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1.
Why Measuring

Mineral Dust?

I. Definition of Atmospheric Aerosols

II. Dust Emission Sources

III. Different impacts of Mineral Dust

a. Radiative Impact

b. Impact on Enviroment and 
Ecosystems

c. Health Impacts



Industrial emissions, vehicle exhaust, 
biomass/forestal burning – carbonaceous, 

sulphates, nitrates or other organic
compounds-

Sea salt, mineral dust, volcanic
aerosols, bacteria, virus, pollen

Copyright: 2022 Anadolu Agenc

Natural and Anthropogenic

Atmospheric Aerosols
“Solid or liquid particles in suspension in the air”

DEFINITION OF ATMOSPHERIC AEROSOLS



Chi et al. (2015)

Natural – Mineral dust Natural – Sea Salt

• Emission governed by mechanical processes
(wind)

• Importance of mineralogy (changeable from
sources)

• Irregular shape: effect in light polarización
• Dominance of coarse mode
• Important radiative effect

• Composition: NaCl, sulfates & org/inor soluble
compounds

• Highly hygroscopic – spherical shape
• MBL
• Important radiative effect

DEFINITION OF ATMOSPHERIC AEROSOLS



Sarpong et al. (2020)Natural – Volcanic Aerosols

Natural/Anthropogenic –
Biomass Burning

Anthropogenic – Industrial & traffic

Ash

• Ash (Si, Al, Fe oxides), gases (SO2,
H2S, CO2…) & WV

• Important radiative effect
• Size distribution bimodal (sulfates

& ash).

• Carbonaceous (BC + POA/SOA),
sulfates, nitrates & volatile
compounds

• BC: important radiative effect

• Different sources: coal mining or combustion of
fossil fuels

• Fine mode: sulfates, nitrates and carbonaceous

DEFINITION OF ATMOSPHERIC AEROSOLS



DEFINITION OF ATMOSPHERIC AEROSOLS
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Edited from Vandenbussche et al. (2020)

Hot spots for dust emission in the
Sahara Region:

1. Bodelé Depression (≈44.5%)
2. Central Sahara (Adrar des Ifhogas and the

Aïr 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:

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

PALEOLAKES

ALLUVIAL DEPOSITS

DUST EMISSION SOURCES IN NORTH AFRICA: SAHARA AND SAHEL



In terms of Air Quality: Particulate Matter PM

PM10 mass concentration (μg/m3) of all aerosols
smaller than 10 μm (particles with Ø < 10 µm)

PM2.5 mass concentration (μg/m3) of all aerosols
smaller than 2,5 μm (particles with Ø < 2,5 µm)

Typical ranges in the size of mineral dust particles

DIFFERENT IMPACTS OF MINERAL DUST

Gkikas et al. (2016)



Radiative impact (direct)     +        Efect on cloud formation (indirect)

DIFFERENT IMPACTS OF MINERAL DUST

Relatively shallow clouds tend to form at the top of the MBL

Mid-level clouds can form in the upper part of the SAL where the 

dust may promote primary ice formation

Harrison et al. (2022)

The overal effect of mineral dust is cooling the system



DIFFERENT IMPACTS OF MINERAL DUST

Rodríguez et al. (2023)

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
Increase iron solubility – bio-availability

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



5-10 µm

0.1-1 µm

3-5 µm

2-3 µm
1-2 µm

 Particles suspended in the air enter our body when we breathe

 Associated hazard depend on chemical composition and where they deposit within the 

respiratory system

Aerosols and Health

DIFFERENT IMPACTS OF MINERAL DUST

 These effects include infectious diseases

(meningitis and valley fever), respiratory

problems or cardiovascular diseases,

sometimes even leading to cancer

 Inflamatory response – Oxidative stress –

DNA damage – Cell death PM2.5 + UFP (<1μm)



Some epidemiological evidence

DIFFERENT IMPACTS OF MINERAL DUST

Desert dust and cardiovascular diseases

Each +10 mg/m3 of dust in PM10 is associated with an increase of 
2% in the risk of cardiovascular mortality

Health effects of dust worse when increasing dust 
concentration

Each +1mg/m3 of dust in PM10 is associated with an increase of:
molecules biomarkers of inflammatory processes in the sputum of patients

2014-2017: 86% of in-hospital hearth failure mortality 
occurred in patients admitted during severe (> 50 mg/m3) 
dust events
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https://www.cdc.gov/meningococcal/php/global/index.html

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).

Some epidemiological evidence

Desert dust and meningitis belt

DIFFERENT IMPACTS OF MINERAL DUST

Desert dust and Valley Fever occurrence

Pedarrieu et al., 2021

Cuevas et al. (2011)

Period 5-12 years

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)



2.
Air Quality

Aspects

I. Air Quality

II. International Standard Guidelines 
for AQM

III. Measurement Techniques



What is air pollution?

⁂ According to the 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 pollution.

⁂ Our concern is specifically to define those pollutants that have been shown to have harmful effects on human

health and to effectively develop our capabilities to monitor these atmospheric components.

⁂ These pollutants fall into two broad categories:

Gases and Aerosols

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 (SO2)

Nitrogen dioxide (NO2)

Ozone (O3)

Carbon Monoxide (CO)

Particulate matter

AIR QUALITY



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

(Clear Air Asia, 2016)

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

- Procedures: QA/QC

Reference Method (RM)

Equivalent Method (EM)

Scientifically developed

to provide

quantification for AQ 

regulations (NAAQS)

INTERNATIONAL STANDARDS GUIDELINES FOR AQ MONITORING 



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:

In-Situ 
Remote Sensing

Numerical Models

MEASUREMENT TECHNIQUES



HARMONIA Cost-Action CA21119

MEASUREMENT TECHNIQUES



3.
In-Situ 

Measurements

I. Criteria Pollutants

II. Principe of Operation of PM 
Measurements

III. International Standards Guidelines 
for AQM

IV. Monitoring Networks (Global)

V. AQ Index



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

atmospheric species:

Sulfur Dioxide (SO2)

Nitrogen dioxide (NO2)

Ozone (O3)

Carbon Monoxide (CO)

Particulate matter

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 (SO2)

Nitrogen dioxide (NO2)

Ozone (O3)

Carbon Monoxide (CO)

Particulate matter

CRITERIA AIR POLLUTANTS



Criteria Air Pollutants
Particulate matter 

(PMx)

Reference Method (RM): In-Stack Particulate Filtration

Equivalent Method (EM): Beta-

Attenuation Monitoring, Tapered

Element Oscillating Microbalance

(TEOM®), Laser Aerosol

Spectrometry, Dichotomous Air

Sampler

• Airborne particulate matter represents a complex

mixture of organic and inorganic substances

• Designated with the different aerodynamic diameter:

PM10 (coarse) and PM2.5 (fine)

• Day-to-day variation in particulate matter

concentrations

• Important health effects (mortality, respiratory and

cardiovascular diseases) even at low concentration

levels (especially for fine particulate matter and

depending on chemical composition)

• Long-term exposure to particulate matter is

associated with reduced survival and prevalence

rates of respiratory and cardiovascular diseases

• Important role of low-cost sensors (LCS)

PMx sampler

Beta attenuator PMx monitor

CRITERIA AIR POLLUTANTS: PM



PRINCIPLE OF OPERATION OF PM MEASUREMENTS*

Optical Particle Counter (OPC)

This principle is based on light scattering. 
1. Air intake: The sensor uses a small fan or pump to 
draw air into the measurement chamber.
2. Light source: Inside the chamber, there is a light 
source, typically a laser diode or infrared LED, that 
illuminates the particles suspended in the air.
3. Light scattering: As particles (PM2.5 or PM10) pass 
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.
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 
(µg/m³).

INLET



⁂ WHO recommends values for limiting air pollutant

concentrations and exposure at levels at which the

risk for health effects is low.

⁂ AQG based on purely epidemiological and

toxicological evidence

⁂ AQGs are intended for worldwide use to achieve a

safe AQ for public health: local circumstances (level

of development, AQM capability, socioeconomic -

political conditions, cultural and traditional issues,

etc).

National Ambient Air Quality

Standards (NAAQS)

INTERNATIONAL STANDARDS GUIDELINES FOR AQM (in-situ)



⁂ 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

Adoption of AQ Standard in different regions

INTERNATIONAL STANDARDS GUIDELINES FOR AQM (in-situ)



AQ MONITORING NETWORKS (Global)

RGM + low-cost sensors (LCS)



AQ MONITORING NETWORKS (Global)

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


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

GAW Focal Areas:
O3, GHG, RG, Atmos. Total 
Depos., UV Rad., Aerosols

AQ MONITORING NETWORKS (Global)

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


Air Quality Index (AQI)

⁂ An effective tool for informing the

public about exposure and risks

involved.

⁂ 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

guidelines.

AQI from US EPA

AQ MONITORING NETWORKS: AQI



AQ MONITORING NETWORKS: AQI

Real-time air quality data (World Air Quality Index), which
includes a network of air quality sensors that monitor
pollutants like PM2.5, PM10, O3, and NO2.

https://www.iqair.com/air-quality-map?srsltid=AfmBOooYj0Aq-AS-hmlL9MqvbMFegEfmIsAE6E70W25pd3EHn0BPfko8
https://www.iqair.com/air-quality-map?srsltid=AfmBOooYj0Aq-AS-hmlL9MqvbMFegEfmIsAE6E70W25pd3EHn0BPfko8


AQ MONITORING NETWORKS: AQI



4.
Remote Sensing
Measurements

I. Criteria pollutants

a) Aerosol Optical Depth (AOD)

II. Monitoring Networks (Global)

III. Low-Cost Sensors

IV. Principle of Operation of a 
Sunphotometer



Particulate matter 

(AOD)

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

Columnar aerosol content as measured with

Remote Sensing instrumentation

Important role of low-cost sensors: Calitoo

CRITERIA AIR POLLUTANTS: AOD



HARMONIA Cost-Action CA21119

CRITERIA AIR POLLUTANTS: AOD



https://aeronet.gsfc.nasa.gov

⁂ Aerosol monitoring at global scales + satellite validation
⁂ Over 500 stations over the world (sun + moon measurements)
⁂ Highly standarized: instrumentation and processing

AERONET

MONITORING NETWORKS (Global)



AERONET Products

Direct SUN-MOON: AOD, AE, PWV

Inversion SUN-SKY: Aerosol Size Distribution, 

SSA, Refractive Index, ….

MONITORING NETWORKS (Global)



LOW-COST SENSORS: Calitoo & Microtops hand-held photometers

*Submitted Atmos. Environ, (2024)

6 years of AOD over the ocean



AOD Observations at your site: Sun Photometry

𝐼λ = 𝐼0,λ ∙ 𝑒
−𝜏λ∙𝑚

Beer’s Law

(𝐼λ< 𝐼0,λ)

𝜏λ = 𝐴𝑂𝐷λ

𝜏λ = 𝛽 ∙ λ−𝛼
Angstrom Eq.

𝛼 = Angstrom Exponent
α↓ large particles
α↑ fine particles

V0

V

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.

Sky conditions 500 nm 870 nm

Extremely clear
(pristine)

0.03 - 0.05 0.02 - 0.03

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.

Typical AOD ranges

PRINCIPLE OF OPERATION OF A SUN PHOTOMETER
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PRINCIPLE OF OPERATION OF A SUN PHOTOMETER



Aerosol Type with diagram AOD-α
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5.
Status of AQ 

Observations 
over Africa



Air Quality Monitoring over África

Key facts: rapid urbanization, population growth and social inequity.

⁂ In Africa, AQ it is a major contributor to premature deaths and other health

problems.

⁂ Africa is currently the least urbanized continent, but is the region experiencing the fastest rate of urbanisation

in the world (inequalities and “urbanisation of poverty”)

⁂ Persistent poverty and air pollution are closely connected (social inequity - environmental degradation)

⁂ AQ status dependent economic development stage: lower economies (lack of AQM capability), lower-middle

economies (Senegal, Kenya, Ghana, Nigeria, Zimbabwe, Tanzania or Mozambique with partial monitoring,

coverage and reliability) to emerging economies (Egypt or South Africa with a relatively comprehensive air

quality data monitoring system)

STATUS OF AQ OBSERVATIONS OVER AFRICA



Air Quality Monitoring over África

STATUS OF AQ OBSERVATIONS OVER AFRICA



Air Quality Monitoring over Sub-Saharan Countries

STATUS OF AQ OBSERVATIONS OVER AFRICA: Sub-Sahara



Community engagement using LCS
⁂ 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.

STATUS OF AQ OBSERVATIONS OVER AFRICA

Makerere University (Uganda)



STATUS OF AQ OBSERVATIONS OVER AFRICA: South-Africa

https://saaqis.environment.gov.za/
https://saaqis.environment.gov.za/


STATUS OF AQ OBSERVATIONS OVER AFRICA: South-Africa



STATUS OF AQ OBSERVATIONS OVER AFRICA: Chad



6.
Status of Dust 
Observations 

over Africa



STATUS OF DUST OBSERVATIONS OVER AFRICA

AERONET



AERONET over Africa

⁂ 100 stations over the continent

⁂ Important gaps over the most important

dust source

⁂ Actives: Algeria, Morocco, Tunisia and 

Egypt

STATUS OF DUST OBSERVATIONS OVER AFRICA



STATUS OF DUST OBSERVATIONS OVER AFRICA



Tamanrasset (Algeria) GAW Global Station

STATUS OF DUST OBSERVATIONS OVER AFRICA

RGM versus LCS!!



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

Chad??

STATUS OF DUST OBSERVATIONS OVER AFRICA

As AERONET calibration
Center we currently offer to
African sites and operators:
- Training
- Calibration
- Support
- Open to cover gaps in

Africa!!



CREWS & MAC-CLIMA Projects: Training of
personnel, development of new instrumentation
and installation of climate monitoring systems in
North Africa.

Aerosol Measurements

Hand-Held Photometer
Calitoo

PM LCS

+

STATUS OF DUST OBSERVATIONS OVER AFRICA



STATUS OF DUST OBSERVATIONS OVER AFRICA

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

https://www.iqair.com/air-quality-map?srsltid=AfmBOooYj0Aq-AS-hmlL9MqvbMFegEfmIsAE6E70W25pd3EHn0BPfko8
https://www.iqair.com/air-quality-map?srsltid=AfmBOooYj0Aq-AS-hmlL9MqvbMFegEfmIsAE6E70W25pd3EHn0BPfko8


Thanks for your attention!!

Your comments: abarretov@aemet.es
@ ICOS-ERIC



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

AQ MONITORING NETWORKS (Global)



Air Quality Monitoring in South Africa

⁂ South Africa has its own guidelines and standards for air quality (comprehensive and stringent), which are

adapted to its local conditions and specific needs (in line with many international recommendations,

including WHO)

⁂ The air quality guidelines in South Africa are primarily defined by the National Ambient Air Quality

Standards (NAAQS)

⁂ Use of reference sensors and low-cost sensors in a hybrid AQM Network

⁂ SAAQIS (South African Air Quality Information System) ensures that all instruments are calibrated and

maintained according to international standards to guarantee the quality of air quality information in South

Africa

⁂ SAAQIS is exemplary at disseminating air pollution information to the public (near-real time visualized and

downloaded at https://saaqis.environment.gov. za)

⁂ To facilitate the interpretation of air quality data, SAAQIS produces an aggregated air quality index (1 to 10)

associated to different categories: good, moderate, unhealthy, very unhealthy and hazardous

STATUS OF AQ OBSERVATIONS OVER AFRICA: South-Africa



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

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

3. Sustainable operation

4. Effective communication to the public/policymakers

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

Economic benefits (implementation and operation):

⁂ 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).

Health BUT 

National Wealth & Equality

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:

1. Continuous, long-term use with minimal drift in their measurements over time

2. High accuracy (strict regulatory standards suitable to be used for regulatory purposes)

3. Calibration to standards (traceability)

4. Sustainable operation

5. High level of standarization

6. Audits and maintenance according to established Standard Operational Procedures (SOPs)

7. Hybrid Monitoring Network: RGM (10.000 - 100.000 USD) + Low-Cost Sensors (LCS, 100 - 2.000 USD)

 Complement tradicional AQM

 Reach uncovered areas

 Research and public awareness purposes

× Interpreted with caution and often validation against reference instruments

Evaluation of Emerging Air Sensor Performance

INSTRUMENTATION IN AIR QUALITY MONITORING


