile and 
insoluble in water in its reduced form, but Cr(VI) is extremely soluble in water as well as 
consequently mobile in its oxidized state (Wolińska et al., 2013). Speciation of metal is critical 
for determining the metal ions activities in the milieu, as the oxidative form of Cr(III) is not a 
crucial ground water contaminant in the case of chromium, but Cr(VI) has been recognized to 
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be toxic for humans. Cr(III) resides in the organic matter of soil as well as aquatic environment 
in oxides form, hydroxides as well as sulphates (Cervantes et al., 2001; Cervantes et al., 2017; 
Raimi et al., 2021e). Chromium is widely utilized in industries like tanning, electroplating, 
metallurgy, production of paints and pigments, chemical and petroleum production, wood 
preservation, pulp as well as production of paper. These industries contribute significantly to 
chromium pollution, which has a negative impact for biological as well as ecological species 
(Ghani, 2011; Raimi et al., 2021e; Olalekan et al., 2021). Chromium pollution is a concern due 
to a variety of industrial as well as agricultural practices that raise the harmful levels in the 
milieu. In recent years, chromium pollution of the milieu, mostly hexavalent chromium, has 
become a major concern (Zayed & Terry, 2003; Olalekan et al., 2018b; Olalekan et al., 2020c). 
Several harmful heavy metals and chemicals are released into water streams by tanneries (Nath 
et al., 2008; Odipe et al., 2018). Cr (III) is oxidized to Cr (VI) in the presence of sufficient 
oxygen in the environment, which is exceedingly poisonous and highly water soluble (Cervantes 
et al., 2001; Cervantes et al., 2017). The concentration of chromium in soil has risen dramatically 
as a result of industrial waste discharge and ground water contamination (Olalekan et al., 
2021). The deposit of Cr residues as well as waste water irrigation during chromate manufacturing 
constituted a major Cr pollution threat to farmland. As a result of the implementation of 
modern agriculture, there is a constant release of Cr into the milieu through Cr residues, Cr 
dust, as well as Cr waste water irrigation, resulting in soil pollution that affects the soil-vegetable 
system as well as disrupts vegetable yield and quality for humans (Duan et al., 2010; Raimi and 
Sabinus, 2017a). Excess chromium in the environment is harmful to plants because it alters the 
biological aspects of the plant and enters the food chain through the eating of these plant 
materials (Raimi et al., 2021e; Olalekan et al., 2021). Reduced root growth, seed germination 
inhibition, leaf chlorosis as well as decreased biomass remain common symptoms of Cr 
phytotoxicity. Chromium toxicity has a significant impact on biological processes in several 
plants like wheat, maize, cauliflower, barley, citrullus as well as in vegetables (Raimi and 
Sabinus, 2017a). Chromium toxicity in plants causes chlorosis and necrosis (Ghani, 2011). 
Chromium toxicity affects enzymes containing iron as a component such as catalase, peroxidase 
as well as cytochrome oxidase. For natural ammonia levels in groundwater are typically less 
than 0.2 mg/l (WHO, 2017). Increased concentrations, on the other hand, are a sign of bacterial, 
sewage, as well as animal waste pollution (Sawyerr et al., 2018; Raimi et al., 2021e; Olalekan et 
al., 2021). Ammonia levels in this study ranged from 2.5 mg/l during the rainy season to 3.71 
mg/l during the dry season. Phosphate is another important nutrient for plants. It ranged from 
0.22 mg/l in the rainy season to 0.44 mg/l in the dry season as well as up to 0.5 mg/l in the study 
region, with an average of 0.1 mg/l. Both ammonia as well as phosphate levels were higher than 
the WHO limit but lower than the SON guidelines. As a result, they did not pose a hazard to 
groundwater quality in terms of the SON criterion (Table 3 and 4). Rocks and minerals 
decomposition of sewage, agricultural runoff, industrial runoff, aquaculture activities and so 
on are all sources of phosphate (Olalekan et al., 2018b; Olalekan et al., 2021). In groundwater, 
nitrate and nitrite are two major pollutants, particularly in agricultural areas. Nitrate and nitrite 
contamination of groundwater is a worldwide issue. High nitrate concentrations in drinking 
water pose a serious threat to human health, with the main cause being the conversion of 
nitrate to nitrite in the human gut. Drinking water contaminated with nitrates can lead to 
epidemic disorders like blue baby syndrome in the area (Morufu and Clinton, 2017; Raimi and 
Sabinus, 2017b; Olalekan et al., 2018b). The main causes of nitrate contamination are agricultural 
runoff (cultivation and fertilization), septic tank leaks, landfill leachate as well as municipal 
rainfall runoff (Isah et al., 2020a; Olalekan et al., 2020d; Isah et al., 2020b; Morufu, 2021; 
Hussain et al., 2021a; Morufu et al., 2021c; Hussain et al., 2021b). Nitrite (NO3), nitrate (NO2) 
and ammonium nitrogen (NH4

+) are all nitrogen derivatives. Fertilizers, organic matters, and 
several minerals have recently been identified as important nitrite (NO3) sources in waters 
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(Olalekan et al., 2020c; Raimi et al., 2021e). Nitrite (NO3) levels of 0.2mg/l are considered 
desirable. The health impact of nitrite causes cyanosis as well as asphyxia (blue-baby syndrome) 
in infants under three (3) months old. Table 3 and 4 indicate the minimum, maximum, mean, 

Figure 3. Main effects of contaminants on human health, indicating the organs or systems affected and the con-
taminants causing them.

Source: Adapted from FAO and UNEP (2021)
Figure 3. Main effects of contaminants on human health, indicating the organs or systems 

affected and the contaminants causing them.  

Source: Adapted from FAO and UNEP (2021) 
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and standard deviation of NO3
- concentration in groundwater in the Ebocha-Obrikom area of 

Rivers State, as determined by laboratory analysis. Under normal conditions, however, NO3
- 

concentrations in groundwater do not surpass 10mg/L, according to research. In the loess 
zones, however, NO3 is a frequent pollutant in groundwater. Anthropogenic activities like 
fertilizer application in agriculture as well as the leaching of sewage wastes or poultry manure 
are thought to be the cause of high NO3 concentrations in groundwater (Sawyerr et al., 2018; 
Isah et al., 2020a; Olalekan et al., 2020d; Isah et al., 2020b; Morufu, 2021; Hussain et al., 2021a; 
Morufu et al., 2021c; Hussain et al., 2021b). The quantities of Nitrite (NO3) in the groundwater 
samples analyzed in this study are high when compared to national standards, with the highest 
values being 1.79 and 3.30 mg/L for rainy and dry seasons, respectively. Even so, the mean NO3 
concentration is higher than the SON/NAFDAC permitted NO3 level for drinking limit. As a 
result, daily drinking water intake of high nitrate groundwater poses a risk to local residents’ 
health (Morufu and Clinton, 2017; Raimi and Sabinus, 2017b; Olalekan et al., 2018b; Raimi et 
al., 2019a; Olalekan et al., 2019; Suleiman et al., 2019; Olalekan et al., 2020c). Consequently, 
increased concentration of NO3 in supplies of groundwater may potentially lead to a health 
problem toward humankind for instance low levels of oxygen in infants’ blood, as well as it is 
well recognized as methemoglobinemia (Camargo and Alonso, 2006). Nickel generates 
numerous major adverse health consequences like reduced lung function, chronic bronchitis 
along with lung cancer as well as nasal sinus. It could also induce reproductive, genotoxicity, 
neurologic, immunotoxicity, haematotoxicity and developmental effects. The utmost poisonous 
nickel compound is nickel carbonyl. Hence, the majority of confined groundwater in the 
research area is therefore fresh as well as soft, implying desirable quality water aimed at human 
community utilization in terms of the major solute chemistry. While confined groundwater 
quality by the anthropogenic factors was not affected, the natural hazardous elements together 
with turbidity, TSS, BOD, DO, COD, Cadmium, Magnesium, Iron, Chromium, Lead as well as 
Nickel exceeded the required drinking purpose limit as well as would hypothetically threaten 
the human society. Hence, when water is utilized as a domestic water resource, these potential 
toxic elements should be paid attention to. So far, not all confined groundwater in the study 
area poses a health risk to humans, emphasis must remain concentratedly focused on the places 
where the toxic elements pose a potential threat. In general, the quality of groundwater in this 
area is quite low as well as not appropriate for drinking. For the quality of groundwater in these 
locations, the high concentrations of the above-mentioned criteria are accountable. Thus, poor 
quality groundwater will therefore affect the health of indigenous residents who utilize 
untreated groundwater for cooking, drinking or other household uses will remain impacted. 
The primary human health impacts of pollutants are shown diagrammatically as follows (see 
figure 3 below).

Hence, there is need for the oil and gas company to support groundwater exploitation 
management in the study area and to fully implement centralized supply of water in Ebocha-
Obrikom areas of Rivers State, as well as encourage indigenous residents to decrease their usage 
of untreated groundwater to guarantee residents’ safety of drinking water.

CONCLUSION

The comprehensive yearly industrial chemicals production has doubled to almost 2.3 billion 
tonnes since the turn of the 21st century, and is expected to rise by 85% come 2030. As a result, 
environmental and water contamination are likely to worsen unless there is a swift shift in 
consumption and production habits, as well as a political commitment to true sustainable water 
management that completely respects nature. The environmental pressure has increased as 
a result of the recent global pandemic scenario created by COVID-19, which has intensified 
waste release. In the Ebocha-Obrikom oil and gas producing area of River State, Nigeria, an 
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integrated approach was used to successfully establish and identify overall suitability assessment 
of groundwaters for both drinking as well as domestic purposes. Since, groundwater in Ebocha-
Obrikom is an important natural resource that is mostly used for domestic as well as agricultural 
purposes. Overall, a higher percentage of the groundwaters examined are unsuitable for 
drinking as well as domestic use. Because the quality of water suitability is tied to the water 
ingested or consumed. So as to produce consistent outcomes aimed at decision making in the 
face of uncertainty surrounding groundwater threat, the water quality within the research area 
has been determined to be impaired owing to high levels of physico-chemical and heavy metals 
parameters (for example Turbidity, DO, BOD, COD, TSS, Magnesium, Iron, Cadmium, Lead, 
Chromium, Nickel etc.); hence, these poor drinking water quality parameters remain seen as a 
core influencer. The following highlights are offered after the overall research findings: 
• Physicochemical analysis thus revealed that some of physicochemical parameter’s remain 

within recommended standards, notwithstanding most of the water samples having 
concentrations of Turbidity, DO, BOD, COD, Alkalinity, TSS, Magnesium, Iron, Cadmium, 
Lead, Chromium, Ammonia, Phosphate, Nitrite and Nickel etc. remain above the 
recommended standard, describing such waters as unfit for drinking and domestic purposes.

• As a result, under current market economy circumstances, the pollution problem is 
unlikely to be resolved spontaneously. It is vital that policy instruments should remain 
used in controlling pollution from this point forward. Thus, it is imperative to identify the 
environmental policy instruments aimed at improving people's welfare while taking into 
account the capabilities of relevant stakeholders and putting in place a systematic manner.

• Human interference (indiscriminate discharge of drainage wastes as well as unregulated use 
of industrial and agricultural chemicals) must remain more effectively as well as strictly 
managed, as this is the utmost significant approach for preventing groundwater pollution.

• It is critical to establish a frequent groundwater quality monitoring network in order to 
understand the causes as well as sources of groundwater contamination on a regular basis so 
that appropriate remedial actions may be taken in a timely manner.

• Improving groundwater quality monitoring network is advised by creating and raising 
public awareness (through television, radio, print media and internet). Thus, these strategic 
measures help decision makers in the development as well as management of groundwater 
resources in a sustainable manner.

• The obligation for implementing adequate management measures toward improving the 
quality of groundwater must be assumed on the civic authorities.

• Other Niger Delta States experiencing similar difficulties will benefit from the study's 
recommendations. 
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