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2 o : AW AFFEA s FASE tEl FA4, T4 38 AT, FAATA, &
AH AY T SR ETS T HHEZHQ 7l=FS 23 57, U=EH, 3-EP, 3854
T AREAY TEEIEY o9 B¥o IS FE FALE, FAAF 5 FANES 14
< gotalth F7ndA e FALY FAF AT AN 47 HiE 111, 4.6 F/AIHE
Wor, SAUEE= HL 2.6 cig/m' - hrdll A HE HA 0.2 cig/m' - 22 YEIY F57F 5 7F
& VIR TEEE BT FARGE VSHT s=7F FALNAM 0.045 pg/m', FAL
Aol A 0.018 pg/mr, & A EAHFA oA 0.021 pg/m', Bl FAAHFA ol A= 0.017 ﬂg/mﬂ B
Hylom BAXHSREE F8 AolE UEINTHp<0.05). AU A FA4 & =59 &
1=y

2 FAHNA 2,64, FASEAFAAA 12019 TE EX
s AN 23 H?EMA FBA 71 0.53 (p<0.001) o2
=4 Yyelron &34 WUR g 043, 3-EPIE 7 B
U X 9= 0.54 (P<0.001), ¥ AA 42} 0.63(p<0.001)2]
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Abstract : The purpose of this study is to investigate cadmium concentrations among metals in ETS

(Environmental Tobacco Smoke) of indoor environments and to evaluate the cadmium as a marker of
ETS. The correlations of cadmium concentrations and nicotine, 3-EP, RSP, SD (Smoking Density), and

SI (Smoking Index). Air samples of metals, nicotine, 3-EP, and RSP were taken in smoking room,

smoking allowed office, corridor outside smoking room, and non-smoking office respectively. The
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SD, ACH, and SI were investigated during sampling. Airborne concentration of cadmium known as

human carcinogen were qualified and quantified. The SD was 0.2 to 2.6 cig/m’ - hr, and the mean value

of SD in smoking rooms was 1.2 cig/m’ - hr that is higher than other researches. The mean of ACH

in smoking rooms was 11.1. The concentrations of cadmium showed log-normal distributions and the

geometric mean concentrations of cadmium in smoking rooms, corridor outside smoking rooms, smoking

allowed offices, and non-smoking offices were 0.045 pg/m’, 0.018 pg/m’', 0.021 pg/m', and 0.017 pg/m’

respectively. The concentrations of cadmium in smoking room showed significant difference according

to category of indoor office environments (p<0.05) and showed compliance with occupational exposure

limits. The correlation coefficients between cadmium and nicotine, 3-EP, and RSP were 0.53, 0.41, 0.43

respectively. The cadmium among metals showed the highest correlations (r=0.63) with SI. It was

recommended cadmium among metals is a good indicator for ETS.
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POHAME FA Al 259 FAoleTE, FHAE,
M Fo bt Aulss, 4 (phase) X, 7Y
ko] A7) A zfolE of7|sHAl HW, FRATG BF
99 FEE tE2A et fElEd tiRRe] A
AN vt FHARG =4 Jehdo
ETS] A@AE H7tsh7] HOHHL ETS] 4+ &
A A 1 =% Xé_‘iﬂ' gatA Z7g=|olok AR

Z]i ?’“5101 0101 7_}

7o) gae %%zi eldthe AL e ol
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dolth. ETSE AWtz o= S4 H7ish] flste] A1
Edo] EHo] ETSH| =&¥+e AEE ¥rista A

Jo] disiA B A7r) 3T Y’ o
ol 9I5| Nicotine, 3-Ethenylpyridine (3-EP),
A] (Respirable Suspended Particulate, RSP), &
(CO), B2A4+slE (NOy, N-Nitrosamines, PAH,
ol E2 AREAR FHH1 glon, H2
ETSol| B% E9]3 Q0 AEZA UV-PM(Ultraviolet
absorption Particulate Mass), FPM(Fluorescing Particulate
Matter), Solanesol 5] AA= 1 ek’

ETSo| EAlshs 47T 309 Folu &9 1
B, 7k=H, 3867 d, U2 52 EPA, TIARC
(International Agency for Research on Cancer),’ 7|3
AL A A E 71 2] 3] (American Conference of Gov-
ernmental Industrial Hygienists, ACGIH) 5o <]3}
AA ol tist LEHdZ I Utk
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2.1. A
20001 493E 20013 49714 FHe, Fu), FA9
AU ARFEAC dis) FA4 4 A, F94 A
| 3EsE AR 3 T4, H
AR 5 LS hder FAS Fato] DAs
ETSS] FFS osr] f8td 7l=gS X3
F, NEEAQ U=HE, 3-EP, RSP 5& AlE A

N =| VR o T
oty

FE A4 A 87 848 AXNE AL T A
2, 9L (Smoking Density, SD), A7+ 3&7| %3]
< (Air Change per Hour, ACH), 18|31 °]&

Ao 2 3t= §AA4= (Smoking Index, SI)
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Volume Air Sampler, MSA Escort LC Pump, USA)E <F
2.5 Ymin®] FrFOZ o] o 8 AIZHERt MCE =
2] (273 37 mm, 0.8 4m Pore Size, Mixed Cellulose Ester
Membrane Filter, Gelman Science, USA)E ©]-&3}o] &
7] & NEE AFSAT AEAF] A5l AlEAHFH 7]
of 3t F32 B3I (Gilian Giliblator-2, USA).

ANgAH & AR 65%9] HAH(GR reagent,
Matsunoen Chemical Co., Japan) 5 ME 7|3l -3}
22 (Microwave Digestion System, MDS-2100, CEM
Corp., USA)E 7}&3dt] AAAE 3 & F=Zd
Zetnl- A g5 2 7] (ICP-MSD; Inductively Coupled
Plasma-Mass  Spectrum Detector, Varian Ultramass,
Australia)E ©]-§3to] Z4zke] s FEE& FHl

2 ¥2 S8tk $E59 e 8] 4
T FEoA 72 30 oA FA%H
Bast § AN RS 2o] Ay ®A4%
o Algd A&tk FEEE IFES JI=H
9%, A& 102%, & 97%J(t. 223 2EI} ICP-
MSD9] 7V5 7L Table 1 2 29} 2"

Table 1. Instrumental Parameters of Microwave Digestion

System
Stage
Parameter
1 2 3
Power (W) 50 70 100
Pressure (psi) 10 25 50
Ramp Time (Min) 5 15 20
Hold Time (Min) 3 10 15
Temp. 200 200 200
No. of Vessel 12
Liquid Volume per Vessel 5ml




302 X - EST . A
Table 2. ICP-MS  Conditions for the Analysis of Table 3. The conditions of nicotine and 3-EP analysis
Airborne Metals Variable Conditions
Variable Conditions GC Hewlett Packard 5890A. USA
Instrument Varian Ultramass Detector Nitrogen-Phosphorus Specific Detector
Power 1200 W Injector Capillary Split Mode
25 m x 032 mm ID 025 gm Film
Plasma Gas Flow Rate 15 £ /min Column Thickness HP 5, Hewlett Packard. USA
Intermediate Gas Flow Rate 0.8 # /min Carrier Gas He
Nebulizer Gas Flow Rate 0.8 ¢ /min* Flow Rate L5 mt/min
Nebulizer Cross Flow, Conical Nebulizer Sp.lit Ratio 5:1
Glass Expansion, Australia Injector Volume 1 40
Spray Chamber Raton™ Double Pass Injector Temp. 200 C
Cones Nickel Detector Temp. 300 C
Resolution 0.740.1 amu Temp. Program 160 C Iso-Thermal Mode
Isotopes Cr 52, Cd 111, Pb 208
Dwell Time 100 ms 2222. 37| & 584 HX 9 £ ¥ 24
Sweeps 25 per reading 38AHAY Ae]= NIOSHAA AHsta Je=
Mode Normal Resolution ‘Aerosol Collected by Sampler with 4-4m Median Cut
Diluent 2 % Hydrochloric acid Point’E Wit SEAWA AFE H= NIOSHS
Internal Standard 100 zg Rh 103/ ¢ SAAIEH 06000 wet HiAAolE el slFold AT
* Nebulizer gas flow changes with optimization. M A7l 045 im F=-°] PTFE (Polytetrafluorethylene)
&3] (SKC Inc., USA)E 2% FIA|ES Yo ZH3H
2.2.2. 37| & XNE=EQ AMF { 2N = 10 mm-Nylon Cyclone® #2st4 1.7 f/mine]

o2 s AR AGNRR ARG ARE A
@ MIEE HAACE 3 ol ALY
HERRE AIHE VIS NIOSHS AR B30 5 aquae) g A A T s

2.2.2.1. =&t 3-EP

"} XAD-4 13 (80140 Mg, SKC Inc,, USAYS AR g 35190) w2 WA o2 B9A7 3719 %
A7 AF3k 1 fmine] FFO.2 SA7F J= A

O 7 o] FEE Al

A RE AFHSIAT. AFE AEe Yl =254 & =

L A, A e e $43 AREAS L4 0 o) o) Asohd

A8 BURTS SRR NOS SR pane sm passen 344§ sk 2
Al S, = 1

Bl 2ss1ef mer Al A7) (NiwogenPhosphorss .y aggg 3 ymd, 53994, 3EP 59

Specific Detector, NPD)7} &8 7232 vl&E 15

LOD (Limit of Detection) 7%> Table 49} 2t}
(Gas Chromatography, Hewlett Pac- kard 5890A, USA)E
o] &3l HthTable 3). T2 WF & FHI 742}
H]—O]OE'IOH 1%]_:]—,_ 1 ITL@Q] EE],Z]'_@']% %5’1‘:} EE],Z]'_ E‘%% 3 Table 4. LOD of Heavy Metals and Indicators for ETS
W BESEAA 27 3704 XAD4 F2Ho) YA Heavy Metal LODg/m')
7 & 35St o8 Xol HEI 5 A2} 2ol Cadmium 000036
Helstel #A3te] Agel A gatedeh Uzdle] 23 Chromium 000018
4025 001% Triethylamine2 ¥3}3F Ethyl Acetate S Lead 0.00018
olgalgom ¥ EF EA2H Quinoline AH§319] RSP 27
t}. 3-EP+= Bertoni 59 AWl whet y=Elz 5Y Nicotine 0.827
3o FY FAR] AAste] B 3-EP 0476
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2.2.3.1. ACHe| 23 & A)it

ACHE= 4AA-AA oliigters: w58 St
YA A|TF Fo A FEE S5 345?]_ Azt
WA FEE AGOE el ToHe olRL
T 72 (CO, Decay Method) 2.2 ZA3}t) o]Aats}
g4r T ZAaHe Aotk vwl= TSIAKY 1AQ

Calibration Kito 2 &t ol 13 R3S Q-Check CO,
Meter (Model 8731, TSL, USA)S Al-&-3te] Ao o]4t
3eka FEE 1700 ppm AEZ £ Thgol] o]Ao]
A FEE o|AE AR FH3tA 4 (DS o8

3le] ACHE Akstant”

_ _Ln(Cinitial = Cout) — In(Cend — Cout) __
ACH = Time (hr)

(€Y
Ciniia = Concentration at Start of Test
Cou = Outdoor Concentration, 330 ppm
Cena = Concentration at End of Test

O
ETS AREAES 33 #4398 W 338 5
} 1 s AS

=9 o= A=rt FAE

Lo,
o
2
ru)~
of
N
off 4
p

AABE7] Hsted FAES] FHAR] A% SDE A
cretel 54 23] Fde B4 SD (cig
mhe AF ART F4E 2 FE AU W
oF o] Axkeld 1 AL 9 2 Fad
Tl = AR AFHAREEL FALAA F93

K == =
Gl E2E

wolq A% ST,

No. of Smoked Cigarrettes( cig)
Avrea(m' ) x Sampling Time (hy)

SN0

SD(cig/m' « hr) =

2.2.3.3. S| A4t

AWEd F ETSOl 932 miAe e Fd
FE A se ArE WA ARgs=
SI7} 9tk SIE 4] (B)ollA BE uke}h o] g@ujdr)
H“ﬂ%ﬂr Wr|Fgor A A7EAES ETS7)
gHje] 2 FASIon S
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SI= g 2 (3)

SI: Smoking Index
G: Smoke Generation Rate(Smoking Density)
Q: Dilution Flow Rate(Air Change per Hour)

2.2.4. Xzo| A 24

TEFO AREHE, SD, SIKF 4R AE, AEAF
H FE ZolE Hs] A3 ANOVASH 3]AE
ANEATE ETSS AREL tiAlA ez 44
XE 3t Q7] WE oEHeE JlEEet
(Geometric Mean, GM)I} 7|8}EFHA} (Geometric
Standard Deviation, GSD) 52 FAXZ AAlsAth
o] W LOD #%2 FAIR 7|stRTHA] 3uj= Altbet
Rom, LOD PIRte 2 2 SAZE teixe A
=39 12302 st AA o]&3stath
Ztg.9] A= Sigma Plot 4.0 for Windows(Version
4.0, Jandel Corp., USA) B Sigma Stat. for Windows
(Version 4.0, Jandel Corp., USA), Excel (Version 7.0,
Microsoft Corp., USA)E ©]&3}o] £4J3}iTh

€
e
X

e mlo B

ey

3.1. ETS & 5351 XESH9| 2%

3.1.1. ALY AR sS4 Z=A

ANTRAS FA B0 Heh FRY, FA
H A%, FARGATY, WFAA OB o)
zAR oM AEAR Frol the S} FAY 2
FARGATA U SDS} ACHE EAFSfe] 1 2

£ Table 59 JeERH AT

ZAM A 2ol A HVAC (Heating, Ventilating, and
Air Conditioning) Al2=®loL} AWkl w7 WS 3
TINAZ o] gstal JUSITE HeElo] XS AR

A5 Al &3] dis] HVAC Al=Flez FY Al
ofgte] AUF71dE FA] At HHd 3715
THEL ARy Aol H|9 Aee $IVE
ol&gt FNEVE ARRSIAY GubHERl NS
A AuEr1dE 2dsta 9}91@

ACHE= &d4olA 11
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Table 5. Characteristics and Description of Sampling Site
. . . Smoking .
Sampling Site ACH(AIr . Smoking
Area Density
Change/ , . Index Remarks
. .. (m’) (Cig. No.
City Condition Hour) , (SD/ACH)
[m’ - hr)
A Smoking Room 7.2 13.9 0.64 0.09 HVAC System
Pyung
Smoking Allowed
Tek B . 59 18.1 0.29 0.05 HVAC System
Office
Smoking Allowed
C . 29 172 0.22 0.04 General Ventilation
Office
Chang Won .
Smoking Allowed o
D . 5.0 172 0.56 0.11 General Ventilation
Office
. 4 Fans, General
E Smoking Room 18.6 2.59 0.14 .
Ventilation
1 F G 1
Gumi F  Smoking Room 59 15.4 135 0.13 ans, benera
Ventilation
. 2 Fans, General
G Smoking Room 12.8 2.61 0.20

Ventilation

FZZ BE stal ' "Bl 7P =& 186
ACH & H4Yth

Sl e Al A3 F vy, 2

ETS & &
& U7 F, UA, e, ok, ik, ¢ 58 U=
g, 3-EP, SEAHA 5o "3l 54 43¢ AnE
Fig. 1] §934dE BITE R84tk 7l=FS
Qe e F& AES] A FHE2Hd W
TEEE AolE HolA] gtor 93] MIFAANT:
Ao H B ¥ E¥XE BT YA FE
2E AU #HeA AEIA mvtez YTt

Agt7el ETSOl X3 F&EF T ¥y 44
3t gol A7EI e EAo] JI=F, IAE, ol

71E AT 23 Fdm 2HS JBde 2o A
AEHE FHHL e 7IEFS UAEAR J4lH
I e Btk AEAHAZAEE et Jl=F,
a2, 9o ¥ BEIXE Tuble 60 YERYL &4
37 24 BE Fl=Fe] V¥ T vEe Fd4el
A 0.045 ugm (B9 0037018 wgm), FANANFA

oA 0.018 ugm, FAFEAREAANA 0.021 sgm,
HEAMNA 0017 wgmZ EXs glo] T
sty a §94Y sk B,

1
FANBAFADANE a=005 TN BAHE §
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AAGAL A B FANTA,
hvA

o
S5 2R Folo) B BAEA

100 4

10 4

Geometric Mean, ug/m3
N

0.

i

Cd Cr Pb Mg Mn Fe Cu Zn Nicotine3-EP RSP

[

Heavy Metals and Indicators

Fig. 1. Comparison of Geometric Mean of Heavy
Metals and Indicators for ETS by Category of
Indoor Office Environments.
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Table 6. Descriptive Statistics of Airborne Chromium, Cadmium, and Lead Concentrations for ETS by Category of Office

Environments
Indicator Indoor Environment No. of - Geometric jMean, Range, 11 GSet:rrlndealtrrcllC
Samples #e/m min. max. Deviation
Smoking Room 7 0.121 0.06 0.31 1.73
Corridor outside Smoking Room 4 0.168 0.09 0.58 2.39
« Smoking allowed Office 6 0.263 0.06 1.33 4.07
Non-smoking Office 8 0.602 0.09 2.61 2.59
Smoking Room 7 0.045 0.03 0.18 2.14
Corridor outside Smoking Room 4 0.018 0.01 0.04 1.67
Smoking allowed Office 6 0.021 0.02 0.03 1.26
Non-smoking Office 8 0.017 0.01 0.05 179
Smoking Room 7 0.581 0.32 1.15 1.57
Corridor outside Smoking Room 4 0.409 0.17 0.99 2.06
P Smoking allowed Office 6 0.562 0.18 1.00 1.88
Non-smoking Office 8 0.508 0.13 6.46 4.51
FAB 270w} ASE SRS FAELE 93 AolT BATE<00D). I 104 BE AA
2 EAS Fig 29 o] Utk F44 54 @ U=del S SFYUAY 3EPY FERESE
Ft=F9] FE= W-test (Shapiro and Wilk test) S 530 2] FAEAREA Y FAMAHA YT B zpo]v}
SRIgh A3 dFATEEE st AATH (p<0.05) BeatA vehve RS S0 4 Qi
FAY, TSR, FAALEAY, HIFAAt
FAEE 7F AxEde) 7 EdEs &9 23 Y
FElS 934, 128, 30, 09 pymE, TFAAUAE
4417, 434, 707, 35.1 pgm'E, 3-EPE 88, 111, 107,
2] 06 pgmel FES Ho] FA B3 DAT AB
& HolFa gtk
g
s 2] 3.2. JI=E1 XNESH Y BHCIKZ MBEY
I 321, 7I=87} XESHZ A2z
0 Coridor around Smoking Room
i 7 N AREBAT FEF F =EH FBIE Fojn
7] gIsiA wetE Rl =R UeR JEY AT
Concentration,vg/” A3 AREHAE FHHL e UAY, 3-BP, 3854
HAee] A B8] fldt AEsAFEE A
Fig. 2. Cumu.lative Proba.bility Distljibutions N of o o] FHARME AAshe] AP R(Correlation
Cadmium Concentrations by Smoking Condition. . o
Coefficient, 1) %kﬁi I AARE FAEAY (Fig. 3).
313 XESN NEFT JBA0l 4 Be ARBAL FDAF
ol 0532 Hi%gi ZAEAT. 2 g
o 001 FEN FARY M2 BAUSE oo yane) wojd Aoz AuEsient 2a
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-
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600
E
gaoo
o
@ 200
s
0
0.00 0.01 0.02 0.03 0.04 0.05 0.06
120
y = -5.22 + 1058 x, -
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~ b -
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2 - ©
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L - -
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-
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Cadmium, #xg/m

Fig. 3. Regression Plot between Cadmium Concentration
and RSP, Nicotine, 3-EP Concentration.

PG B2 TEAUA (=043)HT} 2 S
Btk 7l=F3 3-Epole] AHAl EAMdA 0419
FRATE B AREAD F MY B AHIAE
[Sp3i=g

ETS &S AR o2 Hrisitds AL Brhs3)
2 eE2ARY O FAEY AEH (Ratio) 2AS}H
&% FA AEStA ETSE S9440=2 #

=
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Table 7. The Ratios of Indicator Concentration in
Non-smoking Office to Indicator Concentrations
in Smoking Room and Smoking allowed Office

Ratio
Nicotine RSP Cadmium
1(0.9)* 1(35.1)  1(0.017)
Smoking 104(93.4) 13(441.7) 2.6(0.045)
Smoking allowed Office 14(12.8) 2.0(70.7) 1.2(0.021)

* Geometric Mean values(yg/m’) included in parentheses.

Non-smoking Office

Room

3.2.2. Ft=E0t SEZHZE S

ETS 744 4% ¥&59 SD= 49 4#ds ztn
ACHE <9 4#4& zteth F Sh7t &85
ETS9| &% ®obd Aol ACH7} Z&45 ETSY]
EE Zold Aotk SDY AY olE AREAF
Y A 2AE AAEIGen, 3% SDE &
Al 3l SIE o838t s B

ETSS &4 A8 ¥ 34 =4 F Sbey 4
A4S A3 A% =ZFE 001, F -001, "2lE
0019 Y2 FAF s Beon /Mg w2 g
HAE B & ‘-3— FIEFOZ 0549 ABAGF TS
YERN AT (p<0.001). SIS} 7I=F T= Exole] A
Ad e 06302 SDEE} o 2 43S 290

ASHRAE (American Society for Heating, Refngeratmg
and Air-Conditioning Engineers)oll 4] AW5-7]2 7]F2
2" Aokstal = vl ACGIHS] TLVs (Threshold
Limit Values) TWA (Time Weighted Average)2] 1/10 &
£ 02 pgms ZAA <} Hlws) Bets e 7E
2943 X2 UTH(Table 6). AL & T BX
RO Xe 7 A A wHIAY F
0.183 pg/me] F& FF
A 714 =& SD9} Sl %;F E%IEP Wu 5
7IEF9] sEAEE 4T 0006 70.021 4/, 3%‘%
¥ 0.01170.038 ug/m', 712} 0.025 mgm o2 o]}
s B FAM9] =R T 0.043 sg/mS 2
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