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Abstract

Globally, air pollution is a significant cause of death, illness and social dis-
comfort. The problem is particularly severe in Nigeria, the country with the
highest number of premature deaths due to ambient particulate matter pollu-
tion in Sub Saharan Africa. It is especially worrying in Lagos, the country’s
commercial capital and one of the world’s fastest growing megacities. Despite
growing concerns about its deadly impacts, there is currently no reliable
monetary estimate of the effects of ambient air pollution, nor a comprehen-
sive control plan in Lagos. Using available ground-level monitored data and
the most recent valuation techniques, this paper estimates that in 2018 alone,
ambient fine particulate matter (PM,s) caused about 11,200 premature
deaths, and generated a health cost of US$2.1 billion in Lagos. This is equiva-
lent to about 2.1 percent of Lagos’ GDP in the same year. These results call
for an urgent plan of action to improve air quality in the city, with primary
focus on the main pollution sources: road transport, industrial emissions, and
power generation.

Keywords

Ambient Air Pollution, Valuation, Health Cost

1. Introduction

Ambient air pollution is a growing public health problem. The air pollutants
with the strongest evidence of health effects are particulate matter, ozone, nitro-
gen dioxide, and sulfur dioxide [1]. Among these, fine particulate matter (parti-
culate matter with aerodynamic diameter of less than 2.5 micrometers, or PM, )
is the most relevant indicator for urban air quality [2] and a well-known risk

factor to health. It can pass the barriers of the lung, enter the blood stream, and
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destroy the integrity of the blood-brain barrier, thus causing premature deaths,
as well as respiratory, cardiovascular and neurological diseases [3] [4] [5] [6].

Globally, ambient PM,; pollution caused 2.9 million premature deaths, or
about 9 percent of total global deaths in 2017 [7]. In the Sub Saharan Africa, it
was responsible for about 150,800 premature deaths in the same year. The prob-
lem is particularly acute in Nigeria, the country with the hAighest number of
premature deaths in the region due to ambient PM, s pollution (49,100). Overall,
the rate of premature mortality due to ambient PM, s pollution in Nigeria is well
above the Sub Saharan average (23.8 vs. 14.7 per 100,000 people) [8].

Lagos is the commercial and economic hub of Nigeria [9]. It is also one of the
fastest growing megacities, expected to become the world’s most populated city
by 2100 [10]. However, fast urbanization and industrialization have exposed the
majority of its population to high levels of air pollution, leading to negative im-
pacts on health [11] [12]. Moreover, the ongoing coronavirus (COVID-19) pan-
demic is affecting air pollution in different ways: while the lockdown is trigger-
ing lower vehicular traffic and industrial emissions in the city [13], it likely in-
creases the use of diesel and petrol generators by households [14].

Despite growing concerns about the air pollution challenge in Lagos, there is
currently no reliable estimate of the impacts of the ambient air pollution in the
city. This paper addresses this gap by providing a brief overview of the ambient
PM, s pollution and an economic valuation of its effects on health in Lagos. The
valuation refers to the year 2018, hence it does not analyze the potential linkages
among the current pandemic, air pollution and health. It is based on a study
conducted in the context of the World Bank’s Pollution Management and Envi-
ronmental Health/Air Quality Management (PMEH/AQM) project in Lagos.

2. Ambient PM2 5 Pollution in Lagos

Analysis of ambient PM, s pollution. The climate in Nigeria has pronounced
wet and dry seasons. This causes differences in pollutant dispersion and deposi-
tion, which lead to seasonal variations in ambient PM,s concentration [15].
Thus, estimating the average annual PM,s concentration in Lagos should be
based on concentration data collected systematically throughout an entire year,
at representative locations in the city. However, at the time of writing, there are
no operational air quality monitoring stations in Lagos; thus, the available PM, s
data are primarily based on short-term and irregular measurements, using air
samplers.

Worldwide, data derived from ground monitors are preferred for analysis,
however their spatial coverage is usually limited. To overcome this problem,
many efforts have been devoted to measuring PM,; concentration using other
methods, e.g. satellite-based imagery and atmospheric chemical models. How-
ever, these methods cannot fully replace surface ground-monitored data, but ra-
ther complement them [16]. Integrating data from ground-based monitors, sa-

tellite imagery, and other models should be used to fully leverage the benefits of
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each data source, thus providing PM, s concentration estimates over a wide scale
with better accuracy [17]. This type of research has not yet been conducted for
Lagos.

A comprehensive review of the most recent available literature indicates a va-
riety of results of ambient PM, s concentration in Lagos. Figure 1 shows that the
PM.;s concentration varies from 12 pg/m? to 85 pg/m?, depending on the loca-
tion, season, time frame and year of measurement. One publication used satellite
data, however without calibration with ground-level measurements [18]. Most
other efforts collected PM, s data using air samplers over short periods of time,
usually less than three months [19] [20] [21] [22] [23]. Due to their short-term
nature, these efforts cannot be used to compute the average annual PM,s con-
centration in Lagos. Only two studies provide data monitored over relatively
long periods of time: twice every fortnight for nine months, in four locations,
from February to October 2010, by [24]; and two days a week for one year, from
December 2010 to November 2011, in three locations, by [25]. As the latter mo-
nitored PM, 5 concentration more frequently over a longer period of time, we use
their results' to estimate the population-weighted PM, s concentration for Lagos
city. As explained in the next section, this is estimated at 68 pg/m?>.

The above estimate can be considered conservative, given that: 1) it is based
on data monitored during 2010-2011; 2) ever since, economic development and
traffic growth have most likely increased even more the atmospheric pollution.
Despite being conservative, the estimate exceeds by far the guideline value set by
the World Health Organization (WHO) of 10 pg/m?® [1]. Interestingly, it is also
in the same range with that of other very polluted megacities, such as Beijing and
Cairo, as illustrated in Figure 2.

Sources of air pollution. There are multiple sources of ambient PM, s pollu-
tion in Lagos. Anthropogenic sources include road transport [30], power gene-
rators [31] [32], poor waste management due to open dumpsites and illegal
burning of waste [33], and construction industry [34]. In addition, natural
sources, such as dust and sea salts, are also known to be significant [35].

Only a few studies on PM, s source apportionment based on long-term moni-
toring are available for Lagos. An early study conducted by Lagos Metropolitan
Area Transport Authority (LAMATA) in 2007 using positive matrix factoriza-
tion analysis indicated that road transport was the major cause of pollution, ac-
counting for 43 percent of total PM [36] [37]. Owoade et al conducted principal
component factor analysis in 2010. The authors found that vehicular traffic was

the major contributor to PM,s concentration in three locations representative of

'"These include the PM,5 concentration measured in three different locations: Ikeja (77 pg/m? in-
dustrial area), Mushin (85 pg/m® high density residential area), and Ikoyi (41 pg/m’ low density
residential area).

*WHO also specifies that no threshold has been identified below which no damage to health is ob-
served, and therefore, recommends to aim at achieving the lowest concentration of PM possible [1].
In addition, the GBD 2017 Risk Factor Collaborators identify the theoretical minimum risk exposure
level between 2.4 ug/m® and 5.9 pg/m? for both household and ambient PM; s [7].
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Figure 1. Ambient PM:s concentration in Lagos measured by several studies. Sources: Based on [18] [19] [20] [21] [24] [25] [26]
[27]. Notes: The data from Etchie et al [18] reflect satellite level information, while the rest are ground level measurements. The
figure reports only the results of studies that monitored PMa s concentration for more than one month. The mean values represent
population-weighted average for Ezeh et al. (2018), and arithmetic means for the other studies.
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Figure 2. Annual mean PM.;s concentration in different megacities. Sources: [27] for Lagos; [28] [29] for other cities.

residential, heavy traffic and marine areas; while industry, followed by traffic,
was the largest contributor in an industrial area [24]. Finally, Ezeh et al con-
ducted positive matrix factorization analysis using PM,; data collected during

2010-2011 at three locations representative of low density residential zones, high
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density residential zones and industrial areas [25]. The authors concluded that
petroleum combustion stemming from vehicular traffic and petrol-driven elec-
tric generators accounted for 70 percent of the overall PM, s mass load.

Overall, these results suggest that road transport, industrial emissions and
power generation are the largest contributors to ambient PM, s pollution in La-
gos. Moreover, a recent analysis of the transport situation in Lagos suggests that
road transport is a key source of air pollution in the city. This is primarily due to
high vehicle density (227 vehicles/km/day), use of old emission technologies
(most cars are more than 15 years old), high sulfur content in imported fuel
(3000 ppm in diesel and 1000 in gasoline), and limited transportation options in
the city (only 1.3 km per million people of intracity rail, far less than in other
megacities) [27]. A refined source apportionment study based on long-term mo-
nitored data is needed to identify and quantify the contribution of each source to

the PM, s pollution in Lagos.

3. The Economic Cost of Air Pollution

Exposure to ambient PM,; is responsible for premature mortality (e.g. due to
respiratory and heart diseases) and morbidity (e.g. due to chronic bronchitis,
and acute lower respiratory infections in children). This analysis targets only
Lagos city, which population is estimated at 24.4 million people in 2018 The
valuation of the health cost is based on the following steps:

1) Selecting data on PM,s concentration. Figure 1 illustrates results of a
comprehensive review of the PM,s concentration data in Lagos. As Ezeh et al
monitored the PM,s concentration more frequently over the longest period of
time (one year), we use their results to estimate the population-weighted PM, s
concentration in the following step [25].

2) Estimating the population-weighted PM,s concentration. This is con-
ducted by using data on:

e PM,; concentration measured at three monitoring stations: Ikeja (77 ug/m?),
Mushin (85 pg/m?) and Ikoyi (41 pug/m’).

e Proportion of the population exposed to air pollution around each of the
above monitoring stations, calculated using the Geographic Information Sys-
tem*: ITkeja (18 percent), Mushin (46 percent) and Ikoyi (36 percent).

Based on the above information, the average population-weighted PM,;
concentration is estimated at 68 pug/m? Considering that most PM, s monitor-
ing efforts in Lagos have been conducted sporadically and over short periods

of time, it is not possible to compare this estimate with more recent long-term

*Based on records derived from the 2006 population census and further projections carried out by
Lagos Bureau of Statistics. The estimated population covers all Local Government Authorities, ex-
cept for Bagadry (555,200 people), Epe (472,300 people) and Ibeju-Lekki (145,300 people).

“The estimation was conducted using the GIS, based on the following method: 1) mapping the mon-
itoring sites, using the coordinates of the locations from GoogleMaps; 2) spatially join the popula-
tion value that intersect the location of each site; 3) calculate the share of population at site versus
the total population of the city; 4) derive the population exposed at each site using the share and
population values.
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ground-level measurements’.

3) Quantitying the health impacts of exposure to PM,s. An increasing body
of epidemiological evidence supports strong correlations between long-term ex-
posure to PM,s and premature mortality related to: ischemic heart disease;
stroke; chronic obstructive pulmonary disease; tracheal, bronchus and lung can-
cer; and diabetes mellitus type 2; and to lower respiratory infections in all ages
[38] [39] [40]. The number of premature deaths attributable to PM, 5 pollution is
estimated using data on: 1) mortality by disease and age group, based on the
Global Burden of Disease study®; 2) proportion of deaths due to PM, s calculated
by using specific relative risk factors, which are available by disease, age and
PM, s concentration [7].

The results show that exposure to ambient PM,s is responsible for about
11,200 premature deaths in Lagos in 2018. Lower respiratory infections are the
leading cause of PM,s-related mortality; children under five are the most af-
fected group, accounting for about 60 percent of total deaths (Figure 3). This
finding is consistent with the results of the Global Burden of Disease study,
which found that children under five account for a similar proportion in the to-
tal ambient PM,s-related deaths at the national level in Nigeria. In this context,
it is important to note that Nigeria’s under five mortality due to lower respirato-
ry infections (all risks combined, including air pollution) is the highest in Africa

and the second highest in the world, after India’.
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Figure 3. Estimated number of premature deaths due to ambient PM.s in Lagos (2018).
Source: Authors, based on [27]. Notes: COPD = chronic obstructive pulmonary diseases;
IHD = ischemic heart disease; LRI = lower respiratory infections.

*However, data monitored at the Department of Chemistry of the University of Lagos during No-
vember 2018-March 2019 indicates an average PMas concentration of 66 pg/m® [26]. Although a di-
rect comparison between the two estimates is difficultc—due to the difference in the monitoring pe-
riod and specific locations of the measurement—they suggest that the estimated 68 pg/m® is a rea-
sonable approximation of the average PM. s concentration in Lagos.

‘http://www.healthdata.org/gbd

"There were about 153,000 premature deaths in Nigeria due to lower respiratory infections in 2017,
based on IHME [8].
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4) Estimating the value of health impacts due to exposure to PM,s. The
economic cost of health is estimated as follows:

o Mortality. The cost of fatality is estimated based on the number of prema-
ture deaths and the Value of Statistical Life (VSL). The latter reflects the so-
ciety’s willingness to pay to reduce the risk of death, in other words, the local
trade-off rate between fatality risk and money [41]. The VSL for Nigeria was
estimated at about US$167,400, based on benefits transfer of a base value
from a meta-analysis conducted in countries of the Organisation for Eco-
nomic Co-operation and Development (OECD) [27] [42]. Accordingly, the
cost of mortality is appraised at US$1.9 billion.

o Morbidity. The literature assessing causal relationships between exposure to
PM., and morbidity is much more limited than that for mortality. Based on
data from a few countries, several authors recommend using 10 percent of
mortality cost to account for morbidity [43] [44]. This might be a significant
underestimate: recent research estimated the cost of morbidity at about 66
percent of the mortality cost in China [45] and about 74 percent in Poland
[46]. In the absence of studies in Nigeria, we use the most conservative as-
sumption from the above (10 percent of the mortality cost), and the resulting
morbidity cost is about US$0.2 billion.

Based on the above, the cost of health due to exposure to ambient PM,; is es-
timated at US$2.1 billion. This corresponds to about 2.1 percent of the Lagos

State’ GDP?, or 0.5 percent of the country’s GDP in 2018.

4. Discussion

This is the first effort estimating the health cost of air pollution in Lagos city,
based on ground-level monitored data, to the authors’ knowledge. Previous stu-
dies valuing the cost of air pollution in Nigeria are also worth noting. For exam-
ple, Etchie et al estimated the health cost of air pollution in all Nigerian states,
based on satellite-derived PM, s data [18]; the result for Lagos State was substan-
tially lower than that of the present study (US$1.1 billion vs. US$2 billion), pri-
marily due to the use of a lower PM, s concentration data and a slightly different
methodology. Yaduma et a/ estimated the economic cost of PM,, pollution at
the national level at US$33.5 billion in 2006 [47], using an earlier methodology
[48], not comparable to that employed in the present study [7].

To put these results in perspective, Figure 4 provides estimates of PM, 5 con-
centration and related impacts in other coastal cities of Africa: Dakar (Senegal),
Cotonou (Benin), Lomé (Togo), Abidjan (Céte d’Ivoire) and Cairo (Egypt) [49]
[50]. Among the West African cities, air pollution is particularly worrying in
Lagos, the city with the highest number of PM,s-related deaths, both in absolute
(11,200 deaths) and relative terms (46 deaths per 100,000 people). It is slightly
lower than that in Cairo, a megacity with a higher level of ambient PM,s con-

centration.

%Based on a GDP for Lagos State of US$98 billion in 2018, estimated by the World Bank in August
2020, based on data from the Lagos Bureau of Statistics.
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Figure 4. Ambient air pollution and impacts in selected African cities. Sources: [27] for Lagos; [50] for Cairo; [49] for other cities.

A portion of these estimates represents deaths due to the joint effect of exposure to ambient and household air pollution.

The above valuation is based on the most recent available methodology for the
quantification of the health impacts from air pollution, developed by the Insti-
tute for Health Metrics and Evaluation (IHME). However, it is important to note
that the analysis is subject to data limitations, including the use of: ground-level
PM, s concentration data from 2010-2011; estimates of mortality from global sta-
tistics (IHME); and the VSL, to estimate mortality. Although the VSL concept
has been commonly used [51], its application is still subject to challenges: in
countries where primary surveys have been conducted, its application often
generated a wide variety of results, depending on the approach used, type of
survey, etc.; in countries with no primary surveys, the VSL has been usually ob-
tained through benefits transfer of a value from a different country. The latter is
the case of the present study, where the VSL has been derived through benefits
transfer of a base value from OECD countries, following the World Bank guide-
lines [44].

5. Conclusions

This paper demonstrates that exposure to ambient PM, s has a very large health
impact on Lagos’ society. In 2018, it was responsible for about 11,200 premature
deaths, with a health cost of US$2.1 billion, or 2.1 percent of Lagos State’ GDP.
Road transport, industrial activity, and power generation are the most important
sources of ambient PM, s pollution. These results call for urgent actions to ad-
dress air pollution in Lagos. Several options should be investigated, e.g. incen-
tives for purchasing cleaner passenger vehicles, vehicle inspections, retrofitting
the most polluting vehicles, adoption of cleaner fuel, use of solar cells with bat-
tery storage for power generation [27]. It is clear that no single action can solve
the air pollution challenges faced by the city. An evidence-based air pollution
control plan that considers interventions across the most polluting sectors is re-
quired and envisaged by the World Bank’s PMEH/AQM project in Lagos.
Finally, it is important to note that this study is based on a comprehensive re-
view of existing air quality data, health information and the local context in La-
gos. However, available information in these areas was often limited. To refine

these results, priority areas for future work include: conduct long-term moni-
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toring of ambient PM,; in several representative locations of major activities in
the city, e.g. transport, industry, landfills; undertake refined source apportion-
ment studies that quantify and localize the contribution to the PM, s pollution in
the city; develop an inventory of air pollutant emissions in Lagos, including par-
ticulate matter, nitrogen dioxide, and sulfur dioxide; centralize health-related
information data (e.g. mortality and morbidity by cause and age) at the state lev-

el, and examine the impact of household air pollution on health in Lagos®.
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