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ABSTRACT

Objectives: The aims of this study were to determine the indoor level of environmental tobacco smoke (ETS) and to assess the
implementation rate of smoke-free laws at hospitality venues around a university campus by measuring particulate matter smaller
than 2.5 /m (PM;) as an indicator of ETS.

Materials and Methods: We measured indoor PM, 5 concentrations at 20 PC game rooms, 20 pubs, and 20 billiards halls using
Sidepak AMS510, a direct reading portable real time monitor, from October to December 2015.

Results: Smoking was observed in 65% of the PC game rooms, 10% of pubs, and 85% of billiards halls. The average PM,s
concentrations were 98.2 ug/m’, 29.0 pg/m', and 134.2 pg/m' at PC game rooms, pubs, and billiards halls, respectively. PM, s
concentrations in PC game rooms and billiards halls were 2 to 2.7 times higher than the 24-hour exposure standard for outdoor
PM; 5 (50 pg/m’) by the Ministry of Environment.

Conclusions: Although a smoking ban has been implemented for PC rooms and pubs, smoking is still taking place in many of
these places. More stringent legal action is required for successfully protecting patrons and workers from secondhand smoke
exposure. A ban on smoking in billiards halls should be introduced as quickly as possible.
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WHOY FuifA] 7] & 2K (Framework Convention
on Tobacco Control, FCTC)S E3f t}ofst 372710
et IS = A 2 v iAo Age A
A =7tell a8k e, Arfd oz FHeo] w2
FAEY] ol 8-S W& o e AEA
=S 99s1al QIt(WHO, 2005). o]of
g A FUAASAYS Tl LsusS 9Ig
AL PCHE, SA1H 5 FF0] ol8she thekeh Ay

& rlo

http://www.kiha.kr

A g,
20159 SFAAFGFRANA AHARHIA ol )
IR B 393%g0m, A g FAl ek

3. 7%= BB EHKCDC, 2016). & 3=
A7ETe A Bt A e A &
z 22 ZHE A%58s 7
thar ok 4= Qi

ol At &

lo

WY, o
o o

=

o

o

fo

o

N
g0
2
>
[\ )
S
)
x
lo
o
00,
i
o
5%
rlo
_>.,‘
()

o
2
= &
a
oLy F
o (B T
(& re
o -
N =2
ol 5 x
-+ fr
o o
o Mo %
o
il
(es]
—
w2
1o
)

fr

S

o

oy 4
N

ofs
=
&

SR -
o g
I =

e}

=

k)

e

o

o

f

BN
N
ox
o )
2 o2
ot 52
o
ol o
g
o
2
u)
<t
ol
re
1o
i<} .
ko O
ox. j
=2 5
o o
Sy o B oW oo &

S~
>
ol
D
£l
X
ot
i)

1. ChA
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1) #7] 5 PM,s =4
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& 99U &= (Smoking density, SD)2] &% 9 A At
FauEL 4 13 o] UPAAT TR
Axjel Aol AR Bt S

Prospect, Malaysia)& ©|-&5lo] FZZo] HA T} A

Hg AT
FAL=(SD) =

3 EA L 84

473 PM,s2] %= TRAKPRO™(ver. 4.6.10,
TSI, USA) 295 ARg-sto] 2A416H3ith PM,s9]
247171 MBA] 7700 BEQA B 55)
Aot & QJsto] B A A4(conversion factor)Q] 0.295
£ AR8{(Lee et al,, 2007)5to] HESIP o0, 1 T9=
wgm'Z2 JEP I PM,s 5% 3% += Shapiro-Wilk
test(W-test) 5 &3l 13 AAst e, SAEA
2 SPSS(ver. 23.0), Microsoft Excel 2013& ©]-&3}]
S A sk B9 Zpolet IS AAEke
ow, FAIFE EIET= SigmaPlot(ver. 10.0 for
window, Sysstat Software, Inc., USA)S AE-5} ).

m. Zzot gl &

Aoz 2%
]2
e T
g 29 Tz
A& T T HE AW A 201490l ARG
L 2% H(Kim et al,, 2015), HE A3}
ol B AT7E 3E 2015900 10%= 32% Fadh
o2 vepytch
]

A 1 Ao AUl 37] T PMaso| w5 23

T

W-test 23} o= 2 3%(log normal distribution) S
sl gl9lom, 7 A4 FATEREEE Figue |
7
=

qF 98.2 pugm'(H$ 4.7~291.9 pgm’), T3 29.0 pg/m’
(W] 59740 pgm) 208 UEPRITh A 714 S50
Aol A PMs9] e = SAK R o7t A}
olE HFoH(p<0.001), Bt FEEE Tl 7HE
Bto; 24 gaat POl 71 £ bE
Q12919 pgme EALh EFF G e E3E
7F TERET oF 4.6 EA| e ew, A WollA
% 7P e Rk A e 20 B HEE oF 304
7g=] 2pol7t 13ItH(p<0.001). wARe] A=) A
ol 20149 4233t A74Kim et al., 2014)o| A = 74
2 i Aldo] disl PMas =5 ST 2IETYED
PCH 180.4 pg/m'(H9] 24.5~273.1 pg/m’), T 44.3
pgm(H 9] 3.0~1162 pg/m), T 41.2 pgm (44
23.2~241.0 pg/m’) £ O 2 Hslo], B L9} H|S=3
% WO (Table )2 23l whal, FAY A3 Ao

Table 1. Summary of average PM2.5 concentrations and smoking conditions of sampling sites

PM, s concentration

Smoking Smoking ’
Facility No. of observation, No. Average No.  Average , density (ug/m)
sites £ o of fan volume, m be' I - : -
of venue (%) (be /m’) AM GM GSD'  Range
PC rooms 20 13 (65) 10.5 441.6 0.023 98.2 58.0 32 4.7~291.9
Pubs 20 2 (10) 4.4 3453 0.0005 29.0 22.8 2.2 5.9~74.0
Billiards 20 17 (85) 5.9 451.2 0.017 134.2 101.8 2.4 8.9~277.5
"be : No. of burning cigarettes,
"AM : Arithmetic Mean,
*GM : Geometric Mean,
SGSD : Geometric Standard Deviation
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Figure 1. Comparison of the cumulative probability plots of PM; s
concentrations in facilities
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Ao 2 3 Kim et al.(2015)2] AP E &9
S 317]9) HThe EAUE ¢ =8 oko] Abyt
THA(r=0.576, p<0.005)S K o|r, 2o] Al
el Ro g oidEs 2| e BE $AA &+
o2 AT Al #aAdo] gl= Z(r=0.003, p>0.05)
5 2 YeEPH(Kim et al., 2015), PMys =7} SAASH
= 7P 2 wrgete EEE RIS
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Figure 2. Regression analysis of PM,s levels and smoking
densities in PC rooms(y= 57.2 + 1746.6x, r* = 0.55)

http://www.kiha.kr

149.6

1275

PM,s concentration, pg/m'
8

PC room Pub Billiard

mSmoking  Non-smoking

Figure 3. PM, s Average concentrations by smoking condition in
PC rooms, pubs, and billiards
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ngm’(Kim et al,, 2015) 2.t} 2015 29.0 pgm'= 2F 27%
FEOR PGSt o] PCHEY WH 7L obd &
B2l | B AriH oz o§2) Aol kgl
SaA FA FHo] WA HYL WL s
Aoz sebgt,

HFAeR AR AZAre] HHE sty ¢
sto] AIARZA7]5HWHO, 2005)°]l4 A|¢ket Hull
A7) HECTC)| whet -2l uhetol A= 7ol of

AAAF 4 %%ﬂ%ﬂ*“* R
ARAEYE 0 BREEADATDE 5 2
W, TAS A O] AR - o gl Tk WE el w2 A
SAMEA 17 oY BAL 482

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(4): 411-417



cHet HmA T 5@

. HNERAY So Y3l
o7 AAsR Ak TG AR AL
M

1%—_-1011 EH?SH o W HgEA it B3
ASBFRQOISA)] 52 - Aud AH F gy
© oF 2k 27 A, BEAXA oF 1N ) Fom gL

A5 AldEel 59 tidelAd A=l At
FHEA A 2FE A ok W 4
AAIdo] obd)ollM= SALE=7F PCEY B &
UERAIRE 235]2 PMpso) sEwEe o &7
Ehgdth. o= PColM = S #o] A=l 3l
A Addes Fekd BeldAEST] o =
A2 S)e AdstaL 3l7] ol ETSO| sked 27}

ofdFS Ut = Q7] el =
2 e AlgEojof & 7
o= HEFHEC] =2
AtE] o] A7tel gt Wl SR ol &gt A
SA o] Higt A daAdo] ZrxEar ok
AAZ B FAAES0] ©
SR sl A Ash=
(Kelly et al., 2009), =4 A-4(IARC)ONA = 5A

W3 BT BN B AN FAL B
FAAES o) 20 FUA FUGE FEE
F77h glevl, AUl 3 53 EAA4E 43
Hom FHoz o|BYrH: An B FAFOIA
el Abge] BAEGths s A7 grku B
1 vk QIEHIARC, 2009). S-2fubet e
NHE FF AU Faoli T Wt AYE F

H|&Azte] 7H Folg&o] 2013 57.9%, 20149
52.1%, 201549 354%= 2715l7 Q= Aoz By
A THKCDC, 2016). wahA WHO FCTCO|A] Aot
gt wpe} o] gttt e Fy A

st 3713 "It

2. EPAS| AQIE 0|
EPAS A= AFREE

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(4): 411-417

ik}
o
(@]
0|I

Unhealthy

&
=
_g 1000
s
§
; Unhealthy for Sensitive Grougls
o $00
Moderate
Good
T T T
PC Pub L

site

Figure 4. Assessment of indoor air quality of pubs, PC game
rooms, and billiard around a university campus using
Air Quality Index of EPA.
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