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Abstract

Gas fl aring is a widespread practice in the Niger Delta region, resulting in the release of toxic gases and heavy metals particulate into the atmosphere. This research 
investigated the heavy metal concentration in surface water around gas fl aring stations in selected areas of Delta state. Locations A, B, C representing Amukpe, Ekpan, 
Oton where gas fl aring activities are still ongoing were selected for this study, while Location D(pontu) is about 6km from the closest gas fl are was used as control. Water 
samples were collected from rivers/streams of study locations at radial distance of 100m from fl are points for the analysis. The results showed that copper(Cu) with 
values ranging from 0.06-0.09mg/L and Zinc(Zn) with values ranging from 0.49-0.62 had higher values at sites A, B, and C compared to control site D . Locations B and C 
showed the highest copper (Cu) concentrations , Location B had the highest Iron (Fe)  concentration while Location A had the highest Zinc concentration when compared 
with other sample locations. The Physicochemical properties and anion analysis also followed similar pattern with the gas fl are impacted location having higher values in 
some parameters when compared with the control. The levels of heavy metals determined in this study, though were signifi cantly higher (p < 0.05) in gas fl aring locations 
compared to control  but were not above the world health organization (WHO) and Nigeria Environmental Standard Regulation Agency (NESREA) standards for drinking 
water. The results obtained represent a gradual increase in the concentration of heavy metals in the immediate environment of the gas fl are impacted water body. It is 
necessary to monitor water quality parameters including heavy metal concentration in aquatic environments continuously and appropriate measures should be put in 
place by government and petroleum companies to maintain standards. 
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Introduction

The extraction of petroleum products from crude oil has 
been Nigeria's major economic base since the discovery of oil. 
Petroleum products account for approximately 85% of Nigeria's 
earnings and 90% of its exports [1]. When oil companies 
initially began production in Nigeria, the most cost-effective 
way to separate crude oil from associated natural gas was to 
burn off the excess gas [2]. This gas is often directed to tall, 
vertical structures known as gas fl ares, where it is burned off. 
This process is called gas fl aring [3]. The Niger Delta region is 
home to both crude oil and natural gas. It includes the states of 
Ondo, Edo, Delta, Bayelsa, Rivers, Abia, Imo, Akwa Ibom, and 
Cross River. The region is bordered by the Atlantic Ocean and 

features watercourses that connect seas and rivers, including 
the Benue and Niger Rivers. The Niger Delta hosts diverse 
world’s most signifi cant coastal ecosystems, making it a vital 
hub for marine food production [4].

Gas fl aring is a widespread practice in the Niger Delta region, 
resulting in the release of harmful and pollutant gases into the 
atmosphere. Gas is fl ared for various reasons, including the 
lack of infrastructure to collect, treat, transport, and utilize the 
associated gases; the distance from production sites to markets 
(such as offshore locations); have severe consequences in soil 
quality and parameters in aquatic environments [5]. 

The construction of facilities for gas fl are recovery is highly 
expensive, making it seen as an unfeasible and uneconomical 
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investment [6]. Although efforts have been made to capture 
fl ared gas, such as the establishment of the Bonny LNG project 
in 1989 along with other gas gathering initiatives, these 
measures have largely been ineffective [7].

The negligence and ill handling of operation and bureaucratic 
challenges, resulted in signifi cant economic losses [1]. This 
is further supported by data on annual fl aring effi ciencies of 
the top eight gas-fl aring countries, where Nigeria was found 
to be the worst performer, while Saudi Arabia consistently 
outperformed the other countries. This indicates that Saudi 
Arabia is much more effi cient in managing gas fl aring through 
the utilization of associated gas [8].

Conversely, the persistent and uncontrolled fl aring of gas, 
which makes up 75% of the gas produced [7], continues to 
infl ict considerable damage on the local ecosystem and the 
environment at large. The environmental toll of gas fl aring 
is immense, with harmful consequences for vegetation, 
aquatic ecosystems, and human health. Consequently, one 
can anticipate signifi cant co-contamination of nitrates and 
hydrocarbon pollutants in the soil and water systems of gas-
fl ared regions in the Niger Delta, resulting in negative effects 
on both the environment and the health of the local population.

Gas fl aring releases oxides of carbon, sulfur, and nitrogen, 
along with water vapor, and both volatile and non-volatile trace 
metals such as lead (Pb), mercury (Hg), cadmium (Cd), arsenic 
(As), chromium (Cr), cobalt (Co), zinc (Zn), and nickel (Ni) [9]. 
These metals, known as trace or heavy metals, are essential 
for organisms in very small amounts. However, they become 
toxic at higher concentrations, are non-biodegradable, and 
can accumulate in the protoplasm of aquatic organisms. Non-
essential heavy metals that pose particular concerns to surface 
water systems include arsenic (As), cadmium (Cd), chromium 
(Cr), mercury (Hg), lead (Pb), nickel (Ni), silver (Ag), tin (Sn), 
and uranium (U). It has been noted that elevated manganese 
concentrations can lead to undesirable and objectionable tastes 
in surface water when used for drinking purposes [10]. 

These heavy metals can migrate from the soil to 
groundwater, where they may be absorbed by plant roots and 
transported from the roots to the leaves, ultimately being 
consumed by humans [11]. The aquatic environment is also 
impacted by gas fl aring activities, with studies showing that 
certain water quality parameters are affected. This study 
examines the contamination of surface water by heavy metals 
around gas fl aring stations in selected areas of Delta State.

Methodology

This study involved fi eld and laboratory analyses. Samples 
were collected and analyzed between the periods  of November 
2023 to February 2024.

Geography of the study area in Nigeria 

The study areas are located within the Niger Delta 
region characterized by a unique combination of marine and 
continental quaternary deposits. One third of the region is 
made of wetlands and houses. It is the third-largest wetland 
forest  in the world [12]. Sapele is an area in Delta state located 

in the Western Niger Delta. It is situated between latitude 50 

53’0”N and longitude 50 41’0” E. Some oil and gas companies 
are located in this city and operate fl ow stations, have oil 
rigs and oil pipelines which pass through residential areas. 
Mangrove swamps, fresh water swamp and coastal plain sands 
are main constituent of the area. Warri is also a city in Delta 
State situated along the Warri River, close to the Atlantic Ocean. 
Warri's geographical position gives it a tropical climate with a 
signifi cant amount of rainfall throughout the year. The region 
is characterized by dense mangrove forests, swamps, and 
wetlands, contributing to its ecological diversity. Warri serves 
as an important industrial and commercial hub, especially for 
the petroleum industry, and is well-connected by road and 
waterways. Warri is situated between latitude 5°31’2”N and 
longitude 5° 44’ 0”E. 

Study sites 

The experimental areas are situated in Sapele and Ekpan in 
warri, Delta state, Nigeria. The study locations are designated 
A, B, C and D (control). Location A (Amukpe) and Location 
C (Oton) are located in sapele local government area while 
Location B (Ekpan) is located in Uvwie LGA, warri of Delta state. 
Location D (Pontu) is a part of the Ethiope River located in an 
area far of gas fl aring activities also in sapele local government 
area. Location A and C are hosts the Seplat gas plant and fl ow 
stations respectively  while location B is host to the NNPC 
refi nery where gas fl aring is still ongoing.

The aerial view of Location A, is shown below. It is the 
Amukpe study location which is host to the Seplat gas plant in 
Sapele local government area, where gas fl aring is still ongoing 
(Plate 1).

The aerial view of Location B, is shown below. It is the 
Ekpan study location Latitude (5°38′0″ N), Longitude (5°47′0″ 
E)  which is host to the NNPC refi nery station in Uvwie LGA, 
Warri where gas fl aring is still ongoing (Plate 2).

The aerial view of Location C, is shown below. It is the Oton 
study location which is host to the Seplat fl ow station in Sapele 
local government area where gas fl aring is still ongoing (Plate 
3).

The aerial view of Location D, is shown below. It is the 
Pontu study location Latitude (5054’03”} Longitude(50 41’30”) 
in Sapele local government area which is the control site (Plate 
4).

Plate 1: Aerial view of Ampuke station, study area A (google mapping).
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Sample collection

Samples of surface water from three different locations 
in Sapele and Ekpan Community were collected with nine 
sterilized polyethylene bottles. Triplicate samples of water 
were collected at a radial distance of 100m from the fl are 
along streams and river channels at the various locations 
and were labeled as L1 (a, b, c), L2 (a, b, c), and L3(a, b, c) 
respectively. The control surface water samples were collected  
from a different locations in Sapele far from gas fl aring and 
put in sterilized polyethylene bottles labeled L4 (a, b, c). A 
total of Twelve (12) water samples were collected. Samples 
were taken to the laboratory of the Niger Delta University for 
storage and preservation immediately after collection to avoid 
contamination and introduction of foreign materials before 
analysis were carried out. 

Water analyses

Analysis was carried out using standard methods. The 
laboratory analysis carried out on the collected samples (gas 
fl aring locations and non-gas fl aring location) include the 

physical and chemical parameters. The physical parameters 
analyzed were Temperature, Color, Transparency, and Turbidity 
. Chemical parameters checked were pH, Conductivity, Total 
Dissolved Solid (TDS), Salinity as in chloride ion level (Cl¯), 
BOD, COD, Dissolved Oxygen (OD), Oxides of Nitrogen, Sulphur, 
Phosphorous, Potassium and Sodium ions adopting standard 
procedures. Temperature was measured with the Taylor Digital 
thermometer using its probe submerged  in the sample water, 
Benchtop pH Meter  was used to check pH, Conductivity and 
TDS was measured using Hanna Multi- Parameters water 
tester Model HI 98129. This was done by selecting or pressing 
the Mode Key and selecting the corresponding reading or fi gure 
displayed on LCD of the meter. While the DO was measured 
using VWR Metre Model L89023. Digestion process was carried 
out using fume cupboard coupled with Atomic Absorption 
Spectrometer (AAS- model Unicam SOLAAR 969) appropriately 
to analyze the presence  of heavy metals presence. A total of 
nine metallic elements were determined in the samples of 
water using the Atomic Absorption Spectrophotometer (AAS) 
as described by [14],

The metallic elements determined includes Zn, Pb, Cu, Co, 
Ni, Cr, Cd, Fe and Mn 

Black and standard solution for devices calibration were 
used as well. 

The Table below shows some methods used for analyzing.

Determination Analysis method

Total hardness, Mg 2+ Titration

Color Lovibond comparator

Turbidity Turbidimetric

pH pH Meter

Temperature Thermometer

Conductivity, TDS Conductivity meter 

SO4
2-, PO4

3- , NO3
- UV-Visible Spectrophotometer

Plate 2: Aerial view of Ekpan station, study area B (google mapping).

Plate 3: Aerial view of Oton station, study area C (google mapping).

Plate 4: Aerial view of control system, study area D (google mapping).
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Statistical analysis

The data from samples collected across various locations 
underwent statistical analysis using IBM SPSS Statistics version 
29.0.2.0 for windows 10 (Offi cial IBM Documentation, 2021)). 
The source of observed differences was carried out using the 
Duncan Multiple Range Test, analyzed at p ˂ 0.05.

Results

The results of evaluation of nine [8] heavy/trace metals and 
other water quality parameter in the sampled water from the 
different locations are presented in Tables 1 to 3. The results 
show the concentration of the heavy metals in the studied 
waters. In site A (Amukpe gas plant), heavy metal concentration 
of the water samples were observed with a Mean concentration 
values of 0.08 ± 0.02, 0.05 ± 0.01, 0.00 ± 0.00, 0.03 ± 0.01, 0.79 
± 0.18, 0.01 ± 0.01, 0.02 ± 0.02, 0.00 ± 0.00, while 0.62 ± 0.10, 
ppm was obtained for Cu, Cr, Cd, Co, Fe, Mn, Ni, Pb and Zn, 
respectively. 

In site B (Ekpan Refi nery), heavy metal contamination of 
the water samples was observed. Mean contamination of 0.08 
± 0.02, 0.02 ± 0.03, 0.00 ± 0.00, 0.02 ± 0.02, 0.82 ± 0.12, 0.00 ± 
0.01, 0.01 ± 0.01, 0.00 ± 0.00 and 0.55 ± 0.11, ppm (mg/L)  was 
obtained for Cu, Cr, Cd, Co, Fe, Mn, Ni, Pb and Zn, respectively. 

In site C (Oton), heavy metal contamination of the water 
samples was observed. Mean contamination of 0.09 ± 0.01, 
0.04 ± 0.04, 0.00 ± 0.01, 0.01 ± 0.01, 0.78 ± 0.21, 0.00 ± 0.01, 
0.02 ± 0.02, 0.00 ± 0.00 and 0.57 ± 0.07, ppm was obtained for 
Cu, Cr, Cd, Co, Fe, Mn, Ni, Pb and Zn, respectively. 

In site D (Pontu), heavy metal contamination of the water 
samples was observed. Mean contamination of 0.06 ± 0.01, 
0.05 ± 0.01, 0.01 ± 0.01, 0.01 ± 0.01, 0.63 ± 0.10, 0.00 ± 0.01, 
0.03 ± 0.02, 0.00 ± 0.00 and 0.49 ± 0.04, ppm was obtained 
for Cu, Cr, Cd, Co, Fe, Mn, Ni, Pb and Zn, respectively. Pb was 
completely undetermined in the water samples; Perhaps, no 
Lead (Pb) contamination in site D.

Table 1: Values of some Physicochemical Parameters measured across sampling locations compared with WHO values and NESREA values 2011.
Sample Location A Location B Location C Location D WHO NESREA

Alkalinity (mg/L)a 4.00 ± 1.02 14.50 ± 4.80 3.80 ± 1.00  2.00 ± 0.40 - 30-200
Color (TCU) 10.00 ± 0.85 15.20 ± 7.05 14.50 ± 5.20 5 ± 2.60 - 5

Conductivity  (μS/cm) 25.73 ± 1.50 121.99 ± 40.20 19.52 ± 2.05 18.43 ± 4.90 - 1000

Hardness  (mg/L) 0.87 ± 0.13 2.25 ± 0.05 2.00 ± 0.10 0.75 ± 0.03 - 150-300
pH  (units) 6.02 ± 0.01 5.20 ± 0.03 5.45 ± 0.01 6.40 ± 0.01 6.5-8.5 6.5-8.5

Temperature (0C) 30.00 ± 0.02 36.80 ± 0.02 30.20 ± 0.03 28.50 ± 0.02 - 300

TDS (mg/L) 9.20 ± 0.30 90.20 ± 6.08 10.20 ± 0.56 18.90 ± 2.52 - 500
Turbidity (NTU) 11.20 ± 0.10 10.80 ± 2.02 11.40 ± 0.62 6.80 ± 0.01 -5 5

Dissolved Oxygen 7.50 ± 1.05 7.90 ± 0.12 6.20 ± 0.20 6.00 ± 2.01 - 4
BOD (mg/L) 0.21 ± 0.03 0.52 ± 0.01 0.28 ± 0.01 0.10 ± 0.01 3 -5 30

-= No health guideline value,

Table 2: Concentrations of some anions across sampling locations compared with WHO values and NESREA values 2011.

Sample Location A (mg/L) Location B (mg/L) Location C Location D WHO NESREA

SO4²- (mg/L) 1.25 ± 0.20 14.50 ± 0.35 1.80 ± 0.09 1.00 ± 0.02 250 100

NO4- (mg/L) 2.08 ± 0.19 30.20 ± 4.25 8.50 ± 1.24 3.50 ± 0.85 50 45

PO4
3- (mg/L) 0.92 ± 0.05 3.60 ± 9.02 2.80 ± 0.21 2.40 ± 0.05 - 5

HCO3- (mg/L) 3.02 ± 1.00 2.25 ± 0.62 7.40 ± 1.55 2.00 ± 0.08 - -

Cl- (mg/L) 10.80 ± 0.20 15.20 ± 0.15 8.45 ± 0.10 5.02 ± 0.14 250 150

NH2- (mg/L) 0.01 ± 0.01 0.10 ± 0.02 0.00 ± 0.00 0.00 ± 0.00 -  -

- = No health guideline value

Table 3: Concentrations of some metals’ ions across sampling locations compared with WHO values and NESREA values 2011

Sample Location A Location B Location C Location D WHO NESREA

Cu  (Mg/L) 0.08 ± 0.02 0.08 ± 0.02 0.09 ± 0.01 0.06 ± 0.01 2 10

Cr  (Mg/L) 0.05 ± 0.01 0.02 ± 0.03 0.04 ± 0.04 0.05 ± 0.01 0.05 0.05

Cd (Mg/L) 0.00 ± 0.00 0.00 ± 0.00 0.04 ± 0.04 0.01 ± 0.01 0.03 0.01

Co (Mg/L) 0.03 ± 0.01 0.02 ± 0.02 0.01 ± 0.01 0.01 ± 0.01 - 0.05

Fe (Mg/L) 0.79 ± 0.18 0.82 ± 0.12 0.78 ± 0.21 0.63 ± 0.10 2.00 1.00

Mn (Mg/L) 0.01 ± 0.01 0.00 ± 0.01 0.00 ± 0.01 0.00 ± 0.01 - 0.5

Ni (Mg/L) 0.02 ± 0.02 0.01 ± 0.01 0.02 ± 0.02 0.03 ± 0.02 0.07 0.05

Pb (Mg/L) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.01 0.01

Zn (Mg/L) 0.62 ± 0.10 0.55 ± 0.11 0.57 ± 0.07 0.49 ± 0.04 3.00 2.00

- = No health guideline value,
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There was a slight increase observed with Cu (mg/L), and 
Cr (mg/L), but not signifi cant compare to other heavy metals. 
There was no signifi cant difference (p = 0.30) between the 
control and the other experimental sample sites. Copper (Cu) 
with values ranging from 0.06-0.09 (mg/L), Iron (Fe) with 
values ranging from 0.63-0.82(mg/L), and Zinc (Zn) with 
values ranging from 0.49-0.62 had higher values recorded for 
samples collected from streams close to gas fl aring sites as 
compared to the control sample. Ekpan and Oton gas fl aring 
stations with mean values of 0.09 had the highest copper 
concentration as compared to the control with a value of 0.06 at 
(p ˂ 0.05). Ekpan with mean value of 0.82 has the highest Iron 
(Fe) concentration when compared to other sample sites while 
Amukpe gas fl aring location had the highest Zinc (Zn) mean 
concentration of 0.62mg/L, when compared to the other sample 
sites. The control location had the lowest mean concentration 
of 0.49mg/L, for Zn. Cadmium (Cd) had values ranging from 
0.00-0.01mg/L, Manganese (Mn) with values ranging from 
0.00-0.01mg/L, The control site had the highest mean value 
of 0.04mg/L, recorded for Mn. Nickel (Ni) with values ranging 
from 0.00-0.03mg/L, had higher values recorded for the 
control sample when compared to other samples. The mean 
values for Chromium (Cr) for the different sample locations 
ranged from 0.02-0.09 with location A (Amukpe) recording 
the highest value. Fe was present in water samples in all the 
locations (site A-D).

Comparative study of the concentrations with WHO 
standard and NESREA as presented on Table 3 shows that the 
concentration rate of heavy metals was below standard level.

The bar chart  shows the heavy metals contamination of 
surface water around gas fl aring stations compared with the 
control location (Pontu) represented with the purple bar, 
Location B (Ekpan) represented with the purple colored bars 
has the highest Fe concentration while Location A( Amukpe) 
represented with the dark blue color bars has the highest Zn 
concentration when compared with other sample stations. 
Location C(Oton) is represented with the green colored bar. 
The concentration of Heavy/Trace metals were below standard 
values of WHO [15] and NESREA [16].

Discussion

The results obtained from the analysis carried out, consisted 
mainly of data measured from surface water samples collected 
from locations A (Amukpe gas plant), B(Ekpan refi nary), 
and C(Oton fl ow station) in Delta state where gas fl aring is 
presently taking place, while results for location D (Pontu 
area) in sapele, is used as control. Pontu area is about 6km 
from the closest gas fl are station. It is notable that despise the 
potential environmental and health implications of gas fl aring, 
a signifi cant knowledge gap remains in the analysis  of surface 
water quality around gas fl aring stations, with limited research 
having been conducted till date. 

The metals selected for this study, namely Copper (Cu), 
Chromium (Cr), Cobalt (Co), Iron (fe), Manganese (Mn), Nickel 
(Ni), Lead (Pb), and Zinc, were chosen because they are known 
to contribute signifi cantly to surface water contamination. High 

levels of these metals in water poses a critical environmental 
threat, impacting plants, animals, and humans [15,17]. Notably, 
even minute concentrations of some metals (e.g. Mercury, 
Cadmium, and Lead) can be detrimental, as they persist in the 
environment due to their non-biodegradable nature [18,19].

The surface water parameters in the present study were not 
signifi cantly elevated above  the World Health Organization and 
NESREA standards for drinking water. Tables 1 to 3 summarize 
the analysis of the water samples of all the locations. Table 
1 shows the physicochemical parameters of the tested water 
samples. The alkalinity levels at the sampled locations varied 
from 2.00 to 14.50, with Pontu recording the lowest value 
and Ekpan having the highest alkalinity level. Alkalinity is a 
measure of the ability of a water body to neutralize acids and 
resist changes in pH. It can affect the availability of nutrient, 
such as phosphorus and nitrogen. The pH values of all surface 
water samples indicate that the samples from the study areas 
are acidic, with those from gas-fl aring locations being more 
acidic [5]. This could be attributed to the presence of inorganic 
substances in the aquifer materials of decomposed rock or the 
ongoing industrial and oil exploration activities in the region 
[20]. The pH values obtained in this study are consistent with 
the fi ndings of Nwankwo and Ogagarue [21], who reported that 
surface water sample from the study area were predominantly 
acidic, with those of the gas fl are zone being even more acidic. 
However, our results differ from those of Israel, et al . [22], 
who found neutral mean pH values in both gas fl are affected 
and control areas.

The color values recorded at gas fl are-impacted locations 
A, B, and C exceeded the standard limits, indicating elevated 
color levels. In contrast, the control location D remained within 
the acceptable standard range. Gas fl aring releases particulate 
matter, including soot, polycyclic aromatic hydrocarbons 
(PAHs) and other combustion byproducts that settle on the 
water surface contributing to color change. This study’s fi ndings 
are consistent with those of Nwankwo and Ogagarue [21], who 
similarly reported elevated color values in areas surrounding 
gas fl aring sites compared to non-impacted areas. The mean 
temperature in the gas fl are-impacted locations ranged 
from 30.00-36.80oC, whereas the control location recorded a 
lower mean temperature of 28.50oC. This contrasts with the 
fi ndings of Israel, et al. [22], who reported a mean temperature 
of 25.300C in the study area slightly lower than that in the 
control area. Water samples from the control location showed 
a relatively low conductivity value of 18.43μS/cm. In contrast, 
samples from gas-fl ared locations had signifi cantly higher 
conductivity values, ranging from 19.52 to 121.99 μS/cm. The 
higher conductivity levels in the gas fl are environment suggest 
an increase in inorganic substances from the emissions of 
fl ared gas [23]. This fi ndings supports the result of [21] but 
does not absolutely agree with the result of Isreal, et al. [22 
who observed a more lower conductivity values in both study 
and control areas. Water hardness levels at gas fl are-impacted 
locations ranged from 0.87 to 2.25mg/L, exceeding the control 
locations value of 0.75mg/L. Elevated water hardness can cause 
two main issues: reduced lather formation when using soap, 
and increased scale buildup in hot water heaters. Location 
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D (control) recorded the lowest turbidity values among all 
sampled locations while Location C with the highest turbidity. 
Notably, all turbidity readings remained within desirable limits 
and below  the maximum allowable limit of 25units according 
to WHO [15]. Turbidity in water can be cause by various factors, 
including the presence of soot particles, particulate matter, 
heavy metals, and carbonaceous particles resulting from 
incomplete combustion. Additionally, fi nely dispersed particles 
like clay, grains, and organic matter can contribute to turbidity. 
Elevated turbidity levels may also indicate a high concentration 
of microorganism. While high turbidity can make water 
unappealing, it does not automatically render it undrinkable. 
However, it can affect the water’s aesthetic quality. Contrary 
to the fi ndings of Isreal, et al. [22], who reported higher 
turbidity values for both gas impacted areas and control sites, 
our results show lower turbidity levels. Nonetheless, it is 
concerning to note that the turbidity values recorded by Isreal, 
et al.  [22] exceeded the WHO (2011) recommended limits  for 
drinking water. Microbial growth is stimulated by increased 
temperature, depleting oxygen levels and potentially causing 
fi sh kills and disrupting the food chain [4].

Interestingly, dissolved oxygen levels were higher at gas 
fl are-impacted locations (6.20-7.50mg/L) compared to the 
control location (6mg/L). Although these values did not align 
with NESREA Agency standards,  they still met the minimum 
requirements for aquatic life, preventing oxygen defi ciency 
[16]. The biochemical oxygen demand (BOD) showed an 
increasing trend across the gas fl are locations. Specifi cally, 
the control location had a BOD of 2.80mg/L, while the gas 
fl are locations ranged from 3.1- 3.5mg/L. This rise in BOD is 
likely due to higher concentrations of organic pollutants  at the 
sampled location [4]. 

One signifi cant environmental issue in Nigeria, as 
highlighted by scientists, is the pollution of surface water 
by heavy metals. Elements like cadmium, zinc, mercury, 
arsenic, silver, chromium, copper, iron, and platinum are 
dense metals with high atomic mass that pose serious risks 
to humans, animals, plants, and the environment [17]. The 
analysis results indicated that the concentrations of selected 
heavy metals and anions in surface waters from the various 
locations were within the standard values set for drinking 
water  set by the WHO [16] and NESREA [4]. Lead (Pb) was 
not detected in any of the sampled locations . Isreal, et al. [22] 
also did not record the presence of lead , Copper, arsenic and 
vanadium in all their sampled location. Unlike Isreal’s study, 
Copper was observed within the range of 0.08-0.09Mg/L in 
the study locations and 0.06 in the control location. Iron(Fe) 
concentrations in water samples from the gas-fl ared sites 
ranged from 0.78 to 0.82mg/L, signifi cantly higher than the 
0.68mg/L recorded at the non-fl ared location .High levels of 
Iron in surface water can impact both human health and the 
environment in various ways. It can cause water to become 
discolored, making it less desirable for consumption or use. it 
can reduce the oxygen levels, which harms aquatic organisms, 
particularly fi sh and invertebrates that rely on oxygen-rich 
environments. Additionally, iron can react with other elements 
like phosphorus, potentially promoting algae overgrowth 

(eutrophication), which depletes oxygen and negatively affects 
aquatic life according to Eghonghon, et al. [20]. The zinc 
concentration in water samples from the gas fl are-impacted 
locations(0.55-0.62Mg/L) were higher than that in samples 
from the non-fl are location, though all values were still 
within the acceptable standard levels. Zinc can accumulate in 
the tissues of aquatic organisms, causing long-term health 
problems. This accumulation can also affect the entire food 
chain, as predators consuming these organisms may also be 
impacted by the build-up of zinc [5]. The Zinc values obtained 
in this study are in complete agreement with those reported by 
Isreal, et al. [22]. All other parameters, with the exception of 
nickel, followed a consistent trend, where values were higher 
at gas fl ared locations compared to the relatively lower values 
recorded at non-gas fl are locations.

Ethical statement

This study involved the collection of surface water samples 
from natural aquatic environments in publicly accessible areas 
affected by gas fl aring activities. All sampling procedures were 
carried out in accordance with environmental safety guidelines 
and standard scientifi c protocols to ensure minimal ecological 
disturbance.

No human or animal subjects were involved in this research. 
The study adhered to ethical standards related to environmental 
protection and followed precautionary measures during sample 
collection, handling, transportation, and analysis.

Permission for sample collection was obtained where 
necessary, and laboratory analyses were conducted at certifi ed 
facilities following standardized procedures and regulatory 
compliance frameworks. 

Conclusion

This study has revealed that surface water qualities in the 
studied areas meets W.H.O and NESREA standards. However, 
the levels of heavy metals and other water quality parameters 
indicate a gradual accumulation of pollutants  in the gas fl are-
impacted rivers/streams of Sapele and its environs in the Niger 
Delta region of Nigeria. If left unchecked, this trend may lead 
to contamination. 

Recommendation

• The monitoring of heavy metals in rivers/streams and 
ecological materials especially close to areas where gas 
is fl ared should be continuously implemented .

• The rural populace living in these areas should be 
educated on the effect of using contaminated water and 
safe alternative water sources should be provided .

• Appropriate measures should be put in place by 
government and petroleum companies to check gas 
fl aring into the environment.

• The government should implement effective measures 
to ensure strict compliance with regulatory policies 
aimed at controlling environmental pollution. 
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