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ABSTRACT

There has been increased interest in the health effects of the Environmental Tobacco Smoke(ETS) as a
confirmed human carcinogen. It has been known to be extremely difficult to make an accurate assessment of
exposure to ETS since it is consisted of a variety of components and there are a number of labile chemicals.
Therefore, it is necessary to obtain, to interpretate and to provide the data of quantitative exposure assessment to
ETS in the field of environmental health.

The purpose of this research is to evaluate the concentration of ETS using VOC in indoor office environments.
The correlations and concentrations of benzene, RSP, 3-EP, nicotine that are indicators for ETS were investigated
with smoking density, air change per hour(ventilation rate). Air samples were taken in smoking room(7 sites),
smoking allowed office(3 sites), corridor outside smoking room(7 sites), non-smoking office(9 sites). The
concentrations of benzene showed significant difference according to category of indoor office environments. The
geometric mean concentration of benzene were 23.56 ug/m*(range 4.80~192.90 pg/m’) in smoking rooms, 6.16 yg
/m® in smoking allowed offices, 1.32 gg/m*® in the non-smoking offices respectively. The ratios of the
concentration of benzene between outdoor air and smoking room, smoking allowed office, and non-smoking
office are 30.6, 8.0, 1.7 respectively. The correlation coefficients between benzene concentrations and common
indicators concentrations, SD, and SI were 0.82(benzene and nicotine). 0.76(benzene and RSP), 0.60(benzene and
SD), 0.76(benzene and SI). It is proposed that benzene is a good indicator for ETS.

Keywords : Environmental Tobacco Smoke(ETS), Carcinogen, Benzene, Cadmium, Smoking Density(SD), Air
Change per Hour(ACH), Smoking Index(SI)
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= 3|9 R 73 ES vl EPAS] TAA
EPA TO17 Methodell w&} Tenax—TA
Tube® o] &35t A HE 2FHsR 29 GC(HP
6890 Plus)/MSD(HP 5973) % ¥4 &%},
Tenax—TA TubeZ AFZF AZ2AFH7] (Low
Volume Air Sampler, SKC, US)oll A4 A1A <k 0.08
¢/ming] o2 1 AT 7HEE A LA RE AFH 3
th Alg A7) AFel FEFRAE Ao AR
AF A2 dlel wiE R oA 4Ry TYE
o] gste] WH|$ th-& ol Fslo] W3 Rusdr!
AT F LRI RS HE 2 A
22 GC-MSE AMHEEIl o™ o) 7t
Table 13} 2t}

EHAAEA F 25 &= A, S7H A
%5+ 1,2,4-Trimethylbenzene 78] 1 u}x|glo]
H%& == Naphthaleneol &l A& 3AE -8}t
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Table 1. Aanlytical Conditions for Identifying and Quantifying Volatile Organic Compounds for ETS

Variable Conditions
Instrument GC(Hewlet Packard 6890 Plus U.S.A)YMSD(Hewlet Packard 5973)
Detector Nitrogen-Phosphorus Specific Detector
Injector Capillary Split Mode
Column HP-624(60 m x0.25 mm, 1.4 um)

Hewlett Packard. U.S.A
Carruer Gas He
Flow Rate 1 m/min
Split Ratio 20:1
Injector Volume | |
Injector Temp. 230°C
300°c

Temp. Program

40°c, 3 min-5°C/min-150°C, 1 min-7°C/min-220°C, 3 min(39 min)

Table 2. LOD(Limit of Detection) of Velatile Organic Compounds of ETS

Indicators LOD( wg/sample)
Benzene 0.00031
1,2,4-Trimethylbenzene 0.00080
Naphthalene 0.00085
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Table 3. Occupational Exposure Limits and Indoor Air Quality Standards of Benzene and Camium

OELs or Standards Adopted Values( 4/m3) and Descriptions

TWA-1,595(0.5 ppm)

ACGIH TLY STEL-7,975
Al

OSHA PEL TWA-3,190(0.1 ppm)
STEL-15,950
TWA-319(0.1 ppm)

NIOSH REL STEL-3,190
NIOSH Potential Occupational Carcinogen
TWA-31,

Korean OEL A-31.900010 ppm)
A2

HRAE Standard f
AS ancarfor 1/10 of ACGIH TLY

Indoor Air Quality

At:Confirmed human carcinogen
OEL:Occupational Exposure Limits

w2 3}3+E-5-2 w7} NaphthaleneAle] 2] LOD %k
£ 7FA A "

E A7 A7t 7188 E F udE
ol HAle] sl AAeA F w2V IEH A 7
#7 ol A o] 71F=ol| thal Table 31 g5kl

3. 27| naslaAcHe 58 U A
AV F7\ 28 e olaksea

(CO3 Decay Method) 0.2 738t} o] ikslet
FE AN A FA o] absEtA: F
Aol AA AIZE Fofl oA oAb A B REE S
Aated AP A7HEG Aad olitd'dk FEE
Ao R o] ake Aelth vF TSIAM Q-
Check CO» Meter (Model 8730/8731) & AF&-51]
FAA 58 e AlgEe] BT WUl Fof
&P olatsterd NHAE o) 8-3he] e o) ihsh
Bt FEE 1700 ppm AEZE 29 ol o]Flo]
YA g DolxE AIZHE FAste] A (DE
ol -g3lo] Br|FE ’\]Zlﬂ' I a3 sE Gog
t}. 1,700 ppm FES FEE A AFAA A
21748 4o ‘1’%5 s olm ACGIH TLV
9l 5,000 ppm& Aulel L w A=A ¢ FEo]
T} 2229

P

Ln(cim’tial - Cout) - Ln(Cend - Cour)
Hour

ACH = ¢

Cininiaz =Concentration at Start of Test
C,u: =Outdoor Concentration, 330 ppm
C

end

=Concentration at End of Test

4 BAYE(SD)O] SH Y AN

so) @AY NESASE 24 LA
&) 298 FE9 ol PEst FAS] Jstef A
@ Jbsat AF ANS Astel el 2P
A FAUEE At} 24 B2t Jud
& Baadth $R8) A ARZAE TR}
o Aol olgslel ghont, FAUEE Al
£ 0] SRR AEEEE Y EEse
AR e FAeH B QoM 2ulglm epgshoke
Hol we ATAEe] Fostn Ak FAUEE A
F ARKE A Tl £F Aug dHoR Lol
Arkaie) 1 Ae ()9 grb2 AT g S
NEEEEREE N ERERE DR TS

moba) A% shalc.

Smoking Density(cig/m? - hr) =
No. of Smoked Cigarrettes in Sampling Time(cig)

Area(m?) x Sampling Time(hr) @

5. QX 4=(8)) AL
A F @a9gMArel dFe viAE &
7183 FAFE FAlel nishs A2 Rando 5

o] A APelA AHEE FulAd 7] A 4 (smoke
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Fig. 1. Comparison of Geometric Mean Concentrations of
Volatile Organic Compounds in ETS by Category of
Indoor Office Environments.
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Table 4. Summary Statistics for volatile Organic Compounds, Bensene, Toluene and m-Xylene, in ETS by Category of Office

Environments
Benzene Toluene m-Xylene
GM, GM, GM,
n e/ GSD n g/’ GSD n Jg/m? GSD
Smoking Room 15 23.56 221 15 211.16 2.05 15 91.00 277
Smoking allowed Office 3 6.16 221 3 233.36 4.39 3 59.57 2.24
Non-smoking Office 17 1.32 12.41 17 127.76 2.41 17 43.68 3.18
Outdoor Air 10 0.77 6.49 10 28.93 2.82 10 7.57 8.39

AFA Bots ol AL 37) A8} o) & 23k
on i 193 ug/m37tA g 5 BX¥E pac) 7

Berzene Au 2 ARAA TR 71T FE g AU
i VA NEE Z38A stk
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wlAl o] AFY B 771 %L Table 30 EA| 8 nlel 72 A Ydg o 5= ek

o] ACGIH7} #j¢rst 0.5 ppm(1,595 wg/ms3) ol A 5- 2274 SR8 ENA7] S WAl disk A+ =
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L&Y7L YE4HEe] Fot FEoE o 9
S ohE 3 ol Al 7HNE AzEe & S ik 3A,
Fafel#te] &4 <l (Health Hazard Identifica-
tion), B4, ¥/ wF-4+-3 HA (Dose/Exposure—
Response Relationship) ol th3r sz} 21z, Al
A, G 2 TF S Y FY B
4 ook,

2 ATE FalA g dut AnEy) wgE
Aol A 9 7 Hls FA) st welEAde =
F AEE AZEE (Time—Activity) RAFS E3)

Table 5. The Rations of Indicator Concentration to Concentration of Non-smoking or Outdoor Air(Benzene) according to

Indicator respectively

Ratio
Benzene Nicotine 3-EP RSP
Non-smoking Office 1.7(1.32) 1(1.48)" 1(0.33) 1(48.6)
Outdoor Air 1077 - - -
Smoking Room 30.6(23.56) 75.7(112) 31.2(10.3) 9.8(475)
Smoking allowed Office 8.0(6.16) 10.7(15.8) 4.67(1.54) 2.6(126)

* Geometric Mean values( «g/m?) included in parentheses.
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Table 6. Summary Statistics for ACH(Air Change per Hour) and Smoking Density in Smoking Room and Smoking allowed

Office
ACH(AIr Change/Hour) ACH(Air Change/Hour)
Mean min. max Mean min. max
Smoking Room 10.3 7.2 18.6 2.3 0.6 4.0
Smoking allowed Office 5.5 5.0 59 0.4 0.2 0.6
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