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INTRODUCTION

Increase in population and lifestyle changes 
are two vital factors influencing the output and 
compositions of municipal wastes worldwide. 
Municipal solid wastes constitute serious envi-
ronmental challenges worldwide due to the huge 
volume of wastes being churned out on daily 
basis [1–3]. However, the environmental pollu-
tion concerns from municipal wastes are more 
worrisome in developing countries where the 
rates of generation far exceed the available ca-
pacity to manage such wastes [4–5, 2]. In many 
instances, such management capacities do not 
even exist. Nigeria is believed to be generating 
over 42 million metric tons of municipal wastes 

on annual basis [6] with little or no capacity and 
facilities on ground to manage them in almost 
all the cities.

Although, the composition of municipal 
wastes may vary slightly from one place to an-
other depending on level education, civilization, 
income level, lifestyle and culture; generally, 
municipal wastes are usually composed of food 
residue, papers, wood residue, fabrics, metal 
scraps, sludge, cans, and plastic wastes etc. [1, 6]. 
However, the growing usage of plastic products 
as packaging materials across the world is seri-
ously increasing the fractions of plastic wastes 
in the municipal wastes [7]. In the United States, 
the compositions of plastic wastes have increased 
to about 30% of MSW annually [8]. China and 
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Indian have also experienced increase in frac-
tions of plastics in their municipal wastes despite 
a recent ban on plastic importation in China [9, 
10]. Although, Nigeria used to be an agrarian so-
ciety, there has been drastic shift in lifestyle and 
product consumptions. Plastic products are now 
featured more in the day to day activities of Ni-
gerians. They are the choice materials for pack-
aging of products from pharmaceutical, food, 
and water industries. Agricultural products such 
as pesticides and herbicides are also packaged 
in plastic bottles. Wholesale shopping malls and 
retail shops also used polythene bags to package 
the sold items. The menace of plastic wastes has 
recently been acknowledged by the federal gov-
ernment of Nigeria which is presently looking at 
the possibility of recycling [11]. 

Despite the recent acknowledgment of the 
enormity of the challenges posed by munici-
pal wastes by the Nigerian government, the 
usual practice of open dumping and burning at 
government dumpsites, community dumpsites 
and residential backyards still continues un-
abated in all Nigerian cities and communities 
[12–14]. A typical scene of open burning of un-
sorted municipal wastes in Southwest Nigeria 
is shown in Figure 1. The paucity of fund is 
keeping the government at various levels away 
from tackling the problem following best avail-
able practices. Moreover, there is low level of 
awareness on the environmental and public 
health consequences and risks associated with 
open burning of these wastes. 

In addition to the emission of criteria air 
pollutants and greenhouse gases, open burning 
of municipal wastes is also associated with the 
emissions of some highly hazardous organic 

air pollutants which include mercury, benzene, 
toluene, ethyl benzene, polycyclic aromatic hy-
drocarbons (PAHs) and persistent organic pol-
lutants (POPs) [2, 5, 13]. There is reported evi-
dence that these pollutants are toxic to human 
health even at very low dose of exposure [5, 15]. 
They are also reported in many publications to 
exhibit carcinogenic, mutagenic and teratogenic 
properties in human [15]. The Agency for Toxic 
Substances and Disease Registry (ATSDR) has 
specifi cally listed some of these as priority pol-
lutants [16, 17]; hence, continuous open burn-
ing of municipal wastes is not a sustainable ap-
proach to their management.

The studies on the extent and compositions 
of municipal wastes in Nigeria have been report-
ed by several authors [12, 14]. A few studies on 
anthropogenic air pollutants from combustion of 
municipal solid wastes in Nigeria also exist in 
the literature [2, 15, 18]. However, the studies by 
these authors were limited in scope based on the 
number of pollutants and study areas covered. 
There is presently no specifi c study on the con-
tribution of open burning of municipal wastes 
to atmospheric loading of total volatile organic 
compounds (VOCs), polycyclic aromatic hy-
drocarbons (PAHs), polychlorinated biphenyls 
(PCBs), polychlorinated dibenzo –p- dioxin 
(PCDDs) and polychlorinated dibenzo furan 
(PCDF) in Nigeria. Therefore, the present study 
examined the emission inventory of these organ-
ic air pollutants from open burning of municipal 
wastes in Southwest Nigeria. The study will pro-
vide the information that will further strengthen 
the present drive of Nigeria’s Federal Govern-
ment at municipal waste management. 

Figure 1. Scene of open burning of unsorted wastes in southwest Nigeria
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METHODOLOGY

Study area

The study area is the Southwest region of 
Nigeria (Figure 1) which lies between 2° 31’ and 
6° 00’ East and Latitude 6° 21’ and 8° 37’ N. It 
comprises six States (Lagos, Ogun, Oyo, Ondo, 
Osun and Ekiti). The region is bounded on the 
East by Delta and Edo States, in the North by 
Kogi and Kwara States, in the West by Benin 
Republic and in the South by the Gulf of Guin-
ea. It has an estimated total land area of about 
77,818 km2 with tropical climate that is charac-
terized by wet and dry seasons. The temperature 
ranges between 21 and 34 °C while the annual 
rainfall ranges between 1,500 and 3,000 mm. 
The wet season is associated with the southwest 
monsoon wind from the Atlantic Ocean wheras 
the dry season is associated with the northeast 
trade wind from the Sahara Desert. The vegeta-
tion in southwestern Nigeria is made up of fresh 
water swamp and mangrove forest at the belt, 
the low land in forest stretches inland to Ogun 
and part of Ondo State while secondary forest is 
toward the northern boundary where derived and 
southern savannah exists. 

This region of Nigeria is indigenous to the 
Yoruba people who were predominantly farmers 

although modern civilization has reversed this 
trend. On the basis of the 2006 population cen-
sus, the region had the second highest population 
of a little below 28 million people and accounted 
for 19.7% of Nigeria’s total population. A break-
down of the population Figure 2 shows that 32.8, 
20.1, 13.5, 12.3, 12.5, 8.7% of the populations 
belong to Lagos, Oyo, Ogun, Osun, Ondo, and 
Ekiti States, respectively [19]. It is often regarded 
as the industrial hub and commercial nerve centre 
of the country. The heavy presence of manufac-
turing industries in Ogun and the deep sea ports 
in Lagos both of which are in the Southwest re-
gion have conferred on it a level of special status. 
Moreover, Lagos State served as Federal Capital 
for the country for several years until 1991 when 
the seat of government was moved to Abuja. 
Up to date, it is still the industrial and economic 
backbone of the country. Due to population and 
lifestyle changes, the quantity of plastic wastes 
generated in this region of Nigeria is enormous.

Estimation of annual municipal solid 
wastes output from Southwest Nigeria 

The absence of accurate waste collection data 
among States in Nigeria is a major challenge in the 
estimation of annual quantity of municipal wastes 
at any given time. However, several authors have 

Figure 2. Map of Nigeria showing the location of southwest region
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reported different per capita municipal waste 
based on the studies conducted in different parts 
of the country. According to a 2012 World Bank 
report, the per capita municipal waste rate in Nige-
ria was 0.56 kg/capita/day [20]. Abila and Kanto-
la [21] gave a value between 0.44–0.66 kg/capita/
day; Nnaji [22] reported a range of 0.49–0.95 kg/
capita/day; per capita waste between 0.65–0.95 
kg/capita/day was reported by Ike et al., Noiki et 
al. and Edet and Maduabuchi [6, 14, 23] while 
Sowunmi et al. [24] reported a per capita waste 
generation between 0.26 and 1.02 kg/capita/day 
for the country.

Going by the current trend in the literature, 
the present study has adopted a value of 0.6 kg/
capita/day. This information was combined with 
the population data of the region to estimate the 
annual output of municipal solid wastes as rep-
resented by Eq. (1). According to a World Bank 
report on development indicators [25], the annual 
population growth rate of Nigeria oscillated be-
tween 2.6% and 2.7% since 2006 when the last 
official head count in the country was held. These 
population growth rates were used to generate the 
population data used in this study for years 2016–
2020. The 2006 population census data were ob-
tained from the Federal Republic of Nigeria’s Of-
ficial Gazette [19].

MSW�tonnes year� � = 0.6�kg
capita

day
� � × 

× Population × 365 days × 0.001 

 

 

Emission Rate �
tonnes

year
� = 0.4 × 

× Mass of Waste �
tonnes

year
� × Emission Factor 

(1)

Estimation of emission rates of the pollutants

The pollutants of interest in this study are 
volatile organic compounds TVOCs, TPAHs, TP-
CBs, TPCDD and TPCDF. Emission inventory 
approach which requires the combination of pol-
lutant emission factor and the activity associated 
with emission of the pollutant was adopted for the 
determination of the annual emission rate of each 
pollutant [26–34]. The emission rates of TVOCs, 
TPAHs, TPCBs, TPCDD and TPCDF were cal-
culated for open burning of municipal wastes in 
Southwest Nigeria. 

The exact quantity wastes burnt annually in 
the study area is not known but numerous evi-
dences point to open burning as the predomi-
nant means of disposal of solid wastes in Ni-
geria [7, 13, 14, 18, 30, 35–37]. According to 
a study conducted in Benin City by Ezeudu and 

Ezeudu [38], about 68% of municipal wastes 
are indiscriminately dumped while 10.7% are 
burnt. A similar study in Sokoto State indicated 
that about 55%, 30.2% and 7.0% of wastes are 
disposed by open dumping; open burning and 
government collection respectively. In the study 
area, Achi et al. [1] investigated solid waste 
management practices in Abeokuta, the capital 
city of Ogun State in Southwest Nigeria. Their 
findings showed that 26.28%, 47.44%, 6.26%, 
14.19% and 5.81% of respondents disposed of 
their wastes without sorting via open dumping, 
open burning, burying, use of cart pushers and 
local government trucks respectively. It is worth 
noting that a large fraction of the open dumped 
wastes is usually burnt at unapproved dumpsites 
while all those handed over to truck pushers and 
local government trucks would end up at des-
ignated open dumpsite and disposed by burning 
for volume reduction. 

For instance, workers at the Osun State dump-
site located at the Egbedi village in the outskirt 
of the Osogbo, the State’s capital admitted orally 
that the wastes at the approved dumpsite are burnt 
twice in a week. It is thus safe to conclude that at 
least 50% of the municipal wastes are disposed 
via open burning either at government approved 
site (waste collected) or unapproved dumpsites 
(residential backyards or community dumpsite). 
Again, a conservative figure of 40% was adopt-
ed for the determination of annual activities of 
municipal wastes associated with open burning. 
These activities were combined with the emission 
factors of the pollutants to establish their annual 
emission rates as captured in Eq. (2). The emis-
sion factors of the pollutants for open burning of 
municipal wastes that were used in this study are 
summarized in Table 1.

MSW�tonnes year� � = 0.6�kg
capita

day
� � × 

× Population × 365 days × 0.001 

 

 

Emission Rate �
tonnes

year
� = 0.4 × 

× Mass of Waste �
tonnes

year
� × Emission Factor 

(2)

Table 1. Emission factors of some organic pollutants 
for open burning of wastes [27]

Pollutants Emission factor (lb/tons)

TVOCs 8.556

TPAH 0.132

TPCB 0.00572

TPCDD 0.000076

TPCDF 0.0000122
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RESULTS AND DISCUSSION

Estimated output of municipal 
wastes in Southwest Nigeria

The estimated annual output of municipal 
wastes for the entire Southwest Nigeria between 
2016 and 2020 is summarized in Table 2. The an-
nual quantity of wastes generated progressively 
increased for all States during the period under in-
vestigation. The principal factor responsible for the 
progressive increase in municipal wastes genera-
tion is the increase in population of the States. The 
estimated total quantity of waste generated in the 
study area increased from about 7.89 million tonnes 
in 2016 to approximately 9 million tonnes in 2020 
with the Ekiti and Lagos States having the least and 
largest output of municipal wastes respectively. This 
volume of waste is about 14.5% of total wastes from 
Sub-Sahara Africa and about 80% greater than what 
is generated in Ghana on annual basis [39–41].

Over the 5 – year period investigated, the total 
amount of municipal wastes generated in the study 
area was estimated to be about 42 million tonnes. 
Among the States in the southwestern Nigeria, only 
Lagos has a semblance of solid wastes management 
and available evidences point to grossly inadequate 
capacity to manage the huge volume of wastes. In 
other States, there is practically absence of munici-
pal wastes management. The wastes are principally 
disposed of via open burning in all States in the re-
gion without sorting. Due to life style changes, the 
percentage of plastics in the wastes has increased 
tremendously in the recent years. Open burning as 
a means of disposal is thus plagued with emissions 
of varieties of hazardous organic pollutants.

Emission rates of pollutants 
from municipal wastes

The estimated annual emission rates of to-
tal volatile organic compounds (TVOCs), total 
polycyclic aromatic hydrocarbons (TPAHs), total 
polychlorinated biphenyls (TPCBs), total poly-
chlorinated dibenzo – p – dioxins (TPCDD) and 
total polychlorinated dibenzo furans (TPCDF) 
from open burning of municipal wastes in South-
west Nigeria over a 5-year period (2016–2020) are 
summarized in Table 3, Table 4, Table 5, Table 6  
and Table 7 respectively. 

From Table 3, the total VOCs emitted between 
2016 and 2020 ranged between 1052 – 1166 
tonnes/year, 1498–1660 tonnes/year, 1518–1682 
tonnes/year, 1645–1823 tonnes/year, 2447–2712 
tonnes/year and 3997–4429 tonnes/year for Ekiti, 
Osun, Ondo, Ogun, Oyo and Lagos respectively. 
The estimated 5– year (2016–2020) VOCs emit-
ted in the region was about 64,000 tonnes, an 
average of about 13,000 tonnes on annual basis. 
A comparison of this annual average with the re-
ported annual contributions of petroleum refiner-
ies to VOCs in Nigeria shows that open burning 
of municipal wastes in Southwest Nigeria alone 
exceeds the contributions of refineries by approx-
imately 9,000 tonnes [42].

Between 2016 and 2020 (Table 4), the emis-
sion inventories of total polycyclic aromatic hy-
drocarbons (TPAHs) from open burning of mu-
nicipal wastes for study area were in the range 
of 16.23–17.98 tonnes/year, 23.11–25.62 tonnes/
year, 23.42–25.95 tonnes/year, 25.38–28.12 
tonnes/year, 37.76–41.84 tonnes/year and 61.66–
68.32 tonnes/year for Ekiti, Osun, Ondo, Ogun, 

Table 2. Estimated municipal wastes output in Southwest Nigeria (tonnes/year)
Year Ekiti Osun Ondo Ogun Oyo Lagos

2016 683091.22 972962.25 985467.588 1068118.63 1589132.11 2595054.08

2017 700851.47 998259.16 1011089.931 1095889.80 1630449.53 2662525.57

2018 719073.80 1024213.94 1037378.253 1124382.79 1672841.14 2731751.25

2019 737769.61 1050843.47 1064350.074 1153616.88 1716334.97 2802776.67

Table 3. Estimated annual total VOC emissions (tonnes/annum)
Year Ekiti Osun Ondo Ogun Oyo Lagos

2016 1052.02 1498.44 1517.70 1644.99 2447.39 3996.59

2017 1079.37 1537.40 1557.16 1687.76 2511.02 4100.50

2018 1107.43 1577.37 1597.64 1731.64 2576.31 4207.12

2019 1136.22 1618.38 1639.18 1776.66 2643.29 4316.50

2020 1165.77 1660.46 1681.80 1822.86 2712.02 4428.73
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Oyo and Lagos respectively. The estimated total 
PAHs emissions from this region of Nigeria for 
year 2020 was about 210 metric tonnes and this 
amounted to about 18.4% of PAHs emissions for 
the whole of Southeast Asia in 2015 [43] (Oanh 
et al. 2015). Over the 5–year period covered by 
the study, it is estimated that at least 988 tonnes 
of PAHs have been emitted from open burning of 
municipal wastes in Southwest Nigeria.

From Table 5, the emission inventories of to-
tal polychlorinated biphenyls (TPCBs) from open 
burning of municipal wastes for study area be-
tween 2016 and 2020 ranged between 0.70–0.78 
tonnes/year, 1.00 –1.11 tonnes/year, 1.01–1.12 
tonnes/year, 1.10–1.22 tonnes/year, 1.64–1.81 
tonnes/year and 2.67–2.96 tonnes/year for Ekiti, 
Osun, Ondo, Ogun, Oyo and Lagos respectively. 

The estimated annual total PCB emitted in the 
study area in the year 2020 was 9.01 tonnes which 
is about 0.15 tonnes above the value reported for 
Southeast Asia by Oanh et al (2015). During the 
5 – year period covered by the study, about 42.8 
tonnes of PCBs were emitted from burning of 
municipal wastes in Southwest Nigeria.

From Table 6, the estimated levels of PCDD 
from open burning of municipal wastes between 
2016 and 2020 ranged between 9.36–10.36 kg/
year, 13.3–14.8 kg/year, 13.5–14.9 kg/year, 14.6–
16.2 kg/year, 21.7–24.1 kg/year and 35.5–39.3 
kg/year for Ekiti, Osun, Ondo, Ogun, Oyo and 
Lagos respectively. The average annual PCDD 
emission between 2016 and 2020 was 113.8 kg 
while the 5 – year atmospheric loading was 569 kg.  
As presented in Table 7, Ekiti, Osun, Ondo, 

Table 4. Estimated annual total PAHs emissions (tonnes/annum)
Year Ekiti Osun Ondo Ogun Oyo Lagos

2016 16.23 23.11 23.42 25.38 37.76 61.66

2017 16.65 23.72 24.02 26.04 38.74 63.26

2018 17.08 24.34 24.65 26.72 39.75 64.91

2019 17.53 24.97 25.29 27.41 40.78 66.59

2020 17.98 25.62 25.95 28.12 41.84 68.32

Table 5. Estimated annual total PCB emissions (tonnes/annum)
Year Ekiti Osun Ondo Ogun Oyo Lagos

2016 0.70 1.00 1.01 1.10 1.64 2.67

2017 0.72 1.03 1.04 1.13 1.68 2.74

2018 0.74 1.05 1.07 1.16 1.72 2.81

2019 0.76 1.08 1.10 1.19 1.77 2.89

2020 0.78 1.11 1.12 1.22 1.81 2.96

Table 6. Estimated annual total PCDD emissions (tonnes/annum)
Year Ekiti × 10-3 Osun × 10-2 Ondo × 10-2 Ogun × 10-2 Oyo × 10-2 Lagos × 10-2

2016 9.36 1.33 1.35 1.46 2.17 3.55

2017 9.60 1.36 1.38 1.50 2.23 3.64

2018 9.84 1.40 1.42 1.54 2.29 3.74

2019 10.08 1.44 1.46 1.58 2.35 3.84

2020 10.36 1.48 1.49 1.62 2.41 3.93

Table 7. Estimated annual total PCDF emissions (tonnes/annum)
Year Ekiti × 10-3 Osun × 10-3 Ondo × 10-3 Ogun × 10-3 Oyo × 10-3 Lagos × 10-3

2016 1.50 2.14 2.16 2.36 3.48 5.68

2017 1.54 2.19 2.22 2.40 3.60 5.84

2018 1.58 2.25 2.28 2.48 3.68 6.00

2019 1.62 2.31 2.34 2.52 3.76 61.6

2020 1.66 2.37 2.40 2.60 3.88 63.2
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Ogun, Oyo and Lagos had annual total PCDF 
ranging between 15.0–16.6 kg, 21.4–23.7 kg, 
21.6–24.0 kg, 23.6–26.0 kg, 34.8–38.8 kg and 
56.8 –63.2 kg respectively. The total atmospher-
ic loading of PCDF from open burning of mu-
nicipal wastes in the region was 203.6 kg with 
an annual average of 40.7 kg.

CONCLUSIONS

The quantity of municipal waste generated 
in Southwest Nigeria was estimated based on 
available per capita wastes generation and the 
atmospheric loading of some hazardous organic 
pollutants from open burning of the wastes was 
studied using the emission inventory approach. 
The results showed that the amount of wastes 
generated in this region of Nigeria is about 14.5% 
of total wastes from Sub-Sahara Africa and about 
80% greater than what is generated in Ghana on 
annual basis. Open burning of wastes in South-
west Nigeria was observed to contribute to the at-
mospheric loading of VOCs more than petroleum 
refining activities in Nigeria. The annual PAHs 
level from this region of Nigeria was found to 
be around 18% of what was reported for South-
east Asian countries while annual PCB actually 
exceeded the Southeast Asian levels. Due to the 
serious health hazards associated with these pol-
lutants, Nigeria’s government at all levels cannot 
continue to avoid the implementation of policies 
that will address the huge volume of wastes being 
churned out on daily basis. A possible approach 
that could result in win-win situation in terms of 
environmental and human health protection is to 
consider energy recovery from the wastes.
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