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This study aimed to analyze the characteristics of indoor air quality (IAQ) in facilities, particularly child care
centers and elderly care facilities, used by vulnerable populations in Busan and to identify priority pollutants
requiring focused management for each facility type. Based on a comprehensive analysis of pollutant con-
centration levels, the frequency of high-concentration episodes, exceedance rates of IAQ maintenance stan-
dards, and environmental influencing factors, PM-2.5 was identified as the priority pollutant in elderly care
facilities, whereas carbon dioxide (CO,) and total airborne bacteria (TAB) were determined to be the pollutants
requiring priority management in child care centers. Although PM-2.5 is largely influenced by outdoor air
quality, cases of high indoor PM-2.5 concentrations suggest the potential presence of additional indoor sources
in addition to outdoor air infiltration. CO, and TAB concentrations tended to increase in indoor spaces with
higher occupancy density and elevated indoor temperatures, indicating that indoor sources were the dominant
contributors. Therefore, differentiated IAQ management strategies are required for facilities used by vulnerable
populations, focusing on priority pollutants that reflect the spatial and user characteristics of each facility type.
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Table 1. Child care centers and elderly care centers in this study

Public-use facilities in Busan

Study subjects

Total Child care centers Elderly care centers Total Child care centers Elderly care centers
258 203 55
2024 1,488 248 69 49 36 13
2023 1,475 251 69 50 34 16
2022 1,490 259 66 59 55 4
2021 1,504 266 63 38 35 3
2020 1,493 267 59 7 0 7

2019 1,441 269 62

55 43 12
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Table 2. Standards of indoor air quality
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Maintenance standards

Mandatory standards

Indoor air on Indoor Air Quality Control on indoor ar quality WHO Guideline
pollutants - management in Busan
Act for vulnerable facilities i
for vulnerable facilities
PM-10 (zg/m®) 75 75 50
PM-2.5 (1g/m’) 35 35 25
CO, (ppm) 1000 950 -
HCHO (ug/m?®) 80 70 100
TAB (CFU/m?) 800 800 -
Table 3. Sampling and analysis method of indoor air pollutants
Indoor air pollutants Sampling Methods Equipment
Minivol-TAS (Airmetrics, US)
PM-10 24 hr ES 02302.1d BMW-2500 (Totaleng co.,LTD, KR)
Minivol-TAS2.5(Airmetrics, US)
PM-2.5 24 hr ES 02302.1d BMW-3500 (Totaleng co.,LTD, KR)
1Q-610xtra (Graywolf, US)
CO, 1 hr ES 02905.1a G150 (Geotech, UK)
. . MP-2100KN1II (Sibata, JP),
HCHO 30 min (2 times) ES 02601.1e HPLC (LC-20A, Shimazu, JP)
TAB 100 L (3 times) ES 02701.1e MAS-100 (Merck, GER)
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Table 4. Sampling sites of child care centers and elderly care centers in this study

Child care centers

Elderly care centers

Total 406 Total 110

Child care room 264 Nursing space 53
Play room 73 Lobby and lounge 44
Hall and hallway 69 Therapy room, etc 13
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Table 5. Analysis results of indoor air pollutants from 2019 to 2024

. Total Child care centers Elderly care centers
Indoor air pollutants - - -

Avg. Min. Max. n Avg. Min. Max. n Avg. Min. Max. n

PM-10 (zg/m?) 19.2 2.6 59.6 258 19.0 2.6 59.6 203 20.0 6.4 59.2 55
PM-2.5 (ug/m’) 11.3 1.0 48.9 213 10.6 1.0 333 160 13.3 4.3 48.9 53
CO, (ppm) 607 364 975 258 620 364 975 203 560 365 856 55
TAB (CFU/m’) 345 33 1083 258 372 33 1083 203 244 48 961 55
HCHO (g/m’) 17.5 1.2 103.2 258 17.8 2.1 103.2 203 16.5 1.2 61.7 55
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Fig. 1. Facility distribution by concentration ratio.
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Fig. 2. Comparison of indoor air pollutants by year in Korea and Busan.
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Table 6. Average concentration of indoor air pollutants by various facility factors in 2024
Child Elderly Average concentrations
Facility factors Total care care PM-10 PM-25 co, HCHO TAB
center center (,ug/mS) (/lg/m3) (ppm) (/zg/m3) (CFU/m3)
Industrial 3 3 0 11.1 5.9 555 19.2 135
Commercial 9 5 4 20.9 14.7 590 254 239
Zones of use . .
Residential 29 25 4 18.6 12.0 562 21.4 290
Green 8 3 5 25.6 17.8 583 20.7 227
L Isolate 41 30 11 20.5 13.6 561 21.3 243
Type of building
Complex 8 6 2 15.8 103 619 25.0 352
<1 15 12 3 18.5 11.8 551 17.5 287
Operating period <10 10 7 3 18.6 13.0 588 22.5 233
(year) <20 12 4 152 9.9 587 30.8 218
= 20 12 9 3 26.7 17.9 563 18.1 295
5 < 1000 36 36 0 19.6 13.0 577 23.0 278
Area (m”)
= 1000 13 0 13 20.1 13.2 551 18.8 215
< 50 9 8 1 21.5 15.2 605 28.5 278
Number of users 4, 28 23 5 19.2 12.3 565 21.0 270
(people)
= 100 12 5 7 19.7 13.1 556 19.0 227
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Table 7. Substances exceeding 90% maintenance standards by sampling sites

Number and percentage of substances exceeding 90% of the maintenance standards

Facilities Sampling sites (N) PMLIO PM25 o, TAB HCHO
Total (406)
Child  "Ciiid care room (264) 1 (0.4%) 2 21%) 31 (11.7%) 34 (129%) 5 (1.9%)
C:Etreers Play room (73) ; 1 (1.4%) 7 (9.6%) 7 (9.6%) 2 (2.7%)
Hall and hallway, etc (69) - - 7.(101%) 3 (4.3%) 1 (1.4%)
Total (110)
Elderly Nursing space (53) 1 (1.9%) 2 (3.8%) 4 (7.5%) 3 (5.7%) -
cons Lobby and lounge (44) ; 4 (9.1%) 2 (4.5%) 1 (23%) 1 (23%)
Therapy room, etc (13) - - - 1 (0.1%) -
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