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The Characteristics of Indoor Air Quality in
Public Facilities in Seoul

Noise and Vibration Team

Ho-chan Lee, Gyu-mun Han, In-cheol Ryu, Chang-mo Kim,
Ji-young Lee, Hyeon-seok Cho, Nam-jin Kim, Jin Lee, Sang-su Lee,
Jae-sik Jeon, Ju-hyeong Kim and Min-young Kim

Abstract

This study evaluated the indoor air quality in public facilities in Seoul during a 10
month period from March to December, 2007. Eight pollutants, PM10, CO,, CO, HCHO,
TBC, NO,, TVOC, Rn, which are related to the indoor air quality, were sampled for each of
the 15 public facilities. From the results, it was found that the average for all the pollutants
measured were below the standards established in the Indoor Air Quality Management Act of
MOEMinistry of Environment, Republic of Korea). An exceeding rate was used to identify
the main pollutants more easily in each of the public facilities. The rate was simply calculated
by dividing the measurements by the standards, which were established respective to their
pollutants and categories of the facilities, which means the exceeding rate of measurements
ralative to the standards. The main pollutants were as follows: PM10, CO,, TVOC in Parking
lots and PM10, CO,, NO,, Rn, TVOC in Subway stations PM10, CO,, NO,, TVOC in Saunas
: PM10, CO,, HCHO, NO,, TVOC in Large-scale Markets PM10, CO,, TBC, NO,, TVOC in
Medical Centers-Medical Center for the Elderly : CO,, NO,, TVOC in Libraries : HCHO,
TVOC in Art Galleries-Museums: and PMI10, CO, in the Waiting rooms of Bus
Terminals-Railway Stations. A statistical investigation was also carried out to examine the
differences in the average concentrations between the over and under ground stairs in public
facilities. The average concentration of PM10, CO, TVOC, NO,, Rn was higher in the
under-ground stairs than in the over-ground stairs and lower in the case of HCHO and CO..

Key words : IAQ(indoor air quality), exceeding rate, TVOC(Total Volatile Compounds)

TBC(Total Bacteria Counts), CO, CO,,NO,, Rn, public facilities,
PM10(particulate matter less than 10 micro meter), formaldehyde(HCHO)
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Table 1. Sample site and number of public facilities

Public facilities

No. No.

Sampling site of facilities of Sample

Indoor parking Lot Center of indoor parking 143 286
Subway stations Centerof Concourse, platform 4 148
Saunas Center of lobby, steamer room 66 132

Large-scale Market Center of shopping center 65 130
Medical Centers Center of lobby, sick room 49 98
Libraries Center of reading room, library 10 20

Museums Center of exibition hall 6 12

Funeral Houses Center of main space 6 12
Underground Markets Center of store, walking space 4 8
Childcare Centers Center of rest room 3 6
Medical Center for Elder Center of rest room 3 6
Waiting room in Bus Terminals Centerof Concourse 3 6
Maternity Recuperation Centers Center of main space 2 4
Railway Stations Centerof Concourse 2 4

Art Galleries Center of exibition hall 1 2
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Table 2. Sampling method and equipments
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Pollutants Method Sampling method & Equipment
- Sampling rate 1,000 mL/min, sampling time 30 min
HCHO Catridge(DNPH- - Sampling time between AM 11 and PM 15

Coated C18 Catridge)

- HPLC-UV (360 nm)
- Model : FP-30, SIBATA-MPX100

- Sampling rate 5mL/min, sampling time 8 hr

PM10”  Mini volume Air Sampling Method - Sampling time between AM 10 and PM 19
- Model @ AIR metrics Mini volume Air Sampler
€O - Sampling rate 1,000 mL/min, sampling time 1hr
NDIR(Non Dispersive Infrared method) - Sampling time between AM 11 and PM 15
€0 - Model : ECOTECH
- Sampling rate 100 mL/min, sampling time 30 min
™VOC GC/MS - Sampling time between AM 11 and PM 15

Thermal desorption

- Model : SIBATA-MPX30, Tenax tube(Perkin Elmer)

GC-2010(SIMADZU), GC/MS-QP2010(SIMADZU)

NOy Chemiluminescence Method

- Sampling rate 1,000 mL/min, sampling time 1hr
- Sampling time between AM 11 and PM 15
- Model : ECOTECH

TBC?  Tmpaction Method

- Sampling rate 28.3 L/min, sampling time 10 min
- Sampling time between AM 11 and PM 15
- Model : Gast Pump/Single stage/N6

Rn Silicon DetectorMethod

- Sampling time between AM 11 and PM 15
- Model : RAD7(Duridge)

UPM10 was sampled during 24 hours in subway stations and underground markets linked to subway

stations.
? Total bacteria counts.
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Table 3. Total concentrations of 8 indoor air pollutants

Maximum Minium Mean o No.
value value value Standard deviation of Samples(n)

PM10(zg/m?) 266.1 17.0 66.9 32.7 874
HCHO(gg/m?) 290.0 12.0 17.3 20.3 874
CO2(ppm) 1447.5 412.5 603.9 123.8 874
CO(ppm) 12.50 0.05 1.55 1.59 874
TVOC (ug/m?) 6095.1 106.9 431.5 902.3 228
NO:(ppm) 0.150 0.005 0.043 0.027 228
TBC(CFU/m®) 1565.2 156.6 554.8 310.9 112
Rn(pCi/L) 3.60 0.10 0.49 0.40 228
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Table 4. Distribution of concentration for each public facilities in Seoul

PM10 HCHO COy CO TVOC TBC Rn NO,
(ug/m*)  (ug/m®)  (ppm) (ppm) (kg/m*)  (CFU/m®) (Ci/L)  (ppm)

Mean S-DMeanS+D Mean S:DMeanS+D Mean S:D Mean S-D Mean S-D Mean S-D

Indoor parking Lot  64.2 35.3 12.7 3.2 556.2100.6 2.10 2.04 548.2 994.0 - 0.50 0.23 0.049 0.035

Subway stations 91.5 27.6 12.7 0.2 534.5 70.8 0.70 0.46 287.5 140.4 0.45 0.68 0.047 0.026
Saunas 50.3 23.7 12.8 15.1 614.1111.4 1.05 1.24 337.7 528.0 - - 0.40 0.23 0.033 0.013
Large-scale Market — 49.9 22.7 12.8 30.6 576.8 115.9 0.80 0.95 385.1 395.6 - 0.40 0.24 0.045 0.029
Medical Centers 46.1 24.5 12.7 4.3 671.2144.9 0.60 0.43 263.4 116.1 414.7 315.8 0.30 0.13 0.032 0.012

Libraries 39.6 15.2 129 7.1 648.1270.3 0.50 0.51 332.5 178.0 - - 0.50 0.42 0.030 0.009

Museums 272 6.1 38.4120.0477.1 25.1 0.20 0.25 4419 187.1 - - 0.80 0.50 0.022 0.005
Funeral Houses 29.1 10.2 12.8 0.2 611.3148.7 0.75 0.33 276.1 - - - 010 - 0020 -

Underground Markets 65.4 21.3 23.6 14.2 829.0 225.9 1.45 0.69 285.6 29.6 - - 0.30 0.14 0.069 0.042
Childcare Centers 89.1 21.7 126 0.1 736.9 434 090 0.21 - - 10343 16.7 - - - -

Medical Center for

Flders 45.8 65.5 12.7 0.2 600.1 82.4 0.40 1.04 280.3 245.2 493.6 134.6 0.45 0.49 0.023 0.018

Waiting room in Bus

X 89.6 39.3 12.6 0.1 581.8 91.3 1.80 0.61 265.8 - - - 030 - 0.056 -
Terminals

Maternity Recuperation a7 ¢ 993 953 194 635.9188.3 0.55 0.21 6095.1

450.7 740 0.20 - 0.012 -

Centers
Railway Stations 48.3 42.1 12.6 0.3 609.5183.9 0.80 0.71 - - - - - - - -
Art Galleries 210 - 299 - 4638 - 060 - 1387 - - - 14 - 0.021 -

Table 5. Control standards

Pollutants ~ PM10 €0, HCHO TBC Co
Public facilities (ug/m’) (ppm) (gg/m®  (CFU/m®)  (ppm)

Subway  stations, Underground  Markets -
Waiting room in Bus Terminals and Railway
Stations(area above 2000 m’),, Libraries -
Museums and Art Galleries(area above 3000 m’),
Funeral Houses and Saunas(area above 1000
m'), Large-scale Market 10 or less

150 or less

Medical Centers(area above 2000m’ or no of 1000 or less 120 or less

sick room above 100), Childcare Centers(area

above 1000 m’), Medical Center for Elders(area 100 or less 800 or less
above 1000 m’), Maternity Recuperation Centers

(area above 500 m’)

Indoor parking Lot(area above 2000 m’) 200 or less 25 or less
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Fig. 1. Exceeding rate of eight-Pollutants in each Public Facilities. Boxes indicate 25th, 50th,
75th percentiles, bars, maximum, minimum.
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Table 6. Recommended standards

Pollutants
Public facilities

NOy(ppm)  Rn(pCi/L) TVOC(ug/m’)

Asbestos
(unit/cc)

Os(ppm)

Subway stations, Underground Markets -
Waiting room in Bus Terminals and
Railway Stations(area above 2000 m'),,
Libraries * Museums and Art Galleries
(area above 3000 m’), Funeral Houses and
Saunas(area  above 1000 m'),Large-scale
Market

Medical Centers(area above 2000 m* or no of
sick room above 100), Childcare Centers
(area above 1000 m’), Medical Center for
Elders(area  above 1000 m’),  Maternity
Recuperation Centers(area above 500 m’)

0.05 or less

500 or less

4.0 or less —0.01 or less

Indoor parking Lot(area above 2000 m’)

0.30 or less

400 or less

1,000 or less

0.06 or elss

0.08 or less

Table 7. Main Pollutants in each Public Facility

Public facilities

Main Pollutants

Indoor parking Lot

Subway stations

Saunas

Large-scale Market

Medical Centers-Medical Center for Elders
Libraries

Art Galleries-Museums

Waiting room in Bus Terminals -Railway Stations

PM10, CO2, TVOC

PM10, CO2, NOg, Rn, TVOC
PM10, CO2, NO., TVOC

PM10, CO2, HCHO, NO2, TVOC
PM10, CO;, TBC, NOz, TVOC
CO2, NO2, TVOC

HCHO, TVOC

PM10, CO;
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Fig. 2. Box-plots of measurements for over and under ground stairs in buildings.
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Table 8. Comparisons of Concentrations between over and under ground stairs in buildings

Maximum Minium Mean Standard deviation
p-Value
Over Under Over Under Over Under Over Under
PM10(gg/ ) 168.9 219.7 11.8 16.8 53.9 74.3 29.1 37.6  5.183E-18
HCHO(ug/m')  280.7 299.4 12.2 12.0 19.6 16.1 26.3 17.5 0.036
COs(ppm) 2121.0 1161.0 348.0 17.0 627.0 591.0 168.0 125.0 0.001
CO(ppm) 5.90 17.40 0.05 0.05 0.86 1.90 0.71 1.98  9.670E-27
TVOC(ug/m')  7445.0 6967.1 41.5 73.1 464.1 567.9 880.8 754.0 0.353
NO(ppm) 0.180 0.176 0.008 0.003 0.035 0.052 0.021 0.030  2.285E-06
Rn(pCi/L) 1.5 4.2 0.1 0.1 0.4 0.5 0.3 0.5 0.003
*p (0.05.
z = 3 ogEdd Fo 9ANES AWud
PM10-& A3+ } HEAV, w2o e,
20074 393E] 129744 M &Alel 9138 874 HCHO= =2, v, abgzefd, A3
el gAEeA 4202708 ZAARE 87l 87%, COe ’q’a*o 7h 2524, Cos 4
2B A3} 157 ol gAML EO R Hidte] WA, Ashd7), W AErd, TVOC
et © A5z, TBCE 93713, HSAA
Rnd whad, AWFAd, Asteal, =A#
1) AAGGAEF PM10S 66.9+32.7 pg/m', NOgi= AaHd 7ol A ZA17F HaL dee &
HCHO+ 17.3420.3 pg/m’, CO,= 603.9+ = T
123.8 ppm, CO% 1.55+1.59 ppm, FH-Fr 4) AA A S SAH AR wh At A
Alxt-e 554.8+310.9 CFU/m’, TVOC+= 431.5 I o] 299 AolE EAE Ax
+902.3 ug/m’, NOo= 0.043+0.027 ppm, PM10, CO, TVOC, NO;, Rn< A/dHt}
Rn2 0.49£0.40 pCi/L9] §%& X E Ho] A8kl A =31 HCHO, COp9 49%
A Attt AdEtdA 9 =& A94E
2) AT QAEAY] BEEAS Totey] Holal 9t} o= tAH o E A sha 3ol A
Al LHEE AY eHEHY VEAE Y o] 99 w7t ARFRRT B AL et
T ZlExIeE el 1A% AlSAt i sl
42 TVOC, PMI10, CO, A tgA= 5) 919 AWEL B SHASE HOE 3
PM10, CO;, NO;, Rn, TVOC, A& A7) wEe] dukAQl Auaite] 7%
COy, NO,, TVOC. WftEAEE CO,, & T dvka & ook ey A
HCHO, NO,, TVOC, ¢=7]#-2 PMIO, 7 LEE AU, deedEd
C0O,, TBC, NO,, TVOC, EA#E CO,, o] 81, |2, AEY Fxof uet AA
NO;, TVOC, wulé#-u-23e HCHO, Hog uoh AFE AUTE Fo 098
TVOC, MZz=Ejnd o A e} A=Al ofg e gl AF-Aeteite] Lde Aol
A2 PM10, COx7F Fod=4<l Zo= & A F7HA Q) Y e Aol e
tEhtar 9l iy
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