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Introduction 

Fritz Et Al. (2019) say that traditional data sources may not be sufficient for measuring the United Nations                  

Sustainable Development Goals (SDGs).1 It is therefore critical to develop new and non-traditional data              

sources that enable practitioners to reach out to as many communities as possible and widen their impact                 

within a shorter period of time. Traditional environmental monitoring stations are also expensive to acquire               

and maintain and are therefore very sparsely deployed (Concas Et Al., 2019).2 Non-traditional methods, like                

citizen-driven projects, when well organized and utilized, can obtain or manage scientific information at levels               

unattainable by individual researchers or research teams.3 It is evidently visible that over time citizen science                

has evolved to mobilize ordinary citizens in information development, social action and justice, and              

large-scale information gathering (Eiztel Et Al. 2017).4 Citizen science now provides an avenue to              

complement and ultimately improve the SDG reporting process (Fritz, S.,Et Al.   2019).5  

The concept of ‘citizen science’ and its practitioners have been defined in different ways and terms. Shanley,                 

Hulbert and Auerbach (2019) list 34 different definitions at https://github.com/lshanley/CitSciDefinitions.          

Some of these definitions are:6 

The Australian Citizen Science Association definition of ‘citizen science:’ that which involves public             

participation and collaboration in scientific research to increase scientific knowledge. It is a great way to                

harness community skills and passion to fuel the capacity of science to answer our questions about the world                  

and how it works (Shanley Et Al., 2019),7  

UNESCOs definition: the participation of a range of non-scientific stakeholders in the scientific process. At its                

most inclusive and most innovative, citizen science involves citizen volunteers as partners in the entire               

scientific process, including determining research themes, questions, methodologies and means of           

disseminating results (Shanley Et Al., 2019).8 

A citizen scientist is thus best described as a volunteer (not necessarily an expert) who collects data as part of a                     

scientific inquiry (Silvertown, 2009).9 Thousands of citizen science projects have engaged millions of             

1Fritz, S., See, L., Carlson, T. Et Al. Citizen science and the United Nations Sustainable Development Goals. Nat Sustain 2, 922–930 (2019). 
https://doi.org/10.1038/s41893-019-0390-3  
2 Concas, F., Et Al. (2019). A Gap Analysis of Low-Cost Outdoor Air Quality Sensor In-Field Calibration. ArXiv, abs/1912.06384. 
3 Bonney, R. (2014, March 28). Next Steps for Citizen. Science. Bonney, R. (2014, March 28). Next Steps for Citizen. Science. Bonney, R. (2014, 
March 28). Next Steps for Citizen. Science. Bonney, R. (2014, March 28). Next Steps for Citizen. Science. 
https://science.sciencemag.org/content/343/6178/1436.summary 
4Eitzel, M. V., Et Al.  (2017). Citizen Science Terminology Matters: Exploring Key Terms. Citizen Science: Theory and Practice, 2(1), 1. 
https://doi.org/10.5334/cstp.96 
5Fritz, S.,Et Al.  (2019). Citizen science and the United Nations Sustainable Development Goals. Nature Sustainability, 2(10), 922–930. 
https://doi.org/10.1038/s41893-019-0390-3 
6Eitzel, M. V., Et Al.  (2017b). Citizen Science Terminology Matters: Exploring Key Terms. Citizen Science: Theory and Practice, 2(1), 1. 
https://doi.org/10.5334/cstp.96 
7 Shanley, L. A., Hulbert, J., & Auerbach, J. (2019). Definitions of Citizen Science. GitHub. https://github.com/lshanley/CitSciDefinitions 
8 Shanley, L. A., Hulbert, J., & Auerbach, J. (2019). Definitions of Citizen Science. GitHub. https://github.com/lshanley/CitSciDefinitions 
9 Silvertown, J. (2009, September 1). A new dawn for citizen science. ScienceDirect. https://linkinghub.elsevier.com/retrieve/pii/S016953470900175X  
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participants in collecting, and in some cases also categorizing, transcribing, and analyzing data (Bonney R, Et                

Al., 2015).10  

There has been an increase in the number of such projects worldwide over the past 20 years. These projects                   

either enlist small armies of participants in categorizing vast quantities of online data or organize small groups                 

of volunteers to tackle local problems (Bonney R, Et Al., 2015).11 

Citizen science can and has been used collectively across neighbourhoods and communities to enable              

individuals to become active participants and stakeholders as they publicly collect, share, and remix              

measurements of their city that matter most to them (Paulos Et Al. 2009).12 However, challenges have been                 

experienced from time to time during the process of combining high levels of data quality with deep citizen                  

engagement and policy influence (Van Brussel, S., & Huyse, H. 2018).13  

 

Fig 1: Traditional and non-traditional data sources available for SDG monitoring and implementation.             

Source Fritz et al, 2019 

10 Bonney, R. (2014, March 28). Next Steps for Citizen. Science. Bonney, R. (2014, March 28). Next Steps for Citizen. Science. Bonney, R. (2014, 
March 28). Next Steps for Citizen. Science. https://science.sciencemag.org/content/343/6178/1436.summary 
11  Bonney, Et Al.  (2015). Can citizen science enhance public understanding of science? Public Understanding of Science, 25(1), 2–16. 
https://doi.org/10.1177/0963662515607406 
12 Paulos, E., Honicky, R. J., & Hooker, B. (2009). Citizen Science. Handbook of Research on Urban Informatics, 414–436. 
https://doi.org/10.4018/978-1-60566-152-0.ch028  
13 Van Brussel, S., & Huyse, H. (2018). Citizen science on speed? Realising the triple objective of scientific rigour, policy influence and deep citizen 
engagement in a large-scale citizen science project on ambient air quality in Antwerp. Journal of Environmental Planning and Management, 62(3), 
534–551. https://doi.org/10.1080/09640568.2018.1428183 
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Utilizing citizen science-driven data collection and evaluation methods for air quality monitoring 

Recent studies highlight that exposure to polluted air can increase the incidents of disease and deteriorate the                 

quality of life (Brienza Et Al.).14 Air quality monitoring has therefore attracted a lot of attention from                 

governments, academia and industry, especially for PM 2.5 due to its significant impact on our respiratory                

systems (Gao et Al., 2016).15 In Africa, recent estimates show that total annual deaths from ambient PM                 

pollution increased by 36% from 1990 to 2013 (from an estimated 180,000 deaths in 1990 to 250,000 deaths in                   

2013). Similarly, annual deaths attributable to household air pollution from solid fuels increased by 18% –                

from 400,000 to 450,000 deaths over the same period (Roy, R., 2016).16 

Due to the high cost of purchase and maintenance of traditional environmental monitoring stations, low-cost               

portable and/or mobile air quality sensors can be deployed at a finer level of granularity (Deep AI, 2019,                  

December 13).17 A growing number of companies have started commercializing low-cost sensors to enable the               

monitoring of outdoor and indoor air pollution (Karagulian Et Al., 2019).18 It is now possible to find hundreds                  

of low-cost sensors available on the market with costs ranging from several hundred to several thousand euro                 

(Karagulian, 2019).19 These are available to individuals and communities who may have an interest in                

environmental monitoring (Hubbel Et Al., 2016).20 However, the technology is undergoing rapid and             

fragmented evolution, resulting in sensors that have uncertain data quality, measure different air pollutants and               

possess a variety of design attributes (Hubbel Et Al., 2018). 21 

Individuals and communities are therefore involved in monitoring the areas of their interest using these               

low-cost and low-power sensor nodes (Brienza Et Al.).22However, it has also been noted that there hasn’t been                 

enough substantive social science research evaluating why or how sensors, and the sensor data are used, or                 

how the introduction of sensors changes the relationship between communities and air quality managers              

(Hubbel Et Al., 2018).23 It is therefore necessary to develop tools for real-time air quality monitoring, which                 

14 Brienza, S., Galli, A., Anastasi, G., & Bruschi, P. (2015). A Low-Cost Sensing System for Cooperative Air Quality Monitoring in Urban Areas. 
Sensors, 15(6), 12242–12259. https://doi.org/10.3390/s150612242  
15 Mosaic: A low-cost mobile sensing system for urban air quality monitoring - IEEE Conference Publication. (2016, April 1). Ieeexplore. 
https://ieeexplore.ieee.org/abstract/document/7524478  
16 Roy, R. (2016, September 29). OECD iLibrary | The cost of air pollution in Africa. OECD I-Library. 
http://www.oecd-ilibrary.org/development/the-cost-of-air-pollution-in-africa_5jlqzq77x6f8-en 
17 A Gap Analysis of Low-Cost Outdoor Air Quality Sensor In-Field Calibration. (2019, December 13). DeepAI. 
https://deepai.org/publication/a-gap-analysis-of-low-cost-outdoor-air-quality-sensor-in-field-calibration 
18 Karagulian, F., Et Al.  (2019). Review of the Performance of Low-Cost Sensors for Air Quality Monitoring. Atmosphere, 10(9), 506. 
https://doi.org/10.3390/atmos10090506  
19 Karagulian, F., Et Al. (2019). Review of the Performance of Low-Cost Sensors for Air Quality Monitoring. Atmosphere, 10(9), 506. 
https://doi.org/10.3390/atmos10090506  
20 Hubbell, B. J., Kaufman, A., Rivers, L., Schulte, K., Hagler, G., Clougherty, J., Cascio, W., & Costa, D. (2018). Understanding social and behavioral 
drivers and impacts of air quality sensor use. Science of The Total Environment, 621, 886–894. https://doi.org/10.1016/j.scitotenv.2017.11.275  
21 Hubbell, B. Et Al. . (2018). Understanding social and behavioral drivers and impacts of air quality sensor use. Science of The Total Environment, 621, 
886–894. https://doi.org/10.1016/j.scitotenv.2017.11.275  
22 Brienza, S., Galli, A., Anastasi, G., & Bruschi, P. (2015). A Low-Cost Sensing System for Cooperative Air Quality Monitoring in Urban Areas. 
Sensors, 15(6), 12242–12259. https://doi.org/10.3390/s150612242  
23 Hubbell, B. J., Et Al. (2018). Understanding social and behavioral drivers and impacts of air quality sensor use. Science of The Total Environment,                        
621, 886–894. https://doi.org/10.1016/j.scitotenv.2017.11.275 
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will then allow for appropriate, timely and applicable environmental and health policies and decisions (Brienza               

Et Al.).24 

It is, however, known that why and how individuals and communities choose to use sensors is influenced by                  

their social context. The experiences of a community with environmental exposures and health effects and               

related interactions with industry and government does affect trust in traditional air quality monitoring              

(Hubbel Et Al., 2018). 

Low-Cost Monitors to measure PM 2.5 in Sub Saharan Africa 

In Africa, urban outdoor air pollution is responsible for an estimated 49,000 premature deaths annually, with                

the main burden borne by Sub Saharan African (SSA) countries (Schwela, Dieter. 2012).25 Studies have found                

severe PM2.5 pollution and numerous diseases related to PM2.5 on the continent. Concurrently, the lack of                

local PM2.5 standards hinders the control of air pollution in the region while information on ambient air                 

pollution within SSA is evidently scarce  (Awokola, B. I., Et Al.  2020).26  

Awokola Et Al. (2020) evaluated the feasibility and practicality of longitudinal measurements of ambient              

PM2.5 using low-cost air quality sensors (Purple Air-II-SD) across thirteen locations in seven countries in               

SSA.  

This data was collected for over 30 days with the intention of assessing the efficiency of its recovery rate and                    

to identify challenges that users experienced at different locations. 

The results found were::  

● The median data recovery rate was 94% (range: 72% to 100%).  

● The mean 24 h concentration measured across all sites was 38 µg/m3  

● The highest PM2.5 period average concentration of 91 µg/m3 measured in Kampala, Uganda  

● Lowest concentrations of 15 µg/m3 measured in Faraja, The Gambia.  

Kampala in Uganda and Nnewi in Nigeria recorded the longest periods with concentrations >250 µg/m3.  

Some of the challenges they faced as a research team included power outages, SD memory card issues,                 

internet connectivity problems and device safety concerns. 

The study concluded that this was a good demonstration of the feasibility of establishing a network of low-cost                  

devices to provide data on local PM2.5 concentrations in SSA countries.  

24 Brienza, S., Galli, A., Anastasi, G., & Bruschi, P. (2015). A Low-Cost Sensing System for Cooperative Air Quality Monitoring in Urban Areas. 
Sensors, 15(6), 12242–12259. https://doi.org/10.3390/s150612242  
25 “Schwela, Dieter. 2012. Review of Urban Air Quality in Sub-Saharan Africa Region : Air Quality Profile of SSA Countries. World Bank, 
Washington, DC. © World Bank. https://openknowledge.worldbank.org/handle/10986/26864 License: CC BY 3.0 IGO.” 
26 Awokola, B. I., Et Al.  (2020). Measuring Air Quality for Advocacy in Africa (MA3): Feasibility and Practicality of Longitudinal Ambient PM2.5 
Measurement Using Low-Cost Sensors. International Journal of Environmental Research and Public Health, 17(19), 7243. 
https://doi.org/10.3390/ijerph17197243 
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Such data are crucial to raising public, societal and policymaker awareness on air pollution across SSA                

(Awokola Et Al., 2020). 27 

Utilizing Innovation and Technology to improve Evaluation of Air Quality with low-cost sensors 

Evaluation of Portable Air Quality Monitors 

The field of ‘small air quality sensors’ or low-cost sensors (as defined earlier on) continues to develop growing                  

interest within the scientific community. low-cost sensors have the dual advantage of having influence at both                

improving air pollution monitoring as well as their use for personal exposure quantification (Languille, Et Al.,                

2020).28  

Some studies indicate that low-cost sensors are unstable with highly variable performances and may be               

affected by atmospheric conditions (Karagulian, 2019).29 For this reason, the sensors must be rigorously              

assessed before deployment, according to the intended use (Languille, Et Al., 2020).30  

A study done by Languille Et Al. (2020) published in the paper A methodology for the characterization of                  

portable sensors for air quality measure with the goal of deployment in citizen science attempted to quantify                 

personal exposure to air pollutants by using portable sensors measuring PM, BC, NO2 and O3.  

The dedicated testing protocol that was used included: 

●  static ambient air measurements compared with reference instruments,  

● controlled chamber and mobility tests,  

● reproducibility evaluation.  

Three sensors (AE51, Cairclip and Canarin) were retained to be used for the field campaigns. The reliability of                  

their performances was robustly quantified by using several metrics. These three devices were deployed to be                

worn by volunteers for a week.  

The results showed the ability of these sensors to discriminate between different environments (i.e., cooking,               

commuting or in an office) and this demonstrated two important outcomes: 

1. The ability of the three selected sensors to deliver data reliable enough to enable personal exposure                

estimations,  

2. The robustness of this testing methodology. 

27 Awokola, B. I., Okello, G., Mortimer, K. J., Jewell, C. P., Erhart, A., & Semple, S. (2020). Measuring Air Quality for Advocacy in Africa (MA3): 
Feasibility and Practicality of Longitudinal Ambient PM2.5 Measurement Using Low-Cost Sensors. International Journal of Environmental Research 
and Public Health, 17(19), 7243. https://doi.org/10.3390/ijerph17197243  
28  Languille, B., Gros, Et Al.  (2020). A methodology for the characterization of portable sensors for air quality measure with the goal of deployment in 
citizen science. Science of The Total Environment, 708, 134698. https://doi.org/10.1016/j.scitotenv.2019.134698 
29 Karagulian, F., Et Al. (2019). Review of the Performance of Low-Cost Sensors for Air Quality Monitoring. Atmosphere, 10(9), 506. 
https://doi.org/10.3390/atmos10090506 
30  Languille, B.,Et Al.  (2020). A methodology for the characterization of portable sensors for air quality measure with the goal of deployment in citizen 
science. Science of The Total Environment, 708, 134698. https://doi.org/10.1016/j.scitotenv.2019.134698 
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Other examples of best practice calibration methods for low costs sensors are seen further in this paper.  

New Prediction Methodologies at Zindi Air Quality Challenge 

One of the few positive consequences of travel restrictions and the industry downturn in 2020 was a temporary                  

reduction in air pollution (Shrestha, 2020)31. This made skies cleaner and clearer (Singh Et Al., 2020).32 The                 

Zindi Air Quality Challenge attempted to dig deeper into the data, to find ways to track air quality and its                    

changes in places without ground-based sensors. Weather data and daily observations were collected from the               

Sentinel 5P satellite tracking various pollutants in the atmosphere. The goal of the challenge was to use the                  

weather data and daily observations to predict PM2.5 particulate matter concentration every day for each city                

(Zindi, 2020).33 Participants used different modeling methods in the challenge and there were some successful               

outcomes.  

The winning solution by devnikhilmishra is available on GitHub. It was put to the test and it emerged that                   

when they plotted the winning model’s predictions against the ‘true’ values from a sensor in a location that                  

was not provided in the training set, there was a close match with the sensor data for both a large city and                      

smaller town. The large city used in this case was London and the smaller city was Worcester, in South Africa                    

(Zindi, 2020).34 Third place Helmi Klai from Tunisia used an ensembling of two catboost models, one before                 

adding aggregations features and the second after that. And this works very well with this data. He also used                   

PCA for adding new features. 

As an outcome of the competition, the Zindi community were able to build models that accurately predict air                  

quality in cities and towns across Africa, filling in the blanks where there are no air quality sensors. 

Cross Sectoral Air Quality Monitoring in Urban Areas 

Mosaic and PM 2.5 monitoring, China 

Mosaic is a low-cost urban PM2.5 monitoring system based on mobile sensing (Gao, Et Al., 2016).35  

Gao, et Al., 2016, used a small number of air quality monitoring nodes and deployed them on city buses to                    

measure air quality. 

31 Shrestha, A. M. (2020, April 18). Lockdown caused by COVID-19 pandemic reduces air pollution in cities worldwide. Earth ArXiv.                    
https://eartharxiv.org/repository/view/304/ 
32Singh, A., Pope, F., & Avis, W. R. (2020, June 4). Visibility study of Nairobi, Kampala and Addis Ababa reveals big air pollution problems. The 
Conversation. https://theconversation.com/visibility-study-of-nairobi-kampala-and-addis-ababa-reveals-big-air-pollution-problems-138967  
33A. (2020). abofficial444/Urban-Air-Pollution-Challenge-by-ZindiWeekendz. GitHub. 
https://github.com/abofficial444/Urban-Air-Pollution-Challenge-by-ZindiWeekendz 
34Zindi. (2020, May 25). Zindi solutions: A useful open-source model of urban air quality for Africa. Medium. 
https://zindi.medium.com/zindi-solutions-a-useful-open-source-model-of-urban-air-quality-for-africa-709a5b15f107 
35 Y. Gao Et Al., "Mosaic: A low-cost mobile sensing system for urban air quality monitoring," IEEE INFOCOM 2016 - The 35th Annual IEEE 
International Conference on Computer Communications, San Francisco, CA, 2016, pp. 1-9, doi: 10.1109/INFOCOM.2016.7524478. 
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To address the problem of current sensors being vulnerable to airflow disturbance on moving vehicles, they                

built their air quality monitoring nodes, Mosaic-Nodes, with a novel constructive airflow-disturbance design             

based on a carefully tuned airflow structure and a GPS-assisted filtering method. 

Further, the buses used for system deployment were selected by a novel algorithm which achieves both high                 

coverage and low computation overhead. 

The collected sensor data was also used to calculate the PM 2.5 of locations without direct measurements by                  

an existing inference model. 

They applied the Mosaic system in a testing urban area which included more than 70 point-of-interests. 

The results showed that the Mosaic system can accurately obtain urban air quality with high coverage and                 

low-cost. 

Air Pollution Monitoring Around Residential and Transportation Sector Locations in Lagos Mainland 

Industrialization and urbanization, while associated with increased productivity, are also potential causes of             

increased air pollution. Urban air quality has the potential to affect the health and wellbeing of residents of                  

urban areas. 

A study investigated the levels of air pollutants around residential areas and transport sector locations (TSLs)                

in Lagos, Nigeria. Residential areas were defined as areas around inner streets and living quarters, while TSLs                 

included busy roads, dual carriage roads, bus stops and major car parks in the Yaba Local Council                 

Development Area of Lagos Mainland, Nigeria. 

Air quality parameters were assessed in situ using calibrated hand-held devices at selected residential and               

TSLs. Each sampling location was geo-referenced and concentrations of the various parameters were used to               

plot distribution maps. 

Most assessed air quality parameters were significantly higher around bus stops (P < 0.05), except for CO and                  

humidity. Besides, PM10 and PM2.5 were much higher than the World Health Organization (WHO) guidelines.               

The results indicated that the quality of air (particulate matter) in the study area was poor, especially in the                   

TSLs. 

Researchers concluded that The Federal Ministry of Environment ought to create policies to address urban air                

pollution, taking into consideration long term exposures and people that are most vulnerable within the               

population (Obanya, H. E. 2018).36 

36Obanya, H. E. (2018, September 1). Air Pollution Monitoring Around Residential and Transportation Sector Locations in Lagos Mainland | Journal of 
Health and Pollution | Allen Press. J H & P. Obanya, H. E. (2018, September 1). Air Pollution Monitoring Around Residential and Transportation Sector 
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Fig 2: Map showing the Study area in Lagos Source: Obanya, H. E. (2018, September 1) 

Bottom-Up Approaches in Community Based Monitoring  

Sensors.Africa: Working with Neighbourhood Communities for Cleaner Air in Kenya 

Code for Africa runs the sensors.AFRICA project that deploys monitors and collects air quality data across the                 

continent. Several low-cost air quality sensors have been deployed in different cities to collect data on                

particulate matter 2.5, 10, carbon monoxide and nitrous oxides (Oduguwa, A. 2018).37 This data can be used                 

by the media, citizens, civic watchdogs and governments to push for regulations that will ensure cleaner air,                 

and for people living in polluted environments to take action to protect themselves (Tessy, J. 2019, February                 

3).38  

Locations in Lagos Mainland | Journal of Health and Pollution | Allen Press. J H & P. 
https://meridian.allenpress.com/jhp/article/8/19/180903/131577/Air-Pollution-Monitoring-Around-Residential-and 
37 Oduguwa, A. (2018, May 20). Monitoring Air Quality in African Cities Through Low Cost Air Pollution Centers . Medium. 
https://medium.com/code-for-africa/monitoring-air-quality-in-african-cities-through-low-cost-air-pollution-centers-84f2082c8ebd 
38 Tessy, J. (2019, February 3). Code for Africa using Tech for Environmental Good . NBO Legal Hackers. 
https://nbo.legalhackers.org/2019/02/code-africa-using-tech-environmental-good/ 
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In this regard, Code for Africa partnered with communities who face air pollution challenges. One case study                 

of interest is the engagement with residents from Syokimau in Machakos County, Kenya. Syokimau is a                

middle-income neighbourhood, home to more than 5,000 people, many of them staying in two- or               

three-bedroom apartments. However, there are several factories - among them a steel mill, a cement               

manufacturing plant and an asphalt factory - dotted across the community, sitting close to residential blocks                

(Serwanjja, B. S. 2019).39 Citizens here have been gravely affected by air pollution from these industrial                

factories.  

Two of the most affected residential areas are Bustani Villas and Sawada Villas. Residents have been in uproar                  

after the establishment of a steel mill within close range of their house, Endmor Steel Mill. After several                  

complaints to the authorities and failed attempts at the National Environment Tribunal, the residents teamed up                

with Code for Africa and deployed low cost sensors to help investigate the problem. The residents then                 

launched a social media campaign where they shared the data gathered from the monitors. Using screenshots                

they would tag different authorities. This led to a slight reduction in the stench for a while as it gained the                     

attention of the leaders and authorities who had ignored them until then. 

An investigative media campaign was later launched, starting with an online survey among the residents to get                 

a feel of how many were really affected. Within a day, over 50 people had responded, with 70% admitting that                    

they had developed respiratory illnesses. One person had lost his daughter due to respiratory illness and had a                  

son admitted in hospital. Many residents admitted keeping their windows shut throughout and discouraged              

their children from playing outside as they would to fall sick when they did.  

After deploying the sensors, the team spent some time observing the activities of the factory. They noted that                  

during the day there the emissions were not clear and this was reflected on the sensors with readings of PM 2.5                     

at 12.5mg/cm3 against recommended 20mg/cm3 and PM 10 at 40.5mg/cm3 against recommended            

50mg/cm3. At night, however, all this changed as there were visible emissions and the readings increased as                 

the night progressed. PM 2.5 increased to 36.5 mg/cm3 later at night 115 mg/cm3 while PM 10 increased to                   

99.2mg/cm3 later at night 153 mg/cm3 (Citizen TV - Kenya. 2020, July 12).40  

Code for Africa also teamed up with different journalists to feature the air pollution challenges that these                 

residents were facing. BBC did a feature article while Citizen TV Kenya did a prime time feature. The feature                   

got a lot of attention and was the leading trend on social media that night. This led to a leading radio station,                      

Spice FM, questioning the authorities on air about this situation in Syokimau. Among those who were                

questioned were the Governor of Machakos County who stated on air that he had ordered his officers to close                   

the factory immediately pending investigations from his environment department (SpiceFM. 2020, August            

39 Serwanjja, B. S. (2019, December 5). Kenya pollution: How air sensors are helping people fight pollution. BBC News. 
https://www.bbc.com/news/world-africa-50647465 
40 Citizen TV - Kenya. (2020, July 12). | WE CAN’T BREATHE | The plight of Syokimau residents in the face of air pollution [Part 1] 
[Video]. YouTube. https://www.youtube.com/watch?v=Wm6xlPEPNGI 
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4).41 He openly admitted that there is a lot of impunity that has led to such cases, as well as broken systems                      

and structures, citing that in this case the National Environment Management Authority had been stopped from                

closing the factory by a court order and this was not the only case. 

Mathare and Mukuru, informal Settlement in Nairobi, Kenya 

Sub-Saharan Africa hosts the highest number of urban slum households in the world with an estimated 60 to                  

70% of urban residents living in slums (Darkey, D., & Kariuki, A. 2013).42 Poor air quality is a growing                   

problem within these neighbourhoods (Ngo, N. S., Kokoyo, S., & Klopp, J. 2017).43 Researchers have used                

citizen science approaches to explore personal exposure to air pollution of selected informal settlement              

dwellers in Nairobi, Kenya (West, S. et al, 2020).44 

 

Within Nairobi’s poorer neighbourhoods, participatory approaches towards air quality monitoring have been            

used. Two good examples include Nairobi’s Mathare Settlement and Mukuru Kwa Njenga Settlement. The              

residents in these areas are at a high risk of suffering from the effects of both ambient and household air                    

pollution (Ngo, N. S., Kokoyo, S., & Klopp, J. 2017).45 

A study by Ngo, Kokoyo and Klopp in 2017 collaborated with a community-based organization to do                

interviews, focus group discussions and hold a community forum on air quality. The study aimed at assessing                 

health risk perceptions of air pollution for civic-minded residents in Mathare. PM2.5 was also measured and                

the data presented at the community forum and focus group discussions.  

The process helped residents understand air pollution with an immediate outcome of them attempting to take                

the necessary measures to improve their environment where they could. The participation enabled the residents               

to understand the impact and hazards of bad air quality and helped them develop responsive locally driven                 

strategies.  

The Stockholm Environment Institute (SEI) ran an air quality monitoring project in Mukuru settlement from               

July to December 2015 with the intention of: 

● Performing a pilot study on monitoring of indoor and outdoor PM levels use personal mobile monitors                

in a key informal settlement of Nairobi (Mukuru) using six ‘community champions’ selected to              

represent different ages, genders and occupations from within the informal settlement; and 

41 SpiceFM. (2020, August 4). Syokimau Residents Vs Pollutant Neighbour | Dr. Alfred Mutua, Governor, Machakos County[Video]. 
YouTube. https://www.youtube.com/watch?v=Ds_P7rN_Co0 
42 Darkey, D., & Kariuki, A. (2013). A Study on Quality of Life in Mathare, Nairobi, Kenya. Journal of Human Ecology, 41(3), 207–219. 
https://doi.org/10.1080/09709274.2013.11906569  
43 Ngo, N. S., Kokoyo, S., & Klopp, J. (2017). Why participation matters for air quality studies: risk perceptions, understandings of air pollution and 
mobilization in a poor neighborhood in Nairobi, Kenya. Public Health, 142, 177–185. https://doi.org/10.1016/j.puhe.2015.07.014  
44 West, S. E.,Et Al.  (2020b). Particulate matter pollution in an informal settlement in Nairobi: Using citizen science to make the invisible visible. 
Applied Geography, 114, 102133. https://doi.org/10.1016/j.apgeog.2019.102133 
45 Ngo, N. S., Kokoyo, S., & Klopp, J. (2017). Why participation matters for air quality studies: risk perceptions, understandings of air pollution and 
mobilization in a poor neighborhood in Nairobi, Kenya. Public Health, 142, 177–185. https://doi.org/10.1016/j.puhe.2015.07.014  

11 



 

● Working with the community champions to communicate about the results of the study to other               

residents, policy-makers including local government officials, and other researchers working in the            

area (SEI, 2018).46 

Residents are exposed not only to factory emissions at home, but also at the workplace as many work in the                    

nearby industries and along the streets. Most industries operate 24 hours a day, thus exposing residents to                 

smoke non-stop. Researchers worked with a team of 20 community members who were monitoring air               

pollution in their neighbourhoods. 

Whereas community members reported that the burning of biomass fuels or kerosene was the main source of                 

indoor pollution, the open burning of waste, just like factory emissions were also reported as one of the major                   

sources of air pollution outdoors. 

West, S et Al., 2020 explained the three interlinked methods that were used:47 

1) a personal mobile exposure monitoring campaign in which individual workers used Dylos monitors to               

measure variations in their exposure to fine particulate matter (PM2.5) within the settlement over the course of                 

a day, 

2) a questionnaire conducted before and after the monitoring campaign to assess any changes in knowledge or                 

attitude in the wider community, and 

3) two workshops, which facilitated the citizen science approach and brought together members of the                

community, local policymakers and researchers. 

The output of the study noted a significant difference in PM2.5 exposure between individual workers,               

partially explained by spatial differences in concentration within the settlement.  

The three elements of the study provided the local community, policymakers and scientists with new insights                

into the challenges that air pollution poses for human health in such settlements, and opportunities for                

exploring how to monitor, mitigate and avoid these pollutants using a citizen science approach.  

Another key output closely related to this research was the declaration by the Nairobi City County                

Government of Mukuru as a Special Planning Area (SPA) in March 2017. This enabled the neighbourhood to                 

be given special attention regarding development and the environment, and a plan was developed in that                

regard. The plan is currently being implemented by the National Government through the Nairobi              

Metropolitan Services.  

46 Stockholm Environment Institute. (2018, March 12). Citizen Science and Air Pollution. SEI. 
https://www.sei.org/projects-and-tools/projects/citizen-science-and-air-pollution/ / 
47 West, S. E., et Al. (2020b). Particulate matter pollution in an informal settlement in Nairobi: Using citizen science to make the invisible visible.                        
Applied Geography, 114, 102133. https://doi.org/10.1016/j.apgeog.2019.102133 
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The study also brought out the importance of holding discussions and sharing of results at the local level as                   

well as at a wider policy level for advocacy to improve air quality (Ngo, N. S., Kokoyo, S., & Klopp, J.                     

2017).48 

Community based participation and Education: Open Cities Lab (Previously known as Open Data             

Durban), South Africa 

Open Cities Lab is a non-profit organisation established by a group of citizens with the desire to serve the                   

common good through the advancement of transparency.  

In 2019 they ran a project that involved installing air quality sensors on schools within marginalised                

communities and working with learners to engage with the data these sensors produce as well as write                 

journalistic articles using this information. The project was driven by some of the air quality challenges in                 

Durban's poorer residential areas, where communities are most affected by bad air quality. An example is the                 

South Durban Basin (SDB) residential area that experiences several environmental impacts and conflicts with              

detrimental effects on people's health, especially air pollution caused by emissions from nearby industries.49 A               

2011 report indicated that South Durban residents had complained about pollutant emissions but little had been                

done about it. Monitoring was also reported to be done very poorly, or not done at all.50  

This project involved installing weather stations and teaching students how to use and interpret the resultant                

data for the purpose of sparking active young citizens who can take issues forward in their community. 

A tech team built and installed the sensors and put together a data platform. The engagement team handled the                   

delivery by engaging schools, recruiting mentors and facilitators as well as designing student sessions. Two               

schools in low income communities that experience poor air quality were involved: Sithengile and St.               

Theresa’s. Project champions were engaged from the staff for buy-in. Data journalism clubs were included so                

as to document the experiences and outputs. Other partners were involved to bring about a more professional                 

output like Hawu (a science outreach initiative at University of Kwa Zulu Natal), who helped recruit 6 menors                  

to facilitate workshops and Durban University of Technology to recruit journalism students. An activist group,               

South Durban Community Environmental Alliance (SDCEA) was also contacted to be part of the engagement               

(McManus, S. 2018).51 

48 Ngo, N. S., Kokoyo, S., & Klopp, J. (2017). Why participation matters for air quality studies: risk perceptions, understandings of air pollution and 
mobilization in a poor neighborhood in Nairobi, Kenya. Public Health, 142, 177–185. https://doi.org/10.1016/j.puhe.2015.07.014 
49 Jaggernath, J. (2020, February 10). Environmental conflicts in the South Durban Basin –. ACCORD. 
https://www.accord.org.za/ajcr-issues/environmental-conflicts-in-the-south-durban-basin/ 
50 Sanpath, A. (2011, October 29). Durban fails to monitor air pollution levels . IOL. 
https://www.iol.co.za/news/durban-fails-to-monitor-air-pollution-levels-1167423 
51 McManus, S. (2018, September 13). Citizen Sensors | Project Kick-off - Open Cities Lab. Medium. 
https://medium.com/open-data-durban/project-update-citizen-sensors-147f7faf69a4 
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Five sessions were planned, one introductory session in the beginning, and four sessions to cover the content.                 

Each session’s theme was geared around the learners being able to broadly answer a question. The session                 

questions are as follows: 

1. What is data journalism? What is air quality monitoring? What is this project about? 

2. What are some of the main issues affecting you and the community around that you feel aren’t                 

right? (a facilitated discussion on hyperlocal issues) 

3. What is air quality? Why do some communities get exposed to more pollution than others? 

4. Why is it important to know how the air and environment around us affects our health? (looking                 

at New York City data) 

5. What is happening in the air around my community? (The good and the bad) 

Each session is broken up into roughly three parts (discussion, writing and some sort of data skill) in order to                    

keep each session format different, dynamic and exciting. For example, a makeshift conference was conducted               

in week 2 and learners highlighted issues that affect them directly. Other activities included pinning up issues                 

with stick paper, developing general themes and voting for top issues. This enabled students to start thinking                 

about community challenges as well as how to turn readily available information into simple visual and                

analysable data.  

Other creative methods were also used in order to assist in helping the learners understand the whole concept                  

of air pollution. This included short film and imagery like graphs, photographs and maps. Descriptive               

discussions were a key part of the learning process where the students were able to link air quality and health                    

through the learning resources. 52 

The second round of the sessions took into account the feedback from the mentors, who shared a few areas                   

where there could be improvement. These were: 

● Making sure that the same mentors facilitate at the same schools throughout the sessions to create a                 

relationship between learners and mentors. 

● More offline sessions that don’t require as much technology and that are more engaging, less               

presentation based sessions. 

 The team opted for more creative methods than using powerpoint. A good example is described below:  

52 McManus, S. (2018b, September 13). Citizens Sensors | Round 1 | Update 1 - Open Cities Lab. Medium. 
https://medium.com/open-data-durban/project-update-citizen-sensors-part-2-f4479e97d4f3 
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There was also a request that they create more engaging and less presentation based sessions. Though this                 

obviously requires more investment in time and materials.One of the ideas we’ve tossed around is to rely more                  

on the mentors to assemble materials and take a more active role in planning the sessions.  

The group also held an ‘Open Data day’ and different project challenges were addressed including hardware,                

firmware and increased citizen engagement.  

Some of the highlights included one of the hosts volunteering to design a case for the sensors that would                   

optimise installs that take better readings, some calibration work on the sensors that were present on the day                  

occupational health and safety scientists from Apex Environmental, modifying the code so that each reading               

was of a sizeable air sample, new volunteers were recruited as attendants built their own sensors which they                  

took home to install.  

The group is looking at how to elevate the project with a sustainable scale. They continue to engage                  

stakeholders to map out how this can be done better and wider. They have also received interest from other                   

institutions like universities and local organizations who are keen on improving the environment around them.               

The team still maintains and monitors the sensors, which are visible on http://sensors.opendata.durban/CS/  

 
Community-based monitoring in Bengaluru  (Bangalore): Deploying monitors at schools and hospitals  

The India National Clean Air Programme (NCAP) aims at reducing air pollution in 100 cities. The goal of the                   

NCAP states that it intends to meet the prescribed annual average ambient air quality standards at all                 

locations in the country in a stipulated time frame (long-term). 

The NCAP has the following Objectives: 

1. To ensure stringent implementation of mitigation measures for prevention, control and abatement of             

air pollution. 

2. To augment and evolve effective and proficient ambient air quality monitoring network across the              

country for ensuring a comprehensive and a reliable database. 

3. To augment public awareness and capacity-building measures encompassing data dissemination and           

public outreach programmes for inclusive public participation and for ensuring trained manpower            

and infrastructure on air pollution.53 

53 Ministry of Environment, Forest & Climate Change Government of India. (2019). NCAP: National Clean Air Programme . 
http://moef.gov.in/wp-content/uploads/2019/05/NCAP_Report.pdf 
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Bengaluru is one of the fastest-growing cities in the country. It is experiencing increased demand for energy,                 

water and transportation while increasing its waste generation. A Greenpeace India report traced air pollution               

levels across multiple states between 2015-16. Out of the 21 cities and towns in Karnataka State where air                  

quality was monitored, Bengaluru had the highest level of air pollution, closely followed by Tumkur (Deccan                

Herald, 18 Nov 2018).54 

Increased deterioration of air quality in Bengaluru has taken a toll on people's health. The particulate matter in                  

the air makes it difficult for many to breathe during winter as it is trapped closer to the ground surface                    

(Chacko, 2018).55 Vehicular emissions, tree cutting, highrise buildings, waste burning as well as dusty              

roadsides are said to be the main causes of this.  

The city only has 10 official ambient air quality monitoring reference stations connected to CPCB (Central                

Pollution Control Board) against a population of over 11 million people (Das. R, 2020).56 

The Global Climate Health Alliance (GCHA), the Health and Environment Alliance (HEAL), and the Healthy               

Air Coalition worked with Clarity to install 30* indicative air quality monitors across Bengaluru in 2019. The                 

network was deployed at strategic locations frequented by vulnerable populations, with an emphasis on              

schools and hospitals, in particular around maternity wards. This was seen as critical so as to emphasise on air                   

quality monitoring from a health perspective other than a technological one.  

Results of the deployment increased awareness among residents/ community members as residents in the              

neighborhood began pushing government stakeholders for change. Examples of these include 

1. The development of Varthur Rising, a civic forum that provides a platform for changemakers,              

empowering local women to take the lead advocating for clean air and government demanding action               

based on the data. 

2. Another group called WhiteField Rising filed cases in the Supreme Court against a polluting graphite               

plant. Through these efforts they have spearheaded action on air pollution, prompting the local              

municipal bodies to implement sweeping vans to mitigate road dust (Goswami K, 2018).57 

3. With the data provided by the Clarity nodes they were able to develop high-resolution, localized maps,                

an essential tool to strategically improve air quality and reduce fine particulate matter. These were               

shared with children and elderly people.  

54 Contributor, D. H. (2020, July 10). Bengaluru situation is grim when it comes to air pollution . Deccan Herald. 
https://www.deccanherald.com/city/life-in-bengaluru/bengaluru-situation-is-grim-when-it-comes-to-air-pollution-859388.html 
55Chacko, B. (2018, November 18). Deteriorating air quality takes toll on people’s health. Deccan Herald. 

https://www.deccanherald.com/city/deteriorating-air-quality-703557.html#:%7E:text=As%20winter%20nears% 
56 Das, R. (2020, October 19). How community-based air quality monitoring is helping Bengaluru fight air pollution . Clarity. 
https://www.clarity.io/blog/community-based-air-quality-monitoring-bengaluru 
57 Goswami, K. [@_Geekays]. (2018, October 24). Kangkan Goswami on Supreme Court tells Graphite India: Congratulations to 
@WFRising and the people of #Whitefield #Bangalore http://ecoti.in/4RXhzY [Tweet]. Twitter. 
https://twitter.com/_Geekays/status/1055119531339857920 
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4. Community members are constantly thinking of ways to use the data from their Clarity network for air                 

quality interventions like identifying pollution hotspots, forecasting pollution events, and tracing           

pollutant sources.  

The project is in line with the objective of the NCAP to deploy an air quality monitoring network but brings an                     

additional factor of engaging the community and linking it with health effects. The community is therefore                

more empowered and aware in order to be easily able to work with local governments and authorities to                  

evaluate the effectiveness of air quality policy and make effective interventions and mitigation measures. 

 

  
Fig 3: Active Clarity Node-S generating real-time air quality data in a Bengaluru neighborhood  Source: clarity.io 
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Large Scale Citizen Science Project in Antwerp, Belgium 

 

Fig 4: Map showing the outcomes of the CurieuzeNeuzen Project in Antwerp  

The CurieuzeNeuzen (Flemish for ‘Curious Noses’) experiment is a citizen science project that has actively               

involved the local community in scientific research. In 2016, two thousand citizens were involved in               

measuring the air quality levels on their streetsides in and around Antwerp, Belgium under the guidance of                 

professional scientists (Curieuze Neuzen 2016).58 The citizens were also intensively involved in deliberations              

on possible causes and solutions of Air Pollution (Van Brussel, S., & Huyse, H. 2018).59 The project scientific                  

goals were to Quantitatively map the street-to-street variation in air quality in a large city while Ground                 

truthing for computer models of the dispersion of NO2 concentrations in the city. The project also exhibited                 

Social goals which were to raise awareness of the importance of good urban air quality and Demonstrate that                  

58  Curieuze Neuzen. (2016). Curieuze Neuzen. https://www.CurieuzeNeuzen.eu 
59 Van Brussel, S., & Huyse, H. (2018). Citizen science on speed? Realising the triple objective of scientific rigour, policy influence 
and deep citizen engagement in a large-scale citizen science project on ambient air quality in Antwerp. Journal of Environmental 
Planning and Management, 62(3), 534–551. https://doi.org/10.1080/09640568.2018.1428183 
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citizen science works: collect high quality dataset (Van den Bossche, J., & Meysman, F. (Eds.). 2016,                

December).60 

CurieuzeNeuzen sampled NO2, which is a good indicator for traffic related air pollution. Passive NO2               

samplers called Palmes diffusion tubes were used to conduct the experiment. On 2000 locations, 2 of these                 

low-cost samplers were mounted outside on a v-shaped window sign, more commonly used for advertising               

real estate. 

During the data collection process, they used Palmes diffusion tubes to map NO2 concentrations in the                

ambient air of the streets of Antwerp and to research the influence of road traffic on the city’s air quality.                    

According to https://www.CurieuzeNeuzen.eu, The monitoring system consists of a small plastic tube, 7 – 10               

cm long, with one closed (black) and one open end (yellow, with removable cap). The closed end contains two                   

pieces of gauze (grids), saturated with an absorbent that collects nitrogen dioxide from the surrounding air.                

The gauze filters are doused with a 50% solution of the absorbent TEA (triethanolamine) in acetone before                 

they fit in the tubes. The TEA will convert the absorbed NO2 molecules into nitrite, and then bind these ions in                     

complexes. The saturated and dried gauze will be referred to from now on as ‘gel’. After 4 weeks the tubes                    

were brought to a lab for analysis. The total amount of NO2 collected in the tube’s gel, is a measure of the                      

mean concentration of NO2 in ambient air. To make sure the measurements are correct, two tubes are used                  

and the mean value of those two measurements is used for data analysis61 The tubes function using the                   

principle of molecular diffusion and are mounted with the open end facing downwards for a sample period of                  

one week up to several months. 

The method is cost effective, easy to use and studies have shown that passive monitoring method is readily                  

comparable to the continuous measurements used in reference methods based on chemiluminescence. The             

performance values of these tubes have complied since 1986 with the requirements in the European standard                

NEN-EN-13518 (1, 2 and 3).  

The results showed that the air in a small and busy street can contain twice as much nitrogen dioxide (NO2) as                     

that in a traffic-free street. The areas with the lowest levels of NO2 concentrations were found in vehicle areas                   

like the city park, (30 micrograms of NO2/ m3). The highest concentrations, about 60 micrograms, were                

measured in narrow streets with tall, continuous buildings on both sides of the road (Furiere, A. 2016,).62                 

Multivariate data analysis identified traffic intensity, street geometry and the distance to the ring road as                

significant factors explaining spatial variation. The European limit for NO2 is set at an annual average of                 

40µg/m³. Discussions out of these outcomes were taken to both city and regional levels. The project expanded                 

and now involves over 20,000 volunteer citizens and is possibly one of the largest ever citizen science projects                  

60 Van den Bossche, J., & Meysman, F. (Eds.). (2016, December). he CurieuzeNeuzen citizen science project: large-scale air quality 
mapping of NO2 concentrations in Antwerp, Belgium. Vrije Universiteit Brussel. 
http://www.curieuzeneuzen.eu/wp-content/uploads/2016/12/MAA2016_JorisVandenBossche_CurieuzeNeuzen.pdf 
61 Curieuze Neuzen. (2016). Curieuze Neuzen. https://www.CurieuzeNeuzen.eu 
62 Furiere, A. (2016, October 26). Citizen study shows big differences in air pollution at street level | Flanders Today. Flanders Today. 
http://www.flanderstoday.eu/innovation/citizen-study-shows-big-differences-air-pollution-street-level 
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worldwide in a single city (Tipper, 2018).63 One major outcome included participants recognizing their              

increased awareness, views and behaviour towards air pollution. This also included mobility solutions and city               

planning (Van Brussel, S., & Huyse, H. 2018).64 The project resulted with a unique project,unique               

high-quality dataset. It was also able to gain passive samplers map street-to-street variation and Insights to                

better model air quality from a scientific perspective. At the same time, it made some way through insights for                   

policymakers to improve air quality and raised awareness through active participation and media coverage.              

This is in spite of the fact that Air quality is still a problem with higher levels of exceedances than expected                     

(Van den Bossche, J., & Meysman, F. (Eds.). 2016, December).65 

The CurieuzeNeuzen project is an initiative of the Ringland Academie in cooperation with researchers at the                

University of Brussels (VUB), the University of Antwerp (UAntwerp) and the Research Institute for Work and                

Society at the University of Louvain (HIVA). 

Using Citizen Science for Comparative Studies in Air Quality Monitoring  

Comparative Study of PM 2.5 Between Lagos and Hong Kong 

Zeng, Et Al., 2019 collected fine particulate matter (PM2.5) samples simultaneously at urban sites in Lagos                

(ULG site) and in Hong Kong (TC site) for four consecutive weeks in July and August 2017 to investigate the                    

potential to apply successful pollution control measures from Hong Kong to Lagos. 

The research team also intended to compare chemical characteristics and sources of PM2.5 in the two regions,                 

organic carbon (OC), elemental carbon (EC), water-soluble ions (WSIs), and elements were analyzed for the               

first time.  

The results indicated that: 

1. The total carbon and elements were much more abundant (p < 0.05) at ULG, indicating severer PM2.5               

pollution in Lagos, while levels of WSIs were comparable (p ≥ 0.05) at both sites.  

2. There was a higher correlation coefficient (0.79) between OC and EC but lower OC/EC ratio               

(1.81 ± 0.18) at ULG (TC: 0.48; 3.51 ± 0.60) revealed the dominant role of primary sources in Lagos.  

3. Furthermore, an examination of secondary organic carbon (SOC)/OC ratio implied that only 12 ± 8% of              

OC were attributable to secondary organic formation at ULG whereas 47 ± 9% at TC.  

63 Tipper, S. (2018, April 30). Curious noses measure air quality across Flanders | Flanders Today . Flanders Today. 
http://www.flanderstoday.eu/curious-noses-measure-air-quality-across-flanders 
64 Van Brussel, S., & Huyse, H. (2018). Citizen science on speed? Realising the triple objective of scientific rigour, policy influence 
and deep citizen engagement in a large-scale citizen science project on ambient air quality in Antwerp. Journal of Environmental 
Planning and Management, 62(3), 534–551. https://doi.org/10.1080/09640568.2018.1428183 
65 Van den Bossche, J., & Meysman, F. (Eds.). (2016, December). he CurieuzeNeuzen citizen science project: large-scale air quality                   
mapping of NO2 concentrations in Antwerp, Belgium. Vrije Universiteit Brussel.          
http://www.curieuzeneuzen.eu/wp-content/uploads/2016/12/MAA2016_JorisVandenBossche_CurieuzeNeuzen.pdf 
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Vehicular emissions were found to have contributed the most (32.2 ± 3.18%) at ULG, while secondary              

inorganic aerosols (including secondary SO42− and NO3−) together with regional biomass burning            

(36.5 ± 5.21%) dominated at TC. Sea salt source was significant at both harbour cities.  

Severe primary PM2.5 pollution especially the street-level pollution in Lagos called for effective control              

measures, such as periodical upgrade of fuel and retrofits on vehicles, which have been successfully promoted                

in Hong Kong (Zeng, L Et Al., 2019).66 

 

 

Fig 5: Graphical abstract of the comparative study, Source: Zeng, Et Al. (2019) 

Integration of satellite observations with low-cost air quality monitors: Los Angeles, California;            

Raleigh, North Carolina; and Delhi, India 

NASA runs an air quality citizen science project that makes use of the measurements obtained from their                 

orbiting satellites and ground based low-cost sensors. This project uses citizen engagement with low-cost              

sensors to measure air pollution. Sensors are deployed in different regions with varying levels of air quality:                 

Los Angeles, California; Raleigh, North Carolina; and Delhi, India. The data from the sensors can enable                

NASA to validate and interpret the state of the satellite-derived estimates.  

The Scientific/Project Objectives are:  

1. Understand the relationship between the spatial/temporal variabilities of satellite retrieved column           

aerosol optical depths (AOD) and surface fine particulate matter (PM2.5) concentrations. 

2. Decipher whether low-cost sensors are useful to generate reliable, good-quality, cost-effective           

ground-based data that can inform current (MODIS, VIIRS, GOES-R) and future (e.g., TEMPO,             

MAIA) NASA missions for monitoring surface PM and AQ. 

66Zeng, L., Et Al.  (2019). Comparison of PM2.5 pollution between an African city and an Asian metropolis. Science of The Total Environment, 696, 
134069. https://doi.org/10.1016/j.scitotenv.2019.134069 
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3. Ask whether we can connect with and utilize citizen scientists? Access to data in real time, training                 

and social media. 

At a local level, the project also looks at: 

1. Testing the Purple Air sensors in the Indian condition. 

2. Exploring  the feasibility of these sensors in expanding the ground-based measurements. 

3. Engaging  citizens in hosting these sensors and enhancing awareness. 

4. Evaluating satellite-based PM2.5 estimates in data-scarce regions (e.g. small cities, rural areas,            
background area). 

 
Fig 6: Diagram showing the project process 

The project team evaluated 20 different sensor models and settled on the PurpleAir PA-II. These were tested in                  

the laboratory (SCAQMD) and in the field against US EPA’s FRM and FEM measurements which found                

PurpleAir sensors best in for accuracy and dynamic range. After proper calibration it offered the ideal balance                 

of price and data quality (Doraiswamy, 2018).67 The sensors were calibrated against the CERCA BAM in both                 

the winter season and in the summer season before deployment. 

67 Improving NASA Satellite Data with Low-Cost Sensors. (2018, June 11). RTI. 
https://www.rti.org/impact/improving-nasa-satellite-data-low-cost-sensors 
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Fig 7: Sensor Testing   

In the first phase, the purple air sensors are tested in California and North Carolina, USA. 180 PurpleAir                  

sensors were deployed in Southern California, collecting PM2.5 data and reporting approximately every two              

minutes to an open-access database (Doraiswamy, 2020).68 In the second phase, the sensors were deployed in                

India starting with Delhi NCR. At least 46 sites were identified for sensor deployment.  

 

Fig 8: Maps of the deployment of Sensors in the two phases 

Adequate ground-based measurements of air quality do not exist in most of India. Satellite data are used to fill                   

this gap, but satellites cannot provide data at nighttime. To provide the required temporal coverage at a                 

minimum cost, low-cost sensors became very helpful.  

68Doraiswamy, P. (2020, December 28). Can Citizen Science and Low-Cost Sensors Help Improve Earth System Data? | Earthdata. Earth Data. 
https://earthdata.nasa.gov/esds/competitive-programs/csesp/improve-earth-system-data 

23 



 

In addition to network deployment, the project performed field evaluation of the sensors by collocating them                

next to the Federal Equivalent Method (FEM) monitors at two South Coast Air Quality Management District                

air monitoring stations. The initial collocated sensor data from the feasibility study were used to explore the                 

development of suitable machine learning techniques for correcting sensor response (Earthdata).69 

Air Quality Citizen Science (https://aqcitizenscience.rti.org/#/) also developed a comprehensive sensor          

installation toolkit which included step-by-step instructions, infographics, and guidance on sensor placement            

(Doraiswamy, 2020).70 The basics of remote satellite data and guidelines for how citizen scientists can engage                

with the project were also included.  

With the progress of the project, observations of observe fires and emissions were seen from the satellites as                  

shown in the images below: Red/Green/Blue bands during daylight and DayNight Bands at night along with                

retrievals of fires and aerosol optical depth (AOD) from the Visible Infrared Radiometer Suite (VIIRS) aboard                

the Suomi-NPP satellite. 

 

Fig 9: Satellite and Surface Measurements Respond to Change in Air Quality During Fires in CA (October                 

2017) 

69 Can Citizen Science and Low-Cost Sensors Help Improve Earth System Data? | Earthdata. (n.d.). NASA. Retrieved January 20, 2021, from                     
https://earthdata.nasa.gov/esds/competitive-programs/csesp/improve-earth-system-data 
70 Doraiswamy, P. (2020, December 28). Can Citizen Science and Low-Cost Sensors Help Improve Earth System Data? | Earthdata. Earth Data. 
https://earthdata.nasa.gov/esds/competitive-programs/csesp/improve-earth-system-data 
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AODs were extracted over PurpleAir stations in the Bay Area. The three dimensional bar charts show                

retrieved AODs (left) and hourly mean PM 2.5 (right) on a day before the fire started (Oct 8), during the peak                     

fires (Oct 11) and after the fires (Oct 15). There is spatial and temporal correlations to the variability, 

 

 

 

Fig 10: Comparative views of Satellite and low cost sensors During Fires in CA (October 2017) 

 Merging Different Data Layers to produce AQ Maps 

 

Fig 11: Image showing Satellite, Surface and Model Data Integration to map Air Quality 
Source: https://ams.confex.com/ams/2019Annual/meetingapp.cgi/Paper/350920  
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The researchers have helped improve aerosol measurements made by NASA satellites. The project has also               

helped enhance recruitment of citizen scientists (Michaels, 2018).71 All data is available to the general public                

through the purple air website from the day of deployment as well as on a flexible, open-source public web                   

portal: https://aqcitizenscience.rti.org/#/view-data 

Utilizing Citizen Science for the African Context 

The cases studies shared above give a general overview of the direction the citizen science has taken in                  

enabling increased citizen participation in environmental matters that affect their lives most. This is critical in                

not only helping achieve the SDGs as earlier explained but also in enabling countries to meet some of the                   

goals that they have set through the Paris Agreement, the New Urban Agenda and the Paris Agreement. All                  

these recognize the climate risk that lies ahead from increased urbanization and continuous environmental              

degradation.  

Participation of ordinary citizens in research studies has been gaining traction in the environmental field in                

recent years. This is the most important lesson for the African continent from all these case studies. The                  

importance of the involvement of citizens in data collection and evaluation cannot be undervalued. It not only                 

leads to gaining community champions as was seen in the Durban and Brussels Air Quality cases, but also                  

enables them to advocate and demand for a better environment from their authorities, as was seen in almost all                   

the cases.  

This collaborative effort among citizens, civil society groups and professional scientists requires the             

availability of accessible tools and increased personal awareness and interest in environmental issues in              

surrounding areas.72 

Important Methodologies for a successful campaign  

It is important that these campaigns touch on environmental concerns in a manner that connects with local                 

communities, thus being viewed from a ‘local lens.’ Prior to engagement, it is helpsp to ask questions and get                   

an understanding of the challenges and understanding the neighbourhoods face. 

For campaigns to be successful, it is also critical that they have to be robust but with simple measurement                   

methods; there has to be active participation (partners, volunteers, participants) and there must be scientific               

methods that guarantee data quality control. For quality control, sensors need proper data calibration against               

reference sensors so as to have validity whenever data is presented in public or used for citizen rights. Some of                    

71  Michaels, M. (2018). New Citizen Science Projects Funded for Earth Studies. WeatherNation. 
https://www.weathernationtv.com/news/new-citizen-science-projects-funded-earth-studies/ 
72 Doraiswamy, P. (2019, October 31). Citizen Science in Environmental Applications . Air and Waste Management Association. 
https://www.awma.org/blog_home.asp?display=76 
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the innovative predictive mechanisms developed in the case studies eg. the Zindi Africa Challenge or the                

NASA comparative study also provide an additional opportunity to provide accurately developed scientific             

data. 

Campaigns should also involve professionals from different fields like Journalists, Community workers,            

graphic designers, Database developers, programmers, data mining statisticians, Educators, health experts etc.            

These can be brought in at different phases of a project but their participation creates the assurance that no                   

stone is left unturned when handling the advocacy or policy work. As was seen in several case studies, the                   

linkage between health and air quality was critical to carry weight and convince citizens to participate further                 

and become not only more interested but also more vocal.  

Influencing Policy and Driving Change 

Public awareness among citizens is only the first step, even though it is clear from all the cases that after these                     

projects, participants have improved their scientific insights and knowledge on air quality. The awareness and               

knowledge can lead to behavioural change but further drive is required to enable policy change by local,                 

regional or national governments.  

It is a challenge for these projects to have a direct influence on policy. However, when well strategized, these                   

projects are also able to rouse a sense of urgency to act among inhabitants, technocrats and politicians.                 

Developing stories with media houses, and utilizing community advocacy groups while visibly measuring             

environmental impacts and influences on a large scale provide a good platform to shake the system and have                  

some form of influence on policy.  

The comparative best practices are yet another major strength or opportunity as policy makers in African                

cities are constantly trying to bench-mark themselves with ‘best practices’ elsewhere.  

However, a lot more advocacy work is required to enable policy influence to effectively happen. This can be                  

through legal campaigns or public participation environmental forums where the law provides for this (e.g.               

Kenya). This is also where the active role of multi-stakeholder groups come into play. 

Evidently there are a few key points that come out with respect to policy: 

1. In many countries, laws concerning environmental controls exist on paper but application of these 

laws is hampered by lack of capacity,  mismanagement and/or corruption. 

2. Those from poorer neighbourhoods are the biggest victims of this environmental injustice.Over time it 

becomes systemic such that they do not even realize that they face the problem.  

3. Land use management is a major challenge in African urban areas leading to co-location of 

incompatible land uses. As pointed out earlier, the biggest losers are the poor. 
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4. The transport sector is a major emitter of air pollutants globally. This raises the necessity for emphasis 

on mass rapid transport systems, urban green spaces,  vehicular free inner cities, neighbourhoods and 

Central Business Districts.  

5. There is a need for more coordination across sectors in order to tackle air pollution challenges.  For 

example, transport, health and environment sectors need to work closer together. 

6. Innovative methods can enhance the data collection process as well as enhance accuracy. 

Conclusion 

Air quality in urban areas is a very important topic as it closely affects the health of citizens (Brienza Et Al.                     

2015).73 Air pollution is a growing problem in many parts of the African continent at both household and                  

ambient levels.74 Unfortunately, for policymakers, there is a shortage of sufficient data to the current and                

existing situation of this, as well as providing proper direction to tackle the problem (Wichmann, J. 2016).75                 

Citizen science can contribute positively to social well-being by influencing the questions that are being               

addressed and by giving people a voice in local environmental decision making (Bonney R. .Et Al. 2015).76 As                  

has been reviewed, in different parts of the world, citizen science projects are increasingly getting recognised                

as catalysts for triggering behaviour change and building social capital around environmental issues (Van              

Brussel, S., & Huyse, H. 2018).77 

These methodologies provide countries which do not yet have adequate environmental monitoring systems in              

place to have an opportunity to take up pilot projects to start campaigns with simple devices and engage the                   

public as volunteers and watchdogs. Examples of the simple devices include diffusive monitors and simple               

devices for particulate matter monitoring (Schwela, D. 2021).78 The big advantage of the use of low-cost                

sensors will be an increased spatial coverage when monitoring air quality in cities and remote locations                

(Karagulian, F., et Al. 2019).79 

However, as has been seen in many cases, questions around the commitment of governments to have citizens                 

involved in change will arise. Impunity and corruption are a big challenge in most Sub Saharan African                 

countries and are the reason why land use allocations, like locating harmful industries near residential areas,                

can openly be done to the detriment of the citizenry. It is therefore not surprising when the authorities in                   

73 Brienza, S., Galli, A., Anastasi, G., & Bruschi, P. (2015). A Low-Cost Sensing System for Cooperative Air Quality Monitoring in Urban Areas. 
Sensors, 15(6), 12242–12259. https://doi.org/10.3390/s150612242 
74 Kazeem, Y. (2019, June 6). How bad is air pollution in Africa? Quartz Africa. https://qz.com/africa/1637041/how-bad-is-air-pollution-in-africa/ 
75 Wichmann, J. (2016, November 24). Africa has an air pollution problem but lacks the data to tackle it. The Conversation. 
https://theconversation.com/africa-has-an-air-pollution-problem-but-lacks-the-data-to-tackle-it-69057 
76 Bonney, R., Phillips, T. B., Ballard, H. L., & Enck, J. W. (2015). Can citizen science enhance public understanding of science? Public Understanding 
of Science, 25(1), 2–16. https://doi.org/10.1177/0963662515607406 
77 Van Brussel, S., & Huyse, H. (2018). Citizen science on speed? Realising the triple objective of scientific rigour, policy influence and deep citizen 
engagement in a large-scale citizen science project on ambient air quality in Antwerp. Journal of Environmental Planning and Management, 62(3), 
534–551. https://doi.org/10.1080/09640568.2018.1428183  
78Schwela, D. (n.d.). Review of Urban Air Quality in Sub-Saharan Africa Region - Air Quality profile of SSA countries. Openknowledge - Worldbank. 
Retrieved January 20, 2021, from 
https://openknowledge.worldbank.org/bitstream/handle/10986/26864/677940WP0P07690020120Box367897B0ACS.pdf?sequence=1&isAllowed=y 
79 Karagulian, F., Et Al. (2019). Review of the Performance of Low-Cost Sensors for Air Quality Monitoring. Atmosphere, 10(9), 506. 
https://doi.org/10.3390/atmos10090506  
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charge of securing a human-friendly environment end up evidently doing the exact opposite. Citizen Science               

projects therefore provide a great opportunity for the first steps in creating awareness among citizenry as well                 

as providing a platform for action groups to move ahead and advocate for environmental justice within                

Africa’s growing urban areas.  
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