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Simultaneous Determination of Ten Benzotriazole Ultraviolet Stabilizers
in Plastic Bottled Fruit Juices Beverage by UPLC-MS/MS
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Beijing Centre for Physical and Chemical Analysis, Beijing 100089, China;
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Abstract: A method was developed for the simultaneous determination of ten benzotri-
azole ultraviolet stabilizers in plastic bottled fruit juices beverages by ultra performance
liquid chromatogrephy-tandem mass spectrometry ( UPLC-MS/MS). The separation

was performed by using water containing 0. 1% formic acid and methanol as the mobile
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phases with gradient elution at a flow rate of 0. 3 mL/min. Qualitative and quantitative
analysis were achieved after the chromatographic separation on a Waters Acquity UPLC
BEH C18 column (100 mm X 2.1 mm X 1.7 pm). The electrospray ionization (ESI)
source in positive ion mode was used of the analysis of the ten benzotriazole ultraviolet
stabilizers in the multiple reaction monitoring (MRM) mode. The parameters were
optimized, like as the effect of different solid-phase extraction (SPE) columns, elution
solvents and elution volume. The condition of the final choice was that the sample was

standard curves are obtained with good correlation coefficients (R*>0.996) in their

purified by C18 SPE column with 4 mL methanol-dichloromethane (1 :

concentration range. The limit of quantification (LOQ, S/N=10) for the ten benzotri-
azole ultraviolet stabilizers is 0. 1 pg/kg. The mean recoveries for the ten benzotriazole
ultraviolet stabilizers at three spiked levels of 2.5, 5.0 and 25.0 pg/kg are 79. 8%-
101. 5% with the relative standard deviations of 1. 0%-5. 5% (n=6). Ten kinds of food
contacting materials were tested, benzotriazole ultraviolet stabilizer was not found in the
sample. The method is accurate, simple and feasible for the simultaneous determination
of benzotriazole ultraviolet stabilizers in plastic bottled fruit juices beverages.

Key words: ultra performance liquid chromatogrephy-tandem mass spectrometry (UPLC-
MS/MS); ultraviolet stabilizers; benzotriazole; plastic bottled fruit juices beverages
I =mk2k 1k & ¥ (benzotriazoles, BZTs) HREHHYFE =
AT FERH) K I =
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H3TE
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e (UV-320),2-(2-#2 3&-3-
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g, K EHFGDY ., HRERH, SR
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AMERK B BREEEWEN, EEZ
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FR A BEJH 1 (GC/MS)TOM i Af 0 33 -5 BR R
W7k (LC-MS/MS) P 48 34 0] D) 52 31 34 5% #F
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B, 40 Jiang 45 Fl F LC-MS/MS ¥ & )
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MRSy, KPP NUMET UV-P,UV-
234, UV-327 ¥ i % & 4 5 30.1.5,
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I = AL B Y BRI K W R A R AR
AR SCH

1 ZXBEHS
1.1 FEMNHFSKA

Acquity 8 & BOR A E35 AL, Xevo TQ H
BE R 3 1%, Masslynx4. 1 T {Euk: 3£ E Waters
24 A= s KQ6000V 8 7 v e 4 - B LU 7
{UERA R A F P s N-EVAP-112 B A : £ H
Organomation 2 ] 7= i s Milli-Q #B 4k 25 : 35
E Millipore A& ;=i ; CR22G I & .02l : H A
HL AR .

UV-P, UV-PS, UV-234, UV-326, UV-
327, UV-328, UV-329 Hl UV-350 (4 & >
97%) : RIBTIE LR B B A B2 A 7 s
UV-320(4E BE >99%) : 2 F Dr. Ehrenstorfer
AT UV-360 (A =>98%) : HA TCIL 4
F] 7 #h; Sep-Pak C18 [& #H # HX #F (500 mg/
3 mL) : EH Waters A1) 7 i ;s HEE, LR 4P
T @B I (B354 . 32 E Fisher 24 7)™ i
LB K R 2 Milli-Q # 46 R 52 (0. 22 pmE &)
T UB R 25 B T K s Fo A 3R] 389 0 40 A 4l 5 S5 e A
p ] AR i
1.2 #RER R L H

S ERRFR BUE & A R HEY R, A F
BRSO A RIS BB W E D 1 000 mg/L Y
fERIR . WEWAAS IS R MERE A MR B T 100 mL
AEMP L HPEES, BEH R 1 mg/L MRS
AR . T AP ERRTE 4 C T RAF.
1.3 HmibE

g BRI ORI B A B O E T, D
8 000 r/min B> 10 min, Bt FEWH W, %5 .
PRI 2 O ZE 0.1 mg) FHERZE 10 mL
ZIEER, MAEERNK BFRY. HEE T
KER .

A A AL 43 A 5 mL HEEAT 5 mL
B K I AL T B A 2R /N B A
10 mLE & W A C18 [F M BN EH , B4
A1 mL A8 F/KH 1 mL WEHEE, 750
HEBGAERAPE-—EHEERA : 1,V/V)
VML, AR BEBLR T AR E .40 CAKRET,
FEEARE 10 mL, i 0.22 pm AHLIEE, £F
UPLC-MS/MS {ll| £

1.4 ZWEHE
1.4.1 @& &M A%k Waters Acquity

UPLC BEH C18 H:(100 mmX2. 1 mmX 1.7 pm);
TSI A 0. 1% FBR/K IS W, B g FF BV K 5 30F
&S5 pL; Wi E 0.3 mL/min; HHIR 35 °C ;46 BE U
AR F :0~6 min,90% ~94%B,6~7 min,94 % ~
99%B,7~12 min,99% B, 12~12.5 min, 99 % ~
90%B,12. 5~14 min.90 % B,

1.4.2 JRIE&ZM MBIEHEEERFEL
(EST™), £ Jz hif 5 4 =X (MRM) , & 41 % #
3.0 KV, ZEUHJE 5.0 V, B FIEIRE 150 °C, i
B SIREE 350 °C, B [P 650 L/h, 1L
S 20 L/h,

2 H#REiFie
2.1 JRiEKHNIEE

A3 BB 10 Fft 3 3 = mb 3% 1k A& 0 1 b o 95
s R R 3 2 7 =K B R A TR BT
P e IE B F(ESITO M s F(ESIOEXT
AT EHE RBEAENES T FIEMNEE
. BHREW,E ESITHEAX T, 10 fZEI=
MR AW B AR AR EEMIM+H] #
STTETE, BEEBE TR, RATFTETFHE
75 AT R RS T, xR T AT
Lk MECRE TMERET. REXTE
FIREE . EEFEERRE LR R
FIARAL (8 R 0 40 O S T AL ROR A B i, B
xHFTE1,
2.2 BiEEHNRL

LA RIHEHR T BB KER . FBE-0.1%
FIRR K YA W 2 -0 1% 1 R 7K ¥ W A R U 3l
MERXN B ST BERRNFE W, 458%
T, DL S A ML S, 45 1 0 4 v R 58
KaE, (TR 8 17, T LA 2B S A BLAE B A
M BB BH R, EW ST A R, W]
DIIEE H AR b A W B T AR R, 635 0
MR EIMT I ANER. FBTERHRE
F. ZnhRTE—-FHETREERESE, K
K455 T UPLC 4 #r it i 48 | T 2638 =
WAL A W & 4 A TE B35 R R AT BOER
R, 2 S 56 3 % B -0, 1% H BR K VB AR N
WA, R E] 10 ORI =R & Y K B
B, ~THE 1,
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1 10HMEHF=WRUSUHREEHE
Table 1 MS/MS parameters for ten BZTs

e BETF FHET HILHEE RMiERER ey BT FETF HILHEE RiRERER
" (m/z) (m/z) /v /eV = (m/z) (m/z) /V /eV
UVv-P 226. 2 120.1* /107.0 25 18/20 uv-234 448.5 370.3% /119.1 28 22/35
UV-PS 268. 3 212.2%/92.0 30 20/40 UV-326 316.3 260. 2% /107. 0 30 20/26
UV-329 324. 4 92.0* /212.1 32 45/25 UV-328 352.2 282.3%/212.1 32 25/30
UV-350 324. 4 268.3%/212.1 30 20/25 uv-327 358. 4 302. 2% /246.2 30 25/28
UV-320 324. 4 268.3* /212.1 30 24/30 Uv-360 659. 6 265.2* /336.3 28 55/28
H.x RAERBET
1001 C__JENVI-Carb
D,
o\\° 100 wzZ2HLB
g 80p i
~§ 80
g oor 10 8
< % 60
£ 4or 2
B S
2 20 <40
O T T T T 20
2.00 4.00 6.00 8.00 10.00 12.00
#/min olLZ
R
1. UV-P;2. UV-PS;3. UV-329;4. UV-350;5. UV-320; 64 :

6. UV-234;7. UV-326;8. UV-328;9. UV-327;10. UV-360
Bl 10MEF=BENEUEMY
MRM &% & (50 pg/L)

Fig.1 Combined MRM chromatograms
of ten BZTs (50 pg/L)

2.3 EBEHEEREZFGEHMRL
2.3.1 FEMHEBUMEMERE FHABHMEERE
25 pg/kg WINPRAKFET , 4350 % %6 A Bk x B
B K ENVI-Carb #: . 3 /K-35 5 5 45 W% B 51
AR HLB AT /\ bt 5t SRE Bt 35 78 1 B K
P C18 FEM IR R . 45 RF W ENVI-Carb
FEXT 10 Fh 28 I = e 254k 4 1 T SOR 35 A8
50% ; HLB A1 C18 A iy |1 it 3R bh 43 . 3
BT 85X, {8 C18 fE iy Mk F 4k 1, 7~ TR 2,
MRYE 10 PRI = e A0 & W) 0 BEK 43 T R
g, eMBE TP EEH Ry E, m
C18 M H B /b Bk G ek o ] AH BB A 01 7 3R
Btk 2 v SE AR VAL S W, TR O A T 4 T L) AE
C18 M 13 BT MR B
2.3.2 BEBMBEAMEE HBMEEMLE
25 pg/kgBIMBRAKFT . A E LN . LR
B B S TR A R
B AW MEBRAR, SRR THE 3. &R
B AR S e B oA SR e, 25 1A 4 i IR

B2 AEEAZRER 10 FEHE =M%
Mg ol -0k A
Fig. 2 Effect of different SPE columns

on recoveries of ten BZTs

KRR 50%; 2B L BEAE A e BRI, B AR
1b& Wy i 1B R TE 79. 5% ~87. 8% 2 A s &
F ot 1 AR AR AR A S AR Ak 4 1 T i
FRAE 90. 4% ~102. 4% Z 8] . FF BB X A M 48 o
15 A Y UV-P,UV-PS,UV-239,UV-350
F1 UV-320 f) 3 18 2380 R 8 47, — &0 P e 0 %o 4%
PEB S 95 R4 UV-234,UV-326,UV-327,
UV-328 F1 UV-360 Ay ¥%E B ACR B, Kk,
£ H iR — S e TR A VS TR S DR YA R FE AR
FRHRL « 18, 10 Fp2R I =M 24k & W ) B
AR AE 92. 0% ~99. 9% Z IH],

2.3.3  UEMAERAA A H B MRS
25 pg/kgMFRAKF T, DL B-— & R A
WL 1L, V/ VO REGEBRER, 45 T
2.0.3.0.4.0.5.0 F 6.0 mL ¥ B % 55 19 2k
BOR. SRR BEE VR R R A I, 10
PRI =R AR BRI R B B R
B2 e i s AR B R T 4.0 mL B, 10 F2E
=MEAL A Y BBOR B T AR, BN K.
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120 e PP L5 3 2R 51 DR 2 0%

=
S
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[siz]
SN
%

100

801

Recovery/%

B3 AREEHBEF 10 MEF=mE
L& MEIK R
Fig. 3 Effect of different elution solvents

on recoveries of ten BZTs

SEVEBBEMAYAEFETNE, %8 4.0 mL
e MV R AT R
2.4 FEEER
2.4.1 EEFHOASREMZL W TR
(matrix effects, ME) {3, 78 ESI #:0F,
UPLC-MS/MS R4 i3 3 B AL & W i i B 2
o NE /. ME 1 B, O 7 A 2 AL
N, R4 B B OR Z T4 ME RF 1 5 B3
SRAUNL, Fr U B R IR E s ME T 1
FE ST RO, I Ay e B R EE R RS . DR
AT RLFI 2 2K (LD 0 228 R A0 3647 Al -

ME = A, /A, D
AR B HERE  SRT AL B S, R 5

1 1. 0~100. 0 pg/L ¥ EFEE P, X 10 Fh
RIF=M R UG RINRA b TAES W17
Wi, 45REW.UV-329 F1 UV-320 B H: R
RORE 43 B 97. 0% N 95. 4% , F2 I K ¢ Iy e
BREREWS: ARG ERBN Y KT
105. 0% , RN Fri 4 o B FREE G50 . PR
FE 5 RN B B WAL, A B 5T LA B PR R o 28 i Ak PR
Ja A5 B i B B U R S VL T R B A
W 3R ASMR kAT E B E .

3 HILL 10 f5 15 e b (S/N>10) il 3 15145

ML (S/N>3) iR 10 FhE 3 =m KL SR
Jr ik &R (LOQ) M7k ki i B (LOD) , 4
REW, 10 MR =R AEWE 1.00 ~
100 pg/LIEEAZ2 M RIFHLER R, LM
KEPR BWRT 0.996, 4585 Tk 2, Xl
B J7 s W] T BB R R SRR 10 R
=R A E Y B W E .
2.4.2 niREBCRMEEE RS
3B 0 A TR MR B B b v 0 VR, AT b [m] i
RMKE % E LR, 7&K 55
2.50.5.00 F1 25.0 pg/kg B, K 88 A 7 ik 4k
T AR B AL K v B 8 VR B K OF SR 5. 00,
10.0 1 50. 0 pg/L, A 0¥ P47 U %€ 6
W BRFTHFFN YT EIE )y 79. 8%
~101. 5% AEXF bR M 2K 1. 0% ~5. 5%, fB
R 10 FhARIF = 2 b & W i I 8 B R, 25 2R
5 T3 3,

R2 0OHEHZBRUSYHEEFERBAXRH LHR. EERME R L

Table 2 Linear equations, correlation coefficients, limits of detection,

limits of quantitation, matrix effects of ten BZTs

ey i MXRBRS  WIBR/(ue/ke)  EEIR/ (pg/ke) He JTBRL/ Y6 (n=3)
Uv-p y=458.52—197.6 0.997 0.2 0.5 105.240. 11
UV-PS y=443.0.12—195. 3 0.999 0.2 0.5 112.340. 08
UVv-329 y=410. 72—101. 8 0.997 0.2 0.5 97.0240. 12
UV-350 y=568. 62—105. 3 0.998 0.2 0.6 114. 8+0. 06
UV-320 y=450. 1z+106. 2 0.997 0.2 0.5 95.440. 04
UV-234 y=658. 92—119. 8 0.996 0.03 0.1 112. 840. 05
UV-326 y=329.8z+53. 6 0.997 0.1 0.3 106. 540. 02
Uv-328 y=1488.12—158. 6 0.996 0.2 0.5 118.340. 10
Uv-327 y=475.82—128.3 0.999 0.2 0.5 116.740. 08
UV-360 y=586.82—98. 6 0.997 0.2 0.5 107.9240. 07
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260 B ¥R H3TE
R3 MREIKRENBEEERNER (n=06)
Table 3 Results of precision and recovery (n=6)
e SR B 1 IR BE 2 TRV BE 3
[l / % RSD/ % B2/ % RSD/% B/ % RSD/ %

Uv-p 89.6 4.0 92.6 2.1 94. 6 2.2
UV-PS 79.8 2.5 86. 8 1.2 92.3 4.9
uv-329 92.3 1.2 95.6 3.4 92.5 2.7
UV-350 98.6 3.3 91.0 2.4 89.4 4.1
uv-320 93.2 1.7 93.6 2.0 95.3 4.5
Uuv-234 100.5 4.9 97.5 1.6 98.7 2.5
UV-326 86.9 5.4 90. 6 1.2 93.3 1.0
uv-328 92.6 2.5 95.7 2.9 94.0 1.8
uv-327 95.8 2.1 97.8 3.3 92.9 3.1
UV-360 97.6 4.1 101. 5 5.5 99.0 3.8

VARV 1 0B BT 2. 5 e/, WAMRI IR A F: 5. 00 /L MARVREE 2 R S VS K OF: 5. 0 /o, WA V046
ISP 10. 00 pg/Ls ARV BE 3 48 B A F- 25. 0 pug/leg, WATR I3 7K F- 50. 0 g /L

2.5 XLERERSH

FI AT g X5 T & 10 Fh Rk 4 258 SR Tk
BT E , 25 R RS B 10 BRI
EMERAEYHRT I EEER . AEMHMTE
2.5 pg/kg MNAR/KET , WKW A & il MRM
BIEER TR 4,

100

B 6

NS

3

g

E

2 50 5 3

5 89 10
5

2

O T . T T AI s

2.00 4.60 6.60 8.00 10.00 12.00
t/min

#:1. UV-P;2. UV-PS;3. UV-329;4. UV-350;5. UV-320;
6. UV-234;7. UV-326;8. UV-328;9. UV-327;10. UV-360

B4 FAMERHRFEM25 pg/ketiEBRN

&m MRM & iEH
Fig. 4 Combined MRM chromatograms
of negative sample at 2. 5 pg/kg spiked level
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