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Commentary 
Opportunities for the application of low-cost sensors 
in epidemiological studies to advance evidence of 
air pollution impacts on human health

Introduction
Every year, air pollution is associated with more than 7 million 
deaths globally (Forouzanfar et al., 2016). It is one of the 
top environmental health risks in low- and middle-income 
countries (LMICs) (Joubert et al., 2020). Ambient and household 
air pollution (HAP) threaten human health and well-being, 
particularly for vulnerable groups such as infants and children, 
women, people with pre-existing diseases and the elderly 
(Forouzanfar et al., 2016). 

Annually, 3.8 million premature deaths caused by non-
communicable diseases, including stroke, ischaemic heart 
disease, chronic obstructive pulmonary disease (COPD) and 
lung cancer, are attributed to HAP exposure (World Health 
Organisation 2021). While there is good international evidence 
of the health impacts and patterns of air pollution exposure, 
there is less evidence in African countries (Zhang and Smith 
2007; Khilnani and Tiwari 2018). Constrained by various factors, 
such as cost, prioritisation and capacity, air pollution data 
in ambient and household settings are lacking in the African 
context (Wetsman 2018). 

For policy- and decision-makers, and people advocating for 
clean air, including communities themselves, evidence is 
required to understand the severity of Africa's air pollution 
problem and the associated health burden. Data and evidence in 
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a local context are called upon by government and civil society 
alike, for example, when air pollution is suddenly visible in the 
atmosphere or smelt in the air. A case of the latter occurred 
recently when the putrid smell of hydrogen sulphide permeated 
the air in parts of Gauteng and Mpumalanga, South Africa (eNCA 
2021). These occurrences highlight the importance of hard 
evidence and data to understand, explain and call for action, 
and interventions to prevent air pollution and its harmful health 
impacts. 

Until recently, air pollution data were primarily available 
from two sources: ground-based monitoring stations and 
satellites. Both have their strengths and limitations. Ground-
based stations (183 officially listed stations in South Africa) are 
generally sparse and situated in ambient/ outdoor settings and 
do not capture HAP exposure. They typically monitor a variety 
of criteria / regulated pollutants (i.e., PM10, PM2.5, SO2, NO2, O3, 
CO) in air pollution hot spots. Satellite air quality data cover a 
broader geographic area but do not necessarily measure the 
air people breathe on the ground. The integration of satellite 
data with atmospheric and/or statistical models along with 
surface monitored data is necessary to gain a more holistic 
understanding of air pollution exposure (van Donkelaar et al., 
2016).

An exciting and relatively novel solution to air pollution 
monitoring in both ambient and household settings is 
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the concept of low-cost air quality sensors. Drawing on 
technology, connectivity and big data, low-cost sensors have 
several benefits over ground-based stations and satellite-
based instruments. They are (usually) relatively inexpensive 
so that one can create a high-density network in an area of 
interest, say, outdoor and indoor locations in an air pollution 
hotspot. Data can be collected frequently (as often as every 
few seconds) and sometimes in real-time, generating evidence 
at appropriate resolutions in space and time. The higher 
resolution temporal and spatial data 'fill in the gaps' between 
ground-based monitoring stations and can provide data 
for epidemiological studies such as indoor air quality data. 
Researchers can better understand the relationships between 
air pollution concentrations experienced by individuals rather 
than for an entire area/community, and human health impacts 
in micro-environments. In this commentary, we consider the 
current use of low-cost sensors in air quality assessment and 
management, including African examples. We discuss how data 
from low-cost sensors are useful for epidemiological studies to 
inform interventions and ultimately to prevent adverse health 
impacts. In addition, we describe a new project, the South 
African 'Low-Cost Sensor Inter-Comparison Campaign (LCS-SA)' 
to understand the advantages and limitations of using low-cost 
sensors in South African epidemiology.

Low-cost sensors in air quality 
management
The need to better assess and understand air pollution exposure 
where large air quality data gaps exist in developing countries 
has led to large-scale air quality measurement programmes. 
UNEP's "Global Environment Monitoring System for Air (GEMS 
Air)", for example, integrates data from satellites, air quality 
reference monitors and complements these measurements 
with data from low-cost sensors for maximum spatial and 
temporal coverage across the globe (UNEP 2021a, UNEP 2021b). 
The programme promotes global stakeholder engagement and 
collaboration between private and public sectors, academia, 
civil society, and local governments. It builds capacity for the 
use of low-cost sensors to develop evidence-based air quality 
management policies and supports actions for air quality 
management through the elevation of awareness levels in 
developed and developing countries alike (UNEP 2021a). 

Another example is the World Air Quality Index project, which has 
been running since 2007, and provides air quality information 
for more than 130 countries, including South Africa (World Air 
Quality Index Project 2021). 

Studies conducted within Sub-Saharan Africa using low-
cost air quality sensors have demonstrated the feasibility 
and practicality of using in situ low-cost sensors, despite the 
challenges encountered (power outages, SD memory card 
issues, connectivity problems, device safety concerns, as well 
as sensitivity to chemical interference and environmental 
conditions) (Awokola et al., 2020). These data are being used 
to enhance coverage of air pollution-related human health and 
environmental concerns, and for advocacy purposes (Awokola 
et al., 2020; Amegah 2018). Sensors set up by universities, 
schools, and local media organizations are also being used 

to upskill civil society to better understand the quality of the 
air they breathe and to lobby for cleaner air when necessary 
(Desouza et al., 2017). Studies using low-cost sensors in Ghana 
and Nigeria have assessed relationships between air pollution 
exposure and adverse health outcomes, indicating the potential 
of such sensors for health research (Quinn et al., 2017; Alexander 
et al., 2018; Clark et al., 2020).

Though South Africa's ambient air quality monitoring network 
feeds real-time ground-based air quality data for various primary 
pollutants into UNEP's Live "Airvisual" tool (the largest real-
time air quality databank), South Africa's air quality monitoring 
network is biased in location towards large industrial sources 
and their surrounding areas (UNEP 2021c). There is a need for air 
quality data collection beyond this monitoring network, which 
could be critical for health studies. Crucial gaps in air quality 
monitoring efforts exist, especially for HAP, representing a large 
health risk in low-income communities across the country 
where air pollution levels are high and where few ground-based 
monitoring stations are located. Low-cost sensors are a means 
to fill this gap. 

Leveraging air quality data for 
epidemiological studies
In 2020, an international consortium embarked on a project 
to consider leveraging air quality data for high-grade 
epidemiological studies in LMICs. Entitled LEAP-Epi (Leveraging 
Environmental data for Air Pollution exposure assessment 
in Epidemiology), the project is a collaboration between the 
University of Leicester (UK), the South African Medical Research 
Council and the University of the Witwatersrand. To enrich the 
project with specific areas of expertise, additional partners 
have joined LEAP-Epi (e.g., North-West University (NWU) and 
University of the Free State (UFS)). 

The aims of the project are to 1) Perform a comprehensive 
assessment of available global and local air pollution data across 
several study sites in South Africa; 2) Develop a sustainable 
sampling methodology for indoor and outdoor air quality data at 
different levels of exposure in low and middle-income contexts; 
and 3) Build local capacity for air quality research, involve local 
communities in developing sensor deployment and exposure 
mitigation strategies, and contribute evidence for national 
policies. Phase 1 of the project is currently underway and entails 
the LCS-SA Campaign. It is hoped that this study can show the 
value of low-cost sensors in collecting indoor and ambient air 
quality exposure data at an unprecedented scale and duration.

Low-cost sensor inter-comparison 
campaign
Over recent years, the low-cost sensor market has produced 
many instruments, making it difficult for end-users to evaluate 
the sensor's reliability for in-field monitoring. The LCS-SA 
Campaign is coordinated by the SAMRC and NWU in collaboration 
with several low-cost sensor developers and stakeholders. The 
collaboration is unique in that it sees researchers, experts and 
product developers work together to meet one end goal: to 
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evaluate and produce meaningful, user-friendly instruments 
which can be strategically deployed in areas of concern to 
generate credible, repeatable, and reproducible results for 
epidemiological work and effective air quality management. 
End-users range from researchers to civil society, where local 
communities can learn to use the sensors for their benefit and 
to improve local air quality.

Different low-cost sensors measuring a range of pollutants (e.g., 
PM10, PM2.5, SO2, NO2, O3, CO) and meteorological data have been 
co-located and run parallel with reference method instruments. 
Low-cost sensors have been provided by scientific research 
groups, instrument suppliers and instrument manufacturers. 
The instruments have been deployed simultaneously at the 
North-West University Air Quality Monitoring Station at the 
Vanderbijlpark Campus, located in the Vaal Triangle Airshed 
Priority Area (Figures 1 & 2).

Instruments are being operated as per the manufacturer's 
specifications for six months, starting in May 2021.  This period 
spans typical air pollution conditions ranging from periods 
of relatively low air pollution to extreme pollution events.  
The LCS-SA Campaign will provide data and information on 
each sensor's performance relative to each other and to the 
reference instruments in a field setting. Data recovery rates and 
data comparisons will help identify sensor issues such as bias, 
inaccuracies and imprecision, for which correction factors will 
be determined. Finally, user-friendliness will be evaluated.

In conclusion, the deployment of these low-cost sensors 
will supplement ground-based readings and contribute to 
verification exercises when considering satellite data or improve 
understanding of indoor personal exposure. Indicative air 
quality measurements provided by low-cost sensors would go a 
long way in identifying pollution hotspots in local communities, 
thereby empowering civil society.

Conclusion
Despite the known impacts of air pollution on human health, 
research and data are essential to understand its impact on 
mortality and morbidity in South Africa. A narrative review of HAP 
exposure and respiratory health outcomes illustrated significant 
challenges in measuring the exposure variables, namely criteria 
pollutants, both outdoors and indoors (Shezi and Wright 
2018). Instruments to measure exposure tend to be expensive, 
burdensome to wear in the case of personal monitors, and 
labour-intensive to manage. However, the data needed to assess 
the associations between personal air pollution exposure and 
health effects, such as lung function, inflammation, and chronic 
diseases (e.g., Chronic Obstructive Pulmonary Disorder), need 
to be at high resolution and take place where people breathe the 
polluted air (Cattaneo et al., 2010). Moreover, for comparative 
purposes, instruments applied in different studies need to be 
comparable in the data that they generate. 

Finally, we aim to generate good quality data to understand 
the prevalence and distribution of air pollution-related health 
impacts in South Africa to inform the design of effective 
interventions that would decrease pollution associated 
morbidity and mortality at local, provincial, and national scales. 
Low-cost sensors have the potential to generate epidemiological 
evidence to inform policy decisions and evidence-based 
practice.

References
Alexander D.A., Northcross A., Karrison T., Morhasson-Bello O., 
Wilson N., et al., 2018. Pregnancy outcomes and ethanol cook 
stove intervention: a srandomised controlled trial in Ibadan, 
Nigeria. Environ. Int. 111:152-163 https://doi.org/10.1016/j.
envint.2017.11.021.

Amegah, A.K. 2018. Proliferation of low-cost sensors. What 
prospects for air pollution epidemiologic research in Sub-
Saharan Africa? Environ Pollut. https://doi.org/241:1132-1137. 
10.1016/j.envpol.2018.06.044.

Awokola, B., Okello, G., Mortimer, K.J., Jewell, C.P., Erhart, A. and 
Semple, S. 2020. Measuring Air Quality for Advocacy in Africa 
(MA3): Feasibility and Practicality of Longitudinal Ambient PM2.5 

Figure 1:  LCS-SA Campaign set-up at the North-West University Air Quality 
Monitoring Station at the Vanderbijlpark Campus (NWU-Climatology 
Research Group)

Figure 2:  LCS-SA Campaign set-up – various low- and medium cost  air 
quality sensors co-located at the same height on a custum-constructed 
sensor-stand.



4CLEAN AIR JOURNAL 
Volume 31, No 1, 2021

© 2021. The Author(s). Published under a 
Creative Commons Attribution Licence. 

Commentary: Opportunities for the application of low-cost sensors in epidemiological studies Page 4 of 4

Measurement Using Low-Cost Sensors. Int J Environ Res Public 
Health. 3;17(19):7243. https://doi.org/10.3390/ijerph17197243.

Cattaneo, A., Taronna, M., Garramone, G., Peruzzo, C., Schlitt, 
C., Consonni, D. and Vavallo, D.M. 2010. Comparisons between 
Personal and Individual Exposure to Urban Air Pollutants. 
Aerosol Science and Technology. 44(5): 370-379. https://doi.
org/10.1080/02786821003662934. 

Clark S.N., Alli A.S., Brauer M., Ezzati M., Baumgartner J., Toledano 
M.B., Hughes A.F., Nimo J., Bodform Moses J., Terkpertey S., 
Vallarino J., Agyei-Mensah S., Agyemang E., Nathvani R., Muller 
E., Bennett J., Wang J., Beddows A., Kelly F., Barratt B., Beevers S. 
& Arku R.E. 2020. High- resolution spatiotemporal measurement 
of air and environmental noise pollution in Sub-Saharan African 
Cities Study protocol for Accra, Ghana. BMJ Open. 10: e035798. 
https://doi.org/10.1136/bmjopen-2019-035798.

Desouza, P., Nthusi, V., Klopp, J.M., Shaw, B.E., Ho, W.O., Safell, J., 
Jones, R. and Ratti, C. 2017. A Nairobi experiment in using low-
cost air quality monitors. Clean Air Journal. 27(2): 12-42. http://
dx.doi.org/10.17159/2410-972X/2017/v27n2a6.

eNCA. 2021. Badsmall concerns Gauteng Residents. 17 February. 
[WWW Document].  URL https://www.enca.com/life/bad-smell-
concerns-gauteng-residents (accessed 29/03/21).

Forouzanfar, M.H. et al., 2016. Global, regional, and national 
comparative risk assessment of 79 behavioural, environmental, 
and occupational, and metabolic risks or clusters of risks, 
1990–2015: a systematic analysis for the Global Burden of 
Disease Study 2015.Lancet. 2016; 388: 1659-1724. https://doi.
org/10.1016/S0140-6736(16)31679-8.

Joubert B.R., Mantooth S.N., & McAllister K.A. 2020.  
Environmental Health Research in Africa: Important Progress 
and Promising Opportunities. Front. Genet. 10:1166. https://doi.
org/10.3389/fgene.2019.01166.

Khilnani G.C. and Tiwari P. 2018. Air pollution in India and related 
adverse respiratory health effects: past, present, and future 
directions. Curr Opin Pulm Med. 24(2):108-116. https://doi.
org/10.1097/MCP.0000000000000463. 

Quinn A.K., Ae-Ngibise K.A., Kinney P.L., Kaali S., Wylie B.J., 
Boamah E., et al., 2017. Ambulatory monitoring demonstrates an 
acute association between cookstove related carbon monoxide 
and blood pressure in a Ghanaian cohort. Environ. Health. 
16(1):76. https://doi.org/10.1186/s12940-017-0282-9.

Shezi B and Wright, C.Y. 2018. Household air pollution exposure 
and respiratory health outcomes: a narrative review update of 
the South African epidemiological evidence. Clean Air Journal, 
28(1): 43-56. https://dx.doi.org/10.17159/2410-972x/2018/
v28n1a11.

United Nations Environment Programme (UNEP). 2021a. 
Why low-cost sensors? Opportunities and challenges.  [WWW 
Document].  URL https://www.unep.org/explore-topics/air/
what-we-do/monitoring-air-quality/why-low-cost-sensors-
opportunities-and (accessed 29/03/21).

United Nations Environment Programme (UNEP). 2021b. GEMS 
Air Strategic Pan.  [WWW Document].  URL https://www.unep.
org/explore-topics/air/what-we-do/monitoring-air-quality/
gems-air-strategic-plan (accessed 29/03/21).

United Nations Environment Programme (UNEP). 2021c. 
Multilateral Environmental Agreements. Air Pollution.  [WWW 
Document].  URL https://wesr.unep.org/airvisual (accessed 
29/03/21).

Van Donkelaar A., Martin R. V., Brauer M., Hsu N. C., Kahn R. 
A., Levy R. C., Lyapustin A., Sayer A. M. & Winker D. M. 2016. 
Global Estimates of Fine Particulate Matter Using a Combined 
Geophysical-Statistical Method with Information from Satellites, 
Models, and Monitors. Environ. Sci. Technol. 50 (7): 3762– 3772. 
https://doi.org/10.1021/acs.est.5b05833. 

Wangui, I. 2019. Air quality sensors air coverage of health and 
environment in Africa. International Center for Journalists, 29 
July.  [WWW Document].  URL https://www.icfj.org/news/air-
quality-sensors-aid-coverage-health-and-environment-africa 
(accessed 29/03/21).

Wetsman, N. 2018. Air-pollution trackers seek to fill Africa's data 
gap. Nature News. 11 April.   [WWW Document].  URL https://www.
nature.com/articles/d41586-018-04330-x (accessed 29/03/21).

World Air Quality Index project. 2021. About the World Air 
Quality Index project.  [WWW Document].  URL https://aqicn.org/
sources/ (accesses 29/03/21).

World Health Organisation. 2021. Fact Sheet: Air Pollution.  
[WWW Document].  URL https://www.afro.who.int/health-topics/
air-pollution (accessed 29/03/21).

Zhang, J.J. and Smith, K.R. 2007. Household Air Pollution 
from Coal and Biomass Fuels in China: Measurements, Health 
Impacts, and Interventions. Environmental Health Perspectives. 
116(6): 848-855. https://doi.org/10.1289/ehp.9479.

Acknowledgements
The Climatology Research Group in the Unit for Environmental 
Science and Management at the North-West University: A. 
Richter, D. Kristensen, V. Wepener, G. Botha, R. du Preez.

M.D. Tobin is supported by a Wellcome Trust Investigator Award 
[WT202849/Z/16/Z] and holds an NIHR Senior Investigator 
Award. The funders had no role in study design, data collection 
and analysis, decision to publish, or preparation of the 
manuscript.

This work was supported in part by Royal Academy of 
Engineering GCRF grant FF\1920\1\52.  A. Hansell, J. Gulliver 
and J. Vande Hey acknowledge funding from the NIHR HPRU 
in Environmental Exposures and Health at the University of 
Leicester.


