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ABSTRACT : Among the most popular means of mainstream smoke collection for specific
analysis are solvent traps. Determination of the carbonyl compounds as their
2,4-dinitrophenylhydrazones(DNPHs) by HPLC offers increased sensitivity and reproducibility in
the analysis of mainstream cigarette smoke. In this work, the mainstream smoke of a reference
cigarette(IR4F) was collected in four kinds of gas washing bottles and their effects on the
analysis of carbonyl compounds were investigated. The results show that the porosity of fritted
glass filter in gas washing bottles exerted profound effect on the composition of the carbonyl
compounds in mainstream smoke.
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Fig. 1. Schematic diagram of solvent trap for collecting mainstream smoke constituents.
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Fig. 2. The four types of gas washing bottles used for collecting mainstream smoke constituents.

(a) Fritted disc type(250 mL)
(c) Fritted glass disc type(250 mlL.}
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(b) Fritted cylinder type(250 mL)
(d) Dual fritted cylinder type (125 mL each)
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Table 1. The classification of glass filters in gas washing bottles according to their porosity and

manufacturing companies

Kimble Glass Inc.

Corning PYREX

Extra coarse,
EC(170~220)

Extra coarse,
EC(170~220)

Coarse, C(40~60)

Coarse, C(40~60)

Medium, M(10~15)

Medium, M(10~15)

Company Ace Glass Inc.
A(145~175)
Designation and B(70~100)
porosity -
(maximum pore C(25~50)
diameter range, ) D(10~20)
E(4~8)

Fine, F(4~5.5)

Fine, F{4~5.5)

Table 2. Puff volume variation according to types of gas washing bottles and elapsed time

(unit: mL, mean of 5 replicates)

Time(sec) Type Disc(a) Cylinder(b) Glass disc(c) Dual cylinder(d)
10 31.11£0.37 36.2+0.12 34.9£0.07 34.7£0.09
20 31.8+0.44 35.4+0.05 35.0+0.07 34.910.04
30 32.9+0.21 35.0+0.07 35.01+0.05 35.010.04
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Table 3. Calibration curve of carbonyl-DNPH derivatives and their recovery rate

Carbonyls-DNPH Calibration curve R Recovery(%)”
Formaldehyde y=2.9953x + 0.2429 1 98.8
Acetaldehyde y=2.9415x + 1.4061 0.9999 99.9
Acetone y=2.6651x + 0.7433 1 99.6
Acrolein y=2.9878x + 0.5240 1 97.7

* Based on laboratory fortified matrixes(LFM), mean of two replicate.
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Fig. 3. Analytical chromatogram of carbonyls in DNPH extract of mainstream tobacco smoke
(1R4F).

33084 Aeln Qe EF FARI B = ASFIRANA AL FIE o Fig. 19
015 mL Q% Fkbd B Aol A4LH dise  LATARAY LA B AAAE 2ol 7
type®} bottle i714% T*-*.oﬂ AgelA) kee el AAE 5ol AM 2% A, AT}

& F 3k B AdoAe= T 2o £ T8} A gas washing bottle?] 2FHZ UA
ZRAAANE dgeE X}%Tf 1_75)]’2]@]4 272] ¢ ot S EYEdl, disc type® -4.5 cmHg,
gH-g FAe] FAAFHeEE gas washing cylinder type2 -6.5 cmHg, glass disc type
bottled 7}5-o 2 & wliE 30k 7HHo g puffr) -6.0 cmHg, dual types- -5.5 cmHg9 %k z+7
o]FolA Al H®mZ disc typeoll4] puff volume vetleldt. ole} g A= puff & 10 Axt
Zael vlEo] puff 3 $7HE o 4= Qloh S Wl Z bottleol] FQU=E1F 7]A|E3](Table

- 141 -



29t AgsAl dxElglon], da E7Fe 7l
A& 7F9}o] glass filter®] porosity®} B33k <
$Ae] UL AgshH(ASTM E 128-94), 7
bottleol] &=+ K-3l¥E glass filter®] porosityol]
9} 3] E}"T‘n" <4 5 o

HPLCE o]&3%lo] 7} gas washing bottleol] 3
A= carbonyl-DNPH £98-8 543 A3, Table
37 Fo| HxdAol 8 AT 2 FoE
< dglen, IRAF Bul9) 591 & carbonyl 3}
359 chromatogram= Fig. 3o Egth
/ﬂi o E & -4 gas washmg bottle** 4

THMRIF) S FRAE ZA3d F57 %‘

carbonyl ABEo dlgkg BA Ay g puff
slee), FUg gl disll oju] Fdel Ky
o] Q&= FHEL =Ale] Table 40 vEpHSITH

A B -’F 31*‘°] disc type2] gas washing
bottle S AF£3F 799 F7Hd £ carbonyl &
< oE A -6-?1'94 bottles AH-&38lod gk Feol]
vjsl] A gokeh a8y A Al FRe AR
A ghEs el g3t carbonyl e
9] xlol: Fig. 2914 e gas washing bottle
W Foliu]e) Wlel] wls) A T, ol FF
do] FAel A&% gas washing bottle®] EF-oll

we} FRae ARt 2 dgs wA 5 9l
o) AT Sol WkHElA S A3t
7 obds} ehm F&Ech F A WER puff

O

3le7t disc typeolld o4 Al =¥W A=
olgigt F&& SNkt 3 7+ ZAEH Aol
E FA Jelkedl dske] %2 acetaldehydet
acetoneollAl 2 Xolrt .  HXR  EEd)
acetaldehyde®] 73-9- 23.25 ~ 67.18 pg/cig.dl 2
s}t E3] acetoned] AR xo] 9 FTEHxA
L acetaldehyde®] AT} $Asc) e
acrolein®} §Hekel] glolAl BiE gholl wial ok
£ AojE WAY 4 Qe oA FuiXESY
FAz7 HolellA ZQlslE Aoz A7
Disc typeS A2t A 572 bottle FollA dual
typed, £¥ol 7] E1¥ carbonyl dekgh, WM
7+ #AAY g 7t ul s vEssE A
5 Jehliglew g, AWdl gas washing bottles
F AY FEe FRd SelEAAX R Ay

Table 4. Carbonyl contents in the main stream smoke of 1R4F cigarette and puff number

(ug/cig., mean of 3 replicates)

Type Carb. Formaldehyde  Acetaldehyde Acetone Acrolein Puff No.
Disc type 7.5+1.86 321.3+23.25 125.4+8.95 20.5+0.80 9.1+0.14
Cylinder type 14.2+0.44 548.1+£34.91 203.6+17.91 37.210.70 8.51041
Glass disc type 14.7£0.80 566.7+67.18 209.9£30.97 33.7£5.58 8.4+0.29
Dual type 14.2+0.84 588.7+28.49 226.5+10.35 35.1+1.22 8.9+0.05
Reference(1)" 11.8 682 272 72 -
Reference(2)™ 18.3+2.40 709+58.70 299+23.30 55.0+3.87 -

* M. F. Borgerding et al, Food and Chem. Toxicol.,

#+ UK smoke constituents study, January 2002.
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