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About
this Report

The Cityzens for Clean Air campaign, part of the UrbanBetter Cityzens initiative, 

aims to amplify youth voices with advocacy on air pollution, climate and health 

using citizen scientist data generated by young people.

The report is based on PM
2.5

 and NO
2
 air quality data collected by the citizen 

scientists who participated in the campaign across the various cities. The data 

used to create this report was generated by a number of low-cost air quality 

monitoring devices i.e Flow2 by Plume Labs and Airbeam devices which were 

carried by the citizen scientists during the campaign runs. This was 

supplemented by data from regulatory monitors operated by the city authorities. 

The PM
2.5

 and NO
2
  data presented here is reported in units of micrograms per 

cubic metre (μg/m3) and  parts per billion (ppb) respectively. The data 

visualisation is based on a simplified approach that adopts the raw 

concentration categorisation with the corresponding Air Quality Index (AQI) 

colour codes from the U.S. Environmental Protection Agency (US-EPA) 

thresholds.

The dataset from the various runs that was used to generate this report was 

processed, consolidated and retrieved from the digital air quality data platform 

developed by AirQo, Makerere University.

While up to 99 percent of people 

worldwide breathe polluted air with 

the greatest exposure being in low- 

and middle-income countries, there’s 

a wider knowledge gap about the 

negative impacts of air pollution.  

This report presents citizen 

science-generated data on the state 

of air quality in Accra, Cape Town and 

Lagos during  the Cityzens for Clean 

Air campaign, a running advocacy 

campaign conducted between 

July-September 2022.

Executive Summary
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Introduction
The Cityzens for Clean Air campaign is aimed at amplifying youth voices 

with advocacy on air pollution, climate and health using citizen scientist data 

generated by young people by highlighting:

 

 •  the existing inadequacies in the measurement  of air quality   

  within rapidly urbanising African cities and the importance of   

  access to healthy public spaces conducive to physical activity

 •  the crucial role that young people can and should play in  

  developing interventions that shape the urban health 

 environment for health and climate resilience.

Data Presentation

Methodology

On the 30th July, 13th August and 17 September 2022, 27 

citizen scientists aged 18-35 years (selected through an open 

call) participated in organised runs across Cape Town, Accra 

and Lagos respectively. The citizen scientists, also known as 

Run Leaders each designed their running routes and 

recruited members of the public to join them on their run. The 

routes were designed to capture diverse socio-economic 

levels across the city. Armed with wearable low-cost air 

quality sensors and a bespoke app to capture geocoded 

multimedia data, the goal was to capture information about 

air quality and health risks encountered in the environment 

while running.

The report is based on PM
2.5

 and NO
2
 air quality data 

collected by the citizen scientists who participated in the 

campaign. The data used to create this report was generated 

by 2 types of low-cost air quality monitoring devices: Flow2 by 

Plume Labs (PM
2.5

 and NO
2
) and HabitatMap's AirBeam 

(PM
2.5

) devices which were carried by the citizen scientist 

during the campaign runs. The designated campaign run 

routes were between 5 -10 km and were designed to capture 

diverse socio-economic levels across the cities.

Data collected during the runs by the various wearable 

sensors were either sent in real time to the cloud platforms for 

the sensors or pushed  to the sensor’s cloud platform after the 

runs using predefined procedures by the sensor vendor. Data 

from the wearable sensors was consolidated from the sensor 

vendors using their application programming interface (API) 

and data portals. The data was cleaned, processed and 

stored using the AirQo data digital platform. This was 

supplemented by multimedia (photos, video, text, audio) 

geocoded and categorised based on perceived health risks 

and health benefits  in the built environment  and perceived 

sources of polluted or clean air encountered during the run 

collected using a bespoke mobile application.

Additionally, data from regulatory monitors operated  by the 

city authorities was collected from the cities where available. 
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Data for this report is presented and visualised using US-EPA 

AQI as a tool to communicate the health risks that are 

associated with NO
2
 and PM

2.5
 exposure. The data 

visualisation is based on a simplified approach that adopts the 

raw concentration categorisation with the corresponding AQI 

colour codes.

Table 1: Air Quality Index (US-EPA).

The data presented in this report can be alternatively viewed 

from the interactive dynamic Cityzens data platform for 

deeper interrogation of the findings across the three cities 

where the runs took place.

Data Presentation

Data Collection
Data processing involved consolidating and cleaning data 

from the sensor vendors and mapping positioning data (GPS 

coordinates) to the respective air quality data. Observed air 

quality concentrations and GPS data were mapped and 

joined (using the timestamp parameter) to create a 

consolidated dataset of geocoded air quality data. For each 

run, data was filtered out for the respective run start time and 

end time. Air quality data lacking corresponding positioning 

data information was not considered. Data that was out of the 

valid range of the observed measurements was also 

eliminated. The sensors from the various vendors recorded 

several parameters but only PM
2.5

, NO
2
, timestamp, geo 

coordinates and sensor device ids were considered. The 

PM
2.5

, NO
2
 categories were added to the dataset by adopting 

the raw concentration categorisation of the US-EPA AQI.

Data for this report is presented and visualised using US-EPA 

AQI as a tool to communicate the health risks that are 

associated with NO
2
 and PM

2.5
 exposure. 

AQI

Category

Corresponding

Concentration
Description

AQI

Index

Good 0-12.0 0-53

No   /ppb2

Air quality is consided satisfactory, 

and air pollution poses little or no risk.
0-50

Unhealthy 55.5-150.4 361-649

Everyone may begin to experience health 

effects; members of sensitive groups may 

experience more serious health effects

151-200

Hazardous >250.5 1250-2049
Health warnings of emergency conditions. 

Entire population likely to be effected
301-500

Very

Unhealthy
250.5-250.4 650-1249

Health alert: everyone may experience 

more serious health effects
201-300

Unhealthy for 

Sensitive Groups
35.5-55.4 101-360

Members of sensitive groups may 

experience health effects. The general 

public is not likely to be affected

101-151

Moderate 12.1-35.4 54-100

Air quality is acceptable. but for some 

pollutants, there may be a moderate health 

concern for a very small number of people 

who are unusually sensitive to air pollution.

51-100

https://cityzens.urbanbetter.science
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In Cape Town, the runs took place on Saturday morning on 

the 30th July 2022 between 08:00 am and 11:00am, except 

for Khayelitsha, where the run started at 15:30 in the afternoon 

and ended at 17:00. July is the second wettest month of the 

year in Cape Town, with high levels of humidity. There were 

light rain showers experienced during the early morning at the 

start of the runs in Bellville and end of the run in Muizenberg. 

Data are presented from six designated run routes from the 

following neighbourhoods: Khayelitsha, Green Point 

Foreshore, Sea Point , Kalk Bay, Kenilworth and Bellville.

Run Summary

Multi-City Air 
Quality Overview 
from the Runs
Cape Town (South Africa)
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Figure 1: Map indicating PM
2.5

 levels across the designated routes in Cape Town.
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Majority of the PM
2.5

 observations from the runs carried out in 

Cape Town indicated that the air quality was good. On 

average the PM
2.5

 observations across all the locations where 

the runs were conducted were less than 12µg/m3  as shown in 

Figure 3.

General Overview 

Status of PM
2.5

 Concentration

Air Quality Status 
from the Runs

Figure 2: Percentage frequency (%) of observations at different PM
2.5

 pollution levels for the various locations in Cape Town.

Good Unhealthy HazardousVery UnhealthyUnhealthy for 

Sensitive Groups

Moderate

78%

21.6% 4.7%

99%

94%

15.1%

50.3%

49.7% 81.3%

100%



In Khayelitsha, 81.3% of the PM
2.5

 observations were good, 

15.1% were moderate, 1.5% unhealthy and 1.7% of the observa-

tions were categorised as unhealthy for sensitive groups. In 

Green Point Foreshore, 94.8% of the PM
2.5

 observations were 

good, 4.7% were moderate and 0.4% were unhealthy for 

sensitive groups. In Sea Point,  78.0%  of the PM
2.5

 observa-

tions were good, 21.6% were moderate and 0.3% were 

unhealthy for sensitive groups. In Kalk Bay, 100% of the PM
2.5

 

observations were good. In Kenilworth, 50.3% of the PM
2.5

  

observations were good and 49.7% of the observations were 

moderate. In Bellville, 99.0%  of the PM
2.5

  observations were 

good and 1.0% of the observations were moderate.

The statistical summaries for the data collected from the Cape Town runs is presented in Table 2 below.

Table 2: Statistical summaries for PM
2.5

 observations collected from Cape Town. SD: standard deviation.

Figure 3: Average PM
2.5

 concentrations for the various locations in Cape Town.
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Comparisons With Reference Monitor in The City

• No instances of hazardous air 

quality were observed in 

• Cape Town during the campaign 

runs.

100% of the NO
2
 observations that 

were collected indicated air quality 

was good on the day of the runs.

• The finding in the Foreshore area 

was categorically the same (good) 

as the reference monitor located in 

close vicinity to the run route.

Key Findings and Highlights

• Data collected from the runs 

across Cape Town 

indicates that the air quality was 

generally good on the days of the 

run. 

• Khayelitsha experienced 

instances of unhealthy air quality in 

parts of the run.

• Average PM
2.5

 concentrations 

from the collected measurements 

across the various locations ranged 

between 2 - 12µg/m3. 

Figure 4: Percentage frequency (%) of observations at different NO
2
 pollution levels for the various locations in Cape Town.

Good Unhealthy HazardousVery UnhealthyUnhealthy for 

Sensitive Groups

Moderate

100%

100%100%

Air quality was observed on 29th July, 2022 by using a low 

cost device in close proximity to a national reference grade air 

quality monitor in Foreshore for approximately 2 hours. 

Average PM
2.5

  concentration reported by the reference grade 

monitor was 9µg/m3   for the entire day. Comparatively the 

PM
2.5

  concentrations observed on this day for the 2 hours 

using the low cost device were all good which was relatable to 

the observations made by the reference grade monitor which 

were also good during the same time period.
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Accra (Ghana)

In Accra, the runs took place on Saturday, 13th August 2022. 

The runs all took place in the early morning with some starting 

as early as 6:00 am (in Madina, Legon Westland, Sakumono 

Estate, Jamestown and Adenta). There was high humidity 

ranging from 85%- 94% and light rain showers were experi-

enced throughout the morning. Data are presented from 

seven designated run routes from various locations: Mampro-

bi - Korle Bu, Adenta, Sakumono Estate, East Legon, Legon - 

Westland, Jamestown, Madina - East Legon.

Run Summary
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Figure 5: Map indicating PM
2.5 

& NO
2
 levels across the designated routes in Accra.
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Majority of the PM
2.5

 observations from the runs carried out in 

Accra indicated that the air quality was good.  On average the 

PM
2.5

 observations across all the locations where the runs 

were conducted in Accra ranged between 3µg/m3  and 

30µg/m3 as shown in Figure 7. Average  PM
2.5

 values of four 

locations out of the seven locations were good and the 

remaining three were moderate.

General Overview 

Status of PM
2.5

 Concentration

Air Quality Status 
from the Runs

Figure 6: Percentage frequency (%) of observations at different PM
2.5

 pollution levels for the various locations in Accra.

Good Unhealthy HazardousVery UnhealthyUnhealthy for 

Sensitive Groups

Moderate

ADENTA JAMESTOWN

EAST LEGON

MADINA

EAST LEGON
SAKUMONO

ESTATE

LEGON

WESTLAND

MAMPROBI

KORLE BU
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In Adenta 43.08% of the PM
2.5

 observations were good and 

56.92% were moderate. In East Legon, 96.86% of the PM
2.5

 

observations were good and 3.14% were moderate. In James-

town, 21.77%  of the PM
2.5

 observations were good, 49.66% 

were moderate,  27.89% were unhealthy for sensitive groups 

and 0.68% were unhealthy. In Legon - Westland, 77.01% of the 

PM
2.5

 observations were good and 22.99% were moderate. In 

Madina - East Legon, 82.81% of the PM
2.5

  observations were 

good, 16.91% of the observations were moderate and 0.29% 

were unhealthy for sensitive groups. In Mamprobi - Korle Bu, 

86.21%  of the PM
2.5

  observations were good, 12.98% of the 

observations were moderate and 0.81% were unhealthy for 

sensitive groups. In Sakumono Estate, 4.27% of the PM
2.5

  

observations were good, 68.09% were moderate, 25.64% 

were unhealthy for sensitive groups and 1.99% were unhealthy

The statistical summaries for the data collected from Accra runs is presented in Table 3 below.

Figure 7: Average PM
2.5 

concentrations for the various locations in Accra.

Table 3: Statistical summaries for PM
2.5 

observations collected from Accra. SD: standard deviation.
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Figure 8: Percentage frequency (%) of observations at different NO
2
 pollution levels for the various locations in Accra.

Generally 100% of the NO
2
 observations that were collected across six locations in Accra were good and in the seventh location 

98.1% of the observations were good and only 1.9% of the observations were moderate.

Status of NO
2
 Concentration

Average PM
2.5

 concentration reported by the reference grade 

monitor in Accra on 13th August, 2022 was 20.15µg/m3  for 

the entire day and the air quality was generally moderate 

according to observations from the US Embassy reference 

grade monitor situated at the US Embassy in Cantonments. 

However, this reference monitor was situated more than 9 km 

from the closest running route in East Legon and therefore, no 

reliable comparisons could be made to the locations where 

the runs took place.

Comparisons With Reference 

Monitor in The City

percentage of the PM
2.5

 

observations that were good. The 

majority of observations on that run 

were moderate and unhealthy for 

sensitive groups 

Average PM
2.5

 concentrations from 

the collected measurements across 

the various locations ranges 

between 3 - 30µg/m3. 

No instances of hazardous air 

quality were observed in Accra 

during the campaign runs.

Over 98% of the NO
2
 observations 

that were collected indicated air 

quality was good on the day of the 

run

Key Findings and Highlights

Data collected from the runs across 

Accra indicates that the air quality 

was mainly good on that day at the 

time of the runs with the exception 

of Adenta, Jamestown and 

Sakumono Estate neighbourhoods 

which had a predominantly 

moderate reading.

Sakumono Estate had the smallest 

ADENTA JAMESTOWN

EAST LEGON

MADINA

EAST LEGON

SAKUMONO

ESTATE

LEGON

WESTLAND

MAMPROBI

KORLE BU

Good Unhealthy HazardousVery UnhealthyUnhealthy for 

Sensitive Groups

Moderate

100% 100%

100%98.1%
100%
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Lagos (Nigeria)

In Lagos, the runs took place on Saturday, 17th September 

from as early as 06:30 (in Idumota) and the rest starting 

between 07:00 am and 09:00 am. The weather was generally 

cloudy, with high humidity (85%- 90%), although no rain was 

experienced during the runs, except for in Surulere, where 

significant showers occurred and Yaba- Oyingbo, where a 

very light drizzle occurred during the run . Data are presented 

from ten designated run routes from the following locations: 

Shomolu, Surulere, Egbeda, Idumota - Ikoyi, Yaba - Oyingbo, 

Ogba, Aguda- Ajegunle, Ketu - Mile 12, Ikeja, Ikorodu.

Run Summary
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Figure 9: Map indicating PM2.5 & NO2 levels across the designated routes in Lagos.

15 



Majority of the PM
2.5

 observations from the runs carried out in 

Lagos indicated that the air quality was fairly good except for 

two locations i.e Egbeda and Ikorodu.  On average the PM2.5 

observations across all the locations where the runs were

conducted in Lagos ranged between 3μg/m3 and 91μg/m3 as 

shown in Figure 11. Average PM2.5 values of seven locations 

out of the ten locations were good. The average PM
2.5

 values 

for two locations (Ikorodu and Surulere) was moderate. The 

remaining location’s (Egbeda) average  PM
2.5

 value was 

unhealthy.

General Overview 

Status of PM
2.5

 Concentration

Air Quality Status 
from the Runs

In Aguda Ajegunle, 74.07% of the PM
2.5

 observations were 

good and 25.67% were moderate. In Egbeda,  0% of the PM
2.5

 

observations were good, 16.19% were moderate, 31.27% were 

unhealthy for sensitive groups, 40.83% were unhealthy, 7.19% 

were very unhealthy and 4.52%  of the observations were 

hazardous. In Idumota - Ikoyi, 81.00% of the PM
2.5

 

observations were good, 15.08% were moderate and 3.92% 

were unhealthy for sensitive groups. In Ikeja 82.61% of the 

PM
2.5

 observations were good and 17.24% were moderate. In 

Ikorodu, 4.15% of the PM
2.5

  observations were good, 69.52% 

of the observations were moderate, 14.58% were unhealthy 

for sensitive groups, 9.63% of the PM
2.5

 observations were 

unhealthy, 1.77% were very unhealthy and 0.35% were 

hazardous. In Ketu - Mile, 12 91.97%  of the PM
2.5

  observations 

were good and 6.09% of the observations were moderate, 

1.68% were unhealthy for sensitive groups and 0.26% were 

unhealthy. In Ogba, 96.21% of the PM
2.5

  observations were 

good, 3.43% were moderate and 0.36% were unhealthy for 

sensitive groups. In Shomolu, 89.97% of the PM
2.5

  

observations were good and 10.03% of the observations were 

moderate. In Surulere,  58.23% of the PM
2.5

  observations were 

good, 38.63% of the observations were moderate and 3.15% 

of the observations were unhealthy for sensitive groups. In 

Yaba - Oyingbo, 78.68% of the PM
2.5

  observations were good, 

19.83% of the observations were moderate and 1.50% of the 

observations were unhealthy for sensitive groups.

Figure 10: Percentage frequency (%) of observations at different PM
2.5

 pollution levels for the various locations in Lagos.
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Figure 11: Average PM
2.5

 concentrations for the various locations in Lagos.

The statistical summaries for the data collected from Lagos runs is presented in Table 4 below.

Table 4: Statistical summaries for PM
2.5

 observations collected from Lagos. SD: standard deviation.
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Figure 12: Percentage frequency (%) of observations at different NO
2
 pollution levels for the various locations in Lagos.

Status of NO
2
 Concentration

In early September, it came to our attention that the first ever 

car-free day was going to occur late September, organised by 

a coalition of NGOs including the Lagos Urban Development 

initiative (LUDI), an NGO advocating for non-motorised 

transport and conducive built environments within Lagos and 

the Cycology cycling club. In order to test out the impact of 

the car-free day on air quality, we made minor adjustments to 

the Ikeja run route on the 17th September to ensure some 

degree of overlap with the planned car-free street. On 

Sunday, 25th September, the Lagos run leaders joined the 

first ever Lagos car-free day taking the opportunity to 

measure air quality by organising a slow 15km run alongside a 

cycle planned by the Cycology cycling club as a way of 

advocating for clean air and healthy public spaces for running 

and cycling. The data collected from the run is shown in Figure 

14 and a comparison to the air quality the week before in 

Figure 13.  

Majority of the PM
2.5

 observations from the run indicated that 

the air quality was moderate with an average concentration of 

17.64µg/m3. There were variations observed across the 

various spots on the run route where air quality was good, 

unhealthy, unhealthy for sensitive groups and very unhealthy.  

The quality of air experienced was poorer compared to the 

data collected in the run prior to the car-free day run on 17th 

September, 2022. In that instance, the majority of the air 

quality observations were good with an average concentration 

of 6.6µg/m3 as shown in Figure 13. The run leaders noted that 

there was only a short section of the blocked off road that 

intersected with their previous route. However there were still 

cars parked and driving around in the area, so they were not 

expecting a significant difference in the air quality in compari-

son to before the car-free day. This partly explains the 

observed results from the data collected on these two days. It 

is also possible that in the absence of other public engage-

ment activity to reduce car use, closing one short segment of 

street may have simply displaced and concentrated air 

pollution to neighbouring streets. This hypothesis is supported 

by observations of poorer air quality in surrounding streets 

during the car-free day compared to the previous Saturday 

(although that run was earlier in the morning than the 25th 

September run which was completed late morning).

Ikeja: Pre-and during Car Free Day analysis
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with the potential for some 

displacement of air pollution to 

surrounding areas. This suggests 

initiatives such as car-free days 

should be accompanied by a 

concerted effort to engage the 

public to reduce car use alongside 

blocking off streets.

Key Findings and Highlights

Data collected from the runs across 

Lagos indicates that the air quality 

was fairly good on the day of the 

runs. Lagos had the most frequently 

observed levels of unhealthy, very 

unhealthy and hazardous air quality 

compared to Accra and Cape Town. 

Egbeda recorded the worst air 

quality across all locations with an 

average PM
2.5

 value of 91.49µg/m3. 

No significant difference was 

observed from air quality data from 

before and during the car-free day 

Figure 14: Map indicating PM
2.5

  levels 

on Sunday September 25th, 2022 (car free day). 

Blue line shows the stretch of road closed to cars.

19 

Figure 13: Map indicating PM
2.5

  levels on Saturday 

September 17th, 2022. (pre-car free day)



Air quality varied greatly between and within the three cities, 

correlating with population density and overall size. Lagos, the 

most densely populated city (6,871 residents per square 

kilometre) had the most frequently observed levels of 

unhealthy and hazardous air quality according to PM
2.5

 across 

all neighbourhoods surveyed. Accra (1,300 people per square 

km) showed variability in air quality with some good and 

moderate air categorization, but also stark pockets of 

unhealthy and very unhealthy air in some neighbourhoods. 

Cape Town also displayed variability in air quality by neigh-

bourhood, with lower-income, higher-density areas having 

more frequent instances of unhealthy air quality than 

higher-income areas. This is also related to the forms of 

subsistence used by residents in these areas, which predomi-

nantly rely on burning of firewood for heating and cooking and 

burning for waste management. Despite the variations 

observed in the different cities according to PM
2.5

 data, all the 

three cities consistently had good NO
2
 observations. 

Insights from the campaign highlighted the potential for 

utilising citizen science and low-cost methods as part of 

comprehensive air quality management systems, particularly 

across the African continent and in other low and middle-in-

come country settings to support the various efforts to 

improve air quality and advocate for clean air and healthy, 

safe public spaces in urbanised areas.

Conclusion 
& Recommendations

Limitations
Connectivity issues and phone compatibility with Flow2 

device: Some neighbourhoods had low network and could 

therefore not synchronize the data to the server in real time 

with associated GPS coordinates. Furthermore, some phones 

had outdated operating systems which were not compatible 

with the Flow2 system requirements.

Some Run Leaders were unable to use the Flow2 sensor and 

had to use the AirBeam sensors only. As the latter does not 

capture NO
2
 concentration, some locations did not have this 

pollutant captured.

The intention was to conduct a comparison between observa-

tions recorded from Flow2 and AirBeam sensors and one 

runner in each city was designated to run with both sensors. 

Unfortunately, we were unable to complete this analysis but 

would look to conduct this between-sensor comparison in 

future work.

Results presented in this report only give an indication of the 

status of the air quality at one moment in time (roughly an 

hour on a weekend morning) in the selected cities. These data 

cannot be used to generalise the air quality in the respective 

places since they were captured for a very short period of 

time. More extensive longitudinal data will be needed to 

provide more comprehensive information on the air quality 

status.

Measurements were collected along designated routes/roads. 

The ambient air quality might be quite different from areas far 

away from the roads.

There were delays in access to air quality data from the 

reference monitors, which was not conducive to calibration 

efforts. More efforts are needed to allow real-time access to 

the raw data.
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