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Abstract: Air pollution regularly releases unpleasant odors, particles, and harmful gases
into the environment. Depending on the type of pollutant and its concentration, the effect
could be deleterious to humans who live or work near the polluted area over time. This
study examines the air quality status, sources of pollutants, health hazards, and possible
mitigation strategies in the Niger Delta region of Nigeria. The study findings show that
waste dumps, gas flaring, and food processing units are sources of ammonia, hydrogen
sulfide, carbon monoxide, sulfur dioxide, nitrogen dioxide, volatile organic compounds,
and particulates released into the atmosphere. The identified pollutant sometimes exceeds
the allowable level recommended by the Federal Environmental Protection Agency of
Nigeria and the World Health Organization, an indication of a possible adverse health
effect. Some of the associated health concerns associated with air pollution include
irritation of the nose, eyes, skin, and throat; coughing; shortness of breath; dizziness; and
weakness. The pollutants can predispose the body to specific organ dysfunctions,
particularly in those with compromised immune systems. The health effects depend on
the type of pollutant gas, concentration, and duration of exposure. As a result, adequate
mitigation measures, including installation of filters in exhausts of vehicles, emissions
stacks in emissions chambers from industrial processes, efficient burners as cooking
stoves, use of adequate personal protective equipment when in industrial areas, use of
electricity, use of alternative energy sources, particularly biofuel and solar to reduce
emissions. It will reduce the risks to public health from human activities polluting the air.

Keywords: Human activities, Impacts, Noxious gases, Particulates, Public and Environmental Health.

Introduction

the area has fertile ground suitable for plant growth

The oil and natural gas output in the Niger Delta
region of Nigeria is well known. Most of the resources
that comprise Nigeria's primary source of foreign
revenue are in the Niger Delta. Moreover, profits from
petroleum and natural gas exploitation in Nigeria serve
to support substantial projects throughout time.
According to lzah (2016) and Ohimain (2015),
petroleum accounts for around 90 percent of Nigeria's
exports and 85 percent of its earnings. According to
Donwa et al. (2015), oil and gas exports accounted for
about 98% of total export income and 83% of federal
government revenue in 2000. Ede & Edokpa (2015)
report that the Niger Delta generates over 80 percent
of the national budget.

Thus, petroleum exploitation considerably adds to
Nigeria's gross domestic product (GDP). In addition,

and water bodies home to various fish and other
aquatic  species. Moreover, it has led to
industrialization, fast population growth, urbanization,
and other economic activities. These are possible
sources of air pollutants having seasonal concentration
changes.

The exploration of oil and gas, food production, and
even the utilization of refined products, as well as
improper management of wastes from manufacturing
and consumer sectors, have several environmental
impacts. For instance, during the combustion of fossil
fuels used as transportation fuel, emissions into
released the atmosphere lead to environmental
degradation. Improper management of municipal
waste from industrial and domestic sources could lead
to odor pollution and the release of other noxious
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gases, primarily from anaerobic degradation.
Furthermore, the usual practice in the Niger Delta is
open-air combustion of the wastes during the dry
season, which releases noxious gases into the
atmosphere. Odor pollution also occurs in cassava and
oil palm processing mills in Nigeria. Specifically, an
offensive odor often o0ozes from processing/de-
watering in cassava processing mills (lzah et al.,
2018a). Market activities giving rise to waste are
another potential source of air pollution. Ben-Eledo et
al. (2017a, ) and Seiyaboh & lzah (2017,) reported the
effects of market wastes on water quality. Many
markets in the Niger Delta, especially in Bayelsa,
Rivers, and Delta states, are close to the major
expressways. During the dry season, while some
garbage is removed by burning, others, especially food
waste, are left to decay, emitting an offensive odor into
the atmosphere.

Individuals residing with or close to these sources face
negative environmental and health consequences.
Incidentally, there is a dearth of empirical
investigations into the public health implications of the
seasonality of air pollutants in the core Niger Delta.
Researching environmental factors that negatively
affect health is required to support the selection of
system actions about recognized direct and indirect
ecological exposure sources. For example, suppose the
Federal Ministry of Environment's response system
will work in the future to protect the environment and
public health. In that case, finding the links between
sources, emissions, and exposure is essential. Studies
in this area are common in the United States, Europe,
and other Western nations. However, in Africa,
particularly Nigeria, there is a dearth of information on
the correlation between exposure to air pollutants and
the development of related health conditions. This
study is significant because there are more and more
cases of respiratory problems, and people are worried
about the possible role of environmental pollutants
(especially during the dry season) in disease patterns
in the Niger Delta area.

The setting of waste ablaze during the dry season
results in the emission of noxious gases. Food
processing, such as cassava and oil palm, is commonly
done with biomass, especially in the rural areas of the
Niger Delta. Over a prolonged period, there may be a
health impact, especially on women. It is noticeable
that surfaces around the area often get contaminated
by dust. Waste dumps often occur on busy highways
close to residential areas. Odor pollution is a common
feature of dumpsites. All these activities release
pollutants into the atmosphere, which may have

deleterious effects on the health of people in the
region. So, this study aims to find out what kinds of air
pollution there are in the Niger Delta, what types of
health risks they might pose, and suggest possible
mitigation measures.

This review will help identify, predict, and evaluate
critical variables associated with air pollutants. The
findings will form a springboard for awareness and
sensitize people to the necessity for further research in
this area of health. The results will also enable those in
the health sector to propose preventive and adequate
safety measures and sound waste management policies
and implementation that will minimize the effects of
pollutants on those residing nearby. Finally, the study
will be a source of information that interested parties,
like the government, can use as a guide when making
policies or taking actions that would be good for
public health.

An Overview of air quality in the Niger Delta

An air pollutant is any chemical, physical, or
biological substance that alters the inherent properties
of the atmosphere. Indoor and outdoor air pollution
occur as well. Common causes of air pollution include
motor vehicles, factories, building sites, homes with
combustion appliances, and forest fires. One of the
most significant contributors to air pollution and
greenhouse gas emissions is fossil fuel combustion
(WHO, 2022). Fossil fuel accounts for about 50% of
global energy resources. Pollutants that are very
dangerous to people's health include particulate matter,
carbon monoxide, ozone, nitrogen dioxide, sulfur
dioxide, hydrogen sulfide, ammonia, volatile organic
compounds, and potentially toxic metals. Indoor and
outdoor air pollution are known to cause respiratory
and other ailments, significantly contributing to
morbidity and mortality. The health effects associated
with these pollutants depend on the type of pollutants,
concentration, exposure duration, and immune
condition of the person.

Air pollution is a global concern. According to WHO
(2022), 99.9% of the world's population breathes air
high in pollutants and exceeds WHO guidelines, a
feature common in low- and middle-income countries.
As a result, air quality has a direct impact on the
planet's ecosystems and climate. In addition, about
one-third of the world's population uses inefficient
stoves that run on kerosene, biomass, or coal to cook,
which results in dangerous indoor air pollution. A
2020 estimate shows that 3.2 million deaths per year
are due to home air pollution, including over 237 000
deaths of children under the age of five (WHO, 2022).
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Daily biomass usage for cooking and food production,
such as cassava and oil palm, is prevalent in Nigeria's
Niger Delta rural communities (Ohimain & Izah, 2013;
Ohimain et al., 2013,; Richard, 2019, 2021). In addition,
according to Olukoya (2015) and Omotosho et al. (2015),
gas flaring and other industrial pollutants are common
in the region. The frequent pollutants reported are
particulate matter, carbon monoxide, ozone, nitrogen
dioxide, sulfur dioxide, hydrogen sulfide, ammonia,
volatile organic compounds, polycyclic aromatic
hydrocarbons, and potentially hazardous metals from
these activities. In certain areas of the region, it is also
typical to encounter particles from building sites and
unpaved roads. These air pollutants generally
deteriorate visibility and harm the public health
(Dowan et al., 2015).

Particulates

Particulate refers to solid and colloidal microparticles
produced during direct and open combustion.
Particulates are one of the pollutants of most concern
since they are hazardous. Particulates consist of both
organic and inorganic substances. Fine particulate
(PM2.5) and coarse particulate (PM10) are the two
most prevalent kinds of particulate matter, with
aerodynamic dimensions of 25 m and 10 m,
respectively (Uzoekwe et al., 2021; lzah et al., 2021;
Ngele & Onwu, 2015). In addition, there are PM1,
PM4, PM7, and PM10 particles (Richard et al., 2019,).
PM2.5 consists primarily of organic matter, elemental
carbon, and trace elements and originates from natural
and human-made sources. According to Tian et al.
(2014), the origins of PM10 include natural dust,
industrial pollutants, and traffic fumes. Multiple
reports of particles in the vicinity of the Niger Delta
(Table 1). The concentrations of PM2.5, PM10, and
total suspended particulate (TSP) depend on the
prevalent activities. Frequently, the concentration of
particles surpasses regulatory limitations. For example,
Ibe et al. (2020) in Imo State; Ohimain et al. (2013,) in
Rivers State; Richard et al. (2019,, 2021,), and Richard
(2021) in Rivers, Bayelsa, Delta, and Abia states report
the presence of particulate matter. In Rivers State,
Okoye et al. (2022), Opara et al. (2016), and Nwakire
(2014) reported similarly. Ibe et al. (2020) and Okoye et
al. (2022), Opara et al. (2016), Simbi-Wellington &
Ideriah (2020) expressed unit as mg/m®. Nwakire (2014)
expressed unit as ppm. * Federal Environmental
Protection Agency Nigeria (1991).

Note: 1 mg/m® or 1 ppm = 1000 pg/m?®
Noxious gases

Sulfur Dioxide and hydrogen sulfide

Sulfur dioxide and hydrogen sulfide are typical
examples of sulfide oxides. Numerous human-made

activities, including some industrial processes and, to a
lesser extent, the burning of hydrocarbons, generate
hydrogen sulfide and sulfur dioxide. Additionally, the
nature and physical state of the burned materials affect
the concentration. As a hygroscopic substance, sulfur
dioxide combines with moisture to produce sulphuric
and sulfurous aerosol acids, eventually contributing to
so-called acid rain. Meteorological indications and the
number of resulting compounds discovered in the air
determine the level of aerosol generation and their
persistence in the atmosphere. Hydrogen sulfide and
sulfur dioxide gas cause a broad spectrum of health
problems. Different concentrations of hydrogen sulfide
and sulfur dioxide occur in other regions in the Niger
Delta (Table 2). Though FEPA has no limits for
hydrogen sulfide, the concentrations reported in
different studies (Table 2) are higher than the
permissible level.

Adoki (2012) expressed units as pg/m3. Ede et al.
(2011) expressed units as g/sec (emission rate), Ibe et
al. (2020) expressed units of VOC as mg/m3, and (NO2
and SO2); Onakpohor et al. (2020), Weli & Adekunle
(2014) expressed the units as mg/m3, Akpan (2016)
presented the values as carbonate (as CO2), sulphate
(SOx), nitrate (NO3), and CO; * and ** in the rows are
dry and wet seasons respectively.

SOx, NOx, and CO: the limits were expressed as a
daily average of 1 hourly value. Also, the data in the
bracket are expressed as pg/ma3.

Carbon oxides

Carbon oxides are a significant pollutant group that
causes widespread global harm. Carbon monoxide is a
colorless and odorless poisonous gas released in the
incomplete combustion of fossil fuels. Its emission
during normal discharge is the primary cause of the
greenhouse effect. In the Niger Delta, several
industrial activities, particularly gas flaring from
petrochemical activities, industries, and bush burning
for agricultural processes, are typical. Many rely
heavily on fuel wood as a primary energy source, with
a concomitant release of carbon monoxide. Carbon
monoxide monitoring is routine in the Niger Delta
compared to carbon dioxide. Different concentrations
of carbon monoxide exceeding the FEPA permissible
limits occur in other regions in the Niger Delta,
especially in artisanal crude oil refining areas
(Onakpohor et al., 2020), natural gas liquefying plants
(Ede et al., 2011), gas flaring (Akpan, 2016), built areas
and forest swamps (Obisesan, 2019) (Table 2).
Furthermore, a few studies have reported a high
concentration of carbon dioxide in the Niger Delta
region of Nigeria.

Ammonia

Ammonia is one of the nasty gases and the most
abundant alkaline gases in the atmosphere. It
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Table 1: Concentration of particulates in the Niger Delta region of Nigeria

Seasons | PM,s [PMy | TSP Activities Locations References
pg/m®
- 0.002-0.006 0.009 - 0.021 | 0.011-0.024 | Gas Flaring Awoba Flow | Simbi-
Station, Rivers | Wellington
State & Ideriah,
2020
- - - - Natural gas liquefying | Bonny Island, | Ede et al,
plants River State 2011
Wet - 3.75-10.10 - Rock mining/ quarrying | Owerri, Orlu, | Ibe et al,
season and other commercial | Okigwe and | 2020
Dry - 4.80-12.38 - and industrial activities | Egbema, Imo
season State
- - - 24 -71 Semi-mechanized  oil | Elebele, Bayelsa | Ohimain &
palm processing State Izah, 2013
- - - 17 — 7853 Small scale palm oil | Elele, Rivers State | Ohimain et
processing al., 2013a
- 19.85 - 27.95 | 55.66-80.59 74.29-140.44 | Outdoor biomass | Rivers, Bayelsa, | Richard et
combustion Delta and Abia | al 2019b
state
- 18.70 —22.34 | 46.91-72.49 57.94-99.49 | Small scale gari | Rivers , Bayelsa, | Richard
processing Delta and Abia | 2021
state
- 26.44 - 40.10 | 81.63-41.51 | 110.20-270.91 | Waste dump site Rivers , Bayelsa, | Richard et
Delta and Abia | al 2019a
state
Dry 0.074 -0.0095 | 0.401-0.620 - Oil communities Ogba/Eghema/Nd | Okoye et
season oni Local | al., 2022
Government Area
in Rivers state
Wet 0.020-0.071 0.007-0.039 - Some locations with | Owerri ~ Okigwe | Opara et al.,
season industrial activities Orlu Egbema in | 2016
Imo State
- - - 7.11 Gas flaring Izombe, Imo State | Nwakire,
2014
- 25 (10) 50 (20) *250 For PM, 5 and PMy,, is | WHO Limits Richard et
expressed as 24-hourly al., 2021a
average (annual
average)

contributes significantly to total reactive nitrogen.
Agriculture, which includes animal husbandry and
ammonia-based fertilizers, is the largest source of its
emissions. It can also be released via the
decomposition of waste materials and produced by
industrial processes and vehicular emissions (Behera et
al., 2013). Different ammonia concentrations occur in
the Niger Delta region of Nigeria (Table 2). However,
from a few studies (Ohimain et al., 2013a) that reported
the concentration in both leeward and windward
directions, it is clear that human activities in the area
contribute to ammonia gas in the atmosphere.

Volatile organic compounds

Most volatile organic compounds are organic
chemicals with an elevated vapor pressure at room
temperature. Many substances tend to sublimate—a
process when a solid material transforms into a gas—

and enter the atmosphere at high vapor pressures.
There are many volatile organic molecules, some of

which result from human activity. Some volatile
organic molecules are advantageous to ecosystem
biodiversity. Some microorganisms may also produce

volatile organic chemicals, which are then helpful in
reducing the number of diseases that affect plants
(Richard et al., 2019c). While some of the flammable
organic substances produced by plants damage the
environment and its biota, others are known to provide
chemosensory and signaling aids for animals in the
forest (Richard et al., 2019¢c). VOCs include gasoline
combustion, solvents, and industrial compounds like
tetrachloroethene, benzene, methylene chloride, and
perchloroethylene (Richard et al., 2019c). A previous
study by Ohimain et al. (2013a) showed that human
activities contribute to volatile organic compounds in
the atmosphere.

Sources of air pollutants in the Niger Delta

One of the main issues influencing the sustainability of
the global ecosystem is environmental degradation.
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Table 2: Concentration of pollutant gases from the atmosphere in the Niger Delta region of Nigeria

O3, CO,, CO, SOx NOx H,S NH; ppm | VOC Activities Location References
ppm ppm ppm ppm ppm ppm
- - 0.00- 0.002- | 0.008- 0.00— 1.169- Gas Flaring Awoba Flow Simbi-Wellington
0.708 0.072 0.078 6.204 27.74 Station, Rivers & Ideriah, 2020
State
- - 10145. | 99.50- | 138.00 | 98.75- | - - Oven Heating/Crude | Rivers and Onakpohor et al.,
50 — 438.75 | — 374.75 Oil Boiling, Vapour | Bayelsa States 2020
9843.2 475.25 Condensation,
5 Refined Product,
Collection
- - - 0.22— 0-0.5 0.06— 0.30- - Landfill site Eliozo/Eligbolo Ezekwe &
0.23 (for 0.08 3.00 and Obigbo In Arokoyu, 2017
NO,) Port Harcourt,
&0.2- River state
5.2 (for
NO)
- - - 0.03- 0.10- 0.08- 0.00- - Landfill site Rumuolumeni, Weli & Adekunle,
1.68 0.39 0.40 0.30 Port Harcourt, 2014
River state
- - 1.61 191 0.83 0.95 - 2.96 Gas flaring 1zombe, Imo State | Nwakire, 2014
- - - 32.9- 29.2- - - - industrial, human Oyigbo (Obigbo) Adoki, 2012
910 347 and natural activities | and environs in
Rivers State
- - 070 0.00 0.00— 0.30— 0.00— - Semi-mechanized Elebele, Bayelsa Ohimain & Izah,
0.20 0.40 0.20 oil palm processing State 2013
- - 0.00- 0.00- 0.00- 0.00- 0.00- - Small scale palm oil | Elele, Rivers State | Ohimain et al.,
27.17 2.03 0.27 2.40 0.67 processing 2013a
- - 0.03- 0.14- 0.02- 1.86 - 2.16- - Waste dump site Rivers, Bayelsa, Richard et al,
1.22 0.30 0.30 4.92 411 Delta and Abia 2019b
state
37.91- 00-40.7 | 0.00- 0.3- - - - Natural gas Bonny Island, Edeetal.,, 2011
12,978 05 11.49 liquefying plants River State
* - (wet 0.32- 0.33- 0.00- - 014-1.23 Rock mining/ Owerri, Orlu, Ibe etal., 2020
season) | 0.81 0.76 0.02 quarrying and other | Okigwe and
18,75- commercial and Egbema, Imo
46.25 industrial activities State
ket - (dry 0.19- 0.33- 0.00- - 0.30-
season) | 0.92 0.76 0.20 2.76
31.00-
52.00
* 1762- 41.06- | 6.00- 39.76- - - 6.77-11.05 | Access the air Mkpanak Ibeno, Akpan, 2016
11.05 90.86 9.00 53.03 pollutant due to in coastal area of
*%. | 65284 | 28.65- | 250- | 13.47- | - - 5773854 | Naning AkuwacIbom State
4006.19 | 43,68 8.75 23.30
0.00- - - 0.00- 0.00- 0.00- 0.00-0.04 | - Some activities in Warri, Ughelli Ifezue
0.03 0.04 0.46 0.18 the study cities and Sapele in etal., 2021
include timber, Delta State
rubber, palm oil,
furniture, tamarind
balm, footwear,
flour mill and
petroleum industries
- - - - - - - 1.62-12.07 | Garri processing Rivers , Bayelsa, Richard, 2019
facility Delta and Abia
state
- - - - - - - 11.88- Waste dump site Rivers , Bayelsa, Richard et al,
15.11 Delta and Abia 2019¢
state
- - 0.00- 0.00- 0.00- - - - Outdoor biomass Rivers , Bayelsa, Richard et al. 2021b
1.58 0.06 0.08 combustion Delta and Abia
- - state
1185- | - 635- 26-27 - 3.56-4 - - Thick vegetation, Port Harcourt Obisesan,
125 856.9 built up area, fresh Metropolis, Rivers | 2019
water swamp, State
farmland/sparse
vegetation
- - 10 0.01 0.04- - - - - FEPA limit FEPA, 1991;
(11.4)- | (26)- 0.00 Fagbeja et al., 2008;
20 01 (75.0- Ohimain et al,
(22.8) | (260) 113.0) 20132
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Several anthropogenic and natural activities have
exacerbated ecological problems. However, a sizable
portion of the environmental worries seems to be
caused by human-made activities.

Additionally, unnatural disasters emanate from natural
disasters. Wealthy nations focus on the environment,

just like the energy industry. However, despite
numerous environmental authorities, the attention paid
to ecological deterioration caused by anthropogenic
activity is less in nations like Nigeria. The world has
recently seen several natural calamities, such as
earthquakes, desertification, flooding, patterns of land
use changing, and climate change. Unsustainable
farming practices, mining, dredging, the use of fossil
fuels, and—most significantly—the search for crude
oil and natural gas all contribute to the climate change
currently witnessed in many parts of the world. This
section focuses on the sources of air pollution in the
Niger Delta region of Nigeria.

Oil and Gas Activities
Combustion of Fossil Fuel

Crude oil, a flammable liquid defined by its physical
and chemical characteristics, such as heating value,
color, density, and viscosity, is a complex mixture of
hydrocarbons  with  various molecular  weights
(Demirel, 2012). Depending on the carbon
concentration, the composition and structure of
hydrocarbons vary from light to heavier products
(Demirel, 2012). The numerous frequently utilized
products from crude oil include gasoline (premium
motor spirit), home kerosene, and automotive gas oil,
among others. Like other petroleum products such as
premium motor spirit and automotive gas oil, kerosene
is immiscible in water but miscible in petroleum
solvents (Opara et al., 2013). The combustion of these
petroleum-based products in the quest for energy
releases pollutant gases such as particulate matter,
volatile organic compounds, oxides of carbon,
nitrogen, sulfur, hydrogen sulfide, and ammonia into
the environment. In the Niger Delta, combustion is
mainly via vehicular emissions and the use of
generators and power plants.

Gas flaring

Nigeria is a large country that flares gas. Nigeria now
opens the most natural gas. Removing natural gas
paired with crude oil is known as gas flaring. By
burning, the elimination is accomplished. Natural gas
is primarily used to generate power and warmth in
homes. However, due to weak governmental
regulation and under-investment, natural gas is
underutilized and released into the environment

through burning. Gas flaring is burning off gases
produced by chemical plants, oil refineries, oil wells,
rigs, landfills, gaseous waste, and other production
sources at the tip of an elevated vertical chimney,
according to Donwa et al. (2015). The authors blamed
difficulties with storage and transportation for the gas
wasted by these operations in Nigeria. In general, gas
flaring is done chiefly on oil rigs and wells, and this
industry dramatically contributes to the atmosphere’s
greenhouse gas emissions (Donwa et al, 2015).
Seiyaboh & lzah (2017,) reported that gas flaring affects
air, water, and soil quality and food production from
plants in the area. Several studies carried out in the
Niger Delta about flare gases and varying
concentrations of air pollutants are reported (Table 2).
Instances of pollutant gases exceeding recommended
limits abound in the literature (Simi-Wellington &
Ideriah, 2020; Nwakire, 2014).

Activities of Artisanal Crude Oil Refining

Artisanal refineries exist in creeks and mangrove
forests in the Niger Delta. During artisanal processes,
hydrocarbons are discharged directly into the
environment, causing pollution in the biophysical
components of the environment, including the air
environment (Figure 1) (Odubo & Onyige, 2019). In
addition to the environmental impacts, artisanal crude
oil refining has economic and social consequences.
The artisanal petroleum refining technology in the
Niger Delta contributes to air pollution by releasing
pollutants at the wvarious processing units (Oven
Heating/Crude Oil Boiling, Vapour Condensation,
Refined Product, Collection) exceeding the World
Health Organization's recommended limits (Onakpohor
etal., 2020).

Non-oil and gas-related human activities

Activities in the industrial and production sector,
including the manufacturing of cement, iron and steel,
fertilizer, and food items like flour, sugar, maize, and
rice, as well as those at cassava mills, breweries,
wineries, and distilleries, may have an impact on air
quality. Unlike oil and gas activities, agricultural
processes, such as oil palm and cassava processing,
produce uncontrolled emissions. Despite air pollution
threatening human life, Nigeria's non-oil and gas
businesses get little attention. Thus, it promotes
multiple illnesses. Its severity depends on the
concentration of the pollutant, the duration of
exposure, and its chemical composition. Nearly all
Nigerians are vulnerable to air pollution due to human
activity.

The food processing industry

Richard, et al. (2023). Air pollution in the Niger Delta region of Nigeria: Sources, health effects, and strategies for mitigation, Nigeria



Artisanal crude oil refining activities along Escravos River

Burning of artisanal refineries bound crude oil loaded vessel

Figure 2: Environmental degradation caused by artisanal crude oil refineries in the Niger Delta region of
Nigeria. Permission to reproduce the figures from the Publisher: Odubo TR, Onyige CD (2019). Environmental
Degradation and Livelihood Vulnerabilities in the Niger Delta: Examining the Role of Artisanal Crude Oil
Refining. International Journal of Innovative Social Sciences & Humanities Research 7(4):45-52.

Food processing discharges emissions into the
environment. The emissions can exist as pollutant
gases or particulates. For instance, during oil palm
processing in the Niger Delta region of Nigeria,
biomass is commonly used for boiling the palm fruits

while motorized systems powered by fossil fuels
enable digestion processes (Ohimain et al., 2012a-c; Izah
& Ohimain, 2013, 2015; Izah et al., 2016; Ohimain et al.,
2013, p; Ohimain et al., 2013, 2014,., 2015). Ohimain et
al. (2013a) and Ohimain & lzah (2013) report on the
increase in oil palm processing by smallholder and
semi-mechanized processors in the Niger Delta.

There are many places on the globe where cassava is
grown, but Africa produces most of the world's
cassava. Nigeria is the world's leading cassava
producer, accounting for approximately 20% of total
output (Izah & Ohimain, 2015; Izah et al., 2017,.,, 2018,
n, 1zah, 2018, ,). During gari production, emissions and
pollutant gases are generated and released into the
atmosphere (Richard, 2019, 2021). Some gaseous
emissions, especially the offensive odor, make
habitation in the processing area difficult. Emissions
from cassava processing areas have been found in the

literature (Table 2). As cassava decomposes,
isobutylene, an example of a volatile organic
molecule, ammonia, and hydrogen sulfide are the main
odor-producing substances. During the frying of garri,
additional gases such as carbon monoxide, ammonia,
hydrogen sulfide, and particulates are produced.
Environmentalists and professionals in public health
are concerned about these air quality indicators.
Furthermore, there are many other food processing
units in the Niger Delta, but the emission sources and
the potential health risk have not been investigated.

Combustion of biomass during cooking

Cooking biomass is sometimes referred to as fuel
wood. They are known as cookstoves in some places.
In many developing nations, particularly in rural areas,
these cook stoves are typically used for heating and
preparing food. For example, most Nigerians living in
rural areas rely primarily on wood fuel for cooking,
likely due to the country's inadequate electrical supply.
Nigeria is one of the countries that use the most fuel
wood for cooking. Low-income levels and, to a lesser
extent, low levels of education may be to blame for
this because some people who use cookstoves spend a

© 2023 Society Service and Environment Development Sector, Sohag University
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sizable portion of their income on fuelwood or its
equivalent.

Additionally, people working in the food industry,
particularly those who roast fish, yams, and plantains,
use charcoal (produced from fuelwood) for cooking.
Many people, especially women and children, are now
in the health risk group due to the widespread
acceptance of wood biomass. Particulates, volatile
organic compounds, carbon monoxide, and sulfur
dioxide are some pollutants released during cooking
with biomass. (Ohimain et al., 2013,; Ohimain & lzah,
2013). The moisture content of the biomass determines
the kind and concentration of the emissions. Also, the
biomass's heating or calorific energy content
significantly affects how it is heated and the extent of
pollution.

Waste dumpsite

Poor waste management is a significant source of
worry, not only for the environment but also for public
health. Wastes are managed poorly in many
developing countries, including Nigeria. Typically,
trash sorting is not done before it is burned outdoors or
allowed to go through a biological process. In
addition, it frequently produces an offensive odor that
degrades the surrounding air quality. Population
expansion, urbanization, and industrialization have
increased the volume of waste generated in many
households.

In the Niger Delta's expanding urban areas, where
waste management systems are often weak,
overflowing trash cans that cause traffic delays before
removal are a common sight. Some people prefer to
dispose off their garbage in water bodies (creeks)
(Ben-Eledo et al., 2017, y,; Seiyaboh & lzah, 2017, ;
Ogamba et al., 2021, 2015,.), unapproved locations,
such as unfinished buildings or constructions,
undeveloped land, among others. It harms aesthetics,
causes ecological concerns, and has a significant odor
problem.

Home waste and municipal waste often end up in the
exact location, resulting in a waste dump site. In the
dry season, open-air combustion of dump sites is
carried out (a primitive management technique),
leading to a leak of emissions into the atmosphere.
This procedure emits harmful gases that could have an
impact on both the environment and human health.
Previous studies have recorded the concentration of
different pollutant gases from waste dumps in the
Niger Delta region of Nigeria (Table 2).

Effect of season and factors that promote the
dispersal of pollutant gases

Climate and weather elements, particularly
precipitation, temperature, wind, and humidity, change
dramatically with the seasons, which could bring about
variations in the concentration and availability of
pollutants in the atmosphere and, by extension, the
occurrence and distribution of diseases related to the
pollutants (lzah et al., 2022). For example, Nigeria has
two predominant seasons, viz., wet and dry. The wet
season lasts 7/8 months, covering April to
October/November. Similarly, the dry season begins in
October or November and ends in about March of the
following year.

Seasons impact significantly on the dispersion of
noxious gases and other related parameters. For
example, Anomohanran (2012) reported that thermal
pollution occurred between 2.15 km for the wet and
2.06 km for the dry seasons. In addition, various
meteorological indicators, including wind speed, wind
direction, elevation (altitude), and closeness to the
ocean, influence the dispersion of noxious gases. For
example, the toxic gas disperses farther at high wind
speeds than when the wind speed is low.

The concentration of the toxic gases depends on the
distance between the gas flare and the wind direction.
For example, a study on oil palm processing plants by
Ohimain et al. (2013,) and Ohimain & lzah (2013)
revealed that concentration decreases as the distance
from the source of emission increases. According to
Ojeh (2012), as one gets farther away from a gas flaring
station, the concentration of harmful gases decreases.
At a gas flare site, the most hazardous area of a gas
flaring location is typically located 50 to 350 meters
away from the flare station (Ojeh, 2012). Following
Ojeh (2012), the impacts of gas flares are felt up to 450
meters away from the source, depending on the
volume of gas flared, wind speed, ambient
temperature, discharge velocity, and stack height.
Ozabor & Obisesan (2015) reported that gas pollution
from gas flaring makes it harder for farmers to grow
crops.

The health risk of air pollutants in the Niger Delta

Air pollution occurs as a result of industrial and home
activities. Many forms of home air pollution (HAP)
are not regulated, while industrial pollution is in many
developing countries. HAP results from improperly
burning solid fuels and kerosene for cooking and
causes 3.2 million preventable deaths per year (Figure
2) (WHO, 2022). Particulate matter and other
pollutants in indoor air pollution can irritate the lungs
and airways, impair immunity, and reduce the blood's
capacity to carry oxygen (WHO, 2022).

The effects of particulates are significant in children
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Lower respiratory infections (LRI), which are
responsible for 21% of deaths overall. Household air
pollution (HAP) are the cause of 44% of all pneumonia-
related deaths in children under the age of five.
Additionally, HAP leads to 22% of pneumonia deaths
and enhances the risk of acute LRI

Ischemic heart disease (IHD), which accounts
for 32% of deaths and causes more than a
million premature deaths each year and 12% of
all deaths due to IHD can be to exposure to
home air pollution

6% are from lung cancer (LC) and
about 11% of LC fatalities in adults
are related carcinogens from HAP

Stroke, which accounts for 23% of deaths and

19% of chronic obstructive pulmonary disease (COPD)
deaths, and 23% of COPD deaths among persons living
in countries in the global south.

about 12% of it is caused by daily household air
pollution exposure from energy use

Figure 2: Distribution of Home air pollution prevalence in the World (Adapted from WHO, 2022).

Table 3: Effect of hydrocarbon exposure of gas flaring on human health

Compounds Parameter/Diseases Pathology/ health effects References

Hydrocarbon Hematological Causes adverse effects on blood and | Donwa et al. (2015); Ajugwo (2013)
blood-forming

Hydrocarbon Renal problem Alteration in calcium, potassium, | Egwurugwu et al. (2013b)

combustion associated
with gas flaring

urea, creatinine, uric acid and
inorganic phosphate content of
blood

Hydrocarbon
combustion associated
with gas flaring

Cardiovascular
(Hypertension)

Alteration in  Systolic  blood
pressure, diastolic blood pressure
and Mean arterial pressure

Egwurugwu & Nwafor (2013)

Hydrocarbon
combustion associated
with gas flaring

Cardiovascular
(atherosclerosis,
hypertension and
ischaemic heart disease)

Alteration in high-density
lipoprotein, triglycerides, and serum
total cholesterol. Lipoproteins with
low and very low densities

Egwurugwu et al. (2013a)

under five. As a result of HAP, 86 million healthy life
years were lost in 2019, with women in developing
countries bearing the brunt of this loss. According to
WHO (2022), indoor air pollution causes low birth
weight, cataracts, laryngeal and nasopharyngeal
carcinoma, and tuberculosis.

Pollutant gases
Nitrogen dioxide

Combusting fossil fuels in automotive engines,
industrial plants, power plants, and biomass
combustion produce nitrogen oxide. Common gases
that contribute to smog and the greenhouse impact
include nitric oxide and nitrogen dioxide. The
measurement of nitrogen dioxide levels in the Niger
Delta area of Nigeria's atmosphere is a routine
occurrence. The quantity of nitrogen dioxide released
during combustion depends on the burnt substance's
composition. Studies describe atmospheric nitrogen as
nitrogen oxide (NOX), nitrogen dioxide, and nitrous
oxide simultaneously. In all these, nitrogen dioxide is
the most popular method for assessing atmospheric
nitrogen. Nitrogen dioxide is a significant indicator of
air pollution since it correlates strongly with other air

and WHO (2006) occur in the scientific literature
(Table 2).

In the Niger Delta area of Nigeria, burning
hydrocarbon products releases pollutant gases that
trimester of pregnancy (Gobo et al., 2009). Odor is a
significant source of air pollution in the industrial
sector and crowded public locations such as
pollutants. Nitrogen dioxide occurs in numerous places
in the Niger Delta region of Nigeria (Table 2).
In addition, several occurrences of nitrogen oxide
surpassing the legal limits defined by FEPA (1991)
marketplaces, cassava and oil palm processing mills,
and rubbish dumps (receptacles close to residential
areas and along busy highways). In addition, skin and

eye irritation, respiratory issues, and other ailments
occur due to exposure to fumes from burning of
hydrocarbon in these places.

Polluted air may have varying health impacts
depending on its source and composition. For
example, the literature is replete with information on
the air pollution caused by burning hydrocarbon-rich
compounds, such as gas flaring. However, there is a
paucity of data on the physical and psychological
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consequences of oil and gas pollution on the health of
the Niger Delta's indigenous communities (Nriagu et
al., 2016). In addition to gastrointestinal problems, skin
cancer, neurological, reproductive, and developmental
problems, as well as respiratory and hematological
disorders, are associated with hydrocarbon combustion
(Donwa et al., 2015). Multiple factors generally forms
these symptoms, making it difficult to differentiate
between illnesses caused by flaring and other
associated kinds of pollution and those caused by
different causes or sources of pollution. Studies have
shown the effects of gas flaring and other polluting
gases resulting from hydrocarbon burning in the
region. For example, Egwurugwu et al. (2013a)
examined the effects of chronic oil/gas flaring
exposure on human lipids. They concluded that such
exposure might increase the prevalence of
cardiovascular diseases such as atherosclerosis,
hypertension, and ischemic heart disease (Table 3).

In the scientific literature, sulfur dioxide, nitrogen
oxide, carbon monoxide, ozone, and particles present
the most significant health concerns. Carbon monoxide
poisoning, for instance, restricts oxygen transport to
tissues, resulting in symptoms such as decreased
concentration, trouble performing tasks, and delayed
reflexes. These symptoms include headaches, fatigue,
weakness, muscle pain, cramps, nausea, vomiting,
stomach upset, incoordination, chest discomfort, rapid
pulse, difficulties or shallow breathing, and
modifications in hearing, vision, and smell sensitivity
(Shoshat, 2009). In addition, patients with chronic
obstructive pulmonary disease (COPD), asthma, and
chronic bronchitis are also more susceptible to carbon
monoxide poisoning symptoms.

High nitrogen dioxide affects people. Common
symptoms of elevated nitrogen dioxide exposure in
people include flu, colds, and respiratory issues
(Kippelen et al., 2012; Griffiths, 2014). Sulfur dioxide

significantly impacts health, causing breathing
problems, eye irritation, lung problems, and
circulatory system problems (Pollutant Release,

Transfer Register and Undated Rizvi, 2015). Furthermore,
high amounts of hydrogen sulfide can lead to death.
Low doses irritate the eyes, nose, throat, and
respiratory system, according to the Oshea Fact Sheet
(2005), and extended exposures can result in
aggravated eye irritation, headaches, exhaustion,
irritability, sleeplessness, digestive problems, and
weight loss. The authors say that even moderate doses
can cause more severe irritation of the eyes and lungs,

headaches,
irritability.

nausea, vomiting, stumbling, and

Carbon dioxide is a major environmental pollutant that
can cause many human health problems due to
greenhouse gases. Carbon monoxide is released into
the atmosphere by several human activities. For
example, Ohimain et al. (2013,) revealed that breathing
in much carbon monoxide inhibits the blood's ability
to deliver oxygen to vital organs like the heart and
brain. Furthermore, the body's high quantities of
carbon monoxide may produce carboxyhemoglobin
(Abelsohn et al., 2002; Ohimain et al., 2013a).

A high concentration of ammonia may irritate the skin,
eyes, nose, throat, and lungs (Seiyaboh & Izah, 2019,).
It irritates the respiratory tract and, if not properly
controlled, may lead to blockage of the respiratory
system. Ammonia is absorbed mostly via the skin,
ingestion, and inhalation (Seiyaboh & lzah, 2019). A
high concentration of volatile organic molecules can
irritate the eyes, nose, and throat (Ohimain et al., 2013,).
Long-term exposure may also increase the chance of
developing liver and Kidney issues. Ozone may make
breathing difficult and is associated with coughing and
a painful or scratchy throat. It may worsen asthma,
emphysema, and chronic bronchitis (USEPA, 2022).

PM2.5 particulate matter contains components like
airborne asbestos particles (Efe, 2008). According to
Miller (1994) and Botkin & Keller (1998), most
industrial processes emit particulate matter into the
atmosphere, including burning fossil fuels. However,
particles smaller than 2.5 microns may enter the
alveoli, the deepest section of the lung, resulting in
higher death rates from various causes, such as lung
cancer, heart disease, and respiratory sickness (Pope &
Dockery, 1996). According to Ossai et al. (1999) and Efe
(2005), greater exposure to particulate matter causes
respiratory illnesses such as emphysema, pneumonia,
bronchitis, asthma, and respiratory tuberculosis.
According to related research, it may injure the eyes,
teeth, and bones, increase people's susceptibility to
illness and other stress-related environmental threats,
and reduce the reproductive capacity of some animals
(McAughey, 1997; Injuk et al., 1995; Blake & Rowland,
1995).

Additionally, particulate  particles may cause
cardiorespiratory disorders and pulmonary edema.

The release of gases, such as carbon monoxide, sulfur
dioxide, and nitrogen dioxide, has severe effects on
people's health depending on the length of time and
concentration, which can change depending on the
season and the nature of the substance.
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Conclusion and the way forward

Human activities are the major source of air pollution
in the Niger Delta region of Nigeria. Pollution is a
significant risk factor for respiratory, pulmonary, and
cardiovascular diseases and birth abnormalities. In the
Niger Delta, some of the common health concerns
associated with air pollution include dizziness,
irritation, shortness of breath, and neurobehavioral
issues, an indication that over a prolonged period the
pollutant may have an impact on the nervous system of
the exposed individuals. In recent times, sustainable
environmental management has become a front-burner
issue in Nigeria. Depending on the consequences,
various approaches exist that minimize pollutants and
prevent the release of airborne particulates into the
environment. The process requires waste segregation
and treatment using an improved cooking and food
processing system. Sensitization of the masses on the
effects of man’s activities on the physical environment
and human health via awareness campaigns and even
extensive classroom education will be useful in
reducing air pollution. In addition, adequate mitigation
measures include the use of filters in vehicle exhausts,
stacks in industrial process emissions chambers,
efficient burners as cooking stoves, the use of personal
protective equipment when in industrial areas, the use
of electricity, and the use of alternative energy
sources, particularly biofuel and solar, among others.
It will lower the risks to public health from the air
pollutants resulting from human activities in the
region.

Disclaimer: None.
Conflict of Interest: None.

Source of Funding: The study was not funded by any
agency and organization

References

Abelsohn, A; Stieb, D; Sanborn, M.D; Weir, E.
(2002). Identifying and managing adverse
environmental health effects: 2. Outdoor air
pollution. Canadian Medical Association Journal,
166(9):1161-7

Adewale, 0.0. and Mustapha, U. (2015). The Impact
of Gas Flaring in Nigeria. International Journal of
Science, Technology and Society, 3(2):40-50.

Adoki A (2012). Air quality survey of some locations
in the Niger Delta Area. Journal of Applied
Sciences and  Environmental = Management,
16(1):125-34.

Ajugwo, A.O. (2013). Negative Effects of Gas Flaring:
The Nigerian Experience. Journal of Environment
Pollution and Human Health, 1(1): 6-8.

Akpan, A.O. (2016). Environmental sustainability:
Assessing the impact of air pollutants due to gas
flaring-Qua Iboe Estuary Case. World Journal of
Environmental Engineering,4(1):1-5.

Anomohanran, O. (2012). Thermal Effect of Gas
Flaring at Ebedei Area of Delta State, Nigeria. The
Pacific Journal of Science and Technology,
13(2):555-560.

Ben-Eledo, V.N.; Kigigha, L.T.; lzah, S.C.; Eledo,
B.O. (2017,). Water quality assessment of Epie
creek in Yenagoa metropolis, Bayelsa state,
Nigeria.  Archives of  Current  Research
International, 8(2): 1-24.

Ben-Eledo, V.N.; Kigigha, L.T.; lzah, S.C.; Eledo,
B.O. (2017,). Bacteriological Quality Assessment
of Epie Creek, Niger Delta Region of Nigeria.
International Journal of Ecotoxicology and
Ecobiology. 2(3): 102-108.

Behera, S.N.; Sharma, M.; Aneja, V.P;
Balasubramanian, R. (2013).Ammonia in the
Atmosphere: A Review on Emission Sources.
Atmospheric  Chemistry and Deposition on
Terrestrial Bodies. Environmental Science and
Pollution Research, 20:8092-8131.

Blake, D.R. and Rowland, F.S (1995). Urban Leakage
of Liquefied Petroleum Gas and its Impact on
Mexico City Air Quality. Science, pp 269-953.

Botkin, D.B. and Keller, E.A. (1998). Environmental
Science. Earth as a Living Planet (2nd).New York,
John Willey and Son Inc.

Demirel, Y. (2012). Energy and energy types. In:
Energy  production,  conversion,  storage,
conservation and coupling.
http://www.springer.com/978-1-4471-2371-2.

Donwa, P.A., Mghame, C.O., Utomwen, O.A. (2015).
Gas flaring in the oil and gas sector in Nigeria.
International  Journal of Commerce and
Management Research, 1(1): 28-39

Ede, P.N.; Edokpa, D.O.; Ayodeji, O. (2011). Aspects
of air quality status of Bonny Island, Nigeria
attributed to an LNG plant. Energy & Environment
22(7):891-9009.

Ede, P.N. and Edokpa, D.O. (2015). Regional Air
Quality of the Nigeria’s Niger Delta. Open Journal
of Air Pollution, 4, 7-15.

Efe, S.I. (2008). Spatial distribution of particulate air
pollution in Nigerian cities: Implications for human
health. J. Environ. Health Res., 7 (2). 107-116.

Efe, S.I. (2005). Urban Effects on Precipitation
Amount, Distribution and Rainwater Quality in
Warri  Metropolis, Ph.D Thesis, Dept. of

© 2023 Society Service and Environment Development Sector, Sohag University


http://www.springer.com/978-1-4471-2371-2

JES Vol. 29, No. 1, 1-15 (2023)

12

Geography and Regional Planning Delta State
University Abraka, Delta State, Nigeria , pp 2-47.

Egwurugwu, J.N. and Nwafor, A. (2013).Prolonged
Exposure to Oil and Gas Flares Ups the Risks for
Hypertension.American  Journal  of  Health
Research 1(3): 65-72.

Egwurugwu, J.N., Nwafor A, Chinko BC, Oluronfemi
OJ, lwuji SC, Nwankpa, P. (2013a). Effects of
prolonged exposure to gas flares on the lipid
profile of humans in the Niger Delta region,
Nigeria.  American  Journal of Research
Communication, 1(5): 115-145.

Egwurugwu, J.N.; Nwafor, A.; Oluronfemi, O.J;
Iwuji, S.C. and Alagwu, E.A. (2013;). Impact of
Prolonged Exposure to Oil and Gas Flares on
Human Renal Functions. International Research
Journal of Medical Sciences, 1(11): 9-16

Ezekwe, I1.C., Arokoyu, S.B. (2017). Landfill
Emissions and their Urban Planning and
Environmental Health Implications in Port

Harcourt,  South-South Desenvolv.
MeioAmbiente, 42: 224-241.

Fagbeja, M.A.; Chatterton, T.J.; Longhurst, JW.;
Akinyede, J.0.; Adegoke, J.O. (2008). Air
pollution and management in the Niger Delta—
emerging issues. WIT Transactions on Ecology and

the Environment. 116:207-16.

Nigeria.

FEPA, (1991). Guidelines and Standards for
Environmental Pollution Control in Nigeria.
Nigeria: Federal Environmental Government

Protection Agency.

Gobo, A.E.; Richard, G. and Ubong, 1.U. (2009).
Health Impact of Gas Flares on Igwuruta/
Umuechem Communities in Rivers State. Journal
of  Applied Science and  Environmental
Management, 13(3): 27-33

Griffiths, S. (2014). The most polluted street in the
world is in LONDON: Oxford Street has highest
levels of nitrogen dioxide, claims expert.
http://www.dailymail.co.uk/sciencetech/article-
2688686/The-polluted-street-world-LONDON-
Oxford-Street-highest-levels-nitrogen-dioxide-
claims-expert.html. Accessed October 2™ 2016.

Ibe, F.C.; Opara, A.l.; Duru, C.E.; Obinna, 1.B;
Enedoh, M.C. (2020). Statistical analysis of
atmospheric pollutant concentrations in parts of
Imo State, Southeastern Nigeria. Scientific African,
7:€00237.

Ifezue, O.A.; Aiyesanmi, A.F.; Ogunjobi, K.; Sunday,
0O.M. (2021). Assessment of Some Pollutant Gases
in Selected Cities in Crude Oil-Rich Delta State

Nigeria. Journal of Energy, Environmental &
Chemical Engineering, 6(4),106-113.

doi: 10.11648/j.jeece.20210604.12.

Injuk, J. & VanGricken, R. (1995). Atmospheric
Concentrations and Deposition of Heavy Metals
over the North Sea: a Literature Review. J. of
Atmospheric Chemistry, 20 (2): 179-212.

Izah, S.C.; Ovuru, K.F.; Ogwu, M.C. (2022). Lassa
fever in Nigeria: Social and Ecological Risk
Factors Exacerbating Transmission and Sustainable
Management Strategies. International Journal of
Tropical Diseases. 5(2).

DOI: 10.23937/2643-461X/1710065

Izah, S.C.; Uzoekwe, S.A.; Aigberua, A.O. (2021).
Source, geochemical spreading and risks of trace
metals in particulate matter 2.5 within a gas flaring
area in Bayelsa State, Nigeria. Advances in
Environmental Technology, 7(2): 101-118

Izah, S.C. (2018,). Estimation of Saccharomyces
cerevisiae Biomass Cultured in Cassava Mill
Effluents. Environmental Analysis and Ecology
studies, 2(5). EAES.000547.

DOI: 10.31031/EAES.2018.02.000547.

Izah, S.C. (2018,). Estimation of Potential Cassava
Mill  Effluents Discharged into  Nigerian
Environment. Environmental Analysis and Ecology
studies, 2(5): EAES.000550.

Izah, S.C.; Bassey, S.E.; Ohimain, E.Il. (2017,).
Assessment of Some Selected Heavy Metals in
Saccharomyces cerevisiae Biomass Produced from
Cassava Mill Effluents. EC Microbiology 12(5):
213-223.

Izah, S.C.; Bassey, S.E.; Ohimain, E.l. (2017y).
Assessment of heavy metal in cassava mill effluent
contaminated soil in a rural community in the
Niger Delta region of Nigeria. EC Pharmacology
and Toxicology, 4(5): 186-201.

Izah, S.C.; Bassey, S.E., Ohimain, E.l. (2017;). Geo-
accumulation index, enrichment factor and
quantification of contamination of heavy metals in
soil receiving cassava mill effluents in a rural
community in the Niger Delta region of Nigeria.
Molecular Soil Biology, 8(2): 7-20.

Izah, S.C.; Bassey, S.E.; Ohimain, E.l. (2017,).
Assessment of pollution load indices of heavy
metals in cassava mill effluents contaminated soil:
a case study of small-scale cassava processing
mills in a rural community of the Niger Delta
region of Nigeria. Bioscience Methods, 8(1): 1-17.

Richard, et al. (2023). Air pollution in the Niger Delta region of Nigeria: Sources, health effects, and strategies for mitigation, Nigeria


http://www.dailymail.co.uk/home/search.html?s=&authornamef=Sarah+Griffiths
http://www.dailymail.co.uk/sciencetech/article-2688686/The-polluted-street-world-LONDON-Oxford-Street-highest-levels-nitrogen-dioxide-claims-expert.html
http://www.dailymail.co.uk/sciencetech/article-2688686/The-polluted-street-world-LONDON-Oxford-Street-highest-levels-nitrogen-dioxide-claims-expert.html
http://www.dailymail.co.uk/sciencetech/article-2688686/The-polluted-street-world-LONDON-Oxford-Street-highest-levels-nitrogen-dioxide-claims-expert.html
http://www.dailymail.co.uk/sciencetech/article-2688686/The-polluted-street-world-LONDON-Oxford-Street-highest-levels-nitrogen-dioxide-claims-expert.html

13

Izah, S.C.; Bassey, S.E.; Ohimain, E.l. (2017).
Changes in the treatment of some physico-
chemical properties of cassava mill effluents using
Saccharomyces cerevisiae. Toxic, 5(4): 28.

Izah, S.C.; Bassey, S.E.; Ohimain, E.l. (2017y).
Removal of Heavy Metals in Cassava Mill
Effluents with Saccharomyces cerevisiae isolated
from Palm Wine. MOJ Toxicology, 3(4): 00057.

Izah, S.C.; Bassey, S.E.; Ohimain, E.l. (2017).
Cyanide and Macro-Nutrients Content of
Saccharomyces cerevisiae Biomass Cultured in
Cassava Mill Effluents. International Journal of
Microbiology and Biotechnology, 2(4): 176-180.

Izah, S.C., Bassey, S.E.; Ohimain, E.I. (2017,). Amino
acid and proximate composition of Saccharomyces
cerevisiae biomass cultivated in Cassava mill
effluents. Molecular Microbiology Research, 7(3):
20-29

Izah, S.C.; Bassey, S.E.; Ohimain, E.Il. (2018,).
Impacts of Cassava mill effleunts in Nigeria.
Journal of Plant and Animal Ecology, 1(1): 14-42

Izah, S.C.; Bassey, S.E.; Ohimain, E.l. (2018,).
Ecological risk assessment of heavy metals in
cassava mill effluents contaminated soil in a rural
community in the Niger Delta Region of Nigeria.
Molecular Soil Biology, 9(1): 1-11.

Izah, S.C.; Ohimain, E.l. (2013). Microbiological
quality of crude palm oil produced by smallholder
processors in the Niger Delta, Nigeria. Journal of
Microbiology and Biotechnology Research, 3(2):
30-36.

Izah, S.C. (2016). Possible Challenges of potential
drivers of oil palm processing sector in Nigeria.
Journal of Biotechnology Research, 2(10):73-79.

Izah, S.C. and Ohimain E.l. (2015). Bioethanol
production  from cassava mill  effluents
supplemented with solid agricultural residues using
bakers’ yeast [Saccharomyces cerevisiae]. Journal
of Environmental Treatment Techniques. 3(1): 47-54.

Izah, S.C.; Angaye, T.C.N.; Ohimain, E.l. (2016).
Environmental Impacts of Oil palm processing in
Nigeria. Biotechnological Research, 2(3):132-141

Kippelen, P.; Fitch, K.D.; Anderson, S.D.; Bougault,
V.; Boulet, L.P.; Rundell, KW.; Sue-Chu, M.
and McKenzie, D.C. (2012). Respiratory health of
elite athletes — preventing airway injury: a critical
review. Br J Sports Med., 46:471-476.

McAughey, J.J. (1997). Regional lung deposition and
dose of ambient particulates in humans by particle
mass and number. Research Report. AEA
Technology. Aerosol Science Centre, Oxfordshire,
UK.

Miller, G.T. (1994). Living in the Environment:
Principles. Connections and Solution (3rd)
Belmont Wadsworth Pub. Company.

Ngele, S. O. and Onwu, F. K. (2015). Measurements
of Ambient Air Fine and Coarse Particulate Matter
in ten South-East Nigerian cities. Res. J. Chem.
Sci., 5(1): 71-77.

Nriagu, J., Udofia, E.A., Ekong, I. and Ebuk, G.
(2016). Health Risks Associated with Qil Pollution
in the Niger Delta, Nigeria. International Journal
of Environmental Research and Public Health, 13,
346; doi:10.3390/ijerph13030346.

Nwakire, C. (2014). The impact of gas flaring on the
air quality: A case study of lzombe in Earstern
Nigeria. International Journal of Engineering
Research and Reviews. 2(3):61-71.

Obisesan, A.; Weli, V.E. (2019). Assessment of Air
Quality Characteristics across Various Land-Uses
in Port-Harcourt Metropolis. Journal Environ
Pollut Manage, 2: 106.

Odubo, T.R.; Onyige, C.D. (2019). Environmental
Degradation and Livelihood Vulnerabilities in the
Niger Delta: Examining the Role of Artisanal
Crude Oil Refining. International Journal of
Innovative Social Sciences & Humanities Research
7(4):45-52.

Ogamba, E.N.; Charles, E.E.; lzah, S.C. (2021).
Distributions, pollution evaluation and health risk
of selected heavy metal in surface water of Taylor
creek, Bayelsa State. Nigeria. Toxicology and
Environmental Health Sciences 13(2): 109-121.\

Ogamba, E.N.; lzah, S.C.; Toikumo, B.P. (2015,).
Water quality and levels of lead and mercury in
Eichhornia crassipes from a tidal creek receiving
abattoir effluent, in the Niger Delta, Nigeria.
Continental Journal of Environmental Science
9(1): 13-25.

Ogamba, E.N.; Izah, S.C.; Oribu, T, (2015,). Water
quality and proximate analysis of Eichhornia
crassipes from River Nun, Amassoma AXis,
Nigeria. Research Journal of Phytomedicine, 1(1):
43-48.

Ogamba, E.N.; Izah, S.C. and Toikumo, B.P. (2015,).
Water quality and levels of lead and mercury in
Eichhornia crassipes from a tidal creek receiving
abattoir effluent, in the Niger Delta. Nigeria.

Continental Journal of Environmental Science.
9(1): 13-25.
Ohimain, E.l., lzah, S.C. (2014,). Energy self-

sufficiency of smallholder oil palm processing in
Nigeria. Renewable Energy, 63: 426-431.

© 2023 Society Service and Environment Development Sector, Sohag University


http://bjsm.bmj.com/search?author1=Pascale+Kippelen&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Kenneth+D+Fitch&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Sandra+Doreen+Anderson&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Valerie+Bougault&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Louis-Philippe+Boulet&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Kenneth+William+Rundell&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Malcolm+Sue-Chu&sortspec=date&submit=Submit
http://bjsm.bmj.com/search?author1=Donald+C+McKenzie&sortspec=date&submit=Submit

JES Vol. 29, No. 1, 1-15 (2023)

14

Ohimain, E.l., lzah, S.C. (2014y). The Challenge of
Biodiesel Production from Palm Press Fiber Oil
Produced by Smallholder in Nigeria. International
Journal of Research In Earth & Environmental
Sciences, 1(6): 8-19

Ohimain, E.l., lzah, S.C. (2014;). Possible
contributions of palm oil mill effluents to
greenhouse gas emissions in Nigeria. British
Journal of Applied Science and Technology, 4(33):
4705-4720.

Ohimain, E.l.; Izah, S.C. (2013). Gaseous emissions
from a semi-mechanized oil palm processing mill
in Bayelsa state, Nigeria. Continental Journal of
Water, Air and Soil Pollution, 4 (1): 15-25.

Ohimain, E.l.; lzah, S.C.; Abah, S.0. (2013,). Air
quality impacts of smallholder oil palm processing
in Nigeria. Journal of Environmental Protection, 4:
83-98.

Ohimain, E.l.; Izah, S.C. and Obieze, F.A.U. (2013;).
Material-mass balance of smallholder oil palm
processing in the Niger Delta, Nigeria. Advance
Journal of Food Science and Technology. 5(3):
289-294.

Ohimain, E.l.; Daokoru-Olukole, C.; lzah, S.C.; Eke,
R.A. and Okonkwo, A.C. (2012,). Microbiology of
palm oil mill effluents. Journal of Microbiology
and Biotechnology Research, 2(6):852-857.

Ohimain, E.l.; Seiyaboh E.l.; lzah, S.C;
Oghenegueke, V. E. and Perewarebo, T.G. (2012).
Some selected physico-chemical and heavy metal
properties of palm oil mill effluents. Greener
Journal of Physical Sciences, 2(4): 131-137.

Ohimain, E.I; Oyedeji, A.A. and lzah, S.C. (2012c).
Employment effects of smallholder oil palm
processing plants in Elele, Rivers State, Nigeria.
International Journal of Applied Research and
Technology 1(6): 83 - 93.

Ojeh, V.N. (2012). Sustainable Development and Gas
Flaring Activities: a Case Study of Ebedei Area of
Ukwuani LGA, Delta State, Nigeria. Resources
and Environment, 2(4): 169-174.

Okoye, C.V.; Ekpete, O.A. and Kpee, F. (2022).
Particulate Matter Monitoring Around Selected Qil
Exploration Areas in ONELGA, Rivers State,
Nigeria. International Journal of Innovative
Scientific & Engineering Technologies Research,
10(1):1-8.

Olukoya, O.A. P. (2015). Negative Effects of Gas
Flaring On Buildings and Public Health in Qil
Producing Communities: The Ogbia Community,
Bayelsa State Case. International Journal of

Environmental Monitoring and Protection, 2(5):
52-61.

Omotosho, T.V.; Emetere, M.E.; Arase, O.S. (2015).
Mathematical projections of air pollutants effects
over Niger Delta region using remotely sensed
satellite data. International Journal of Applied
Environmental Sciences. 10(2):651-64.

Omotosho, T.V., Emetere, M.E. and Arase, O.S.
(2015). Mathematical Projections of Air Pollutants
Effects over Niger Delta Region Using Remotely
Sensed Satellite Data. International Journal of
Applied Environmental Sciences, 10(2): 6651-664.

Onakpohor, A.; Fakinle, B. S.; Sonibare, J. A.; Oke,
M. A.; and Akeredolu, F. A. (2020). Investigation
of air emissions from artisanal petroleum refineries
in the Niger Delta Nigeria. Heliyon, 6(11): e05608.

DOI: 10.1016/j.heliyon.2020.e05608

Opara, A.l.; lbe, F.C.; Njoku, P.C.; Alinnor, J.1.k.;
Enenebeaku, C.K. (2016). Geospatial and
geostatistical analyses of particulate matter (PM10)
concentrations in Imo State, Nigeria. International
Letters of Natural Sciences. 57: 89-107.

Osha fact sheet (2005). Hydrogen sulfide.
https://www.osha.gov/OshDoc/data_Hurricane Fa
cts/hydrogen_sulfide fact.pdf.

Accessed 18 September, 2016.

Ossai, E.K.; Iniaghe, G.0O.; Osakwe, S.A.; Agbaire,
P.A.  (1999). Pollution  Problems  and
Environmental Effects of Chemicals, In Ekechi
(ed) Reading in General Studies: History and
Philosophy of Science, Abraka General Studies
Dept. Pub. DELSU Abraka, pp 83-86.

Ozabor, F. and Obisesan, A. (2015).Gas Flaring:
Impacts on Temperature, Agriculture and the
People of Ebedei in Delta State Nigeria. Journal of
Sustainable Society, 4(2):5-12.

Pollutant Release and Transfer Register (Undated).
What is the damage caused by sulphur dioxide
(S02) to human beings and the
environment?.http://www.mma.gob.cl/retc_ingles/
1316/w3-article-51518.html. Accessed October 2"
2016.

Pope, A. and Dockery, D. (1996).Epidemiology of
Chronic Health Effects.Published by Havard
University Press.

Richard, G. (2021). Particulates Distribution Around
Smallholder Gari Production Facilities in the Niger
Delta, Nigeria. Academic Journal of Life Sciences,
7(1):17-21

Richard, et al. (2023). Air pollution in the Niger Delta region of Nigeria: Sources, health effects, and strategies for mitigation, Nigeria


https://www.osha.gov/OshDoc/data_Hurricane_Facts/hydrogen_sulfide_fact.pdf
https://www.osha.gov/OshDoc/data_Hurricane_Facts/hydrogen_sulfide_fact.pdf

15

Richard, G.; Sawyer, W.E.; lzah, S.C. (2021,). Health
Implications of Air Quality Index of Fine and
Coarse Particulates During Outdoor Combustion of
Biomass in the Niger Delta, Nigeria. International
Journal of World Policy and Development Studies,
7(2): 21-26

Richard, G.; Sawyer, W.E.; lzah, S.C. (2021,).
Outdoor Air Quality Index of Biomass Combustion
in the Niger Delta, Nigeria: A Health Impact
Perspective. Journal of Advanced Research in
Medical Science & Technology, 8(1): 19-28.

Richard, G. (2019). Influence of season on the
distribution of volatile organic compounds from
small-holder cassava processing facility in the
Niger Delta region of Nigeria. Annals of Ecology
and Environmental Science, 3(4): 27-35

Richard, G.; Weli, V.E.; Nwagbara, M.O. (2019,).
Seasonality in Particulates Distribution from
Dumpsites in the Niger Delta Region of Nigeria: A
Health Risk Assessment Approach. International
Journal of Research in Environmental Science,
5(2): 7-15.

Richard, G.; Nwagbara, M.O.; Weli, V.E. (2019y).
Public Health Implications of Seasonality in
Noxious Gases from Dumpsites in Some Niger
Delta States, Nigeria. International Journal of
Research Studies in Biosciences, 7(5): 1-14.

Richard, G.; Weli, V.E.; Nwagbara, M.O. (2019,).
Effects of Seasons in the Distribution of Volatile
Organic Compounds across Dump Sites in Some
Selected Niger Delta States, Nigeria. BAOJ
Biotechnology, 5: 042.

Rizvi, S. (2015).Why is sulfur dioxide considered
injurious to the health?

https://www.quora.com/Why-is-sulfur-dioxide-
considered-injurious-to-the-health,

Accessed October 2™ 2016.

Seiyaboh, E.l.; lzah, S.C. (2019). Impacts of Soil
Pollution on Air Quality under Nigerian Setting.
Journal of Soil and Water Science, 3(1):45-53.

Seiyaboh, E.1.; I1zah, S.C. (2017,). Review of Impact of
Anthropogenic  Activities in Surface Water
Resources in the Niger Delta region of Nigeria: A
case of Bayelsa state. International Journal of
Ecotoxicology and Ecobiology, 2(2): 61-73.

Seiyaboh, E.l.; lzah, S.C. (2017,). A Review of
Impacts of Gas Flaring on Vegetation and Water
Resources in the Niger Delta Region of Nigeria.
International Journal of Economy, Energy and
Environment, 2(4): 48-55.

Seiyaboh, E.l.; and Izah, S.C. (2017,). Bacteriological
assessment of a tidal creek receiving

slaughterhouse wastes in Bayelsa state, Nigeria.
Journal of Advances in Biology and Biotechnology,
14(1): 1 -7.

Shoshat, G. (2009). Toxicity, Carbon monoxide:
Management of carbon monoxide poisoning.
Chest, 97(1): 165-169.

Simbi-Wellington, S.W. and Ideriah, T.J.K. (2020).
Assessment of Air Quality in Mangrove Forest
around Gas Flare in Awoba Flow Station in Rivers
State Nigeria. IOSR Journal of Agriculture and
Veterinary Science (IOSR-JAVS).
DOI:10.9790/2380-1302013847 e-ISSN: 2319-238

Tian, G.; Qiao, Z. and Xu, X. (2014). Characteristics
of particulate matter (PM10) and its relationship
with meteorological factors during 2001-2012 in
Beijing. Environmental Pollution, 192: 266-74.

United States Environmental Protection Agency
(2022). Health Effects of Ozone Pollution. Health
Effects of Ozone Pollution | US EPA

Uzoekwe, S.A.; Izah, S.C.; Aigberua, A.O. (2021).
Environmental and human health risk of heavy
metals in atmospheric particulate matter (PMy)
around gas flaring vicinity in Bayelsa State,
Nigeria. Toxicol Environ Health Sci, 13(4): 323-
335.

Weli, V.E.; Adekunle, O. (2014). Air Quality in the
Vicinity of a Landfill Site in Rumuolumeni, Port
Harcourt, Nigeria. Journal of Environment and
Earth Science, 4(10): 1-9.

WHO - World Health Organization (2006). Air
Quality  Guidelines. Global update 2005.
Particulate matter, ozone, nitrogen dioxide and
sulfur dioxide. WHO Regional Office for Europe,
Copenhagen.

WHO, (2022). Household air pollution and health.

Alir pollution (who.int).

© 2023 Society Service and Environment Development Sector, Sohag University


https://www.quora.com/Why-is-sulfur-dioxide-considered-injurious-to-the-health
https://www.quora.com/Why-is-sulfur-dioxide-considered-injurious-to-the-health
https://www.epa.gov/ground-level-ozone-pollution/health-effects-ozone-pollution
https://www.epa.gov/ground-level-ozone-pollution/health-effects-ozone-pollution
https://www.who.int/health-topics/air-pollution#tab=tab_1

