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A Study on the Air Quality of Indoor Screen Golf in Seoul
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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 environmen.

The indoor environment survey was conducted with 21
screen 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
specified bu NIOSH(2005).

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

In the air in screen golf arenas, the geometric mean of
benzene, toluene, ethylbenzene and xylene were 2.92 pg/nt',
70.34 pg/m’, 14.00ug/m’ and 3143 pg/m’, respectively, which
exceeded the exposure limites. Each arena exceeded the
exposure limit for one pallutant esch. However, syrene didn't
exceed the limit as 8.09 g/m’. Furthermore, the geometric
meen of formaldehyde was 63.11g/m’' and 7 arenas exceeded
the limit. The geometric mean of volatile organic
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compoundsVOCs) was 42841g/m’ and 10 arenas excesded
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 statigtically significant
difference was not found. However, PM10 showed the
datigticaly significant difference (p<0.05).

In accordance with the andysis on the corrdation between
the dendity of pollutants in the screen golf arenas, Pearson
correlation coefficient between ethylbenzene and syrene was
0.980, very significant correlation(p<0.01). The correlation
coefficients between the density of toluene, ethylbenzene,
xylene and styrene and thet of VOCs were 0.543, 0434, 0451
and 0.459, respectively, which demonstrated the statistically
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 AndysisCondition
UltrA TD/Unity, Markes, UK
Thermd desorber .
Desorption temperature e
I 130
Slit rtio
GCMSD . .
Agilent 6390N/5973 inert
GCIMSD .
CPSiI 5CB (60mx 25mmx Lym)
Column . NP . . .
) 50°C (15min)-8°C/min-200C (18min)-20°C
Column Temperature( C) , . _
Imin-250°C (2.75min)
Aux temperature: 280 C
MSD :
MSsource: 230 C
MSQuad: 150C

Massrang: 35-280 vz

Table 2. HPLC analysis condition for formaldehyde.

Parameter Andysis Condition
Detector UVNis360nm
Coumn Nova-Pak(r) C18 60 A 4um
Mokile pheses Acetonitrile/Weter(60/40 viv)
Injection Volumn 201
How rate 1.0mé/min




Table 3. Operation conditions of CO: for analysis.

Modd YES-206LH
CARBON DIOXIDE SENSOR Non DisperiveInfrared / Accuracy +1/-5%or 50ppm
Range 0-10,000ppm Resolution 1ppm
TEMPERA TVRESENSOR Range 0to 50 deg ¢, 32t0 122deg F
HUMIDITY SENSOR Range 0to 100%RH Resolution 0.4%RH
Key pad Tectilekey pad
Alam Audibledam
Display Backit dphanumeric LCD
Power Rechargeshlelead acid battery pluginwall adapter
Operating Hours 10Hours
Dimensions 76mm X 165mm > 51mm
Weight 370grams
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USA)e]l 24-DNPH catridgeS 1174 A17) 3 444 ZE|(47m
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(Moddl 4.1, Airmetrics Co,, USA)E A} 8-3}0] £489] 0, &
A S 55LmMInC.E 17 ato] A ERAIRS Aol A]
AZAE a1 sto] 3x7E 7|2 0.5 o] X33 A
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o] samplerel] F-2H AR5 A 9] A E 7153800 Al
FA o] AFEE oA = 1] =+ Coming Costarte] 217 47mm,
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A= 2- A - Fof Ak A A o] Bl of] Bakg aF3lom, Al
¥4 A - 5o FAAE ¥AFHOR Yo BXFE
= AXtst S THEE -, 2008).
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Table 4. General characteristics of indoor screen golf.

Vaidble Frequency Percent(%)
2003 3 14.3
Open (year) 2007 4 190
2008 14 66.7
Location Ground 4 190
Underground 17 810
>300 9 429
Sze(m') 300~400 8 381
400 < 4 190
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
Organic solvent N;n;?)leresd — oM D Guiddine l;l\(/);fKﬁng?s
Benzene 21 080~ 134.80 292 314 30ug/m? 1
Toluene 21 5.30 ~ 315640 70.33 382 1,0001g/m™ 1
Ethylbenzene 21 1.80 ~ 111860 14.00 433 360ug/m? 1
Xylene 21 530~ 2652.10 3143 420 700ug/m? 1
Syrene 21 150~ 276.30 809 440 700ug/m™? -
TVOCs 21 46.16 ~ 146859 42841 262 500ug/m™ 10
Formadehyde 21 1595 ~ 39951 63.11 257 120ug/m™ 7
*GM : Geometric mean, **GSD : Geometric standard deviation
"MOL : Ministry of Labour in Korea
’MOE : Ministry of Environment
*: Korea Indoor Air Exposure Limit
Fig. 18 Au] 23R % 230 24 #1298 A o ATt E A 7131 s e 79635 pome] 91 ©.rd, 1000
7F7VE A E Y5 AR 22 R 20| THACGIH, ppm ©]AFel &1 A= 271 2~(952%) 3 Tt
1989). A 0 = A7 T HeE A FEEEE Qi RS} ZEE A ATUFLE o] 3 REARE
FERG g2 s ofe 0% 4 Jlon, 1d oA FA Mt F= T8 Q10 F o[ A} 7@‘%
ol A K= nhe} gho] i Aol M i WAl FF, o R Al, A e SAo] oFgk 2to 7} Q7] Wil A BHEAEE 7F
B, FSOI E9) S A A TREE S A3 9/ lele Feloh glrkn sekeick shalgh vl )
Mee & AT &5 %5 93| (ASHRAE) 9] 74% A1 A erme
2) T A A (PMug) B! 0] AF3}HERA(CO,) 207 23CH =, 19710] U2 71 0 2 ZALE QI 22 & 7]
A AT A v A A 9] 7] 8HE o2 14291 pg/m’ S = 12857 LuxE Xd%ﬂ A0 7 7|5 o8 E YEF

o, lE i A ¥ AR Q) 150 pg/m' = A5t CHTable®).
A =F 7] F 2T 94 (42.86%) % T
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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.
Vaiables Nurmber of Guiddine ° ofsampl;es
samples Range GM* GSD** over KIAEL
PMu(ug/m) 21 79~186 14291 123 150ug/m™ 9
CO:z (ppm) 21 584~1217 79%5.35 120 1,000 2
Temperaiurg( C) 21 162~217 1851 109 21~23winter? 19
Liuminion(Lu) 21 116~217 12857 116 1509 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 Styrene TVOC Formadehyde
Benzene 10
Toluene 0.716** 10
Ethylbenzene 0.665** 0.929** 10
Xylene 0.684** 0.946+* 0.980** 10
Syrene 0538* 0.849+* 0.866** 0.900+* 10
TVOC 0.352 0.543* 0.434* 0451* 0459 10
Formadehyde -0.138 0010 0212 0193 -0.120 0187 10
#p<0.05, *#*#p<0.01
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(Occupational Safety and Health Administration) 2}
ACGIH(American Conference of Governmental Industrial
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skl 910 m, EPA(Environmental Protection Agency)ol| A+
718737155 Edskar Sl
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= '300mo| 3} 971(42.9%), ‘300 ~ 400m* 871(33.1%), '400m’©)
A 47)(19.0%) 5 ZAFE it

2 AWATH =T e =4 T WAl 7)ok
292 pglm’), E5-0(7034 pg/m), olEHl 11(1400ug/m) =}
A (3143 pg/m') 2 747} 1704, FL et & s 6311
pgm' 2 77, T3 WA 77185 (VOC) e 428.41/zg/m3
F1070] =E7Fe 23 HAAE O, AE 809 e
m) 1A% 23}81A] ekght.

BAYATAZZ A A e A=A s IS
A, E54l, oAl 2k, AE 9 9 Fdd|E]o]

A3k F1kel 1A e AVt LAEAD T }ti =24
A GO SAA R o5 Afo] & HolA] gkort,
PM102 5 A1 4] 0 2 1-2] 3t 2o ] & 1.9 TH(p<0.05).

4 AYATAZE | w3 SHEAD 5 wlAl, E574,

o rilAl, AR, 2B T2 Fedls]o P: FLEe g
A B2 A o il vk A 7ol Pearson 1Al
47} 0.980% ¢ & 93 *Wrﬂrﬁl E?iiﬂ%
(p<001), %PEECH ol il Al dll, AE ¥ 9k F-3
71 3FE(VOCy) 5 = 7] Al %k% 7Y7} 0543,

0.434, 0.451, 0.459% EA A S 2 {93 2ol & BT}
(p<0.05).
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