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Chapter

Toxicants in Water: Hydrochemical 
Appraisal of Toxic Metals 
Concentration and Seasonal 
Variation in Drinking Water 
Quality in Oil and Gas Field Area of 
Rivers State, Nigeria
Morufu Olalekan Raimi, Henry Olawale Sawyerr, 

Ifeanyichukwu Clinton Ezekwe and Salako Gabriel

Abstract

Groundwater pollution is a major issue in many tropical countries. Governments 
at all levels are doing little or nothing to supply inhabitants with clean and accessible 
water, particularly in Nigeria’s Niger Delta region. This study compares differences 
in water quality parameters in the study area (determine the level of pollutions in the 
different sites). The investigation made use of standard analytical methodologies. All 
sampling, conservation, transportation as well as analysis followed the usual APHA 
procedures (2012). To prevent degradation of the organic substances, all obtained 
samples were transferred to the laboratory, while keeping in an icebox. Result shows 
that during wet season, the mean values obtained for water quality parameters were 
significantly lower in site 9 compared with that obtained in other sites (p < 0.05) with 
the exemptions of temperature, DO, BOD, COD, acidity, TH, TDS, K, Mg, Zn, Mn, 
Cd, Pb, Cu, Cr, NH3, NO2, NO3, Ni though slightly lower in most cases in site 9 were 
not significantly different (p > 0.05) and both alkalinity and SO4 which were signifi-
cantly higher in site 9 than site 1 (p < 0.05). Result obtained during dry season reveals 
that there is no remarkable difference in pH, acidity, Pb and Ni between the nine sites 
(p > 0.05) while other water quality parameters were significantly lower in site 9 than 
other sites excluding Cl and Mg which were both significantly higher in site 9 than site 
8 (p < 0.05). Extra efforts must be made to completely understand the hydrogeochem-
ical properties and appropriateness of groundwater in Nigeria’s core Niger Delta region 
in order to ensure quality groundwater supply for varied applications. As a result, this 
research will contribute to the establishment of a quantitative understanding of the 
effects of many causes on groundwater level changes in every aquifer worldwide. This 
analysis also reinforces a useful resource for scholars, activists, and public officials 
looking to improve community awareness, planning, and performance. The verdicts 
will serve as a valuable guideline for policymakers, the Ministry of Water Resources, 
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and development practitioners, as they highlight the need for appropriate approaches 
to mitigating toxic elements of water resource contamination in the core Niger Delta in 
order to protect public health from carcinogenic and non-carcinogenic risks.

Keywords: reproductive health, human health risk, toxicants, community awareness, 
extractive industry, Core Niger Delta, Nigeria

1. Introduction

Approximately 80% of houses in Niger Delta rely on this domestic water supply. 
Concern about safety of groundwater supplies have centered on pollution induced by 
human activities, with natural contamination receiving less attention [1–4]. This is 
linked to a lack of safe water, which exacerbates health issues and reduces productiv-
ity. According to the UNDP [5] only about a quarter (24%) of the indigenous people 
and half of the urban population in the Niger Delta have access to safe drinking water. 
This is consistent with the findings of a Bayelsa State Micro Credit Administration 
Agency poverty baseline survey, which revealed that only a small percentage of the 
indigenous populace has access to safe drinkable water [6]. However, several studies 
(e.g., [6-11]) have shown and document (scientifically) that the increasing presence 
of geogenic contaminants in the Niger Delta can have serious health effects as well as 
wellbeing on the indigenous population, thus leading to both environmental and com-
munity concerns, resulting in the prohibition of oil and gas companies in some loca-
tions. Access to safe drinking-water is a key health as well as development concern at 
the local, regional and national levels [6–11]. As groundwater becomes an important 
source of freshwater for residential use in the Niger Delta and most Nigerian cities, it 
is necessary to analyze its quality, particularly in terms of geogenic contaminants. This 
is due to the fact that people rely on groundwater from shallow aquifers, putting a sig-
nificant number of people at risk of contamination. While, trace elements are among 
the few compounds that have been shown to cause severe health concerns in humans 
as a result of excessive drinking-water exposure [6, 12–15]. The study aims to compare 
water quality parameters in the study region (determine the level of pollutions in 
the different sites) in the vicinity of “Gas Flaring Area of Ebocha-Obrikom of Rivers 
State, Nigeria”. This research will provide valuable information and add to our under-
standing on the physico-chemical examination of drinking water associated with the 
contamination of the ground waters by petroleum products. Hence, the study will 
help in integrating the health needs of the populace into the state health scheme, in 
recognition of the fact that health is required for national development. The study will 
also bring to the awareness of the local people the type of water that is good for them 
as drinking water according to recommended standards. It will provide a structural 
framework for effective management of groundwater and provide an available refer-
ence source and base line data for researchers involved in water resources assessment.

2. Material and methods

2.1 The study area

Ebocha-Obrikom is located among latitude 5°20 N–5°27 N as well as longitude 
6°40 E–6°4 6E (Figure 1). It includes the towns of Obor, Obie, Obrikom, Agip New 
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Base and Ebocha, all of which are positioned in Ogba/Egbema/Ndoni Area (Figure 1) 
of Rivers State. The research study area is bordered to the North by the Nkissa River, 
to the West by the Orashi River, to the East by the Sombrero River, and to the South by 
Omoku town [1, 2].

2.2 Sample collection

The current research inquiry used a sample method similar to that used by Morufu 
and Clinton [13], Raimi and Sabinus [12], and Olalekan et al. [14], in which sampling 
was targeted in selected vulnerable quarters in a highly populated environment. These 
areas are prone to pollution not just due to their physical location, but also due to the 
existence of crude petroleum exploration and exploitation. Water samples were taken 
from groundwater sources near the sampling location (see Table 1 below) and used 
mostly for drinking and domestic purposes. Only groundwater from dug wells or shallow 
pumping wells built specifically for residential use was sampled. The wells range in depth 
from 10 to 28 meters, indicating that they are in a phreatic aquifer. Portable GPS devices 
were used to record the sampling locations. Ground water sources in the neighborhood 
of the depot were chosen at random but at varying distances from one another for the 
purposes of this experiment. Furthermore, samples were manually collected from nine 
(9) strategic locations in the study area for ground water (boreholes and wells) into 
previously washed clean plastic sampling bottles after approximately 20 min of continu-
ous water flow to ensure adequate aquifer that can remain suitably represented.

Figure 1. 
Map showing the study area with Nigeria and River State insert. Sources: Adapted from Olalekan et al. [14].
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All samples were collected during the day, from 9:00 am to 4:00 pm. As a result 
of flooding, insecurity as well as lockdown from COVID-19. Night samples were 
not taken, and the sampling took place between the month of September 2019 and 
August 2020.

2.3 Sampling, preservation and analysis

Water sampling, conservation, transportation, and analysis have all been carried 
out in accordance with the standard methods specified in APHA [16]; Morufu and 
Clinton [13]; Raimi and Sabinus [12]; Olalekan et al. [14]; Morufu et al. [2].

2.4 Ground water collection

Ground water samples were obtained in pre-rinsed 1litre plastic containers for 
analyses of physico-chemical characteristics. Prior to storage, pre-rinsed ground 
water samples for trace metal analyses remained obtained in 1litre containers with 
nitric acid and treated with 2 ml nitric acid (assaying 100%, Fisher Scientific, Trace 
Metal Grade). These steps were taken to keep the metals oxidation settings stable. For 
Dissolved Oxygen (DO) and Biological Oxygen Demand (BOD) assays, groundwater 
samples remained obtained in two groups of 250 ml glass-stoppered-reagent bottles 
per sampling site. The BOD samples were carefully filled without air trapping and the 
bottles were wrapped in black polythene bags. This was done to exclude the presence 
of light in the samples, which was capable of creating DO by autotrophes (algae). The 
BOD samples were cultured for 5 days before being added to 2 ml of each sample. 
Winkler solutions I and II apply various dropping pipettes to each sample to slow 

S/N Locations Altitude (m) Latitude Longitude

Site—1 (Borehole) (opposite Ijeoma Quarters. 750 m 
away from Agip Gas Flaring Center Ebocha)

10 Lat 
N05°27′068″

Long 
E006°41′480″

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

— Lat 
N05°27′28.7″

Long 
E006°41′58.1″

Site—3 (Well) (The Apple Hotel 500 m from Waste Pit 
and 150 m away from Mgbede Field Oil Well 7 

Ebocha)

16 Lat 
N05°27′37.5″

Long 
E006°42′05.3″

Site—4 (Well) (1000 m away from the Agip Flare Stack 
Ebocha)

22 Lat 
N05°26′51.5″

Long 
E006°41′38.8″

Site—5 (Borehole) (Abacha Road Obrikom, 800 m away 
from Agip Gas Plant)

— Lat 
N05°23′48.6″

Long 
E006°40′36.8″

Site—6 (Borehole) (Eagle Base Obor. 2500 m away from 
Agip Gas Plant)

28 Lat 
N05°23′00.9″

Long 
E006°41′07.4″

Sites—7 (Well) (Obor Road Obie. 2000 m away from 
Agip Gas Plant)

24 Lat 
N05°23′22.5″

Long E006°40′ 
49.1″

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

17 Lat 
N05°24′18.9″

Long 
E006°40′55.0″

Sites—9 (Control) (35,000 m from Ebocha) — Lat 
N5°4′58.1412″

Long 
E6°39′30.4806″

Table 1. 
Geographical coordinates of the nine (9) sampling sites (samples).
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down additional biological activity. To precipitate the floc that was at the bottom of 
the bottles, the bottles were thoroughly shaken. Furthermore, Winkler solution I is 
a manganese sulphate solution, whereas solution II is a mixture of sodium or potas-
sium iodide, sodium azide (sodium nitride), sodium or potassium hydroxide as well 
as sodium hydroxide. The samples of DO were collected in transparent bottles with 
tight-fitting stoppers. With dissolved oxygen samples kept on the spot using Winkler 
I and II solutions identical to those used for BOD samples [16]. For simple identifica-
tion, all samples had remained carefully identified and kept at 4°C. On-site mea-
surements were taken to determine the unstable concentrations and sensitive water 
quality indicators such as pH, electrical conductivity (EC), total dissolved solids 
(TDS), alkalinity (Alka.) as well as temperature (Temp). As a result, Figure 2 depicts 
the key methodologies for researching groundwater composition.

2.5 Quality assurance and quality control (QA/QC)

Furthermore, using high purity analytical reagents and solvents, all analytical 
methods remained closely monitored using quality assurance and control methodolo-
gies. The instruments were calibrated using calibration standards. The analytical 
technique validation included the use of triplicate analysis, procedure blanks and the 
examination of certified reference materials (CRM). The limit of detection (LoD), 
precision, reproducibility, repeatability and accuracy of each organic pollutant from 
the groundwater samples were determined.

3. Results and discussion

3.1  Compare differences in water quality parameters in the study area (determine 
the level of pollutions in the different sites)

Trace elements exist in a variety of forms, including oxides, salts, organometallic 
complexes, sulphides, and dissolved ions in groundwater and soil. Chemical processes 
are driven by the partitioning of water, air as well as soil through particles adsorption 

Figure 2. 
A schematic illustration of quantification methodology adopted for the current study.
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or pH-dependent water dissolution [1–3, 6, 13, 17]. Thus, Tables 2 and 3 provide the 
statistical analysis findings for the physicochemical parameters. The Ebocha-Obrikom 
area of Rivers State is significant for irrigation, drinking, as well as industrial uses 
[1–3, 6, 12–14]. Over the previous three decades it has been significantly altered by 
population expansion and increased agricultural productivity. A detailed analysis of 
groundwater geochemistry as well as associated estimation of community’s health 
risk that are visible to the groundwater, remain yet to be carried out. A clear 
understanding of the utmost significant aspects regulating the health risks is vital 
toward taking effective management measures for the residents regarding drinking 
water. Thirty-four (34) water quality parameters were analyzed during rainy and dry 
season respectively. Eighteen (18) parameters such as temperature, pH, conductivity, 
turbidity, DO, BOD, Acidity, TSS, Salinity, Fluoride, Aluminum, Potassium, 
Magnesium, Iron, Zinc, Manganese, Cadmium and TPH were lowest at location nine 
(9) during the rainy season. For dry season, twenty-two (22) parameters, which 
include: turbidity, BOD, Acidity, TH, TDS, TSS, Salinity, Fluoride, Aluminum, 
Potassium, Calcium, Iron, Zinc, Manganese, Cadmium, Copper, Chromium, 
Sulphate, Ammonia, Phosphate, Nickel and TPH recorded minimum values below 
limits of detection in sampling locations nine (9). Thus, the results showed a 
significant disparity between the various sampling locations. As it is evident that 
samples from location 1 to location 9 must remain adequately observed since, there 
may be a remarkable increase in these heavy metal level in the future, which could 
eventually cause health-related threats for indigenous residents. While, there is high 
temperature variation in this region. Temperature was found to be highest with an 
average value of (28.77–32.46)°C at location 4 and 2 during the rainy and dry seasons. 
While it was lowest (26.01–29.00)°C at location 9 and 6 during the rainy and dry 
season. The maximum permissible limit for temperature has not been stated but 
ambient in nature. Groundwater temperature tend to be influenced more by dry 
season than rainy season. Thus, Morufu and Clinton [13]; Raimi and Sabinus, [12] 
and Olalekan et al. [14] indicated that temperature of groundwater in areas prone to 
pollution and gas flaring typically is higher than that of the surrounding 
environment, a study has shown. Unarguably, an increase in air temperature at a gas 
flare site must have led to a rise in groundwater temperature. Hence, rising 
temperature may adversely impact agriculture, thereby increasing the vulnerability of 
marginalized agriculture-dependent rural populations. This is particularly true for 
communities in Ogba/Egbema/Ndoni Local Government Area of Rivers State, which 
is home to Agip’s Ebocha, Obrikom oil and gas facilities. The people of Ogba are 
predominantly fishermen and farmers who rely on groundwater and small streams 
for their water supply. Ogba is abundant in natural gas as well as is home to the 
state-owned gas turbine facility. There are several large and functioning gas stacks in 
the community. Water pH represents hydrogen ion concentration as well as is affected 
by the interaction of several compounds dissolved in water. The pH range in which 
aquatic creatures thrive varies [6, 14]. It is in itself poisonous at a certain level and can 
influence the toxicity of heavy metals and cyanides. The pH of water is determined by 
the carbonate cycle, which is composed of CO2, H2CO3, HCO3

− and CO3
−2. The pH has 

no direct impact on human health but can change water taste as well as exhibit linked 
to other water quality characteristics [1–3, 6, 14, 18]. The alkalinity remarkability lies 
in its role for carbon dioxide chemistry, trace metal speciation and buffer capacity of 
the groundwater. Hydrogen-ion-concentration (pH) is a master control measure in 
the environment that demonstrates the chemical as well as biological features of 
water. pH ranges from 5.82 to 7.98, depending on the environment, with values 
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Location

Parameters 1 2 3 4 5 6 7 8 9

Temperature 
(°C)

28.63 ± 2.46a 28.24 ± 2.06a 27.83 ± 2.62a 28.77 ± 1.73a 27.96 ± 1.50a 28.01 ± 1.18a 28.27 ± 1.61a 26.79 ± 1.80a 26.01 ± 2.10a

Hydrogen 
potential 
(pH)

7.20 ± 1.37c 7.98 ± 0.73c 7.06 ± 1.05c 6.27 ± 0.59b 6.49 ± 0.95b 5.92 ± 0.27a 6.44 ± 1.74b 6.13 ± 0.52b 5.82 ± 0.28a

Conductivity 
(ЧSCM−1)

48.09 ± 24.23d 52.29 ± 28.76d 30.99 ± 18.42c 18.57 ± 9.24a 20.96 ± 9.27a 36.88 ± 25.03c 27.48 ± 14.18b 26.93 ± 11.24b 24.22 ± 7.61a

Turbidity 
(NTU)

7.41 ± 2.97a 7.36 ± 6.50a 42.43 ± 14.40d 31.43 ± 11.72c 11.14 ± 5.05b 3.35 ± 1.18a 48.24 ± 20.57d 4.99 ± 1.56a 1.78 ± 0.66a

Dissolved 
oxygen (DO) 
(mg/l)

17.27 ± 0.81a 17.21 ± 1.38a 17.84 ± 1.29a 16.91 ± 1.19a 16.37 ± 0.43a 16.42 ± 0.45a 17.01 ± 0.89a 16.99 ± 0.73a 16.29 ± 0.37a

(BOD) 
(mg/l)

5.35 ± 0.29a 5.31 ± 0.44a 5.05 ± 0.10a 5.48 ± 0.37a 5.21 ± 0.40a 5.42 ± 0.44a 5.26 ± 0.21a 5.47 ± 0.39a 4.98 ± 0.10a

(COD) 
(mg/l)

40.06 ± 12.15a 37.27 ± 8.79a 39.61 ± 11.84a 41.78 ± 13.07a 39.72 ± 6.80a 32.03 ± 9.65a 33.50 ± 7.15a 32.75 ± 6.61a 32.64 ± 6.57a

Acidity 
(mg/l)

90.11 ± 48.55a 90.96 ± 45.54a 101.18 ± 46.68a 90.01 ± 42.52a 87.11 ± 42.97a 89.92 ± 42.26a 99.56 ± 46.44a 86.18 ± 35.99a 85.53 ± 45.14a

Alkalinity 
(mg/l)

103.73 ± 60.46b 119.56 ± 58.6b 18.17 ± 7.42a 134.96 ± 50.03b 119.23 ± 65.28b 119.15 ± 65.15b 130.93 ± 43.65b 134.76 ± 47.90b 117.73 ± 63.97b

(TH) (mg/l) 41.06 ± 2.27a 41.49 ± 4.18a 42.22 ± 2.26a 37.71 ± 9.49a 35.02 ± 7.45a 37.64 ± 9.47a 39.48 ± 3.08a 40.30 ± 2.58a 37.64 ± 4.64a

TDS (mg/l) 11.12 ± 3.77a 11.50 ± 3.89 a 8.24 ± 3.98 a 9.31 ± 4.62 a 9.27 ± 4.71 a 10.11 ± 5.14 a 8.06 ± 4.50 a 7.88 ± 4.27 a 10.61 ± 2.06 a

TSS (mg(l) 39.80 ± 3.66b 34.72 ± 2.65 a 35.96 ± 1.95a 37.49 ± 2.30 b 37.28 ± 1.85b 37.11 ± 1.91 b 38.40 ± 3.05b 38.73 ± 3.12b 34.00 ± 2.47a

Salinity 
(mg/l)

0.12 ± 0.08a 0.14 ± 0.10a 11.50 ± 10.60c 15.74 ± 11.29 c 0.07 ± 0.01a 1.71 ± 0.76b 25.71 ± 5.35c 0.09 ± 0.08 a 0.01 ± 0.02a

Chloride 
(mg/l)

30.61 ± 2.11b 31.43 ± 1.50 b 32.16 ± 1.81 b 32.10 ± 0.51 b 31.66 ± 0.24 b 31.13 ± 0.70 b 28.33 ± 1.96a 29.05 ± 2.34a 28.97 ± 2.31a
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Location

Parameters 1 2 3 4 5 6 7 8 9

Fluoride 
(mg/l)

0.00 ± 0.00 a 0.00 ± 0.00 a 0.00 ± 0.00a 0.29 ± 0.27b 0.53 ± 0.43 b 0.82 ± 0.25 c 0.85 ± 0.34c 0.79 ± 0.31s 0.00 ± 0.00 a

Aluminum 
(mg/l)

0.00 ± 0.00 a 0.00 ± 0.00a 0.01 ± 0.01a 0.01 ± 0.01a 0.02 ± 0.00 b 0.02 ± 0.01b 0.03 ± 0.01b 0.02 ± 0.01b 0.00 ± 0.00a

Sodium 
(mg/l)

12.32 ± 2.38a 16.06 ± 1.99 12.22 ± 2.72 a 14.54 ± 0.80b 14.45 ± 1.07b 14.65 ± 0.90b 16.39 ± 0.20b 15.48 ± 2.40b 12.85 ± 2.63 a

Potassium 
(K) (mg/l)

2.65 ± 0.76 a 2.49 ± 0.61 a 3.14 ± 0.03 a 3.23 ± 0.56 a 2.97 ± 0.64 a 3.07 ± 0.52 a 3.10 ± 0.04 a 3.29 ± 0.17 a 2.42 ± 0.59 a

Calcium (Ca) 
(mg/l)

52.22 ± 7.67 a 52.58 ± 8.57 a 56.20 ± 8.18 b 59.76 ± 6.15b 59.72 ± 6.47b 50.31 ± 6.60a 59.98 ± 6.29a 51.99 ± 7.61a 50.47 ± 6.77a

Magnesium 
(mg/l)

137.23 ± 11.45 a 136.11 ± 12.02 
a

132.71 ± 48.02 a 129.99 ± 37.38 a 129.26 ± 37.07 a 129.66 ± 37.10 a 146.67 ± 21.78 a 145.74 ± 19.58 a 129.26 ± 37.07 a

Iron (mg/l) 2.23 ± 0.42 a 2.29 ± 0.73 a 3.27 ± 0.98 b 2.96 ± 2.18b 4.01 ± 0.12c 2.06 ± 0.02 a 5.16 ± 1.74 c 3.37 ± 1.60 b 1.21 ± 0.20 a

Zinc (mg/l) 0.67 ± 0.16 a 0.72 ± 0.15 a 0.77 ± 0.09 a 0.66 ± 0.24 a 0.67 ± 0.23 a 0.64 ± 0.17 a 0.67 ± 0.23 a 0.57 ± 0.04 a 0.56 ± 0.04 a

Manganese 
(mg/l)

0.02 ± 0.01 a 0.03 ± 0.02 a 0.02 ± 0.02 a 0.03 ± 0.02 a 0.04 ± 0.02 a 0.03 ± 0.02 a 0.02 ± 0.02 a 0.03 ± 0.03 a 0.00 ± 0.00 a

Cadmium 
(mg/l)

0.01 ± 0.02 a 0.02 ± 0.02 a 0.00 ± 0.00 a 0.01 ± 0.03 a 0.00 ± 0.00 a 0.00 ± 0.00 a 0.02 ± 0.03 a 0.02 ± 0.03 a 0.00 ± 0.00 a

Lead (mg/l) 0.12 ± 0.04 a 0.11 ± 0.07 a 0.09 ± 0.08 a 0.11 ± 0.05 a 0.09 ± 0.06 a 0.13 ± 0.07 a 0.14 ± 0.06 a 0.12 ± 0.08 a 0.11 ± 0.04 a

Copper 
(mg/l)

0.03 ± 0.03 a 0.04 ± 0.03 a 0.03 ± 0.03 a 0.04 ± 0.04 a 0.03 ± 0.04 a 0.05 ± 0.04 a 0.03 ± 0.04 a 0.03 ± 0.04 a 0.03 ± 0.03 a

Chromium 
(mg/l)

0.76 ± 1.21 a 0.60 ± 0.28 a 0.60 ± 0.28 a 0.56 ± 0.32 a 1.29 ± 1.05 a 1.17 ± 0.86 a 0.81 ± 1.06 a 1.27 ± 0.99 a 0.82 ± 1.30 a

Sulphate 
(mg/l)

0.87 ± 0.20 a 0.86 ± 0.17 a 0.86 ± 0.17 a 0.99 ± 0.22 b 0.92 ± 0.02 b 0.85 ± 0.04 a 0.84 ± 0.05 a 0.85 ± 0.11 a 0.94 ± 0.12 b
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Location

Parameters 1 2 3 4 5 6 7 8 9

Ammonia 
(mg/l)

2.63 ± 1.01 a 2.79 ± 1.11 a 2.79 ± 1.11 a 2.79 ± 1.20 a 2.76 ± 1.08 a 2.80 ± 1.10 a 2.75 ± 1.06 a 2.22 ± 1.00 a 2.38 ± 1.03 a

Phosphate 
(mg/l)

0.15 ± 0.16 a 0.38 ± 0.02 a 0.38 ± 0.02 a 0.18 ± 0.15 a 0.24 ± 0.14 a 0.21 ± 0.14 a 0.20 ± 0.13 a 0.23 ± 0.20 a 0.24 ± 0.23 a

Nitrite 
(mg/l)

1.90 ± 1.12 a 1.70 ± 1.06 a 1.70 ± 1.06 a 2.33 ± 1.60 a 2.10 ± 1.62 a 1.66 ± 1.08 a 1.90 ± 1.09 a 1.95 ± 1.15 a 1.61 ± 0.48 a

Nitrate 
(mg/l)

2.87 ± 1.28 a 2.34 ± 0.80 a 2.34 ± 0.80 a 3.23 ± 0.71b 3.36 ± 1.11b 2.33 ± 0.76 a 1.90 ± 0.17 a 2.23 ± 0.67 a 2.01 ± 0.16 a

Nickel 
(mg/l)

0.97 ± 0.61 a 0.91 ± 0.26 a 0.91 ± 0.26 a 1.00 ± 0.42 a 0.90 ± 0.25 a 0.84 ± 0.22 a 0.94 ± 0.15 a 0.94 ± 0.17 a 0.95 ± 0.15 a

TPH (mg/l) 14.86 ± 0.38d 10.41 ± 4.55 c 13.861 ± 1.21d 13.00 ± 1.52d 2.81 ± 1.58b 11.57 ± 1.62c 4.07 ± 0.94b 3.84 ± 0.45 b 0.001 ± 0.00 a

Similar superscript means not significantly different (p > 0.05) while different superscripts indicates significantly difference in means (p < 0.05). 

Table 2. 
Comparison of the parameters in the different locations during rainy season.
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Parameters 1 2 3 4 5 6 7 8 9

Temperature 
(°C)

32.38 ± 0.58 b 32.46 ± 1.33 b 30.98 ± 0.92b 29.62 ± 1.23a 30.50 ± 0.96b 29.00 ± 1.05 a 29.70 ± 0.64 a 29.74 ± 1.17a 29.52 ± 1.17 a

pH 7.23 ± 0.90a 5.99 ± 0.48 a 6.43 ± 0.70 a 6.99 ± 1.03 a 6.54 ± 0.57 a 7.22 ± 1.17 a 6.16 ± 1.01 a 6.56 ± 0.60a 6.02 ± 0.19 a

Conductivity 
(ЧSCM−1)

35.66 ± 8.36c 11.93 ± 1.27 a 32.26 ± 0.21c 46.76 ± 15.34d 39.35 ± 17.98c 14.44 ± 2.08a 24.58 ± 6.55b 18.97 ± 0.3 a 17.34 ± 6.80a

Turbidity 
(NTU)

5.27 ± 1.36 a 4.39 ± 4.26 a 11.40 ± 12.64 b 11.56 ± 8.23b 2.84 ± 1.55 a 3.09 ± 1.19 a 16.75 ± 2.54c 1.89 ± 0.19a 1.82 ± 0.15a

DO (mg/l) 18.69 ± 0.04b 18.46 ± 1.17b 19.10 ± 0.9b 18.48 ± 0.54b 17.09 ± 0.04 a 17.03 ± 0.14 a 17.90 ± 0.03 a 17.86 ± 0.28a 17.09 ± 0.05a

BOD) (mg/l) 5.60 ± 0.09b 5.33 ± 0.44b 4.95 ± 0.16a 5.75 ± 0.11b 6.03 ± 0.02c 6.09 ± 0.05c 5.54 ± 0.04b 5.98 ± 0.11c 4.86 ± 0.08a

COD (mg/l) 21.87 ± 0.61a 24.58 ± 0.26 a 22.64 ± 0.27 a 32.49 ± 12.21b 24.53 ± 0.27a 24.20 ± 0.06a 23.19 ± 0.28a 23.79 ± 0.19a 22.53 ± 0.34a

Acidity 
(mg/l)

156.72 ± 4.79a 158.18 ± 11.08a 168.82 ± 1.22a 151.82 ± 0.44a 152.18 ± 2.90a 150.53 ± 0.88a 167.09 ± 0.46a 167.51 ± 0.49a 138.08 ± 49.31a

Alkalinity 
(mg/l)

53.52 ± 41.47b 52.43 ± +46.56b 30.57 ± 8.94a 62.47 ± 0.47b 23.66 ± 0.09a 23.88 ± 0.26a 64.25 ± 0.14b 64.58 ± 0.47b 24.22 ± 0.66a

TH (mg/l) 44.79 ± 1.18b 36.44 ± 1.52a 37.35 ± +1.27a 50.95 ± 0.68c 51.66 ± 0.11c 51.37 ± +0.30 c 43.38 ± 0.60b 44.42 ± 0.52b 35.78 ± 3.07a

TDS (mg/l) 6.37 ± 1.11a 7.56 ± 3.32a 14.84 ± 0.17b 16.25 ± 0.39c 16.15 ± 0.12c 15.72 ± 0.18c 14.15 ± 0.42b 14.01 ± 0.14b 6.03 ± 0.07a

TSS (mg(l) 34.66 ± 0.44d 31.30 ± 0.76b 32.20 ± 1.04c 34.52 ± 0.27d 34.54 ± 0.23d 34.14 ± 0.20d 33.77 ± 0.11d 34.76 ± 0.43d 29.56 ± 0.99a

Salinity 
(mg/l)

0.11 ± 0.08a 0.09 ± 0.04a 16.00 ± 8.94b 12.02 ± 13.02b 0.11 ± 0.11a 0.71 ± 0.39a 8.00 ± 8.37b 0.18 ± 0.06a 0.04 ± 0.03a

Chloride 
(mg/l)

27.10 ± 1.62b 27.62 ± 0.88b 29.22 ± 0.37d 31.16 ± 0.03e 31.27 ± 0.19e 30.36 ± 0.35e 25.26 ± 0.39a 25.49 ± 0.54a 26.44 ± 0.51b

Fluoride 
(mg/l)

0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.02 ± 0.04a 0.68 ± 0.41b 0.45 ± 0.00b 1.02 ± 0.22c 0.32 ± 0.29 b 0.00 ± 0.00a

Aluminum 
(mg/l)

0.00 ± 0.00a 0.00 ± 0.00a 0.00 ± 0.00a 0.01 ± 0.00a 0.01 ± 0.01b 0.00 ± 0.01a 0.02 ± 0.01b 0.01 ± 0.00b 0.00 ± 0.00a
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Location

Parameters 1 2 3 4 5 6 7 8 9

Sodium 
(mg/l)

9.47 ± +2.00a 11.77 ± 0.12b 9.22 ± 1.95a 13.33 ± 0.16c 12.66 ± 0.12b 13.11 ± 0.21c 11.70 ± 0.15b 11.81 ± 0.19b 9.41 ± 1.19a

Potassium (K) 
(mg/l)

1.52 ± 0.05a 1.57 ± 0.38a 3.03 ± 0.03b 4.11 ± 0.03c 3.79 ± 0.13b 3.81 ± 0.12b 3.04 ± 0.02b 3.11 ± 0.04b 1.37 ± 0.36a

Calcium (Ca) 
(mg/l)

44.38 ± 2.21b 46.32 ± 6.36b 44.33 ± 0.41b 50.73 ± 0.11c 50.58 ± 0.09c 40.56 ± 0.29a 50.44 ± 0.30c 40.59 ± 0.21a 40.37 ± 0.47a

Magnesium 
(mg/l)

149.44 ± 10.30a 151.87 ± 1.82a 178.57 ± 0.25c 184.68 ± 0.25d 184.35 ± 0.57d 184.28 ± 0.89d 178.13 ± 0.71c 175.85 ± 4.68c 184.35 ± 0.57d

Iron (mg/l) 1.74 ± 0.45a 2.47 ± 1.27b 3.82 ± 1.00c 1.07 ± 0.52a 2.71 ± 1.62b 1.85 ± 0.45a 4.42 ± 1.56c 2.88 ± 1.64b 0.95 ± 0.02a

Zinc (mg/l) 0.86 ± 0.10b 0.83 ± 0.12b 0.91 ± 0.04c 1.01 ± 0.00c 1.00 ± 0.00c 0.85 ± 0.04b 0.80 ± 0.45b 0.63 ± 0.02a 0.61 ± 0.00 a

Manganese 
(mg/l)

0.04 ± 0.02a 0.04 ± 0.01a 0.07 ± 0.01c 0.08 ± 0.00c 0.08 ± 0.00c 0.06 ± 0.01b 0.06 ± 0.00b 0.07 ± 0.00c 0.03 ± 0.01a

Cadmium 
(mg/l)

0.04 ± 0.00b 0.05 ± 0.01c 0.01 ± 0.00 a 0.06 ± 0.00d 0.01 ± 0.00a 0.01 ± 0.00a 0.06 ± 0.00d 0.05 ± 0.00c 0.01 ± 0.00a

Lead (mg/l) 0.01 ± 0.02a 0.01 ± 0.00a 0.03 ± 0.06b 0.01 ± 0.00a 0.01 ± 0.00a 0.01 ± 0.01a 0.01 ± 0.00a 0.00 ± 0.00a 0.01 ± 0.00a

Copper 
(mg/l)

0.07 ± 0.00a 0.08 ± 0.01b 0.07 ± 0.01a 0.09 ± 0.01c 0.08 ± 0.00b 0.08 ± 0.00b 0.08 ± 0.01a 0.09 ± 0.01c 0.07 ± 0.01a

Chromium 
(mg/l)

2.59 ± 0.03c 1.01 ± 0.00b 0.81 ± 0.28b 2.81 ± 0.04c 2.76 ± 0.06c 2.38 ± 0.30c 2.63 ± 0.08c 2.76 ± 0.06c 0.49 ± 0.49a

Sulphate 
(mg/l)

1.08 ± 0.18b 1.21 ± 0.01a 1.17 ± 0.12b 0.96 ± 0.01a 0.93 ± 0.02a 0.88 ± 0.05a 0.99 ± 0.02a 1.01 ± 0.01b 0.88 ± 0.05a

Ammonia 
(mg/l)

3.79 ± 0.86b 4.30 ± 0.13c 4.39 ± 0.26c 3.97 ± 0.98c 4.35 ± 0.12c 4.35 ± 0.05c 3.61 ± 0.05b 3.67 ± 0.41b 1.00 ± 0.00a

Phosphate 
(mg/l)

0.50 ± 0.01c 0.41 ± 0.01b 0.37 ± 0.01a 0.44 ± 0.00b 0.43 ± 0.01b 0.41 ± 0.02b 0.53 ± 0.02c 0.55 ± 0.05c 0.36 ± 0.04a

Nitrite (mg/l) 2.71 ± 0.98a 2.95 ± 0.49a 4.57 ± 0.07c 4.53 ± 0.08c 3.06 ± 0.13b 3.55 ± 0.18b 3.35 ± 0.66b 2.31 ± 0.02a 2.64 ± 0.05a
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Location

Parameters 1 2 3 4 5 6 7 8 9

Nitrate (mg/l) 3.98 ± 1.16b 3.46 ± 0.04b 4.57 ± 0.33c 4.32 ± 0.84c 3.46 ± 0.04b 2.23 ± 0.03a 3.39 ± 0.04b 2.05 ± 0.49a 2.14 ± 0.05a

Nickel (mg/l) 1.32 ± 0.72a 1.24 ± 0.16a 1.40 ± 0.27a 1.17 ± 0.00a 1.16 ± 0.01a 1.16 ± 0.01a 1.17 ± 0.01a 1.17 ± 0.04a 1.14 ± 0.01a

TPH (mg/l) 3.92 ± 1.43b 13.40 ± 1.67d 11.60 ± 0.89d 12.80 ± 1.48d 1.44 ± 0.96a 3.10 ± 0.34b 9.76 ± 3.36c 1.04 ± 0.19a 0.00 ± 0.00a

Table 3. 
Comparison of the parameters in the different locations during dry season.
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ranging from acidic to alkaline. The main variables affecting pH in any milieu are: 
dissolved oxygen, water temperature, land runoff, decomposition of organic matter 
and processes such as precipitation and oxidation reduction. The highest pH was 
found in location 2, possibly due to more intensified human activity. The lowest was 
detected in location 9, indicating that gas flaring at Ebocha-Obrikom area of Rivers 
State affected groundwater acidity [1–3, 6, 12–14, 19]. Similarly, the analytical results 
during the dry season discovered that pH ranged from 5.99 to 7.23, which was within 
the WHO [20] acceptable pH range of 6.5-8.5 for drinking water, except at sampling 
location 1, which had the highest pH value. Thus, water with a pH of 7 denotes 
neutral water, and a value less than 7 denotes acidic water. Increasing pH values could 
lead to increase in the rate of corrosion. In any of the groundwater tests, nonetheless, 
no location was determined to remain beyond the maximum permissible limit. The 
pH ground water variance in the Ebocha-Obrikom area was below the allowable range 
and thus not dangerous for drinking [1–3, 6, 14]. Electric conductivity (EC) is a 
measurement of an ion’s ability to carry electric current in a solution [1, 2, 14, 21]. The 
higher the conductivity, the warmer the water. Oil, alcohol, phenol, as well as sugar 
are organic compounds that do not transmit electrical current well. The EC is often 
used to calculate the ionic concentration of groundwater, which fluctuates based on 
the concentration, ions type and temperature of water. The most important test that 
reveals the total concentration of soluble salts is the conductivity test, according to 
Kanga et al., [22]. Thus, electrical conductivity (EC) diverges from (24.22–52.29) 
(11.93–46.76) μs/cm, with an average of (31.83–26.81) μs/cm (Tables 2 and 3). 
Electrical conductivity (EC) remains a measure of a material’s capacity toward 
conducting an electric current, and suggests a wide range of salts existing in 
groundwater. The percolation of agrochemicals and natural groundwater recharge 
processes increase the EC value [1, 2, 14, 21, 23]. Hence, higher values for conductivity 
at location 2&4 could be attributed to excessive accumulation of dissolved salts, 
spilled oil through possible emission of flared gases or salinization of groundwater  
[1, 2, 12, 14, 21, 24]. The findings were supported by Ehirim and Nwankwo, [25]; 
Morufu and Clinton, [13]; Olalekan et al., [14] and Morufu et al., [2] which 
established that electrical conductivity values of the ground water samples collected 
from the studied location are observed to be low throughout the sampling locations, 
as the variations in their mean concentrations at different distances. According to 
Okafor and Opuene [26]; Morufu and Clinton, [13] and Olalekan et al., [14], 
electrical conductivity reflects the degree of salinity; thus, it has a significant impact 
on water taste as well as user approval. The American Public Health Association 
(APHA) [16] and Morufu and Clinton [13] defines turbidity as “the optical quality of 
water sample that causes light to remain dispersed rather than diffused”. The capacity 
of light to flow through water is related to the suspended particles volume. The more 
suspended particles there are in the water, the cloudier it becomes. An electronic 
turbidity meter is used to measure turbidity. APHA recommends that the turbidity of 
drinking water not exceed 5 NTUs. If turbidity is mostly caused by organic particles, 
depletion of dissolved oxygen in the water may occur [1, 2, 7, 8, 13, 27–29]. As a result, 
high turbidity levels may raise the risk of waterborne disease [1, 2, 6, 14, 21, 27–29]. 
Highest value of turbidity was noticed at location 7 (48.24–16.75) NTU during the 
rainy and dry season. Groundwater turbidities remained below the typical maximum 
tolerable limit of 5NTU for drinking water at location 6 & 9 for rainy season and 
location 5, 6, 8 & 9 for dry seasons. Despite this, location 8 (rainy season) and 1 & 2 
(dry seasons) were close to the maximum permitted limit for drinking water. Thus, 
turbidity levels were higher during rainy season than the dry season. Hence, the wet 
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season has a greater influence on turbidity than the dry season. This could be due to 
the research area’s consistent and large tendency to receiving massive volumes of 
organic and inorganic material produced by gas flaring and oil spillage contaminating 
ground water. Dissolved Oxygen studies in water continue to be important since it is 
recognized as one of the most critical limiting elements for aquatic species’ survival. 
It is an important metric in measuring pollution levels since sewage pollution is an 
organic pollutant that affects fish and other aquatic life. Bacteria devour oxygen as 
organic matter decomposes. As a result of this, an oxygen deficient milieu can emerge 
in lakes and rivers. The highest value of Dissolved Oxygen (DO) in groundwater was 
observed at location 3 (17.84–19.10) mg/l during both the rainy and dry seasons. 
These conditions can eventually lead to fish kills, restricted growth, disturbance of 
life cycles, migration to avoid unfavorable condition and mortality of benthic 
animals’ creatures [1, 2, 6, 12–14, 21, 30, 31]. The BOD is the amount of oxygen 
required by bacteria during the breakdown of organic materials. It contains the 
oxygen required for the oxidation of numerous compounds found in water, such as 
sulfides, ferrous iron, and ammonia [1, 2, 7, 8, 9, 32]. Meanwhile, research by 
Chapman and Kimstach [32]; Morufu and Clinton, [13]; Raimi and Sabinus, [12]; 
Olalekan et al., [14] and Morufu et al., [2] discovered that DO concentration below 
5 mg/l have a deleterious impact on the survival of biological communities. This 
measure represents the ability of microbial respiration to break down organic 
material in water, which results in low DO and may be a cause of hypoxia [1, 2, 12–14]. 
Despite this, biological oxygen demand (BOD) reflects the amount of oxygen needed 
by bacteria. It is used to determine any receiver environment pollution potential as 
well as assimilation capacity. The present study for BOD had its highest value at 
location 4 & 6 (5.48–6.09) mg/l during rainy and dry seasons. The values were higher 
during the dry season than during the rainy season. As a result, it is possible to 
extrapolate those anthropogenic activities may affect greater BOD during the dry 
season while supporting higher metabolic activity. Regardless of seasonal changes, 
both seasons influenced BOD. This pattern could have been caused by gas flaring. The 
chemical oxygen demand (COD) remain the amount of oxygen required to oxidize 
organic compounds in waste water using a powerful oxidant and convert them to 
carbon dioxide and water. The COD test is used to measure the pollution level in a 
certain location. COD readings are always greater than BOD5 values because 
numerous organic molecules can be chemically oxidized but not physiologically [1, 2, 21, 
33, 34]. As a result, the chemical oxygen demand (COD) is used to determine the level 
of pollution in water. When the COD level in the water surpasses 25 mg/l, it indicates 
that there is a larger concentration of contaminants. While, COD values were found to 
be highest at location 4 (41.78–32.49) mg/l during rainy and dry season. This indicates 
that organic pollution of water is more severe during rainy season than dry seasons. 
COD is used to calculate the amount of oxygen required by organic and inorganic 
substances. All reported values in this investigation were above the maximum 
acceptable limit of 10 mg/l for COD [1, 2, 21, 33, 34]. In unpolluted surface and 
ground waters, the existence of dissolved carbon dioxide is commonly the dominant 
acidifying agent. Apart from a palatability problem in very acidic waters, there is no 
specific implication [1, 2, 35]. The water acidity affects its corrosiveness as well as its 
speciation of other components. Thus, acidity values range from highest at location 3 
(101.18–168.82) mg/l for both rainy season and dry season (Tables 2 and 3). There is 
currently no maximum value set for acidity according to WHO/SON/NAFDAC 
standards of potability. Alkalinity is a measure of water’s ability toward neutralizing 
acids as well as indicates its buffer capacity [6, 12–14, 21, 35]. Also, the existence of 
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bicarbonates generated in soil reactions via which water infiltrates contributes to the 
alkalinity of the natural water body. The eutrophication effects on water are also 
influenced by their pH. Thus, alkalinity was highest at location 4&8 (134.96–64.58) 
during the rainy and dry season and lowest at location 3&5 (18.17–23.66). Water 
hardness is a measure of water’s ability toward reacting with soap as well as 
characterizes its ability toward binding soap to form scum or lather which is a reaction 
that is chemically harmful toward the process of washing [1, 2, 6, 12–14, 21]. The high 
rate might remain attributed toward constant discharge of acidic and chemicalized 
substances through oil spillage and gas flaring which latter find their way into the 
groundwater bodies and adjoining environment. Because calcium as well as 
magnesium remain the only remarkable minerals that are known to induce hardness. 
The sources of the metallic ions remain often found in sedimentary rocks, the most 
prevalent of which remain limestone (CaCO3) as well as dolomite (CaMg(CO3)2)  
[1, 2, 6, 12–14, 21]. The concentration of TH levels varied from 39.17 mg/l to 
44.02 mg/l [both rainy and dry season]. More than half of the sample’s groundwater 
in Ebocha-Obrikom area of Rivers State possess TH below 100 mg/l. Thus, total 
hardness (TH) of the aquifers fluctuated on average from 39.17 mg/l for rainy season 
to 44.02 mg/l for dry seasons, with the lowest confined groundwater (mean = 35.02 at 
location 5) (35.78 at location 9), and highest confined groundwater 
(mean = 42.22 mg/l at location 3) (51.66 at location 5). Groundwater hardness varied 
from 198.5 to 409.5 mg/l, with a mean of 289.1 in the Upper Tigris River Basin, 
Diyarbakır-Batman, Turkey, Koffi et al. [36] discovered that the increased 
groundwater hardness was caused by carbonate sources. The research results 
contradicted Disli [37] who had found that the TH level varied “from 198 to 
400 mg/l” in this region, but were mostly caused by mineral dissolution like 
carbonates and gypsum [1, 2, 6, 12–14, 21, 38, 39]. In the crystalline basement 
complex rock of India, Adimalla et al. [40] obtained TH values ranging from 60 to 
750 mg/l, with approximately 18% of the samples falling into the moderately hard 
category, whereas Koffi et al. [36] recorded TH values ranging from 50.8 to 272 mg/l, 
with 60.6% of samples falling into the moderately hard category. Despite this, the 
maximum allowable level of TH for drinking purposes is 500 mg/l, with a suggested 
limit of less than 100 mg/l [20]. The groundwater in the Ebocha-Obrikom oil and gas 
area was found to be 100% safe, with all samples falling within the maximum 
permitted 500 mg/l limit. Conversely, Ezekwe et al., [41] claims that subsurface 
waters remain often tougher than surface waters. Total Dissolved Solids (TDS) refers 
to the various minerals that remain existent in water in dissolved form and is a pointer 
of water salinity as well as signifies dissolved salts in water [1, 2, 12–14, 42]. 
Consuming water of high TDS for an extended period of time can result in kidney 
stones as well as promote gastrointestinal discomfort in consumers [1, 2, 6, 27]. TDS 
levels above a certain threshold impair the palatability of water and promote 
gastrointestinal discomfort in consumers. It is also, an important metric for 
determining the appropriateness of irrigation as well as drinking water. WHO [20] 
claims that groundwater taste with a TDS level of less than 600 mg/l is regarded good 
for aquatic lives and residential water supply protection? High (TDS) levels in 
groundwater may cause unpleasant taste as well as gastrointestinal complications, 
according to the World Health Organization (WHO) [1, 2, 12–14, 43]. High TDS maybe 
derived from intensive or massive usage of agrochemical, dissolution of salts, ion 
exchange, organic materials, and sediment dissolution, aquifer percolation and allied 
substances emanating from oil related activities such as gas flaring. Thus, groundwater 
contamination in this wise could be due to the continuous contamination of 
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groundwater by industrial pollutants as suggested by Olalekan et al., [14] and 
Olalekan et al., [6]. The total dissolved solids (TDS) show a very weak variability as 
seen by their low standard deviation (SD). The overall hydro chemical groundwater 
characteristics are regulated by major ions [1, 2, 12–14, 21, 44]. Hence, the 
groundwater samples were desirable as well as allowed for purposes of drinking based 
on the TDS categorization. WHO [20] recommends a concentration of 1500 mg/l for 
fisheries and aquatic life protection, and for household water supply? Because all 
values remained below the tolerable limit, they remain safe for drinking on TDS basis 
as supported by researches from Dami et al. [45]; Morufu and Clinton [13]; Raimi and 
Sabinus [12] and Olalekan et al. [14]. The difference in TDS indicates a wide variation 
in the geochemical processes. Concentrations of TDS in Ebocha-Obrikom area remain 
below the optimal threshold in all locations, according to earlier research, Besides, 
TDS concentrations remained sufficient in quality for drinking in all areas. According 
to Adimalla and Qian [46], about 95% of the total samples remained below ideal 
drinking threshold. The mean values for total suspended solids (TSS), demonstrate 
that the greatest value in groundwater was witnessed at location 1&8 (39.80–34.76) 
mg/l for rainy and dry seasons. The least value of (34.00–29.56) mg/l at location 9 for 
rainy or dry seasons respectively. All of the values noted in this investigation were 
above the maximum allowable limit. Indicating that gas flaring and oil spillage 
releases persistent non-combustible chemicals and less dense volatile chemicals into 
the environment. All groundwater comprises salts solution; and documented salt 
contents extend from less than 25 mg/l in a quartzite spring to above 300,000 mg/l in 
brines [1, 47]. Because of the larger exposure toward soluble elements in geologic 
strata, groundwater often has a larger concentration of dissolved components than 
surface water. Bicarbonate, which is typically the predominant groundwater anion, is 
produced from the released of carbon dioxide in the soil by organic breakdown. 
Salinity values range from highest at location 7 (25.71) mg/l for rainy season to 
location 3 (16.00) mg/l (Tables 2 and 3). The maximum value is set at 600 mg/l 
according to WHO/SON/NAFDAC standards of potability. All of the readings 
obtained in this study were less than the maximum allowable limit of 600 mg/l for 
drinking water. Chloride can be present in a variety of chemical and non-chemical 
components in the body. It is an essential component of the salt found in many foods 
and used in cooking. Even in small children, too much chloride from salted meals can 
raise blood pressure [1, 2, 12–14, 48, 49]. Excessive use of drinking water containing 
sodium chloride at concentrations greater than 2.5 g/l linked to hypertension [1, 2, 14]. 
Thus, a number of studies alleged that Cl excess in groundwater is an indicator 
pollution index and has a harmful influence on human health [1, 2, 12–14, 40, 50]. 
Though, chloride is also one of the prominent anions in Rivers State oil and gas 
producing area of Ebocha-Obrokom, ranging from (28.33–32.16) (25.26–31.27) mg/l 
for both rainy and dry season with a mean of (30.60–28.21) mg/l (Tables 2 and 3). It 
has been noted that while water with low chloride ions is not dangerous, but chloride 
ions at large concentrations can kill floras when used for horticultural or agricultural 
applications. It may also be to blame for the unpleasant taste of water consumed [51]. 
While samples at location (3 & 5) for rainy and dry season were high in the Ebocha-
Obrikom region. High levels of chloride may perhaps remain linked to domestic waste 
effluents, septic tanks leakage, as well as chloride bearing rocks dissolution [1, 2, 6, 
12–14, 21, 36, 52, 53]. In spite of the fact that no health dangers have been established, 
residents of Ebocha-Obrikom areas remain hesitant toward drinking water due to 
texture and taste issues. High Cl− groundwater concentrations remain seen as a 
symptom of pollution from a number of sources, and they impart a salty flavor to the 
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water [1, 2, 12–14, 54]. Furthermore, chloride concentration in drinking water above 
200 mg/l has been linked to heart disease, asthma and possibly cancer. It is usually 
safe to drink water within the limits of 0.5–1.5 mg/l according to the suggested 
guidelines [1, 2, 6, 12–14, 20, 21, 55]. Fluoride becomes harmful to health at quantities 
above/below this recommendation, and is denoted as a double-edged sword [6]. 
Water consumers remain prone to dental carries at lower concentration, while at 
larger concentrations, it can induce skeletal fluorosis, debilitating fluorosis, dental 
fluorosis, as well as kidney damage [1, 2, 12–14]. Fluorine remains the 13th most 
prevalent element in the earth’s crust but it is essential to human life. Excess 
consumption of fluoride has been associated to infertility, abortion, fertility, as well 
as hypertension [56]. Water ingestion and skin absorption remain the primary sources 
of trace elements intake in the milieu [1, 2, 12–14, 57, 58]. Heavy groundwater fluoride 
concentrations are a pervasive problem around the globe; particularly in the global 
south, where individuals remain disproportionately impacted by fluorosis due to high 
reliance on groundwater. Excessive levels of fluoride in drinking water might result in 
a decrease in total erythrocyte, hematocrit value and hemoglobin percentage, as well 
as protein content. In trace amounts, fluoride is advantageous to the human health as 
it can minimize dental caries risk even though encouraging strong bones formation 
[1, 2, 59, 60]. Fluorine (F−) in groundwater in this study either falls below or within 
the WHO/SON/NAFDAC limit. The lowest as well as highest values (0.00 and 
0.85 mg/l) (0.00 and 1.02 mg/l) for rainy and dry season were observed in Ebocha-
Obrikom area of Rivers State. Aside from increased hydrodynamics during gas flaring 
production, water mixing from diverse aquifers might also affect F− in location 4, 5, 
6, 7, and 8 [both rainy and dry season]. Thus, chronic exposure toward fluoride raises 
the risk of developing tooth decay, as well as other dental diseases [9]. Aluminum had 
highest recorded value of (0.03) (0.02) mg/l at location 7 during the rainy and dry 
season. However, its presence in other locations could be attributed to gas flaring and 
this of course calls for serious concern. Sodium [Na+] is abundant in rocks and soils. It 
is always present in natural water and is used medicinally as a laxative. In the Ebocha-
Obrikom oil and gas area of Nigeria, Na+ varied from 14.33 mg/l in rainy season to 
11.39 mg/l during dry season. Still, the highest [Na+], 16.39 mg/l was observed in 
location 7 of the unconfined groundwater, while the lowest mean [Na+], 12.22 mg/l, 
was observed in location 3 of the unconfined groundwater. This suggests that the 
region’s groundwater is affected by more complex factors. Overall, Na+ had the 
highest concentration in location 2, 4, 5, 6, 7 & 8. Na+ ions in groundwater are largely 
regulated by weathering and water-rock interactions. Excess of Na+ also indirectly 
indicates the process of ion exchange in water formation [61, 62]. In the Ebocha-
Obrikom oil and gas area, principal lithology is occupied by crystalline rocks. 
Weathering of these rock forming minerals might likely be the chief source for 
elevated Na+ concentration. For potassium (K+), it usually exists at low concentrations 
in groundwater because of weak mobility [63]. The highest [K+] (3.29 mg/l) was 
observed in location 8 of the shallow confined groundwater. Mg+ possesses the 
highest SD value, indicating a very high spatial variability. Ca2+, Mg2+, and Na+ range 
between (50.31–59.98) (40.37–50.73) (129.26–146.67) (149.44–184.68), and (12.22–
16.39) (9.22–13.33) mg/l, respectively. As a result, He and Wu [64] reported that K+ in 
groundwater is one of the essential trace elements for human health. K+ occurs 
naturally in drinking water in amounts considerably below those deemed hazardous 
to human health; it is the most vital nutrient for humans, and too much of it can cause 
constipation [20]. However, high levels of K+ in drinking water (beyond the 
regulatory limit) might cause hypertension, high blood pressure, hyperkalemia, and, 
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in the worst-case scenario, a heart attack. Ca2+ is one of the dominant cations in the 
Ebocha-Obrikom oil and gas area of Rivers State groundwater, ranging from (50.31–
59.98) (40.37–50.73) mg/l with a mean of (54.80–45.37) mg/l. There is some evidence 
that the incidence of heart disease is reduced in areas served by public water supply 
with a high degree of hardness, the primary constituent of which is calcium, so that 
the presence of the element in a water supply is beneficial to health. While, calcium 
and magnesium contribute to the formation and solidification of bones and teeth and 
play a role in the decrease of neuromuscular excitability, myocardial system, heart, 
and muscle contractility, intracellular information, transmission, and blood 
contractility [1, 2, 46]. They also play a major role in the metabolism of almost all cells 
of the body and interacts with many nutrients [1–3, 61]. However, inadequate, or 
excess intake of either nutrient can result in adverse health consequences [9]. 
Magnesium (Mg2+) concentration in groundwater in the Ebocha-Obrikom oil and gas 
producing area of River State were between (129.26–146.67) and (149.44–184.68) 
mg/l throughout rainy and dry season. The main source of Mg2+ in groundwater was 
magnesium containing minerals in the host rocks and also animal, domestic, and 
industrial wastes [1, 2, 6, 14, 53, 65]. However, all groundwater samples collected 
above the maximum allowable limit of 150 mg/l. Thus, the presence of exchangeable 
Na+ in the soil may explain the high concentration of Mg2+ in groundwater [61, 66]. 
Although values higher or equal to 100 mg/l are stored particularly in cold climates  
[1, 2, 46, 67]. Low magnesium status has been implicated in hypertension, coronary 
heart disease, type 2 diabetes mellitus and metabolic syndrome, endothelial 
dysfunction, increased vascular reactions, elevated circulating levels of C-reactive 
protein (a proinflammatory marker that is a risk factor for coronary heart disease) 
and decreased insulin sensitivity [1, 2, 6, 14, 18, 67, 68]. The concentration of Fe 
ranges from (1.21–5.16) (0.95–4.42) mg/l both rainy and dry season, and four samples 
in rainy seasons have the Fe concentration higher than the permissible limit for 
drinking purpose. While, it is evident that trace metal can be toxic to human health if 
they are consumed in excess and accumulated in human bodies [1, 2, 6, 12–14, 21, 69]. 
High concentrations of iron could result in hemochromatosis which is characterized 
by tiredness, pains in the joints and abdomen [1, 2, 6, 12–14, 21, 70]. This condition is 
caused by rapid dissolution of iron species in anoxic groundwater. It is well-known 
that water-quality thresholds may be frequently breached for iron. While, the highest 
value for zinc was observed at location 3 (0.77) mg/l for rainy season and location 4 
(1.01) mg/l for dry season. It was noticed that the maximum permissible limit of 
3.00 mg/l for zinc was not exceeded by any of the locations. Zinc at these limit does 
not pose serious health and environmental effects though significant values were 
noticed at locations stated above between the seasons. Thus, zinc could be deposited 
in those locations due to oil related activities, especially during dry season. Zinc 
deficiency can cause nausea, lack of moisture, tiredness, pains in the abdomen, 
coordination of the muscles, and kidney failure. It can also cause malabsorption, 
Acrodermatitis enteropathica, liver damage, renal damage, sickle cell damage, 
diabetes, malignancy, and other chronic diseases. People most at risk are the elderly, 
children in rising nations, and individuals with renal deficiency. Signs of mild zinc 
insufficiency are varied but generally due to unsatisfactory dietary consumption [1, 2, 
6, 7, 8, 9, 18, 21, 42]. Physiological consequences of eating a diet high in protein 
contain depressed development, diarrhea, weakness and late sexual development, 
alopecia, eye and skin abrasions, decreased appetite, changed perception, decreased 
host protection possessions, defects in carbohydrate utilization, and reproductive 
spermatogenesis [1, 2, 6, 12–14, 21]. Two (2) samples are not suitable for drinking 
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(location 2&3–4&5) because of high Mn concentration in groundwater. Manganese is 
an essential nutrient but neurotoxic at high levels and evidence suggests infants could 
be uniquely vulnerable to its effects. Manganese exposure in drinking water has been 
associated with neurodevelopmental outcomes that include reduced IQ or poorer 
memory, hyperactivity, impulsivity and motor function in children [1, 2, 6, 12–14, 18, 
21, 71–73]. Groundwater in Ebocha-Obrikom area of Rivers State contain widely 
varying amounts of manganese. Water that exceeds the state’s reference dose (RfD) is 
likely to cause harmful effects over a lifetime of exposure. This finding should be seen 
as a wake-up call for many communities in the Niger Delta region to be aware of their 
groundwater levels. Cadmium (Cd) are known to increase the risks of lung cancer and 
renal carcinoma. The highest value for cadmium was observed at location 2, 7 & 8 
(0.02) mg/l during the rainy season and location 4 &7 (0.06) mg/l during the dry 
season. All values recorded in this study area were above the maximum permissible 
limit of 0.003 mg/l for WHO/SON/NAFDAC. Thus, Cadmium (Cd) is known to cause 
damage to the kidney, bones in both young and old, also responsible for bronchitis, 
anemia [1, 2, 6, 12–14, 21]. Lead is classified as a prevalent toxic metal and a major 
environmental health hazard. Excessive lead causes problems in the synthesis of 
hemoglobin, kidney disease, mental retardation, anemia and acute or chronic damage 
to the nervous system. The primary cause of lead’s toxicity is its interference with a 
variety of enzymes since it binds to sulfhydryl groups found in many enzymes. Lead 
also interferes with the activity of an essential enzyme called delta-aminolevulinic 
acid dehydrates, or ALAD and ferrochelatase which are important in the biosynthesis 
of heme, the cofactor found in hemoglobin. Extreme level of lead absorption in the 
human body can cause death or perpetual harm to the brain, central nervous system 
and kidneys [1, 2, 6, 12–14, 21, 74]. During the wet season, the greatest value for lead 
was found at location 7 (0.14) mg/l, whereas during the dry season, the highest value 
was observed at location 3 (0.03) mg/l. All levels obtained in this research region were 
either within or above the WHO/SON/NAFDAC maximum acceptable limit of 
0.01 mg/l. Long-term lead exposure can be damaging to the circulatory and nervous 
systems. Lead is found in the human body mostly through water and food. It can be 
inhaled as lead particles in paints or as excess gases from leaded petroleum products. 
It is originated in minor quantities in several water bodies and food, particularly fish, 
which remain seriously focus to industrialized toxic waste. The capability of lead to 
permit above the barrier blood and brain is mostly due to its capability to extra for 
calcium ions. Major toxicity of lead causing the brain prefrontal hippocampus, 
cerebellum and cerebral cortex can lead to a variability of neurological disorder, such 
as brain injury, psychological delay and nerve injury [1, 2, 6, 12–14, 21, 41, 75]. 
Long-term exposure to copper can cause irritation of the nose, mouth and eyes and it 
causes headaches, stomachaches, dizziness, vomiting and diarrhea. Intentionally high 
uptakes of copper may cause liver and kidney damage even death [76–80]. Copper is a 
ductile metal with very high thermal and electrical conductivity. The metal and its 
alloys have been used for thousands of years. Copper had its highest of (0.05) mg/l at 
location 6 for rainy season and (2.81 mg/l at locations 4 during the dry season. 
Contamination of drinking water by copper could be by directly polluting water 
sources or through rusting of copper pipes and materials. High values of copper could 
lead to the development of chronic anemia [1, 2, 6, 12–14, 21, 81]. One of the most 
prevalent contaminants detected in industrial effluents is copper. Excessive copper 
consumption causes gastrointestinal issues, kidney damage, anemia, and lung cancer. 
Copper is deadly to humans in concentrations ranging from 4 to 400 mg/kg body 
weight. Lower concentrations of copper ions might elicit food poisoning symptoms 



Heavy Metals - New Insights

20

(headache, nausea, vomiting, diarrhea) [1, 2, 6, 12–14, 21]. The liver is the major 
organ affected by copper poisoning in humans. Finally, copper intoxication produces 
Wilson’s disease in humans. In this study, chromium had its highest of (1.29) mg/l at 
location 5 for rainy season and (2.81) mg/l at locations 4 throughout the dry season. 
All values remained above the maximum permissible chromium level. Thus, inhaling 
hexavalent chromium compounds on a regular basis raises lung cancer risk. 
Chromium (VI) ingestion can potentially induce stomach and intestinal discomfort or 
ulcers. Although, chromium does not pose any known serious environmental and 
public health threat, its current concentration must be continuously monitored since 
it may perhaps be attributable to gas flaring. While, chromium is a highly toxic 
element due to its ability to penetrate cell membranes and at high exposure level can 
cause liver damage. Levels more than 0.05 mg/l of chromium (VI) in drinking water 
can result in convulsions, diarrhea, abdominal pain, vomiting, indigestion, as well as 
damage to liver and kidney. Chromium is essential for human nutrition and is 
considered non-toxic [1, 2, 6, 12–14, 21, 82–86] Chromium exposure in the 
environment involves compound mixtures identified to cause multi organ 
poisonousness like allergy, asthma, kidney damage and, in severe cases, cancer of the 
respiratory tract in humans [1, 2, 6, 14, 87]. Impatience as well as small intestine 
ulceration and anemia are some of the most serious health problems reported in 
humans after consuming chromium combinations. Despite the fact that evidence of 
chromium carcinogenicity in humans and other living things appears to be difficult 
to come by [1, 2, 6, 12–14, 21, 88]. The highest value of sulphate at location 4 & 2 
could remain found in water body (Tables 2 and 3), indicating a significant sulphate 
sensitivity toward changes in geochemical characteristics within the aquifer system. 
High sulphate concentrations are widely recognized to be caused by minerals 
dissolution that govern its water natural abundance or by land use. It may be said that 
sulphate is particularly unstable in the atmosphere, where it is transformed into forms 
ideal for its long-term presence in groundwater’s. Ammonia (NH3

−) values range from 
highest at location 6 (2.80) mg/l for rainy season to location 3 (4.39) mg/l (Tables 2 
and 3). The maximum value is set at 3.0 mg/l according to WHO/SON/NAFDAC 
standards of potability. Nutrient salts (nitrite, nitrate and ammonia) are vital to the 
metabolism and growth of aquatic life, and when their concentrations rise, the 
biological balance shifts. Human activity has caused a significant increase in the 
amount of nutrients and salts in aquatic ecosystems, causing an issue with water 
quality. Extensive use of mineral fertilizers in some areas has resulted in atmospheric 
pollution, greenhouse gas emissions and eutrophication of water [1, 2, 6, 12–14, 21, 
76, 78, 79, 89]. Nickel intake is determined by its physicochemical technique, with 
water-soluble techniques (nitrate, sulphate, chloride) providing additional readily 
consumed nickel. Thus, the values for nickel was higher at location 4 (1.00) mg/l for 
rainy season and location 3 (1.40) mg/l for dry season respectively. The values were 
higher than the WHO/SON/NAFDAC tolerable limits of 0.02 mg/l. The nickel values 
differed remarkably. Even though nickel has been identified as a vital trace metal, it 
could also be highly poisonous at higher doses. Hair loss, lung fibrosis, allergies of the 
skin, eczema, and various degrees of kidney and heart poisoning have been associated 
with humans exposed to high concentrations. Nickel also has the propensity of 
replacing iron and zinc in the body, thus interfering in the normal biochemistry [1, 2, 
41, 82, 90]. Exposure to highly polluted water is likely to cause a number of clinical 
consequences in humans. Among these are skin allergies, respiratory cancer, lung 
fibrosis, and iatrogenic nickel toxicity. It has been established that nickel exposure has 
hematological implications in both animals and humans. Even if no reproductive 
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repercussions have remained reported with humans’ exposure to nickel. Location 1, 2, 
3, 4 & 6 have higher TPH concentrations, while location 5, 7 & 8 have lower TPH 
concentration and in location 9 TPH was not detected for rainy season. The content of 
TPH in groundwater, on the other hand indicated that locations 2, 3, 4, & 7 had 
higher concentration above WHO/SON/NAFDAC standards. But location 9 did not 
show any presence of T PH for dry season. The findings found that five (5) locations 
in the rainy season and four (4) locations in the dry season did not fulfill the WHO/
SON/NAFDAC criteria. Accordingly, the result show that TPH concentrations in 
drinking water remain much higher, signaling that water quality may have a 
detrimental effect on fish survival, eggs and larvae production and ecosystem 
development. Because of the high tidal velocities, the pollution is dispersed over a 
large area. There is also concern about the lengthy period required for total 
biodegradation of the heavier components, which contain extremely dangerous 
aromatic compounds with low boiling points. The high TPH values in those sites are a 
cautionary sign that everything is not well, since some water company and vendors 

Figure 3. 
Main effects of contaminants on human health, indicating the organs or systems affected and the contaminants 
causing them. Source: Adapted from Morufu et al. [1].
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use ground water for production as well as sell it in places nearby or as far away as 
Yenagoa and Imo. Apart from its deadly effects, oil can induce death via producing 
narcosis, which causes animals to get detached from substrate. Total recovery may 
perhaps take close to 20 years. Oil coatings on the water surface in damaged areas 
impede light transmission and thus photosynthetic primary production. As a result, 
we must not forget that the general pollution effect on water bodies as well as 
ecosystem is significantly more problematic to anticipate. Summarily, trace metals 
cause respiratory irritation, kidney failure, neurological impairments, 
immunosuppression, anemia, gastrointestinal as well as cancer of liver, skeletal 
system abnormalities, liver inflammation, cardiovascular diseases following chronic  
exposure. The main contaminants effects on human health (see Figure 3) is 
represented thus:

4. Conclusion and recommendations

The Ebocha-Obrikom oil and gas producing area of River State, was chosen as the 
study area in order to gain awareness into the hydrochemistry as well as perspective 
of groundwater health. The aim of the research was to make available decision-useful 
information that could assist in taken action to solve the urgent threats facing societ-
ies across the Niger Delta. Thus, the following highlights are offered after the broad 
research findings:

• Development partners as well as local governments must be involved in the 
artificial recharge schemes implementation as well as maintenance at the com-
munity level.

• The relevant stakeholders have an urgent task ahead in closing down open 
wells in the Niger Delta region of Nigeria, for the sake of population likely to 
be affected through them, since they live near gas flaring area and make use of 
polluted groundwater, also because the indigenous population breath in toxins 
released from gas flaring. Groundwater pollution growth is inevitable in the 
Niger Delta, unless we act.

• This study found that groundwater contamination has a greater harmful impact 
on indigenous residents’ life expectancy than COVID-19.

• Furthermore, open lines of communication among decision makers, academia, 
and society remain essential to guarantee that decision makers and other stake-
holders have access to timely, science-based information on the possible hazards 
caused via contaminants.

• Eventually, public and school kids should be educated on groundwater qual-
ity and its management at the community level through a series of seminars, 
short videos, and other activities. Furthermore, seasonal groundwater quality 
monitoring, as well as other necessary actions to prevent further groundwater 
contamination, should continue.

• Appropriate management approaches, such as limiting human activities, imple-
menting water treatments, developing public awareness, and establishing a 
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groundwater quality monitoring network, are recommended to improve ground-
water quality.

• Human interference (indiscriminate disposal of drainage wastes and unregulated 
use of agricultural pesticides) should be more effectively and rigidly monitored, 
as it is the most important technique of preventing groundwater contamination.

• It is strongly recommended that frequent monitoring and assessment of total 
water resource availability be encouraged. Waste management, land use, and 
agricultural practices that help to preserve the quality of water resources should 
all be implemented. The water should be thoroughly boiled before consumption.

• The first step in water pollution management is identifying and assessing risk at 
potentially polluted sites. If pollution at an assumed location remains at levels 
that may harm humans, evidence around that location should remain collected 
and made public, and appropriate remediation or risk-minimization actions 
should be taken, particularly if the location is utilized for water reservoir or 
production of food designed for human consumption.

• In light of the current global trend scenario of worsening groundwater pollution, 
stronger political, business, as well as social commitment is required to identify 
alternatives to the usage of extremely harmful pollutants as well as increased 
research investment in prevention as well as cleanup.

• Enhanced cooperation as well as partnership remain required to enable knowl-
edge availability, the exchange of successful experiences, as well as worldwide 
access to safe and sustainable technologies, that leave no one behind.

• Agip should immediately begin replacing all old pipes in the Ebocha-Obrikom 
Oil Fields as soon as possible, and should collaborate with other agencies to 
complete a comprehensive Joint Investigation Visit (JIV) report. Furthermore, 
fair compensation should be provided to the impacted victims of Agip careless-
ness because their means of livelihood have been annihilated.
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