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ABSTRACT : In this study, a simple gradient RRLC method for rapid determination of
carbonyl compounds of cigarette smoke was developed. Within 10 min, 8 carbonyl compounds
have been separated and identified on ZORBAX Eclipse XDB-C18 column (4.6X50 mm, 1.8 (m)
with gradient elution using water and acetonitrile as a mobile phase. RRLC was used for the
quantification of carbonyl compounds in mainstream smoke of 3R4F reference cigarette, and
evaluated those efficiencies in the recovery, repeatability and reproducibility. The correlation
coefficients (r?) for calibration curves of carbonyl compounds were over 0.9998. The developed
RRLC method was successfully applied to the analysis of smoke samples and the recoveries of
carbonyl compounds were in the range of 97.5~102.1% with RSD<3.1%.
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£3] WHO(World Health Organization)®} =)=
A2 Ak kA $193)(U.S Consumer Product
Safety Committee) SolX< FRAY 7lRd 3}
AE FAA 40% A=E AA s Av TEYLH
S|E9t oMM EYHIEE HHl dA7]FY Fagh
AsE2 EF3F o (Hoffmann, 1993, World
Health Organization, 2001), 2009'30ll= w]= A&
OJFFA(FDA)C] A=r WA Ak, fEEe &
< gl tisk 22420 FAE F & JAEFE A
Asl= HR 1256, "Family Smoking Prevention
and Tobacco Control Act"7} 93] AF A ]
2g A2 % AA EE] Al lolA 3l
4 g HA7E dial A o 488 2 Ao
2 o] A FHAA B4 a0t US F
712 Ao dAdr).
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317] 98ty BE&AAZZvlE 189 (HPLO)E ©
o] AR&3}lar J=d|(Health Canada, 1999), HPLC
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o] A F4 A B2 NS d8F gt A
g FHZoe 4 71719 weEE HPLCEY &2

A4S A= RRLC(Rapid Resolution Liquid
Chromatography), UPLC(Ultra  Performance
Liquid Chromatography)”} 7l¥=o] B4 %A
vy A8t F U &2 At £40] Jbs
3HA = At

meba] B AFaAE, Al =
74 59 7tEd SFES E437] F3td V&
°] HPLC %315 W73t #2 ¢ RRLC &
He dgstas sk

A= gl e
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Alol: al
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B Ay ARE3E ®FEE  formaldehyde-2,4-
dinitrophenylhydrazones(DNPH), acetaldehyde-2,4-
DNPH, crotonaldehyde-2,4-DNPH, propionaldehyde-
2,4-DNPH, butyraldehyde-2,4-DNPH, 2-butanone-
2,4-DNPH, acrolein-2,4-DNPH, acetone-2,4-DNPH
+ SupelcorHUSA)S] SHA1FS ARkt &
Wl FFA X3 AHES 24-DNPHE= AldrichA

. 7]101=
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o] EFAIES, %9 4%2HPerchloric acid)®} Trizma
baset Sigmarte] SFAloFS HE] HAgle]
A28t 3RAF EFEHl= Kentucky Tobacco
Research & Development Center (University of
Kentucky, Lexington, KY, USA)Z HE& FU3FA
o 24344 T &l A18-3+ water(]. T.Baker,
USA), acetonitrile(Merck, Germany) %
tetrahydrofuran(Merck, Germany)& HPLC& A|3¥
& HEY A glo] ARSI

HZE 8% NI ¥ BEE AW I Ay
AuY BYE BEFL W EF §9 Az
7 Y¥HE B8 $57} B20E EEAFE

1

A<= formaldehyde-2,4-DNPH 7.86 mg, 2-
butanone-2,4-DNPH 12.05 mg, crotonaldehyde-2,4-
DNPH 6.00 mg, butyraldehyde-2,4-DNPH 8.38 mg,
acrolein-2,4-DNPH 15.49 mg, propionaldehyde-
24-DNPH 9.95 mg< 50 mL €% Zel~=d #
stal oMNEUE-RR 345t 4] &A1
. ¥EAGLN B EEAZEN A 5 mLo}
aceton-2,4-DNPH 6.16 mg, acetaldehyde-2,4-DNPH
16.10 mgS 20 mL &%F Sk FH3par ofbA
EUEZZR 43ty &3] &3A I AA I
A AhE EF 9 EFALEY B EFEY
S oMHMEYEZZRE 343}l formaldehyde’}
0.0351, 0.0702, 0.1404, 0.2808, 0.5615 pg/mL7} =
TE 747} ©rE & RRLCY F35te e =9
YA o R IAFHNE wEo] 4+ A A
218 AUt
Al A9 Z=H|

7hRd 3gtE £4E 9 A1E 84 KT&G
In house manuald]l w2} AZX}PT ®
3RAFE ISO 3308 we} ¥ A& F
(Cerulean SM 450, UK)E ©]-&3}l4 1SO 3%
Z7 (puff volumn : 35 mL, puff frequency : 60
%, puff duration : 2 X)3}oA AAsHTE A
Aol 1S09] da ARkl &% 22 £ 1T9 60 +
3%9 PO R 4BAZF o} x3g T ARSI
on, HAz WHE RS FAst] 80 mLe]
24-DNPH &9°] A7 impingere]l X &
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RRLCE o] &3 &l 7] & 7HEd 3= A& 4
X3 89 4 mL9} 0.2% trizma base 6 mLE & = 30 C, AeHAE7] §39FL 364 nmZ A
Stalal 0.45 mm PVDF syringe filter® o #}s}ed Al B3t AT. o5 4o 2= (A) acetonitrile
auto sampler& 2 mL vialo] Etth ! tetrahydrofuran = 5 : 1 2 A X392, (B)
waters ©]-&3te] A3t tHTable 1).
HPLC Z7i2| Z/%i3}
2 AFolA 7lRd SFE] £4E 95 AR 2MYH A4S
& LC= Agilent 1200 series (Germany)2 — 7MY 3FE XFATEY BE MHEUELR
degasser, Binary SL pump, High Performance SL A5l AxzE RFENS  Formaldehyde’}
sampler, 22]1. Diode array SL detector® -4 0.175 pg/mLe =7} HEE 3R4F Al &N
HAth 4 Z¥2& ZORBAX Eclipse XDB-C18  7FgF § RRLCO| FH43te] 4 32 WA
column (4.6x50 mm, 1.8 /m, Agilent)E AF&3IA 3R4F A g&do] FHIaAHS A T HgA
I, FYFL 10 L, 752 2 mL/min. 2H &% sty 42 TEE o)&3t g, HETHA
(LOD) ¥ AHHSALOQE AAFstdd. 28,
ahFol] APS 33 W& Algste] o] HEE9}
Table 1.. Compositif)n of the mobile phase Agre =gs9y, 32 B9k £ AP wE
employed in the gradient RRLC system sashe] A7k AUEE =AH5A.
Composition of mobile phase
Time(min) Acetonitrile : Water 2ot H 0
Tetrahydrofuran (%) (%) . . .
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Fig. 1. HPLC chromatogram for 8 carbonyls standards

- 47 -



o
fol
rl
Ol

)
ofy

2531 - Acetons

> =887 . Acralzin

[>%1.511 - Formaldehyde
4.343 - FPropion

S5.634 - Croton

>5 258 - MEK
}s 400 - Butyraldehyde

Fig. 2. RRLC chromatogram for 8 carbonyls standards

Table 2. Calibration data of the eight examined carbonyl compounds

Calibration equation

Analyte r
a b
Formaldehyde 177.938801 -0.1778249 0.9999
Acetaldehyde 137.155262 -0.7521619 1.0000
Acetone 101.404697 -0.2484392 0.9999
Acrolein 132.987408 -0.2861861 0.9999
Propionaldehyde 107.936038 -0.2060985 0.9999
Crotonaldehyde 97.831704 -0.3556469 0.9998
2-Butanone 83.105860 -0.4180554 0.9999
Butyraldehyde 86.028860 -0.0347783 0.9999

A5 o] &gk 47, 8% 7lrd sIFgEY HEE
A17+&  formaldehyde 1.5%, acetaldehyde 2.4%,
acetone 3.6%, acrolein 4.0%, propionaldehyde 4.4
£, crotonaldehyde 5.7%, 2-butanone 6.0%,
butyraldehyde 6.6%-0 =2 78 o|Ud] AZHoH
Z AR 10ELE 95T & U A
H 24 o= dox Jtrd E EEFES
AZvtETH-E Fig. 29} 2th Fig. 2014 &
g)5o] JjutEl RRLC Wo2 F7A e 71n
d I3E 8T S FA BA Al MEIRe 714
A7IA EEde RS QAT
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Table 3. Intra- and inter-day accuracy and precision of the newly developed method

Intra-day(n=9)

Inter-day(n=3)

Analyte ( Cg(;lr;c];) Measured Measured
K (u/mL) RSD (%) (1/mL) RSD (%)
Formaldehyde 0.175 0.180<0.002 1.1 0.181£0.001 0.6
Acetaldehyde 4.943 5.044+0.109 2.2 5.049+0.081 1.6
Acetone 2.347 2.409+0.032 1.3 2.427+0.058 2.4
Acrolein 0.575 0.589+0.008 14 0.593+0.012 2.0
Propionaldehyde 0.379 0.387+0.008 2.0 0.388+0.007 1.7
Crotonaldehyde 2.263 0.269+0.005 1.7 0.270+0.005 2.0
2-Butanone 0.538 0.555+0.006 1.0 0.562+0.013 2.3
Butyraldehyde 0.374 0.384+0.002 0.5 0.389+0.008 2.1

Table 4. Limit of detection (LOD), limit of quantitation (LOQ) and recovery for each carbonyl

compounds
Analyte Recovery (%) LOD (yg/mL) LOQ (ug/mL)
Formaldehyde 98.7 0.003 0.009
Acetaldehyde 99.6 0.004 0.012
Acetone 99.4 0.004 0.013
Acrolein 97.9 0.003 0.010
Propionaldehyde 97.5 0.004 0.011
Crotonaldehyde 102.1 0.002 0.007
2-Butanone 101.7 0.004 0.013
Butyraldehyde 98.9 0.004 0.012

Fig. 3. RRLC chromatogram for 8 carbonyl compounds in mainstream smoke concentrate
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o]ﬁo:]/k! . 71012

AE] IS FEE 2T 0.174~4.651 pg/mL
o] FEHAA  975~102.1%= UFIIAUT
(Table 4).

NEE WU AR HEAHES o] 93t
3R4AF =S ISO &9 o2 ¥R sl A
z9 AFE9S /EdE RRLC Wol A&83% =
ZEIRWE Fig. 37 2ol ZAFolx] HZo] A
3 §HA FHEY FEEC] MZ HERle] &
JH e FAT & AJTh = AIH 4S5

Ll WEAS AFsE 23 3R4F

(Table 5).

“Table 5. The contents of eight carbonyl
compounds in 3R4F mainstream smoke by
RRLC method

Compound Conte'nts RSD
(ug/cig.) (%)
Formaldehyde 22.85 2.2
Acetaldehyde 598.58 2.5
Acetone 260.21 4.8
Acrolein 45.65 4.5
Propionaldehyde 43.00 5.0
Crotonaldehyde 11.83 4.7
2-Butanone 67.46 3.1
Butyraldehyde 27.57 4.4
z 2
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