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Abstract

This study was carried out to evaluate non—-smoker’s exposure levels to environmental tobacco smoke (ETS) in
the air of offices in urban areas. A total of 65 offices were selected from two large cities, i.e. Daegu and Daejeon.
The field sampling was conducted repeatedly in summer (1999) and winter (1999 ~2000). The measured ETS
markers included respirable suspended particles (RSP as PM,,), vapor and particulate phase ETS markers,
including nicotine, 3-ethnyl pyridine (3-EP), ultraviolet absorbing particulate matter (UVPM), fluorescing
particulate matter (FPM), and solanseol in ETS particles (SolPM). RSP was measured gravimetrically by a
microbalance. The particle samples were then used for the determination of particulate ETS markers by HPLC,
while vapor phase markers determined by GC/NPD. The analytical methods were validated for repeatability,
linearity, detection limits, and duplication precision. The concentrations of RSP and other ETS markers were
significantly higher in smoking offices than non-smoking offices. Despite the similar smoking strength in each
office for different seasons, the concentration levels of ETS components appeared to be higher in winter than
summer. The contributions of ETS to RSP concentrations based on SolPM, FPM, and UVPM methods were
estimated to be in the range of 15.2 ~25.3% in smoking offices, whereas 2.4 ~ 15.9% in non-smoking offices. The
cooling and heating types did not affect significantly the concentrations of RSP and other ETS markers. Finally,
further research issues were suggested to obtain more scientific information on the non-smoker’s exposure to ETS
with respect to the frame of risk assessment.

Key words : Environmental tobacco smoke (ETS), Smoking, Respirable suspended particles (RSP), Solanesol,
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24 ghek aEht AT Eelde ) drlel o
& wEaRe wAdge w2 = BADRA)
(environmental tobacco smoke, ©]3} ETS)=2 213t ®
A fai el HE =Fo] AZ|HAAM HHEFA
= F23 AEA 2 Y53 Qo (USEPA, 1992;
Surgeon General, 1986).

ETSE Fdx}7} U#= 2374 7] (exhaled main-
stream smoke)$} Q43¢ Gz e A uj&y
X 8379 7) (sidestream smoke)7} EFHE o] F7)

ZolA k- 4D AR SRS o),

53] viFRewidrl A+ ETS-J o} 85%% A4
3= Aoz oeix] glom (o] B4, 1995), B-kx
A4z A3 GRS Mg FHddr] B

o 2318 o AA4"E 4 sz B3 w gid
(USEPA, 1992; NRC, 1986). 19863¢]) n]=* National
Research Council2 n]= JjollA] <17} 30009 &
= Fle] A o] ETSel| A3 xZellA 7|03
a7 2z 3 vp 9o (NRC, 1986), o] A2 1990
u]= EPAS} NIOSHo|M: xgo2 ETSE
QAIIA A2 A B} Qv (USEPA, 1992;
NIOSH, 1991).
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and Thorton, 1998).
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A& AsME ETS 43
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el s ETS 8 AEAel da Aol
=249 Wik AAsed AR AAHQ Q
P} AN 49 AL mge, 9% a4 974
o o3 FhAsh A B A FelAe] ARE
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ETSS F2 4%l 9% 58 2452, b}
ETS7H AbRA) Al 3711 % 58] 254 B4
A wEel wAE J3E shtahad shaleh

2. Mz Y gy

2.1 AEMFH ZA 2 22t

£ drolME A=A AT R A el $A4]
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298 A2 I fste ABAHE A7)

Table 1. Locations and smoking status of offices rec-
ruited in this study.

Number of subjects

Subjects -
information Summer Winter Total
{(n=65) (n=63) (n=128)
. Dague 36 34 70
City Daejon 29 29 58
Smoking status Smoking allowed 3] 31 62

when recruited  Smoking not allowed 34 32 66

Smoking status Smoking occurred 39 38 77
during sampling Smoking not occurred 26 25 51
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15-835te] & AFRAL & 27 XAollM FAle) 23
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£ 9d7eME ETSo] #0941 2 Aa
AEES FEEe FA AF87] Yt £ 9y
H2t Mz 98 e $AHE 240d F94
ETS 43&¥ (DoubleTake Sampler, SKC Inc., USA)S
o] &3deh(ad 1. o] BHE ETS Alafzis 9
) B3] ;g AEHas A5 elelnis} AlaA)
HAZEE A&AZ R PF=obsadele] A 45 5
2] #HE7 A5 ez 71EHel(Baek and Jenkins,
2001; Jenkins ef al., 1996). &3 22 () 254 »
FHA, (i) YA ETS A ZBA 2] ultra-vilolet
absorbing particulate matter (UVPM), fluorescing
particulate matter (FPM) 2! solanesol (SolPM)&] 37))
g%, o2l (iii)7]|AA ETS &z zx] 3-
ethnulpyridine (3-EP)2} Yy :8lo] x3)x)

2.3 38Y F2x (RSP)
RAAA 8 37mm 4742 Fluoropore W 2ol
] (pore size 1.0 um, SKC Inc., USA)Z 7-&4 e}

Fig. 1. ETS sampling system used in this study.
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5 QR YmBe]L cyclone seperatorS Hg3}
o AAR 22L/mimNA J&3H4 4] (effective
cut~off diameter, D50) 4.0um <3} wiAjeAsu}
& Ak ek B A7 ETS #9 «
T(Jenkins ef al., 1996)o| M FAZ viel o] olE
A YARES S EAE-RUA (RSP)E AL B9
sledvh Hele] A= 249 A (Microbalance
M3P, Sartorius Inc., Germany)& Al8-3led Algx)3
A -39 9y FAE SHY WS SAsld BEA
& 97 2 Aele ANt 242 APl £
3 BAdez AAFHE YAZlR A% Sl
Ha3sl7] fsle] WA 24 A vl
A7) A AAA] (lonising Blower IB-8, Amersham
Pic., UK)E AHgste] AA7lg AAR 5 FPaksly
o}

2.4 AR ETS X|EE3

RSP g=fe] &2 F WA &% UVPM, FPM 3
SolPM ¥} 2 A4 ETS 224 24 4
SRR} UVPM 242 9)8to] RRA 88 2mle
M &h-& (HPLC grade)s 308 %t 289tz 323
NI F280L A R P27 Hhde o
Z 5 HPLCE o]&3}e] UVEZE 325 nmeoljA] &2
stdet. ol g Sfas Wiehe-g $3k 0.6 mL/min
2 ARSI o, UVPME T = ETS9] dzlasye
A (surrogate standard)2A] 2,2, 4, 4 -8 Eg}s}ol =
Z A= (THBP, Aldrich)& Al4-5le] 2akaled
ok FPM $42 913 Al8324 3 HPLCY) ¥4z
2 UVPMS A-9-9) gdsiglen, §27327] 9
A2~ excitation 300 nm, emission 420 nma. A Akl
o APEFEd 2 A3 (Scopoletin, 95%,
Aldrich)& AM4-8}9ch. UVPM3F FPMS} SAdolj=
e ARl 8. glow, ¢ Am 39 £
HE71AAS] =22 AQdA717] Hete] o Sm
Zhge) 2EAY A 2" wARS Y ggon A}
£33t

Wb F25 Fo| £l (solanesol) $ke. )
g ol54 8¥i= Ag-sled 100pL sample loop
L Uvelal 205 nmellA) 9AF HPLCE o)-3-5}ed B
Asldvl. B4 C4 guard column (S cm X 4.6
mm)o] A2l Hypersil BDS Cyq column (15 cm X 4.6

J. KOSAE Val. 20, No. 6(2004)



718 MAS . upAhE
mm, S5um pore size, Hypersil, UK)& A}2-3}5 o1, o]
o gofe] f2 2ul/mino 2 3}t

o) 43t o] W ETS ARELL) prEE BF
ETSo| i3 7bgAQl dej2fEgde oj4slglen

2 Az AREe el ek meba RSP S
9} 33 5 Y Y (uym’)2 HEsr] 98
M olelig} 22 AL 7Heof get(SO 2003,
ASTM, 1994). 2 Fo|A= HZe] Nelson et al.
1997) 24 W Skl 42 TUASE
7 B gaielct o) el BT ok AAY HEe
B84 &g 5 95 (ISO 2003; ASTM, 1994;
Conner et al., 1990).

UVPM = THBP 43 5% x 344 (7.0)
FPM = Scopoletin A}-2- %= x 44 42(38.0)
SolPM = Solanesol &% X 3kAH4 4=(35.0)

2.5 7|x|4 ETS x|EEX
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& & (SKC Inc., USA)E %3] ¢ 1.0L/min9]
FFez 3715 Fsk AHIA AsAH F
FAVL Seknd whllz <bd W8s F -15°Co)
WE3e] nasidel 29 ETS A8 £44 4
3l XAD-4% 2mL vlo]d= &7 F WRIFEE
AzA AP (22ug/ml)e] {3 1.25mL2] "
otAElo|EE foll= ARgste] FEIHan, old
Feigdel ETS A ¥o] &R 7L AR 4
8 0.01% (v/v) E=]olldell o2 32|33} (Ogden,

i

1991). GC $42 329 % 2uL8 Fsjed A
ol AeAl Z2&7]1(NPD)2} auto-samplers} A=
GCA) -] (Perkin Elmer Autosystem XL, USA)-& o]
4319k GC #4432 DB-5(0.32mmx30m, 1.0
um, J and W Inc., USAYS Ag-stedeh. 3-EPol o3t
222AL o) 44Hez ATHA gore 3-
EPg] 2B 2 A9 U8 EAL 2tE 4-cthe-
nyl pyridineE tj2|2FEA2 ARSI} Jenkins er
al., 1996).
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HgE 9 ATAYAIA FQ a3, )
A, b ARsh e, WE FREA, 2R
59 A2 2AKe] BN 47 shepsisieh

2.7 SPwHel ¥Eue| % Bt
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P29 HolElE HustmA 54 Alzwel vy

4 9 pAE B AVAE Bl €T
D Ame F% SYFoA PHPYY FUs
Arlalaxl sisich A89 AR 7 A4 RSP
W ETS 4%9) SEd4e 98 AeE 2y
st A Ashe = 20] dhelialer 2%
o] M4 (inearity) H7he EFEAE 6~8%7)
2 4T A= A% BH A=E o4l ol
W 7 ALE Agae] ARASE BE 2T
A 099 ooz verdch ma 2ol R4
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Table 2. Performance of analytical methods and lower detection limits (LDL) for ETS markers.

Linearity* (R2) Repeatability® LDLS Number of data below LDL / Total

Analyte 4

Summer Winter Summer Winter (mg/m?) Summer Winter
RSP N.A¢ N.A¢ <1.0% <1.0% 16.4 0/130 3/126
UVPM 0.99 0.99 1.8% 4.4% 0.24 0/130 0/126
FPM 0.99 0.99 4.5% 4.4% 0.05 0/130 0/126
SolPM 0.99 0.99 2.9% 2.5% 0.10 28/130 9/126
3-EP 0.99 0.99 13.4% 11.6% 0.04 0/130 0/126
Nicotine 0.99 0.99 7.6% 7.0% 0.08 0/130 0/126

*Linearity indicates coefficient of determination for linear regression of calibration curves. "Repeatability was estimated as a relative
standard deviation of 6 replicate analysis of a standard solution. “Lower detection limit (LDL) for RSP was estimated based on three times
the standard deviation of measured levels, while LDLs for UVPM, FPM, SolPM, 3-EP and nicotine were expressed as method detection
limit (MDL), which was estimated as following; MDL = t (n~1, 0.99) X SD, where t (n—1, 0.99) is the student—t value for n—1 degree of
freedom and 0.01 significance level, while SD is standard deviation of 10 replicate analysis of a standard solution at a low level concen-
tration. LDL for samples were calculated based on average volumes of air sampled for each analyte, which are 1.06 m’ for RSP, UVPM,

FPM, and SolPM, and 0.48 m* for 3-EP, nicotine. “Not applicable.
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AR ATAY 37 F BAIADAL &4 719
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Fig. 2. Comparison of duplicate concentrations of RSP and ETS markers measured by two samplers (MDP : mean

duplicate precision).
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Table 3. Summary statistics for RSP and ETS markers
concentrations (in pg/m?®) in offices (n = 128).

Analyte  Median Mean S.D. Range

RSP 66.4 713 44.8 13.8~2325
UVPM 12.9 215 26.4 0.7~14238
FPM 11.7 19.6 24.5 0.6~1325
SolPM 55 15.6 28.3 n.d*~148.8
3-EP 0.25 0.45 0.56 0.02~ 294
Nicotine 0.56 1.33 1.94 0.08 ~12.19

*Not detected: data below than LDL were replaced with a half
value of LDL for statistical analysis

X o] ¥ 1% w} o) (Baek ef al., 1997; Jekins et
al., 1996; Cohen ez al., 1989). Wakr] ZAt)AFA£-2)
7h 2§ WEAEAE A TROE 2AE
AHEsHE Zlo] vigtAld Aoz AlgEoh 2 A7
M 258 54 vl SleA Hed F d=mx
& 25 ARSI &, ATl dE g% A
oo dgt folAd AAL AEE Ase HF =
AR t-testE, Fdgtell AsiME ¥AFY 2
o gk v)2S4 AW stel Mann-Whitney
test (4™ Wilcoxon Rank Sum test, ©|3} M-W test)
£ 77 Agaict B, A7 AelN g
AA Az (=129F oz T wAzke) Ao
zZtolo} gt S AT ZAA t-test Y M-W
test 25 24 Aej7t gl Aoz vepdo (o=
0.05). efA] B d7eMEs F 1F5E 59 =AY
oA vhe Eoe bgskm o F Az F¥ gl
WA Amol Ao FA4F 2 AT A
e ks

3.2 MUl Eelo| ETSAE SEo ojx: H8
FA 7ol W AN ETSHY =S

Hrtsl7] $isted AA A8E FdH v)EFD 2§
2 vhee] vl on, 7 AR = 4o VelG]
o B dATelMdE FAH vEd ARRALY] Rl
UAA dln] =AMA ghetdl ALFAY FdFHE A8
o= #Aglel ARAH FAS AA Fd -5l
ket A E-F3ks)h

o] " AMFAlCIAM S RSP = FHA
23.0ug/mo| A 3 2325 ug/m*s vyelge} ubd,
Bl EFD AFRAIA G FEE A 138 pg/mieA)
1 203.8ug/m’ £FEo velga el £ 1%
B5 RSP v} vl Y& sxz BXF 9)
55 & § Uk ol A= AleFr)ef A
F AEAA, 44707, AHE7)7] D QA
715 BoFat 29 Aol EAF 7sdel e
o, 53] EfHAe Sldr] olejex ZF T
2] ke 4A g 4 9lE FFoly] HE
ol Aoz Alz ) (Jenkins er al., 2000; Wallace,
1996). RSP2] Zalzte Fod AREAle] 73.2ug/m’ 2
Jeht v & AFEA e 56.0ug/m’el w8 oF 1.3u)
Ax ¥ Aoz Yeys (p<00l). =31, RSP %
29 AEEE B A3 (29 3) I PMI0
N B7A7)E 150 pg/m® (24417t HFH 2A)& 239}
g ApFAle] . FAFY S 13%, v|FE 1§
o 4%Q) Aoz Jepge) e 2 dA7els 54
3 RSPE: PM4.0¢] ©g Zlojma Al PMI0S =2
FAeE A9 7S 23l MlEE o Fo1E
Aoz dAE(HAS 5, 2002).

QA ETS Al g2 F4 9 vFd 2579
t-test @ M-W testol] 93 24 A2 A}, vF
A AR wlE Fd AR st BE B
byt (p<0.01). A Z71A] AgtEl ETSE RSP

Table 4. Comparison of concentrations of RSP and ETS markers in smoking and non-smoking offices.

Analyte Smoking (S) offices (n=77) Non-smoking (NS) offices (n=51) S/NS t—test M-W test®
(Mgm)  Median Mean S.D. Range Median Mean  S.D. Range ratio’ P p

RSP 732 87.8 482  23.0~2325 56.0 61.3 33.6 13.8~203.8 1.3 0.000 0.000
UVPM 15.9 28.5 314 1.5~142.8 8.6 15.0 8.8 0.7~30.1 1.8 0.000 0.000
FPM 15.7 26.4 29.1 1.8~1325 6.4 9.2 7.2 0.6~24.2 2.5 0.000 0.000
SolPM 9.5 23.2 34.2 n.d~ 148.8 1.3 4.0 5.5 nd~21.3 7.3 0.000 0.000
3-EP 0.38 0.64 0.66 0.06~2.94 0.13 0.17 0.13  0.02~0.54 2.9 0.000 0.000
Nicotine 0.96 1.89 231 0.15~12.19 0.33 0.48 049 0.08~2.52 29 0.000 0.000

“Ratio of median concentrations smoking occurred during sampling to non—smoking occurred during sampling. ®M~test : Mann-Whit-

ney Test.
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ol oJt FRa HESA ) vz sl
AA R 497t d 7P5Ad o] 91wk (Ogden and Ma-
iolo, 1989).
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e F ARAle] 95pgim’E Bl FQ ARRAlY)
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Eq
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Concentration (ug/m?3)

Cumulative probability distributions of concentrations of RSP and nicotine in smoking and non-smoking

$4% Au2de IHA 3-EPY At m%
£308 2fo)7} epdeh. o 5ol Tt FA1g 3
Jzhe 27k 0963 038pgm’e e, v Ea

289] 0333 0.13 pg/mal B3] oF 3u) B Ao
= 24999 Ymde Sl nae 99
o ¥daht wm, 247, £ So) mwle] @ B

AR (3L AR A 99 A oJrg
sotd o E£3] FE U EAFC A"
v} glt}(Eatough er al., 1989).
 40] JePd AAE B v Fdoz RRE A}
Aol Al SolPMe AR 5=r) &R oL A$-
7b UE ¥ T2 ETS AREAEL B2F o= e
9 =7t AEFARs Aol ol AREAl w A
dolit %= § e FAA AL ZRE ETSH AR
A Fros 2MEGAY AR HA 2ALel
A Sl e F A9 e 4 ke A
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FEMS) 74, 4] o4 odetel) Sl Jae
I 91‘—5 7184 o] ETS o]&]9] o2 uhAy<l
53] A= &g 4 o= A (Lakind
et al. 1999)%h, Uzl A% Ao AHe) 45
el A&" ARe] AEdE slsAdel vk A
Sx 38 4 ¢lv}(Eatough et al., 1989).

E
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= 5o 83 AgHe) ue RSP Y ETS A=

B4 wxdl WY AW Pre vad Ase
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Table 5. Comparison of concentrations of RSP and ETS markers in summer and winter.

Analyte Summer (8) (n=63) Winter (W) (n=63) w/s? Paired WSRT®
(Mg/m)  Median Mean  S.D. Range Median Mean S.D. Range Ratio  t-testp p

RSP 56.0 71.3 419 23.0~201.5 69.9 84.5 47.0 13.8~2325 1.2 0.034 0.022
UVPM 6.0 12.6 20.5 0.7~102.3 21.9 30.8 28.8 6.3~142.8 37 0.000 0.000
FPM 59 13.2 20.2 0.6~96.6 19.1 26.2 27.0 4.1~132.5 32 0.000 0.000
SoiPM 1.9 104 24.0 nd~110.2 10.3 20.8 31.7 n.d~ 148.8 5.4 0.000 0.000
3-EP 0.18 0.37 0.50 0.02~247 0.34 0.55 0.61 0.08~2.94 1.9 0.000 0.000
Nicotine 0.39 0.83 1.28 0.09~6.32 0.92 1.85 236 0.08~12.19 24 0.000 0.000

“Ratio of median concentrations of winter to those of summer. "Wilcoxon signed rank test.
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Fig. 4. Relative frequency distributions of concentrations of RSP and ETS markers for the summer and winter

samples.
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Table 6. Estimated contributions of ETS to RSP concen-
trations in the indoor air of offices (n=128).

Estimated by Median Mean S.D. Range
UVPM 20.9% 25.3% 19.2% 1.9~85.0%
FPM 17.0% 22.9% 17.5% 1.5~73.2%
SolPM 7.4% 16.3% 20.6% 0.1 ~98.4%
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Table 7. Comparison of ETS contributions to RSP concentrations in smoking and non-smoking offices.

Smoking (n=77)

Non-smoking (n=51)

Estimated by t-test M-W test?
Median Mean Median Mean P p
UVPM 25.3% 29.6% 15.9% 19.0% 0.001 0.004
FPM 22.2% 27.5% 11.9% 15.9% 0.000 0.000
SolPM 15.2% 22.8% 2.4% 6.4% 0.000 0.000

*M-W test: Mann—Whitney Test
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Table 8. Comparison of ETS contributions to RSP con-
centrations in summer and winter.

Summer (n=63)

Winter (n=63) Paired

Estimated WSRT*
by A . t—test P
Median Mean  Median Mean P
UVPM  97% 149% 31.0% 359% 0.000 0.000
FPM 10.3% 16.0%  25.6% 29.8% 0.000 0.000
SolPM 30% 11.0% 152% 21.3% 0.000 0.000

* Wilcoxon signed rank test.
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Table 9. Comparison of concentrations (ug/m?) of RSP and ETS markers by the number of smoked cigarettes per area

(m?).

Smoking strength n RSP UVPM FPM SolPM 3-EP Nicotine

mean® 61.3 11.0 9.2 4.0 0.17 048

0 St median® 56.0 8.6 6.4 13 0.13 033

mean” 84.0 24.1 217 20.3 0.55 1.48

0.01~0.25 3 median® 73.3 154 13.0 9.5 038 1.02

- mean® 92.1 3638 349 30.8 0.83 2.62

=026 34 hedian® 68.8 216 19.1 12.8 0.54 1.25

“All the mean values were significantly different each other at a level of 0.05 by ANOVA.
" All the median values were significantly different each other at a level of 0.05 by Kruskal Wailis test.

Table 10. Comparison of concentrations (ug/m®) of RSP and ETS markers with respect to cooling and heating type in

summer and winter, respectively.

Classification n RSP UVPM FPM SolPM 3-EP Nicotine
mean® 76.6 14.9 16.1 16.4 0.48 0.88
Cooling T \atural 6 median® 55.8 5.7 5.9 05 0.12 0.26
type mean® 69.7 12.2 128 9.8 0.35 0.82
Forced 59 median® 56.0 6.0 59 22 0.19 0.40
mean® 78.0 30.5 26.2 215 0.55 1.92
Heating \on-combustion 41 median® 68.7 238 19.8 10.5 0.38 1.09
type mean® 96.4 315 262 19.5 0.54 1.72
Combustion 22 median® 763 215 17.9 8.4 0.28 0.76

“Two mean values were not significantly different at a level of 0.05 by the Student—t test.
PTwo median values were not significantly different at a level of 0.05 by the Mann—Whitney test.
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