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Abstract: Africa, particularly West and North Africa, has some of the highest levels of average PM
pollution, second only to South and East Asia and the Middle East. This study reports the PM2.5
and PM10 concentrations and their emissions sectors in North Africa from 1990 to 2019. The data
were collected online from the following platforms: EDGAR (Emissions Database for Global Atmos-
pheric Research), Climate Watch, Our World in Data, and the World Bank. The analysis of data
indicated that outdoor air pollution in North Africa is the 4th leading risk factor for death, with 3.4
million deaths in total from 1990 to 2019. Globally, 43% of PM10 emissions in North Africa from
1970 to 2015, were contributed by buildings, 16.6% by other industrial combustion, 13.7% by
transport, 11.4% by other sectors, 9.6% by agriculture, 5.3% by power industry, and 0.2% by waste.
For PM2.5, the major emitter sector in North Africa, during the same period, was also buildings
with 38.2%, followed by transport (21.5%), other industrial combustion (17.3%), other sectors
(12.4%), power industry (6%), agriculture (4.5%) and waste (0.2%).
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1. Introduction

Particles are airborne fragments in solid or liquid form. They are classified as primary
Academic Editor(s): or secondary particles depending on the compounds and the processes at the origin of
Published: 14 July 2022 their formation [1-3]. The size of the particles determines the extent of damage they cause
to health and the environment [1-3]. Particles whose size is greater than 10um (PM10) are
mostly stopped in the nose and they are not considered inhalable. However, particles
whose size is less than 2.5 pm (PM2.5), also called fine particles, can penetrate deep into
the respiratory tract, and reach the lungs [1-3]. Fine particle exposure can irritate the eyes,
nose, throat, and lungs, as well as coughing, sneezing, runny nose, and shortness of breath
- North Africa is one of the world’s most water-scarce regions, making it particularly
vulnerable to climate change. The entire region is expected to be one of the most vulner-
able and exposed to climate change “hot spot”, with health implications [4,5]. There are
numerous worldwide review papers accessible in the literature that discuss air pollution
and its influence on global health worldwide [6-8]. However, to our knowledge, few stud-
ies in that field have been carried out in North Africa. The lack of data on air quality and
its effects in North Africa is a big issue. The existing research papers and measuring cam-
paigns to evaluate PM concentrations and quantify trace components produced by vari-
ous sources in some North African cities have been cried out by local scientists [9-14]. In
the present study, to overlap this gap, free databases made available via international
platforms were downloaded and used. The objectives were to report the PM2.5 and PM10
concentrations and their emissions sectors in North Africa from 1990 to 2019.
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2. Materials and Methods
2.1. Study Area and Period

North Africa includes Morocco, Algeria, Tunisia, Egypt, and Libya (Figure 1) and
benefits from a strategic location between Europe and Africa. The population of the region
was 246,232,518 people in 2020 (3.3% of the total world population) [15]. Northern Africa
ranks number 3 in Africa among subregions ranked by population [15] The population
density is 32 inhabitants per km?; 52.4% of the population is urban (129,068,218 people in
2020) [15]. Its GDP amounted to 435.6 billion dollars in 2022, the second-highest in Africa
after Nigeria [16].

Global warming has had an impact on the North African region, resulting in a de-
crease in rainfall, growing seasons, and agricultural production yields. By 2100, climate
change will cost agriculture in North Africa between 0.4 and 1.3 percent of GDP [17].

In terms of air quality, outdoor air pollution is the fourth greatest cause of mortality
in North Africa, with 3.4 million deaths between 1990 and 2019 (Figure 2). Total GHG
emissions climbed by 103% (about 3.6% each year on average). Faced with this and other
environmental concerns like as the decrease of forest areas and growing energy costs, the
countries of the region have implemented a series of national policy documents and plans
to decrease their carbon footprint.

Algeria

Figure 1. North Africa Region (Source: https://d-maps.com/ [18]).

2.2. Methodology

This study reports the PM2.5 and PM10 concentrations in North Africa from 1990 to
2019. The data were collected online from four different online data platforms: EDGAR
(Emissions Database for Global Atmospheric Research) [20], Climate Watch [21], Our
World in Data [19], and the World Bank [22].

—  EDGAR (Emission Database for Global Atmospheric Research) is a multipurpose, in-
dependent, global database of anthropogenic emissions of greenhouse gases and air
pollution on Earth. The current development of EDGAR is a joint project of the Eu-
ropean Commission DG JRC and the Netherlands Environmental Assessment
Agency (PBL). EDGAR is a multipurpose, independent, global database of anthropo-
genic emissions of greenhouse gases and air pollution on Earth. EDGAR provides
independent emission estimates compared to what was reported by the European
Member States or by Parties under the United Nations Framework Convention on
Climate Change (UNFCCC), using international statistics and a consistent IPCC
methodology. EDGAR provides both emissions as national totals and grid maps at
0.1 x 0.1-degree resolution at the global level, with yearly, monthly, and up to hourly
data (https://edgar.jrc.ec.europa.eu/) [20].

—  Climate Watch is an open and online data platform that brings together dozens of da-
tasets to let users easily search, analyze, and compare countries’ climate progress and
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commitments under the Paris Agreement. Users can use the platform to access his-
torical emissions data, and the latest historical greenhouse gas emissions data, track
net-zero targets and explore nationally determined contributions (NDCs) and long-
term strategies to reduce GHG emissions. This free platform provides actionable
analysis on how countries can enhance their efforts to combat climate change
(https://www.climatewatchdata.org/) [21].

—  Our World in Data (https://ourworldindata.org) [19] is a data portal produced by the
Oxford Martin Programme on Global Development at the University of Oxford [1]
and is made available as a public good. It was founded by Max Roser, a social histo-
rian and development economist [2]. It serves as a helpful tool for researchers, mak-
ing it easy to explore data sources and analyses on a variety of topics. This meta-
database is open source, and the data visualizations for this website are released un-
der a Creative Commons license.

—  State of Global Air (www.stateofglobalair.org) [22]: The data used in the State of Global
Air website is part of the Institute for Health Metrics and Evaluation’s (IHME) annual
Global Burden of Diseases, Injuries, and Risk Factors (GBD) project, which is a sys-
tematic, scientific effort to quantify the magnitude of health loss caused by all major
diseases, injuries, and risk factors by age, sex, and population. GBD studies approxi-
mately 350 diseases and injuries, as well as 84 behavioral, environmental, and meta-
bolic risk variables in each country, with over 3600 partners in 195 countries and ter-
ritories. Several countries have subnational assessments included [22].
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Figure 2. The total number of deaths by risk factor, measured across all age groups and both sexes
in North Africa, over the period 1990-2019 (data source: https://ourworldindata.org/ [19]).

3. Results and Discussion

3.1. PM10 Emissions in North Africa

The 46-year evolution (1970-2015) of the PM10 emissions, in North Africa, is illus-
trated in Figure 3. Emission trends for the main activity sectors (namely power industry,
other industrial combustion, transport, buildings, agriculture, waste, and other sectors)
are also shown in this Figure.

Power industry includes power and heat generation plants (public and auto-produc-
ers); Other industrial combustion includes combustion for industrial manufacturing and
fuel production; Transport includes road transport, non-road transport, domestic avia-
tion, and inland waterways; Buildings include small scale non-industrial stationary com-
bustion; Other sectors include industrial process emissions (non-metallic minerals, non-
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ferrous metals, solvents, and other product use, chemicals), agricultural soils (urea fertili-
zation and lime application).

From 1970 to 2015, the total PM10 emissions in North Africa, including all sectors,
grew from 93,145 t in 1970 to 355,006 t in 2015.

Globally, 43% of PM10 emissions in North Africa during this period, were contrib-
uted by buildings, 16.6% by other industrial combustion, 13.7% by transport, 11.4% by
other sectors, 9.6% by agriculture, 5.3% by the power industry, and 0.2% by waste (Figure
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Figure 3. North Africa PM10 emissions by Sector, over the period 1970-2015 (data source: https://ed-
gar.jrc.ec.europa.eu/ [20]).

Agriculture
9.6%

Other industrial
combustion
16.6%

' Power
industry

5,3%

Waste
0.2%

Figure 4. Contribution of each sector to total PM10 emissions in North Africa averaged over the
period 1970-2015 ( data source: https://edgar.jrc.ec.europa.eu/ [20]).

3.2. PM2.5 Emissions in North Africa

Figure 5 shows the evolution of PM2.5 emissions as well as the emission trends for
the main activity sectors (namely power industry, other industrial combustion, transport,
buildings, agriculture, waste, and other sectors), in North Africa over the period 1970-
2015.

The total PM2.5 emissions in North Africa, including all the sectors, have evolved
from 52,732 t in 1970 to 2,076,610 t in 2015.
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The major emitter sector of PM2.5 in North Africa, over this period (Figure 6), was
buildings with 38.2% of the total PM2.5 emissions, followed by transport (21.5%), other
industrial combustion (17.3%), other sectors (12.4%), power industry (6%), agriculture
(4.5%) and waste (0.2%).

Figure 7 presents the trend in PM2.5 annual exposure means in North African coun-
tries, over the period 1990-2019, compared to PM2.5 annual WHO air quality guideline
(AQG) and PM2.5 annual WHO Interim Target 1 (IT-1). In fact, in 2021, the WHO updated
the global guidelines for air quality management [23] and set a new guideline value of
annual PM2.5 concentrations was set to 5 micrograms per cubic as the lower range of air
pollution exposure, over which adverse health effects occur. In addition, the WHO has
provided 4 interim targets of 35 ug/m3, 25 ug/m?, 15 pug/m3, and 10 ug/m3.

The exposure in all the North African countries continues to exceed the updated an-
nual WHO AQG of 5 ug/m? (Figure 7) which is, according to WHO, are the lowest levels
at which total, cardiopulmonary, and lung cancer mortality have been shown to increase
with more than 95% confidence in response to long-term exposure to PM2.5 [24-26]. Fur-
thermore, Egypt and Libya exceed even the first intermediate goal set by the WHO, In-
terim Target 1 (IT-1), which is 35 pg/m? [23]. According to WHO, this level is estimated to
be associated with about 15% higher long-term mortality than at AQG [24].
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Figure 5. North Africa PM2.5 emissions by Sector over the period 1970-2015 (data source: https://ed-
gar.jrc.ec.europa.eu/ [20]).
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Figure 6. The share of each sector in total PM2.5 emissions in North Africa averaged over the period
1970-2015 (data source: https://edgar.jrc.ec.europa.eu/ [20]).
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Figure 7. Trends in PM2.5 annual exposure mean in the North African countries, over the period
1990-2019, compared to PM2.5 annual WHO air quality guideline and PM2.5 annual WHO Interim
Target 1 (data source: www.stateofglobalair.org [22]).

4. Conclusions

The present constitutes a review of PM2.5 and PM10 concentrations and their emis-
sions sectors in North Africa, from 1990 to 2019. Globally, 43% of PM10 emissions in North
Africa were contributed by buildings, 16.6% by other industrial combustion, 13.7% by
transport, 11.4% by other sectors, 9.6% by agriculture, 5.3% by power industry, and 0.2%
by waste. For PM2.5, the major emitter sector in North Africa, during the same period,
was also buildings with 38.2%, followed by transport (21.5%), other industrial combustion
(17.3%). When PM2.5 concentrations in North Africa were compared to the annual WHO
AQQG, it was noticed that the PM2.5 annual exposure mean observed in the five North
African countries, from 1990 to 2015, are far above the 5 pg/m? annual WHO AQG.
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