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ABSTRACT : This study was conducted to evaluate the ventilation to remove gases, vapor
and particles of environmental tobacco smoke(ETS) in a closed room. ?I‘he ventilation rate
choosed were 0.445 mslmin, 0.528 m3/min, and 0.625 m3/min. ETS components measured were
total suspended particle(TSP), ultraviolet particulate matter(UVPM), fluorescent particulate
matter(FPM), solanesol, carbon dioxide(COz), carbon monoxide(CO), nicotine, and 3-ethenylpyri-
dine(3-EP). TThe concentration of ETS components measured rapidly decreased as increasing
ventilation rate, but the removal efficiency by ventilation was different from each ETS
compounds. “The CO;, and CO, gaseous components of ETS, were dominant components to be
removed from the room by ventilation. The ventilation with 0.528 m3/min for 1 hr was enough
to remove over 99% of those gaseous components. Nicotine and 3-EP needed the ventilation for
2 hrs to reduce over 95% of those components. As the same ventilation rate, 9% of TSP and
solanesol concentration were removed from the room within 2 hrs, UVPM and FPM
concentration decreased 90%.

Key words : Indoor air pollution, ventilation, ETS

ETSS 313td =4 19 BRI Zody) o A and Proctor, 1990). €] ETSel gt dA+&
AAZE Foll doju= thakdt 3h3katgel 7|31y 2 FQ FA AR g FALEI Wizl A
3, Gullol] B2tH filtere] A&F oIzpzoll &3 A, X g, 259 59 9, F5H wsY
AE zZA Qg vron] e Ry @r% A4 53 53] ETS 7o 483 Wl A%
A, AdEE, 5 223 7FEE 59 22 FRE Wi A o =-o ot A
AN A gAME ZEAHBaker and  AF W 5& AT AFE FAHSL Yo

Robinson, 1990). =3t ETS +4 AES2 ETS (Nelson &, 1993).

b £AFE Bl ETS A% ©E 28n AW Fdol ) ANBAFY ETS FE7 ke
o B/ ARSH Aol Yolh: ETS & £ F2 AAE D) FAA 7, 2) FAR
AT 223 ZHo] AoJUAE WHBaker  BALE, I AW wA, 4 AN §Y wk o)

* ath Kt : 305-345, AR HATE AAE 3024A FAdd AT
* Corresponding author : Korea Ginseng & Tobacco Research Institute, 302 Shing Seong-Dong, Yusong Ku,
Taejon 305-345, Korea

- 102 -



gHE FeA 8719 o3 ETS HE AA

3 3719 9, 5 AW #He] 4z, 6) WY
<5 9 §5, 7 ANFIY BAEE Fol do
W (Kent, 1977), 2WNE7159 ETSE AAsE &
Holli= 1) ETS 249 Aol & oA, 2) 7§
& F7I2 " FVE 34, 3 2449 3NE
WEsls F4ur], B 4) HAVEE o] &3
R FAFY ETS £48 AAsts 371#
Sol ATk, 1995). olfEe AFr] HA7
& Tl rlol g e AFr] 2dEA
9] Zraol tig 4y F b A AeF,
ol AE Wl 3t7] Aldoe] F ofluiA] 4]
o] uk ol g AABlE Ao =AFEgen
7] 21Eol tishA = Z- el B s e
Sl gtk Sehmer(1987)% AWE/10) AL
AfA WFIAL 014 mY/min, FALE 0.556
m’/min®) $71%E ARG glor], ulF Wl
wtzzetloll A 1989 = AAT AWE} &
i e o|BFslekel JFe A 36 m'/hr/
o, AFA 36 m¥hr/Q), ¥A4 144 m’/hr/Q) o]
v} (Janssen, 1989). FAR T HE HYFF
o] #71% A& v RJR ETS Q7-do] 1992
ol AAIG vl d=vl FAx AFhel F
Vg AR E sl 599 FARE 9
3 2% FRO FAAUL 540 m/hre 1S
A wb 10%-Z 98 4299 FAAL 756
m’/hre] $k71%ke] Hasieta AAsta gl ol
9o 7)o A AUFIE A o8
712 2AAA L9EAY Ay v2E Ak
A7lE Aoz olelgr BA& A Sl
AL £ glon] JRIFy|e] AHFEY] T2
g7 Adulrt 3714 299 ® oE Fedxz
g z)a glo] ol RE RS F3 AUlT
719 24E HoHE & 4 Y JlEe] B
3 Azl

B A= Sehmer(1987)7F AAE FAA 317
29l (556 m'/min AEE FNHo st 8]
Fe vd Ba HA 23 AT TelA

o of

7% dstell WE AN, 3714 2 A4
ETS 74 A% §33 LIARE 24,

Fdoz AdaA okrlEe AHEA 25del el
A

229} vlFdRte FAW FA Y $EH
o-gukeke A skt AA|skgich

Mz A H

B oAYe 4 AWFzellA o]FoizEd] ol
F7+e} WAL 3m X 3m X 27m = 24.3m° o|Q 1,
AWEE 21-22T, AFEE 60-65 %RH 3
Aol glglen, 715 A g A 7)
FEEE 0.00-0.03m/s B34 A= 3
715k =4 qY 3EF7] EKS- 250ATo) Agt
Z3715 ol&sle] FYT wiZIFY FHS 4
7} (.445m°/min(Low), 0.528m*/min(Mid), ¥ 0.625

m’/min(High)®} 3RAZ slglem, EFE Pacer
Industries?] F%A|(Model DA40V)E #olsl9ich
ETSS] WA A48 llel CORESTA monitor
cigarette CM2 1070H & bl ALAAH 2HlE =
EFAdS ol3ldlen 4717 o &3 4
I = o A= B ) o = S S B )
73-5& dlZF(Control) 23}ed, Z+2+e] 317]) 2kl A

uhE ARBlo], &% 5% AEktg
tod H k& Fslirt.

AgFie Co, CO: ¥ TSP & Y&
KanomaxAF2] Auto building set (Model No. 2111)
£ ol &3lod ETS A ¥ o) 308w}t A3k
ov, ETS $71%4 A% U= 3-Epe] £
A& Amberlite XAD-4 resin tubeZ AF-&3]o] =of
XN Aoz 7144 AEE EFNE tubedll
45 2714 A2E 0.01% triethylamineo] 3%
# ethylacetate 8% 1mlZ ultrasonic bathol]A] 30
B2 F&3%ch. 343 AJ8e) quinoline W
EFERE AEY Sugd Arksted DB-5(30m x
0.53 mm ID, fused silica capillary coated with

N
2

w
A

[E]
=2

2t

of

1.5ug of 5% phenylmethylpolysiloxane) column$
o]sled, FYTF =+ 220C, LELEE 170T
TR steH, ZATIE 220C, Nitrogen
phosphorous detectorg AF-&3}o] EA3}9iv},
P2t A EF UVPMHE FPMY 242 ASTM
o} 9ol ‘wlz} cyclone seperatorE A&3lod
37mm milipore filter(fluoropore membrane filter,
pore size 1.0uboll = 1&]7belct EZ3E ojjelS

- 103 -



2 F&3ln FEEE 325nm¥ 420nme] F5ut
7 ool 4] yltraviolet detector® Z# column-
less HPLCZ J3F 55 ZFHsle E43%en
solanesol¥ 15cm x 4.6mm ID Deltabonded ODS
HPLC columng A3}, o] FALEE Ace-
tonitrile : Methanol = 95 : 5, v/v Eg-EA& A
f3lgon ZA7ZE 205nm UV detectorE A&
3ol B4}t

i«l xmﬂﬁroﬂ ut g

o 27 3¢ 2o #)gke
7VE5E olE 7IAG *3 Bl AAEE Skt
2 ﬁroﬂ wE AAEL o]
vlslo] thi e Y
Hols Qu}. ]" .’I:«] 79 0.625 m*/min

9 )N E 1A17F, 0528 9 0.445 m/mm«l
g7l e 908 AR HE 3
9997} Ztashe wbd, %l*&ﬂ%i% 7;—8— ?&7]
A EAE AZbe] ¥ £8FE A ¢
Aok AUI1FY daBgaE Ate dF
ARy 2He Ho] e AW 2982
2 ERSa glew, duldLA 23 20,000ppm
A dAsE Fdd F71 Felle 400-500ppm

s
]

4 o lo

Ventilation fan

T

Voltage  Auto buildin,
controller

ETS ling line O

ping

< ETS generating

Fig. 1. Schematic diagram of the experimental
laboratory
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Fig. 2. Changes of carbon dioxide concentration
by ventilation
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Fig. 3. Changes of carbon monoxide concentration
by ventilation
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Table 1. Change of nicotine and 3-ethenylpyridine contents by ventilation
Nicotine(ug/m®) 3-ethenylpyridine(ug/m®)
Time
(min) Control Low Mid High Control Low  Mid  High
30 421 374 295 264 204 197 178 174
60 122 107 72 26 90 72 42 10
90 69 52 29 17 75 28 17 7
120 61 33 18 49 18 7 4
150 S57 25 14 7 36 9 6 2
180 44 23 13 33 8 5 2
iso-quinoline®] PAv]go] AAE = Aoz U4 el Zr) Fo g HE| 743l (Eudy, 1985), Y
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Zolu}h 3ok whgol oelel thE ARERG Pk
Table 2. Change of TSP and solanesol contents by ventilation
TSP(cpm) Solanesol (ug/m®)
Time
(min) Control Low Mid High Control Low Mid High
30 3675 2218 L190 725 254 6.9 4.5 2.9
60 3,589 1,025 390 106 239 4.4 1.5 1.7
90 3,319 486 123 96 22.3 2.0 0.5 0.7
120 3,005 230 45 32 21.1 1.0 nd 0.4
150 2,691 111 21 21 18.4 0.4 nd nd
180 2,394 57 14 15 16.3 nd nd nd

nd : Not detected
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Table 3. Change of UVPM and FPM contents by ventilation

UVPM(ug/m’) FPM(ug/m’)

Time

(min) Controf Low  Mid High Control Low Mid  High
30 1,205 649 467 265 1,737 728 544 420
60 938 567 189 97 1,474 615 316 282
90 817 269 88 81 1,060 461 216 219
120 615 163 28 60 746 286 172 191
150 551 63 16 9 479 209 169 183
180 359 38 13 8 294 197 164 172
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