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Air pollutant emissions by anthropogenic
combustion processes in Lagos, Nigeria

Bamidele Sunday Fakinle!*, Ebenezer Leke Odekanle?, Abiodun Paul Olalekan?,
Henry Egbonyi Ije', Daniel Olawale Oke* and Jacob Ademola Sonibare”

Abstract: As part of research efforts to investigate the contribution of various
anthropogenic activities to local atmospheric pollution load across Nigeria, the
study investigated emission of air pollutants from the combustion processes in
Lagos mega city. Solid wastes, consumption of fuel wood, and petroleum products
were identified as major materials being combusted in Lagos and these materials
were quantified based on the information in literature. Annual emissions from the
combustion of the quantified materials were estimated using emission factor
approach. The total estimated annual contribution of anthropogenic combustion
processes to atmospheric loading of PM;,, CO, SO, NO, and VOC were 188.49,
5920.97, 11.24, 348.88 and 4.14 kt/annum, respectively. Emissions from the com-
bustion of solid waste/biomass were identified as a major source of criteria air
pollutants in the city because, about 67.5% and 82% of the estimated CO and PM;,
emissions, respectively, were generated from the combustion of solid waste/bio-
mass. Also, 81%, 57% and 32% of NO,, SO, and CO emissions respectively were
found to have emanated from combustion of kerosene. These elevated emission
levels can be said to have potential impacts on ambient air quality of the study
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area. The study concluded that immediate mitigating action to reduce release of
pollutants from combustion processes should be put in place.

Subjects: Combustion; Waste & Recycling; Pollution

Keywords: emission; combustion; biomass; emission factor; activity rate

1. Introduction

Air pollution is increasingly becoming a global challenge due to the release of air emissions from
human activities (Motesaddi et al., 2017; Von Schneidemesser et al., 2019). Due to human activities
and ineffective environmental policy, urban air pollution has been on the increase (Komolafe et al.,
2014). Quality Air is of outmost important to humans, plants, animals, and materials. On an average,
a human being needs 12 kg/day of quality air compared to his food consumption which is 12-15
time lesser (Garg et al., 2006). However, disturbance or contamination of the component of ambient
air as a results of human activities may cause great damage or may put the life of living things on
earth in danger (Wang et al., 2014). In 2005, the World Health Organization (WHO) recorded that
more people had been killed by air pollution as compared to ailments such as AIDS, tuberculosis,
breast cancer, or malaria. It has been shown that most of the air pollution could be traced to
combustion processes (Frederica, 2018) which could either be indoor (e.g. for cooking) or outdoor.
The common air pollutants in the atmosphere include: oxide of sulfur (SOx); oxides of nitrogen (NOx),
carbon monoxide (CO), and volatile organic compounds (VOCs) (Komolafe et al.,, 2014).

The degree of atmospheric pollution varies from region to region and from cities to cities
(Sonibare et al., 2010). In Nigeria, due to population density coupled with intense industrial and
commercial activity, the air pollution of Lagos city is of particular interest (Odekanle et al., 2016).
Previous studies undertaken in Lagos have reported the significant impact of pollutants on the
local air quality when compared with WHO standards (Efe, 2008; Odekanle et al., 2017). There are
several sources of air pollutant in Lagos mega city. One of such sources is road transportation. The
extent of the significance of road transport as a source of specific pollutants at any point in time
depends on the level of traffic and proximity of other sources of specific pollutants as well as
meteorological parameters (Odekanle et al., 2016, 2017; Onat & Stakeeva, 2013). A study con-
ducted by the Lagos Metropolitan Transport Management Authority, Lagos Metropolitan Area
Transport Authority [LAMATA] (2002) on air quality revealed that vehicular activities contribute
about 43% to the deteriorated air quality in Lagos. Another major source of air pollutant emission
in Lagos is municipal solid waste combustion. In Lagos, it is a common practice to burn municipal
solid waste (MSW) instead of landfilling. While solid waste combustion is advantageous in terms of
large volume of waste treatment, it thus leads to emission of compounds that are of environ-
mental concern. One of the major problems in urban centers like Lagos is the increase in quantity
of waste generated (Adeniran et al., 2017; Ayantoyinbo & Adepoju, 2018). Of equal concern is the
poor and inefficient management of municipal waste to which government appears incapacitated.
Another form of solid wastes generated is saw dust. These are openly burnt without regard for
sound environmental management (Igben, 2019; Owoyemi et al., 2016). Sawmills of various sizes
are scattered all over the shores of Lagos. Hence, one of the greatest environmental problems
facing the city today is how to properly dispose these wastes being generated daily by the ever
increasing activities of saw mill operators (Igben, 2019; Owoyemi et al., 2016). In the absence of
proper disposal methods, these wastes are burnt in the open air along the bank of lagoon of Lagos
(Okedere et al,, 2017). As the demand for wood and its product increase, the volume of wastes
being generated by sawmill industries in Lagos is expected to increase and thus, higher emission
from the combustion of the wastes. There have been reports on both environmental and health
effects of emission from combustion processes. Frederica has opined that fossil-fuel combustion
by-products are the world’s most significant threats to children’s health and future; and are major
contributors to global inequality and environmental injustice. Similarly, combustion of fossil fuel in
developed nations and biomass burning in developing nations have been adjudged to account for
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most of the global air pollution problem, emitting about 85% of airborne respirable particulate
matter, SO, and NOyx the environment (International Energy Agency [IEA], 2016). Several other
health-related issues have been traced to emissions from various combustion processes (Agarwal
& Yamamoto, 2015; World Health Organization [WHO], 2016). Despite all these adverse environ-
mental and health effects, various combustion operations emanating from different sources
ranging from industrial processes to household cooking continue to be on the increase in Lagos,
hence the need for the assessment of emission from the combustion processes.

As part of research efforts to investigate the contribution of various anthropogenic activities to
local atmospheric pollution load across Nigeria, the study aimed at investigating air pollutants from
the emission of combustion processes in Lagos mega city. Several reported information on air
pollution within Lagos metropolis exist (Komolafe et al., 2014; Odekanle et al., 2016, 2017); however,
dearth of information on the magnitude of emission from combustion process from domestic,
vehicular and industrial activities as well as the effect of the emission on air quality was the driving
force behind this study. The findings seek to provide information that could be used to implement,
monitor and evaluate environmental management policies to mitigate air pollution, protect health
of human and guarantee safe environment. In this study, various solid fuels generated and liquid
fuel consumed were quantified from the previously reported information; and emissions were
subsequently estimated from various fuel sources using emission factor approach.

2. Methodology of the research

2.1. Study area

Lagos (Figure 1) is located within latitude 6° 23' N and 6° 41’ N and longitude 2° 42' E and 3° 42'E.
Lagos is the center of commerce in Nigeria having 75% of the country’s industries. Due to rapid
urbanization and industrial growth rate, the city has become one of the most densely populated
cities in Africa with a population of about 9.3 million (National Population Commission [NPC],
2006). Nigeria being a developing nation, the annual population growth rate was estimated to
be 3%, whereas Lagos a state within the country stands at a stunning growth rate of 8% which is
likely to accelerate as years go by (Awoyemi et al., 2013; Oramah, 2006). Also the city is
a commercial network to other West Africa countries because of the multinational companies in
the city and its leading regional port and manufacturing center. (Atubi, 2010). The city has
a tropical climate with an average relative humidity of 79%. Mean monthly temperature ranges
from 23 to 32°C. Being located in a coastal area and influenced by strong sea-based disturbances,
Lagos experiences an average wind speed of 4.3 km/h (Komolafe et al., 2014). As with the majority
of cities, road transport is thought to be the most significant source of anthropogenic emissions.
Obsolete technologies and poor emission control strategies lead to substantial uncertainties in
emission estimates calculated from vehicle number density statistics.

The unreliable electrical supply in Lagos has led to an increased reliance on small-scale diesel
powered generators and these potentially present a significant source of emissions in Lagos.

2.2. Estimation of pollutant emission

The amount of air pollutant emissions from combustion activities in Lagos, Nigeria was determined
using the emission factor approach. Following the steps in Figure 2, rates of generation saw dust,
wood fuel, solid waste, and consumption of petroleum products were quantified based on avail-
able data in literature. Using equation (1), emission rates of air pollutants (NOy, CO, Sox, VOC, and
Particulate matter (PMp)) from the combustion of the combustible materials were calculated
(Sonibare et al., 2010, 2007).

E=AxEF (1)

Where:
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Figure 1. Map of the study area
(source: Somuyiwa & Adebayo,
2009). Nigeria

» Z

B Study area

AN
Lagos (=72t
s fE & G2 Lagos Metropolis
\/.‘3_;:;7 P - = 4- : g‘ - :--

Figure 2. Flow chart of research
methodology.

Quantification of rate of generation of combustion materials

Petroleum Products

Saw st Wood fuel Solid waste e.2.AGO, PMS, ATK,
Emission — _ HKK etc.
factor fact::r fmcss;on
ackor Emissionfactor
Emission rate EmEsionyate Emission rate Emission rate from each

product

Estimation of total annual Emissions (kt/annum)

E = emissions rate of pollutant (g/s)
A = activity rate (m?/s)
EF = emission factor of pollutant (g/m?)

3. Results and discussion

Rates of generation and consumption of combustible materials in Lagos state for ten years are
considered in this study. Also, consumption rates of petroleum products are obtained from NNPC
annual statistical bulletin.

3.1. Quantification of solid waste generated

The quantities of solid waste (Kg/capita/annum) generated for this study were estimated from
previous studies (Nigerian Environmental Study/Action Team [NEST], 2001; Achankeng, 2003;
Kofoworola, 2007; Sha’Ato et al., 2006; Ogwueleka, 2009; Oresanya, 2013). In 2001, NEST reported
that 20 kg/capita/annum of solid waste were generated Nigeria while Achankeng estimate was
0.3 kg/capita/day in the year 2003. However, Kofoworola (2007) reported 1.1 Kg/capital/day, while
Sha’Ato et al. (2006) reported 0.54 kg/capital/day for central Nigeria. Ogwueleka (2009) and
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Table 1. Solid waste generated at the study area in kt/annum

Year NEST Achankeng | Kofoworola Sha’Ato Ogwueleka | Oresanya
(2001) (2003) (2007) et al. (2009) (2013)
(2006)
2007 200.90 1,099.82 4,032.60 1,979.67 2,309.62 2,382.94
2008 216.97 1,187.80 4,355.28 2,138.05 2,494.39 2,573.57
2009 234.33 1,282.83 . 4,703.70 2,309.09 2,693.94 2779.46
2010 253.08 1,385.45 5,079.99 2,493.82 2,909.45 3001.82
2011 273.32 1,496.28 5,486.38 2,693.31 3.142.20 3,241.95
2012 295.19 1,615.99 5,925.30 2,908.78 3,393.58 3,501.31
2013 318.80 1,745.27 6,399.32 3,141.48 3,665.07 3,781.42
2014 344.31 1,884.89 6,911.26 3,392.80 3,958.27 4,083.93
2015 371.85 2,035.68 7,464.17 3,664.23 4,274.93 4,410.64
2016 401.60 2,198.54 8,706.20 3,967.37 4,616.93 4,763.50

Oresanya (2013) reported that 0.63 kg/capital/day and 0.65 kg/cap/day of solid waste were
generated in Lagos. The obtained rates were considered for the generation of solid waste from
2007 to 2016 (based on available data). The estimated emissions from the solid waste were based
on 100% combustible due to the unavailability of amount of the combustible component in the
solid waste. Shown in Table 1 are the predicted amount air emissions from open burning solid
waste (Environmental Protection Agency [EPA], 1995).

3.2. Quantification of saw dust generated

Collection of forestry statistics especially on wood products is not well organized or systematized.
Efforts at collecting information on wood products have been ad-hoc in Nigeria (Food and
Agriculture Organization of the United Nations [FAO], 2000). By expectation the annual sawn
wood consumption rate in Nigeria of 8.9% to grow from its initial level of 2,080,000 m* round
wood equivalent in 1975 to 11,476,000 m? in 1995 (FAO, 2009).

The same data was used to calculate sawn wood consumption up to 2016. RMRDC (2004)
reported that there are currently 1,325 sawmills in Nigeria with 270 located in the swamp forest
zones of Lagos and Rivers States while 884 sawmills are located in other rainforest zones in
Nigeria. Majorly open burning sawdust generated in Lagos takes place around the sawmills. The
quantities of saw dust generated in Lagos state over ten consecutive years are presented in
Table 2.

3.3. Consumption of fuel by road transportation

Presented in Table 3 is the consumption of some petroleum products between the year 2008 and
2016. The use of emission factor for estimating the emissions from vehicular activities based on
the fuel consumed is very important. According to (Sonibare et al., 2007), 70% of the petroleum
products in the country were consumed by the transport sector. Some of the vehicles considered
are: cars, bus (minibus and omnibus), trucks, and motor cycle. Fuel-based emission factors were
from the CORINAIR and Asian nation (Sonibare & Jimoda, 2009; Yli-Tuomia et al., 2005)

3.4. Consumption of fuel by air transport

For this study, the worst case scenario was considered due to limited data availability. The fuel
consumed by the aviation sector in Lagos (Table 4) and emission factor reported by EPA (2018)
were used as inputs parameters.
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Table 2. Sawdust generation in Lagos during considered years

Year Sawdust generated Year Sawdust generated
(ton/annum) (ton/annum)
2007 40172593.13 2012 61527499.42
2008 43747953.92 2013 67003446.87
2009 47641521.82 2014 72966753.64
2010 51881617.26 2015 79460794.72
2011 56499081.2 2016 86532805.45

Table 3. Consumption of some petroleum products in liters

Year AGO (103) PMS (10°) ATK (10%) HHK (10%)
2008 159,415.99 NA NA NA
2009 129,987.96 1,449,075.06 465,093.32 63,213.45
2010 66,185.28 635,350.86 147,013.32 26,671.57
2011 41,397.67 486,591.09 136,897.27 43,477.79
2012 591037 116,970.73 26,450.58 5,175.88
2013 971,161.01 2,500,803.75 422,030.81 914,082.71
2014 1,267,937.00 3,125,393.29 380,819.66 871,833.94
2015 1,456,324.81 3,412,199.25 440,164.031 NA
2016 1,088,469.82 2,318,741.47 NA NA

NA (Not Available); Source: Lagos State Bureau of Statistics [LSBS] (2017), Nigerian National Petroleum Commission
[NNPC] (2004).

3.5. Consumption of wood fuel

Combining Nigeria’s daily household energy demand of about 263 kg of coal equivalent per annum
(Nnaji et al., 2012) with the utilization of about 91% for cooking (Nwofe, 2013), the annual cooking
energy consumption in the country per household would be about 315 kg of fuelwood. With the
average household in Lagos of four (Lagos State Bureau of Statistics [LSBS], 2017) and total
population, fuelwood consumption for cooking for the period under consideration was computed
(Table 4). The estimated consumed fuelwoods were combined with the (EPA, 1995) emission factor
to calculate the likely quantity of criteria air pollutants emitted from combustion of the fuelwoods.

3.6. Annual consumption of household kerosene

The quantities of kerosene consumed for the years considered were combined with emission
factors (EPA, 2018; IPCC, 1996) to determine the likely emission of air pollutants emitted during
domestic usage of kerosene.

3.7. Emission from various combustion processes

Emissions of air pollutants from solid waste combustion in Lagos (2007-2016) are presented in
Table 5. From NEST (2001) basis, NOx emission rate was in the range of 0.60-1.61 kton/annum
while that of Achankeng (2003), Kofoworola (2007), Sha’Ato et al. (2006), Ogwueleka (2009), and
Oresanya (2013) were 3.30-6.60, 12.09-26.12, 5.94-11.90, and 6.93-13.85, 7.15-14.29 kton/
annum, respectively.

From the above, SO, emission rates were in the range of 0.10-0.21, 0.56-1.10, 2.02-4.35,
1.16-2.31, and 1.19-2.38 kton/annum, respectively. Similarly, the average CO emission from the
period under investigation was about 12.22, 66.92, 248.10, 120.47, 140.49, and 144.99 while the
average PM;o was 2.33, 12.75, 47.25, 22.95, 26.77, and 27.62 kton/annum respectively. Population,
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Table 4. Consumption of fuel by aircraft and wood fuel consumption

Year Aviation fuel consumption Wood fuel (kg)/annum
(ton/annum)
2007 NA 790965000.00
2008 NA 854242200.00
2009 372.80 922581576.00
2010 117.61 996388102.10
2011 109.52 ' 1076099150.00
2012 21.000 1162187082.00
2013 337.62 1255162049.00
2014 304.66 ' 1355575013.00
2015 354.08 1464021014.00
2016 NA 1581142695.00
2017 NA ' 1707634110.00

Note: NA (Not Available).

waste generated per annum together with emission factor (EPA, 1995) are important factor in
calculating emission rate. There was an increase in air pollutant emission rate this is attributed to
increase in population and increase in solid waste generated. It was also observed that 2016
produced the highest emission of pollutant. Air pollutants emission rate is directly proportional to
the quantity of waste involved in combustion. For these to be reduced, there is a need for better
solid waste management in the city. Emission criteria from combustion of sawdust is shown in
(Table 6) The estimated annual sawdust generation from available data (FAO, 2000) gave an
increase from the year 2007 through 2016 with a range of 40172593-86532805 ton/annum.
From these, combustion processes generated an average criteria air pollutant of 30.37, 3948.32,
3.04, and 30.37 for PM;,, CO, SO,, and NOy respectively. There was an increase from 2007 to 2016.
This is due to increase in saw mill industry in the state, which leads to increase in saw dust
generated. Combustion of saw dust generates a lot of pollutant that can be harmful to human
health, therefore sound waste disposal strategy should be implemented. Emission factor from EPA
(1995).

Criteria emission from vehicular activities using Asian emission factor is summarized in Figures.
Three categories of vehicles were considered; personal cars, buses and trucks using Asian emission
factor. As presented in Figure 3(a,b), emission rates of CO and NOx for gasoline personal cars
ranged from 2000 to 43230 ton, 755-1209 ton, respectively, while emission rates of CO and NOx
from AGO powered buses ranges from 162.54 to 5557.06 tons and 160.10 to 17378 tons,
respectively.

Also emission of CO and NOx from automotive gas fuel (AGO) powered trucks ranged from 160
to 4010 ton/annum and 163 to 15,410 ton/annum respectively, as shown in Figure 4. Lowest
emission rates of both CO and NOx were observed in 2012, while highest emission rates were
recorded in 2015. This could be attributed to the lowest and highest fuel consumption in 2012
and 2015, respectively as reported by Nigerian National Petroleum Corporation (NNPC, 2004).
Figure 3 also revealed that total annual emissions from vehicular activities are a function of the
amount of fuel consumed. With emission factor from CORINAIR (1990), emission from road
vehicles changed significantly. Predicted CO from gasoline-fueled cars was in the range of
594-951 ton/annum and NOx emission for gasoline-fueled cars ranged from 28 to 45 ton/
annum. Also VOC recorded a ranged of 69-110 ton/annum. (Figure 5). CO emission from gasoline-
fueled motor cycle range from 25 to 1000 ton/annum. NOx was in the range of 2-3 ton/annum
and VOC was in the range of 26-6516 ton/annum (Figure 6).
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Table 6. Criteria pollutant rate from sawdust combustion in Lagos (kt/annum)

Year PM co SO, NOx
2007 20.09 2611.22 2.01 20.09
2008 21.87 2843.62 2.19 21.87
2009 23.82 3096.70 2.38 23.82
2010 25.94 3372.31 2.59 25.94
2011 28.25 3672.44 2.82 28.25
2012 30.76 3999.29 3.08 30.76
2013 33.50 4355.22 3.35 33.50
2014 36.48 4742.84 3.65 36.48
2015 39.73 5164.95 3.97 39.73
2016 43.27 5624.63 4.33 43.27
Figure 3. CO and NOx from (a) 50000
gasoline personal cars and (b) 450001
AGO combustion in buses using 40000 "
Asian emission factor. 2 35000 /
< 30000 co
£ #— NOx
= 25000
E 20000
15000 \
10000
5000 B \

2009 2010 2011 2012 2013 2014 2015 2016

Year

(2)

18000)
16000
14000
12000 co

10000 o— NOx

Emission (ton)

4000 /-/\

9 :-‘l‘_\_->

2008 2009 2010 2011 2012 2013 2014 2015 2016

Year

(®)

Also emission from combustion processes in transportation activities are from air transportation
(Figure 7). There are two methods of calculating emission from air transportation (IPCC, 1996). The
Tier 1 (the use of fuel only) and the Tier 2 (number of LTO). Due too poor documentation on the
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Figure 4. CO and NOx from AGO 18000
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number of landing and take-off in Lagos, the Tier 1 method was used, which is also the simplest.
CO emission ranged from 2609 to 2478 ton/annum, NOx ranged from 4100 to 3894 ton/annum,
SO, ranged from 372 to 354 ton/annum, and NMVOCs range from 260 to 247 ton/annum. It was
observed that 2012 has the lowest emission rate. This is due to low consumption of aviation fuel
compared to other years. Indoor air pollution is also a major source of pollution. Respiratory
symptoms and impaired lung functions among women have been traced to the indoor combustion
of biomass (Mulega & Siziya, 2019). It is therefore important to study emissions of criteria
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Figure 8. Criteria air pollutants
from wood fuel combustion in
fireplaces in Lagos.

pollutants from this source. Refined petroleum products would have been more attractive to the
city inhabitants because of their convenience in use when compared to biomass. However, cost
and their regular shortage from the market always call for alternatives. Wood fuel is a major
alternative.

Combustion of wood as cooking fuel is also a major source of criteria air pollutant. In fire places
in Lagos, for the period under investigation, the calculated criteria air pollutant were: CO,
15582-33640 ton/annum; SO,, 158-341 ton/annum; NOx, 5457-11782 ton/annum; PMy,
1661-3586 ton/annum (Figure 8). There was an increase in emission from 2007 through 2016.
These observations call for a need for a continuous monitoring of emission from combustion
processes in cooking activities in Lagos. Aside from population increase, it can also be attributed
to the level of poverty. Emission of pollutants from the combustion of kerosene in cooking (Table 7)
showed the following values. PM, SO,, CO, and NOx were 6574-90670 ton/annum, 1264-17436
ton/annum, 373717-5154282 ton/annum, and 55627-767213 ton/annum, respectively.

The total estimated annual contribution of anthropogenic combustion processes to atmospheric
loading of PM;o, CO, SO,, NO,, and VOC are 188.49, 5920.97, 11.24, 348.88, and 4.14 kt/annum,
respectively. Emissions from the combustion of solid waste/biomass were identified major source of
criteria air pollutants in the city because of combustion of solid wastes/biomass generated about 67.5%
and 82% of the estimated CO and PM,, respectively.

This could be attributed to large quantity of solid fuel/biomass (saw dust, wood, solid waste, etc.) being
generated in the city. Another identified major source of CO emission was combustion of kerosene,
accounting for about 32% of the total CO emission. In addition, considerable portion of the estimated
VOC emission (57%) emanated from gasoline-fueled buses. The highest emissions of NO, and SO,,
coupled with considerable amount of CO—all from the kerosene combustion which were 81%, 57%, and
32%, respectively raise some great concerns considering the potential impacts of these emissions on
indoor air quality. The emission values recorded in this study were higher than the submission from
similar previous studies (Okedere et al., 2017; Sonibare & Jimoda, 2009). The elevated emissions of the
pollutants can be as a result of the combustion of waste as a waste disposal option, more dependence
on wood as a source of fuel and the use of fossil fuel. Higher emissions are expected within the city in the

40000
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Tg‘ 25000| = PM;o
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£ NOx
15000 = 50,
=
& 10000
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Table 7. Criteria emission from kerosene in cooking

Year PM;o SO, co NOx
2009 6574.20 1264.27 373717.92 55627.84
2010 2773.84 533.43 157682.32 23470.98
2011 . 4521.69 869.56 257040.70 38260.46
2012 538.29 103.52 30599.80 4554.77
2013 95064.60 18281.65 5404056.98 804392.80
2014 90670.73 17436.68 5154282.25 767213.90
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future especially if mitigating measures are not put in place and thus will have adverse effects on human
health as well as water, soil, and vegetation of the city.

4. Conclusion

This study investigated contribution of air pollutants from the emission of combustion processes in
Lagos mega city to local atmospheric pollution load using emission factor approach. The estimated
annual PM;,, CO, SO,, NO,, and VOC loadings were 188.49, 5920.97, 11.24, 348.88, and 4.14 kt/
annum. Combustion of solid waste was identified as a major source of emission within the city.
Considering huge “mountain” of solid waste being generated in this region, it could be said that
waste burning/combustion may not be a sustainable way of waste management strategy because
of the release of high level of air pollutants that accompanies the process. Also the highest NO,
and SO, emission was found to have emanated from kerosene combustion, and this poses a great
threat to indoor air quality. These findings have important policy implications for developing
countries such as Nigeria where little attention is paid to the impacts of anthropogenic emission.
It is recommended that urgent action from legislative authorities to mitigate release of pollutants
from combustion processes should be taken. Also since this study did not consider projected
estimate of the emission from combustion process, based on the findings of the study, next ten
years emission estimate is advocated in order to enhance proactiveness in terms of air pollution
control planning and policy making.
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