
 

 

 

Reading packs are commissioned by the University of Birmingham’s ASAP-East Africa research team for independent 

study and professional development use. They are intended to be thought-provoking introductions to emerging issues 

and debates within the subject areas they cover. This document is an output from a project funded by the UK Department 

for International Development (DFID) through the Research for Evidence Division (RED) for the benefit of developing 

countries. However, the views expressed and information contained in it is not necessarily those of, or endorsed by 

DFID, which can accept no responsibility for such views or information or for any reliance placed on them. 

Suggested citation: Pope, F.D and Blake, R. (2017).Air Quality Monitoring in Low to Middle Income Countries. ASAP-

East Africa Reading Pack no. 1.  Birmingham, UK: University of Birmingham. 

 

asap-eastafrica.com 

  ASAP-East-Africa Reading Pack (No. 1) 
  

www.asap-eastafrica.com    asap-eastafrica@contacts.bham.ac.uk 

 

Air Quality in Low to 

Middle Income Countries 
Francis Pope and Rhiannon Blake   |    December 2017 

The Lancet Commission on pollution and health estimated that air pollution 

led  to the premature deaths of between 5.7-7.3 million people globally in 

2015, and attributed to around one in ten deaths globally (see Landrigan et 

al., 2017: 14). Over 92% of global air pollution deaths occur in low to 

middle income countries (LMICs). With rapid urbanisation, increasing 

vehicle ownership and poorly enforced air pollution regulation, air quality is 

worsening within many LMICs at an alarming rate (ibid.). 

as Exposure to air pollution is widely linked to the degradation of public 

health, leading to increased incidences of asthma, respiratory disease, 

heart disease and lung cancer. These risks pose a particular threat to the 

young and aging. Due to its different sources and removal processes, air 

pollution concentrations in cities, and the surrounding peri-urban and rural 

areas, are highly heterogeneous with implications for health inequalities 

that are influenced by demography, social inequities, location and 

employment. In the East African context, the multi-scalar and 

interdependent nature of urban air pollution (indoor-outdoor) presents a 

complex landscape for air quality studies and has particularly significant 

impacts on certain vulnerable groups that face a higher risk of poverty and 

social exclusion than others.  
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Despite the well-established link between exposure to indoor and outdoor air pollution and negative health 

impacts, there is paucity of long term, appropriately calibrated data measuring air quality in LMICs. In particular, 

the apportionment of different pollution sources, such as vehicular emissions, industrial sources and dust, to the 

overall pollution burden is often lacking. There is also a lack of evidence as to how these contributions vary from 

urban, peri-urban and to rural environments.  

The key readings highlighted below provide an accessible introduction to emerging issues and debates 

surrounding air quality in low to middle income countries as well as lessons learnt from high income coutries. 

Key Readings 

Reading 1: Landrigan et al. (2017). The Lancet Commission on Pollution and Health. The Lancet. 

http://www.thelancet.com/journals/lancet/article/PIIS0140-6736(17)32345-0/fulltext. 

For decades, pollution and its harmful effects on people’s health, the environment, and the planet have been 

neglected both by Governments and the international development agenda. Yet, pollution is the largest 

environmental cause of disease and death in the world today, responsible for an estimated 9 million premature 

deaths. 

The Lancet Commission on pollution and health addresses the full health and economic costs of air, water, and 

soil pollution. Through analyses of existing and emerging data, the Commission reveals pollution’s severe and 

underreported contribution to the Global Burden of Disease. It uncovers the economic costs of pollution to low-

income and middle-income countries. The Commission will inform key decision makers around the world about 

the burden that pollution places on health and economic development, and about available cost-effective pollution 

control solutions and strategies. 

Reading 2: Harrison et al. (2016). Trends in Local Air Quality 1970–2014. Royal Society of Chemistry. 

http://pubs.rsc.org/en/content/chapter/9781782622178-00058/978-1-78262-076-1. 

Trends in air pollutant emissions from 1970 to the present day are described and discussed for the United 

Kingdom, the United States and China. These are compared with trends in ambient concentrations and the 

similarities and divergences are discussed. There have been notable success stories in terms of reductions in 

smoke and sulfur dioxide concentrations, although the current concentrations are still a matter of concern. 

Concentrations of carbon monoxide and many volatile organic compounds have decreased very substantially in 

recent years. Nitrogen dioxide, particulate matter and ozone still give cause for concern. The trends in the United 

Kingdom and United States are contrasted with those in less developed countries for which China is taken as a 

case study. The trends in emissions and airborne concentrations are reviewed and contrasted with those in the 

more developed world. 

Reading 3: Gaita et al. (2014). Source apportionment and seasonal variation of PM2.5 in a Sub-Saharan African 

city: Nairobi, Kenya. Atmospheric Chemistry and Physics. https://www.atmos-chem-

phys.net/14/9977/2014/acp-14-9977-2014.pdf. 

https://mail.bham.ac.uk/owa/redir.aspx?C=4DVAj6aI8bod_PCQTIX31L_4-OUu5em0zmpancJOwSNsFGdeWznVCA..&URL=https%3a%2f%2fwww.atmos-chem-phys.net%2f14%2f9977%2f2014%2facp-14-9977-2014.pdf
https://mail.bham.ac.uk/owa/redir.aspx?C=4DVAj6aI8bod_PCQTIX31L_4-OUu5em0zmpancJOwSNsFGdeWznVCA..&URL=https%3a%2f%2fwww.atmos-chem-phys.net%2f14%2f9977%2f2014%2facp-14-9977-2014.pdf
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Sources of airborne particulate matter and their seasonal variation in urban areas in Sub-Saharan Africa are 

poorly understood due to lack of long-term measurement data. In view of this, filter samples of airborne particulate 

matter (particle diameter ≤2.5 µm, PM2.5) were collected between May 2008 and April 2010 at two sites (urban 

background site and suburban site) within the Nairobi metropolitan area. A large number of samples were 

collected and analyzed for particulate mass and composition. The average PM2.5 concentration at the urban 

background site was 21 ± 9.5 µg m3, whereas the concentration at the suburban site was 13 ± 7.3 µg m3. The 

daily PM2.5 concentrations exceeded 25 µg m3 (the World Health Organization 24 h guideline value) on 29 % of 

the days at the urban background site and 7 % of the days at the suburban site. The main sources of particulate 

matter pollution in Nairobi were found to be traffic, mineral dust, industry and combustion. Mineral dust and traffic 

factors were related to approximately 74 % of PM2.5. The identified source factors exhibited seasonal variation, 

apart from the traffic factor, which was consistent throughout the sampling period. Weekly variations were 

observed in all factors, with weekdays having higher concentrations than weekends. The results provide 

information that can be exploited for policy formulation and mitigation strategies to control air pollution in Sub-

Saharan African cities. 

Reading 4: Egondi et al. (2016). Measuring exposure levels of inhalable airborne particles (PM2.5) in two socially 

deprived areas of Nairobi, Kenya. Environmental Research. 

https://www.sciencedirect.com/science/article/pii/S0013935116300974. 

Ambient air pollution is a growing global health concern tightly connected to the rapid global urbanization. Health 

impacts from outdoor air pollution exposure amounts to high burdens of deaths and disease worldwide. However, 

the lack of systematic collection of air pollution and health data in many low-and middle-income countries remains 

a challenge for epidemiological studies in the local environment. This study aimed to provide a description of the 

particulate matter (PM2.5) concentration in the poorest urban residential areas of Nairobi, Kenya.  

Real-time measurements of (PM2.5) were conducted in two urban informal settlements of Nairobi City, Kenya’s 

Capital, from February 2013 to October 2013. Sampling took place from early morning to evenings according to a 

fixed route of measurement within areas including fixed geographical checkpoints. The study period average 

concentration of PM2.5 was 166 μg/m3 in the Korogocho area and 67 μg/m3 in the Viwandani area. The results 

show that residents in both slums are continuously exposed to PM2.5 levels exceeding hazardous levels according 

to World Health Organization guidelines. The study showed a marked disparity between the two slum areas 

situated only 7 km apart indicating the local situation and sources to be very important for exposure to PM2.5. 

Reading 5: Crilley at al. (2017). Evaluation of a low-cost optical particle counter (Alphasense OPC-N2) for 

ambient air monitoring. Atmospheric Measurement Techniques. https://www.atmos-meas-tech-

discuss.net/amt-2017-308/amt-2017-308.pdf. 

A fast-growing area of research is the development of low-cost sensors for measuring air pollutants. The 

affordability and size of low-cost particle sensors makes them an attractive option for use in experiments requiring 

a number of instruments such as high density spatial mapping. However, for these low-cost sensors to be useful 

https://www.sciencedirect.com/science/article/pii/S0013935116300974
https://mail.bham.ac.uk/owa/redir.aspx?C=57jstTcIDETpcV9UKCXVjpC8C8cTyuUf9t1CxiwXK3q8WHIBWDnVCA..&URL=https%3a%2f%2fwww.atmos-meas-tech-discuss.net%2famt-2017-308%2famt-2017-308.pdf
https://mail.bham.ac.uk/owa/redir.aspx?C=57jstTcIDETpcV9UKCXVjpC8C8cTyuUf9t1CxiwXK3q8WHIBWDnVCA..&URL=https%3a%2f%2fwww.atmos-meas-tech-discuss.net%2famt-2017-308%2famt-2017-308.pdf
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their accuracy and precision needs to be quantified. A promising low-cost miniature optical particle counter was 

investigated (Alphasense OPC-N2) for monitoring ambient airborne particles at typical urban background sites in 

the UK. The precision of the monitor was assessed by co-locating instruments at a site to investigate the variation 

in measured concentrations. Comparison to multiple certified reference instruments enabled the accuracy of the 

low cost sensor to be evaluated. Comparison to the reference instruments demonstrated reasonable agreement 

for the measured particulate matter mass concentrations.  However, the low cost sensors demonstrated a 

significant positive artefact in measured particle mass during times of high ambient relative humidity and a 

calibration factor was developed. Reasonable inter-unit precision of the low cost sensors was also observed. 

Overall, the low cost sensors were found to provide useful measurements, in good agreement with reference 

instruments, provided they are correctly calibrated and the relative humidity effect is taken into account. In 

summary, the accuracy and precision of the low cost monitors suggests they are suitable for the measurement of 

the spatial and temporal variation in particulate matter pollution. 

Questions to guide reading 

1. How does East Africa’s urbanization trajectory impact upon air quality, and vice versa? 

2. How does socio-economic status relate to air pollution exposure both indoors and outdoors?  

3. What lessons can be learnt from Europe and the US’s clean air acts? 

4. What level of accuracy and precision is required for low cost sensors to be useful? 
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