
ABSTRACT Coronavirus disease 2019 (COVID-19), first reported in Wuhan, China, 
became pandemic in less than two months, and Korea was no exception. Daegu Metro-
politan City, in particular, has become the center of the explosive outbreak in Korea. In 
this study, we evaluated how the air quality of Daegu Metropolitan City varied when 
people were fighting the spread of COVID-19. In concretely, we tried to estimate the air 
quality variation with the trend of COVID-19 in Daegu Metropolitan City based on the 
measured data at hourly intervals from two air quality monitoring stations (AQMSs) (see 
Fig. 2). In addition, we quantitatively assessed the positive health effects of improved air 
quality from fighting against COVID-19. Compared to the concentration in the same peri-
od of 2019, the PM2.5 measured at the ambient AQMS decreased by 36.7, 22.5, and 37.6% 
respectively in January, February, and March. Meanwhile, those at the road side AQMS 
were 39.9, 23.7, and 40.3% in January, February, and March, respectively. The decreasing 
trend was not shown in April. Along with the floating population, the concentration of 
NO2 at the road side AQMS decreased from 49.9 ppb to 32.7 ppb, indicating that the 
reduction rate was 34.5%. The summed concentration of seven hazardous metals 
decreased by 27.4% in February 2020 compared to 2019. Among them, lead showed the 
biggest drop to 43.4% in 2002 compared to 2019. The exposure of PM2.5, DosePM2.5

 (µg), 
during 60 days of self-reflection for 10-year-old children has decreased by 29.6% com-
pared to that in the same period of 2019. The results of adult females and males also 
show 27, 8% and 29.5% decrease, respectively. 
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1. INTRODUCTION

Coronavirus disease 2019 (COVID-19) initially identified in Wuhan, China in 
December 2019 spread rapidly around the world within two weeks after the first 
report (Huang et al., 2020).

In the case of Korea, the number of cases sharply increased after the first con-
firmed case report on January 20, resulting in 12,240 cases as of April 30. Especially 
in Daegu, just 17 days after the first case was reported on February 18, an explosive 
spread of over 5,100 cumulative cases occurred. In order to prevent the spread of 
these unexpected infectious diseases, the administrative authorities enforced vari-
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ous administrative regulations from February 23. Typi-
cal regulations include refraining from going out, no 
classes allowed in various academies, and postponement 
of school opening. On March 5, 42 days after strict 
administrative regulations were enforced, the number of 
newly confirmed cases decreased to 5 cases per day. 

Fig. 1 is the graph for the situation of COVID-19 
spread in Daegu Metropolitan City recreated with the 
data of the Korea Centers for Disease Control and Pre-
vention (KCDC) (COVID-19 status, Korea by KCDC). 

Meanwhile, the global quarantine activities for the 
COVID-19 pandemic have affected the improvement of 
air quality on Earth’s scale. According to the modeling 
results, the global carbon dioxide emissions may 
decrease by more than 5% in 2020 and this would be the 
sharpest decline since World War II (Newsweek, May 4, 
2020). In addition, the satellite imagery of NASA and 
European Space Agency (ESA) has shown how nitrogen 
dioxide (NO2) concentration has decrea sed drastically 
in every urban cities across China during COVID-19 
pandemic (NASA, 2020).

In fact, it is air pollutants that are more lethal than 
COVID-19 in the long term. A prior study suggested 
that air pollution kills 7,000,000 people worldwide each 
year (Brauer, 2010). Even in European countries, 
193,000 people died in 2012 because of airborne partic-
ulate matter (Ortiz et al., 2017).

It is well known that the exposure to the particulate 
matter with a diameter of less than 2.5 micrometers 

(PM2.5) has been linked to chronic respiratory and car-
diopulmonary diseases. Many epidemiologic studies 

have suggested that children and older adults are particu-
larly susceptible to health impacts (Barnes et al., 2018; 
Ma, 2015).

The exposure to air pollutants emitted from vehicles, 
especially diesel exhaust particles (DEP), can also have 
an adverse health effect of drivers and passengers. More-
over, it is harmful to residents living near the road and to 
young students at schools around the road (Barnes et al., 
2018).

According to the Daegu Metropolitan Government, 
the daily traffic volume of Sinchon-daero was 73,333 in 
the first week of March, when the daily confirmed cases 
of COVID-19 was the peak, which was 74.5% of the 
average of 94,374 in 2019. Also, the number of passen-
gers using the Daegu Metropolitan Rapid Transit, which 
used to average 450,000 per day, dropped to 50,000 in 
March (Korea Economic Daily, 2020).

In the present study, we tried to estimate the air quality 
variation with the trend of COVID-19 in Daegu Metro-
politan City, Korea. The main targets of the air quality 
estimation were PM2.5 and NO2 monitored almost real-
time at two air quality monitoring stations (AQMSs) 

(see Fig. 1). 

2. METHODS

2. 1  Description of  Daegu Metropolitan City
Daegu Metropolitan City, which experienced the 

explosive outbreak of COVID-19 in a short period of 
time and excellent response, is the fourth-largest after 

Fig. 1. Timely variation of the confirmed cases of COVID-19 per day and the cumulative status in Daegu, Korea.
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Seoul, Busan, and Incheon with over 2.5 million resi-
dents. Daegu is also considered the third major econom-
ic city in Korea, after Seoul and Busan. The major indus-
tries of Daegu Metropolitan City are textile industry, 
metals and machinery, automobile component industry, 
mobile development, and medical care. As of May 2019, 
the population and area of this city are 2,489,802 and 
883.54 km2, respectively. The total number of cars regis-
tered in Daegu Metropolitan City, 2019 was 1,190,154, 
of which gasoline, diesel, LPG, CNG, hybrid were 
561,643, 470,569, 114,533, 2,617, and 26,026, respec-
tively (Institute of Health and Environment of Daegu 
Metropolitan City, 2020).

2. 2   1-hour Interval PM2.5 and NOx Measurement 
at the AQMSs

In Daegu Metropolitan City, 14 ambient AQMSs and 
two roadside AQMSs are being operated. In this study, 
the target AQMSs were the Suchang-dong and Pyeongri-
dong monitoring stations as the ambient AQMS and the 
roadside AQMS, respectively (see Fig. 2). The Such ang-
dong AQMS is installed in urban areas and this AQMS 
measures also major heavy metals including Pb to assess 
the effect of nearby industrial complexes. Meanwhile, the 
Pyeongri-dong AQMS is being operated on the road side 
with a large traffic and floating population. The two 
AQMSs are separated by a straight-line distance of about 

2.2 km. Fig. 2 illustrates the location of two AQMSs in 
Daegu Metropolitan City, Korea, and their views from 
the roof of each AQMS.

At the AQSMs, PM2.5 is continuously measured by 
the β-ray absorption method (BAM) every hour. The 
BAM is the standard method for PM2.5 measurement in 
Korea (NIER, 2009). This is a widely used air monitor-
ing technique employing the absorption of beta radia-
tion by solid particles extracted from air flow (Liberti, 
1975). 

The chemiluminescence method is being used for the 
one-hour interval continuous measurement of NO2. 
This method uses the thermally-stabilized photodiode 
to detect the intensity light generated by the reaction of 
NO with O3, yielding an excited state of NO2 and O2. 

The target data of this study was about two-month 
measurement data monitored at two different AQMSs 
from January 18 to April 22, when the number of con-
firmed cases was reduced to one. 

PM10 was collected at the Suchang-dong ambient 
AQMS in the second week of each month for five days. 
Then the heavy metals in PM10 including lead and cad-
mium were analyzed by an atomic absorption spectro-
photometer specified in the Korean air pollution test act 

(Institute of Health and Environment of Daegu Metro-
politan City, 2020).

The average monthly temperature, relative humidity, 

Fig. 2. The location of two AQMSs in Daegu, Korea and their views.
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wind speed, and rainfall amount at the monitoring sites 
during the measurement period in 2020 were ranged 
3.8-13.5°C, 52-61%, 2.1-2.4 m/s, and 24.5-70.4 mm, 
respectively. In the relative year of 2019, they were 1.7-
13.5°C, 44-52%, 2.1-2.4 m/s, and 9.5-88.0 mm, res-
pectively. There was little difference between weather 
factors from January to April of the two years.

3. RESULTS AND DISCUSSION

3. 1  Daily Variations of  PM2.5 at AQMSs
Fig. 3 shows the daily variations of the concentration 

of PM2.5 at the ambient and the roadside AQMSs with 
the cumulative confirmed COVID-19 cases in Daegu 
Metropolitan City. To better represent the time shifts in 
the data over the entire measurement period, the 5-day 
simple moving average (SMA) (Cd SMA) was calculated 
by follows:

 Cd + Cd-1 + … + Cd-(n-1)Cd SMA = ---------------------------------
 n

 
 1
= ---
 n Cd-1

where, Cd is the daily averaged data of the correspond-
ing day, and n is the number of time periods in the aver-
age (5-day in this study). This (Cd SMA) can help us dis-
tinguish between typical measurement noise and actual 

trend reversals. 
In Fig. 3, the concentration of PM2.5 at the ambient 

AQMS shows a temporary increase or decrease, but 
there was a slight decrease in the overall period. Espe-
cially from February 1 to February 13, the concentra-
tion dropped sharply. 

Meanwhile, except for a big drop in early February, the 
PM2.5 at the roadside AQMS did not show any noticeable 
time change except after April 16. The sharp decline after 
April 16 was likely to be due to the diffusion and washout 
by the rain accompanied by strong winds. Several tempo-
rary decreases in PM2.5 concentration were also caused 
by the wet-scavenging by rainfall. The overall decline of 
PM2.5 at both AQMSs might be due to the reduction of 
traffic volume and a partial reduction in economic activi-
ty under voluntary self-reflection. Partial reduction in 
economic activity can be estimated as a lar ge decrease in 
the floating population as mentioned earlier.

To interpret the data of March 3 and 30, which sho-
wed an unusually distinct increase in the overall decline 
trend, the NOAA’s backtrajectories (heights: 500, 1000, 
3000 m; duration: 72 hrs) started from Daegu (35.60N; 
128.36E) (Rolph, et al., 2017; Stein et al., 2015) were 
drawn in Fig. 4 with the nationwide distributions of 
PM2.5 on both days. 

According to the NIER (National Institute of Environ-
mental Research) of Korea, the PM2.5 concentration 
exceeded 800 µg/m3 in northeastern China on both days, 
and air quality across the country was poor due to the 

Fig. 3. Daily variations of the concentration of PM2.5 at the ambient and road side monitoring station in Daegu, and the cumulative con-
firmed cases.
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influence of the northwest wind of China. The national 
distributions of PM2.5 in Fig. 4 were re-produced based 
on the presentation of the NIER. Although the inflow 
amount of PM2.5 was smaller than usual year because 
China also shut down the cities, it still occasionally 
flowed into Korea.

Fig. 5 is plotting the daily variations of the concentra-
tion of NO2 at the ambient and road side AQMSs in 
Daegu Metropolitan City, and the cumulative con-
firmed COVID-19 cases. Unlike PM2.5, the continuous 
large-scale reduction over the whole period was seen. 
Compared to the PM2.5 on February 1, those at the 
ambient AQMA and the road side AQMS on April 22 
decreased by 52.1% and 83.5%, respectively. On March 
3, the NO2 concentrations at both AQMSs were tem-
porarily increased. This is also due to the inflow into 
China. Although there were occasional temporary 
reductions in NO2 because of the wash-out, the overall 
decline might be due to the people’s efforts such as 
reduction of traffic volume and the partial shutdown of 
industrial facilities under various regulations. This is 
the unexpected good result for our health. The U.S. 
Environmental Protection Agency (EPA) suggested 
that the short-term exposure of high NOx can lead to 
irritated respiratory systems (US EPA, 2019). Based on 
the results of their model calculation, He et al. (2020) 
suggested that the reduction of  NO2 during COVID-
19 epidemic saved 100,000 lives in China.

Fig. 4. The NOAA’s backtrajectories started from Daegu and the 
nationwide distributions of PM2.5 on Mar. 3 (top) and Mar. 30 

(bottom).

Fig. 5. Daily variations of the concentration of NO2 at the ambient and road side monitoring station in Daegu, and the cumulative con-
firmed cases.



                       Asian Journal of Atmospheric Environment, Vol. 14, No. 3, 253-262, 2020

258      www.asianjae.org

3. 2   Variation of NO2 and PM2.5 Concentration by 
Flowing Population 

Fig. 6 shows the daily variations of the concentration 
of  NOx at the road side AQMS in Daegu Metropolitan 
City and the weekly flowing population (%). The data of 
flowing population (%) was the result presented by the 
JoongAng Ilbo on March 27, 2020. The floating popula-
tion (%) was calculated based on the floating population 
of 100 during the same period of 2019. As shown in fig-
ure, since February 1, when the number of confirmed 
COVID-19 cases increased to two digits in the Korea, 
there was a significant decrease in human movement in 
Daegu Metropolitan City. In particular, after February 
19, when the number of confirmed COVID-19 cases in 
Daegu was 34, it sharply fell to 59.5%. Along with the 
floating population, the concentration of NO2 at the 
road side AQMS also decreased from 49.9 ppb to 32.7 
ppb, indicating that the reduction rate was 34.5%. The 
concentration of PM2.5 also dropped from 43.6 to 32.9 

µg/m3, showing a decrease of about 24.5%.

3. 3   PM2.5 and Hazardous Metals in 2019 and 2020
Compared to the concentration in the same period of 

2019, the PM2.5 measured at the ambient AQMS was 
decreased by 36.7, 22.5, and 37.6% respectively in Janu-
ary, February, and March. Meanwhile, those at the road 
side AQMS were 39.9, 23.7, and 40.3% in January, Feb-
ruary, and March, respectively. The decreasing trend was 
not shown in April. This is because the self-reflection 
mode was gradually lifted as the number of confirmed 

COVID-19 cases decreased to one digit on April 5. 
Other factors, such as meteorological conditions, also 

needed to be considered, but the result in Fig. 7 suggests 
that the citizens’ self-reflection behavior due to COVID-
19 temporarily improved air quality in Daegu.

Hazardous heavy metals are persistent in various envi-
ronments and cause severe health problems due to their 
toxicity. Chronic exposure to hazardous elements is a 
real threat to living organisms including human being 

(Spiegel, 2002). 

Fig. 6. Daily variations of the concentration of NOx at the road side monitoring station in Daegu and the weekly flowing population (%) at 
100 for the same period of 2019.

Fig. 7. Comparison of PM2.5 measured at ambient and road side 
AQMSs between 2019 and 2020.
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The concentration of the major harmful elements 

(lead, cadmium, copper, manganese, nickel, and arsenic) 
measured by Institute of Health and Environment of 
Daegu Metropolitan City at the Suchang-dong ambient 
AQMS in February and March, 2019 and 2020 was 
shown in Fig. 8. The data comparison for February 
shows that the summed concentration of seven metals 
decreased by 27.4% in February 2020 compared to 
2019. Among 7 hazardous elements, lead showed the 
biggest drop to 43.4% in 2002 compared to 2019.

Exposure to lead can cause the damage to the nervous 
system and give rise to impaired cognitive development 
and intellectual performance (Wieczorek-Dąbrowska et 
al., 2003). Dye et al. (2001) suggested that the enriched 
metal constituents in PM induced the greatest degree of 
airway inflammation. 

In the case of March, the total concentration was only 
8.8% lower than in 2019. One thing to note is that arse-
nic (5 ng/m3 in 2019) was not detected in March 2020. 
Arsenic is a well-known human carcinogen metal that 
causes lung and skin cancer (Wieczorek-Dąbrowska et al., 
2003). 

As reported by Dai et al. (2015), the main sources con-
tributing to heavy metals at urban site are the steel dust 
emitted from coal-fired power plant, vehicle emission, 
and road re-suspension dust. Of all the hazardous heavy 
metals, arsenic in particular is well known as harmful 
heavy metals emitted from coal-fired power plants 

(Pesch et al., 2002). 
The coal-fired power plant in the Daegu dyeing indus-

trial complex rarely located in the downtown of a large 
city. Daegu Metropolitan City has come up with mea-
sures such as undergrounding coal storage due to the 
highly controversial fine dust problem, but it will still be 
a source of heavy metals including arsenic.

3. 4   Exposure Dose of PM2.5 during 60 Days of 
Self-reflection

According to Fig. 7, the difference between the con-
centration of PM2.5 from January to March 2019 and 
that in 2020 was 12.12 µg/m3. Ostro (2004) suggested 
that the proportion of deaths from the respiratory sys-
tem disease could be lowered if PM2.5 level was reduced 
to 3 µg/m3.

By calculating the amount of personal exposure dose, 
we attempt to estimate whether the concentration of 
PM2.5, which has decreased by an average of 12.12 µg/m3 
over three months, was meaningful to human health. In 
terms of health effects, to know how much PM2.5 pene-
trate our respiratory system, namely, the exposure dose 
of PM2.5

 (DosePM2.5) is crucial.
The DosePM2.5 can be calculated by the below equation 

proposed by Löndahl et al. (2007).

DosePM2.5
 (µg) = CPM2.5 × FDep. × TExp. × RBre.

where, CPM2.5 are 35.9 and 23.7 µg/m3, i.e. the average 
value of February and March 2019 and that of 2020, 
FDep. is the deposition fraction in the alveolar-interstitial 

(AI) regions of the respiratory tract, TExp. is the expo-
sure time (h), and RBre. is breathing rate (m3/h). 

The fDep. is the maximum deposition efficiency in the 
AI region decided from the activity patterns suggested 
by Yamada et al. (2007). 

Table 1 summarizes the variables and calculated results 
and of the DosePM2.5

 (µg) in the AI region for 10-year 
children and adult females/males during 60 days of self-
reflection from February to March. In this study, their 
daily activity patterns were classified into four categories, 
namely, sleep, sitting or rest, light exercise or movement, 
and heavy exercise. Four kinds of their daily activity pat-
terns were set up assuming that they were mostly in- 
doors during the period of self-reflection. The time requ- 
ired for each pattern is refer to Table 1. 

People would have spent most of their time at home 
due to requests for self-reflection. Choi and Kang (2018) 
reported that the average indoor/outdoor (I/O) ratio 

Fig. 8. Comparison of hazardous elements concentrations between 
2019 and 2020 in Feb. and Mar.
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was 0.66 for the 14 apartment housing units located in 
urban areas in Korea including Daegu metropolitan city. 
Therefore, the indoor PM2.5 concentration in the present 
study was calculated from their I/O ratio.

Fig. 9 shows the comparison between the DosePM2.5
 

(µg) in 2019 and 2020 for 10-year children, adult 
females, and adult male during the period from Febru-
ary to March. The DosePM2.5

 (µg) for 10-year-old chil-
dren was 9,290 µg in 2019 and 6,148 µg in 2020. As a 
result, the DosePM2.5

 (µg) in 2020 has decreased by 
33.8% compared to that in 2019. The DosePM2.5

 (µg) of 
adult females and males also decreased by 2,094 µg and 
3,100 µg, respectively compared to 2019. 

The reason why adult females are less exposed PM2.5 
than children is because of the difference in their life 
style (see third column of Table 1). As Almeida et al. 

(2011) pointed out, children who are always active are 
vulnerable to health because their lung surface area per 
body weight makes them highly susceptible to PM2.5.

4. CONCLUSIONS

In the present study, we tried to estimate the air qual-
ity variation with the trend of COVID-19 in Daegu 
Metropolitan City, Korea based on the data measured 
at two AQMSs. In addition, we quantitatively assessed 
the positive health effects of improved air quality from 
fighting against COVID-19. In fact, in numerical terms, 
poor air quality is taking away our lives on a much larg-
er scale than the current COVID-19 threat (Cohen et 
al., 2017). Although, the citizens’ voluntary actions 
including self-reflection and proper administrative 
measures have caused some inconvenience to their Ta
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daily lives, they can get the certainly improved air qual-
ity as unexpected positive effect of COVID-19. There-
fore, we should seek an eco-friendly lifestyle for clean 
air quality management in the future by taking advan-
tage of the lessons of the pandemic of COVID-19.
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