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Abstract:

One of the characteristics of petroleum industry in developing countries is incessant flare of gases with its
attendant socio-ecological impacts. Gas flaring has not only contributed to poor environmental quality and
pollution but play remarkable role in micro-climate modification. The aim of this study was to examine the effects
of gas flaring on air quality of Ologbo flow station, Edo state. Data was collected for air within defined distances
from the flaring point in accordance with standard procedure. A 4 km distance from the flare facility was buffered.
Sampling sites 1, 2, and 3 are within the vicinity of the flare facility, while the control point (Evbuarhue) is located
30 km from the fence of the flare facility. Air Quality measurements were done for carbon monoxide (CO),
nitrogen dioxide (NO2), methane CH4 and ammonia (NH3) using toxic gas monitors meter; toxic EEX 79 IICT3-T4
and CE89/336/EEC. The Ambient Air Quality and humidity were analyzed in situ using the standards adopted by
the Federal Ministry of Environment. Temperature was discovered to have risen by 10 0C at station 1. Relative
humidity was recorded as 63%. Average total suspended particulates, nitrogen dioxide, carbon monoxide, sulphur
dioxide ammonia and methane were recorded as 2.25, 1.2, 3.0, 0.014, 0.01 and 0.01 ppm, respectively. These
values exceeded results obtained at control site. Standard deviation varied from 1.35 for temperature, 7.8 for
relative humidity, 1.19 for total suspended particulates, 0.84 for nitrogen dioxide, 1.87 for carbon monoxide, 0.007
for sulphur dioxide and 0.00 for ammonia and methane. With continuous flare of gas, the study area will over time
undergo further alterations in its air quality.
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Introduction
The world is blessed with abundant of oil and gas resources to
meet the increasing energy needs. Statistics show that at the
end of 2017, the global gas reserves stood at 193.5 trillion
cubic meters (British Petroleum – BP, 2018). Out of this
figure, about 80% were found in just ten countries including
Russia, Iran, Qatar, Turkmenistan, United States of America
(USA), Saudi Arabia, United Arab Emirates (UAE),
Venezuela, Nigeria and Algeria in decreasing order (Duddu,
2013). In terms of production and consumption, about 3680.4
billion cubic meters were actually extracted, 3670.4 billion
cubic meters consumed (BP, 2018) and the rest unutilized and
in most cases flared. Thus, based on Giwa et al. (2017), gas
flaring is “the speedy oxidization of natural gas with
simultaneous emission of gaseous, particulate and heat into
the atmosphere”. Thus, reducing the flaring of natural gas has
been an issue of global concern in recent years due to its
attendant impacts on humans and environment.
According to the World Bank (2016), “about 147 billion cubic
meters (bcm) of natural gas was flared in 2015 up from 145
bcm in 2014 and 141 bcm in 2013 globally. Russia remains
the world’s largest gas flaring country, flaring about 21 bcm
annually, followed by Iraq (16 bcm), Iran (12 bcm), USA (12
bcm), and Venezuela (9 bcm)”. Giwa et al. (2017) reported
that “out of the 1.78 trillion cubic meters of gas produced in
Nigeria’s Niger-Delta region between 1965 – 2015, about
822.02 bcm utilized and 917.17 bcm were flared. In any given
flaring event, several harmful substances including hydrogen
sulfide, toluene, benzene, sulphur dioxide, benzapryene,
nitrogen dioxides, xylene, among others are emitted into the
atmosphere (International Climate Fund – ICF, 2006). The
composition and magnitude of natural gas flared is a function
of the quantity and category of pollutants released into the
atmosphere coupled with the flare architecture, burning
parameters as well as the local weather patterns (Torres,
Herndon and Allen, 2012; Fawole et al., 2016). These harmful
substances therefore constitute key air quality issues in both
developed and developing countries and according to Giwa et
al. (2017) “the most important contributor to global warming
and climate change”.
In Nigeria, natural gas is found with hydrocarbon (crude
petroleum). Thus, when crude oil is extracted, it often comes

with associated gas which must be separated from the crude to
produce fine, export quality petroleum products. A common
practice is to burnt off as unusable waste gas or flammable
gas, which is released by pressure relief valves during
unplanned over-pressuring of plant equipment. It burns
through a flare stack (an elevated vertical chimney) on oil
wells, in refineries, in chemical plants or in a flow station as
seen in Plate 1.

Plate 1: Gas flare stark at NPDC flow station in Ologbo, Edo
State (Damiete, 2017)

The proponents of gas flaring in the upstream sector of the
petroleum link it to system safety and framework to protect
vessels or pipes from over-pressuring due to unplanned
upsets. Whenever the plant equipment items are overpressured, pressure relief valves automatically release gas
(and sometimes also liquids). The released gases and/or
liquids are burnt as they exit the flare chimney. The size and
brightness of the resulting flame depend upon the amount of
released flammable material. Steam can be injected into the
flame to reduce the formation of black smoke. In order to keep
the flare system functional, a small amount of gas is
continuously burnt, like a pilot light, so that the system is
always ready for its primary purpose as an over-pressure
safety system (Milton, 2005).
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Nevertheless, the earliest moves at commercializing natural
gas were made by Shell/BP in 1960 with an agreement to
supply gas to some manufacturing units in Aba, south eastern
Nigeria and the State owned Power Company then called
Electricity Corporation of Nigeria, for thermal electricity
generation. In 1995 British Gas Corporation indicated its
intentions to buy Nigeria’s Liquefied Natural Gas and this
gave Nigeria the impetus to consider a proposal to explore her
gas reserves. Unfortunately, with the discovery of commercial
quantity of natural gas in the Southern North Sea, the
corporation suspended discussions on the project (Okoh,
2001). The production of gas, despite record of huge
association and non-associated gas reserves, has been low
while its commercial exploration for domestic use and export
has never been anywhere close to that of oil, rather flaring of
associated gas has been the norm (Bankole, 2001). Recently,
“among the large flaring countries, Nigeria has made
significant progress, reducing flaring by 18 percent since
2013, to less than 8 bcm in 2015” (World Bank, 2016).
Continuous flaring does not only pollute the immediate
environment of the host community but, also contribute in
increasing the levels of atmospheric greenhouse gases that
result in increasing temperature. Greenhouse gases are gases
in our atmosphere that serve to regulate the amount of heat
that is kept close to the Earth's surface. Scientists theorize that
an increase in these greenhouse gases will translate into
increased temperatures around the globe, which would result
in many disastrous environmental effects. According to
Nordell (2003), this warming is a result of heat emissions
from the global consumption of non-renewable energy. The
Intergovernmental Panel on Climate Change (IPCC) (2007) in
its fourth assessment report revealed that 1995-2006 ranked
among the twelve warmest years in the instrumental record of
global surface temperature since 1850.
Indeed, for quite sometimes now, the residents of close
communities to gas flare points in the Niger Delta have been
vocal on the effect this pollution has on the health of the
citizens as well as their metallic (galvanized iron) roofs (Obia,
2009; Uyigue and Agho, 2007). Health problems often
associated with gas flaring include asthma and such
respiratory illnesses as chronic bronchitis, coughing and
wheezing, difficulty in breathing; sometimes leading to such
complications as impotency, blindness and premature death
(USEPA, 2007; Palmer, 2009; Ekpoh and Obia, 2010). The
communities’ position especially as it relates to galvanized
iron roof corrosion had always been countered by the simple
argument that Nigeria’s crude oil is low in sulphur content and
would not produce sulphur dioxide in a volume that could be
detrimental to materials (Inyang, 2001; Obia, 2008).
The reduction of greenhouse gas emissions has become a
primary focus of environmental programs in countries around
the world. Nigeria’s South-South Region (Niger Delta) has
been at the fore of international attention in recent time. Most
of the discussions have been on oil spill and the associated
ecological impact on the rich ecosystem of the mangrove
environment. In recent time however, world attention driven
more by the threatening global warming has shifted to air
pollution in the Delta perceived to be a major contributor to
the planetary atmospheric carbon dioxide imbalance. This
study intends to investigate fully the effects of gas flaring on
the quality of air in Ologbo community, Edo state.
Materials and Methods
The NPDC Flow Station is located between latitudes 60 3’
31.68’’ – 60 3’ 57.6’’North of Equator and longitudes 50 34’
52.74’’ – 50 35’ 26.88’’East of Greenwich and in the heart of
Ossiomo industrial park in Ologbo community, Ikpoba-Okha
Local Government Area (LGA) of Edo State. It is about 35
km from Benin City, the capital and about 35 km from Koko,

Delta State. The climate of the area is an equatorial
characterized by double rainfall maxima with an alternating
wet and dry season influenced by its proximity to the Atlantic
Ocean, wind patterns and sunshine. The National Centers for
Environmental Prediction (NCEP) Climate Forecast System
Reanalysis (CFSR) data of Ologbo covering 36-year period of
1979 through 2014 reveals that the mean maximum
temperature is 31.40C, mean minimum temperature is 22.30C
and mean precipitation is 744.0 mm. Also, mean wind speed
stood at 1.24 m/s2, mean relative humidity (83%) while mean
solar radiation (17.1 MJ/m-2). In 1991, the demographic
characteristics of the host community, Ologbo show that they
were 10,022 people divided into 5,437 males and 4,585
females. With a rural population growth rate of 2.8%, the
2017 population projection of the community stood at 20,548
with 11,148 males and 9,400 females. Major occupation of the
people is small scale farming.
Data was collected for air within defined distance from the
flaring point. To define the sample area, the approach of
proximity to flaring facility as defined by Argo (2002) was
adopted. According to (Argo, 2002), proximity to gas flaring
point is any distance within 0.2 to 35 km from the flare stack
(Ovuakporaye, 2012). Following this definition, a 4 km
distance from the flare facility was buffered. Within this
specified zone (4 km), air samples were collected and quality
analysis at different intervals for the purpose of detecting
variations. In addition, control point was also established.
Control point for air was established at 30 km from the fence
(bund wall) of the flare facility and 27 km from the buffered
sampling area (3 km) as shown in Fig. 1. Sampling sites 1, 2,
and 3 are within the vicinity of the flare facility, while the
control point (Evbuarhue) is located 30 km from the fence of
the flare facility. The distance of the control site was chosen
because Onuorah (2000) and Odjugo (2007) noted that the
impact of gas flaring on the atmospheric quality is statistically
insignificant beyond 15 and 20 km radius of the flare site.
Buffering of sampling area was conducted using the
geographic information system technology.

Source: Field Work (2017)
Fig. 1: NPDC Ologbo Flow Station showing sampling
points and control point
A total of four monitoring sites were established. These
include 200 m from the Bund wall (fence of flow station) 1, 3
and 30 km (control point) i.e. 27 km from the buffered area (3
km). The SKC (support knowledge choice) pumps were used
for the measurement of suspended particulate. The sampling
meter was held at a height of approximately 1.5 meters above
the ground. Air Quality measurements was made for CO, NO2,
CH4 and NH3 using toxic gas monitors meter; toxic EEX 79
IICT3-T4 and CE89/336/EEC.
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The Ambient Air Quality was analyzed in situ using the
standard adopted by the Federal Ministry of Environment,
Housing and Urban Development (FME & UD). The FME &
UD adopted the World Health Organization (WHO) standards
as the national standards for gaseous emissions against which
air quality parameters monitored are compared in order to
ascertain its “cleanliness”.
Results and Discussion
Ambient air temperature
The impact of air emission on ambient air temperature in the
vicinity of the flow station at the different sample points was
presented as figure v. From the figure, it can be seen that
temperature was highest at station 1 which is 200 m (370C)
from the fence of the flow station. Observed air quality in the
vicinity of flow station was compared with air quality at
control sites. Temperature at station 1 was recorded as 37 0C
which is higher than 270C recorded at the control site. There
was however gradual decrease in temperature away from the
bund wall with the lowest temperature value being recorded at
station 3 with surface temperature of 28.50. If the
experimental station 1, 2, 3 and control recorded 37, 32, 28.2
and 270C (control) then the flare had increased the
temperature of the stations by 100C (200 m), 50C (1 km), and
1.20C (3 km). Temperature can be said to decrease as one
move away from the flare site (Fig. 2). Thermal air pollution
occurs if the recorded air temperatures of the place deviate
from its normal ambient temperature (Oseji, 2010). Similarly,
Odjugo (2009) observes that gas flaring increased air (Efe and
Ojoh, 2011). Similarly, the excessive and continuous heating,
not only reduces the soil moisture but also affects the
photoperiodicity required for plant flowering and fruiting
(Botkin and Keller, 1998).

strong lapse condition (looping) with moderate to high wind
velocity and large convective mixing of air (Ayoade 1993).
The relative humidity tends to decrease as one move towards
the flare site. Relative humidity tends to follow closely the
reverse pattern of temperature which increased with
increasing distance from the flare site. Since relative humidity
is affected by ambient temperature, it follows therefore that
the higher the temperature as one moves from flare site, the
lower the relative humidity. The higher temperatures
generated by the flare must have increased the evaporation
rate (Odjugo, 2007), in sites closer to the flare hence
decreased the relative humidity which will in turn reduce the
soil moisture.
Other air quality parameters
There was observed significant spatial variation in levels of
the air quality due to dispersal of aerial materials from point
sources of pollution. Notwithstanding, values obtained for
CO, NO2, SO2 and CH4 from Ologbo flow station were above
values obtained at Evbuarhue (being the control point) which
include 0.4, 0.2, 0.02 and 0.01 ppm for CO, NO2 SO2 and
CH4, respectively.
The values of all the air quality indices decreased with
distance from the flow station site, indicating that air emission
diffusion increased with increasing distance (Craft et al.,
1986). This observation is attributed to the high pollution
level due to activity of the flow station in Ologbo community
(Fig. 4).

Source: Field Work (2017)
Fig. 4: Impact of gas flaring on other air quality
parameters
Source: Field Work (2017)
Fig. 2: Impact of gas flaring on Air temperature

Source: Field Work (2017)
Fig. 3: Impact of gas flaring on relative humidity

Relative humidity
Humidity value was observed to be highest at the control as
seen in Fig. 3. Station 1 recorded the lowest value of humidity
which is followed by station 3. There was a rise in relative
humidity at station 2 which can be related to the presence of

Nevertheless, it was observed that station 1 with a value of 1
ppm recorded the same value of nitrogen dioxide with station
3, while station 2 with a value of 2 ppm recorded the highest
value of nitrogen dioxide. This pattern of observed low
concentration of light pollutants close to the bond wall and
somewhat increase some distance away, with a sort of
lowering again can be attributed to strong lapse condition
(looping) (Ayoade, 1993). Nitrogen dioxide concentration was
far less at the control point which is 0.2 ppm, relative to areas
within the flare vicinity but above the upper limit of the
Federal Ministry of Environment of Nigeria. The values of
Nitrogen dioxide at the sampling points are clearly above the
0.06 upper limit of the Federal Ministry of Environment of
Nigeria (FMENV, 2001).
Carbon monoxide CO was seen to be highest in station1 with
a value of 5ppm, while values in stations 2 and 3 recorded the
same value which is 3 ppm. The control point has a very
insignificant concentration of Carbon monoxide of 0.4 ppm
compared to areas within the flare vicinity, indicating that the
flow station environment is polluted by flare activities. This
finding is in agreement with Onuorah (2000) and Odjugo
(2007) who noted that the impact of gas flaring on the
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atmospheric quality is statistically insignificant beyond 15km
and 20km radius of the flare site. According to research,
carbon-monoxide and related trace metals have been linked
with both acute and chronic adverse health effects which
mostly include respiratory diseases, lung cancer, heart
diseases and damage to other organs (Prieditis and Adamson,
2002; Magas et al., 2007; Wild et al., 2009).
Other air quality indices such as Ammonia, sulphur dioxide
and methane were generally low in all the sample points. The
low concentrations of sulphur dioxide at the experimental
points justify the UNEP (1983) assertion that SO2 is mainly
emitted into the atmosphere via fossil fuel combustion
especially coal. Volatile sulphur is low in the flared gas and
would not be expected to contribute much to the acidity of
rainwater. In the air, sulphur dioxide produced as a result of
gas flaring converts to sulphur trioxide (SO3) and sulphate
particles (SO4) which is a highly corrosive substance
(Overrein et al., 1980).
Value of total suspended particulate was observed to be
highest at station 1 with a value of 3.83 ppm, which gradually
decreased in stations 2 with a value of 2.7 ppm and station 3
with a value of 2.55 ppm. The concentration of Total
Suspended Particulate at the control is highly insignificant
with a value of 0.58ppm. The TSP values obtained in this
research compared well with other similar research works
that have been carried out in some parts of Nigeria (Ukpebor
et al., 2004; Efe, 2006; Ediagbonya et al., 2012, 2013)
though lower than most of those values, reason being that
Isoko land is more of a rural area, but the values obtained
were higher than those obtained from similar research works
done in some advanced countries such as England, Australia,
and Mexico (Sato et al., 1995; Butler and Crossley 1979;
Verrall et al., 1986; Goodman, 1977; Zhao and Zhao, 2012;
Putaud et al., 2010); more stringent laws governing oil and
gas activities as well as air pollution, also the good condition
of infrastructure in those countries.
Airborne particulate matter contains a large number of
genotoxic and carcinogenic substances, such as, the polycyclic
aromatic hydrocarbons (PAHs). Particulate matter has been
linked to premature mortality, lung cancer, respiratory and
cardiovascular health problems (Sufian, 2011). Long-term
exposure to particulate matter <10 mm in diameter had a
significant negative effect on lung-function proxy for the
development of large (forced expiratory volume in one
second) and small (mid-expiratory flow between 25 and 75%
of the forced vital capacity) airways, respectively (Horak et
al., 2002). Particulates are especially dangerous because they
have been implicated in the development of lung cancer and
higher rates of mortality (Schwela, 2000).
Conclusion/Recommendation
The impact of flares on air quality in the vicinity of the flow
station at the different sample points showed that air quality
within the buffer of the flow station is polluted when
compared to air quality at the control site. Temperature was
observed to have increased as one move away from the flare
site; there was 10oC increase in temperature close to the bund
wall. There was however gradual decrease in temperature
away from the bund wall of the flow station with the lowest
temperature value being recorded at station 3(the buffer
station). Areas close to the flow station (the buffered area)
experienced increased temperature due to the heat generated
by flaring activities. The sampling point closest to the bund
wall (200 m) experienced 37oC as its temperature with a
difference of 10oC from the second sampling point (1 km
away) which experienced a temperature of 27oC.
Relative humidity was observed to follow closely the reverse
pattern of temperature by decreasing towards the flare site
which connotes that the high temperature generated by the

flare must have increased the evaporation rate, thus decreasing
the relative humidity. Values of nitrogen dioxide (NO2), total
suspended particulate (TSP), Carbon monoxide CO,
Ammonia, sulphur dioxide and methane were generally low in
all the stations when compared to patterns observed for
temperature and humidity.
A clear trend was observed as flaring is seen to affect the air
quality of the vicinity of the flow station without a specific
pattern due to the effect of wind action and dispersal (plume
system) and other factors. The values of all the air quality
indices decreased with distance from the flow station site with
the exception of relative humidity indicating that air emission
diffusion increased with increasing distance. This research
herby recommends that gas flaring should be stopped.
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