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Studies on the body - retaining rate of smoking-related carcinogens using some
important volatile organic compounds (VOC)
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Abstract : In order to learn the emission characteristics of hazardous pollutants associated with
environmental tobacco smoking (ETS), we measured the concentrations of major aromatic VOC and
carbonyl compounds released from ETS. By acquiring the different smoke types of ETS, we were able
to determine that the concentrations of those species range from ppb (normal exhaled air of smoker prior
to smoking) to ppm levels (direct release of ETS without filter). Using these measurement data, we also
evaluated the body-retaining rate of these compounds as the result of ETS. The results of our analysis
indicated that predominant portion of them (e.g., > 99%) are retained as the result of cigarette smoking.
To learn more about the potential impact of ETS, more extensive study may be required to assess the

gross picture of pollutant deposition inside respiratory intake and their health-effects.
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Table 1. A list of pollutants investigated in this study

12, S

;L
o] H& o)

.

o olgt

o3

e A

S

o
B
idm

O

\

SAHE 7}

L
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Benzene
Toluene
Ethylbenzene
m, p-Xylene
o0-Xylene
formaldehyde
acetaldehyde
acetone
propionaldehyde
butyraldehyde

CsHs
C7Hs
CsHio
CsHio
CsHio
HCHO
CH3;CHO
CH3;COCH;3
C3HsO
C4HsO

12
78
92
106
106
106
30
44
58
58
72

TVOC
OX
FA

ACT
PA
BA

MPX
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2.1.2. EBS (Exhalation Before Smoke)
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2.1.3. EMS (Exhaled Mainstream Smoke)
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GC-FID (Model DS 6200, Donam Instrument, Korea) 2}
@2} A447] (Markes International Ltd., UK)Z 23
o BN 2ES Sesigny’ HEY W)
M NEe AEs 493 87 Uil FHE F
Z 2} MFC (mass flow controller) S Z3] 43 7% (
ml/min) 22 5 ¥ Jx 923 A&7 WRE FYAl
o (& 24 F3 400 mL 5. TYE AlEE
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A3 B4 (320 ColA 10 #7HE AX F, GC column
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300 mL/min.
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FANE T ARAL 7HE AGY] HAEES #
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Table 2. A statistical summary of ETS pollutants concentrations measured at various stage of smoking*

Definition® TVOC B T E MPX

(0):¢ FA AA ACT PA BA

Mass-to-volume concentration (mg/ma)
SS 387191 24074 32982 4908 5468
BS 9038 684 435 262 188
EMS 17775 4128 1896 1047 479
IMS 4342411 490079 526685 322564 150485
SS-R 4605028 686192 626787 312779 138823

2058 70 32301 857 2167 678
73 83 7 625 68 14
263 289 6763 2884 547 545
54412 20432 1121335 32599 92354 56798
47071 32561 1481898 35649 124272 82180

* Only short names are used for all pollutants investigated; refer to Table 1 for their full name information.
" SS=sidestream smoke; EBS=exhaled before smoking; EMS=Exhaled mainstream smoking; IMS=Inhaled mainstream

smoking; SS-R=sidestream smoke-Raw (without filter).
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Table 3. The ratio of SS/EMS and the amount of pollutants retained in the body by smoking a cigarette: We
assumed that the total intake volume of ETS is 500 mL per smoking

TVOC B T EB MPX oX FA AA ACT PA BA
SS/EMS 22 6 17 5 11 8 0.24 7 0.57 8 3
TRA (rg) 2162 243 262 161 75 27 10 557 15 46 28
RP (%) 99.59 99.17 99.64 99.68 99.68 99.52 98.60 99.40 91.24 99.41 99.05
RR 247 120 281 311 317 209 72 167 11 171 105

TRA=total retained amount (mg); RP=retained percentage (%); RR=retained ratio.
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TRA = (IMS - EMS) x (sum of total intake volume)

olg} e Aate] oJ5hd, 1 Awle] S 3&
A

°F 240 pg T WAool Aol ZHF3HA ke A
S & At (B olFA FRde LAEHES IF
S 53 oA AYE EHAY Ee kdHes, ¢
3] Aol 100% A2-e she A2 ofyoh.

3.2.2. 1 7fdlel EHHE mlg m, 2A¥=Zo| H|L{o
ZF5k= HIE (retained percentage=RP).
19} 22 Ade Al Eolee 4 Wie &
Hlwshed 83 Apolnh Al ALk
Aol AFalhe FEO AIMS-EMS)d| thulste], Hx
€ EMS9] HIE Tl AT FYs)
ot} A2 {(IMS-EMS) x 100/EMS} S A4Fsic
3 A WA FAS T AR FdE T
99.17%7} ¥ o2 Aol FFRIA Hrve s ¢
o]Foizl 10 /| HE F, oMES A
Q)3 RE AHEES0] 9% HE 1 o] A 3o
& Utk A7Hoz gl
2 FAAY QA FES A,
Hwd 7ZsA Gstd F7150] E&9 FHZ &
1

o

¢

14

o

3.2.3. QI XtFH| (RR=retained ratio).

Aol AAIZE Uake] RPE W3] IMS/EMSS] H]
2 T8 Aog FAHmIEH uE AHI Aotk
7P ZAFgo] B olHEC] 11 AEE V1S3 HS

=
B

£ Alelshd, o

SAF Fo

Analytical Science & Technology



2] AW dEgol U

T

[of

FEY ol =9} o ELH)
FEEY FEE
FANEE HHEA dds= S
K= oo IE e AR fr
EozHH wjEH+= IMS, SSR 522

fol=

T
4

oo 1%
r ok

1%
+ 82

zgllz

1
o

_1
F
ox
i
In
i o

2

Hlmalgl. 3 B Aol

A L&

no
}\é‘\feo

A

(<]

1=

e
oy oX

=

-

M
4o
o
2£
pies
o
5]
i)
o
°

to 4t (o ko ogt

s TN

_O‘L
H
—
RN
=
=3

o Fei= A9 wEdo=

<.
g
-

S8 3o
x5 5

£y

[0
ol
X
s
|d
fru

Sv
£
v
N
R
-0,
i_l‘l
o

(o
fu

2
<
il
2
N
K

(14
tlo mo X
N
U éo o
)
o
(o
frl
n:[oll
re
K

- o
1%
o

>N
2
-
i
_t:_l,
r

o

%
ro o o i &
N
b
=2
>
o
-0,
o

i e
N
e
N
>~
s
i
il
nl[O r
oy, ®
rO
ofs
Qo
o)
O
ot ra
a2
w2
lo,
__>|~I_4“

4 o g
yo i 2
s

ofN

oo
D oox
ro

it rR & o
L
aad :lm

1. R. A. Jenkins, A. Palausky, R. W. Counts, C. K.
Bayne, A. B. Dindal, M. R. Guerin, J. Exp. Anal.
Environ. Epidem., 6, 473(1996).

2. R. A. Jenkins, M. R. Guerin, B. A. Tomkins, “The
Chemistry of Environmental Tobacco Smoke: Composi-
tion and mMeasurement” 2nd Ed., Lewis Pub., 467
(2000).

3. W48,
(1998).

4. P. N. Lee, A. J. Thomton, Indoor Built Environ., 7,

HEA, g7 deE] A, 14(4), 343

Vol.17, No.5, 2004

]

10.

CEHE, Wuy ux

AT -F2 A FUIsFEs THeR 415
129(1998).
LB, WS, 34, AieEe) B3

7l & MEE
299-308(2003).

of Bg A7, 47537, 16(4),

. J. L. Repace, A. H. Lowery, Indoor air pollution,

Tobacco smoke, and public health, Science 208:464
(1980).

. J. S. Lakind, R. A. Jenkins, D. Q. Naiman, M. E.

Ginevan, C. G. Graves, R. G. Tardiff, Risk Anal.,
19(3), 359(1999).

O = X 1
= 1med, 1o, TI?*L A

(e}
o
o, FHAA, , AEA, AALE-E 9
Adnjar|e] AREAd B3 A, YA
813] 2] 13(2), 152-159 (2003)

{0,
DN
~
%o
HN
1
z
>

B

. K-H. Kim, S.-I. Oh, Y.-J. Choi, “"Comparative analysis

of bias in the collection of airborne pollutants: Tests
on major aromatic VOC using three types of sorbent
based methods”, Talanta, 64, 518-527 (2004).

&4, 2714, 7] T 7tRd AL ARy 4
719 ZEddsto] =9} DNPHO| HHS- 540 et

A7, 2

4737, B3 %,





