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Abstract: Scattered literature is harnessed to critically review the prime source, chemistry and potential environmental
and health effects of co-contamination of nitrate and hydrocarbon pollutants commonly found in soils and surface- and
groundwaters of Niger-Delta region of Nigeria, which substantially resulted from oil and gas exploration and exploitation
via gas flaring of associated natural gas of crude oil. Gas flaring in Niger-Delta has impacted on the nitrate and
hydrocarbon pollution of the region and thus, brought out attendant environmental and public health implications in the
region. The historic trend of gas flaring presented by Nigerian National Petroleum Corporation and estimates of nitrogen
oxides (NOy, the precursor of nitrate), hydrocarbons and volatile organic compounds presented by Shell-Nigeria suggest
that amounts in excess of cubic meters of these are continuously generated year-in and year-out has established the co-
contamination of nitrate and organic pollutants in the region. Therefore, as the problem now is brought out conspicuously,
the paper could contribute in the justification of the existence of the co-contamination, which could serve as an ignition key
for the investigation of an appropriate remediation technique that can simultaneously remove/degrade nitrates that co-exist
with organic pollutants.
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suffering under pollution/ contamination stress as a result

1. Introduction

Before the technological age, environmental
pollution/contamination was due to naturally occurring
phenomena such as bush burning, volcanic eruption and
very little from human activities. With advent of the
industrial revolution and the increase in the technological
innovations in Western Europe, e.g. the availability of
steam powered devices, the utilization of fossil fuels
increase the capacity of society to manipulate the earth’s
resources and process materials [1-3]. The net impact was
to advance civilization and enhance socio-economic well-
being of society, and as a direct result of the incomplete
efficiency of these processes, release of residual materials
to the atmospheric, aquatic, terrestrial environment
occurred [2]. As such, today, Niger-Delta is currently

of discharge of pollutants/contaminants from exploration
and exploitation of petroleum resources.

Niger-Delta is a host to many oil and gas industries with
activities ranging from oil and gas exploration to servicing
of oil and gas installations. The activities of these industries
are being gradually destroying the endowed ecosystem of
the region as encapsulated in the 1983 Nigerian National
Petroleum Cooperation (NNPC) report, cited in United
State Environmental Impact Assessment Report [4]. In the
same vein, Eteng [5] argued that oil exploration activities
over the past forty years has impacted negatively on the
socio-physical environment of the oil-bearing communities,
massively threatening the subsistence peasant economy, the
environment and hence the entire livelihood and survival of
the people. It is an incontestable fact; exploration and
exploitation of petroleum resources has sumptuous
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economic implication for a country. However, activities of
oil companies as perceived by environmentalists have
various, negative impacts on the environment. One such
practice associated with the extraction and refining of crude
oil that is known to produce colossal amount of oil and gas-
generated pollutants is the flaring of gas into the
atmosphere (see Fig. 1). Thus, combustion by-products of
gas flaring including multiple organic contaminants such as
benzene, toluene, xylene, polyaromatic hydrocarbons
(PAHs), low molecular linear aliphatic, as well as sulphur
dioxide, nitrogen dioxides are routinely released into the
natural environment. Therefore, this paper is targeted to

———— ———

centre discussion on the co-contamination of nitrate and
hydrocarbons pollutants resulting from gas flaring in Niger-
Delta, Nigeria, since nitrate and organic pollutants coexist
in the natural environment, particularly in aqueous systems
and, are of great concern because of their negative impact
on both environment and the human health. Explicitly, as
part of the many by-products of gas flares, nitrate and toxic
hydrocarbons (e.g. benzene and its metabolites) are well
known carcinogens, which have led to many suggestions of
possible serious health implications for the residents of
communities around gas flaring sites [6-8].

Fig. 1. Gas flaring in Niger-Delta, Nigeria. Source: [9].

1.1. Gas Flaring in Nigeria

The continued act of gas flaring in the Niger-Delta,
which has reached world record levels, is directly linked to
the activities of the multinational companies namely: Shell,
Exxon

Mobil, Chevron Texaco, Agip and Total FinaElfin
concert with the Nigerian National Petroleum Corporation
(the state owned oil company). It is astonishing that despite
the act of gas flaring in Nigeria being declared illegal in
1984, this as a result of the Associated Gas Reinjection Act
of 1979, gas flaring continues unabated. The reasons for
this are rather complex and seem intractable for a number
of reasons [10].

At the onset of oil exploration in Nigeria, associated
natural gas was deemed to be a waste product that resulted
from the process of removing crude oil from the ground.
This perception was indeed the dominant thought in the
industry at the time and fortunately has a tracked record
(Table 1). Thus, the practice became institutionalized and
operational throughout the industry and therefore, this
made Nigeria the second largest gas flaring volume among
the top 20 individual countries (Table 2), from which
Nigeria together with Russia account for 40% of global gas
flaring and the top twenty countries account for 85% [11].

This inaction, on the part of the government and the
multinational oil companies can be traced to the fact that
the Nigerian oil industry is steeped in corruption; which has
been to the benefit of the ruling local elite. As a result,
policies of best practice that should underpin the activities
within the industry are non-existent and thus this has had a
lasting impact on the continued flaring of gas (Table 3),
from which environmentally hazardous gases are emitted
into the atmosphere and subsequently ended-up in
terrestrial and aquatic ecosystems. Although there have
been measures to try and capture the flared gas through the
setting up of the Bonny LNG project in 1989 together with
other gas gathering projects, these measures have been
largely futile [10]. The measures have been fraught with
operational and bureaucratic challenges with the attendant
losses to the economy [12]. This can further be proven by
the plots (Fig. 2) of annual flaring efficiencies for top eight
gas flaring countries, in which Nigeria was found to be the
worst among the top eight flaring countries and Saudi
Arabia consistently out performs the other top flaring
countries implying that it is quite efficient in managing gas
flaring via utilisation of associated gas [11]. On the other
hand, the continued and unabated flaring of gas, which
constitutes 75% of gas produced [10], also means more
damage is being wrought on the local ecology and on the
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environment as a whole. Indeed, the environmental cost of
gas flaring is very high; the effects with regards to
vegetation, aquatic ecosystem and the human health are
hair-raising. Therefore, from these antecedents, one should
expect extremely large amount of co-contamination of
nitrate and hydrocarbon pollutants in soil and aquatic
systems of the gas-flared areas of Niger-Delta, which has
impacted negatively on the environment and human health
of the region.

Table 1. Nigerian Natural Gas Production and Disposal in Million Cubic
Metres (1961 — 2009).

Year Gas Produced Gas Utilised Gas Flared
1961 310 NA NA
1962 486 NA NA
1963 626 NA NA
1964 1,029 NA NA
1965 2,849 116 2,733
1966 2,908 216 2,692
1967 2,634 102 2,532
1968 1,462 151 1,311
1969 4,126 64 4,062
1970 8,068 111 7,957
1971 12,996 206 12,790
1972 17,122 274 16,848
1973 21,882 395 21,487
1974 27,170 394 26,776
1975 18,656 323 18,333
1976 21,274 657 20,617
1977 21,815 863 20,952
1978 20,486 1,046 19,440
1979 27,450 1,378 26,073
1980 24,551 2,337 22,214
1981 17,133 3,643 13,470
1982 15,382 3,442 11,940

Top 8 Flaring Countries

50

Efficiency [m3/Barrel]

Saudi Arabia

o, Yo, Yo. <o
%, g TR "

Year Gas Produced Gas Utilised Gas Flared
1983 15,192 3,244 11,948
1984 16,251 3,438 12,813
1985 18,569 4,647 13,922
1986 18,738 4,821 13,917
1987 17,170 4,976 12,194
1988 20,250 5,510 14,740
1989 25,129 6,303 18,784
1990 28,430 6,020 22,410
1991 31,460 6,800 24,660
1992 32,084 7,508 24,575
1993 33,680 7,910 25,770
1994 33,680 6,770 26,910
1995 35,100 8,114 26,986
1996 35,450 8,860 26,590
1997 37,150 10,383 24,234
1998 37,039 13,407 23,632
1999 43,636 21,274 22,362
2000 42,732 18,477 24,255
2001 52,453 25,702 26,759
2002 48,192.45 23,356.87 24,835.58
2003 51,766.03 27,823 23,943.03
2004 58,963.61 33,881.68 25,090.91
2005 59,284.97 36,282.27 23002.71
2006 82,063.86 53,479.47 28,584.39
2007 84,707.34 57,400.21 27,307.13
2008 80,603.61 58,792.61 21,811.00
2009 64,882.86 46,895.27 17,987.59
Grand 1,375,052.74 480,898.10 824,262.75
Total
Source: [13].
Russia
Kazakhstan
Algeria
lrag
Iran
Libya
-
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Fig. 2. Gas flaring efficiency of the top eight countries. Source: [11].
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Table 2: Year 2008 top twenty gas flaring countries. 2. Methodology
Rank Countr Gas Flarin, CM . . . .
1 Russia - 405 RO The data used in this article were obtained from
2 Nigeria 15.1 secondary sources, which are being used for the
i iran ;064 justification of the research problem (co-contamination of
raq d . . .
5 Aty 55 n?crate and- aqueous organic pollutants resulting from crude
6 Kazakhstan 52 oil extraction and refining processes) of the research we
7 Libya 3.8 have embarked upon and, from which trying to explore
8 Saudi Arabia 3.5 diati hni h . mul
9 Angola 3] remediation technique that can 1mpact simultaneous
10 Qatar 3.0 remediation treatment to the coexist pollutants via
11 Uzbekistan 2.7 heterogeneous photocatalysis using nanocrystalline TiO,-
12 Mexico 2.6 :
o i s based composite catalyst.
14 Indonesia 32
15 USA 32
16 China 32
17 Oman 1.9
18 Malaysia 1.9
19 Canada 1.8
20 Kuwait 1.8
Source: [11].
Table 3: Environmental Pollutants from Flared Natural Gas
Year 2011 2010 2009 2008 2007 2006 2005 2004 2003 2002
Hydrocarbon flared (million tonnes) 34 3.6 2.6 2.8 34 4.8 7.0 8.1 8.1 6.8
Volatile organic compounds (VOCs) (thousand tonnes) 111 126 130 148 185 199 213 226 324
Sulphur oxides (SO,) (thousand tonnes SO,) 136 141 175 212 233 226 247 257 240
Nitrogen oxides (NO,) (thousand tonnes NO;) 146 142 150 145 154 157 172 193 195

Source: [14].

2.1. Nitrate Sources and Chemistry in Oil and Gas Flared
Region

Nitrate is found in moderate concentrations in most of
the natural waters. It occurs naturally due to the
degradation of nitrogen-containing compounds from
natural sources as soil, bedrock and organic materials [15].
Nitrate is also present as natural constituent of plants.
Together with sulphates, nitrates are main components of
acid rains [16]. However, the largest loading of nitrate
originates from anthropogenic sources, which mostly result
from excessive application of nitrate-based chemical
fertilizers in agricultural activities [16, 17-19] and from
many industrial processes [20-23], among which crude oil
refining and extraction via gas flaring is the major and
significantly contributing in oil and gas regions. Depending
on the altitude, temperature, and radiation wavelength,
initiation reactions take place in the atmosphere in form of
photolytic reactions from where other stages of the
reactions set in. The other three general steps in formation
mechanism are propagation reaction, branching reaction,
and terminating reaction with production of radicals of

various forms which include: hydroxyl (OH),
hydroperoxyl (HO,"), methyl (CH;") and hydrogen (H').
Any of these radicals may react with emission products
from natural gas flares for the formation of secondary
products that are of environmental concern [24], of which
nitrate is inclusive. Considering the interaction between
primary air pollutants released from natural gas flares [25],
of which NO is one of them (the precursor of NO3), and the
various atmospheric compositions which involve (OH’),
(HO,") and O3, a review of the reaction mechanism of the
resulting secondary air pollutants (NO;) is undertaken
below:

NO + HO,’— NO, + OH’
NO, + OH" — HNO; (1)
This formation of nitric acid is a function of the time of
the day [26].
(During daytime)

NO + HO,'— NO, + OH'
NO, + OH'— HNO; ©)
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(At night)
NO, + O3 —» NO; + O,
Or
2NO, + 03 = N,05 + O,
N,05 + H,O — 2HNO; 3)

This is a very key secondary particulate generally formed
as a result of atmospheric reactions of NO/NO, involving
gas to particle conversion [26]. In the lower troposphere,
oxidized NO (Eqn. 2) and the emitted NO, from natural gas
flares, react with ozone to produce nitrate compound (Eqn.
3). The HNO; produced from this reaction between N,Os
and H,O predominantly occurs in the cloud water and on
the surface of particulate, involving the “charge transfer” or
“jonic” intermediate NO,"™ and NOs-, with the product
being nitrate aerosol and not gaseous HNOj; [27], which
subsequently settle into soil and water bodies [28]. Nitrates
are extremely soluble in water and can move easily through
soil into the drinking water sources [23] and when their
concentrations become excessive in water sources they
cause several health and environmental problems.

2.2. Nitrate Health and Environmental Concerns and
Regulations

Nitrate in water has low toxicity, but may be converted
via microbacteria or in vivo reduction to nitrites [29, 16].
Nitrites transform hemoglobin to methaemoglobin by
oxidation of ferrous iron (Fe’") in hemoglobin to ferric
form (Fe'") preventing or reducing the ability of blood to
transport oxygen. Such a condition is described as
methaemoglobinaemia which is dangerous especially in
infants (so-called “blue-baby syndrome™) [18-20, 22, 30-
32]. In addition, the reaction between nitrite and secondary
or tertiary amines may result in the formation of
carcinogenic, mutagenic and teratogenic  N-nitroso
compounds (N-nitrosamines) [29, 17, 20, 23, 32] which
may cause cancer of the alimentary canal [21, 33-34]. In
adults, high amounts of nitrate may cause abdominal pain,
blood in stool and urine, weakness, mental depression [18],
dyspepsia, headache [22], diarrhea, vomiting, diabetes,
hypertension, respiratory tract infections and changes in the
immune system [35]. In nature, high levels of nutrients,
such as nitrates, lead to eutrophication of water sources,
which in, severe cases, lead to the extermination of the
other aquatic life due the decreased levels of oxygen and
luminosity [36]. For these reasons, removal of nitrate from
water is a necessity. To limit the risk to human health from
nitrate in drinking water sources, the World Health
Organization (WHO) set a maximum acceptable
concentration to be 50 mg NO;~/L [37].

2.3. Organic Pollution Resulting from Oil and Gas
Activities

The global transport and use of both petroleum and its

derivatives have made petroleum hydrocarbons (PHCs)
major contaminants in both prevalence and quantity in the
environment. Crude petroleum is mainly composed of
linear and branched-chain alkanes, cycloalkanes and
aromatics, but it also contains small amounts of oxygen-,
nitrogen- and sulphur containing compounds, such as
phenol, indole and thiophene, respectively [38]. Amongst
the hydrocarbons, polyaromatic hydrocarbons (PAHs) are a
class of compounds composed of two or more aromatic
rings. They are a component of crude and refined
petroleum products, which are released into the
environment as a result of incomplete combustion of crude
oil and thus, a lot to the extent of PAHs contamination
especially in the aquatic and terrestrial environment
occurred [39-42]. They have been reported in water
samples, soil and sediments of the Niger Delta region of
Nigeria which has had extensive petroleum production
activities over the past few decades [43-45].

In addition, when crude oil hydrocarbons entred natural
environment through crude oil spill, they are bound to
under-go chemical transformation. The value of aromatic,
straight chain hydrocarbons and the concentrations of
chloride ion in the water samples of the Niger- Delta region
of Nigeria, shows that the formation of chlorinated
aromatic and polychlorinated-n-alkanes (PCAs) are
possible [46]. They are normally manufactured in the
presence of ultra violet (UV) light [47]. The surface water
of the region where crude oil spill occurs are wide open to
direct ultra violet (UV) light from the sun, their formation
is by simple substitution of hydrogen atom(s) by chlorine
radical, an example of chain reaction involving free
radicals [48], also for the fact that the temperatures of water
are above ambient values even in rainy season [46] shows
that their formation is possible (see eqn. 4 and 5). Those of
great interest are the benzene, phenol and C;y — C;;3 PCAs,
which have the greatest potential for environmental release
[49] and the highest toxicity of their products [50-51].

H,C,+ CI' +hv — H,,C+HCI @)
H,.,C,+ CI'—H,,C,Cl )

Furthermore, In addition above, formation of aerosols
which are called secondary organic aerosol (SOAP) which
depend strongly on the conversion of volatile organic
compounds (VOCs) is possible [52], which also has
negative environmental impact released from the gas flares
an operational unit of oil and gas activities. Though aerosol
formation from primary air pollutants resulting from
natural gas flares emissions usually takes place outdoor, the
impacts on the environment may include indoor [53].

2.4. Health and Environmental Concerns and
Regulations of Petroleum Organic Pollutants

Commercial exploration and exploitation of huge crude
oil deposits and gas reserves in the Niger—Delta region of
Nigeria has resulted in the alteration of the region’s
environment in certain negative manner. Petroleum
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hydrocarbon has the potential to eliciting various toxic
effects, which can cause acute lethal toxicity, sub lethal
chronic toxicity or both depending on the exposure, dosage
and type of organism exposed [54]. Accumulation of
differed categories of pollutants from drilling, production,
refining of crude oil and production of petrochemicals has
been a legacy of environmental pollution (of land and water)
and destruction. Amongst the petroleum hydrocarbons,
those of great interest are the chlorinated aliphatic of C; —
Cy; PCAs, benzene, polyaromatic hydrocarbons and
chlorinated aromatics, which have the greatest potential for
environmental release [49] and the highest toxicity of
chlorinated hydrocarbons products [50-51, 55]. Taken
together, the carcinogenic effect of chlorinated aliphatic
and polyaromatic hydrocarbons (PAHs) and the fact that
study has shown that the C;; — C;3 PCAs inhibit
intercellular communication in rat liver epithelial cells, a
phenomenon that suggests these chemical may be acting as
tumor promoters [54], could accelerate environmental and
public health hazards such as malignant lymphomas [56-57]
and soft tissues sarcomas [58], which already reported in
the Niger Delta region of Nigeria [54]. In addition, because
of complex composition of crude oil, it has multiple
potential type of toxic effect which may include long term
petroleum pollution on individual organism such as
impaired reproduction [59], reduced growth [60], tumours
and lesions [61], and morphological abnormalities [62].
Therefore, to institute control, PAHs and chlorinated
hydrocarbons, such as chlorinated phenols are classified as
environmentally hazardous organic compounds due to their
known or suspected carcinogenicity and are included in the
European community (EC) and United States
Environmental Protection Agency (USEPA) priority
pollutant list [63-65] and thus, soil or water bodies
containing these require remediation. In the same vein, the
maximum contamination levels for chlorinated aliphatic
and benzene in the environment are set to be 0.005 mg/ L.

3. Conclusion

From this survey, the continued and unabated flaring of
gas in Niger-Delta, Nigeria is deemed to be the prime
source of release and co-contamination of nitrate and
hydrocarbon pollutants among the other anthropogenic
sources and thus, deserve given attention. This continued
release of nitrate and hydrocarbon pollutants via flaring of
gas has resulted in massive degradation of the region with
the attendant destruction of the natural ecosystem and
human health. Therefore, a solution to this problem (gas
flaring) and the attendants damaged so far done through
continued release of nitrate (via nitrate precursor, i.e. NOy)
and organic pollutants to the general ecosystem of the
region require integrated laws and policies to avert the
practice. This together with holistic remediation technique
for the simultaneous destruction of the coexist pollutants at
low cost operation and also be possibly installed even at
remote locations of the region.
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