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Abstract: Physical activity (PA) can reduce the risk of non-communicable diseases like heart diseases
and diabetes. However, exposure to poor air quality (AQ) when engaging in PA could negate the
health benefits. The risk associated with air pollution is relatively severe during physical activities
because a higher inhaled pollution dose is experienced during PA compared to when sedentary. We
conducted a yearlong AQ monitoring using a commercial low-cost AQ device. The devices were
deployed near a public space used for PA as part of a study to understand the health risks encountered
by people informally appropriating public spaces for PA in Lagos, Nigeria and Yaoundé, Cameroon.
The parameters monitored included CO, NO, NO,, O3, PM; 5, PM1g, CO,, pressure, temperature and
relative humidity. We detected unique pollutant temporal profiles at the two locations, with a distinct
weekday-to-weekend effect observed for the gaseous pollutants but not for the PM. Transboundary
emissions related to the Harmattan haze dominated the background PM concentration in both cities
in the dry season. Our findings underscore the importance of long-term AQ monitoring to inform
action and offer insights into simple behavioural changes that can maximise the health benefits of PA

while minimising the risk of air pollution exposure.

Keywords: air pollution; public space; physical activity; health risks; seasonal variability; long-range
transport; meteorology; sensors

1. Introduction

Air pollution is a major global environmental challenge, and the vast majority of this
air pollution health burden occurs in the Global South which includes Africa, Latin America,
and most of Asia, including the Middle East [1]. In Africa, where routine air pollution
monitoring is sparse and air quality awareness is poor, many are at the risk of exposure
to poor air quality by virtue of occupying public spaces. For example, physical activity
is actively encouraged as a healthy behaviour to reduce the risk of non-communicable
diseases (NCD) like heart disease and diabetes, the burden of which is rising steeply in
many low and middle-income contexts [2]. But for many, embracing this behaviour in the
most equitable manner (in a public space) can paradoxically increase disease risk from
exposure to other harmful factors such as air pollution, environmental waste, injury, and
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safety risks in the course of engaging in physical activity in spaces that are not conducive to
these behaviours [3]. This is due to the fact that physical activity increases the air pollution
intake by increasing the inhaled dose of air pollutants because of the exercise-induced
higher minute ventilation, and a higher deposition of the inhaled particles in the lungs.

The World Health Organization (WHO) has proposed a “six-dimensional view of
health” that includes physical health (healthy diet and balanced nutrition), psychological
health, intellectual health, mental health, social health and environmental health [4]. This
holistic concept highlights the importance of physical inactivity and exposure to air pol-
lution as important risk factors for death and disease globally. But poor access to public
spaces with safe air quality means that air pollution affects health both directly, by increas-
ing the risk of several diseases, and indirectly, by acting as a barrier to physical activity, a
healthy behaviour that improves physical and mental health.

Studies on air pollution-exposure monitoring have shown how locations and activities
can explain the variations in exposure [5]. Sources of air pollutants include domestic
wood and charcoal burning, industrial combustion, road transport and the use of solvents
and industrial processes. The criteria for air quality pollutants include carbon monoxide
(CO), nitrogen dioxide (NO;y), ozone (O3), sulphur dioxide (SO,), and particulate matter
PM;, PM; 5 and PMyg. These pollutants greatly impact health as PM can be transported
around the body, with greater impacts in vulnerable groups like older persons, pregnant
women, children and individuals with underlying conditions (asthma, chronic obstructive
pulmonary disease (COPD) [6] and COVID-19 [7]). Air pollution has been reported to lead
to stunted growth, reduce lung function, increase the risk of developing asthma, acute
lower respiratory infections, behavioural disorders and impaired mental development in
children [8]. Other documented health effects include low birth weight, premature birth
and infant mortality for pregnant women and their children, childhood cancer, an increased
risk of coronary heart disease, non-insulin-dependent diabetes, hypertension and stroke in
adulthood [9,10].

Ambient air quality, while dependent on emissions, is also strongly influenced by me-
teorological conditions, including the atmospheric circulation, weather systems, structures
of the atmospheric boundary layer, and the corresponding meteorological parameters [11].
The total amount of pollutants emitted in a particular period of time is usually stable [12-14],
with observed variabilities in pollutant concentrations due to the impact of meteorology
and loss processes which help modulate the concentrations of ambient air pollutants [15].
Seasonal effects such as wet/dry seasons, as well as long-range transport are evident,
particularly for PM during the Harmattan haze affecting Sub-Saharan Africa. In addi-
tion, the time of the day and days of the week have been reported to play crucial roles in
exposure [16].

According to a report by UNICEF [17], despite deaths from indoor air pollution
declining in Africa due to cleaner and more efficient cooking methods, mortality from
outdoor air pollution is increasing. The report also noted that only 6% of children in Africa
live near reliable, ground-level monitoring stations that provide real-time data on the
quality of the air they are breathing, compared to about 72% of children across Europe and
North America. Increasing reliable, local, ground-level measurements would greatly aid
effective responses to this poorly-understood direct and indirect threat to health across
the continent. In this study, we sought to investigate air quality in the public spaces used
for physical activity, and to understand how air pollution varied daily, weekly and across
seasons over a 12-month period. The novelty of this study includes: (1) using evidence-
driven data to highlight the risk associated with air pollution when engaging in physical
activities in both cities under study, (2) long-term monitoring of air pollution in Yaoundé or
any other city in Cameroon for multiple criteria species such as gases and PM including
CO,, as previous studies have only covered very short duration (weeks to couple of months)
and have mostly focused on PM [18,19].
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2. Materials and Methods

This study was conducted as part of a larger study to understand the health risks
encountered by people informally appropriating public spaces for physical activity (ALPhA
study) in Lagos, Nigeria and Yaoundé, Cameroon [20].

2.1. Climatology of Lagos and Yaoundé

Climate data for the two cities were obtained from an online resource [21]. Climatic
data are based on 30 years of hourly weather-simulated data. Figure 1 shows the climatol-
ogy of both cities, presented as monthly averages. Yaoundé experiences relatively more
precipitation (>100 mm in the main wet season) than Lagos, with the most intense rainfall
in the months of September to October compared to Lagos where the main rainy season is
earlier (June-July). Lagos is relatively warmer than Yaoundé, with mean daily maximum
temperatures ranging from 27 to 34 °C compared to 23 to 29 °C. Conversely, Yaoundé is
characterised by cooler nights compared to Lagos, consistent with the topography of the
two cities. Yaoundé is 726 m above sea level (ASL) surrounded by seven hills, compared to
Lagos, a coastal city approximately 40 m ASL.
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Figure 1. Simulated climatology at the two cities, showing monthly information of precipitation and
temperature. (a) Yaoundé, Cameroon and (b) Lagos, Nigeria. Note that the primary and secondary
axes in (a) and (b) differ.

2.2. Urbanisation Contexts

Lagos State has a very high concentration of commercial, industrial, and educational
activities, consequently resulting in urbanisation, overpopulation, and traffic congestion.
The state accounts for about 30% of all traffic in Nigeria [22,23], a significant challenge given
the limited road infrastructure and development. In addition, 70% of Nigeria’s industrial
and commercial activities are in the Lagos region, making it the commercial nerve centre
and the most populous state in the country [24]. It has been estimated that the population
of Lagos city (24.6 million in 2015, [25]) is increasing ten times faster than New York and
Los Angeles [26].

Yaoundé, the political capital of Cameroon, is an industrial and commercial city. Given
its relatively huge population (as a proportion of the national population) of 4.5 million [27],
while smaller, shares many air pollution emitting activities with Lagos. Some of the an-
thropogenic factors that contribute to air pollution in mega cities like Lagos and Yaoundé
include economic development, urbanisation, energy consumption, transportation, dump-
sites, open incinerators, power generators, domestic heating, industrial and agricultural
activities, and rapid population growth.
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2.3. Public Spaces Appropriated for Physical Activity

As part of the ALPhA study, members of the public were recruited as citizen scientists
and invited to share information about the types of public spaces used for physical activity.
These data provided insight into the typologies of public spaces appropriated for physical
activity and included: vacant plots of land, areas under and next to bridges, parks, side of
the road and roundabouts. These public spaces pose very high risks to those using these
spaces for physical activity due to the proximity to vehicular emissions. These findings
informed the siting of the air quality sensors in each city, with one of these sites selected in
each city to capture public spaces that are regularly used for physical activity.

2.4. Instrumentation for Air Quality Observation

One commercial low-cost air quality device (AQMesh, Stratford-upon-Avon, UK) was
deployed in each city. Parameters monitored by the nodes included CO, NO, NO,, O3,
CO, and particulate matter (PM; 5 and PM;). Each node also recorded meteorological
parameters including relative humidity (RH), temperature, ambient pressure, all at 15 min
average resolution.

AQMesh uses electrochemical sensors to detect the toxic gas species. These work
on the principle of amperometry where the current generated by the target gas species is
proportional to the concentration of the gas species. A non-dispersive infra-red (NDIR)
sensor is used in the detection of CO;; concentration is proportional to the ratio of the
intensity of the transmitted light (which is affected by an absorbing gas) relative to a
reference light when absorption is absent. AQMesh uses an optical particle counter (OPC),
to measure PM. This works on the principle of Mie scattering which allows the number
concentrations for different size ranges to be determined. By making assumptions on the
particle density, refractive indices, the mass concentrations are calculated from the different
PM mass sizes (i.e., PM, 5 and PMy).

2.5. Air Quality Node Location

The fixed station was sited along Admiralty Way, Victoria Island (AW-VI) (6°26'53.40" N,
3°28/21.50" E) in Lagos, and in the Melen Mini-Ferme (MM-F) area of Yaoundé (3°51'56.40" N,
11°29'46.61" E), as depicted in Figure 2. Based on a physical survey of the site and soliciting
expert knowledge from local partners, we can describe the site in Lagos as a mixed envi-
ronment, with emissions from road traffic, residential and small local business operations
expected to dominate emissions (Figure 3). The low-cost sensor (LCS) was installed at
heights of ~2.8 m and ~8 m in secured premises in AW-VI, Lagos and MM-F, Yaoundé
respectively. Installation height was mainly determined by security and access to power.
Observations were made for a year, from 1 June 2021 to 31 May 2022, to capture the
long-term trends and seasonal variabilities at the two locations.

Like AW-VI in Lagos, the MM-F in Yaoundé can also be categorised as mixed use,
although the characteristics of the vehicle fleet, traffic volume and condition of the roads
are quite different. A visit to the sites prior to deployment showed that there were more
3-stroke engine vehicles at the MM-F, Yaoundé, and a higher volume of commercial vehicles
compared to the AW-VI site in Lagos. Other local sources of air pollution at MM-F, Yaoundé,
include roadside cooking (charcoal grilling), resuspended particles from roads, and nearby
construction work.

Descriptive daily logs of perceived weather conditions such as visibility in the later
months of 2021 and 2022, which often coincided with Saharan dust episodes, were also
recorded qualitatively by the project team in each city. This information was used to
further interpret the air trajectory analysis presented in the results section. The Openair
package in R [28] was used to create a trend analysis and the back trajectory including
the concentration-weighted trajectory (CWT), a hybrid single-particle Lagrangian inte-
grated trajectory (HYSPLIT)-based model. We also used the UK Met Office’s numerical
atmospheric-dispersion modelling environment, NAME [29] run in backward format to
investigate the Saharan dust episodes.
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Figure 2. Map showing the locations of air quality monitoring in the two cities including a high-
resolution image of the two sites.

(@)

Yaoundé

Figure 3. Images of study locations and the installed low-cost air quality sensor devices. (a) Melen
Mini-Ferme area, Yaoundé, Cameroon and (b) Admiralty Way, VI, Lagos, Nigeria.
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2.6. Characterisation of Air Quality Nodes

Due to lack of reference grade instrumentation in the study locations, prior to shipping,
the two AQMesh nodes were characterised by conducting a co-location study (between
13 April and 2 May 2021) at the ambient urban air quality site located in the Department
of Chemistry, University of Cambridge, UK. Figure 4 presents the comparisons between
the two devices for some parameters. Both devices showed excellent precision and repro-
ducibility (slope ~ 1 and r > 0.8) for all parameters at the urban background station (see
Figure S1 for the other parameters).

600 T T 600
S1 (AQMesh) rmse slope offset pearson's r
5 SO0} S2 (AQMesh) 1811 096 2741 1 g S00
2, S
= 2 400
o ~
o “ 300 OLS fit
1:1 line
200 ¢
80 T | . 80
S1 (AQMesh) rmse slope offset pearson'sr ]
- S2 (AQMesh) 459 ;103  -228 096 g % 2
. g 40 X’
ol
“ 20 e OLS fit
1:1 line
o
80 | 80
P S1 (AQMesh) rmse slope offset pearson'sr
g 60 S2 (AQMesh) 0.79 0.99 0.79 1. = 60
= I~
=40 240
v ol
=20} “ 50 OLS fit
& 1:1 line
0 05— -
100 T T 100
S1 (AQMesh) rmse slope offset pearson's r
— 80 S2(AQMesh 216 085 6.83 1. i =z 80
S 2
~ 60 VA & 60
2 | &
40 1 2 4 OLS fit
vd 1:1 line
20 L L 20 |
550+ g (AQMesh) l rmse slope| offset pearson'sr ] 550
g S2 (AQMesh) 5.9 0.98 9.4 0.93 g
2 500 2 500 ol
= &
S 450 @ 450 " oLs it
1:1 line

400

400
400 450 500 550
S1 (ppm)

Date (2021)

Figure 4. Time series and scatter plots of CO, O3, PM, 5, RH and CO; for the two AQMesh nodes
(S1 and S2) during the co-location trial at the urban background station in Cambridge, UK. Statistics
shown inset in the time series are for S1 relative to S2.

We derived the absolute calibration parameters for the LCS nodes by comparing the
measured parameters with the reference observations using a subset of the data from
13 April to 21 April 2021 during the co-location period. These calibration factors were
used for all the subsequent analysis presented in this study. We validated calibrated data
using the second half of the co-location study (22 April to 2 May 2021) The results showed
that a generally good correspondence was observed between the calibrated data and the
reference observations when compared to the raw LCS observations (Figure 5). The gaps
in the reference data represent periods when the corresponding reference analysers were
not operational.
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Figure 5. Comparison of reference and calibrated AQMesh data for CO, NO,, PM; 5, and CO, the
co-location trial at the urban background station in Cambridge, UK. (a) Raw dataset and (b) cali-
brated dataset.

3. Results and Discussion

The results from the monitoring in the two cities are presented separately in the
context of the sampling environment. Due to the large amount of missing data in Lagos
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(as a result of frequent power outages) in the later stages of the study, intercomparison
between the two locations were based on periods when there were measurements available
at both locations.

3.1. Gaseous and Particulate Observations in Lagos and Yaoundé

The average data capture between MM-F, Yaoundé and AW-VI, Lagos over the study
period (June 2021 to 31 May 2022) were approximately 90 and 50%, respectively. Levels of
gaseous parameters in both locations were influenced by local emissions and the meteorol-
ogy. With the exception of NO and CO,, the magnitude of the observations in Yaoundé
were generally higher than those observed in Lagos throughout the measurement period
(Figures 6 and S4). A significant drop was observed in combustion-related pollutants (CO,
NO, NO3) in Yaoundé between late July and early September, coinciding with the onset of
the second wet season (Figure 1). Prolonged precipitation events can affect pollution levels
due to (a) wet deposition of pollutants (washout), and (b) reduction in local emissions due
to decrease in outdoor activities. A similar effect was also observed, albeit over a short
period (days), during the dry season in Yaoundé. The sudden drop in pollution levels
in January (11-17 January 2022) was due to intense rainfall during the period. Trends in
particulate matter (PM; 5 and PM;) observations were similar between the two locations,
with lower levels recorded during the wet seasons compared to the significantly higher
readings in the dry seasons, noticeably between December 2022 and February 2023 when
there was substantial enhancement in the PM background level. This also coincided with a
drop in the relative humidity (RH) levels at both locations (Figures 7 and S5), likely linked
to the influence of the Harmattan haze, the dry and dusty north-easterly trade wind which
blows from the Sahara over West Africa.
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Figure 6. Cont.
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Figure 6. Time series of daily CO, NO, NO,, O3 and CO; observations from June 2021 to May 2022.
(a) MM-F, Yaoundé, Cameroon and (b) AW-VI, Lagos, Nigeria. Gaps in data are due to power outages
at the sites.

A summary of the statistics of the measured parameters at the two locations for the
duration of the deployment is presented in Table S1. The average concentrations of PM; 5
and PM;( recorded at the two locations were similar; the main difference in PM statistics
was captured in the standard deviation, a measure of the variabilities in local emissions
(MM-E Yaoundé ~3.5 times the value of AW-VI, Lagos). This was expected given the varied
local emission sources noted at the two sites (see Section 2.5). Much of the PM average
statistics was driven by the high pollution events associated with the Harmattan haze
(more details in Section 3.4). The annual mean PMj; 5 from our study (26 pug/m?) was close
to the lower end of the annual concentration range (30-97 ug/m?>) reported in a similar
study carried out in Lagos [30]. The lowest annual concentration in the World Bank study
was observed at a coastal site, which is very similar to the coastal site (AW-VI, Lagos) in
our study. The average NO mixing ratio was similar between the sites (~22 ppb) with
both locations also showing comparable standard deviations. The mean NO, recorded in
Yaoundé was about 1.5 times lower than the observed value (41 ppb) in Lagos. In contrast,
the mean CO mixing ratio in Yaoundé was approximately twice that observed in Lagos.
All these can be related to the characteristics of the study site as previously discussed. We
observed a similar average CO, mixing ratio at the two locations (428 ppm) which was
above the 2022 global surface average of 417.06 ppm [31].
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power outages at the sites.
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3.2. Meteorological Observations in Lagos and Yaoundé

The pressure readings in Lagos were relatively higher than Yaoundé. This was ex-
pected because the latter is situated at significantly higher altitude. These relative pressure
observations can be described by using the hydrostatic relationship, represented by equa-
tion 1 for two altitudes, which predicts a mean pressure for Yaoundé of 936 mBar, within
1% of the pressure recorded (924 mBar).

—ZYaounde — 2L
Pyaounde = PLagoseXP[ e Iil ﬂgos] 1)

where P represents the pressure (mean pressure for Lagos, Prugs = 1012 mBar), H is the
scale height (assumed to be 8800 m for 300 K), Z are the altitudes in metres of the locations.

Although the average RH readings at both locations were similar (see Table S1~84%)
during the measurement period, the diel profile was remarkably different. The night-day
RH range was larger in Yaoundé (68-92%) compared to Lagos (78-90%), an indication
of the larger temperature range observed in the former (20-27 °C), as shown in Figure 8.
These observations are expected for the city of Yaoundé, situated at relatively higher
altitude and therefore expected to experience much colder nights compared to coastal
Lagos (Figure 1). The summary statistics (Table S1) show that Lagos was on average 4 °C
warmer than Yaoundé even though the two sites have similar average RH values. This
could be partly because the relatively higher night-time RH values observed in Yaoundé
are being compensated for by the relatively lower daytime values when compared to
the profiles observed in Lagos (Figure 8). An additional reason could be the impact of
the Harmattan haze period when the RH readings were very similar at the two locations
(Figure S2). As expected, the average pressure reading in Yaoundé on average was ~90 mBar
lower than Lagos.

25
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Figure 8. Diel plot of all the temperature and relative humidity (RH) observations from May 2021 to
May 2022 in Yaoundé (blue) and Lagos (red).

3.3. Temporal Comparison of Gaseous and Particulate Observations in Yaoundé

We compared the temporal trends in both cities to gain insights into the potential
drivers for the pollutants’ profiles observed during our study. We only considered periods
where there was data at both sites for this comparison to avoid bias.
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Temporal Trend Analysis

A comparison of the temporal trend at the two sites shows that the CO at the Yaoundé
site was relatively higher than the Lagos site (mean value 873 ppb compared to 564 ppb).
The pattern was similar for NO although the difference was not as marked (28 ppb relative
to 21 ppb), as shown in Figure 9. The emission profiles were unique to the two sites even
though both study locations can be characterised as mixed-use urban environments. A
distinct morning and evening road-traffic rush-hour signal was detected in CO around
0600 and 1800 UTC (for about an hour) in Lagos but not for Yaoundé, where elevated levels
were maintained from 0500 UTC until 2000 UTC. Experiential knowledge from the project
team revealed that commercial activities at this site extend well into the night, unlike Lagos
which is mainly dominated by traffic emissions which tail off towards the end of the day.
The difference in magnitude can be explained by the composition of the vehicle fleets and
volume of traffic in both locations. While surveying the installation site, it was observed
that a larger volume of old vehicles were present on the road in the vicinity of the study
location in Yaoundé compared to Lagos, and the study site was very close to a busy junction
even though sampling was at a height of ~8 m compared to 2.8 m in Lagos.

Although the weekday NO measurements were similar at both locations (daytime
peaks of 60 ppb), the main difference occurred at weekends. NO levels in Lagos were
significantly lower than Yaoundé, particularly on Sundays, while the mean concentration
in Lagos was less than 10 ppb and dominated by night-time emissions likely linked to
residential emissions. Monthly averages showed reduced levels during the wet seasons at
both locations. Unlike the gas species, the mean PM; 5 concentrations during the measure-
ment period (June 2021 to May 2022) were very similar, 26 ug/ m3 (Lagos) and 28 pg/ m3
(Yaoundé) as presented in Figure 10. The main reason for this is the contribution associ-
ated with the long-range transport of PM during the dry season due to the Harmattan
haze episode (accompanied by a drop in RH and an increase in the day-night range, see
Figure 52). Excluding the haze-related observations (Figure 10b), we noted that PM; 5 levels
in Yaoundé (24 pg/m?) were slightly higher than Lagos (19 pg/m3). The PM, 5 diel profiles
differed at the two locations. Levels tended to peak in the early hours in Lagos, possibly due
to a mixture of local emissions and the evolution of the nocturnal boundary layer, unlike
Yaoundé where the early morning profile was similar to Lagos but with a unique night-time
maximum around 1800 UTC. Unlike gaseous pollutants, obvious weekday—weekend dis-
tinctions in PM levels were not observed, indicating that the PM might be dominated by
sources that were non-local, for instance transboundary pollution events.
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Figure 9. Temporal variation as day of week diel, average diel, monthly averages and day of week
averages for the entire deployment period at the two locations. (a) CO and (b) NO.

3.4. Impact of Meteorology on PM Observation

The observed long-term PM concentrations at the two locations were impacted by
changes in meteorological conditions particularly related to the Harmattan haze. By
comparison, south and southwest sea breezes dominate the long-range transport at other
times of the year. Figure 11 shows the back trajectory plotted as a smooth average of PMjg
mass concentration presented as quarterly groups starting in March 2021 for both locations.
Elevated PM levels were observed between December 2021 and February 2022 (December,
January, February = DJF) when the air mass originated from the north-easterly region.
The similar origin of the air mass is consistent with the similarities in the RH diel profiles
between the two locations which tended to differ significantly outside of non-haze events
(Figure S2). This interpretation also agrees with diary logs for the ambient conditions
recorded by researchers during this period, which were described generally as foggy and
hazy for both locations.

To further verify the impact and origin of the high PM episodes, we ran a back trajec-
tory model using the NAME model [29]. Two dates were chosen for the model run: (I) 4
January 2022, when we noticed elevated PM values, and (II) 9 July 2021, when the PM
concentrations were less impacted by long-range transport. The results for the runs for the
January at both locations showed (Figure 12a,b) that the history of the air over the past
6 days extended through the northeast of both countries, traversing the Sahel regions and
would have been impacted by the natural mineral dusts. In contrast, on typical no-haze
days, (Figure 12c,d), the air originates from the coast travelling across the Gulf of Guinea
predominantly from south and southwest of the locations. Both the CWT and the NAME
back trajectory runs showed evidence of long-range transport importing the local PM,
leading to high PM concentrations. Although only two models are presented here, previous
studies [32] have shown that the three widely used Lagrangian particle-dispersion mod-
els (LPDM) including hybrid single-particle Lagrangian integrated trajectory (HYSPLIT),
stochastic time-inverted Lagrangian transport (STILT) and flexible particle (FLEXPART)
have comparative performances, and we expect the results from these other models will be
similar when applied to our study locations.
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Figure 10. Temporal variation for PM; 5 as day of week diel, average diel, monthly averages and day
of week averages at the two locations. (a) For the entire deployment period and (b) excluding the
Harmattan haze episodes. Note: a similar pattern was observed for PMy.
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Figure 11. Gridded and smoothed back trajectory concentrations showing mean PMj concentra-
tions using the concentration-weighted trajectory (CWT) methodology grouped by three months
(MAM = March, April, May, JJA = June, July August, SON = September, October, November and
DJF = December, January, February). (a) MM-F, Yaoundé and (b) AW-VI, Lagos.
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Figure 12. Maps showing the output run of NAME back trajectory over six days for daily continuous
particle release of 2000 units/hour at 1 g/s at 0.1 x 0.1 grid resolution at the two locations (red
star in maps). (a) Trajectory run for Lagos covering the period 30 December 20214 January 2022,
(b) trajectory run for Yaoundé covering the period 30 December 2021-4 January 2022, (c) trajectory
run for Lagos covering the period 4-9 July 2022 and (d) trajectory run for Yaoundé covering the
period 4-9 July 2022.

These elevated PM episodes in these regions of the continent are consistent with the
atmospheric phenomenon, the Harmattan haze, when dust-dominated particles originating
from the Sahara desert are blown across the western coast of the continent. Although the
air trajectory is, over 90% of the time, from the coast during our study (Figure S3), the
smaller fraction of time when it switches to a northeast long-range transport is significant
enough to impact the mean daily exposure, as presented in Figure 13.
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Figure 13. Daily observed average of PM; 5 and PMy in relation to the 2015 and 2021 daily WHO air
quality guidelines at the two study locations for the duration of the campaign.

If one were to exclude the Harmattan-haze period (shaded region in Figure 13), the daily
PMj, 5 measurement was generally below the 2015 WHO guidelines (25 pg/ m°®) at AW-VI,
Lagos and MM-E Yaoundé. However, both locations would exceed the 2021 WHO guideline
of 15 pug/ m?3 if this standard is used. In contrast, observed daily PM; levels were generally
above the guidelines at both study locations even if the haze periods were excluded. PM;
levels only get close to the 2015 guidelines during the wet season. Our study shows that
the haze episode resulted in PM loading that was more than five times the recommended
exposure levels based on the WHO 2021 guidelines. This is of particular interest for policy
implementation because the elevated levels of PM during these episodes are driven by natural
emissions. Whilst the mass PM loading during the haze episodes was significantly high, they
may not necessarily be as toxic as the local emissions (which can sometimes be dominated
by heavy metals [30]) because the particles associated with the haze episodes are mostly
composed of mineral dust. However, such high levels can still cause severe irritation of
the respiratory system, particularly in vulnerable groups, and can also worsen conditions
for individuals with underlying ailments such as asthma. The daily mean PM; 5 and PM;g
levels from our study both fell within the range of daily average concentrations reported in
other studies in Sub-Saharan Africa which ranged between 21-49.4 ug/ m? for PM, 5 and
49-534.7 ug/m3>. Note that most of these studies are for locations with different characteristics
and generally a shorter monitoring duration [18,19]. In addition, most of the study period did
not necessarily fall within the Harmattan haze which we found contributed significantly to
the high daily concentrations recorded in our study.

3.5. Implications of Observations on Leisure-Time Physical Activity

The appropriation of public spaces for leisure-time physical activity is one of the ways
city dwellers can keep fit and improve their wellbeing. In doing this, they may try to avoid
obvious visible dangers and safety issues. However, the lack of awareness of the negative
impact of air pollution could negate the benefits of engaging in leisure-time physical activity.
Our temporal analysis of long-term observations at two typical outdoor locations in Lagos and
Yaoundé suggests that careful consideration of the time of day, day of the week and the time
of year for partaking in exercise would reduce exposure risk. Weekends and periods outside
the rush hour on most days tended to have the best air quality in both cities and so would be
most conducive to physical activity. A significant reduction in ambient pollution is associated
with the wet season, so utilising sheltered outdoor spaces during this period would also
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maximise the health benefits of exercise. The Harmattan period poses a conundrum for public
health, with conflict between the consistency of public health messaging that encourages
physical activity and minimising harm from air pollution exposure when PM levels are highest.
This would require evidence-informed public health interventions with tailored messaging
for different population groups. For example, early warning systems to encourage indoor
physical activity, notifying the most vulnerable to avoid exercising outdoors when PM levels
are over a particular threshold and to use PM nose masks if they need to go outdoors. Beyond
messaging, urban design interventions could be explored to increase green infrastructure
including encouraging non-motorised transport to improve air quality and safer exercise
routes, as well as providing more accessible and free spaces for physical activity indoors when
air pollution is highest. This evidence is also critical to drive increased demand for action
on air pollution. Our findings also suggest stronger regulations are needed in both cities to
reduce emissions from vehicles.

3.6. Strengths and Limitations

This study extends the research providing long-term air quality data in Sub-Saharan
Africa and it is one of the first studies with multiple air pollutant measurements in Yaoundé.
It should be noted that the air quality observations in this study were limited to a single
site in both cities. However, it nonetheless generated extended air quality data that were
used as evidence to engage relevant stakeholders and create community awareness of the
importance of air pollution measurement in both cities. Another caveat to this study was
low data capture at one of the locations (Lagos) due to frequent power failures, although we
accounted for this in our inter-site comparisons. This experience highlights the importance
of using devices that are tailored to a given context; in this case, the need for devices that
can be powered by solar energy to reduce data loss.

4. Conclusions

We present observations of air pollution in two major African cities (Lagos, Nigeria
and Yaoundé, Cameroon) over a 12-month period. We explored the effect of meteorol-
ogy, particularly long-range transport and the seasonal effect on pollution levels. While
combustion-dominated pollutants are strongly influenced by local emissions, we noted
that the average PM levels in our study period were dominated by haze events during the
dry season. An analysis of the temporal profiles of the gaseous pollutants gave insights
into the local drivers for the observations in both cities which varied in patterns from more
sustained high pollution levels at the Yaoundé site to rush-hour patterns related to traffic
emissions particularly on weekdays in Lagos. We explored the implications of our results
on leisure-time physical activity in public spaces in both locations. Our findings highlight
the importance of continuous air quality monitoring to inform public health messaging
campaigns, shape urban design and protect health for all.
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/ /www.mdpi.com/article/10.3390/atmos14111693/s1, Figure S1: Time series and scatter plots of
NO, NO,, PMy, temperature and pressure for the two AQMesh nodes during the co-location trial at
the urban background station in Cambridge, UK. Statistics shown inset in the time series are for S1
relative to S2; Figure S2: Diel profiles at AW-VI, Lagos and MM-F, Yaoundé for a 4-day period during
haze and non-haze episodes; Figure S3. Map showing the 6-cluster solution to back trajectories
for AW-VI, Lagos, Nigeria (pink bordered area) for the duration of the campaign (2021-2022). The
number represents the percentage mean for each cluster relative to the overall trajectory. Figure S4.
Time series of 15-min CO, NO, NO,, O3 and CO; observation from June 2021 to May 2022. (a) MM-F,
Yaoundé, Cameroon and (b) AW-VI, Lagos, Nigeria. Gaps in data are due to power outages at the
sites. Figure S5. Time series of 15-min CO;, pressure, temperature and RH observation from May
2021 to May 2022. (a) MM-F, Yaoundé, Cameroon and (b) AW-VI, Lagos, Nigeria. Gaps in data are
due to power outages at the sites. Table S1. Summary statistics of measured parameters for the
entire duration (May 2021 to May 2022) of the deployment at AW-VI, Lagos, Nigeria and MM-F,
Yaoundé, Cameroon.
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