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Abstract

Introduction: Lockdowns control the spread of SARS-CoV-2 virus and are associated with
improved air quality. Uganda imposed a lockdown beginning March 18" and begun easing it on the
2" of June 2020. This study analysed ambient air PM2.5 at Uganda Christian University’s (UCU)
main campus during and after the lockdown. Health risk reflected by avoidable premature deaths
associated with poorer air quality due to lifting of the lockdown was also estimated.

Methods: Laser particle counter, Purple Air PA-11, measured ambient Air PM2.5 concentration at
UCU main campus for the lockdown period of 8" April to 30" June 2020. Excel Toolpak was used for
data analysis and the health risk assessed with the World Health Organisation’s AirQ+ tool.

Results: The 24-hour ambient mean PM2.5 count was 16.61 ug/m? during the lockdown and it
increased to 35.57 ug/m? on lifting of the lockdown. The increased PM2.5 is associated with a higher
risk of preventable premature deaths. Vehicles using adjacent roadways were the likely source of
ambient air PM2.5 at UCU.

Discussion: Ambient air PM2.5 during the lockdown was moderate on the Air Quality Index and it
deteriorated to unhealthy for sensitive people during the lifting of the lockdown which raised the risk
of preventable premature deaths. Air quality at UCU main campus could be improved by planting a
wide vegetation fence next to the adjacent roads, using cleaner fuel in the University’s kitchen,
lobbying for paving Bishop Road and placing new buildings away from roads. These would improve
health including Covid-19 outcomes.

Keywords: COVID-19; Lockdown; Particulate matter; Air quality; Health risk; Uganda Christian
University.
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spread, an unexpected benefit of improved air
guality is associated with lockdowns (American
Geophysical Union, 2020; Shi & Brasseur
2020). Air pollution is associated with
respiratory health problems, heart disease, lung
and other cancers, poor pregnancy outcomes,
poor COVID-19 outcomes and lower student
grades (WHO, 2019; Wu et al., 2020; Grippo et
al., 2018; Zweig & Ham, 2009). Particulate
matter (PM), which has no known threshold
below which there is no health risk, is used as
proxy indicator for air pollution. Literature
shows that a 6% increase in all-cause mortality
is associated with each 10 pg/m® rise in ambient
air particulate matter of size 2.5 um [PM2.5]
(WHO, 2006; WHO, 2018; Sanyal et al., 2018).
This concentration response function describes
risk in a defined population and not at individual
level (WHO, 2016). Particulate matter sized 2.5
pm originates primarily from combustion
sources such as fossil fuel driven automobiles
and biomass burning (WHO, 2006). Although
there is no evidence for a threshold below which
there no health risk, based on available evidence
of association between air pollution and health
effects, WHO set PM2.5 limits of 10 pug/m3 for
annual mean and 25 pg/m? for 24-hour mean to
guide efforts to improve air quality in varying
contexts (WHO,2006). This study analysed
ambient air particulate matter concentration at
Uganda Christian  University during the
lockdown and during the lifting of the
lockdown. Health risk, reflected by preventable
premature deaths, associated with long term
exposure to poorer air quality due to the lifting
of lockdown were estimated using the WHO
(2018b) AirQ+ and the WHO (2005) limit for
annual PM2.5.

Methodology

The setting; Uganda Christian University’s
(UCU) main campus is located in Mukono
Town Council which is 21 kilometers east of
Kampala along the busy Kampala-Jinja highway
which connects the land locked Uganda and
surrounding countries to the port of Mombasa.
The student population at UCU main campus is
about 3,000 to 6,000 during any one of three
semesters in a year. The university has about
1,000 employees. Most UCU students are under-
graduates with over 70% aged 20-25years and
about 22% aged above 25 years (Mukooza,
Kikule and Carabine, 2018). The campus is

about one kilometer off the Kampala Jinja
Highway but a busy feeder road used as an
alternative route by traffic to and from Kampala,
Bishop Road, is adjacent to it.

Materials

A laser particle counter, PurpleAir (PA-II)
Sensor was used to collect data for the period
April 8" to June 30™ 2020. The PA-Il sensor
data correlates highly (r>0.9) with the Standard
United States Environmental Protection Agency
(EPA) methods (South Coast AQMD, 2015) and
it continuously samples data for longitudinal
studies when it is connected to stable power
supply. The sensor range of -20~+60 °C and
0~99% fits with the Ugandan environment with
high humidity most of the year and temperature
of 24-33°C (Elite Weather Systems NZ, 2020).
The PA-II effective range of 0~500 pg/m* and
maximum range of >1000 pg/m?® is appropriate
in environments where previous studies in
nearby urban areas found concentrations of
particulate matter above 100ug/m*® (Elite
Weather Systems NZ, 2020; Kirenga et al.,
2015; Schwander et al., 2014; US Embassy in
Kampala, 2019). Considering that the land area
of the university was fitting within the EPA
middle scale of representativeness since the
campus radius is = 0.5 km, one sensor was
considered to be able to collect representative
data for the campus (EPA, 2017). The sensor
was installed on the Hamu Mukasa Library
building which is located at about the center of
the Uganda Christian University’s main campus.
It was mounted on a building located at about
the middle of the 64 acre campus, at a height of
about 15 feet off the ground and connected to
stable power and Wi-Fi. The sensor, when
registered on the purple air map, reports
downloadable data to the map every two
minutes in micrograms per cubic meter for PM1,
PM2.5 and PM10.

Data collection and analysis

The laser particle counter, PA-Il, reports
PM2.5 mass concentration in pg/m® on a
downloadable excel sheet. The data was
analysed with Excel data analysis toolpak. The
health risk was calculated using the WHO
(2018) AIirQ+ software tool for health risk
assessment of air pollution. The WHO tool
calculates health risk for a defined population
like that of UCU and may not be used for



calculating individual health risk (WHO, 2006;
WHO, 2016). The adverse health outcome of
interest in this study was premature deaths due
to long term exposure to air pollution. The
WHO (2005) annual mean air quality limits for
PM2.5, the ambient air PM2.5 mean measured
by PA-11 sensor during and after the lockdown,
the Uganda crude death rate of 655.4/100,000
and an estimated annual population of 6000
students and 1000 staff were used in the health
risk assessment (WHO,2005; WHO, 2016:
World Bank, 2020). The Environmental Health
Risk Assessment Model [enHEALTH] (2012)
informed the methodology. The main issue
being the potential gain in terms premature
deaths prevented if the improvement in the
quality of air related to COVID-19 lockdown
was maintained after the lockdown. The main
hazard considered in this study is the ambient air
PM2.5 concentration. The main exposure
pathways were inhalation and contact with eyes
and the skin.

Results

Figure 1 in the appendix shows the trend of
PM2.5 ambient air concentration during the
lockdown and during the gradual lifting of the
lockdown versus the annual WHO (2005) limit
of ambient air PM2.5 concentration which is 10
ug/m®. Table 1 shows that the 24-hour ambient
air mean concentration of PM2.5 increased by
about 127% when the lockdown was lifted and
the minimum concentration changed by
approximately 483%. The maximum 24 hour
mean ambient air concentration of PM 2.5 and
the standard deviation did not change much
between the lockdown days and during its
lifting. The number of days on which the 24
hours mean concentration of ambient PM2.5
exceeded the WHO limit increased from 82% to
100% when the lock down was lifted. In table 2,
day time and night time mean PM2.5 in ug/m?
during the lockdown were compared. A paired t-
test to compare the day time and night time
mean PM2.5 concentration showed that the two
means were significantly different with a p-
value of 0.045. The day time PM2.5
concentration was higher during the lockdown.
In table 3, a paired t-test to compare the day
time and night time mean PM2.5 concentration
during the easing of the lock showed that the
two means were significantly different with a p-
value of 0.049. Additionally, the night time

PM2.5 concentration varied more with a
standard deviation of 10.05 compared to 6.94
during day and it was higher during the easing
of the lockdown.

Risk assessment during and after the
lockdown

In table 4, the assessment using WHO AirQ+
(2018) and the mean PM2.5 concentration of
15.61 pg/m3 show that in one years, 2 deaths in
the UCU community would be avoided annually
if the ambient air PM2.5 was kept at the WHO
limit of 10 ug/m®. If the population of UCU was
scaled up to 100,000 people at PM2.5 of 16.61
ug/m®, then the number of preventable
premature deaths would be approximately 22. In
table 5, the assessment using the mean PM2.5
concentration of 35.57 ug/m® measured during
the lifting of the lock suggests that 7 premature
deaths due to long term exposure to PM2.5 in
the UCU community were avoidable annually if
the concentration of PM2.5 would not exceed
the WHO limit of 10 pg/m3. If the population of
UCU was scaled up to 100,000 people at PM2.5
of 35.57 ug/m®, then the number of preventable
premature deaths would be approximately 94.
As the lifting of the Covid-19 lockdown
continued, the concentration of PM2.5 in the
ambient air would likely increase towards the
levels that have been previously measured in
other Ugandan towns. In table 6, it was assumed
that what was the upper confidence level during
the easing of the lockdown could become the
mean when the lifting of the lockdown is
complete with all activities at UCU and the
surroundings back to normal levels. The
assessment using WHO AirQ+ (2018), the
WHO (2005) limit of 10 pg/m® and the mean
PM2.5 concentration of 53.67 ug/m® after the
complete lifting of the lockdown suggested that
11 premature deaths in the UCU community
caused by long term exposure to PM2.5 could be
avoided annually if the concentration of PM2.5
would not exceed 10 pg/m3.

Discussion

Ambient air concentration of PM2.5 during
lockdown and during its easing.

The trend of PM2.5 concentration in ambient
air at UCU main campus during the period of
the lockdown (April- May, 2020) showed daily
variations with a 24 hour mean of 15.61 ug/mq.
This is below the WHO 24 hour mean limit of



25 ug/m?® but it is above the annual limit of 10
ug/m* which was used in the calculations of
avoidable premature deaths. Comparing the
lockdown period and the easing of the
lockdown, PM2.5 air pollution was most likely
driven by vehicle traffic because this was the
major known polluting variable affected by the
lockdown in the neighborhood of UCU main
campus (WHO, 2005). At the peak of the
lockdown, traffic was reduced to mostly cargo
vehicles and few essential workers’cars. During
the easing of the lockdown, passenger vehicles
and private cars were allowed back on the road.
In the lockdown period, the day time mean
concentrations of PM 2.5 were significantly
higher than the night time values with a p-value
of 0.045. The higher day time values during the
lockdown may be explained by the higher
numbers of cargo tracks during day since the
roads were generally free of other traffic. A 24
hour mean of 15.61 ug/m® on the United States
EPA Air Quality Index (AQI) falls in the yellow
zone which is said to be associated with
moderate level of health concern and where
there may be a health risk for some people,
particularly those who are unusually sensitive to
air pollution. According to WHO (2005), there
is little evidence for a threshold below which
PM2.5 is not a risk to health and therefore, there
is health risk associated with PM2.5
concentration of 15.61 ug/m® even though it is
below the WHO 24 hour mean limit of 25
ug/m?. When the lockdown begun to be eased on
June the 2" the ambient air concentration of
PM2.5 deteriorated to a 24 hour mean of 35.57
ug/m*® which was above the limit of 25 ug/m®
recommended by WHO (2005). The 24 hour
mean during the easing of the lockdown fell
within the EPA range of 35.5-5.4 ug/m® which
is orange on the EPA Air Quality Index. This
quality of air is unhealthy for sensitive people
for whom it may cause negative health effects
(AirNow, 2020). During the easing of the
lockdown, the entire daily variation of the 24
hour mean was above the WHO (2005) annual
cut off level which implied worsening air
guality. The day time mean concentration of
PM2.5 during the easing of the lockdown was
significantly lower than the night time
concentration with a p-value of 0.049. The
probable explanation may be the higher numbers
of cargo at night when there was fewer other
traffic due to the curfew restricting passenger

vehicle movement after 7 pm. The deteriorating
air quality during the easing of the lockdown
was likely related to the increasing traffic in the
neighborhood of the university since according
to Uganda National Environment Management
Authority (NEMA), automobile emissions and
road dust in urban areas are a major contributor
to air pollution in Uganda and WHO asserts that
the primary source of PM2.5 is combustion
(NEMA, 2019; WHO, 2005). The lockdown was
not yet completely lifted since there were still
restrictions on motorcycle use, a curfew between
the hours of 7.00pm and 6.30 am and schools
and churches were still closed. In addition, there
were no students on campus and staffs were still
limited to the essential employees and residents
meaning that activities on campus were still as
limited as they were during the lockdown. The
university kitchen, where predominant fuel was
wood, was not operational and there were hardly
any cars on campus. When the easing is
completed and all activities are restored, it is
likely that the air quality would deteriorate
further. Previous studies conducted in Uganda
showed air pollution levels as high as five times
the WHO (2005) cut off limits (Kirenga et al.,
2015; Schwander et al., 2014; IQAir, 2018 and
US Embassy in Kampala, 2019). It could
therefore be predicted that the ambient PM2.5
concentration at the UCU main campus would
increase towards 100ug/m® and beyond if there
were no intervention to improve air quality. A
hypothetical mean of 53.67 ug/m® after the
lockdown was completely lifted, could lead to
11 avoidable annual deaths in the UCU
coomunity or 152 premature deaths per 100,000
population. These premature deaths could be
prevented if the air quality attained during the
lockdown could be maintained in the long term.
These premature deaths could be more if the
COVID-19 pandemic continued amidst high
ambient air particulate matter count since there
is evidence that the outcome of SARS-CoV-2
viral infection is made worse by air pollution
(Wu et al., 2020).

Discussion of Risk assessment

In this study, the outcome of interest was the
preventable premature deaths in the UCU
community associated with long term exposure
to PM2.5. The UCU estimated population of
7000 students and staff is small and therefore the
number of avoidable annual premature deaths



ranging from 2 to 11 depending on the PM2.5
concentration appears small.  When the
denominator population is scaled up to 100,000,
the number of preventable premature deaths
ranges between 21 and 151 depending on the
PM2.5 concentration. As the ambient air
concentration of PM2.5increased, the number of
avoidable deaths also increased as predicted by
the concentration response function (WHO,
2005). The easing of the lockdown was not yet
complete. There were many activities which
when permitted, would lead to higher pollution
levels and these included motor cycles which are
known to be even more polluting that other
motor vehicles (Vasic and Weilenmann, 2006).
Students were still at home and the curfew still
restricted night time activities including
movement of passenger cars. The completion of
the easing of the lockdown would increase
pollution and a hypothetical higher ambient air
PM2.5 concentration of 53.67 ug/m® may even
be an under estimate given that previous studies
found higher values in Ugandan urban areas
(Kirenga et al., 2015; Schwander et al., 2014;
IQAIr, 2018 and US Embassy in Kampala,
2019). The ambient air PM2.5 value of 53.67
ug/m*> would lead to 11 avoidable deaths
annually at UCU. When the denominator is
scaled up to 100,000 population, the avoidable
deaths would be 152 annually if the long term
PM2.5could be maintained at or below the
WHO (2005) annual mean of 10 ug/m®.

Conclusion

The COVID-19 Lockdown in Uganda was a
natural experiment where the anthropogenic
activities known to pollute air, especially
automobile traffic, were reduced to a minimum
for a period of about two months of April to
May 2020. The primary source of ambient air
pollution at UCU, were likely to be vehicles
plying the adjacent Bishop road and Kampala-
Jinja highway because the lockdown reduced
traffic and its easing increased traffic. The lifting
of the lockdown was associated with higher
ambient air concentration of PM2.5 compared to
the lockdown period. Given the documented
concentration-response function of 6% increase
in all-cause mortality associated with each 10
pg/m* rise in ambient air PM2.5, the higher
concentration of ambient air PM25 was
associated with increased risk for preventable

all-cause premature deaths in the UCU-

community.
Recommendations

Traffic is largely beyond the control of
Uganda Christian University. However, to
reduce ambient air pollution and improve health,
the university may plant and nature a wide ever-
green vegetation barrier alongside the adjacent
Bishop and Cathedral rise roads to trap dust and
other pollutants from the vehicles (Tong et al.,
2015; EPA, 2015). The university should use
electricity or LPG for cooking and not wood or
charcoal which are known sources of particulate
matter. The quality of air on campus should be
monitored to inform appropriate interventions.
The University’s leadership should lobby
government to pave the Bishop road to reduce
dust from it. Resources should be mobilized to
ensure that all roads and footpath on campus are
paved. Driving cars and motor cycles on campus
may be minimized by designating car parking
near the main gate. In the long term planning,
new classrooms and residential buildings should
be placed at least 500 feet away from the busy
adjacent roads (EPA, 2015). Such measures are
possible and their implementation would
improve students’ grades and health outcomes
including the COVID-19 outcomes. At national
and global level, efforts to control the COVID-
19 pandemic should integrate intentional
interventions to reduce air pollution since
current evidence suggests that this would
improve the COVID-19 treatment outcomes.

Limitations

The ambient air PM2.5 at Uganda Christian
University’s main campus at Mukono before the
lockdown is not known. Thus it is not possible
to compare data before lockdown with data
during and after lockdown. However, there is
data before lockdown from other towns and it is
referenced in discussion.
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Further research

It would be of value to collect data on
ambient PM2.5 at UCU after the lockdown is
completely lifted and after the students are back
on campus to measure the full extent of air
pollution and avoidable deaths at UCU.
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Figure 1. Trend of 24 hour mean ambient air concentration of PM2.5 during and after lifting of COVID- 19
Lockdown compared to WHO (2005) limit of 10 ug/m®n= 84 days

Table 1. Descriptive statistics of PM2.5 in ug/m? during and after COVID-19 Lockdown

atistic Mean | Minimum | Maximum | Standard | % of days exceeding
Peri Deviation | WHO limit of 10 ug/m®
Lockdown | 15.61 6.22 33.36 6.27 82
period
During 35.57 26.29 53.63 7.43 100
lifting of
lockdown
Percentage | 127.87 | 483.44 60.76 18.5
change

Table 2. Comparing day time and night time mean PM2.5 in ug/m3 during the lockdown n=55 days

tistic Mean | Minimum | Maximum | Standard | % of days exceeding
Perio Deviation | WHO limit 10 ug/m®
Lockdown — | 16.63 3.72 38.21 7.17 84%
Day time
Lockdown- 14.51 3.69 37.93 7.51 73%
Night time
Table 3. Comparing day time and night time mean PM2.5 in ug/m3 during the easing of the lockdown n=29
days
istic Mean | Minimum | Maximum | Standard | % of days exceeding
Perio Deviation | WHO limit10 ug/m®
Lockdown 32.88 15.54 48.57 6.94 100%
easing - Day
time
Lockdown 36.82 15.67 66.86 10.05 100%
easing -Night
time




Table 4. AirQ+ results for overall mortality attributable to long-term exposure to PM2.5 Ambient air pollution

when the mean is 15.61 ug/m3 during lockdown and WHO limit is 10 ug/m3

100,000 population at risk

Risk Central | Lower | Upper
Estimated Attributable Proportion 3.32% 2.18% | 4.3T%
Estimated Number of Attributable Cases 2 1 2
Estimated Number of Attributable Cases per | 21.75 15.26 28.67

Table 5. AirQ+ results for overall mortality attributable to long-term exposure to PM2.5 Ambient air pollution

when the mean is 35.57 ug/m3 on lifting the lockdown and WHO limit is 10 ug/m3

100,000 population at risk

Risk Central | Lower Upper
Estimated Attributable Proportion 14.26% | 9.54% 18.44%
Estimated Number of Attributable Cases 7 4 8
Estimated Number of Attributable Cases per | 93.44 62.54 120.88

Table 6. AirQ+ results for overall mortality attributable to long-term exposure to PM2.5 Ambient air pollution

with a hypothetical mean of 53.67 ug/m3 after the lockdown and WHO limit is 10 ug/m3

Risk Central | Lower | Upper
Estimated Attributable Proportion 23.1% 15.74% | 29.4%
Estimated Number of Attributable Cases 11 7 13
Estimated Number of Attributable Cases 151.41 | 103.17 | 192.72
per 100,000 population at risk
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