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% 5 A B TR

X\ HA, SR Eek', LEE, BT E', ERBT

1 53 B o B ARG 6 Aty VAT R N ST BOR AL TE R X R 525 450001
2 TP T A R SR A R, SV R T AW #5285 530001

m OE.

CUEHFI LA (O = RGH AR (R - SR 3% (UPLC-MS/MS) 7
BEH C,; 3% #7025, WEE -0.1% IR KBNS, bk e E.

CHEY B Seg s ARG, L7 — Ml e f AR 5 AN & AR (2365 BSR . PERSEN. Bl

[J57:]) FERARBAKFIRE . C A BREMZERURLS, A
[45FR] &R R OS5 FEEFIE 0.25~5.0 pg/mL 1)

FruE TAEh R JE B g 26t o6 R R IF (>0.998) , #a iR (LOD) AIEEFR (LOQ) 2354 0.02~0.05 A1 0.07~0.17 mg-kg", [Al4i
N 92.5%~105.2%, FXFR#ERZE (RSDs) < 5.0%. @K A5 10 A B MRGEERE S adb AT 7RI, 1 /NBE A il e 3R

EEN 248 mgkg', 2 MRS AT, SR 3.35~4.52 mgkg! 1Al

THAED ST FL 7 AR 22 R B AR 7R 9 TR A

(40 ) 207 ksRfEm s, g, REUVES. AHUE

KB B G ZIEE, RE R WERAN; BHREE 48 UPLC-MS/MS
SIRAAR: Wk, s, ™R, % . UPLC-MS/MS [FININE Fo TR 22 28 8 55 5 Al GRIIARF) [J]. TP B R A44R, 2019, 25 (2D

FEL M A 3T LA SR L 11— oo i B R i i, S
FREFAEMW, B0 R (BRI
BRI SBJFR. BHIEE. ZAEER
FUE S CRLEE I s A D 2 M. B R E
O P RH AL T A 4 ) R 5 B b e TARRAS, Ik
Jii s B S TR AN R BV T A AR o L R
WP R A% O, R B 2 B BB TN . I
5 A R P 1 S B il NI @ U =
TR i S R 2 FEAG I 75 3K 28 & s i
SR AP A R B A B ARAR, A2 e PR R
R EENREZ— Y,

R A — 20T DLER T A b R AN R s 741
BARE S REIR IIRER A2 K AR A
AT R 2. GB2760-2014 (& i %
A [EZARUE B IS FARAE) BE T e R
AN, Hohze e, PR, SR, iR AT
W B AR 5 AR TR F N A B i R
HAE L RAE R E LR 1. AEMAHANTARE
R RS 2240, AN a b £ 3 i B 7 A XU
B FERE. My, SEEHSRMAN T ERE

AR, U2 6] VR Bl 1) B AR e A — S R A
I P DR A FL T A VR R 2 N T R R
FIABRBARR R TR, W2 PR ) 75 2

5 3 0 o /AN = 5 i L S P AR S5 S S Y SN
. AR WEEFEAEFEREY. B
anE vk M RO v R RO R - T
Pk N Al TN LA R R P B 2
AL SAPE . SRR AN R, YO E iR AR A s 2
2 Pl EH R [R A ) 25K, 88 7 (iR A B 40
AT RBUZARE R AN AL o B 25 X
IR P SRR ™, A 45T B g BRI
REUE R AN T RO b B . O il — H B
JRE IR R RS L R B R DL R T RE ST o,
H AT C iz B T s g e N

B FU G5 b e OB B - AR 1B 5T B ) A B
W, REUER, Rkt B, iR
WA, TSR 2 MO AR AR A D7 30, AL TR
T BRI 2 Fof VR ) [ B RS0 ) s R A G -
BRI % o 12T iR R TR B, b I A R A RO
T B S U6 RS FH R PR it A
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Tab.1 Chemical name and partial limit requirements of 5 sweeteners

&R JESLAFR 12 A FR GB2760-2014 &7 £ dn B 2K / (g/kg)
M. kR 1.6
i E R Sodium cyclamate PR LR R R RR B
YRl 0.65
HEAGEN Saccharin sodium A8 2 HH R O IV Jlc R 0.15
WHFL: 0.6
B} KRR EEFL: 1.0
i $47 £ i Aspartame L- RAZE -L- 7R A28 F AE T
TEAUCE BRERCEL . KRR 0.6
HAL: 4.0
AR R T FL: 0.35
LIE Acesulfame TR A ARG 0.3
i 0.3
WHIFL: 0.02
JN- (3, 3—— L-a- AR EFL: 0.1
A Neotame N-N- (3,3 AR TH) Lo

RAEME -L- KNEIE -1- BB

MRS 0.08
HIRTCRE, M E YR BRERYCRE: 0.033

1 #REFE

L1 #el, RFFEs

10 Tl A [7] i L) HL - SRR, 9 5N 1~ 10#,
Hodr 1#-d# NS RRR, S#~6# NTERIE, TH#~104 K
KRR, At 25 I 3%

CIRE . RHEZR . WD, BT A RO A A b A
i (> 98.0%, f[E Augsburg A @) 5 HER.
(o pal, [E Merck A F]) 5 N- L& (PSA)
W BRI S A R R B RURT C18 W Bt 7R (40 pm,
EH Agilent A7) 5 A NHAIK,

Waters TQD PU 8 A £ 16 5 185 4% [ Fic £ L isE 55 H
IR (ESD ] Waters Acquity 1 Class i i 20 #1 4
i {%. ACQUITY UPLC BEH C18 ¥ (100 mmX2.1
mm, 1.7um)  (GE[H Waters A7) ; VX200 inJiEdk
1% (SE[E Labnet A ) 5 Milli-Q 4K 24 (£
Millipore 2 7]) 3 AEI63 HL1-RF (J&&E: 0.0001 g,
i+ Mettler Toledo AF]) .

1.2 AFi&
1.2.1  FESETALER

REL 0.2 g B FHHAE CRSWEZE 001 g) , JFE
T 5.0 mL ARt . HBAUKMBERZIRE, %2
FEHL 1.5 mL ¥ 2 2.0 mL .08, FFIIA 25 mg
C18 W[5, WA HEHR Y 2 min, £ 0.22 pm 7K HH JE i

g, JEREE UPLC-MS/MS 47 #7 s
122 il TR BC )

I3 BIFREL 10 mg 5 F#f w7 bR e &, T F— A
100 mL &R HABAKE R, H15 5 Pl ki
BN 100 pgmL™ [KITR A bR i 50 -

5 I #% U & b AE A 250 25+ 504 100, 200,
500 pL & 54N 10 mL 252, 8 4l K BE 9 45
IS AN [ o B R B B bR v ARV . A ARV
S RN B AR 0.254 0.54 1.0 2.0
50pgmL".

123 fga

4. ACQUITY UPLC BEH C18%: (100
mmX2.1 mm, 1.7 pm) #F; FEiE: 40 C; #tFFE:
2 ul; Yii#: 0.2 mL/min; JzhAH: AMHNHIEE, BAH
HO0.1% A0 B KW B AR 7
0~2 minN5% A, 2~6 min 5% A~30% A, 6~12 min
930% A~90% A, 12~13 min’y90% A; 13~13.5 min
HN90% A~5% A; 13.5~15 min 5% A; JRiGiHiJ7
A HEFHEM BTFUR: HEBEEEJE (ESD
BTURIRAE: 150 °Cs BUAFVIRSE: 450 °C: iy
ALE: 650 L/h; HEZSSJE: 50 L/h; (5 ES (A
100 ms; BANEHE: 2.8 KV REHNK: xRN
M (MRM)



¥ %5 UPLC-MS/MS [R] IS 5E F— HEMER 22 B 245 5 T s it i 7

3

1.3 BAES

K yE R4 R 1] MassLynx V4.1 ¥, P, [
W ZR FAF T 78 O 22 1) 71 55K . Microsoft Excel 2007
R R A o

GRS

2.1 EBEMAREK
2.1.1  JmBhAHR LR

K - HEE. K - SIER &R K HFERX 5
FRERR IR 70 B . 25 SRR B, WEERI XS 5 Fh
BRI 70 B R AT, FEA IR TS OL T, 5 B
FHRFIREETE A FR, (A BA RGN, FER L

1.40E+05

2

IR IR IR, IR i R - KPR i s A,
FRAEAE RPN IR . 25558, fEREH I
PRI B9 0.1% (1 FERJa 5 b EH R 1 145 5 W]
B, (ER G R IR SGE . R .
R B SR G184 FHY I A It IV Jbe B, R AL~ A4
NI CIER IR, 2 E RN LR HE R,
el S4fr EL B A AL BH OV R R R RS, IS S Sk
YE, B 55 C18 KAk B i e i i A PR A P 1 3 2
Wt e, RIS IR YRR AT A RIS . At
HEFEHEE - K (0.1% FER) Niishi. KA E
I A0S 5 FHERIRFTBEAT 70, ke 1
KU E 1 ffos, TRUE Y, 5 st ksl (0 70 88 2 R AU

1.20E+05 T
1.00E+05
LiE+ 3
- 8.00E+04
o
2 04 |
= 6.00E+04 P
4.00E+04 o 34 B2 i
2.00E-+04 | PR k A
0.00E+00 L L‘
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
i ] /min
B 1 5 FhERIG % RS 8 i
Fig.1 MRM chromatograms of 5 sweeteners
2.1.2 BT RIHE F2 5 MEHEAINRILSH

I 10 mg/mL bRuE I, AT s S bR 77 A TE
ESI" #1 ESI #0 N AT 2. SR BR, 5 Mt
W 31 75 7 2 B T 1 e AR 38 e T OE B PR
DR G B 0 & T 4. FEES 7 (BSI ) BT,
Bif 7 ELEH FO AL ET [M-H] 5 83 % [M-Na] —, FEAS 80
[M-Na-2H,0] ~, “%%%% [M-K] FEH R, Kbkt
EHEREE . DR NIRRT, TS T
4, EIFEERE. E5RENE A S TE N E
MERETET. HPEZPET m/z 178.0 2 fF
133 m/z 80.1 — M T, Rthik+E 178.0 1
NEMTET. e, MAEME K. BARISR
B, MILRE. S TIREE . #EFLEE. R
LB, AN TR N B . TR EI
5 FhER TR LE £ B AR R I B S 8N ER 2 B
2.1.3  ATAbEEZAERIfLE

AR KA OB TN = SRR
& AR IR],  FEBEAT TR 0 2 10 e i S i 25 2 o)

WRFHAE o TE AL P DR B PR RE ™ AR, S B T

Tab.2 MS parameters of 5 sweeteners

1&;;@ B e %E?(‘LVE%E Ea‘ﬁ&ﬁvﬁ)ﬁi
eSS 201.2 178.0/80.1%* 27 -33
178.0/178.0 27 20
B4 2412 182.9/42.3* -55 -45
182.9/61.8 -55 -40
FaTHTELEF 2943 293.3/200.1% -63 22
293.3/261.4 -63 -15
LARHE 201.2 161.8/78.0% -30 41
161.8/82.1 -30 -19
A 378.5  377.4/200.3* -65 -26
377.4/345.3 -65 -10

Note:* Quantitative ion pair.

FEOIEAE BRI R E DRSS, (AT, DR B (A]
AFERE o« T T B MR T I S ) o oF o i 5 SR ) 5
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Wi, HIX 5 RhERRFIEY 5Tk, T DUER FH AR
s M RE S BEAT AL R AT o R 1) D AN AT DA BRI
FSETEUE RN, 1 H AT CARRARIE S RN, (H 2 [A]
I & PR IR At BR . e A FIRREAA RN
B A EMBERAR 5 mLo AN A 7t — D AR
TP, DA R 2R O AR TS G R

25 mg B BE A ZE UM R (PSAL C18 Flfy 52
R B NI FRE Ja BIRE S AT 2 BRI AH RE B AL . &5
R(E3) BIR: CI8 MR UF, & FIURT [l 2
1E 92.6%~102.2%, HAHXIARiEw 2 /N T 6.0%, A LA
W ERMER ASMOR BSURRZE, HXTET A
RIS A [RIRE R (B, 3 BRI A

3 SEEHEFERUKXFIXS 5 FEHIRFI B R (n=5)

Tab.3 Effect of dispersive solid phase extraction reagent on recoveries of 5 sweeteners

p— i TSN ] 7 B GIEE 2t
2 T SR o, PRI ., PR o, PRI o, RN o
% 1% RSD/% % 1% RSD/% % 1% RSD/% % % RSD/% % % RSD/%
PSA 84.3 5.0 86.6 6.5 88.7 3.9 84.9 5.4 90.6 438
Cl18 92.6 4.6 98.6 52 95.8 5.8 102.2 35 99.4 3.8
bR B 75.2 48 78.5 5.4 68.6 3.9 74.6 4.4 72.7 6.6

2.2 FHiETEG
221 FrEdiZE. KRR E RR

PL S b iR 571 5 B 8 1 6 1 B i T AL (YD)
(CPs) NYALKR, bR TAEWWH 5 P kAR
FE (XD (ug/mL) AREAAGAER, 15 EIF5iE TAE ih
2k, bREL/EMZE N Y =AX +B, HH AR B

Iy MR AFER AR . DL R ERFE L (S/ND
9 3 I (R A R R A o D R R R RIY) LOD. DA
Rl R A S EE (S/ND R 10 BB HE R IR RS o N
FEFRETIR A LOQ. 455 (R 4) BIR, K ETMRA
£ 0.25~5 pg-mL™" [O9R BV Y 2R 6 R R AF, ARG
RECKT 0.998, AT LU & =T E R

R4S MEHKARARETFRL. BXRY. KHREEER

Tab.4 Standard working curve, correlation coefficients, LODs and LOQs of 5 sweeteners

&Y TR EA I TA] /min FritE T A 2 R R KR / (mgkg ERM/ (mgkg"
AEE 11.10 Y=2901x+172 0.9985 0.02 0.07
iy 44y 2 8.05 Y=1122x+187 0.9990 0.04 0.13
HERGE4 5.92 Y=800x+31 0.9995 0.05 0.17
L 7.24 Y=2639X+20 0.9987 0.03 0.11
GAEHE 3.86 Y=2694X+60 0.9992 0.03 0.11

222 JiiEM RN R OR

T T IOARAE b R RS R SR SR B 1% T VE I
P, JELLRSD RIS 2 5 . TEAN AR KF (LOQ,
10 £5 LOQ, 20 £i5 LOQ) [HMNARFE i ik AT [l 2R 51
5o BAREEKFEZME 6 K, THEFES B &FhE
WRF B B ZE A RSD. 4558 (K 5) IR, R
92.5%~105.2%, H.RSD ¥J/NT 5.0%.
223 SEBRFE S E

KA T 5 B 1 10 3K f 1 IR AR R o 4T
TS KPATINGE, SR (R6) B 2 MM TR
WA AH, SRS NN 3.35 F14.52 mgkg's 1 MEE

5 AEKE TR AR E W ZE B R AERZE (n=6)
Tab.5 Recoveries and RSDs of 5 sweeteners under different
concentrations (n=6)

LOQ 10 fi% LOQ 20 fi5 LOQ
fea E/Llé/zi RSD/% E%@ RSD/% E/%}}; RSD/%
Al 936 36 955 38 928 36

FITEEE 925 40 1034 44 946 45
BB 945 38 977 3.0 1052 42
eSS 98.8 42 957 40 984 35
GHEE 1023 3.5 968 42 966 38
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Tab.6 The determination of real samples

oy A1 5 o] 37 EL HERE BN HESS TIRHE
[2]E}
P/ (mgkg')  RSD/%  “PEIE/ (mgkg") “FHIME/ (mgkg ") FIME /(mgkg"') RSD/% “F¥{H/(mgkg™"
1# 3.35 4.0 / / / / /
24 / / / / / / /
34 / / / / / / /
4 / / / / / / /
5# 4.52 3.8 / / / / /
6t / / / / / / /
TH / / / / / / /
8 / / / / 2.48 4.4 /
9# / / / / / / /
10# / / / / / / /
e ORRRH.
4.50E+04
4.00E+04 Eﬁﬂ
3.50E+4
3.00E+04
2.50E+04
£ 2.00E+04
o
@ LSOE+04
LOOE+04
5.00E+03 k
0.00E+00 J\—J
0 1 2 3 4 7 8 9 10 11 12 13 14 15

i i8l/min
B 2 5# HmHEEE T RiEE
Fig.2 SIM chromatograms of 5# sample

M AR E R, 8RN 248 mgke', HAXbRUE
ZE/INT 5.0%. B2 A S# FER RS T Eik A,
224 Jjikxtte

SCHRARIE 7k U R B A K R, e RS
IR HEAT LC-MS/MS K& >R AR 77 5 STk I8
JTVERE 14 A0 84 FF St BEAT R M FIXS LA H, 55 GR D
IR, AT IERINGE S-S SRR TE 7 A 5 SR 2 ]
TR ZESR, UM AN —8E RLF, (HRAT
PR C18 B M AR BUS AL fG, FERE TR, MR T
XA ZR HIT5 G o
2.2.5  J7iERIm A

M A FR 2 AR g 1, AR 4 GB/T 27417-
2017 F11 GB/T32465-2015%", — AN 43 41 7 325 M
AT S — LE R R NG ARk o i PR
6 A2 2 SR IR B B Ath 2% A8 B0 o AT VR RS R ) — I

R T RARAFERMELERX L

Tab.7 Comparison of testing results by different methods (mg-kg™)

o S A

HE

me o SO MRHE .. SCR A
ORI Sy e, AT S
1# 3.35 3.18 2.6 / / /

8# / / / 2.48 2.65 3.3

KIGTER . BEATI FIE 06 1 H AOLE T4 01X L5620
Ry S PR ve G PR PR Rl ERE S1i ) R EE PN
MR, RN A AR . 8w B SRR
Rl #2545 RO (RED BB EAMR T
PUNAR: NG G SERRMrRL. SA85E

A SCAEA FRRIG 26 AF T 1 FEfmdt AT 1 7 B
2KV, RIS R R R 8, 1GR9
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FIIR DR 5 20 A, I 8 ke, 5 R Pl s tvua vy ws
X~ Yy Z RoNe BAEGUECLRE NG, HEH A K
AR a KA, RS B A S ) S AT TR N W
K A BI85 R AP IIE X = (s+ttuty) /4, Wi a
HIFTA 45 B FIME X= (wixt+y+z) /4. HH AN
a ZJEXHEE BRI X, - X, KFER. R T7TAHEER
X - X ZEMLSHE, EAKBVNES], A

PRI 2 A 0 25 A B s, IR 4% R R I ZEAE
YA K izt iz KT HAh R R I = (L5, P A
TEOL, LR R AR N ARSI 26, FEAE A RIS
HH AR AR ) R

ARG 4R (£10) Box: 7T ANREKF,
FE 3R RS HEAE B 00, FEAS I A B 243 E R AN A
B RS E A AR

* s AMIKKEER
Tab. 8 The factors in the ruggedness test
ESEN biiBE HERE FER YN HEREIN ] R e
AKF1 A (020mL/min) B (2uL) C (40C)> D (A1) E GEEESEVRIEF) F (8[E Merck) G (Waters TQD)
AKFE2 a (022mL/min) b (5uL) ¢ (35C) d (AH2) e (WHUSHE 1 KR (L2 g (AB4000)
FomAMKKAS
Tab.9 Combination of the ruggedness test
PRI 3R 50 1 2 3 4 5 6 7 8
/TRU A A A A a a a a
MR B B b b B B b b
R C c C c C c C c
PN D D d d d d D D
BEFEI(A] E e E e e E e E
il F f f F F f f F
& G g g G g G G g
[oRIEEP S S t u y w X y z
3.35 3.18 3.30 40 3.26 3.19 3.42 3.53
x 10 Mt AR R gt
Tab.10 The results of the ruggedness tests
A B C D E F G
1 3.35 3.35 3.35 3.35 3.35 3.35 3.35
2 3.18 3.18 3.30 3.18 3.30 3.40 3.40
3 3.30 3.26 3.26 3.42 3.19 3.26 3.19
4 3.40 3.19 3.42 3.53 3.53 3.53 3.42
P X 3.31 3.25 3.33 3.37 3.34 3.39 3.34
a b c d e f g
1 3.26 3.30 3.18 3.30 3.18 3.18 3.18
2 3.19 3.40 3.40 3.40 3.40 3.30 3.30
3 3.42 3.42 3.19 3.26 3.26 3.19 3.26
4 3.53 3.53 3.53 3.19 3.42 3.42 3.53
FHME X 3.35 3.41 3.33 3.29 3.32 327 3.32
ZE X -X| 0.04 0.17 0.01 0.08 0.03 0.11 0.02
e 4 1 7 3 5 2 6
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T8 sz EG SRR Ak, @57 7 UPLC-MS/MS

[ B 300 7 R TR e FR . BERE . R E R
Bof 3 CL AN AL S AN A R R 5 . 7R
AL SEIR 254 R, 5 PN T A R EH R 57 1) B i 2 AE
92.5%~105.2% 2 [], AHXF b5 A 22 7E 3.0%~4.5% 2

(8]0 %7595 LA A K AR N SR O 71

IR, EE

SORMER T SE, AUACEE AR A ARG L AT TR
RETH A2 S 36 = ) H AR 75 2
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Simultaneous determination of 5 synthetic sweeteners in e-liquid by UPLC-MS/MS

YANG Fei', LI Zhonghao', YAN Jun’, WANG Ying', LIU Shanshan', DENG Huimin',
BIAN Zhaoyang', FAN Ziyan', TANG Gangling"
1 China National Tobacco Quality Supervision &Test Center, Zhengzhou 450001, China;
2 China Tobacco Guangxi Industrial Co., Ltd., Nanning 530001, China

Abstract: An ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) method for simultaneous
determination of 5 synthetic sweeteners, i.e. Sodium cyclamate, Saccharin sodium, Aspartame, Acesulfame and Neotame, in refill liquids of
e-cigarette was developed by optimizing experimental condition. Samples were diluted with ultrapure water and purified by C18. Their extracts
were separated on BEH C18 column using methanol-0.1% formic acid as mobile phase. Results were quantified by external standard method.
These results showed that: 1) Good linear relation was obtained within the range of standard working solution, with »>0.998. The limits of
detection (LODs) and quantification (LOQs) were 0.02~0.05 and 0.07~0.17 mg kg™, respectively. The added standard recoveries of blank
samples were within the range of 92.5%~105.2%, with a relative standard deviation less than 5.0%. 2) Ten e-cigarette samples were tested
by this method. One sample was detected as cyclamate with a content of 2.48 mg kg". Two samples were found to contain neotame, with the
content between 3.35 and 4.52 mg kg'. The method proposed in this study has the advantages of simple operation, rapid speed, high sensitivity
and robustness, which is suitable for simultaneous detection of various sweeteners in refill liquids of electronic cigarette.

Keywords: e-cigarette; refill liquid; acesulfame; sodium cyclamate; saccharin sodium; aspartame; neotame; UPLC-MS/MS
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