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A Study on the Distribution Characteristics of Formaldehyde, Volatile
Organic Compounds, Particulate Matter, and Airborne Bacteria
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This study aimed to evaluate the indoor air quality differences at 19 indoor play centers of cafés and play areas
in Gyeonggi-do where were 430 m’ or larger. We examined concentrations of formaldehyde (HCHO), volatile
organic compounds (VOC), particulate matter, and total airborne bacteria, and how their distributions varied with
the number of visitors at the places. On weekdays, there were no statistically significant differences in mean
indoor air pollutant concentrations between the cafés and play areas at 95% confidence intervals. However, sig-
nificant differences were observed on weekends when the number of visitors increased. HCHO concentrations
increased up to 159%, and VOC concentrations increased up to 210%. A higher increase rate of HCHO occurred
at the cafés compared to the play areas since cooking operations were performed under natural ventilation. The
PM,, concentration increased by approximately 33.2%, with an increase of 49.2% in the play areas and a 18.3%
increase in the cafés on weekends. PM, 5 concentration particularly increased during weekends in the cafés and
play areas by 113% and 63.6%, respectively. During cooking operations, the concentration of gaseous and par-
ticulate pollution increased more in the air pollutant concentration of cafés, and the overall bacterial concentration
increased during weekends due to higher numbers of visitors. Therefore, indoor play centers with cooking oper-
ations require adequate air quality management to mitigate the indoor pollution.

Key words: Indoor play center, IAQ, Formaldehyde, Particulate matter, Volatile Organic Compounds, Air-
borne bacteria
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Table 1. Information of sampling sites and a nearby air pollution monitoring station

Indoor play center Sampling date A nearby air pollution monitoring station Open day
SNP 21/04/01 Jeongja-dong, Seongnam-si 2019
GPJ 21/04/06 Dang-dong, Gunpo-si 2017
GPC 21/04/07 Sanbon-dong, Gunpo-si 2016
AYS 21/04/13 Anyang 8-dong, Anyang-si 2018
AYC 21/04/14 Burim-dong, Anyang-si 2019
AYA 21/04/15 Burim-dong, Anyang-si 2019
AYT 21/04/20 Burim-dong, Anyang-si 2016
GMT 21/04/21 Soha-dong, Gwangmyeong-si 2015
ASC 21/04/29 Hosu-dong, Ansan-si 2019
AST 21/05/03 Hosu -dong, Ansan-si 2019
0OSC 21/05/06 Osan-dong, Osan-si 2018
BCC1 21/05/11 Jung 2-dong, Bucheon-si 2001
BCK 21/05/12 Jung 2-dong, Bucheon-si 2016
BCC2 21/05/17 Sosabon-dong, Bucheon-si 2019
YIC 21/10/13, 21/10/16, 21/10/31 Suji, Younin-si 2019
SNC 21/10/14, 21/10/16 Sunae-dong, Seongnam-si 2018
ICD 21/10/19, 21/10/23 Bubal-eup, Icheon-si 2003
YJC 21/10/21, 21/10/23 Jungang-dong, Yeoju-si 2015
0SO 21/10/25, 21/10/30 Dongtan, Hwaseong-si 2018
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Table 2. Instrumental conditions of LC for HCHO.

LC system Waters 2695
Detector PDA
Column C18(3.9 mm x 150 mm)
Mobile phase Water 40%, Acetonitrile 60%
Flow rate 1.0 mL/min

Injection volume 10 10
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Fig. 1. Sampling sites in Gyeonggi Province.

Table 3. Indoor play centers for comparative experiments
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ICD 5 27 2003 Natural yes

0SO 2 20 2015 Natural yes

SNC 3 61 2018 Mechanical& Natural no

YIC 11 137 2019 Mechanical no

YJC 5 20 2006 Mechanical no
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Table 4. Results of Kruskal-Wallis rank sum test

Kruskal-Wallis
chi-squared qaf p-value
PM,, 26.487 2 1.77E-06
PM, 5 5.1165 2 0.07744
HCHO 47.316 2 5.31E-11
VOCs 24.311 2 5.26E-06
Airborne bacteria 1.6597 2 4.36E-01
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Table 5. Results of Nonparametric Multiple Comparisons for relative contrast effects

Comparison Estimator Lower Upper Statistic p-Value

p(cafe,play) 0.511 0.301 0.718 0.119 9.99E-01

PM,, p(cafe,the air) 0.900 0.714 0.970 4.040 1.29E-04
p(play,the_air) 0.907 0.727 0.973 4.136 9.47E-05

plcafe,play) 0.485 0316 0.657 -0.200 9.94E-01

HCHO p(cafe,the_air) 0.002 0.000 0.061 -4.294 4.12E-05
p(play,the_air) 0.004 0.000 0.051 -4.973 1.47E-06

p(cafe,play) 0.549 0.369 0.717 0.630 8.35E-01

VOCs p(cafe,the air) 0.161 0.063 0.355 -3.675 6.10E-04
p(play,the air) 0.140 0.063 0.283 -4.813 2.95E-06
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