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Study on volatile carbonyl compounds in cigarette filter by HPLC-DAD
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Abstract: A high performance liquid chromatography-diode array detector( HPLC-DAD ) method was developed
to determine volatile carbonyl compounds in cigarette filter including formaldehyde , acetaldehyde , propionalde-
hyde , acetone , acroein , crotonaldehyde , 2-butanone and butyraldehyde. The cigarette filters were extracted by
shaking with the mixed solution of acetonitrile and water( the volume ratio of 1 : 1) ,then reacted with 2 ,4-di-
nitrophenylhydrazine ,and analyzed by HPLC-DAD. The recoveries of 8 carbonyl compounds in cigarette filters
were in the range of 80.8% and 115.7% . The precisions of intra-day and inter-day for formaldehyde, acetal-
dehyde and crotonaldehyde were good( RSD <10% ). The trapping efficiency of carbonyl compounds in main-
stream smoke for different kinds of cigarette filters was studied. The results showed that trapping efficiency of
cigarette filter for total amounts of carbonyl compounds was low. Furthermore ,formaldehyde and crotonaldehyde
showed higher trapping efficiencies ( >10% ) compared with other carbonyl compounds( <7.0% ). The trap-
ping efficiencies of different types of cigarette filter to formaldehyde was activated carbon > acetate filter =~

paper > polypropylene and that to crotonaldehyde was activated carbon > acetate filter > paper > polypropylene.
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Table 1  Cigarette sample information
g UEMEIRL  uEMER TEMEAAL . YR Eeguibaiah
Y5 JE/mm  FH/Pa KJE/mm R/ %
1" 24.75 1118 G + CA:10 + 15 37.9
2f 24.36 1088 4%+ CA:10 +15 17.5
3* 24.18 1259 PF.20 0.2
4% 24.43 1217 PF.20 0.4
5* 24.36 1101 CA .25 9.0
6" 24.74 1308 CA ;25 0.3
7* 24.74 1237 CA:24 0.1
8* 24.62 1069 CA .27 34.7
9* 24.19 1171 CA:20 0.2
10" 24.69 1375 CA:20 0.3
11" 24.72 1228 CA ;27 0.1
12 24.74 1242 CA ;25 0.2
13*% 24.47 1144 CA ;25 16.4
14*  24.39 986 CA .24 11.5
15%  24.48 1187 CA.25 14.0
16" 24.53 839 CA +CA.8 +21 36.6
17" 24.48 1216 CA.25 0.1
18*  24.58 1002 CA .24 20.8
19" 24.47 1088 CA .30 18.8
20" 24.44 1089 CA .26 0.3
21 24.52 1226 CA .26 0.3
22F 24.76 1239 CA .23 0.3
23%  24.64 1131 CA .25 0.3
24 24.62 1072 CA .30 12.7
25%  24.44 1104 CA .27 0.2

2,4 - AR (DNPH) (43 #réal) , 36 [J
CNW A w) 77, ff HETZ LI E 4G .

10 : Agilent 1200 g 250 A €235 X, i
DAD #; 4%, 2% [ Agilent /) 7] 7=; Cerulean
SM450 {2k U AL, 95 [E Cerulean A ] 75
HY -8 R d , o M E A2 i g8 A R )
7= Milli — Q50 ##8 £ /K 4%, 3% [# Millipore 2\ ]
773 CP2245 1L KF (J&4 0. 000 1 g) , fH [=
Sartorius 2\ & P,

1.2 HRErktiE

A AR A C ) - PRI 0. 2 g 3R Al
DNPH [& {£ il A %] 25 400 mL Z i 7, it &
50 °C IR, INA 3 mL 70% & &R )5, %

R FEEIG N E % E 500 mL. H:#, DNPH
WPk 0.4 mg - mL™", B A BRUE 0. 56%
(B H0) -

¥ GB/T 5606. 1 Jli B40FE 5. #2905 GB/T
16450—2004 , FE i AN AE IR (22 £ 1)°C, #H
XU (60 £2) % HYPREE PP 48 h, SR e H:
A (CFEIE £0.02) ¢ i A FELAE CFRIME
+49) Pa/ S5 B N A A S A D DA 5

BN S I5 Ok 4 SCUEME T g
) DI, S B AR 40 mL ZEHBUA W ( ZIE
KT 12 1) i SR PR G A H 45 min.
S mL FVEE 10 mL A5, A 4 mL
A AEARECR] TR AT, U 40 min. fiTA 200 pL At
WEJo CNEE 25 10 mL. ¥t 0. 45 pm A HL
AHUEE , #4T HPLC-DAD 734

25 SE 5 BRI A 2 IR IR ok
SRAFHEAT oA AL B

SR AE R AR A IR A
1.3 KHEBIERY

Z: BAT AR fE 7 5 YC/T 254—2008"
HPLC Z3H7 2544 . HPLC F 4 1% 414 Acclaim®
Explosive E2(250 mm x4.6 mm,120 A Sum),
Wik K Acclaim® Explosive E2 (10 mm X
4.3 mm,120 A5 wm) , 3 A JE[E] Dionex 23w 7=
TBAH A K, TS B S OB B EER AR UL
2. iy 1 mL/min, FEEAR 10 wL, K5Iy
DAD, K3 1 365 nm , 434t [E] 45 min.

K2 BERBLEA

Table 2  Gradient elution condition

Fsf ]/ min T A/ % s B/ %
0 50 50
20 50 50
25 40 60
30 40 60
35 20 80
40 10 90
41 50 50
45 50 50
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Fig. 1 HPLC chromatogram of 8 volatile carbonyl
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Fig.2 Influence of extraction solution on extraction efficiency for different cigarette filters
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Fig.3 Influence of extraction method and time on extraction efficiency for different cigarette filters
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T 0.56% B}, =Py & AR RN AR, B L,
A BRI EEH 0. 56% .
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Fig.4 Influence of derivatization reaction

time to extraction effect
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D5E , AR E IR 22 , 3 15 A 1 Ot 22 S A6 T B
10 5 AR 22 0 i PR 4521 L3R 3.
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Table 3  Linear equation, correlation coefficient, limit of detection,

limit of quantitation for volatile carbonyl compounds

ety RMEEE/ (pg - mL") bk e MRRE BB (pe - 327 EREY (pg - 5271
H % 0.01 ~3.00 y=329x-0.77 0.999 3 0. 04 0.13
LI 0.03 ~8.00 y=261x+0. 89 0.999 8 0.07 0.22
P 0.02 ~5.00 y=195x +0. 37 0.999 7 0. 06 0.20
PR 0.02 ~4.00 y =247x +1. 00 0.999 9 0. 04 0.15
(5] 0.01 ~3.00 y=201x +0. 37 0.999 9 0. 04 0.13
RAA LS 0.02 ~5.00 y=181x +0. 82 0.999 8 0.05 0.16
2 - T 0.01 ~3.00 y=154x +0.51 0.999 6 0. 04 0.13
T 0. 02 ~4.00 y =166 +0. 89 0.999 7 0.04 0.13
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BRI EWI H N M H DR % R H NS %R
R[] — KM, AT 6 Y. H [AIKS 5 B 51 0
AR, AT 5 UK. BT INER N LN
I 2 — T TR AR R I RN, AN
W, H N H B 5 B 2. BRI, ARF 5845
S (O L ERY H R H [RDRS 5% B2,
5 PR, iX 3 PG YN H NAE % E <
9.9% , H A% <10% .
2.10 HBME

XIA R ZE R YR e 25 B S BT T %
L BT A 8 Ak AL A Y B I 2 R
YC/T 254—2008 """ J5 i , # B R AR A R D
THE. 8 PPk AL G Y AR B HOR S Rk 6
FIR. BEFR R . 1) JEMEXT 8 Mk EL AL & ¥ B
BRI <10% ) , i X —45 R 53
BRL7 -8 JRIBLS R —2, FE 2 T 8 Fi¥E £
PERRIEAC A Wik i BEAIK. 2) 45 0 U e X F R
PR B SR A R (> 10% ), i 4 HoAth 6 Fif
FRFEY) AR B AR BAIR( <T7.0% ). 3) JEMEXT
FAIE ) 1 B8 R0 AR IR R T Mk ke (1F B
41.1%) > BE2F (5"—25" R 5, SE I {H 30.9% ) ~
AR(2"FEMN,31.5% ) > TNEF (37,4 FE i, P34 (E
24.4% ) 5 %oF B 3 A ) A B AR AR IR Ol 3 1
(48. 0% ) > JE4F (F H{H 32. 4% ) > 4%
(25.4% ) > NEF (CFIME 10. 2% ) . 36 PE R IE Y
B A R AR RO TR B Rt 3
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Table 4 Recovery of 8 volatile carbonyl

compounds for different cigarette filters %

ey IbRAE  WEMER O BRET 4R NET
Yoo /(g XY UEME DEWE W B

10.00 111.0 113.7 108.2 113.0

% 20.00 109.8 103.4 105.7 103.7
40.00 106.4  108.8 105.8 101.4

2.00 110.0 115.7 102.6 109.1

VS 4.00 111.5 105.0 108.0 100.9
8.00 105.8 110.0 107.1 99.5

0.50 97.1 107.9 87.6 84.2

TN ] 1.00 96.7 99.3 88.2 80.8
2.00 90.5 100.8 84.8 86.0

0.20 105.0 114.0 102.1 105.6

N 0.40 106.8 103.5 104.0  98.2
0.80 101.1  106.3  102.5 95.8

0.20 89.9 108.8 94.9 90.4

TR 0.40 98.6 83.5 91.2 92.0
0.80 98.2 96.0 95.1 91.0

3.00 105.5 109.0 98.8 104.1

RS 6.00 107.0 99.1 102.8 99.1
12.00 101.7 104.7 101.7 97.2

0.25 92.9 102.9 87.4 85.0

2 — T i 0.50 94.7 94.8 87.1 81.0
1.00 87.5 100.3 84.3 87.0

0.70 97.8 109.6 97.7 100.1

T 1.40 99.0 95.5 98.6  93.8
2.80 93.7 100.0 95.2 91.4

RS RFEAETEA S 8 A RS
B A& B A
Inter-day and intra-day precision of

Table 5

8 volatile carbonyl compounds for

different cigarette filters %
Iy H A% H [R)R %5 2
VPR BELT 4R NLF MR BT O4K AT
s 3.6 6.9 56 42 7.7 9.6 87 9.0
5.4 7.9 6.3 82 6.1 9.9 9.6 10
EER 3.1 42 9.9 7.7 81 59 10 8.1
3 g

K] HPLC-DAD 35 6 0 98 W v 8 Fift % &
PRI S Y BE L ST (IR TR M T TN
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Table 6 Trapping efficiency of 8 volatile carbonyl compounds on different cigarette filters %
GLElR] TR LI P T T L G 2 - T T B
1* 41.1 2.5 3.5 7.0 5.2 48.0 1.3 6.0 6.8
2* 31.5 1.3 0.8 1.6 1.2 25.4 1.1 4.7 5.2
3* 26.1 0.9 0.3 0.0 0.6 10.4 0.0 2.4 3.8
4* 22.6 0.5 0.0 0.0 0.9 10.0 0.0 1.2 2.6
5* 21.7 0.6 1.2 1.4 4.5 31.7 1.5 5.1 3.8
6" 40.9 1.0 1.0 2.3 4.1 31.0 0.7 6.4 5.0
7* 26.6 0.7 0.9 1.8 3.6 31.1 1.0 3.9 4.5
8" 34.3 0.9 1.1 2.1 4.7 41.1 1.1 4.7 5.4
9* 25.7 0.7 0.9 1.0 3.3 25.7 1.1 4.6 3.4
10* 28.9 0.8 1.2 1.2 3.1 25.0 1.1 4.3 3.3
1" 35.9 1.4 1.5 2.6 5.0 34.9 1.0 5.3 9.0
12* 31.8 0.9 1.2 1.9 3.6 31.0 0.9 4.8 4.9
13* 28.0 0.9 0.8 2.3 3.8 33.2 1.1 4.4 4.9
14* 27.8 1.1 0.7 1.7 3.6 33.2 0.0 4.8 4.7
15* 34.8 1.0 0.5 1.8 3.4 36.3 0.8 4.7 5.3
16" 36.2 1.6 1.0 3.2 4.7 42.6 1.5 4.6 7.1
17* 27.5 1.8 1.0 2.1 3.7 32.2 0.8 5.6 5.8
18* 31.1 1.5 1.1 2.8 4.6 38.3 1.1 5.2 6.1
19* 33.4 1.4 1.4 3.2 4.1 37.6 1.3 5.1 6.0
20" 30.5 1.6 1.1 2.8 4.4 35.7 1.4 5.2 5.9
21* 27.4 1.1 0.6 1.7 3.6 19.6 1.4 5.3 4.6
22" 30.0 1.1 0.6 1.5 2.8 29.1 1.0 4.6 5.4
23" 27.9 1.2 0.3 1.1 3.5 26.0 0.9 6.2 5.2
24* 31.9 1.3 0.7 2.0 4.1 35.6 1.2 5.3 6.5
25* 37.1 1.7 0.8 2.0 3.6 29.7 0.7 4.1 7.1
SEAE 30.9 1.1 0.9 2.0 3.9 32.4 1.0 4.9 5.2

CL G 2 — THRR TR, O FH TR M AR R Ak
ORISR 8 W H 8 e JE ) 1% in b (81 ic S 7
80.8% ~115.7% Z[a}; I | L B G ER H
S H DR % BE AT, RSD 18] < 10% . B MEFE i
I | S | S A, A LA Pk
Py ARG, DR X FH R | R 1 P O A
1 (>10% ) WA 6 Fi FE )R BR &k R 4 3
IR <7.0% ). ASTa] 26 71 s e xof P A 7 &0
TEME S > BELE ~ 4% > TN AR UEME ; X B2 G Y
BREARCR NG > BELF > 40 > INLF M. A
T EAL S5 AU S B A A 1

— B, S UE AR ORI AT

Sk
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