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What is air pollution?

⁂ According to 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
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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
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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

calibrated and verified QA/QC AQ data

Evaluation of Emerging Air Sensor Performance
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International Standards Guidelines for AQM
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)
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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
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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:

In-Situ Remote Sensing 

Numerical Models

AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4



HARMONIA Cost-Action CA21119

AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4



2.
In-Situ AQ 

Measurements

I. Criteria Pollutants

II. International Standards Guidelines for AQM

III. Monitoring Networks

IV. AQ Index



Criteria Air Pollutants

Sulfur Dioxide (SO2)

• Highly reactive gas with a important health effect, basically on the 
respiratory system (irritation and lung effect)

• Secondary product: H2SO4 (soluble)
• Important influence in gas-to-particle formation
• Natural sources: volcanoes or geothermal
• Anthropogenic sources: combustion of fossil fuels containing sulphur 

(urban areas)
• Significant regional and seasonal differences as well as short-term 

episodes depending on the dominant sources and their spatial distribution

Reference Method (RM): Pararosaniline Method 

Equivalent Method (EM): U.V. Fluorescence

SO2 Analyzer

AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4



Criteria Air Pollutants

Nitrogen dioxide (NO2)
Reference Method (RM): Gas Phase 

Chemiluminescence

Equivalent Methods (EM): Sodium 
Arsenite (SA) Method, Differential Optical 
Absorption Spectrometry (DOAS), U.V. 
Photolytic Conversion, Cavity Attenuated 
Phase Shift Spectroscopy (CAPS)

• Oxidizing agent that may damage cell membranes 
and proteins produced in combustion processes 
(about half of total emissions throughout Europe 
come from road traffic)

• Short-term exposure may predispose towards an 
increased risk of respiratory diseases 

• Both acute and chronic effects, especially in 
susceptible population subgroups such as people 
with asthma.

NOx Analyzer
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Criteria Air Pollutants

Ozone (O3)

Reference Method (RM): Ethylene 
Chemiluminescence (ISO 10313)

Equivalent Method (EM): U.V. Photometry 
(ISO 13964), Differential Optical Absorption 
Spectroscopy (DOAS)

• O3 is a secondary photochemical pollutant formed 
from the precursors volatile organic compounds, 
NOx and CO in the presence of short wavelength 
solar radiation

• O3 concentrations tend to peak some distance from 
the emission sources of ozone precursors being 
quite complex and dependent on various effects

• Ozone can enter the body through inhalation and 
can reach the respiratory system because it is not 
very soluble in water

• Ozone exposure has also been associated with 
increased numbers of hospital admissions from 
respiratory diseases, including asthma

O3 Analyzer
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Criteria Air Pollutants

Carbon Monoxide (CO)

Reference Method (RM): Non-Dispersive Infrared 
Photometry (NDIR)

Equivalent Method (EM): U.V. Photometry (ISO 13964)

• Reduces the capacity of blood to carry 
oxygen, affecting organs, such as the brain, 
cardiovascular system or muscles

• At very high concentrations, well above 
normal ambient levels, CO causes death

• The most important source is road traffic
• CO emissions peak when traffic movement 

is restricted: in crossroads with traffic lights 
and in traffic jams

CO Analyzer
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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

PMx sampler

Beta attenuator PMx monitor
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International Standards Guidelines for AQM (in-situ)

⁂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).

NAAQS
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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
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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

AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4



AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4



AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4

https://explore.openaq.org/


Annual mean concentration of 
particulate matter of less than 10 

microns of diameter (PM10) [μg/m3] and 
of less than 2.5 microns (PM2.5) [μg/m3] 
and of Nitrogen Dioxide (NO2) [μg/m3] 

in cities and localities.
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https://worldhealthorg.shinyapps.io/AmbientAirQualityDatabaseV6_1/


https://gawsis.meteoswiss.ch/GAWSIS/#/
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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
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https://gispub.epa.gov/airnow/?monitors=pm25&xmin=-29564736.868555624&xmax=19981133.369656492&ymin=-5578336.7725462485&ymax=10780410.27292979
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Remote Sensing

AQ Measurements

I. Criteria pollutants

a) Aerosol Optical Depth (AOD)

II. Monitoring Networks



Criteria Air Pollutants
Particulate matter 

(AOD)

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

• Columnar aerosol content as measured with
Remote Sensing instrumentation
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HARMONIA Cost-Action CA21119
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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
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AERONET Products

Direct SUN-MOON: AOD, AE, PWV
Inversion SUN-SKY: Aerosol Size
Distribution, SSA, Refractive Index, ….
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AERONET over Africa

⁂ 100 stations over the continent

⁂ Important gaps over the most
important dust source

⁂ Actives: Algeria, Morocco, Tunisia and 
Egypt
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https://gawpfr.pmodwrc.ch/#/maps

GAW-PFR
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https://gawpfr.pmodwrc.ch/
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4.
Status of Air 

Quality 
Observations 

over Africa
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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)



Air Quality Monitoring over África
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Air Quality Monitoring over Sub-Saharan Countries

AIR QUALITY 1 IN-SITU AQM REMOTE SENSING AQM AQM OVER AFRICA2 3 4



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



Thanks for your attention!!
Your comments: abarretov@aemet.es

@ ICOS-ERIC
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