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Abstract - The COVID-19 pandemic has led to the complete 
lockdown of many cities worldwide. Lockdowns have 
significantly changed human behaviour, such as fewer or no 
industrial activities and limited road and air transport, affecting 
the environment. In this study, we aimed to assess the variability 
and trends of PM2.5 (mass concentration of airborne particulate 
matter < 2.5µm) and carbon monoxide (CO) before and during 
the COVID-19 lockdown period in Sri Lanka. Data were collected 
in “Urban Background”, “Public & Mixed Residential”, and 
“Primary Residential” areas using small sensor technology, 
"KOALA" air quality sensor units, from five locations, three in 
Kandy, and two in Colombo city. Daily averages (24h) and 
daytime averages (08:00 AM to 8:00 PM) were calculated for the 
period before (before March 20th) and during (March 20th to 
May 10th) the lockdown. Air pollutions level before & during 
COVID-19 lockdown were compared, then Mann-Kendall and 
Sen's slope tests were performed to determine trends of PM2.5 

and CO, and the magnitude of the trend. Meteorological 
parameters were fairly similar before and during both cities' 
lockdown periods, while both PM2.5 and CO concentrations 
declined. The highest average reductions of PM2.5 and CO were 
observed in Colombo's “Urban Background” area (52.4% and 
46.7%, respectively). In Kandy, “Urban Background” site had a 

higher reduction of PM2.5 and CO (30.2% and 41.2%, 
respectively), compared to “Primary Residential” (10% and 9%, 
respectively). The daily averages of the pollutants' 
concentrations were higher before the lockdown period 
compared to during. Overall, a significant downward trend was 
observed of air pollutants over the entire study period. In Sri 
Lanka, the COVID-19 lockdown improved air quality 
significantly in urban areas.  
 
Keywords: Pandemic, Air Pollution, Small sensors, Air 
quality monitoring, Sri Lanka 
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1. Introduction 
The COVID-19 worldwide pandemic has 

significantly changed human behaviour and its impact on 
the environment. The pandemic has led to the complete 
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lockdown of many cities worldwide. Industrial 
production and supply lines have been drastically 
reduced, leading to fewer or no industrial activities and 
limited transport. As a result, the burning of fossil fuels 
and subsequent atmospheric pollution have decreased 
dramatically [1],[2].  

Similar to other countries the pandemic caused the 
lockdown of cities in Sri Lanka, where the main source of 
ambient air pollution is vehicle emissions in urban areas. 
Vehicle emissions contribute more than 60% of the 
ambient air pollution in Colombo, the capital of the 
country [3]. Several studies have recently reported on 
the effect of the COVID-19 lockdown on the level of 
environmental pollution, especially air pollution, in 
many of the world's major cities. Compared to pre-
lockdown levels, the concentration of airborne 
particulate matter less than 2.5 µm in diameter (PM2.5) 
and particulate matter less than 10 µm in diameter 
(PM10) reduced by about half in Delhi, India [4], and 
concentrations of PM2.5, PM10, and NO2 reduced by 38–
78%, 32–80%, and 30–84%, respectively, in the state of 
Gujarat, western India [5]. Levels of CO, NO, and NO2 
decreased by 64.8%, 77.3%, 54.3%, respectively, in 
urban areas of the state of São Paulo, Brazil [6] during 
partial lockdown compared to the five-year monthly 
mean. Similarly, Liu et al. [7] reported that ground-based 
observations around California showed a 38%, 49%, and 
31% drop in the concentration of NO2, CO, PM2.5, 
respectively, during their lockdown (March 19th–May 
7th, 2020) compared to before (January 26th –March 18th, 
2020). In Wuhan city, China, Lian et al. [8] found that 
PM2.5 decreased by 36.9% during the lockdown and 
remained the city's primary pollutant.  

In Sri Lanka, the first case of COVID-19 was 
reported in late January 2020. Since then, the 
Government of Sri Lanka has introduced various 
sequential measures to control the spread of COVID-19, 
including social distancing and, from March 20th to May 
10th, 2020, an island-wide curfew. Colombo and Kandy 
districts were identified as high-risk zones because of 
the rapid spread of COVID-19. Public transport within 
these cities was limited during the lockdown period; 
however, activities related to health and essential 
services were not suspended. These restrictions affected 
normal human activities resulting in fewer motor 

vehicles on the roads. Although many cities in the South 
Asian region have assessed how the COVID-19 pandemic 
has impacted air quality [9]–[12] results are not 
generalizable due to different geography, 
environmental, and socioeconomic characteristics and 
air quality patterns. In Sri Lanka air pollution is a major 
environmental issue, a local study can capture patterns 
of change in air pollution that can be used for future air 
quality control. In this study, an already existing smart 
sensor network has been used to assess the variability 
and trends of PM2.5 and CO before and during the COVID-
19 lockdown period in the city of Colombo (the capital) 
and Kandy (second largest city) of Sri Lanka using smart 
sensor technology. 

 
2. Materials and Methods 
2.1. Study Area 

The present study focused on two major 
municipality areas in Sri Lanka, namely Colombo 
Municipal Council (CMC) and Kandy Municipal Council 
(KMC). The CMC is the municipal governing 
body of Colombo, the largest city and commercial capital 
of Sri Lanka, with 555,031 inhabitants covering an area 
of 37 km2. Its daily population expands by a 'floating 
population' of nearly 500,000 [13]. The KMC is the local 
council for Kandy, the second-largest city of Sri Lanka, 
with 113,000 inhabitants and covers an area of 28.53 
km2 [14]. This study collected data from five sites; two in 
Colombo and three in Kandy. In Colombo, both 
monitoring sites (Figure 1) were located in an Urban 
Background (UB). In Kandy, the three selected locations 
(Figure 2) represented Urban Background, Primary 
Residential (PR), and Public & Mixed Residential (PMR) 
areas.  

Each site was chosen because they were 
representative locations of the city, with different 
characteristics such as major roads, population density, 
land use, etc. Information of sensor locations and air 
pollution measuring periods are provided in Table 1. 
Data on rainfall, relative humidity, the temperature was 
obtained from the meteorology department of Sri Lanka. 
 
 
 

about:blank#Local_government_structure
about:blank#Local_government_structure
about:blank
about:blank#Local_government_structure
about:blank#Local_government_structure
about:blank
about:blank


 14 

 

Figure 1. Monitoring locations of Colombo Municipal Council area (black line indicates Colombo municipal council area) 
 

 

Figure 2. Monitoring locations of Kandy Municipal Council area (black line indicates Kandy municipal area) 

 

Table 1. Geographic location and their background type of air quality monitor stations 

City Background type Device 
ID 

Longitudes Latitude Monitoring Period 

Colombo Urban background 1 (UB1) 1 79.8553 6.9122 2020.02.09– 2020.04.15 

Urban background 2 (UB2) 2 79.8616 6.8933 2020.03.01– 2020.05.10 

Kandy Urban background (UB) 3 80.638696 7.298821 2020.03.03– 2020.05.10 

Primary Residential (PR) 4 80.629869 7.302681 2020.02.10– 2020.05.10 

Public & Mixed residential (PMR) 5 80.606658 7.268675 2020.02.12– 2020.05.10 
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2.2. Air Pollution Data Collection 
Air pollution data were collected before and 

during the 2020 lockdown period. Data on the 
particulate matter with a diameter of <2.5 µm (PM2.5) 
and <10 µm (PM10) and carbon monoxide (CO) were 
collected using a low-cost small air quality sensor unit 
called Knowing Our Ambient Local Air-quality (KOALA). 
The KOALA monitor has been developed by the 
International Laboratory for Air Quality and Health 
(ILAQH) at the Queensland University of Technology 
(QUT), Brisbane, Australia, and measures PM2.5 and CO 
concentrations [15]. Each unit contains two low-cost air 
quality sensors; a. Plantower PMS1003 sensor measures 
aerosol particles and an Alphasense CO sensor [16] 
measures CO. Both the Plantower PM2.5 sensor [17], [18] 
and the Alphasense CO sensor [19], [20] were tested and 
calibrated in the laboratory and under ambient 
conditions before the monitoring campaign. The 
Plantower PMS1003 uses a laser scattering principle to 
irradiate suspended particles in the air. It then 
determines the size and concentration of the particles 
using the intensity of the scattered light spikes and the 
number of spikes, respectively [21]. The sensor's on-
board microcontroller then calculates and reports the 
particulate mass concentrations in units of µg/m3 in 
three size ranges, up to 1.0 µm, 2.5 µm, and 10.0 µm. The 
KOALA air pollution sensor units were programmed to 
record data every 5 min, and wirelessly transmit the 
readings at intervals of 35 min to a cloud-based storage 
facility built on Amazon Web Services. The downloaded 
data were then organized in spreadsheets as 1-hour 
means for further analysis. Daytime averages were also 
obtained from 08.00 AM to 08:00 PM each day because 
human activities were most affected by the curfew 
during these times. Previous research published by R. 
Jayaratne et al. [17] reported that the KOALA devices 
performed well at a relative humidity of less than 75%. 
In this study, the daily average PM2.5 values were 
significantly affected by humidity interference of the 
PMS1003 sensor during the nights. High humidity levels 
can affect the particulate matter readings; this happens 
mostly during the night, where humidity is relatively 
high [17]. Since particulate matter readings are generally 
lower at night, daily averages which include night-time 
data tend to be over-estimated. Since CO sensor readings 
are not affected by humidity, this over-estimation issue 
was corrected by using the following equation on 24-
hour CO averages. So, Eq. 1 was used to compute the 
daily averages.                      
  

𝑃𝑀2.5 𝑑𝑎𝑖𝑙𝑦 𝑎𝑣𝑔 = 𝑃𝑀2.5𝑑𝑎𝑦𝑡𝑖𝑚𝑒 𝑎𝑣𝑔 ×  
𝐶𝑂 𝑑𝑎𝑖𝑙𝑦 𝑎𝑣𝑔

𝐶𝑂 𝑑𝑎𝑦𝑡𝑖𝑚𝑒 𝑎𝑣𝑔
 (1) 

 

Daily averages (24h) and daytime averages were 
calculated for the period before (before March 20th) and 
during (March 20th to May 10th) the COVID-19 lockdown.  
 
2.3. Statistical Analysis 

The R software (version 4.0.2) [22] was used in all 
statistical analyses. Descriptive statistics and data 
visualizing of the pollutants were obtained using the 
"open-air" package [23] and time-series plots. Daily and 
daytime data were not normally distributed for all 
locations. A comparison of the results obtained on 
different days of each period (before/during the 
lockdown period) was calculated using the Mann-
Whitney U test. The Mann-Kendall test [24] was then 
performed to determine whether a time series had a 
monotonic upward or downward trend. The null 
hypothesis for this test assumed that there was no 
monotonic trend in the series. After the Mann-Kendall 
test, the Sen's slope [25] was performed to calculate the 
magnitude of the trend in a variable. Sen's slope is 
considered superior for detecting a linear relationship as 
it is not affected by outliers in the dataset. Meteorological 
parameters were compared before and during the 
lockdown periods using non-parametric methods. 
 
3. Results and Discussion 
3.1. Comparison of Pollution Levels before and 
During the COVID-19 Lockdown Period 

From 08:00 AM to 8:00 PM (local time) daily, the 
1- hour average of PM2.5 and CO in each location was 
calculated and shown as box plots (Figure S1). Table 2 
shows the daily and daytime average of PM2.5 and CO 
before and during the lockdown period at the five 
monitoring sites. Two monitoring locations in Colombo 
(Urban Backgrounds 1 and 2), showed a significant 
reduction in the average daytime PM2.5 (41% and 51.6%, 
respectively) during the lockdown period when 
compared to the pre-lockdown period. Similarly, for CO 
the daytime average reduction was 54.3% and 46.5%, 
respectively. This considerable reduction is almost 
certainly due to the restriction on transport and 
industrial activities.  
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Table 2. Daily, a daytime average of PM2.5 and CO before & during the curfew period in five monitoring locations 

 Background 
type 

Air pollutant Average by Before 
curfew 

During 
curfew 

Variation 
change (%) 

Colombo UB1 PM2.5 (µg/m3) Daily averages 49.6 31.1 -18.4 -37.2 
Daytime Averages 52.7 31.1 -21.6 -41.0 

CO (ppm) Daily averages 0.8 0.4 -0.4 -51.2 
Daytime Averages 0.8 0.4 -0.4 -54.3 

UB2 PM2.5 (µg/m3) Daily averages 52.4 25.0 -27.4 -52.4 
Daytime Averages 53.1 25.7 -27.4 -51.6 

CO (ppm) Daily averages 0.5 0.3 -0.2 -46.7 
Daytime Averages 0.5 0.3 -0.3 -46.5 

Kandy UB PM2.5 (µg/m3) Daily averages 40.7 28.4 -12.3 -30.2 
Daytime Averages 46.2 32.3 -13.9 -30.1 

CO (ppm) Daily averages 0.7 0.4 -0.3 -41.2 
Daytime Averages 0.8 0.5 -0.3 -41.1 

PR PM2.5 (µg/m3) Daily averages 34.6 31.1 -3.5 -10.2 
Daytime Averages 36.9 33.2 -3.7 -10.1 

CO (ppm) Daily averages 0.4 0.4 0.0 -9.1 
Daytime Averages 0.4 0.4 0.0 -9.2 

PMR PM2.5 (µg/m3) Daily averages 36.4 29.5 -7.0 -19.1 
Daytime Averages 38.4 30.7 -7.7 -20.0 

CO (ppm) Daily averages 0.5 0.4 -0.1 -19.4 
Daytime Averages 0.6 0.4 -0.1 -20.6 

Transport (emission from motor vehicles), 
industry (power generation) and domestic uses can be 
identified as the main sources of air pollution in Sri 
Lanka [26]. In 2011, Motor vehicle emissions accounted 
for 55-60% of air pollution, industrial emissions of 20-
25%, and domestic emissions of about 20% sources [27]. 
In Kandy, the Urban Background monitor showed 
average daytime reductions of 30.1%, 41.1% for PM2.5 
and CO, respectively. Since Colombo is a commercial city 
and more crowded than Kandy, heavier traffic conditions 
are regularly observed. Therefore, it is not surprising 
that the air pollution reduction value was much higher in 
Colombo's Urban Background area than in Kandy's 
Urban Background area during the lockdown period. In 
Kandy's Public and Mixed Residential areas, 
concentrations of PM2.5 and CO were reduced by 20% 
and 20.6%, respectively, during the lockdown period. 
The air pollution reduction level in Public & Mixed 
residential sites was lower than the Urban Background 
site in Kandy, and the lowest reduction level of PM2.5 and 
CO was observed at the Primary Residential site(−10% 
and -9%, respectively). A previous study on 
determination of source apportionment has revealed 

that high traffic volumes in urban areas results in high 
level of air pollution, while firewood cooking in rural 
residential areas [28]. On a regular working day, 
primarily residential areas have less traffic on roads and 
fewer industrial activities than urban and public mixed 
residential areas. Therefore, the effect of lockdown amid 
the COVID-19 pandemic on air quality may not be as 
significant in primary residential areas. Before the 
lockdown period, the World Health Organization Air 
Quality Guideline (WHO AQG) daily reference value of 
25μg/m3 [29] was exceeded for all these monitoring 
locations (56% to 100% of days). 

 
The Mann-Whitney U –test was used to compare 

results obtained on different days before and during the 
curfew period because data were not normally 
distributed for all locations. One-sided Mann-Whitney U-
test results (Table 3) determined all monitoring 
locations showed a p-value less than the significance 
level 0.05, except the Primary Residential in Kandy. The 
median concentrations of both PM2.5 and CO before the 
lockdown period were more significant than those 
observed during the lockdown period.
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Table 3. Mann-Whitney U-test results 

Test apply for output Colombo Kandy 
UB1 UB2 UB PR PMR 

PM2.5 w 703 519 314 889 924 
p-value <0.0001* <0.0001* 0.0410* 0.114 0.032* 

PM10 w 697 522 317 899 928 
p-value <0.0001* <0.0001* 0.0356* 0.09 0.0298* 

CO w 806 561 439 1049 1124 
p-value <0.0001* <0.0001* <0.0001* 0.006 <0.0001* 

3.2. The Trend of Air Pollution before and During the 
COVID-19 Lockdown Period 

Daily variations of PM2.5, CO, and their trends 
before and during the COVID-19 lockdown period (entire 
study period) for each location are shown in Figure 3 & 
Figure 4. Both figures indicate that PM2.5 and CO levels 
declined in time. Other monitoring sites also showed 
similar trends (Figure S2).  

Figure 3. Daily variation and trend of PM2.5 and CO before and 
during COVID-19 lockdown period (UB1 in Colombo) 

 

 
Figure 4. Daily variation and trend of PM2.5, CO before and 

during COVID-19 lockdown period (UB in Kandy) 
 

Table 4 shows the Mann-Kendall test results for the 
statistical significance of the trends and their respective 
magnitude rate using Sen's slope. Downward trends 
were observed with the time for PM2.5 and CO at all 
locations. This reduction was significant at the 95% 
confidence level for both PM2.5 and CO at all monitoring 

locations, except for Kandy's Primary Residential area. 
Sen's Slope estimator (Q) was used to verify the 
magnitude of the trend rate. All the Sen's Slope estimator 
values were negative, indicating the decreasing trend 
rate was significant for both PM2.5 and CO in all locations, 
except for Kandy's Primary Residential area. 

Table 4. Mann-Kandle and Sen's slope analysis test results of 
air pollutants for before and during COVID-19 lockdown in 

five locations 

City Background 
type 

Test PM2.5 CO 

Colombo 
(CMC) 

UB1 ZS -5.257* -8.157* 

Q -0.496* -0.009* 

UB2 ZS -6.126* -6.169* 

Q -0.538* -0.001* 

Kandy 
(KMC) 

UB ZS -2.958* -2.346* 

Q -0.234* -0.019* 

PR ZS -1.945 -1.818 

Q -0.092 -0.0003 

PMR ZS -2.810* -4.426* 

Q -0.152* -0.001* 

ZS: Mann-Kendall test, Q: Sen's slope estimator. 
⁎Statistically significant of trends, at the 5% significance level. 
 

3.3. Diurnal variation 
Diurnal variation was obtained for both pollutants 

(PM2.5 and CO) in Colombo and Kandy. In Figure 5, the 
red and blue lines indicate the diurnal variation before 
and during the lockdown period, respectively. Figure 
5(a) and Figure 5(c) show that the diurnal variation of 
PM2.5 before lockdown had the same pattern and lower 
values as during the lockdown period. The CO levels 
were also higher before lockdown than during the 
lockdown period. The difference of both PM2.5 and CO 
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before and during the lockdown was higher in Colombo 
compared with Kandy.  

Figure 5. (a) PM2.5 diurnal variation in UB1, CMC (b) CO 
diurnal variation in UB1, CMC (c) PM2.5 diurnal variation in 

UB, KMC (d) CO diurnal variation in UB, KMC (red & blue lines 
correspond to before & during the curfew, respectively 

 

3.4. Meteorological Parameters  
Relevant meteorological parameters had the same 

pattern before and during the lockdown period in both 
Colombo and Kandy (Figure S3). In Kandy, the deference 
between meteorological parameters is more or less 
similar before and during the lockdown periods. 
However, in Colombo, there was a difference between 
the main meteorological parameters (Table S1). This 
was mainly due to the few days of rainfall in the latter 
part of the lockdown period. 

Overall, a significant downward trend of air 
pollutants was observed over the entire study period.  
The rate of air pollution reduction also changes 
according to the type of monitoring site. Specifically, the 
Urban Background sites had the largest decrease, 
followed by Primary Residential with Primary 
Residential in Kandy the flattest decrease. Similar 
findings have also been recorded across the South-Asian 
region and globally [30]. Masum & Pal [9] report 
reductions of ~40% in PM2.5 and ~30% in PM10 during 
the COVID-19 lockdown period in Chittagong city, 
Bangladesh. Sharma et al. [10] report a  maximum 
decline concentration of 58.2% in  PM2.5 and 44.7% in 
PM10  in Bhiwadi, Rajasthan, India, during their lockdown 
period in comparison with before the lockdown period 
while Singh & Chauhan [11], report PM2.5 reduced by 
34.5% and 27.6% in Kolkata and Delhi, respectively, and 
that improvement in air quality is mainly due to the 
lockdown. Ahmed Khan et al. [31] report that the 
Pakistani lockdown (March to May 2020) led to a 
significant decline of (35% to 50%) in air pollution levels 
in the cities of Karachi, Islamabad, Lahore, Peshawar, 

Quetta, and more. In this study used low-cost sensor 
units were used to measure PM2.5 and PM10. These 
KOALA sensor units have been used in previous research 
to monitor air pollution, and have been used in several 
countries by others. For example, the units are used to 
estimate the traffic-induced PM2.5 in Beijing, China [32], 
and a network of seven KOALA monitors were used to 
study ship emission's effect on air quality in Australia 
[33]. Some previous studies have used small sensor 
technology to measure air pollution during the COVID19 
pandemic. A study by Nadzir et al. [34] using low-cost 
sensors reported that the PM2.5 levels in Jaya city in 
Petaling district, Malaysia reduced by 20% to 60% 
during their lockdown period while data from a network 
of low-cost Real-time Affordable Multi-Pollutant (RAMP) 
sensor packages deployed throughout Pittsburgh, 
Pennsylvania, USA reported that CO and PM2.5 
concentrations were lower during the post-lockdown 
period (March 14th to April 30th, 2020) compared to the 
period before [35]. The main justification for the 
lockdown of areas is to control community transmission 
of the COVID-19. However, recently published studies 
suggested that particulate matter can create a suitable 
environment to transmit COVID-19 to greater distances 
[36], [37]. Therefore, there are indirect benefits to 
control the disease's spread in lockdown areas where air 
pollution is high. Further, studies have investigated the 
impact of reduced air quality during COVID-19 on human 
health. PM2.5 levels during COVID-19 lockdown 
decreased across seven states in the United States, and 
air pollution-related deaths have been estimated to have 
decreased [38]. Changes in air pollutant levels during the 
lockdown period were evaluated and assessed the 
impact of the lockdown on air quality over urban areas 
in India [39]. The reduced air pollution during the 
COVID-19 provides a unique opportunity to understand 
air pollution locally and globally, where this information 
can be used to mitigate future air pollution. 
 

4. Conclusion 
 The KOALA sensors were previously validated 
against reference instruments [15]. Very little work has 
been done to monitor the ambient air pollution in Sri 
Lanka's cities due to the lack of standard monitoring 
facilities, therefore, this provided an excellent 
opportunity to study how air pollutants vary before and 
during a lockdown period. PM2.5 and CO reductions were 
most noticeable in Colombo and Kandy's Urban 
Background areas, where vehicular traffic represents the 
major source of these air pollutants. The findings of this 
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study suggest that air pollution is mainly concentrated in 
urban areas, mostly caused by vehicle emissions and 
industrial activities. Preliminary analysis of air quality 
data in the present study indicates that the COVID-19 
pandemic lockdown may be considered a 'blessing in 
disguise' where improved air quality enables the earth to 
refresh itself. This reduction in air pollution, even if only 
for a modest duration, may have short-term health 
benefits such as reduced hospital admissions for 
respiratory problems, cardiovascular illness, asthma, 
and premature death. These results can be used to 
inform Government policy. Minimizing vehicular and 
industrial pollution will improve air quality in urban 
areas and help sustain better public health. 
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