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SHE &1 2% [F i i E BB AR 4 it RO R AR
1,2- BB fNRE =2
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%éa %2@9 ﬁéi’j&, /\E%H%, Eﬁéﬁ}j’%, EJ]‘}(’ gﬁﬂ]&ﬁ’/ﬁ:"

X ER, XAE

A A A 2 RS MR S TT e, M R HT ORI R X 25 450001

¥ OE. @OL T RN R P AR 1,2 T AT = SO TR . SR A XU R A ) S DV VONS HE
TR A0 20 min, RJ5iEE GC-FID &€ B M3 H0GR, JERMZINENE T 8 MAFRES 1 44 S HL7 MR dL o 25

R (D) iz,

WCHRTE 96.4% ~ 102.4% 2 18], KR 553079 1.3 pg / mLy 0.9 pug / mL 1 3.1 pg / mL;
AT = FE & B0 BIAE 0 ~ 34.5 mg/g. 0 ~ 783.0 mg/g F1 184.5 mg/g ~ 917.5 mg/g Z Il

. AR, REG B, 1,2- 9 AN =B H N HIER LA 0.4% ~ 1.6% 2 [8], JidsmE
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R U A BRI RE S, A A, 1T Melvin
2 PR GC-FID %82 1 B IR P e 1,2-T4
TEERIN BRI BE R ECR, ATk
BEATIRAE . A1, S ST B R AR £ T A B ik
BT AT T BRI AL, 85 T T VR
E, T TR FH AR € AR [ A 0 s e AR AR
JRBR. 1,2- T B =B 'R 5%, N
P AR O A 3 A 2 4 R U 5 B R R S

K.
1 #REF=E

L1 (%8, XF 544

{X#%:  Agilent 6890 SAHEIER (£ Agilent 2
A, A S AR HY-8 IR 2 CF
IHEEHEZRA R AR 3 CP2245 T RF (KE:
0.0001 g, f&[E Sartorius A F) ; HEAEEME M
i # DB-ALCI (30 mX0.32 mm, 1.8 pm) , DB-
WAXETR (30 mX0.32 mm, 1.0 pm) , VF-35 (30
mX0.32 mm, 1.0 um) »

A MHBEARAE (4> 99%, JnEE K TRC
AT 5 2- WM AR AE S (ZERE > 99%, INER
TRC A#]) 5 1,2- P FEhnifE s (45> 99.8%, it
HHRBATFD » W=BARES (4> 99.5%, [
FLTRAA BERARD 5 1,3- T ZEEbsiEs (AiE
> 99.5%, IIE AR TRC Aw]); HEE. S NEE (Aikaf,
%[E DIMA A7)

MARE: TH S L R MR i
1.2 HmErktE

HERAFRI 100.0 mg HLFHEME CRSHEZE 0.1 mg)
BT 50 mL =AMk, A 10 mL & NAR 5 A
VW CRSR A BRY) 2- SRR3R B 0.2 mg/mL,
1,3- T EERKRE N 1.0 mg/mL) , =& FHURIRG
20 min, fFHLFHEBARBEIRA S, B 1 mL 2 B0K
F| 2 mL i EP e 347 GC-FID 7347 .

1.3 {UEE&H

Agilent 6890 “UAH (1% A BC % FID kil &5, 44
¥ 4 DB-ALC1 (30mX0.32mm, 1.8um) ; F& 5 Jt
I, WHE 100 C (f£FF Imin) , L 15 °C / min /)3
ETFE 130 'C, LL40 C / min fIEZE T E 220 C,
PRFF 10 min; ZEFE TR 250 °C; FID Al &5 i 2
275 C; HANA, BAAE 1.5 mL/min, fERAR
Xy ZRE 450 mL/min; Z/< 40 mL/min; MRS
A 30 mL/min; HEAERAA 1 L, o REEAE, i
tt 50:1.

14 FRAETIERR

PLS B NI, 20 A FR B BRAR 1 5 0.25 g+
1,2- T ZEE AN = BEbRiE % 1.2 ¢ T 50 mL A&
H, FECHIVR A PR AERE AT 0 I FRE 2- R 0.2
g 13- T 1.0 g T 100 mL HEM T, EHIES
WFRE 25T AERAES DUAS [RIAA AR TR & b A 28 v T
10 mL &R, FE 70NN 1 mL IE& WA &
B AR B 1,2- TR R TR = I VR R AR 1 2R 97 1A
. 75 P8 B MHBRAE F 7 MR 0 B B IS T 1,2-
P BRI =, AR5 R H1) A B2 Y0 1 1) o A T
PEf 2.

MK B 25 pgmL. 50 pg/mL. 100 pg/mL. 250 pg/mL.
500 pg/fmL. 1000 pg/mL. 1500 pg/mL.

1,2- TN A —%: 480 pg/mL. 1200 pg/mL.
2400 pg/mL. 4800 pg/mL. 7200 pg/mL. 8400 pg/
mL. 12000 pg/mL.

15 EEERWIHTERRIR

WA HR & & X BN a0 (D 5.

PAAE S iRFE B B AR i R EOR R R

X:LL%%ﬁL (D

A

X —HFIRERARE R AR o, S =/ o
(mg/g) ;

A, — WA BRI EE, AL E W T
(mg /mL) ;

A, HAS T HARRE, AN E =
H (mg/mL) ;

L — WA, AN 2Tt (ml)

M — IR R, AN ()

LR AP UCTATIE 85 R T E R, KR 2
0.1 mg/g, “PATINE L R IKIARS P20 22 LN T 2%

2 ZR5iE

2.1 MERAYERE

% R N AR5 0 o S o ) B 2 M AR AL
JE U, [ R T R R O R B S 1,2- T R
W= & ' 2 R BOK, B, AR5 R WA bR
HEAT BRI E . SCHR [13-17] 28 WM B0 5 7] 3% FH
IEAbke. 2- FEEEMAEIE A bR: 1,2- N 8. A
SREMIE 2K 1,3- T SRR 1,4- T SRR
P b VOISO AR I B SRR IE (1 A AR, R
2- FHEEMERROCT AR BRI AT i 2, R 1,3- T ZEEX) 1,2-
N RN =R AT 2 R
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1,2- 4 B 9 = EE 0 %€ 7] LAk B DB-35. DB-
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T 12- . N =M ER R, R SER
P EE O TR S B ARSI R SR, )
AN E R DB-5 i ke, R GC ki 1,2- I =
BE. N =M% L2 ol 2R R R AR, [
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ALCI (30 mX0.32 mm, 1.8 pm) 3 R il 73 5
MR (B 1~E3) . 5%, KA DB-WAXETR
B AR AU Bk A, {HTH =EE(E 19 min
g, B, WBREHE, MES TR K
F VF-35 (il A Be A 20 B a4 &4, (IR S
2- FRRIE IR R e 58 A 2650 B9 K DB-ALCI a3
FEREIRUF 47 B8 5 b &4, Congldld R R BiTFR, ¥
A, e, U 8 min AI /3584, AT
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W) 1,2- Nl N =B AR I E AL 2, A
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R 1 TEZEBGAFIRIELER

Tab.1 Comparison of different extraction solvents

iipeatesnll HR3Z 5 8] /min JR, /(mg/g) 1,2- A I /(mg/g) =8¢ /(mg/g)

FH i 5 6.0 575.6 397.6
10 6.1 579.2 398.5

15 6.0 580.0 397.7

20 6.0 580.6 398.1

25 6.0 577.2 394.5

30 6.1 581.4 399.8

I 5 6.1 580.9 397.6
10 6.1 581.2 397.5

15 6.1 583.1 400.5

20 6.2 582.7 402.0

25 6.2 584.1 401.0

30 6.2 584.5 399.8

2.5 ZFERHEAIEEE P = I e 25 SR 1 RSD 7E 1% BN, KB 6 MFEHL

S B RG], AR AR I e g5 R AR — 5, R 20 min B, JEBEI
BT, #5715, 10, 15, 20, 25 f130 min 200 ZEREFRE, 1,2- N M ZEEARN R,
WA H PRI BRI (R 2 ) o S5RE R, & b, #fE ARHUE N 20 min.

HUFfE) A 5 min 39505 30 min, B, 1,2- A A

R 2 TEIZEBURHM EAILLE

Tab. 2 Comparison of different extraction time

MRV 7 PR35 18] /min JHBE /(mg/g) 1,2- HHE /(mg/g) =% /(mg/g)
5 6.1 580.9 397.6
10 6.1 581.2 397.5
15 6.1 583.1 400.5
i A I
20 6.2 582.7 402.0
25 6.2 584.1 401.0
30 6.2 584.5 399.8
PEIME 6.2 582.8 399.7

AR RA /% 0.9 0.3 0.5




3

S A
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AUR BT 32 R IR0 5 PR R 1,2 P9 R = 5

2.6 MEERHEE

Sy ) HE B Fx B 50.0 mg. 100.0 mg. 150.0 mg-
200.0 mg. 300.0 mg. 400.0 mg A1 500.0 mg I HL ¥4
JHEE T 50 mL HETZIR A, &I 10 mL & N FRI
RG], PP 20 min J5 BUORGEBEEAT GC-FID 4047 .
X T FRFE SN 50.0 mg. 100.0 mg. 150.0 mg A1 200.0
mg FEan MR SR, 1,2- TN /. =
T FRJ VA P2 B AE R A 2 O PR L P, 1R — Tk
FEREAT 3 A0 B AR R AS DU % TR &N 300.0
mg. 400.0 mg A1 500.0 mg HIFE MR, EATHIH
Bk B P50 A A A it 2R R R At YA L P, HORE 8 GC-FID

EENTE, 10 1,2- 5 R, AR E CAE
FrRuEh Z 2R METE ], 0 75 2R AR [R) 4 bk FE R 2
HUFADK FE AR A% 1S MRefe, FROREUFEREAT GC-
FID Ml 1,2- 5 =l N =%, g5 LK 3. g5 1%,
TANFRFEE RIS 45 R I A —F, RSD 7E 0.4% ~
1.0% 2 (8], 7]t 3 B SR ol s R ma . 1,2- 79 1
N =B 1) 5 5 R R IX 3 Fhfb & P it e 45
BESS RINIEAERUEMRTR IR GE R AT T, e
IR IR EE ) 1,2- T . R = EE AR AR v T
VEM 2 ZMEJEE, MERRRIE Bk 0.1 go

R 3 TEREERLER

Tab. 3 Comparison of different sample weights

FRFE & /mg JHBE /(mg/g) 1,2- TH K% /(mg/g) W= /(mg/g)
50.0 6.1 581.9 393.4
100.0 6.1 583.4 396.9
150.0 6.1 584.1 400.7
200.0 6.1 582.1 391.2
300.0 6.0 583.4 396.8
400.0 6.1 579.4 394.7
500.0 6.1 586.3 389.3

P H1E 6.1 582.9 394.7

A5 R /% 0.8 0.4 1.0

2.7 FREIIEM SR

e R HE AR ROEAT GC o, R AR
b E TARIIZR . LSS H AR RE TR 5 P AR I 0
AR 5 2% BRI L 5 BRI 2 2 b AT 2k o]
AT, AR H AL E VbR IE A fh 22 R AR ¢ &
(R4 o TBRE /N R B bR G AE 10 9K,

TR SE 25 R AORR e 22, 70 0l AR (i 22 FY) 3 5 AT
10 fE i E R IBR A E PR . 25 53R, 3 F0 H AR
TAR R NE R4, AR AEI =T 0.999; M-
1,2- P9 A0 = WA U B 23 50 9 1.3 pg / mL.
0.9 pug/mL+ 3.1 ug/ mL, KT FEFHME+ Hbr
WS E, EaEEs .

x4 L EYHARAETEf %
Tab. 4 Calibration curves of target compounds
AW 2R MR BV /(mg/mL) A )= 5 F MEARE  KHR/ (ugml) ZEKR /(ug/mL)
JHBR 0.025~1.5 y=0.8385x - 0.0121 0.9999 13 43
1,2- N —F% 0.48~12 y = 0.8732x - 0.0083 0.9999 0.9 3.0
= 0.48~12 y = 0.6766x - 0.0487 0.9999 3.1 10.4
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28 EEESENERER

%of [F) — B B MR S 7E R — R AT 5 ASPAT
SEBy, TR ESE B RSD N H WK, IR
S5 RWNBRM T RS, WE S RANEZS RN
RSD WHIEIGHE (£ 5~FK6) . 45REW, HF
SRR R 1,2- P REATY =R H e B
SE LRI 7 R 0.4% ~1.6% 2 1],

BN 2 B 0 T MRS it 3 4, 29 A HRAER
. SR IEER 1,2- P9 AN = A
fi, BN EEME 2 SRR S AR S R
I3 AT RTARERAN GC 43 #r, FH e AR H 0 5 2
IbrE LA E BT EECE (R o ZHREH,
SRR 1,2- TR FEAN TR = RE R ESCR 43 TAE 97.4% ~
101.6%+ 96.4% ~ 100.0% A1 100.0% ~ 102.4% 2 [,
RIE, %07 VR % BT, RO, & A A
SR AR 1,2- T BRI =B 2 T o

RS SMAENBNEEZE

Tab. 5 Intra-day precision of the analyzing method

ok B / 1,2- THEf/ =/
awin o e e
H1 6.0 577.6 403.1
H2W 6.1 577.2 405.7
F3IW 6.1 578.1 407.2
54w 6.1 572.5 404.0
FSIK 6.1 575.4 406.0
FHME 6.1 576.2 405.2
5 RE % 0.6 0.4 0.4

R 6 A ERBEREE

Tab. 6 Inter-day precision of the analyzing method

N Tk / 1,2- N E¢ / =W/
IR ngrg) e o
HFH1KR 6.1 576.2 405.2
2R 5.9 574.0 402.9
H3R 6.1 581.1 397.5
4R 6.1 581.7 397.6
ERPS 6.1 577.7 394.5
A 6.1 578.1 399.5

AR5 R /% 1.6 0.6 1.1

&1 S ERIMEREE

Tab. 7 Spiked recoveries of the analyzing method

&Y ROGEARE  WnE AIRE R /%
313 923 97.4
JRTR /
61.8 62.5 1253 101.6
(ng/mL)
93.8 156.5 101.0
2.8 8.5 96.4
i/
(mg/mL) 5.8 6.1 11.9 100.0
9.2 14.9 98.9
2.0 6.1 100.0
=
(mg/mL) 4.1 4.1 8.3 102.4
6.8 10.9 100.0
29 HmROH

L FHZ 7 06 8 N R IR 44 AN B SRR TR
BEAT T (R 8) o AR, (1) Al TR AR
FEGRRE. 1,2- 5 R =R & B BIAE 0 ~
34.5 mg/g. 0 ~ 783.0 mg/g Al 184.5 mg/g ~ 917.5
mg/g Z[f]; (2) MBS & 5 5 PRI & A 58 4 —
e 8 AFREAN T HEBLIIFE S A 1 ASFE S 36# £
A 13.6 mg/g MBI 36 ANFRVES A AL 1
o HERBR, L 13 AR R B X ZE 7E 10% LA
P, 3R B R 5 P AR el e v S A R R R T
FLAth 23 ANFE S RO BEAE 0T 22 68 10%, AN AUAE
TR M B 55 A v B 22 S O, T 324 FF i MR A
MR 5.3 mg/g, HIHBAREEA 11 mg, MHTIAH X
i 224 -52.1%; (3) 38 AN HLF R M A H 1,2- T
T, KHER N 86.3%; (4) AT E BRI H T =
s (5)1,2- A BRI = BEAE L MR P ) 7 A
845.3 mg/g ~ 981.7 mg/g Z[A], VLA 1,2- A EEAIPY
D H TR 1 S A



25 AU ETEE RN TR AR P e 1,2- T AT =B 7
xR 8 4 MBEFREREMDTER
Tab. 8 Analysis of target compounds in 44 e-liquids
WS WEARES R B (mg/g)  MEBAERRZE /% 1,2- TH TR Amg/g) NZ=BE /(mg/g)  1,2- TH R + H=EF /(mg/g)
1# 11 mg 10.5 -4.6 6133 336.5 949.8
24 = 18.7 - 663.7 281.4 945.1
3# I 15.9 - 749.5 184.5 934.0
4# 6 mg 6.9 15.5 486.9 428.9 915.8
5# i 18.2 - 696.4 260.0 956.4
6# 0 mg A - 783.0 192.0 975.0
T# 16 mg 9.9 -38.1 221.2 699.7 920.9
8# 8 mg 6.9 -13.9 226.3 681.8 908.1
o 0 mg A H - 253.9 672.1 926.0
10# 0 mg RAa - 218.1 685.4 903.5
11# 16 mg 11.1 -30.4 238.9 663.0 901.9
12# 12 mg 6.6 -45.0 238.0 663.7 901.7
13# 0 mg KA H - 207.8 694.8 902.6
14# 0 mg ER oA - 169.7 710.3 880.0
15# 6 mg 6.1 2.3 578.0 395.0 973.0
16# 11 mg 10.7 2.9 581.7 389.2 970.9
17# 16 mg 15.8 -1.0 575.5 395.4 970.9
18# 11 mg 11.0 0.3 682.8 297.3 980.1
194 11 mg 11.0 0.3 567.3 389.0 956.3
20# 16 mg 15.2 53 566.9 389.6 956.6
214 11 mg 10.7 3.2 577.8 391.6 969.4
204 11 mg 8.6 219 617.4 297.9 915.4
23# 6 mg 5.4 -10.2 631.0 304.6 935.6
24 11 mg 9.3 -15.4 627.9 302.9 930.8
254 6 mg 52 -13.7 661.8 247.6 909.5
26# 6 mg 5.6 7.1 605.2 322.5 927.7
27# 6 mg 5.5 7.6 625.5 327.1 952.6
28# 6 mg 5.1 -15.7 600.3 303.2 903.5
204 6 mg 5.6 7.4 664.8 283.1 947.9
304 0 mg At - 660.9 244.5 905.4
31# 11 mg 9.9 9.6 612.9 324.1 937.0
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324 11 mg 53 -52.1 606.8 301.6 908.5
33# 6 mg 6.1 2.2 583.7 398.1 981.7
344 [ 17.5 - 758.8 196.3 955.1
35# ik 11.8 - 672.6 290.5 963.1
36# 7 13.6 - 745.4 191.1 936.5
37# 4.5% 34.5 -23.3 0.0 856.6 856.6
38# 3.0% 24.0 -20.0 0.0 857.0 857.0
394 1.5% 12.2 -18.8 0.0 860.5 860.5
404 4.5% 32.5 -27.8 0.0 870.4 870.4
414 3.0% 232 -22.5 0.0 851.3 851.3
424 1.5% 11.7 219 0.0 8453 845.3
43# 0.0% RA - 0.0 917.5 917.5
444 3.0% 23.7 211 0.0 865.6 865.6

TE: MEBRART i 22 = CHRBRCIN i - BRI ) <+ MRBRFRVE R X 100%.

3 &g
ST TR S A T ORRE L I, LR
HA A - S KGR IS (GC-FID) [A) B 43 #7 -1

MV M 1,2- Y AT =, SN AR E B
Jiihe GOTIEATAC P PRI, RENS AN E o1
R Y AU A P P R TBl RT e oR RE FY) 1,2- T R AT =
B, sEEARAEM AT SE . HIIMELF, 1R T A
R, T AR TN, SO E R TR
TBORT: ity 2 2 7 P PR R AR
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Simultaneous determination of nicotine, 1,2- propylene glycol and glycerol in e-liquids with gas
chromatography method

CAl Junlan, CHEN Li, PENG Bin, YU Jingjing, CUI Huapeng, WANG Bing, ZHANG Xiaobing, LIU Huimin, LIU Shaofeng
Zhengzhou Tobacco Research Institute, China National Tobacco Corporation, Zhengzhou 450001, China

Abstract: Gas chromatography method was used for simultaneous determination of nicotine, 1,2-propylene glycol and glycerol in
e-liquids which were extracted by isopropanol solution including two internal standard compounds with shaker for 20min, and subsequently
analyzed by gas chromatography- flame ionization detector(GC-FID). 44 e-liquid samples of 8 different brands were determined by the
method. Results showed that: (1) The method was quick, easy, accurate and sensitive with intra-day and inter-day precisions of 0.4% to
1.6%. The spiked recoveries ranged from 96.4% to 102.4% , and detection limits of nicotine, 1,2-propylene glycol and glycerol were 1.3 nug
/mL, 0.9 ug / mL and 3.1 pg / mL, respectively. (2) Nicotine, 1,2-propylene glycol and glycerol in samples ranged from 0 to 34.5 mg/g, 0
to 783.0 mg/g and 184.5 to 917.5 mg/g, respectively. (3) The detected level of nicotine was close to that of labeled content in some samples
while inconsistent with labeled content in others, indicating that some brands failed to accurately describe nicotine contents.
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