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Since most people spend about 90% of their time indoors at home or work, indoor air quality (IAQ) highly

impacts human health. The first step to managing IAQ is monitoring various indoor facilities. In this study, PM, 5 and CO, were
measured for six months in 15 facilities using an internet of things (IoT) system and measurement devices. Before monitoring,
correction was conducted through comparison between measurement sensors. Next, the measurement sensors were
calibrated using the data from the air quality monitoring station (AQMS) in Naepo New Town. Monitoring was conducted in

the library, cinema, educational, and several convenience facilities. The daily and weekly variations were analyzed for each

site. The coffee shop and cinema had higher concentrations on weekends for both PM, 5 and CO, due to the increased

number of users. On the other hand, PM,; and CO, in educational facilities decreased due to fewer users on weekends.

Diurnal variation readings showed that PM, ;5 increased during the daytime in almost all facilities, while PM, 5 increased in the
coffee shop at night. In contrast to PM, 5, the diurnal variation in CO, was constant in nearly all facilities except in the coffee
shop; the CO, readings rose rapidly after 9 AM and peaked at 4 PM in the cafe. This study focuses on the overall indoor air
quality in Naepo New Town. In the future, we plan to conduct a detailed study on each facility’s IAQ management methods.

Key words: Indoor air quality (IAQ), Internet of things (IoT), Measurement sensor, Indoor air management, PM, 5, CO,
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Fig. 1. Location of IoT sensor monitoring sites, AQMS, and ASOS in Naepo New Town.
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Table 1. Detailed information of loT sensor sites installed in this study.
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Category ID Location Period Main user group Operating time
Librar Cls1 Reading room 22.04.01~09.30 Ages3to 15 From 9 to 22 (Weekdays)
y CIS2 Reading room 22.04.01~09. 30 12and up From 9 to 18 (Weekend)
Community service center CIs3 Office 22.04.04~09.30 20 and up
Cls4 Office 22.04.04~09.30 20 and up From 9to 18
Health center CIS5 Office 22.04.04~09.02 20 and up
Elementary school (@) Classroom 22.04.04~09.30 Ages 8to 13 From8to 16
cs7 Classroom 22.04.01~09.30 Ages4to7
Kindergarten From9to 18
9 cis8 Classroom 22.04.01~09.30 Ages4to7
Cinema Cls9 Ticket box 22.04.01~09. 30 All ages From 9 to 21
CIS10 Screen 22.04.01~09.30 All ages
PC cafeteria as 1 Counter 22.04.01~09.30 Ages8to 19 Open 24 hours
Bus terminal ClS12 Waiting room 22.04.04~09. 30 All ages From 5 to 22
CIS13 Seats area 22.04.15~09.30 20 and up From 9to 24
Coffee shop
ClIS14 Seats area 22.05.12~09.30 20 and up From 10 to 23
Supermarket CIS15 Sale stand 22.04.27~09.30 All ages From 10 to 22
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Fig. 2. Image of the IoT sensor.
Table 2. Analytical conditions of loT sensor and measurement range of each species.

Parameter Specification Species Range
Operating temp. -5t0 50°C PM, 5 0~300 pg/m?*
Flow 0.1lpm PM;q 0~300 pg/m?
Power supply 5VDC CO, 0~3,000 ppm
Power consumption 1Wh Temperature -40~70°C
Weight 2509 Humidity 0~100%
Communication method WIFI VOCs 125~3,500 pg/m?
Performance class Class 1 (PM, ) Noise 32~75dB(A)
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Table 3. Summary of species and guideline at each facility managed by government.

Indoor air act

School health act

Species
Guideline Target facilities Guideline Target facilities

200 ug/m? ), d) 150 ug/m? g), h)
PMyq 100 pg/m? 75ug/m? e),f)

75 pg/m3

50 ug/m? 35 ug/m3 e),f)
PMys 35 ug/m3
cOo, 1,000 ppm a)~d) 1,000 ppm e),f)

100 pg/m? a), o 80 ug/m’ e), )
HCHO 80 ug/m?

25 ppm 10 ppm k)
o 10ppm ), b)

0.3 ppm 0.05 ppm k)
NO, 0.1 ppm

0.05ppm

1,000 pg/m? 400 pg/m? All sites
TVOC 500 pg/m?

400 pg/m?
0; 0.06 ppm j)
Rn 148 Bg/m? a)~q) 148 Bg/m? )}
Airborne bacteria 800 CFU/m? 800 CFU/m? e),f)

a) underground station, underground shopping arcade, art museum, PC cafeteria, library, cinema, bus terminal, train terminal, airport terminal, private
academy, supermarket, museum, public bath, funeral hall, b) medical center, postpartum care center, senior care center, daycare center, c) indoor parking
lot, d) public indoor training center, indoor concert hall, e) classroom, f) cafeteria, g) gym, h) auditorium, i) dormitory, j) teacher’s room or administration

office, k) individual heating classroom or roadside classroom
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sensors (b), and comparison of PM, 5 concentrations measured with loT sensor versus AQMS (c).
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Fig. 6. Boxplot of CO, concentration by day of the week. Each number represents an ID number presented in Table 4.
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Fig. 7. Diurnal variation of the indoor PM, 5 concentration (x-axis represents hour). Black solid line represents the average and
gray shaded area represents the standard deviation.
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Fig. 8. Diurnal variation of the indoor CO, concentration (x-axis represents hour). Black solid line represents the average and
gray shaded area represents the standard deviation.
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