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DEFINITION OF ATMOSPHERIC AEROSOLS




DEFINITION OF ATMOSPHERIC AEROSOLS
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,J\I/at‘l]ral ” iﬁ‘eral dust A turali=Sea Salt

Ch/ et al. (20’15)"

’\a rlch

Emission governed by mechanical processes j§

wind R o
( ) . Composmon NaCI sulfates & org/mor squbIe
Importance of mineralogy (changeable from

sources) compounds

Irregular shape: effect in light polarizacion * Highly hygroscopic ='spherical shape

Dominance of coarse mode « MBL
Important radlatlve effect Important radiative effect
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DEFINITION OF ATMOSPHERIC AEROSOLS
-"". Ash (Si, Al, Fe oxides), gases (2-02,
H2S, CO2...) & WV

Natlral/Anthropo ge
* Important radiative effect
» Size distribution bimodal (sulfates

1orr SS  Burr
& ash). 11&‘

— : . \ . Carbonaceous (BC + POA/SOA)
s sulfates, nitrates & volatile

compounds

BC: important radiative effect

L.Sarpong et al. (2020)

* Different sources: coal mining or combustion of
fossil fuels
* Fine mode: sulfates, nitrates and carbonaceous
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DUST EMISSION SOURCES IN NORTH AFRICA: SAHARA AND SAHEL
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Hot spots for dust emission in the
Sahara Region:

PALEOLAKES

1. Bodelé Depression (=44.5%)

2. Central Sahara (Adrar des Ifhogas and the
Air Mountains)

3. Central Algeria (north of the Hoggar
mountains and south-east towards the
Libya / Niger / Chad border)

4. Central-east of Sudan, in the Nile River
Basin

Hot spots for dust emission in the
Sahel Region:

ALLUVIAL DEPOSITS

1. Mali-Niger border
2. Southern Mauritania
3. Mali east of the Mauritanian border



DIFFERENT IMPACTS OF MINERAL DUST

Typical ranges in the size of mineral dust particles

In terms of Air Quality: Particulate Matter PM

€PM25
. Combustion particles, organic
PM,, mass concentration (ug/m3) of all aerosols HUMAN HAIR compounds, metals, etc.
50-70um <2.5um (microns) in diameter

(microns) in diameter

smaller than 10 um (particles with @ < 10 um)

PM, . mass concentration (ug/m?3) of all aerosols

smaller than 2,5 um (particles with @ < 2,5 um) @ PM1g

Dust, pollen, mold, etc.
<10 um (microns) in diameter

............................... ] o 5 . . % —— ./;

] | —=— All DD (N=346)
0.6 Strong DD (N=283)
27 —e— Extreme DD (N=63) |}

0.7- | — Clim (N=54147) |Gkikaseta|.(2016)

90 um (microns) in diameter

FINE BEACH SAND

dv(r)/dinr (um’ pm?)

Image courtesy of the U.S. EPA

Radius (pm)



Radiative impact (direct)

Warming
&

g) N N

| ‘

f Iv‘l~ ‘....' _‘A | ¢ .‘
Greenhouse Aerosols Overall
gasses effect

+ Efect on cloud formation (indirect)

Mid-level clouds can form in the upper part of the SAL where the
dust may promote primary ice formation

PN

~5 days transport % Dry convective

uplift over the
central Sahara

Saharan Air Layer

Y -

- Marine Boundary Layer " “.
PRaSRIRRCUSER S s 4 ST o U T ge g
Caribbean Atlantic Ocean Africa

Harrison et al. (2022)
Relatively shallow clouds tend to form at the top of the MBL

The overal effect of mineral dust is cooling the system




DIFFERENT IMPACTS OF MINERAL DUST

Environment and Ecosystems Impacts

Dust is able to:

*** Provide essential nutrients such as iron, phosphorus and nitrogen into surface waters
+** Long-range transport of these components

s Increase iron solubility — bio-availability

Phosphorus — Amazon Rainforest fertilization Fe, P and N into Surface waters — Impact on migration patterns

Atlantic Saharan migration of skipjacktuna  )4g»

Atmospheric deposition of desert dust

v 10w 0 ? 0 aow 1O 0
Decemberto March June to Oclober November

Rodriguez et al. (2023)




DIFFERENT IMPACTS OF MINERAL DUST

Aerosols and Health

% Particles suspended in the air enter ourboe i€h we breathe
¢ Associated hazard depend on chemicg | oh and where they deposit within the ‘

respiratory system

*» These effects include infectious diseases - P
5_10 I»lm reas or attac
. Bt O ° Nose and throat area
(meningitis and valley fever), respiratory
. : 3_5 um B Windpipe
problems or cardiovascular diseases, | Bronchial
2-3 um | 1
sometimes even leading to cancer 1-2 um 3 Aiveclen (bung Bubbies)
0.1-1 um | " :

** Inflamatory response — Oxidative stress —

DNA damage — Cell death



DIFFERENT IMPACTS OF MINERAL DUST

Some epidemiological evidence

Desert dust and cardiovascular diseases

1 Each +1ug/m3of dust in PM,, is associated with an increase of:
molecules biomarkers of inflammatory processes in the sputum of patients

2 Each +10 pg/m3of dust in PM,, is associated with an increase of
2% in the risk of cardiovascular mortality

Health effects of dust worse when increasing dust . _ 600
. B) PM,, observations
concentration 20
% 100 03?
3 2014-2017: 86% of in-hospital hearth failure mortality i i . E
occurred in patients admitted during severe (> 50 ug/m3) 0 ‘3300
dust events 200 | C) dust modeling E .
: . 2y
. : 2 100 s
Inhalation of Saharan dust from the ambient o
. . . . y 4 R2 = 0.89
air causes inflammation of the respiratory 8 '
airways Jun  Jul Aug Sep Oct Nov 0 0 50 100 150

PMy,, ug/m3



DIFFERENT IMPACTS OF MINERAL DUST

Some epidemiological evidence

Desert dust and meningitis belt

Meningococcal disease with the highest incidence in

the 'meningitis belt' of sub-Saharan Africa under

“favourable” conditions: dry, dusty conditions during
the dry season (December to June).

. Period 5-12 years

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Weeks

Cuevas et al. (2011)

Figure 6.1; Meningitis epidemic weekly evolution over the years in Burkina Faso (1997-2008), Mali (1992-2008), and
Niger (1986-2008) (Djingarey et al., 2008).

l— Niger wmMali = Burkina Faso |
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Fungal infection caused by fungi's
spores commonly found in soil in
specific regions stirred into the air
by mechanical processes (farming,
construction or dust patterns)
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l. Air Quality

Il. International Standard Guidelines
B for AQM

lll. Measurement Techniques

Air Quality
Aspects




AIR QUALITY

What is air pollution?

% According to ihe World Health Organization (WHO), air pollution is a complex mixture of solid particles, liquid

droplets, as well as gases. It can come from many sources: household fuel burning, industrial chimneys, traffic
exhausts, power generation, open burning of waste, agricultural practices, desert dust and others.
% Different sources can lead to different mixtures of air polluti

N
L

&% Our concer becifi to define e pollutants that have been sh f
ealth and | o
= ”‘1 ‘.',.', ]’ r 2 ¥
- %

Gases and Aerosols
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AIR QUALITY

Criteria Air Pollutants

Most of the countries defined as ‘criteria pollutants’, stablishing air quality limits for all of them, to the following
atmospheric species:

Sulfur Dioxide (SO,)

Carbon Monoxide (CO)

Nitrogen dioxide (NO,)

Particulate matter
Ozone (Oy)




INTERNATIONAL STANDARDS GUIDELINES FOR AQ MONITORING

According to UNEP, there exist three internationally accepted guidelines for AQM networks or programs:

Organization Title/Link to Guidelines (C|ear Air Asia, 201 0)

Monitoring Ambient Air Quality for Health Impacts Assessment
http:/fwww.euro.who.int/__data/assets/pdf_file/0010/119674/E67902 . pdf

WHO

Air Planning and Standards
http://www.epa.govfairquality/montring.html

USEPA Guidance for Network Design and Optimum Site Exposure for PM,, And PM_
http:/fwww.epa.govfttnfamtic/files/ambient/pm25/network/r-99-022. pdf
Guidance for Using Continuous Monitors in PM_, Monitoring Networks
http://www.epa.gov/ttnfamtic/files/ambient/pm25/r-98-012. pdf

EU Directives for Monitoring Atmospheric Pollution (Directive 2008/50/EC)
http:ffeur-lex.europa.euflegal-content/EN/TXT/PDF/?uri=CELEX:32008L0050&from=EN

These guidelines introduce:

Ambient AQ standards (limit and exposure period) based on extensive scientific evidence relating main
criteria pollutants to their adverse impacts on public health.

Reference instrumentation/techniques Reference Method (RM) Scientifically developed
to provide
P d QA/QC quantification for AQ
rocedures:

Equivalent Method (EM) regulations (NAAQS)



MEASUREMENT TECHNIQUES

To monitor the presence and evolution of gases and aerosols in the atmosphere (Criteria Pollutants), we need to
look at the content in the air using different monitoring techniques:

Remote Sensing
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Numerical Models



MEASUREMENT TECHNIQUES

iisitu approaches
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V.

Criteria Pollutants

Principe of Operation of PM
Measurements

International Standards Guidelines
for AQM

Monitoring Networks (Global)

AQ Index



CRITERIA AIR POLLUTANTS

Most of the countries defined as ‘criteria pollutants’, stablishing air quality limits for all of them, to the following
atmospheric species:

Sulfur Dioxide (SO,)

Carbon Monoxide (CO)

Nitrogen dioxide (NO,)

Particulate matter
Ozone (Oy)




CRITERIA AIR POLLUTANTS

Most of the countries defined as ‘criteria pollutants’, stablishing air quality limits for all of them, to the following
atmospheric species:

Particulate matter

000



CRITERIA AIR POLLUTANTS: PM

Criteria Air Pollutants

Particulate matter

* Airborne particulate matter represents a complex 2

mixture of organic and inorganic substances Reference Method (RM): In-Stack Particulate Filtration
« Designated with the different aerodynamic diameter: PM. sampler
PM,, (coarse) and PM, : (fine) "

« Day-to-day variation in  particulate matter Equivalent Method (EM): Beta-

concentrations Attenuation Monitoring, Tapered

« Important health effects (mortality, respiratory and Element Oscillating Microbalance
cardiovascular diseases) even at low concentration (TEOM®), Laser Aerosol
levels (especially for fine particulate matter and Spectrometry,  Dichotomous  Air
depending on chemical composition) Sampler

 Long-term exposure to particulate matter s
associated with reduced survival and prevalence
rates of respiratory and cardiovascular diseases

« Important role of low-cost sensors (LCS)

Beta attenuator PM, monitor



PRINCIPLE OF OPERATION OF PM MEASUREMENTS*

Optical Particle Counter (OPC) INLET

This principle is based on light scattering. @
1. Air intake: The sensor uses a small fan or pump to

. DETECTOR PARTICLES
draw air into the measurement chamber.
2. Light source: Inside the chamber, there is a light ‘ e
source, typically a laser diode or infrared LED, that ~ ‘
illuminates the particles suspended in the air. - :‘ % o ni ~ LIGHT TRAP
3. Light scattering: As particles (PM, . or PM,,) pass oS -~ _am'®

through the light beam, they scatter the light in
different directions.

4. Light detector: A photodetector or optical sensor
measures the scattered light. The amount of scattered
light is proportional to the size and number of particles
present in the air.

LASER | S
5. Signal processing: The data from the detector are =

processed to calculate the concentration of particles in
the air, expressed in micrograms per cubic meter

(ng/m?3).



INTERNATIONAL STANDARDS GUIDELINES FOR AQM (in-situ)

Table 0.1. Recommended AQG levels and interim targets

&% WHO recommends values for limiting air pollutant

concentrations and exposure at levels at which the Pollutant Averaging time Interim target AQG level
risk for health effects is low. 1 23 a
PM, ,, ug/m? Annual 35 25 15 10 5
&% AQG based on purely epidemiological and 24-hour 75 S0 375 25 15
toxicological evidence PM_pg/m®  Annual 70 s0 30 20 5
. . . 24-hour® 150 100 75 50 45
&% AQGs are intended for worldwide use to achieve a :
. . 0,, pg/m? Peak season® 100 70 = - 60
safe AQ for public health: local circumstances (level - o e o
ope . . =nour? - -
of development, AQM capability, socioeconomic -
. . . . NO,, pg/m? Annual 40 30 20 - 10
political conditions, cultural and traditional issues,
etC) 24-hour® 120 S0 - - 25
S0, pg/m? 24-hour® 125 50 - - 40
CO, mg/m? 24-houre 7 - - - 4

* 89th percentile (i.e. 3-4 exceedance days per year).
b Average of daily maximum 8-hour mean O, concentration in the six consecutive months with the highest six-month
running-average O, concentration

National Ambient  Air  Quality
Standards (NAAQS)



INTERNATIONAL STANDARDS GUIDELINES FOR AQM (in-situ)

Adoption of AQ Standard in different regions

WHO region Countries in
the region
in)

African Region 47

Region of the Americas 35

South-East Asian Region
European Region

Eastern Mediterranean Region
Western Pacific Region

Total

n

53

21

27

194

Countries with
standards for
at least one
pollutant and
averaging time

n %
17 36
20 a7
7 64
50 94
n 52
12 44
n7 60

Countries
without
standards
n %
21 45
13 37
3 27
2 4
1 5
13 48
a3 27

Countries

with no

information

24

19

%]

43

12

Source: Kutlar Joss et al. (2017).

&% WHO AQG are adopted in many
countries (at least for one pollutant)

% Many countries without any standard (or
information is lacking)

&% Gap between WHO AQG and National
Regulations
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Explore the data Why air quality?
RGM + low-cost sensors (LCS)

Fighting air
inequality
through
open data.

OpenAQ is a nonprofit organization providing
universal access to air quality data to
empower a global community of
changemakers to solve air inequality—the
unequal access to clean air.

Why open data?

Partners

Developers

About

McMillan Reservoir

Washington DC, US

Type

Monitor

Measures PM2.5 (ug/m?), PM10
(ug/m?), SO: (ppb) , 05
(ppb), CO (ppb), BC
(na/m?), NO: (ppb)

Provider:

US EPA AirNow

Reporting: Updated 3 hours ago

Latest readings 13:22 (local time)

PM2.5

PM10

BC

0s

NO:

Since 26/04/2016

7 pg/m?

24 ug/m*

V™va-
S

0.25 pg/m?® =V

22 ppb

M ppb

VAL

VT

-

Iran

1

Ua
men.

tg




=29
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https://explore.openaq.org/#1.2/20/40
https://explore.openaq.org/#1.2/20/40

AQ MONITORING NETWORKS (Global)

GAW World Data Centres

WDC-RSAT (World Data Center for Remote
Sensing of the Atmosphere)

WDCA (World Data Centre for Aerosols)

WDCGG (World Data Centre for Greenhouse
Gases)

WDCRG (World Data Centre for Reactive
Gases)

WOouDC (World Ozone and UV Data Centre)

WRDC (World Radiation Data Centre)

Contributing networks data
archives

CASTNET (Clean Air Status and Trends
Network)
IMPROVE (IMPROVE Optical Aerosol)

INDAAF (International Network to study
Deposition and Atmospheric chemistry in
AFrica)

NADP (National Atmospheric Deposition
Program)

TCCON (Total Carbon Column Cbserving
Network)

Other relevant data archives

GAW Focal Areas:

0;, GHG, RG, Atmos. Total
Depos., UV Rad., Aerosols

% ..'.~ @
s

=]
EMEP (EMEP) - - ' -
Global & Regional e Contributing networks i Local «
NDACC (NDACC Data Center) Other elements +
https //ga WSiS m eteoswiss Ch/G AWS'S/#/ Planned e Pre-operational e Operational e Partly operational

% Non-reporting e % Closed e @4 stand-by e


https://gawsis.meteoswiss.ch/GAWSIS/#/
https://gawsis.meteoswiss.ch/GAWSIS/#/

AQ MONITORING NETWORKS: AQI

Air Quality Index (AQI)

AQI Basics for Ozone and Particle Pollution

Daily AQl Color Levels of Concern Values of Index Description of Air Quality

& An effective tool for informing the
Invo |Ved : Yellow Moderate 51 to 100 Air quality is acceptable. However, there may be a

risk for some people, particularly those who are
unusually sensitive to air pollution.

& Governments worldwide develop
and  implement air quality
standards  which  set  official
exposure limits to help and assess
air quality levels.

&% These standards are usually in line

_
with the WHO or US EPA for everyone.

g u |d e| | nes Hazardous 301 and higher Health warning of emergency conditions: everyone
is more likely to be affected.

AQl from US EPA




AQ MONITORING NETWORKS: AQl
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. Criteria pollutants

a) Aerosol Optical Depth (AOD)
.  Monitoring Networks (Global)
. Low-Cost Sensors

IV. Principle of Operation of a
Sunphotometer



CRITERIA AIR POLLUTANTS: AOD

Columnar aerosol content as measured with
Remote Sensing instrumentation

Particulate matter

Reference Method (RM): Sun — Lunar — Stellar photometry

Important role of low-cost sensors: Calitoo




CRITERIA AIR POLLUTANTS: AOD

A_erosol Optical Depth AOD
@
O

NS
VAV
V4

sunlight

|A Cost-Action CA21119



MONITORING NETWORKS (Global)
AERON ET https://aeronet.gsfc.nasa.gov

E|:||L1'—'-_'|:"|T_|_—1EI-':|:|
(o5 = srieie
==, 0=,
[TEr akh

@/ GODDARD SPACE FLIGHT CENTER | + Visit NASA gov
erosol monitoring at global scales + satellite validation

A
#% Over 500 stations over the world (sun + moon measurements)
% Highly standarized: instrumentation and processing

*
**

*% AEROSOL ROBOTIC NETWOR




MONITORING NETWORKS (Global)

AERONET Products

Direct SUN-MOON: AOD, AE, PWV

AERONET AOD Data Product:
ACD

\Water Vapor

440-570 Angstrom

SDA Fine/Coarse AOD
SDA Fine Mode Fraction

Data Format:

SELECT CHARTS FOR LARGER IMAGES

3&

Data Display Controls

evel 15

JLevel 2.0

2008][2007][2008][2008] [2010][2011] [2012][2013][2014][2015][20186][2017]

Choose year :

2018(|2019((2020||2021|[2022||20: 024

Choosze month of
2024 JAN

FEB|(MAR||APR|(MAY || JUN || JUL |AUGHSEP|

AQD Level 1.5 data from SEF of 2024

Related Product Availability for Tamanrasset_INM (select each day below):

« Show Terra MODIS

« Show Aqua MODIS

« Show VIIRS

» Show Diagnostic Charts

Choose day of SEP 2024
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AQD Level 1.5 data from SEP 14 of 2024
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Version 3 D5
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LOW-COST SENSORS: Calitoo & Microtops hand-held photometers
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For receiving updates on AERONET - subscribe to the mailing list by sending an email to aeronet-

+Home MARITIME AEROSOL NETWORK (MAN) - Version 3
+AERONET Home

Announcement

Maritime Aerosol . 2 September 2022 - MAN data have been updated to Version 3

MICROTOPS II ’
0Ozone Monitor - Sunphotometer

+ AERDSOL/FLUX NETWORKS The Maritime Asrosol Metwork (MAM) component of AERONET provides ship-b
measurements from the Microtops Il sun photometers. These data provide an alter Sun Target
+ COLLABORATORS islands as well as ish walidation points for satellite and aerosol fransport 1
instruments have been deployed pericdically on ships of epportunity and research
+ DATA properties over the World Oceans.
+ NASA PROJECTS Microtops instruments currently in the network t
may have one of two configurations: 340, 440
+ PUBLICATIONS 500, 675, &70, and 936nm. In addition, th
temperature and pressure sensors as well as
+ STAFF time and gecgraphical position using a GPS. ~

. are calibrated at the NASA Goddard Spac
by calibration facility wvia a transfer calibration
Microtops and the master Cimel sun photome
calibration traceable to a Langley calibration of ;
Mauna Loa, Hawaii. In general, the esfimated
opfical depth in each channel does not exceed
is slighfly higher than the unceriainty of AEF
instruments. Madalo Ugh

+ SYSTEM DESCRIPTION

AEROMNET DATA ACCESS
DATA VISUALIZATION

+ Synergy Tool

+ Map Explorer :glﬂll!rl'l?'lr.‘al infermation on data processing and quality may be found by choosing




PRINCIPLE OF OPERATION OF A SUN PHOTOMETER

AOD Observations at your site: Sun Photometry

Beer’s Law
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PRINCIPLE OF OPERATION OF A SUN PHOTOMETER

More aerosols in the atmosphere cause more extinction and less energy transmitted to the surface. AOD is
the degree to which aerosols prevent the transmission of light.

Typical AOD ranges

Extremely clear 0.03-0.05 0.02-0.03
(pristine)
Clear 0.05-0.10 0.03-0.07
Somewaht hazy 0.10-0.25 0.07 -0.20
Hazy 0.25-0.5 0.20-0.40
Extremly hazy > 0.5 >0.4

Note that red AOD values are typically less than green AOD values. This is due to the fact that typical aerosols
scatter green light more efficiently than red light.



PRINCIPLE OF OPERATION OF A SUN PHOTOMETER

Aerosol Type with diagram AOD-a
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PRINCIPLE OF OPERATION OF A SUN PHOTOMETER

Aerosol Type with diagram AOD-a
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STATUS OF AQ OBSERVATIONS OVER AFRICA
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STATUS OF AQ OBSERVATIONS OVER AFRICA

Air Quality Monitoring over Africa

Table 1.3: Synopsis of country AQM capability

Country Key pollutants Sulphur | Inspection & | Emissions Routine Health Projects | Estimated stage of
content | maintenance | inventory monitoring impact or plans air quality
of diesel | for mobhile assessment | with AQ management
[ppm]t sources benefit

ongoing
Benin S50, NO,, NOy, Oy, CO, 5,000 No No No Two studies Yes Early*
HCs, PM.
Botswana 50,,NOx, NO,, Oy, CO, 500 No Yes, but Yes Few No Intermediate**
HCs incomplete qualitative
studies
Burkina PM, §04, HCs, NOx, S0 5,000 No Yes, but No No Yes Early*
Faso elementary
Burundi Pesticides, Persistent 5,000 No No No No No Absent”
Organic Pollutants, Pb
Cameroon PM, CO, HCs, NOx, SO, 5,000 Yes No No No No Initial’
Congo- PM, €O, HCs, NO, 10,000 No No No No No Absent”
Brazzaville
Congo- PM, $0,, NO,, CO, HCs 3,500 No No No Nov Yes Initial’
Kinshasa
Ethiopia PMyy, CO, §0O;, Oy 10,000 No No, but source No, only No No Early*
apportionment campaign
for PM,,
Gabon PM, CO, HCs, NOx, S0, 8,000 No No No No No Absent”
Cihana 505, NOsy, O, CO, PMy;, 5,000 In progress No Yes Three studies Yes Advanced
manganese
Guinea PMyp, PM; 5, NO5, 50, 5,000 No No Mo No No Absent”
formaldehyde, benzene
Kenya PM, CO, HCs, NOx, 80, 10,000 No No No No Yes Initial’
Liberia PM, CO, NOx, §0,. 5,000 No No No No No Absent’
Madagascar | PM, CO, HCs, NOx, S0, 5,000 Yes, mobile No Yes No Yes Intermediate**
SOUrCCs
Malaw PM, §0,, CO, NOx, HCs 5,000 No No No No No Absent”
Mali PM, NOx, CO, HC, VOC, 5,000 No Yes, for No No No Tnitial’
50, Pb transport
Mauriting PM, NOx, CO, SO, 2500 No No Mo No Yes Initial’

L

Country Key pollutants Sulphur | Inspection & | Emissions | Routine Health Projects | Estimated stage
content | maintenance | jnventory | monitoring impact or plans of air quality
of diesel | for mobile assessment | With AQ management

[ppm] sources benefit
ongoing
Mozambique | PMyy, PMy s, Black Carbon, 5,500 No Being No No Yes Early*
503, NOx, CO5, 0y, developed
Nigeria C0,, CO, NOy, Oy, S0, 5,000 No Yes, of 1990 | No, one non No Yes Early*
TSP, PMjy operational
station
Rwanda Not identified 5,000 No No No No No Absent’
Senegal My, PMy, CO 5,000 No No Being No Yes [nitial
initialised
South Africa | PMyy, PMys, NOx, 503, Oy, 500 Yes Yes Yes Yes Yes Comprehensive
CO,Pb
Swaziland | Not identified 500 No Qualitative No No Yes Early*
Tanzania PM, CO, NO,, §0O;, Oy, Pb 5,000 No No Yes No Yes Early*
Togo Not identified 5,000 No Yes, initial No No No nitial'
Uganda PM, CHy, H8, NH;, 5,000 No No No No Yes Initial”
dioxins and furans, HCs,
NO,, 80, re-suspended
dust
Zambia 505, NOy, PM, black 7.500 No Yes, mitial, in Yes No Yes Intermediate®*
smoke, dust, CO, CO, and copper belt
odours
Zimbabwe | SOy, NOy, PM, CO, VOCs 5,000 Yes, for No Yes Anecdotal No Intermediate®*
stationary evidence
sources
+ Source: PCFV (2007); " Absent = None of the topics addressed; " Initial Any one topic addressed; * Early = Any two fopics addressed; ** Intermediate = Any

three topics addressed; ' Advanced = Any four topics addressed;  Comprehensive = All topics addressed.




STATUS OF AQ OBSERVATIONS OVER AFRICA: Sub-Sahara

Air Quality Monj:t_@ring over Sub-Saharan Countries

Y

Table 1.4: Tools that can be applied in SSA countries to enhance AQM capability

standards exast

Guinea

WHO guidelines

Kenya

Exist

Country Air quality Initial Emissions Routine monitoring** Health impact
standard setting inventory® assesament*
Benin WHO guidelines Rapid inventory Hybrid network More studies needed
assessment (RIA) using REA
Botswana Completion and Is bemng performed
update by RIA
Burkina Faso National Completion and
standards exist update by RIA
Rapid epidemiological
Burundi assessment (REA)
Cameroon Hybrid network
Congo-
Brazzaville WHO guidelines
Congo-Kinshasa
Ethiopia
(iabon o
Ghana National Rapd mventory Is bemng performed More studies needed
assessment

Hybrid network

Is bemng performed

proposed

Liberia
Madagascar
Malawi WHO guidelines
Mah Completion and
update by RLA
Mauritius National Rapid inventory
standards assessment

Mozambique

WHO guidelimes

Completion and
update by RLA

Hybrid network

Rapid epidemiological
assessment

* RIA = Rapid Inventory Assessment; ** HN = Hybrid Network; "REA = Rapid Epidemiological Assessment

Table 1.4 (continued): Recommendation to enhance AQM capability

Country Air guality Initial Emissions Routine monitoring® * Health impact
standard inventory* assesumenl‘*
setting
Nigeria To be updated and Hybrid network
amended by RIA Rapid epidemiological
Rwanda assessment
Senegal Rapid inventory Is being mitialised
assessment

Swaziland WHO Hybrid network

puidelines
Tanzania Is bemng performed More studies needed

Togo To be enhanced by R1A
Hybrid network

Uganda Rapid imventory Rapid epidemiological

assessment assessment
Zambia To be amended for Revamping or hybnd

vehicles network

Zimbabwe Rapid inventory Is being performed

assessment
* RIA = Rapid Inventory Assessment; ** HN = Hybrid Network; TREA = Rapid Epidemiological Assessment




STATUS OF AQ OBSERVATIONS OVER AFRICA
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About v

Community engagement using LCS

160+ Air quality monitors
installed in 8 major African
cities

To effectively tackle air pollution, access to data

and contextual evidence is important to show the
scale and magnitude of air pollution.

We're providing an end-end air quality solution in
major African Cities leveraging the locally built
low-cost monitors and existing expertise to
advance air quality management and, implicitly,
air quality improvement in these African cities.

Makerere University (Uganda)

Get Involved Explore Data

& Hyperlocal air quality dataset
collected from spatially
distributed LCS

&% Open access to a vast
repository (2 million records of
raw and calibrated real-time,
historical, and forecast air
quality data)

&% Increased access to air quality
data evidence to help them
tackle urban air quality and
achieve cleaner air objectives.
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STATUS OF AQ OBSERVATIONS OVER AFRICA: Chad

Chad Air Quality Policies

This document is based on research that UNEP conducted in 2015, in response to Resolution 7 of the UNEA 1. It describes country-
level policies that impact air quality. Triple question marks (777) indicate that information for the section couldn’t be found.

Please review the information, and provide feedback. A Word version of the template can be provided upon request. Corrections and
comments can be emailed to Vered Ehsani@unep.org and George. Mwaniki@unep.org,

Chad Air Quality Policy Matrix

natron (sodium carbonate), soap, cigareties
and construction materials production
among others

GDP of country: USD 13.59B in 2013’

Industries’ share of GDP: 9.9%

® Electricity sources:

® 100% of the installed electricity generating
capacity (31,000 KW in 2010) is generated
from fossil fuel
Others

& PM 50,, and NOy; are some of the most
important air pollutant from Industrial

Goals Status Current Policies & Programmes
GENERAL | Overall situation with respect to air National Ambient air quality standards: 777
OVERVIEW | quality in the country, including key air National Air Quality Pelicy: 777

quality challenges: 777 -

Air quality monitoring system: 777 Air Olfl'li'ljf fegisation/ mmes: 717

Other:777

FJ-‘.IJI_JFJF. ) Industries that have the potential to Emission regulations for industries: 777
;;Itil]ﬁ;umh :TIF:::: i?t:I:)ur:fnl industries are; oil Smallinstallaion’s emissions regulated: (Yo 77t
;N[)USTRH‘: colton I;‘xtlk!.\. nu‘aipal'k.lug. Ihrt'u:ing: Renewnhie energy lavesiment prometed: 777

Energy efficiency incentives: (ex: Subsidies, labelling. rebates erc) 777
Incentives for clean production and installation of pollution prevention technologies: 777
Actions to ensure compliance with regulations: (monitoring, enforcement, fines etc) 777?

Other actions at national, sub-national and / or local level to reduce industrial emissions:
(can include incentives to move industries to less populated areas here) 777

sources in the country
REDUCE Key transport-related air quality Vehicle emission limit: (Euro rating) 777
EMISSIONS | challenges: (ex: vehicle growth, old fleet, L S
FROM dirty fuel, poor public transport etc) Fuel Sulphur content: (in ppm) 777
TRANSPOR o Vehicle emissions are a major source of Fuel Lead content: Unleaded gasoline restrictions since 2004
T PM, NO, and CO Restriction on used car importation: National standards are 2000 ppm for diesel and 500 ppm
® Freight and passenger transport is usuall for petrot’
; pas N B ) ) PU ¥ @ All new vehicles being imported into Chad are subject to tax and duty based on the value of the
provided by private companies or i
A vehicle
individuals.
o Private ca ownership s low with 6 cars per ® All used vehicles are exempt from duty, except vehicles more than three years old which are
1000 individuals in 2006 prohibited from being imported
» Import tax on new vehicles is subject to the make, model, year and value of the vehicle
@ Pre-importation inspection is required for road worthiness
Actions to expand, improve and promote public transport and mass transit: 777
Actions to promote non-motorized transport: (ex: include sidewalks and bike lanes in new
road projects, car-free areas etc) 777
REDUCE Outdoor, open burning: (ex: is it commonly | Legal framework: (ex: is burning banned?) 777
EMISSIONS | done? burning what kinds of wastes? etc) —_—
; Actions to prevent open burning of municipal waste and / or agricultural waste; 777
]'R(?M ® Uncontrolled waste burning, which is a P pes " pal ¥
OPEN . common practice, is one of the practices that
BURNING contributes to deteriorating air quality in
OF WASTE urban centres
(OUTDOOR) o Agricultural waste burning can also impact
air quality in the rural areas.
® Due to the waste composition (plastics,
waste tires, and other organic/inorganic
materials) unregulated waste burning can be
a source of health impairing emissions such
as dioxins and furans
® Waste management activities exist to a

streams such as municipal solid waste
(MSW) are addressed by policies and
institutions; others such as e-waste are not
given attention at all.

REDUCE
EMISSIONS
FROM
BIOMASS
BURNING
(INDOORS)

Dominant fuels used for cooking and
space heating:

® Wood and charcoal provide 90% of the
energy consumed in Chad, and natural gas
consumption is on the rise, growing from 69
metric tons in 1999 to 367 metric tons in
2004.

® 2.2% of households use electricity, with
only 12% having access in the capital and
1% in provincial areas
Impact:

® Air pollution from indoor sources is the
single largest contributor to the negative
health effects of air pollution in Chad.

® Indoor air pollution causes an estimated

9,600 premature deaths every year®

Indoor air pollution regulated: (Yes /No) 777

Promotion of non-grid / grid electrification:

® The National Poverty Reduction Strategy places special significance on strategies to ensure
strong and sustainable growth that helps to reduce poverty, in particular by:

# developing infrastructure to support power generation,

 making electricity available to users at a more reasonable cost, and

* promoting alternative sources of energy (solar, wind, etc.) to limit the cutting of
firewood, which is exacerbating desertification.

Promotion of cleaner cooking fuels and clean cook stoves: 777
Other actions to reduce indoor biomass burning, or to reduce its emissions: 777
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STATUS OF DUST OBSERVATIONS OVER AFRICA

AERONET over Africa

@ GODDARD SPACE FLIGHT CENTER | + Visit NASA gov

AEROSOL ROBOTIC NETWOR

<% 100 stations over the continent

&% Important gaps over the most important
dust source

&% Actives: Algeria, Morocco, Tunisia and
Egypt
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STATUS OF DUST OBSERVATIONS OVER AFRICA
Tamanrasset (Algeria) GAW Global Station
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STATUS OF DUST OBSERVATIONS OVER AFRICA

Tunis (Carthage), Egypt (Cairo, ?), Morocco (Ouazarzate, Atlas), Lybia (TBD),
Chad??

As AERONET calibration

Center we currently offer to

African sites and operators:

- Training

- Calibration

- Support

- Open to cover gaps Iin
Africal!

@ GODDARD SPACE FLIGHT CENTER ‘ + Visit NASA gov

AEROSOL ROBOTIC NETWOR|
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Praia

Aerosol Measurements

Hand-Held Photometer
Calitoo

CREWS & MAC-CLIMA Projects: Training of
personnel, development of new instrumentation

and installation of climate monitoring systems in
North Africa.

Niamey Yamena
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DO NOT FORGET THE IMPORTANT ROLE OF LCS IN THE DUST/AEROSOL
MONITORING OVER AFRICA

f

1 1QAir

PurpleAir


https://www.iqair.com/air-quality-map?srsltid=AfmBOooYj0Aq-AS-hmlL9MqvbMFegEfmIsAE6E70W25pd3EHn0BPfko8
https://www.iqair.com/air-quality-map?srsltid=AfmBOooYj0Aq-AS-hmlL9MqvbMFegEfmIsAE6E70W25pd3EHn0BPfko8
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AQ MONITORING NETWORKS (Global)

Air Quality Monitoring networks

% Monitoring at fixed-location sites for most commonly monitores pollutants

% Inadequate spatial coverage: mainly centered on major cities and important lack of information on rural
areas

% Impact on spatial and temporal resolution of AQM — protection of the population

Current databases (ground-based):
% Several regional databases of AQM

% Only 2 global databases to track global AQ concentrations and trends



STATUS OF AQ OBSERVATIONS OVER AFRICA: South-Africa
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AIR QUALITY MONITORING
Air Quality (AQ) Monitoring

Routine monitoring of specific air pollutants, also known as “Criteria Air Pollutants”, defined at National level in
National Ambient Air Quality Standards (NAAQS) or by International Organizations.

Essential characteristics of an effective monitoring system (UNEP, Clear Air Asia, 2016):

1. Well-planned network according to monitoring objectives, representative of the AQ conditions at the country
and compliance with ambient air quality standards

Proper implementation of quality assurance (QA) and quality control (QC) procedures

Sustainable operation

Effective communication to the public/policymakers

Strong commitment from authorities in terms of financial and human resource suppport.

Economic benefits (implementation and operation): Health BUT
National Wealth & Equality

% Benefits far outweigh the costs of implementing control measures.

&% Cost-benefit analysis (USEPA's 2006 NAAQS for PM alone): €42-€136 billion for 2020.

&% Health benefits for every EU citizen is estimated between 6 and 19 times (average annual costs of €94-€301)
exceed costs (average annual costs of €15) (Holland, et al., 2005).
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INSTRUMENTATION IN AIR QUALITY MONITORING

Instrumentation in AQ Monitoring (AQM)

Traditionally, government networks use Reference-Grade air quality Monitors (RGM) that comply with very strict
standards (AQ Regulations).

Key features of RGM are:

Continuous, long-term use with minimal drift in their measurements over time
High accuracy (strict regulatory standards suitable to be used for requlatory purposes)
Calibration to standards (traceabllity)
Sustainable operation
High level of standarization
Audits and maintenance according to established Standard Operational Procedures (SOPs)
Hybrid Monitoring Network: RGM (10.000 - 100.000 USD) + Low-Cost Sensors (LCS, 100 - 2.000 USD)
v' Complement tradicional AQM
v Reach uncovered areas
v' Research and public awareness purposes
x Interpreted with caution and often validation against reference instruments
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Evaluation of Emerging Air Sensor Performance



