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Abstract

A cross-sectional field survey was conducted to characterize indoor air quality in 126 kindergartens across five cities in
Gyeongsangnam-do, Korea, from March to May 2026. PMio, PMzs, CO,, formaldehyde (HCHO), and total culturable
microorganisms (TCM) were measured, and concentration distributions were compared by city and survey month.
City-specific PM,.s/PMjo ratios were examined, and indoor/outdoor (I/O) ratios were calculated for 123 facilities using
ambient monitoring data as outdoor reference concentrations. Mean concentrations (+ SD) were 19.42 + 4.50 pg/m* for PMio,
4.53 + 1.38 pg/m for PMys, 843.05 + 86.82 ppm for CO:, 35.14 + 8.12 pg/mf for HCHO, and 118.60 + 93.68 CFU/r’ for
TCM. All reported facility-level concentrations were below the reference limits applied in this study. PM concentrations
were highest in facilities surveyed in March, whereas CO; concentrations were highest in the May survey group. These
contrasts represented differences among facility groups rather than temporal trends within individual facilities. TCM
concentrations exhibited considerable between-facility variability. Mean facility-level I/O ratios were 0.663 + 0.338 for
PM;o and 0.305 + 0.182 for PM, 5, with ratios below unity in 85.4% and 99.2% of facilities, respectively. Indoor particulate
concentrations were therefore generally lower than the ambient reference concentrations. Because the reference data were
obtained from monitoring stations rather than on-site outdoor measurements, these ratios were interpreted as relative
concentration indices, not as estimates of infiltration or removal efficiency. The findings provide springtime field data for

indoor air quality management in the surveyed kindergartens.
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Table 1. Distribution of the investigated kindergartens

City kinci?éa?riens Proportion (%)
C City 51 40.5
J City 13 10.3
K City 24 19.0
G City 20 15.9
Y City 18 14.3
Total 126 100.0
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Table 2. Indoor air pollutant concentrations and compliance with IAQ standards in the investigated kindergartens

Pollutant Mean * SD Median Min - Max TAQ - standard
PMio (ug/m) 19.42 + 450 10.00 - 29.50 75.00
PMa 5 (ug/nrf) 4.53 £ 1.38 3.00 - 9.00 35.00
CO2 (ppm) 843.05 + 86.82 463.00 - 943.00 1000.00
HCHO (ug/m’) 35.14 £ 8.12 12.30 - 50.00 80.00
TCM (CFU/m) 118.60 + 93.68 7.50 - 574.00 800.00

Table 3. Monthly variations in indoor air pollutant concentrations from March to May
Pollutant March (n=29) April (n=71) May (n=26)
PMio (ug/mr) 21.93 + 4.58 18.55 £ 4.09 19.02 + 4.58
PM, 5 (ng/nr) 6.22 + 1.48 3.92 + 0.89 431 +£0.71
CO2 (ppm) 836.08 + 70.83 836.53 + 98.90 868.17 + 58.84
HCHO (ug/mf) 34.22 £ 7.39 35.58 + 8.60 34.87 + 7.55
TCM (CFU/m) 118.91 + 97.36 117.24 + 87.26 121.99 £ 107.32
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Table 4. Indoor air pollutant concentrations by city
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City n PM;o Mean = SD PMzs Mean £ SD CO; Mean = SD HCHO Mean + SD
G City 20 18.79 £ 5.01 4.42 + 0.67 862.31 + 61.41 35.91 £ 7.82
C City 51 19.34 + 3.77 4.62 +1.24 850.13 + 60.25 34.57 + 7.77
K City 24 20.52 £5.73 5.30 + 2.00 818.76 + 124.54 33.83 £8.78
Y City 18 19.46 + 4.83 411 £1.22 856.67 + 69.31 34.09 + 7.57
J City 13 18.64 + 3.43 3.47 £ 0.59 840.11 + 92.20 37.77 £ 7.70

Values are presented as mean + SD. PMjo, PMy s, and HCHO are expressed as ug/nt', and CO; is expressed as ppm.
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Fig. 1. Indoor air pollutant concentrations by city.
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Table 5. City-specific indoor and ambient concentrations and /O ratios of PMjo and PMz s in kindergartens

City n Indoor PMig Outdoor PM;g  PMjg I/O ratio Indoor PM; 5 Outdoor PMas  PMy5 I/O ratio
G City 18 18.76 26.92 0.724 + 0.224 4.47 25.21 0.199 £ 0.077
K City 24 20.52 42.91 0.527 + 0.162 5.30 19.95 0.318 + 0.165
Y City 18 19.46 30.16 0.801 + 0.396 4.11 15.12 0.330 £ 0.130
C City 50 19.35 34.90 0.717 £ 0.395 4.65 20.32 0.336 £+ 0.227
J City 13 18.64 57.56 0.429 + 0.203 3.47 14.98 0.278 + 0.136
Total 123 19.43 37.00 0.663 + 0.338 4.55 19.64 0.305 £ 0.182

Concentrations are expressed in xg/m'’. 1/O ratios are presented as arithmetic mean + SD of facility-level ratios.
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Fig. 2. City-specific concentrations of PMjg and PM, 5 and their PM, s/PMg ratios in kindergartens.
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