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cig/m' - hroll 78 XA 0.2
T84 Ve = 7} T A 0.045 ﬂg/ T;—Od*a‘

- EAFF Aol A 0.021 pg/m, Bl FAARFA A A= 0.017 pg/m'e] &3

o3 2Ho] & YERATHp<0.05). AW &4 B30 e St=F] F

2 FAHNA 2,64, FASEAFAAA 12019 TE EX

A& A A9 YaR o) 43A S} 0.53 (p<0.00) 22
£ 043, 3-EP9+E 71 22 0419 A BAF gS Rgow,

Y59k 0.54 (P<0.001), F AR T2 0.63(p<0.001) 9] F#AF & BATH olg A+ 2

EUZ ETS 5 Ta&FoAe 712FS AXERE €88 & dva #dd 5 Qo

Abstract : The purpose of this study is to investigate cadmium concentrations among metals in ETS
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(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.

Key words :

Environmental Tobacco Smoke (ETS), Cadmium, Smoking Density (SD), 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

= Atk 549 IS 8] 9
3 3P T= FEolA 7z 378 AFAe F9lg
T SHEES BAg 5 AR 2ol AF E4st
o Algd A&tk FEEE IrES JI=H
9%, AE 102%, & 97%A(t. 223 2EI} ICP-
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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
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Table 2. ICP-MS Conditions for the Analysis of
Airborne Metals

Variable Conditions
Instrument Varian Ultramass
Power 1200 W

Plasma Gas Flow Rate 15 Z /min

Intermediate Gas Flow Rate 0.8 # /min

Nebulizer Gas Flow Rate 0.8 / [min*
Cross Flow, Conical Nebulizer
Nebulizer

Glass Expansion, Australia

Spray Chamber Raton™ Double Pass

Cones Nickel

Resolution 0.7+0.1 amu

Isotopes Cr 52, Cd 111, Pb 208
Dwell Time 100 ms

Sweeps 25 per reading

Mode Normal Resolution
Diluent 2 % Hydrochloric acid

Internal Standard 100 xg Rh 103/ ¢

* Nebulizer gas flow changes with optimization.

222 37| & XNESH9| AF ¥ 24

2.2.2.1. LZEID} 3-EP

U=ElY Z+= v]= NIOSHS FRAIEW 255100
W&} XAD-4 2 (80/40 Mg, SKC Inc., USA)S 7HQIA)
EAFH7 928 1 4min] FHOE SAF AR A
AANEZ AFSAT AR s Yo =&FHA &
Al B3 Bsigoh? YaEe] £42 NIOSH F44
AW 255190 we} @491 727 (Nitrogen-Phosphorus
Specific Detector, NPD)7} &8 7232 vl&E 15
(Gas Chromatography, Hewlett Pac- kard 5890A, USA)E
o] &3} HTable 3). F2T| AT F& TRt 747t
Hlo]gol] @il 1 me] gRH S Joirk g3 582 3
WA FEToA 47 3700 XAD-4 FAE] FYAI
2 F 3FE ol T ol B 5 @A s 2ol
Agste] EA3te] Aol &3tk U=de] g%
4] 2= 0.01% TriethylamineS ¥ $}+3+ Ethyl AcetateS
ol gty o Ui EF B2 ZH Quinolined AHE-3}%]
t}. 3-EP< Bertoni 59 A3y et U=dH Y
3o r Y FAP AFHst EAsAT

I Rl 1S

Table 3. The conditions of nicotine and 3-EP analysis

Variable Conditions

GC Hewlett Packard 5890A. USA

Detector Nitrogen-Phosphorus Specific Detector

Injector Capillary Split Mode

Column 25.m x 032 mm ID 025 gm Film
Thickness HP 5, Hewlett Packard. USA

Carrier Gas He

Flow Rate 1.5 ml/min

Split Ratio 5:1

Injector Volume 1 pf
Injector Temp. 200 C
Detector Temp. 300 C

Temp. Program 160 C Iso-Thermal Mode
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SEFAUAY Hee= NIOSHOlAM Hojsta e
‘Aerosol Collected by Sampler with 4-4m Median Cut
Point’ S WTh? TFAWAY AHE W= NIOSHY
TZAIER 06000 wet vlAlAo]Ell dFFolit A
MY A2l 045 im F=2] PTFE (Polytetrafluorethylene)
o7}7] (SKC Inc., USA)S 2% 7}HE0] Qo] zd3h
% 10 m1-Nylon Cyclone®ll &2} 1.7 f/minY] %
o2 5ARF Ax AQARE AFSAT AEE AF
& JHIES dAAelEe ¥ a7 o) ATIMY
Al % AFRA ] FAE AL AFH T AFHA FA
A HHAL FAE wA olF TN IV F

O F o] F=E A

iy
HI

TEEH AREES 24T o o 5749 AsHtd
TAEE Y BHsiglon & T Jl=E, A
& 9 ARER F JIE, £5499A, 3-EP 59
LOD (Limit of Detection) 7%> Table 49} 2t}

Table 4. LOD of Heavy Metals and Indicators for ETS

Heavy Metal LOD(ug/m’)
Cadmium 0.00036
Chromium 0.00018

Lead 0.00018

RSP 23.7
Nicotine 0.827

3-EP 0.476

Analytical Science & Technology



AW 9 A FAVNETS) T 7}

o

2.2.3. egger 2Ixt Eot
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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

2.2.3.2. SD| % 3 A
ETS AXSASS 34 2439 o 249 ¥
=9l ol A5} -EO&%OH sl A% 5 A2

m-hr)t le A FAE H dife] WA
02 o] AE 1 4L 9 2o FAY
gHje] FE AR AAMES FALANA TR

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 ©]-&3le] £33tk

€
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FAEANT-H th3k SD9 Al
£ Table 59 JeERH AT

ZAM A 2ol A HVAC (Heating, Ventilating, and
Air Conditioning) A|&®loly} UukzQl vj7] WS &
TINAZ o] gstal JUSITE HeElo] XS AR

A9 AW B30 sl HVAC A2do8 39 A
ofstel AHB/EL AN Aol BT §1B
BT ARou Fot e ASE $3718
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Table 5. Characteristics and Description of Sampling Site
. . . Smoking .
Sampling Site ACH(AIr . Smoking
Area Density
Change/ , . Index Remarks
Cit Conditi Hour) () (Cig. No. (SDJACH)
our
ity 'ondition /1t - )
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 9.8 2.59 0.14 .
Ventilation
1F G 1
Gumi F  Smoking Room 59 15.4 135 0.13 ans, benera
Ventilation
. 2 Fans, General
G Smoking Room 12.8 59 2.61 0.20 oy
Ventilation
SE7NE VIS sk e "ElM TP =2 186 o3 A5 Hou FASEARFET BFAARTA,
ACH 92 ugith FAQHAGZ FE FEe] Folo] T BAEAe
3.1.0. &2 e BAZHLE oA 23U} (p>0.15).
ETS 3 345 0 A8 A4 % vhils, 2
& 83, 3, U3, 7, ofd, JlEs, ¢ T U=
§, 3-EP, SEAUA ol sl 58 £ 2HAE
Fig. 19] §ABFEZ IS LA AR
A e B4 HRE0] FA SR G
S 104
FERE AolE Holx] gskon] e3e] MFAAT
Ao e T PES RY UAd A9 £
£
BE AU #7304 224 o et
@79 ETSS) TR FEF F FA% B L m
6_]—0:1 1'%‘0] O‘i:}ﬂ:ﬂ %l% %;'{jlo] 7]-5%’ ﬂ%’ ]ELO] o Cd G Pb Mg Mn Fe Cu Zn Ncoine3EP RSP
7]% 05?— ﬁajl]. :g.odjl]. UE]Z];']@- /b]':'—/\é-% Ecq X] Heavy Metals and Indicators
FEAZ =H4H3 g JleiFe detEda 94
5 OT‘_ :7\]0 :\\E ) L;q./\ . =" Eq_ ‘4‘:‘? Fig. 1. Comparison of Geometric Mean of Heavy
I Qe -9 J»ZHH gad® vehd ﬂffr’ Metals and Indicators for ETS by Category of
AF, 99 % wES Table 6°] YERAAT. F9 Indoor Office Environments.
4 20 wE Jt=w sk sEE 94
A 0045 pgm (B 0037018 ugm), FAAAHA age] A= HF

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 §

Analytical Science & Technology



AW 9 FAGFAVIETS) T 7t=Fel & A 305

ot

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 gfm 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

a 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
T8 20 Wt TtEF RS FHYEEXY fFelgh AolE Helnt (p<0.0D). 17 10l He ZA
2 BN Fig 29 2ol Uitk 94 SoI4 Y U9 A% SFYRAL 3PS FERTsle
7F=52] == W-test (Shapiro and Wilk test) S &3l 2] FAS ST FALIHAGN F5 2po|7t

g Aot FAFEES st Uy (p<0.05) B Yehve e Z1E F o

FAY, FAAHHA, FAAAHAY, HIFAAt
FAYE 7 AREEY ST ES A 294 Y
FEE 934, 128, 30, 09 ugm'Z, ITZAHUAE

99.9

99 A

90 4

70 4
50
30 4

Cumulative Probability, %

®  Smoking Room

O Corridor around Smoking Room
v Smoking allowed Office

v Nonsmoking Office

0.02 0.03 005 007 0.18

Concentration, ug/m®

Fig. 2. Cumulative  Probability ~ Distributions  of
Cadmium Concentrations by Smoking Condition.

3.1.3. xz=2

AEEL A M BT F
_E'_

Yo =001 F=oA
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4417, 434, 707, 35.1 pgm'Z, 3-EPE 88, 1
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ARETAT G55 F A JBEE Gopn
7 S BGEAL AERS oz 7Ry AT
23 AEEAE FA93 Ut VU=g, 3B, 5E4
WAske] GBS BN stel ARAHEZ A
o] o]
=

Aoy BAHEANE SIS A S(Correlation

Coefficient, 1) 2.2 11 ZAZE ZABIAT (Fig. 3).
Fteg®T g0l 7 =& ARELS ATAS
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0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
800
-
y = -5.28 + 7248 x, e
= 0.48.n=21.p < 0.001
600
E
§mo
o
@ 200
s
0
0.00 0.01 0.02 0.03 0.04 0.05 0.06
120
y = -5.22 + 1058 x, -
100 0.53,n =22, p<0.001
£ 80
~ b -
g
2 - ©
£ w0
8
L - -
=z *° - .o
-
0 > o 2> - - -

Cadmium, wg/m

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

ACHE= =9 dd4ds Zet
ETS9| s %014 2
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X
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0019 w2 T e Holor M we
A B9 2R RO 0549 ATAS 7
YER AT} (p<0.001). SISt 71=F & 299
A % 06302 SDET O % AH4Le B

ox
i
)

i)
rlo

[¢)
AHEZ =27)F A AR ZaenH,
ASHRAE (American Society for Heating, Refrigerating
and Air-Conditioning Engineers)oll 4] AW5-7]2 7]F2
2" Aoteta e "= ACGIHS] TLVs (Threshold
Limit Values) TWA (Time Weighted Average)2] 1/10 &

£ 02 wgms SAX e} vl Bys W V)F
233 22 QATHTable 6). A1 =& F 3
Bl X& 71 Ao A Iy A
0.183 pg/m e} s g YEPRler, E3 o]
A 713 2 SDS} ST @S RGITh Wu 501 2Ak
2 0.006 ~0.021 ug/m', So+F
170038 wg/m, 7]2} 0.025 pg/m SOg o]g}
Hws] 2 FA49 7l=f $5 0.043 ugm S A,
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A2, 1A SN FERT O e FEoIRe
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FAAG 72l 053, TFAWUA = 045, 3-EP9=
419 2+ Btk Tumer 5,"° Leaderer 5, Coultas
Po] zAW uld] wEw Uzmdd 5§4 wA
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