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ABSTRACT : This paper describes the generation and decay phenomena of gas, vapor and
particulate phase components of environmental tobacco smoke in 18 m® controlled experimental
atmosphere chamber. Real time-weighted average concentration ratios of markers were
determinated at no ventilation rates and sampling durations of starting to smoking 45 min.
Average concentration of major ETS markers was no significant on the mainstream smoke
contents of commerical cigarette and decay ratios were dependent on first order Kkinetic.
RSP/nicotine, solanesol and 3-EP were good predictors of ETS concentration in the public
indoor field. The concentration ratio of vapor phase and particulate phase components is highly
variable to assessment of indoor air quality with ETS.
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#70] 2AEEYE Chamberd] oA} Environmental Tobacco Smoke2) Az} 7+A HA

ETS (Environmental Tobacco Smoke, 7 =]
Ne A A BA4Y e A7t ERT
7o) Fd® FZ<Q £gAE CORESTA (1990)°1
Ay Aolzdan lon, o)}d F4, vALH F
, HEEQ So7 BofAn ok 53 EIS
85% o]4te] Rfdoln FAF e FFA
o) o 15% AE Eg=e] ik olAHF AVEZ
zojz 7ol &tHoz B o AW F
71l 28 AHT, AelFfet FHuje= EIS
2 7AFE AR geld F4ulda S 8
7 HE ez ¢dAd Atk (Smith, 1992). =T
278 (Phase change)ol
Tael 22 38ha KAl 2
o] ¥4 gto. g BE EISE
RA e A fFHHe Brpsits
Aol oz A7l YFHI Ut (Baker, 1990 ;
Conner, 1990).

E3] EISe Fo1d 37 welA 584
zatgAgo] F7+8 EAd wekd ZA HESH)
2o 7 AXME metstsd B2 ool 3
o webA ETS #A4ES %3, 23 B4 &
AL w) £ E5Y A} 2AH2 2 G2 S
Haed gloME LFE HE 4 JdE A¥sx
7} vj9- wt} (Nystrom, 1986 ; Green, 1992).

o] gk o] folA EIS 7l controlled
experimental atmosphere (CEA)e} 82} chamber
ATE Zated A AFItAMe] EISe] 4
o walEe wdo] Q) Eatough(1989)E 30
mel yole BIZEZ bagd AMESe ETSY 7]
Ao QA BA BRERPS dFEIL,
Thompson (1989)%% & stainless steel-S- o] 83t 18
m =F719] chamberd| A ETS<] o) EAHL W
vl Qe o] g CEAE w7l o 2g9dS W
AN & Qe AHo) oy w3t BF 5,
&5 23 Z EIS AEES 2UHEY e
Z3AY 4 9l7] WEd EISe £ &34 ¥
e AQsted AnAeld.
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1. Al 2

2 A7 Aled A2 d@ue 298 5474
Q7] P o|s e Table 17 2L Fuje HF
e Atestanh. AArleAd Ex Zole $8 4
g Fdriee] FE4HS 2o AAEAT

2. ETSS| Wy

B A% AHEE CEAE #Z7)7h 18moli o
o) AAL 2HQzH 2E, %, H7]FY
zAe] 7lsd Aotk v B HFdME
259 458 44 279 50%2 AT 87
2o ACH (Air change per hour)7} 0%) static
conditiono] 4] 4] FAA 7} chamber ol A 8%
2¢ 24 149 $HE HE F HE FUE
g APk AFFAZAN AF smoking?-
4channel®) smoking machine. (Heinr. Borgwaldt,
Germany) 22 d4A17) F o] i FU3}
A EA5HT

3. JINA 239 4

AQarshga, U f7188E, 23 45
49 EHe 10 Hos BUHY & F UEF
IBM PCAT running ASYST &ZE¢jo]E AME-81%
t}. oo CO EA7]¥= Thermo Electron model 48
gas filiration £417|(USA), AtatdAd 47| NO,
NO, NOx& EA)d £AE 4 21E Monitor Labs
model 8340 nitrogen oxides EA7|(v]F)& AHE3}
AL, LAY F713%E-2 Combustion Engineering
8401 total hydrocarbon analyzer®, YA &2 2
number %59 mass FTET TSI model 3020
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condensation nucleus counter®} TSI model 5000
automatic piezobalance & 2}2} )88l 9c}.

4. 371 MR &1

ET5 & 5714 4% marker 4% o2 258
< 31 nicotine®} 3-ethenyl pyridine(3-EP) 281
myosmine £ Ogden(1989)9] @ e ule}l Amberite
XAD4 resingh (SKC, 7emX6mn OD, 20/40mesh)si]
E718 154/min®] {402 personal air sampling
pump (SKC, 224 PCXR8) & ¥ A5+9c}. XAD4T
a F3d 4 HEY 2L 2w viald
XAD4 resing ZAAYHA &7|3 triethylamine o]
0.01%%f¢ ethyl acetate 1meS 7}5te] e} o)
A 30E F% #2% ¥ GC/NPD 248 A2=
Y old YR EFEIZE quinoline & A
ol 4 HEY FEEdd g3 FAFHe
coefficient= nicotine, 3-EP 28] ¥ myosmine ¢} 2z}
21, 1, 09992 gzstqrk

ojife] GC/NPD EMzpezx= zAYPe
SPB5 &-§47F 28 (30mx032mn idejgdz &
A= dEC2 4n/ming] H4o)Qc) B
2EE 50TeA 250C7HA 10°C/minZ  program-
ming3} At A7) NPD(nitrogen phosphorous
detector) 24 2% & 300C, FYT LE&= B0CE
A3t Splitere splitless mode & ZAsych

5. X 2EHe £H

EI53 A4 EZ9] marker ¥ 02 B 73
<= 1= RSP(respirable suspended particulate), UVPM
(ultraviolet particulate matter), FPM (fluorescent
particulate matter), 72) 1 solanesol2 Z=A 57 o
ME Ogden (194)9] wWhiol] wsich = Y4
=39 Z32 fluoropore membrane filier (Millipore
FALP 03700, pore size 10im, 37mn id)ol] =74 A
BEHNNY BL pumpg o] §8hel Abo]Z 20|
HAZHE cassetted] membrane filterd @3 3254
/ming] F&oz ¥XAFY) JARFEAL ¥
87] M3F 2] membrane filter %A 2}o]E RSP 3
& 3 4L 8, 4n¢ methanol 7}Em 308

izdh: R

T ARINAN FEste] HPLC B48 Azz
GE-1

AFEHNS A8 UVPMe 03 EZE4= 2
2, 4, 4’-tetrahydroxybenzophenone I} FPMel| o &)
1= scopoletine S surrogate standard® z}Zt Alg
BT 2t AR EEgeo P ks
coeffidenti= 742} 0.9997, 0.99932. 2 ebsic).

Table 1. Description of cigarettes for controlled
environmental chamber study

Kentuky
Cigarette Hanaro 88 Gold  Reference
1R4F
Cigarette length (mm) 100 84 &4
Butt " 48 40 40
Smoking  » 52 44 44
Filter CA" CA. CA.
Air dilution (%) 51 38 28
Tar (mg/cig.) 5.9 9.3 9.2
Nicotine » 0.58 0.94 0.80
Co ” 7.5 10.9 116

CA. : Cellulose acetate.
Butt length : Index from Korean smoking habit,

HPLC 2424 solanesol-& Deltabond ODS
ZY(15em x 4.6mm id)elglz, UVPM3I FPME
columnless©) 9 t}. Mobile phasex= 95% acetonitriles}
5% methenol Eg-&olo]9ltl. Flow rate= 04me
./min (UVPM, FPM), 05m¢/min (solanesol)Z z}z}
A&t Detector= UV detector®  205nm
(solanesol), 325nm (UVPM)SI A 7tz &4 Baw
foexm £33 FPME fluorescence detector®
excitation 300nm, emission 420nme] Ao 2}zh
s

dal 3 ¥

1. 57|14 MRE9 &
Table 12] A Q& zte Al 744 AEFw (sh}
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o} o] B e & Ao diste] Azke| w
g YEFEE FArete] EAIR Aotk Table 29
A BW nicotine® 252ug/m ~ 33.8ug/m BH
A3, 3EPL 20ug/m ~265ug/m WY T
£ Rt MyosmineZ 2ug/m' AR FE=E K
of vf$ W gro]=dl o] gL nicotined H
sted B¥ oF 6~7% HAY FolUTh

A7 guld B F)F HAEE T T
& AFd mA ze)E HAY F UdeH
nicotine®] 7o IR4F7} 713 =91 88Golde]
Atols ?e Fge Btk oy Fx Aol
R 1A A Alsgrle] FF A2 nicotine T
ZFxt B AHRE 2 dAIA g AS
o 4= glt} o]y § A4 EISE A - %
F99 g7l T8 (Ogden, 1994)o] w= 1585
2 AL PedE gA dEET Aok

T3 3z gue] ASo] FAAC Qs
AARE EIS 714 AEG AEFaFAA o
A ARE g vlms) ¥ nicotine?] 7ol
407pg/m = o 12ug/m AE TR L8} 3-EP
3} myosmine®] %&£ o7t ZA Fdth ol
F AN 4 AEEY B sEy 544
7108k Aoz Adc

Z nicotine2 RFAT FHAL] FF7} 26
~33 W9 9l 3EPL 20-40u) A2 FEHFA
9] #ekw)7l o} (Guerin, 1992). 3%k Nelson(1992)
d] )8l nicotine® T2 ETS marker AESET
Agtd mE A o] 22 ez HAHYPeH
o] @42 nicotineo] 2] T W F& Hitol
=X AlEEY 29 o4 wEA FIEHE S48
2 d93tn Aok F=3 o= A ke %
" ZF nicotine?] FEE FHE o AFE 4
d4oz FHIrT stAh WA ETSe] =oh
2 FAAS Q) ETS odorel] #ajA w@sf B
W, FAA2RE fEHs B EAe 239
FEAANEY 24 &9 nicotines) Waje] 7)¢18}

3oox o

Table 2. Average concentration of selected vapor
markers in the ETS of Hanaro, 88 Gold

and 1R4F (/')
Generation type of ETS
Analyte 4 persons smoking srl;:;)ckhlfri

Hanaro

3-Ethenyl pyridne 220 246 265 264
Nicotine 279 252 338 407
Myosmine 20 17 22 24

£ Aoz A7Y £T Yok

2. XA MBE9 S

Z714 AEEY &4 Y 22 TN
A AAE ES § gAY 4289 F&
2 Table 3 53U} ©] FAM & 5
o] YR+ HAREF RPE 74 A
UVPM o) 7303pg/m ~ 7746ug/ w2 713 &
7} =km 1 L& FPMO.Z 555ug/m' ~568.2
ug/m BHol, 2 ETS gAY 479 F
£ marker2X4 EFE 4 Sl solanesol(Ogden,
1992) & 179pg/m ~ 218pg/m O 2 Jebyih

g AFd g8 F= Aol FY HEE
9] ZAxorset go] FHAY tar FFY= AF
Aol A9 gle AE ¢ # A% v 49
yalo) gatde & 2olE BAAg # ded F
Azle) Fde 9alA B} smoking machines] &
A ETSE HAAZAE doe UVPM, FPM 19
il solanesole) AAF Fx7F 17% ~ 36% HAZ
2 vebgth o)E g 442 AHHA gAd
B B2y B0z AWT F AeY oAL
cambridge filterel] 2|3 <3} AFA=Z vEhd Ao
2 Jzrgch

Repace(1980)o) 2134 ol2jg A HEE%H
ETSe] AgtAde] chsiy dv=HAed 344 &
FEL PR AAol 25m Btk H& A& 2fn

ot M M to

e
oA 3o
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AHez fieldlM FHEE YR B5
"’/‘ﬂ’b} ET 444 4EES 25 X
ETS 424 EFE& 27o] 10w
YAEZA waxtt AAE F2 43
Aoz 4R ik (Stober, 1992).
Ogden(1990)el]  ¢}&}# ETSe] RSP(Respirable
Suspended Particulate)= UVPMo] 63%, FPMo] 51%
ZLE] X solanesole] 26% Ax7} Zbzr xEFEo] 9)
< AeZ HuF9dsed o]u] solanesol/RSP
vl7} 260lftn FETE o] ARAME 23%
28%2 BEAEAY. 231} smoking machines] ]
& FAAME o] FED B2 14%=2 EHIAT
E3 F713 HA¥F Y RSPS nicotine?] 3 W&
2 1R4F Fuf7} RSP/nicotine 221, Uz 7} 274,

Y

e

Table 3. Average concentration of selected particulated
matter markers in the ETS of Hanaro, 88

Gold and 1R4F (ug/m)
Generation type of ETS

Analyte 4 persons smoking ;I::hlil:g

Hanaro 88 Gold 1R4F @ cig.)
UVPM 750.8  774.6 730.3 273.3
FPM 5627  568.2 555.5 193.1
Solanesol  21.8 17.9 20.3 3.7
RSP 765.6 7824 748.7 271.5

g

A

ik

- o] A

F=7} 311019129 smoking machinedl] 2] )4
27l 672 JEgith. o] E A RR
AH1988)9)  184B.ThH=  ofzk He ATtk
RSP/nicotine ¥l= AFgole] SAo] wpady =4
FHS Lon, FFFrAME @7%d BE o
Fol 23 YRFUIY AALFE s G
= ¥E 7oz B3y v UchNelson, 1992).
g sampling A3t 2E]n Fd9 A=d w3
zfo]E Holew UubEHo g Frge] Zvlstw
RSP/nicotine®] W& Folzuh o83t Ao 4
& decay processe] Zpolo)A Q€T &
nicotine2 T8 ETS A4 ERUE EA F3Fo|
Z o7l el

&

3. ETS markerS2| decay ratio

ETSe] 7}2=4 B¢l CO, NO, NO, NO, 2d
I YA =3 RSP total hydrocarbon(THC)
of tialA ETS L4FE A3te]l WE Z+ JEREe
T WAstel I ¥EsS Table 49) %3 A0h
E3 F8 HJEEY] W3 THS ¥ Fg lde

o=
THC, Fig. 2o)= RSP, Fig. 3, 491 NOsS} NO, =L
23 Fg 5ol d4tslgdag gA)sgoh

o] E& JHES %w/ﬂ A B real-timed)
A FRFE 47 EIS 4ES9 WL A3lo)
BHGd wet FE7F A9 dFEHA TiEe
first-order kinetic® wgkt) 2z} A|SelA] ETS 4
o =9 v= Wite Ao FAR Ao

Table 4. Concentrations and decay ratio of ETS constituents by real time

Hanaro 88 Gold IR4F
Analyte Max  Min  Decay Max  Min  Decay Max  Min  Decay
conc.” conc. ratio(%) conc.  conc. ratio(%) conc. conc. atio(%)
CO(ppm) 5 4 31 4 2 35 5] 4 33
NO(ppm) 125 72 42 141 8 40 120 66 45
NO2(ppm) 36 31 13 34 26 25 34 29 16
NO(ppm) 157 103 35 168 11 34 151 95 37
RSP(ug/m’) 1306 49 50 1153 632 47 1261 639 49
THC(ppm) 2 1 22 1 1 17 2 1 22
* ¢onc, ; Concentration.
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Fig. 1. The decay curve of total hydrocarbon
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Fig. 2. The decay curve of respirable suspended
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Fig. 3. The decay curve of NO
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