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Determination of Seven Phenolic Compounds in Mainstream Cigarette

Smoke by Gas Chromatography-Tandem Mass Spectrometry

WU Yong-liang, LI Yan-yuan, PENG Yun-tie
(Guangdong Tobacco Quality Supervision and Test Station , Guangzhou 510610, China)

Abstract; A method for simultaneous determination of 7 phenolic compounds (phenol,
o-cresol, m-cresol, p-cresol, catechol, resorcinol, hydroquinone) in mainstream ciga-
rette smoke was developed using gas chromatography-tandem mass spectrometry (GC-
MS/MS). The total particulate matter (TPM) of 5 cigarettes in mainstream cigarette
was trapped by a 44 mm Cambridge filter pad with a Cerulean SM450 smoking machine
under standard smoking condition. The filter pad which collected TPM was extracted on
an ultrasonic generator for 20 min with 50 mL isopropanol and 100 pL ISTD solution
containing 1 mg/L of 1-phenylethyl propionate. The solution extract was filtered
through 0. 45 pm pore size nylon filters, and then was analyzed by GC-MS/MS under
multiple reaction monitoring (MRM) mode and was determined by ISTD method under

the optimized conditions. In order to get good extraction efficiencies of phenolic
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compounds during a short time, 4 different extraction solvents (cyclohexane, dichlo-
romethane, isopropanol, methanol) , 3 different extraction solvent volumes (20, 50,
100 mL) and 6 different ultrasonic extraction times (5, 10, 20, 30, 40, 60 min) were
tested. The optimum condition was that 50 mL isopropanol extracted for 20 min. 4 com-
pounds (propyl benzoate, l-phenylethyl propionate, n-heptadecane, benzyl benzoate)
were tested for choosing the suitable ISTD compounds. The results indicate that propyl
benzoate and 1-phenylethyl propionate are suitable for ISTD compounds. 3 different
polarity capillary columns (HP-5MS UI, DB-35MS, HP-INNOWAX) with the same
column dimensions (30 m><0. 25 mmX0. 25 pm) were inspected. Both the best separa-
tion and peak shapes of seven phenolic compounds are achieved on the HP-5MS UI capil-
lary column. The results showed that the linearity of phenols were above 0. 998 6. The
limits of quantification (LOQs) were 0. 012-0. 021 pg/cig. The recoveries were 91. 1%-
107. 7% with the relative standard deviations (RSDs) lower than 6.6%. It was clearly
advantageous for assays of phenolic compounds present in complicated matrices of main-
stream cigarette smoke. As a part of the validation procedure, 12 brands of cigarettes
were tested by the designed method. This method is suitable for the rapid determination
of seven phenolic compounds in mainstream cigarette smoke with easy operation, high
sensitivity, excellent precision and high throughput.

Key words: cigarette; mainstream smoke; phenolic compounds (phenols); gas chroma-

tography-tandem mass spectrometry (GC-MS/MS)
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Table 1 Retention time and MRM parameters of 7 phenolic compounds and ISTD
‘ E i BN CRE 4 L T /e V) A S T (Rl A3 L T/ e V)

[iaexy] 14 B ) 1] o ) o ]

Quantitative ion pairs Qualitative ion pairs
Compounds tr/min

(Collision voltage/eV) (Collision voltage/eV)

7K [y 3. 243 94. 0>66. 0(15) 94.0>>40.1(20)

A5 gy 4.197 107.0>77.0(18) 108. 0>>79. 0(20)

] B 1y % 4. 484 107.0>>77.0(18) 108. 0>>79. 0(15)

B gy 6.531 110. 0>>64. 0(20) 110. 0>>92. 0(20)

o A Ty 7.916 110. 0>>81. 0(20) 110. 0>>39. 1(20)

i) 2 — 8.124 110. 0>>82. 0(14) 110. 0>>39. 1(20)

IR B (N R 8. 284 105. 0>>77.0(20) 105. 0>>79. 0(20)
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Table 2 Comparison of extraction efficiency of different extraction solvents

IR 1 5 Measured values/(pg/cig)
Extraction solvents K A1 15 FFY P+ % FY 1 B A [i) 4 — 19
o e 16. 5 4.5 13.8 26.9 14.1 1.7
A 15.1 4.2 12.8 33.3 29.1 2.5
SN 16. 3 4.4 13.2 35.2 32.3 2.5
H 16.5 4.4 13.4 35.6 32.5 2.6
#£3 ARRRAFRN LS
Table 3 Comparison of extraction efficiency of different extraction solvent volumes
& IBOR] AR W 5E i Measured values/ (pg/cig)
Extraction solvents
volumes,/mL ES A i) FFY 73 4% P T A XA IF] % = 1
20 16.0 4.3 13.0 34.6 31.5 2.6
50 16. 5 4.5 13.1 35.2 32.5 2.8
100 16. 4 4.5 13.3 35.3 32.4 2.7
212 RIRARSGMIEORA ALRERE BRI 20 min,

T ARG MO R 2 Fh 3R 0T 3 52 O ) 43 53
N 5.10,20,30,40,60 min, $2 BUE K R T
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B, 5 32 OB ) 38 B 20 min )5 . 4k 25 € K 5
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Fig. 1 Comparison of different extraction

methods and extraction time
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Fig. 2 Chromatograms of alternative internal standard compounds and target compounds
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Fig.3 Total ion chromatograms of standard solutions (a) and samples (b) in MRM mode
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Table 4 Linear ranges, regression equations, correlation coefficients (R*),

limits of detection (LODs) and limits of quantitation (LOQs) of 7 phenols

e &I’i?ﬁﬁ pm— *Haé?%l ot BR SE R
Compounds Linear ranges/ Regression equations Correlation LODs/ LOQs/
(mg/L) coefficients (R?) (pg/cig) (pg/cig)
I gy 0.1~5 y=0.966792x—0.031997 0. 9996 0. 006 0. 020
415 1 gy 0.05~2.5 y=1.1052052—0. 019926 0.9997 0. 004 0.012
] Y+ %of gy 0.1~5 y=1.3739902x—0. 075705 0. 9986 0. 006 0.021
B iy 0.3~15 y=0.204401x—0. 008906 0.9991 0. 005 0.016
X 2K Ty 0.3~15 y=0.1794572—0. 010031 0.9994 0. 005 0.015
) % iy 0.02~1 y=0.202866x—0.002717 0.9992 0. 006 0. 020
x5 FHEMMREWEMBEE
Table 5 Spiked recoveries, intra-day and inter-day precisions of the method
. o i i B I Es T v Al 22 H A EN =R 3
Samples Compounds Spiked concentration/ Recoveries/ % RSD/ % Intra-day/ % Inter-day/ %
(mg/L) (n=15) (n=15) (n=6) (n=15)
ACKE ) Wy 0.6 93.8 3.1
1.2 94. 7 2.7 2.5 5.0
2.4 100. 4 4.1
405 iy 0.15 98. 7 5.0
0.3 97.6 5.3 2.6 6.6
0.6 100. 9 4.6
fia) F P+ X 0.5 96. 6 4.7
1.0 102.9 4.3 4.5 4.8
2.0 93.7 3.9
) -y 2.0 91.7 5.4
4.0 100. 1 2.3 3.6 5.7
8.0 102. 5 3.6
xR 2.0 91. 1 3.9
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B o o y 4 , ‘
Samples Compounds Spiked concentration/ Recoveries/ % RSD/ % Intra-day/ % Inter-day/ %
(mg/L) (n=5) (n=5) (n=16) (n="5)
X 2R Z 4.0 100. 7 5.5 3.5 6.2
8.0 93.6 6.5
B 0.1 107. 7 6.3
0.2 101.4 2. 5.0 5.2
0.4 97.2 3.0
BOEAAD ENU 0.5 97.3 2.6
1.0 95.1 4.2 3.6 4.3
2.0 106. 9 5.3
A5 F iy 0.15 96. 7 2.3
0.3 91.4 5.1 5.6 6.4
0.6 92. 4 4.0
VEa) F 1+ % F 0.4 90. 6 3.3
0.8 99.5 3.5 3.9 5.2
2.0 106. 6 3.6
LB 2.0 102. 3 5.5
4.0 99. 8 6.6 6.3 5.5
8.0 93.7 5.5
XK Ty 1.5 97.6 5.3
3.0 105. 5 4.5 4.4 4.6
6.0 102. 1 4.6
F] 4 Ty 0.2 93.2 4.5
0.4 102. 9 2.7 3.2 4.8
0.8 94. 7 3.6

2.4 ELEREHERUE
PR 7 T 5 AR e Y A B e T
IR5F 3R4F fl CM7 4§ 3 A2 L M E il < b
TR E AL G YRR R A5 RS TR 6. It L
BRI PR 2 Ty 0 5 5 SR — B AB A e o
B2 AR A 3 M e TR ARSI BRI A5 A5
WS 5 K T 12 AN T [ 5 B 0 A% 35 0

FEE W 7 MRS Y, SRS T
F 7o UL ASTR] R R B A B )
R TR AT R BOR 22 5 W 26 AL Wy [ A ik R
T ST A OG5 TR - TR A A %) R T R T — i
BT 06 0 T8 5 A 5 A ) R 0 s 0 ) B e A
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DR oy CL L | e S
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Table 6 Comparison of 7 phenols content of 3 cigarette samples under different methods

A S i J 72 6 Measured values/(pug/cig)
Cigarette
camples rethods K A T Y+ X MEB XEEH EE B
1R5F ENyIRES 1.4 0.7 1.3 9.0 8.4 0.3
LR (RS 1.3 0.6 1.4 8.5 7.9 0.2
3R4F PNy IR 7.9 2.4 7.6 33.2 32.3 1.1
bRy 8.6 2.2 8.0 31.1 31.6 0.8
CM7 ARIT I 29.5 6.5 22.3 84.3 85. 4 1.4
bRl 30. 1 6.7 20. 4 82.3 82.5 1.3
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Table 7 Contents of 7 phenols in the mainsteam smoke of the cigarette samples sold in the market
AR HIAT SR AR 5% {6 Measured values/(pg/cig)
Cigarette Cigarette Tar contents/
samples types (mg/cig) K SBHM (i) FF P 5% F AR XR T RIZE T
1 AR 1 1.1 0.6 1.3 9.1 8.4 0.3
2 5 4.6 1.1 3.4 22.8 18.1 0.5
3 6 10.1 3.1 8.8 37.3 29.6 0.4
4 8 9.2 3.0 7.8 42. 6 32.4 1.3
5 I 0 74 8 9.3 1.8 8.8 34. 2 31.3 1.1
6 8 14. 8 4.2 11.6 42. 8 38.5 0.8
7 9 19.1 3.8 15.2 39.5 28.7 0.2
8 10 11.7 3.4 9.8 39.3 40. 9 1.5
9 10 13.0 3.7 10. 3 45.9 48. 8 1.5
10 11 15. 8 3.1 13.6 66.7 61.5 2.1
11 11 14.7 3.6 13.8 48. 5 45. 2 1.4
12 11 25.1 6.3 17. 4 76.1 71.5 1.6
3 & TV R K 4y BT LD A R

fa S A oo S R e Sl S AN R AN ]

M % HH M L 4B R W . ] R R OR
TR RS W GC-MS/MS Kl k. 38
AR AL H AL R AY A A Tk m IR
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