L))

Check for
updates

pISSN 1738-4087 elSSN 2233-8616
J Environ Health Sci. 2024; 50(4): 257-266
https://doi.org/10.5668/JEHS.2024.50.4.257

Journal of Environmental Health Sciences

Original Article

L Creh DjASHE0AM 2] AIEE =0[MEHX] & @F ALY -2| Sk H]

Al AN
FANNE Z4+g

Seasonal Indoor-to-Outdoor Ratio (I/O Ratio) of Fine Particulate Matter and Ozone
Concentrations in Various Microenvironments in South Korea

Ji Soo Kim', Sooyoung Guak', and Kiyoung Lee"**

'Department of Environmental Health Sciences, Graduate School of Public Health, Seoul National University, *Institute of Health and Environment, Seoul National
University

Received August 1, 2024
Revised August 18, 2024
Accepted August 22, 2024

ABSTRACT

Background: Exposure to fine particulate matter (PM, ;) and ozone (O,) poses potential health risks. The
Indoor-to-Outdoor ratio (I/O ratio) is a valuable tool for understanding indoor air quality and identifying
potential indoor sources.

Objectives: The objective of this study was to determine I/O ratios of PM,; and O, by different
Highlights:
- The I/O ratios of PM,; and O, in 13

microenvironments in Korea were

microenvironments and seasons in Korea.

Methods: From December 2021 to November 2023, indoor concentrations of PM, ; and O, were monitored
every hour in 13 microenvironments (residential indoor, office, school, restaurant, pub, café, study café, . . .

investigated by season and time of
private educational institute, PC room, billiard room, screen golf center, supermarket, and shopping mall) e
- Median PM,; I/O ratios in pubs,

billiard rooms, and PC rooms

in Korea. Hourly outdoor concentrations of PM, ; and O; were obtained from local air quality monitoring
stations, provided by airkorea.or.kr. The hourly I/O ratio was calculated by the indoor and outdoor

concentrations. X X
exceeded 1 in all seasons except spring

Results: At the pub, billiard room, and PC room, the median PM, ; I/O ratio exceeded 1 in all seasons,
except in spring at the PC room (0.9), suggesting indoor smoking as a potential cause. The median PM, ;
1/0 ratio at the restaurant exceeded 1 in winter, autumn, and summer, except for spring (0.9), indicating
significant PM, ; emission sources in the restaurant. The median O, I/O ratio was below 0.5 in all seasons and
microenvironments.

Conclusions: This study provided useful data on relationships between indoor and outdoor pollution
in various microenvironments by seasons. These I/O ratios could be applied for more accurate exposure
assessment to protect health of human.
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in PC rooms.

- Median PM, ; I/O ratio in restaurants
exceeded 1 in all seasons except
spring, indicating emissions.

- Median O, I/O ratios were below 0.5
across all microenvironments and

seasons.
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Fig. 1. Distribution of indoor (a) PM, ;, (b) O, concentration across
various microenvironments. Mean and median are represented by the
asterisk and plain line in the box. Box limits represent the 25th and
75th percentiles. The whiskers extend to the 10th and 90th percentiles.
Circles above the 90th percentile represent the 95th percentile, and
circles below the 10th percentile represent the 5th percentile.
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Table 1. Seasonal variation of PM, ; indoor concentration (ug/m®) across various microenvironments

Winter Spring Summer Autumn
Microenvironment

Median AM*+SD'  Median AM*tSD'  Median AM*tSD'  Median =~ AM*+SD'
Residential indoor 16.8 20.3£14.2 14.1 14.5+5.7 8.3 11.6+9.2 16.1 18.6+13.6
Office 10.7 15.4+10.1 10.6 11.947.3 8.7 9.0+5.6 12.7 15.7£10.8
School 20.1 21.1+11.6 14.3 15.247.6 9.8 10.9+7.3 12.7 16.1£10.0
Restaurant 35.2 33.8+21.1 174 20.5+13.9 18.4 24.5+24.1 23.4 28.6+18.7
Pub 26.8 36.0£26.2 29.0 32.7£12.7 11.5 33.3+47.1 214 39.8+37.1
Café 10.6 12.9£13.6 16.5 42.5+60.5 11.2 21.6+26.7 15.0 14.5+6.4
Study café 10.8 11.749.2 6.2 8.315.2 47 6.4+4.3 8.8 13.249.6
Private educational institute 20.6 31.4+33.2 12.8 14.7+7.3 6.0 5.9+3.9 9.2 12.0+£9.0
PC room 45.6 40.2+12.6 174 15.9+6.1 71.2 72.0+63.8 224 50.4+80.2
Billiard room 14.2 16.249.7 12.2 14.6+13.0 16.6 22.9+15.5 19.2 16.4+10.9
Screen golf center 8.9 21.9426.7 8.1 84.8+172.5 6.2 11.7+11.7 20.2 22.4+154
Supermarket 114 12.248.0 5.0 6.1£5.3 7.2 6.8+2.8 17.3 23.2+21.5
Shopping mall 20.2 16.3+12.2 11.0 12.6£12.3 74 8.9+6.1 15.6 18.2+9.7

*AM: arithmetic mean.
TSD: standard deviation.

Table 2. Seasonal variation of O, indoor concentration (ppb) across various microenvironments

Winter Spring Summer Autumn
Microenvironment

Median AM*:SD'  Median AM*+SD'  Median AM*tSD'  Median AM*+SD'
Residential indoor 2.2 3.5£2.9 6.7 9.8+£7.9 3.0 16.1£28.5 24 11.9+31.5
Office 2.8 3.6+2.6 6.4 8.245.5 41 11.9+27.1 2.1 3.3+2.2
School 1.5 4.4+4.5 5.5 6.6+4.3 2.0 3.9+3.6 3.9 7.8£10.3
Restaurant 49 5.4+4.2 8.5 9.9+9.3 6.3 18.2+£38.3 4.7 7.3£5.9
Pub 2.5 54+4.6 12.1 22.8+24.7 9.7 9.4+6.5 39 3.9+2.4
Café 2.3 3.4+3.2 2.3 7171 1.9 10.0£16.5 6.4 4.6+2.8
Study café 1.6 4.1+54 42 6.9+6.7 2.3 8.1+£14.7 5.6 5.8+4.4
Private educational institute 44 6.1+3.9 6.1 6.0+£3.5 2.0 4.8+6.1 3.5 4.4+3.5
PCroom 6.5 6.4+2.7 3.5 4727 9.1 8.2+6.7 7.8 9.4+6.7
Billiard room 3.9 3.8+2.2 5.6 6.7£3.5 1.9 2.2£1.1 1.5 2.6£1.6
Screen golf center 71 6.8+4.9 12.0 11.1+£7.7 1.9 2.9+2.2 6.5 5.9+2.6
Supermarket 29 3.2+1.7 79 9.0£6.9 2.0 2.9+2.2 5.4 71+54
Shopping mall 1.5 1.5+0.1 1.9 2.7£2.0 3.5 3.4+1.4 4.8 6.1+4.9

*AM: arithmetic mean.
SD: standard deviation.
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Fig. 2. Distribution of (a) PM,;, (b) O, I/O ratio across various
microenvironments. Mean and median are represented by the asterisk
and plain line in the box. Box limits represent the 25th and 75th
percentiles. The whiskers extend to the 10th and 90th percentiles.
Circles above the 90th percentile represent the 95th percentile, and
circles below the 10th percentile represent the 5th percentile.
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Table 3. Seasonal variation of PM, 5 I/O ratio across various microenvironments
Winter Spring Summer Autumn
Microenvironment
Median* AM'+SD'  Median® AM'+SD' Median* AM'+SD" Median* AM'+SD’
Residential indoor 0.8 0.9+0.7 1.0 0.9+0.4 0.9 1.1£1.2 1.5* 1.9+1.5
Office 0.7 0.7£0.3 0.8 0.8+0.3 0.6 0.8+£1.0 1.0 1.6+1.6
School 0.7 1.0£0.9 1.0 0.9£0.3 1.0 1.2+1.2 1.2* 1.3£0.9
Restaurant 1.6* 1.7+1.0 0.9 1.241.0 1.4* 2.1+2.1 1.4* 2.7+3.7
Pub 2.2* 2.3£1.5 1.2* 1.6£1.0 1.9* 2.612.4 2.4* 2.4+1.7
Café 0.7 1.1+0.8 1.9* 74+12.4 0.7 0.8+£0.3 L.1* 1.8+£1.8
Study café 0.6 0.8+0.6 0.4 0.5£0.4 1.0 0.9+0.6 0.9 1.0+0.6
Private educational institute 0.8 1.0+£0.8 1.4* 24124 1.6* 2.0£1.6 0.9 0.9+0.4
PC room 2.6" 2.4+0.8 0.9 1.6+1.7 3.6* 6.3+5.9 1.8* 3.7+5.3
Billiard room 1.1* 1.4+1.1 1.3* 1.1+0.8 1.6* 1.5£0.4 1.4* 1.6+1.1
Screen golf center 0.5 0.9+1.1 0.3 14.2431.1 0.9 0.8+0.6 1.4* 2.0£1.5
Supermarket 0.9 0.9+£0.5 1.0 0.9£0.5 0.4 0.5£0.3 1.1* 1.4+1.1
Shopping mall 0.9 0.7£0.5 1.0 0.8+£0.5 2.3* 2.4+2.3 0.8 0.9£0.2

*The values indicate instances where the median of PM, ; I/O ratio exceeds 1, suggesting higher indoor pollutant levels compared to outdoor

levels.
TAM: arithmetic mean.
*SD: standard deviation.

Table 4. Seasonal variation of O, I/O ratio across various microenvironments

Winter Spring Summer Autumn
Microenvironment
Median AM*+SD'  Median AM*+SD'  Median AM*tSD'  Median = AM*+SD'

Residential indoor 0.4 0.7£0.9 0.2 0.3+0.3 0.2 0.5+1.0 0.2 0.8+£2.2
Office 0.3 0.4+0.3 0.2 0.2+0.2 0.1 0.7+1.5 0.1 0.3+0.4
School 0.3 0.5+0.8 0.1 0.2+0.3 0.1 0.1+0.1 0.3 0.9+1.9
Restaurant 0.3 1.1+2.9 0.2 0.4+0.6 0.2 0.7+1.1 0.4 0.7+0.9
Pub 0.1 0.3+£0.3 0.3 0.4+0.4 0.3 0.310.1 0.5 1.3+24
Café 0.2 0.2+0.2 0.1 0.2+0.2 0.1 0.2+0.1 0.1 0.2+0.2
Study café 0.1 0.7£1.5 0.1 0.2+0.1 0.1 0.1£0.2 0.2 0.3£0.4
Private educational institute 0.2 0.4+0.4 0.1 0.1+£0.1 0.1 0.4+0.6 0.1 0.4+0.5
PC room 0.3 0.4+0.4 0.1 0.1+0.0 0.3 0.2+0.2 0.2 0.3+0.2
Billiard room 0.1 0.1+0.1 0.1 0.1+0.1 0.1 0.1£0.0 0.1 0.1+0.0
Screen golf center 0.2 0.2+0.2 0.2 0.2+0.2 0.1 0.1+0.1 0.2 0.2+0.1
Supermarket 0.1 0.1+0.1 0.1 0.2+0.2 0.1 0.1£0.0 0.3 1.3x1.9
Shopping mall 0.0 6.3£13.9 0.0 0.1+0.0 0.1 0.2+0.2 0.2 0.31£0.3

*AM: arithmetic mean.

SD: standard deviation.
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