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Abstract 

Water is essential for life, though human activities have made some water sources unsuitable for human comsumption. This 

study evaluated the effects of gas flaring on the physico-chemical characteristics of water sources at Obiakpu, Egbema , 

Nigeria. Surface and ground water samples from the area were compared with samples from Alaoma Owerre-Ebeiri, a non 

gas flared community. Both water sources were then compared with WHO standards for drinking water. The results 

revealed that  water sources from the  gas flared area have raised levels of conductivity, total dissolved solids, total 

hardness,  temperature, dissolved oxygen, chemical oxygen demand,chloride, nitrate, nitrites, magnesium, manganese, 

sulphates, cadmium, lead, copper, calcium, potassium and zinc  when compared with water from non-gas flared sources. In 

conclusion, gas flaring can pollute water sources within oil and gas facilities, thereby making them unsuitable for human 

consumption. Oil and gas industries should therefore treat water sources within their areas of operations in addition to 

other remediation measures as part of their social responsibility. 
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Introduction 

Water is vital for life. Water is the largest component of the 

human body, making up to 50 to 70% of the body’s weight. An 

adult can survive for up to 8 weeks without food but only a few 

days without water because there is no storage site for water
1
. 

Water is usually added to the body by two main sources, 

namely: firstly and majorly, ingestion in form of liquids or 

water in the food, and secondly, it is synthesized in the body as 

a result of oxidation of carbohydrates
2
. The various uses of 

water include drinking and household needs, recreation, 

agriculture, industry and commerce, thermoelectricity/energy 

and medicine (e.g. hydrotherapy, dialysis, etc)
3
. Water also 

serves as a medium for chemical reactions, temperature 

regulation, removal of waste products, maintenance of 

homeostasis and lubrication
1
. Water is a prime natural resource, 

a basic human need and a very important national asset, 

therefore, its use needs appropriate planning, development and 

management
4
. Water is essential to sustain life, and a 

satisfactory (adequate, safe and accessible) supply must be 

available to all
5
.  

 

Man needs water in right quantity and quality and the water has 

to be exempt from toxic substances and from excessive quantity 

of minerals or organic minerals
6,7

. Water is the source of life as 

well as the source of death when it is contaminated by 

chemicals and organic substances
8,9

.  Various regulatory 

agencies such as WHO and NAFDAC (National agency for 

food and drug administration and control)  have been 

emphasizing on the need to provide an unpolluted water to the 

populace. Water pollution is the contamination of water bodies 

and their substrates, when pollution exceeds their self-

purification capacity, or their sink capacity for pollutants
10

.
 

 

Pollution not only makes fresh water undrinkable but also 

unsuitable for industrial and agricultural purposes
6
.  

 

Nigeria is the 6
th

 largest producer of oil in the world and it is 

endowed with more gas reserves than oil
11,12

.  In 2011,  a total 

of 2,400.40 Billion Standard Cubic Feet(BSCF) of Natural Gas 

was produced by the sixteen oil companies; of the quantity 

produced, 1,781.37 BSCF (74%) was utilized, while 

619.03BSCF (26%) flared
12

.
 
 There are many processes in the 

oil and gas industry operations such as exploration, drilling, 

refining and distribution to final consumers. In the course of 

most of these activities, wastes either in solid, liquid or gaseous 

form are generated and discharged into the environment
13

.
 
  

Flared gas is one of the  generated wastes in the oil and gas 

industry. 

 

Gas Flaring is a common practice in the oil and gas industry, of 

burning off unwanted, flammable gases via combustion in an 

open atmosphere, non-premixed flame
14

.  Gas flaring is one 

anthropogenic activity defined as the “wasteful emission of 

greenhouse gases (GHGs) that cause global warming, 

disequilibrium of the earth, unpredictable weather changes and 

major natural disasters because it emits a cocktail of benzene 
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and other toxic substances that are harmful to humans, animals, 

plants and the entire physical environment”
15

.  
 

According to the World Bank
16

 global gas flaring has increased 

from 138 to 140 billion cubic meter in 2011 and Russia is the 

largest gas flaring country, followed by Nigeria, Iran and Iraq. 

Nigeria flared 14.6 bcm of natural gas in 2011 and most of this 

occur in the Niger Delta region. During gas flaring, incomplete 

combustion emits various compounds such as methane, 

propane, and hazardous air pollutants such as volatile organic 

compounds (VOCs), polycyclic aromatic hydrocarbons (PAHs) 

and soot
17

;  these volatile organic compounds have  various 

potential health effects
18

. 
 

Nigerian crude oil is known to contain heavy metals such as Al, 

Zn, As, Ba, Fe, Pb, Co, Cu, Cr, Mn, Ga, Sb, Ni and V
19

.  

Nwankwo and Ogagaure
20

 have noted that surface and 

underground waters in gas flared environments tend to have 

more concentrations of heavy metals such as lead, barium, 

cadmium, selenium and copper than non-gas flared area.  
 

The pollution of water sources by heavy metals, such as 

lead(Pb), cadmium(Cd), arsenic (As), copper (Cu) and zinc (Zn) 

occurs when their concentrations in water exceeds their 

tolerance limits and such pollution has been reported to cause 

deleterious effects in biosystems
21,8

.
 
Cd is a metal toxin of 

continuing worldwide concern, daily intake/exposure, albeit in 

small quantities, over a period of time, is associated with a 

number of adverse health effects, attributable to distinct 

pathological changes in a variety of tissues and organs and 

systems
22-24 

reflecting the multiplicity of Cd targets and 

toxicities
25

.
 

Cadmium exposure has been implicated in 

hypertension and atherosclerosis
26-28,23-24

. 
 

Trace metals and bio-exchangeable cations are required for the 

normal physiological  functioning of the body. Iron is the 

central metal ion for haemoglobin, its toxicity can lead to 

hemochromatosis and possible damage to organs, especially the 

heart, liver, endocrine system, pancreas
29,30

. Zinc is important 

for male reproduction, its toxicity can cause lethargy, liver and 

kidney failure and anaemia
31-33

.
 
Magnesium is an important 

electrolyte constituent that helps in ensuring electrical 

neutrality, maintain osmotic pressure relationships, and serves 

as buffer
34

. Calcium is an important element for the formation 

of strong bones and teeth
35

.
 
Ca deficiency can cause defective 

bone formation.  
 

There is paucity of literature on the effects gas flaring on the 

physico-chemical features of water  in areas of Imo State with 

oil and gas industries. This study was therefore aimed at 

investigating the effects of prolonged exposure to gas flares on 

water sources in gas flared area of Obiakpu Egbema. 

 

Material and Methods 

Study areas: Water was collected from two different 

communities, with very similar characteristic features, in the 

Imo East Senatorial zone of Nigeria. Imo State is one of the nine 

states in the Niger Delta region of Nigeria.  Egbema, an oil and 

gas producing community with active gas flaring by shell 

petroleum development company (SPDC) for more than 40 

years, constitute the test community.  This community is also 

located in between many other active oil and  gas flaring sites 

such as Ossu, Oguta and Izombe oil and gas fields operated by 

Addax and Akri and Ebocha oil and gas fields run by Nigeria 

Agip Oil Company. Alaoma Owerre-Ebeiri autonomous 

community,  a non oil and gas producing area, constitute the 

control community.  The residents of both communities were 

mainly farmers, traders and civil servants and share many 

common characteristics.   
 

Collection of water samples: Water samples were abstracted 

from two drinking water sources from each of the communities. 

These include two underground water sources (commercial bore 

holes water sources) and two surface water sources (streams). 

Specifically, the samples were Alaoma Owerre ebeiri bore hole 

(A) and Mgbee stream (B), Obiakpu bore hole (C) and Oloshi 

stream (D). Samples A and B were from the control community 

while samples C and D were from the test community. The 

samples were collected in the month of June, 2012, in clean 

polyethylene bottles and labeled for identification and then 

preserved at room temperature. Three representative samples 

were collected from each source and the results presented were 

the means of the three readings. 
 

Sample analyses: Chemical oxygen demand(COD) and 

biochemical oxygen demand (BOD) samples were analyzed the 

same day, according standard methods
36 

 Fabuss and Fabuss
37

 

method was used to analyze for colour and odor. Colour was 

determined by visual observation after matching the samples 

against white background, while the odor was determined by 

organoleptic method of smelling. The PH of the samples were 

evaluated with a pH meter(LABTECH), which was first 

standardized using acetate and phosphate buffers at ph 4 and 9.2 

respectively. Conductivity was determined with a conductivity 

meter (HANNA EC 215), which was first standardize using KCI 

(0.01 M and 0.0005). Chloride was determined by titration
37,38 

 

Phosphate was determined by the Molybdate Blue method, and 

the transmittance was measured at 465 nm; while nitrate was 

determined by Phenoldisulphonic acid method, and the UV 

absorbance was measured at 550 nm
38

 using UV 

spectrophotometer (Pharmacia LKB-Ultrospec 111). The 

biochemical oxygen demand (BOD) was determined as BODs 

using DO meter (Horiba 10), after incubating the water samples 

in BOD bottles at 20
o
C for 5 days, while the chemical oxygen 

demand (COD) was obtained by dichromate method. The trace 

metals were determined according to Udedi S.S.
39 

and
 
Kanu I et 

al
40

 with the aid of an atomic absorption spectrophotometer 

(UNICAM SOLAR 969). 
 

Results and Discussion 

Water quality is very essential for it is a measure of the 

environmental quality, a reflection of human health, economic 

well being and health of the ecosystem.  
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The results of the various parameters studied from different 

water sources are shown in tables 1 and 2. The results are 

compared with WHO standards. 

 

pH is a measure of acidity or alkalinity of a solution. pH of all 

the water samples are acidic and the values are below the WHO 

range of 6.5-8.5. pH of water beyond permissible range can 

affect mucous membrane of cells and cause corrosiveness in 

water supply system
41

. This acidic nature of the samples, 

especially that from Oloshi stream (5.69) can be due to the 

presence of CO2 from gas flares in the environment. It could 

also be due to the presence of humic acid from the 

decomposition of vegetable matter
42

.  

 

 

Table-1 

Physicochemical parameters of the water samples 

Parameters studied 
Water   Samples 

WHO Standard 
A B C D 

Colour 15.00 17.00 50.00 77.00 15.0-85.0 

Odor NO NO NO NO - 

Taste Inoffensive Inoffensive inoffensive Offensive Inoffensive 

Alkalinity 50 70 10 10 500 

PH at 29
o
C 6.05 6.10 6.19 5.69 6.5-8.5 

Conductivity at 29
o
C(µS/cm) 22.00 23.00 40.4 30.90 - 

Total Hardness (mg/dl) 5.5 6.8 11.60 8.1 - 

Turbidity (NTU) 1.60 3.95 20 15 25.00 

Temperature(
0
C) 25.1 27.2 29.2 28.80 - 

DO(mg/l) 2.30 3.90 5.1 4.9 - 

BOD5 (mg/l) 1.26 1.23 0.7 1.2 2.00 

COD (mg/l) 12.20 11.80 20.00 21.3 196.00 

Total dissolved solids(mg/l) 3.78 4.10 18.60 9.60 - 

DO=Dissolved oxygen;   BOD = Biochemical oxygen demand, COD = Chemical oxygen demand. 

 

Table-2 

Concentrations (mg/dl) of anions and trace elements in water samples 

Parameter 
Water  Samples 

WHO Standard  
A B C D 

Arsenic <0.0001 <0.0001 <0.0001 <0.0001 0.01 

Barium <0.0001 <0.0001 <0.0001 <0.0001 0.7 

Cadmium <0.0001 <0.0001 <0.0001 0.1127 0.003 

Chloride 6.15 6.50 20.20 15.30 - 

Chromium <0.0001 <0.0001 <0.0001 0.0127 0.05 

Copper 0.70 0.15 0.6722 2.5401 2.00 

Iron 0.24 0.41 0.0039 0.1488 1.00 

Lead <0.0001 <0.0001 <0.0001 0.1102 0.01 

Manganese 0.001 0.003 0.0109 2.1044 - 

Magnesium <0.0001 0.05 1.1664 2.1562 50.00 

Nitrate 0.25 0.20 29.00 37.7 50 

Nitrite 0.45 0.32 6.6 8.5 3 

Phosphate 0.04 0.06 1.37 1.64 - 

Potassium <0.0001 <0.0001 1.3198 <0.0001 - 

Selenium <0.0001 <0.0001 <0.0001 <0.0001 0.04 

Sodium <0.0001 <0.0001 <0.0001 <0.0001 50 

Sulphate,  1.25 2.46 10.20 3.62 400 

Mercury <0.0001 <0.0001 <0.0001 <0.0001 0.006 

Calcium 1.18 2.54 2.9621 3.2490 50 

Zinc 0.08 0.06 1.6020 3.1293 5.00 
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Temperature: Plays a crucial role in the dissociation of salts, in 

the increase of chemical activity and the determination of 

electric conductivity
42,43

). It also governs to a large extent the 

biological species present and their rates of activity
44

. The 

temperature range of the control community water sources was 

25.1-27.2
o
C compared with 28.80-29.3

o
C of the gas flared test 

community. The increase in temperature in the gas flared area 

may be due to climatic changes in the environment. Oseji
45

 has 

noted increase in temperature in gas flared community in 

Nigeria. The rise of temperature or acidity of the water in the 

gas flared water sources may increase the accumulation of 

heavy metals.  
 

Taste and Odor: The water samples (C and D) from gas flared 

area have objectionable taste compared with those (A and B) 

from non gas flared community. Water sample D, had offensive 

odor when compared with samples A to C. These observations 

could be due to contamination from constituents of gas fares. 

The results agree with those of Nwankwo et al
20

.
  

 

Colour: The color range of samples A and B, was 15-17 while 

that for samples C and D was 50-77. All the water sources had 

color values within the WHO range of 15-85Hu. The higher 

values in the gas flared community water sources may be due to 

contamination. 

 

Conductivity: is the numerical expression of the ability of an 

aqueous solution to carry an electric current. Electric 

conductivity is connected to the presence of ionic species in 

solution
42,43

. This study showed the gas flared water sources had 

a range of 30.90-40.40 compared with 22.00-23.00 µS/cm of the 

non gas flared sources. The observed high conductivity values 

from water sources in the  gas flared community indicates the 

water is in contact with inorganic constituents probably 

originating from the emissions of the flared gas
46

. Again, the 

geology of the area has been observed to be underlain mainly by 

the Benin Formation, known for high hydraulic conductance 

and transmissivity values
47,48

. 

 

Total Hardness: Hardness is the concentration of multivalent 

metallic cations in solution. Dissolved calcium and magnesium 

ions are the major sources of hardness in water whereas minor 

contribution is made by the ions of aluminium, barium, 

manganese, iron, zinc, etc.  Hardness values range of 5.50-6.80 

mg/l was gotten from non gas flared environment compared 

with 8.10- 11.60mg/l of water sources from gas flared 

community. Thus, water sources from gas flared community are 

harder than those from non gas flared community.  The 

increased hardness can decrease lather formation of soaps and 

increase of scale formation on hot water
20

. 

 

Alkalinity: Alkaninity is a measure of the ability of water to 

neutralize acids. The alkalinity of all the water samples were 

well below the permissible threshold concentration. 

 

Total Dissolved Solids (TDS): Generally, the quantity of TDS 

is proportional to the degree of pollution
44

. The increased TDS 

in the gas flared water sources compared with the non gas flared 

sources in this study may be due to increased pollution to the 

water bodies from the activities of oil and gas companies 

operating in the area. Furthermore, high amount of TDS have 

been noted due to industrial pollution
49

.  

 

Dissolved Oxygen (DO): DO is very important for many 

chemical and biological processes taking place in water. A 

stream must have a minimum of about 2mg/l of dissolved 

oxygen to maintain higher life forms
44

. The DO of all the water 

samples in this study are within permissible limit. DO can 

decrease in water due to microbial activity, respiratory and 

organic decay and its value tend to depict an inverse relationship 

with water temperature
50

. The observed low values of DO in the 

test water samples compared with the control may be due to 

high decomposition of organic matter, which can also indicate 

high pollution load in the water following many years 

continuous gas flaring in the environment. The deficiency of 

oxygen in the water can be a shelter for bacteria and other 

pathogens, which are anaerobic and injurious to human health
51

.  

 

Biochemical Oxygen Demand (BOD): BOD is the amount of 

dissolved oxygen needed by aerobic biological organisms in a 

body of water to break down organic material present in a given 

water sample at certain temperature over a specific time period. 

It is widely used as an indication of the organic quality of 

water
52

. The BOD of all the water samples in this study were 

within WHO limits. 

 

Chemical Oxygen Demand (COD): COD is commonly used to 

indirectly measure the amount of organic compounds in water.  

The result of a chemical oxygen demand test indicates the 

amount of water-dissolved oxygen (expressed as parts per 

million or milligrams per liter of water) consumed by the 

contaminants, during two hours of decomposition from a 

solution of boiling potassium dichromate. The higher the 

chemical oxygen demand, the higher the amount of pollution in 

the test sample. The water sources from gas flared environment 

had COD range of 20.00 to 21.30mg/l compared with 11.80 to 

12.20mg/l of the non gas flared water sources. The increased 

COD can is an indication of high pollution due to gas flaring. 

 

The following trace metals: arsenic, barium, selenium, sodium 

and mercury were not detectable in the water samples studied. 

The absence of barium from the water samples from gas flared 

area is contrary to the findings of Nwankwo et al
20

.
 
They found 

very high levels of barium in a gas flared water sources in Delta 

State, Nigeria.  The water levels of zinc, calcium, sulphate, 

phosphate, nitrate, potassium, chloride, cupper, manganese, and 

magnesium, though lower than WHO standards, were higher in 

the gas flared water sources than non-gas flared ones.  However, 

no cadmium, chromium and lead were seen in the water sources 

from non-gas flared environment compared levels above WHO 

limits in the water sources from gas flared areas.The presence of 

these heavy metals could be from the gas flares in the 

environment. 
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Conclusion  

In conclusion, the water sources from gas flared environment 

were polluted by the constituents of gas flares, making them 

unsuitable for human use. The water sources within oil and gas 

facilities need to be treated by standard techniques to make them 

potable and drinkable by the residents of their host 

communities.  
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