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This study aimed to suggest the severity of indoor air
pollutants in screen gold arenas which were not sufficiently
investigated in Korea up to now and to help usersto enjoy golf
inmore plessant indoor environmert.

The indoor environment survey was conducted with 21
soreen gold arenas in Seoul from Oct. 28, 2008 to March 13,
2009. Indoor air quality was measured and analyzed in
accordance with the Air Pollution Process Test Method
Soecified bu NIOSH(2005).

The screen golf arenas are modly in the underground floors
in this study, 4 on the ground floor(19.0%) and 17 in the
underground floors(81.0%).

In the air in screen golf arenas, the geometric mean of
benzene, toluene, ethylbenzene and xylene were 2.92 pg/m’,
7034 ng/m’, 14.00ug/m’ and 31.43 pg/m’, respectively, which
exceeded the exposure limites. Each arena exceeded the
exposure limit for one pollutant each. However, styrene didnt
exceed the limit as 8.09 yg/m’. Furthermore, the geometric
meen of formaldehyde was 63.11¢g/m’" and 7 arenas excesded
the limit. The geometric mean of volatile organic
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compoundyVOCs) was 42841yg/m’ and 10 arenas exceeded
thelimit.

For the density distribution of pollutants by location,
benzene, toluene, ethylbenzene, xylene, styrene and
formaldehyde showed higher density distribution in
underground spaces, for which the statistically significant
difference was not found. However, PM10 showed the
datidicaly sgnificant difference (p<0.05).

In accordance with the andysis on the corrdaion between
the density of pollutants in the screen golf arenas, Pearson
correlation coefficient between ethylbenzene and styrene was
0.980, very sgnificant correlation(p<0.01). The correlation
coefficients between the density of toluene, ethylbenzene,
xylene and styrene and that of VOCs were 0.543, 0.434, 0451
and 0.459, respectively, which demongrated the dtatisticaly
Sgnificant difference (p<0.05).

KeyWords:  Indoor air pollutants, Screen Golf, VOCs,
HCHO
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Table 1. Operation conditions of GC/MSD with TD for VOCS analysis.

Thermd Desorption AndyssCondition
UltrA TD/Unity, Markes, UK
Thermd desorber .
Desorption temperature 20¢
| u
I > 130
Slitratio
GCMSD . .
Agilent 6390N/5973 inert
GCMSD .
CPSiI 5CB (60m X 25mm X 1/m)
Column ) . ) . .
. 50°C (15min)-8'C/min-200C (18min)-20C
Column Temperature( C) , . _
Imin-250°C (2.75min)
Aux temperature: 280 C
MSD .
MSsource: 230 C
MSQued: 150

Massrang : 35280 m/z

Table 2. HPLC analysis condition for formaldehyde.

Parameter Andyss Condition
Detector UVNis360nm
Coumn Nova-Pak(r) C18 60 A 4ym
Mokile pheses Acetonitrile/Weter(60/40 viv)
Injection Volumn 2000
How rate 1.0mé/min




Table 3. Operation conditions of CO: for analysis.

S A9 A 2B R 3714 H7} 196

Mode YES-206LH
CARBON DIOXIDE SENSOR Non Digperivelnfrared / Accuracy +1/-5%or S0ppm
Range 0-10,000ppm Resolution 1ppm
TEMPERA TVRESENSOR Range 0to 50 deg ¢, 32t0 122deg F
HUMIDITYSENSOR Range0to 100%RH Resolution 04%RH
Key pad Tactilekey ped
Alam Audibledam
Display Backit dphanumeric LCD
Power Rechargeshlelead acid battery plug inwall adapter
Operating Hours 10Hours
Dimendons 76mm X 165mm X 51mm
Weight 370grams
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Table 4. General characteristics of indoor screen golf.

Vaigble Frequency Percent(%6)
2003 3 14.3
Open (year) 2007 4 190
2008 14 66.7
Location Ground 4 190
Underground 17 810
>300 429
Sze(m') 300~400 381
400 < 190
Remodding Yes 2 95
No 19 905
Vertilation system Yes 16 76.2
No 5 238
Totd 21 1000
Table 5. Poisonous pollutant concentration distribution of indoor screen golf.
Unit : pg/m’
Airborne concentration
Organicolvert N;qug e — — Guiddline ';‘/’fﬁ“&'?
Benzene 21 080~ 134.80 292 314 30ug/m? 1
Toluene 21 5.30 ~ 315640 70.33 382 1,000g/m™? 1
Ethylbenzene 21 180~ 111860 1400 433 360ug/m? 1
Xylene 21 530~ 2652.10 3143 420 700ug/m? 1
Syrene 21 150~ 276.30 809 440 700ug/m? -
TVOCs 2 4616 ~ 146859 4841 262 500/m” 10
Formaldehyde 21 1595~ 39951 63.11 257 120ug/m™ 7
*GM 1 Geometric mean, **GSD : Geometric standard deviation
"MOL : Ministry of Labour in Korea
’MOE : Ministry of Environment
T Korea Indoor Air Exposure Limit
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Figure. 1. Distribution of IAP(Indoor Air Pollutants) in IAE(Indoor Air Environment)
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Figure. 2. Distribution of IAP(Indoor Air Pollutants) in IAE(Indoor Air Environment)
Table 6. Physical factor of indoor screen golf.
Airborne concentration . No.
Vaicles  umberof Guideline ° ofsampl;es
samples Range GM* GSD** over KIAEL
PMo(jzg/r) il 79~186 14291 123 150g/m™ 9
C0: (ppm) 2 584~ 1217 7%.35 120 1,000° 2
Temperaurg(C) 21 162~217 1851 109 21~23winter? 19
Lllumination(Lux) 21 ne6~217 12857 116 150" 19

*GM : Geometric mean, **GSD : Geometric standard deviation
"MOL : Ministry of Labour in Korea

“MOE : Ministry of Environment
YASHRAE : American Society of heating, Refrigerating and Air-Conditioning Engineers  ™: Korea Indoor Air Exposure Limit
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Table 8. Correlation analysis of pollutants concentration at screen golf.

Benzene Toluene Ethylbenzene Xylene Syrene TVOC Formadehyde
Benzene 10
Toluere 0.716** 10
Ethylbenzene 0.665** 0.929+* 10
Xylene 0.684** 0.946** 0.980** 10
Syrene 0.538* 0.849+* 0.866** 0.900** 10
TVOC 0352 0.543¢ 0434 0451* 0459 10
Formadehyde -0.138 0010 0212 -0.193 -0.120 0.187 10

#p<0.03, **p<0.01
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