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W OE: BRY S RORO - DR - L 3 U B R 40 BB A I B 4y J LI T R RO ek
HHMEWT i AR ZIEIREL, —20°CA R 1 h, B.0BCESE)E EHLIGE . L ACQUITY UPLC BEH C8
I (100 mmx2.1 mm, 1.7 um) A2 HrkE, B -5 mmol/L 2 BREL F i shAl E7 TAR B e i 28, R A Hmi %
BIEIE B TR, S P R R I, JERTVCACA MR B G5 R 6 R IR I 2SR AN R I AE
0.05~10.00 ng/mL i Bl A2t 5C R R AT, M XREI K TET 09977, 25 HFE i B9 0 A% B 5
50.39%~109.00%, FHXTARIEZE N 2.88%~17.99%, F ki BRA 0.01~0.97 ng/g, &R 0.04~3.23 ng/g.
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Determination of benzotriazole ultraviolet absorbers in infant formula milk
powder by ultra performance liquid chromatography-quadrupole-
electrostatic field orbitrap high resolution mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of benzotriazole ultraviolet absorbers in
infant formulae by ultra performance liquid chromatography-quadrupole-electrostatic field orbitrap high resolution
mass spectrometry. Methods The samples were extracted with acetonitrile, frozen at —20°C for 1 h, and centrifuged
to obtain the supernatant to the machine for determination. The separation was performed on an ACQUITY UPLC
BEH C8 column (100 mmx2.1 mm, 1.7 pm) with methanol-5 mmol/L ammonium acetate as mobile phase by gradient

elution. The detection was performed with electrospray ionization source in positive ion mode, high resolution mass
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spectrometry in full scan mode, and quantitative analysis by matrix matched external standard method. Results The

line range of 6 kinds of benzotriazole ultraviolet absorbers were good in the range of 0.05-10.00 ng/mL with the

correlation coefficients greater than or equal to 0.9977. The recoveries were 50.39%-109.00%, the relative

standard deviations were 2.88%—17.99%, the limits of detection and the limits of quantification of the method

were 0.01-0.97 ng/g and 0.04-3.23 ng/g, respectively. Conclusion This method is convenient, rapid and capable of

accurately detecting the content of 6 kinds of benzotriazole ultraviolet absorbers in infant formulae, which is of good

practical significance for the monitoring of infant food safety.

KEY WORDS: benzotriazole ultraviolet absorbers; infant formulae; ultra performance liquid chromatography-

quadrupole-electrostatic field orbitrap high resolution mass spectrometry
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7R I = R 2 8 A 2R 7 i 57 (ultraviolet absorbers, UV
absorbers)J&—JEH B MR E T, X 48 HMER 1) W LT PRl 45
I, REMSWISI K 300~400 nm fAT WL, JLP AL
400 nm UL BRI, AESRETEBIN . i ibRe I iR
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BR . ENAMIF R E E R FEIRI N 42, O @ sr Z Rt
AR, LIU U5 Ak 45 B 8h 76 2% [ AH 25 B0 (online
solid phase extraction, online SPE), ff$ . E&bilE T
FKFER ) 9 R TF SR ER AP IIGR, Z iR E
IR TR 5K ARBRTHEAK | T5 7K S SRR IR
(AR R AMAT o KIM SEUSVRT LIU 2510150 501 70) P v ek v ) 45
SECAS IR 75 IO BEFUREAS TR i) B AR EA T 3R, Tk
B BB S CIE D RBRIR T, Wb TS B B0
BT A, 43 HIOHK - W9 A B (dispersive  liquid-liquid
microextraction, DLLME)!' | 10% H,O-2& i i ek frjiepkl'8 |
IR ZEBOET O Tk . 978Uy . dess | A
SR S REA R A BT

TR IT = 28 B A 2 WS e T 3 3 R SO A
- BRI (high performance liquid chromatography-
tandem mass spectrometry, HPLC-MS/MS)FIS AH {4 1% -5 Bk
it 1% 3 (gas chromatography-tandem mass spectrometry,
GC-MS/MS). {H i = 5080M €15 - DO AR A -# v 3 B E 1 5
Bif 1= 23 W % (ultra performance liquid chromatography-
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quadrupole-electrostatic field orbitrap high resolution mass

spectrometry, UPLC-Q-Orbitrap HRMS)E.A =43 F¢ R A5
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1.1 XF5RF

UHPLC Vanquish Flex tandem Orbitrap ID-X #8 /5 73 3¢
YT R FH A (3£ 1#] Thermo Fisher Scientific 23 ]); ACQUITY
UPLC BEH C8 ¥ AH1%4:(100 mmx2.1 mm, 1.7 um)(GE H
Waters 23 7)); Milli-Q 1Q 7005 #4li/K 25 (3% [ Millipore 2
A]); Centrifuge 5810 R ¥ L HL(3EE Eppendorf 24 F);
ME204 4347 KR 0.1 mg, 35[E METTLER TOLEDO
NGB

LHMEMGIARAESR: UV-P (99.3%). UV-329 (99.5%).
UV-326 (99.7%) . UV320 (99.2%) . UV-234 (99.8%) . UV-328
(99.6%) (&l 7Y, fE[E Dr. Ehrenstorfer A +l); ZNE. HEE
(i34, %[ Thermo Fisher Scientific 23 7)); R E (%
2%, 32 Sigma-Aldrich A ]).
1.2 ARERRECH

FRUEREER(S00 pg/mL): S FRECE S MRS R
UV-P, UV-329, UV-326. UV320, UV-234, UV-328 % 10 mg,
HIRSE IR FE A 2 20 mL, {RAIAEDEIRAET-20°CUkAfIN .

FRUEFP R AR ERR A VB TR R R, ERR IR L



186 1% A T R A 615 %

2 mL FRERERIR, A EEES 2 10 mL, 3713 100 pg/mL
FRUER I, HERRIRER 0.1 mL 100 pg/mL ARdErEE, F
FEESSE 10 mL, 345 1 pg/mL BIARME I, RS G #E
HARAE T —20°C KA A

TRAFREZR S TAER T HERfIRERL 6 Flrge SR i
1 pg/mL FRUEP MR 100 uL, FPEEAZE 1 mL, 3
3 100 ng/mL {RAARMER, RGBT T-20°CIKAE
W o PR BB AT g e B, A TR B bR v s TR0 A T 18 R %,
ficil 10.00, 5.00, 2.00, 1.00, 0.50, 0.10., 0.05 ng/mL i
BHRERS) TAERM, % TAERRAE T 50% P REK(1:1, V1)
ER, TEFEL

LR VC AR A AR R 5 U S AR &
b H AL PRS- AOEE A 100 ng/mL HR-SRAEAW, Bk
10.00. 5.00. 2.00. 1.00, 0.50. 0.10. 0.05 ng/mL JJ5i Pt
BUR AR E RS TARE R, TR AL,
1.3 HmaraE

SRR it oA b b DX AP B L WA o MR
B 0.2 g£0.0010 g #dh, IIAZE] 2 mL Z A5 HIRTERS,
7L 15 min, 10000 r/min 2.0 5 min, W& BFRTH
BLE T, BRI, SRR B TR
AP, EAE 1 mL, WHERS, B T-20°CrkFM%
% 1 h YITERE 1A, 10000 r/min 5.0 5 min, FIHW4 0.22 um
SR e e RS e E T 2 mL FEREH, B AL 24
1.4 (&% H
1.4.1 &ABEHE LM

{8354 ACQUITY UPLC BEH C8 i AH %4
(100 mmx2.1 mm, 1.7 pm), iIAH: A: 5 mmol/L ZFRE7R;
B: W, BREVEBIELF: 0~1.0 min, 10% B; 1.0~6.5 min, 50%

B; 6.5~10.0 min, 100% B; 10.0~13.5 min, 100% B;
13.5~13.6 min, 10% B; 13.6~16.0 min, 10% B i34 0.3 mL/min.
FEik: 40°C, #EFE SR 5 pl.
142 JR#ESAE LM

HA, I6% 2% 2% 1~ YA (electrospray ionization, ESI)IE &
=, #5540 Arb, B 20 Arb, RIS 20 Arb, WS
HLE: 3.5 kV, BANEIRE 350°C, WEEZRIEE: 400°C,

R AR (Full Scan), FFHTEE 200~380 m/z. 5
WREFM IR 1,
1.5 HIEAE

R TR RO €0 3% - DU AR - e 3 LT 1 B 8 0 T
TSR AR B 1 Xcalibur B4 58 B TRALRE . AE RihnvfE
HZk; f#i ] Origin 2023 X SL I EH AT ¢ K2 B8, P<0.05
KEFBE, P<0.01 HESWBE,

2 HRED

2.1 REhEIRE

AN R S T HAR IR N | TR ) R 0
BfE . AR ER T R RFEEK . FEE-5 mmol/L
R DL B R TR A S FE A i )37 R € 33 0 0 61 11 52
W, Z5REB, A ZBREAR A, Gkl Rifgs T
— B, 55N SRR A, 5 H bR e R 2948
T2 % MR R, B 5T BUAREE H AR AR
55, PR AG SAE  R Eb A B )RR B (D6 £ B B I
FEAESR, DRIERERE S 1.4.1 Wh TR, SOREE . K
HAHFFEE I -5 mmol/L ZFRER MR ShAH

18 6 M~ BAMEE YR 100 ng/mL FrifE 7 15 € i
SRR PR EEE
2.2 HISIEMAL

Xof F WA 0 R Al KV TR S B T
HR2628 B e H S0 b & PR, 20 Al K VA R AR b R
IFAE K, P RE S 20 H PR AR 0, s B e, )
AHFFE R T Al A HLIE 77 2T 61 25 0k B4R B
BOR . BRI N 0.2 g FREEFIARUA 1 mL B, ##
A TCIRFL MRS, SWRE . B RAR RIS PR, A
WAL 2.21%~57.80% SR B4 2 mL 3 mL i, #f
MR BE . B AL P R WA B BN g, [a] ik 4 A
50.39%~93.96%F1 30.77%~90.03%JLFH N . i 3 mL HEHA
FIRBAIE K, TERIRHARRT, R, UV-328 Al
B ELT 2 mL SLEH(P<0.05) (K 2). FrLAABHIT RS
0.2 g W5k . MAZ] 2 mL HEHUAF RN R ik

F1 6 MERFZMIEESNRYGIBVRERE,. BBEFRER

Table 1 Retention times and parent ions of 6 kinds of benzotriazole UV absorbers

&Y 1 B4 Bt 8] /min B 7 B R 6 5707 EE (m/2) - 7 I SRR 8 B 70 B (m/2) RE(x107°)
UV-P 5.26 226.09804 226.09773 -1.37
UV-329 8.88 324.20759 32420734 —0.77
UV-326 9.03 316.12166 316.12152 —0.44
UV-320 9.61 324.20759 32420728 -0.96
UV-234 9.92 448.23888 448.23877 —0.25
UV-328 10.36 352.23888 352.23883 —0.14
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0
9.0
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: A: UV-P; B: UV-329; C: UV-326; D: UV-320; E: UV-234; F: UV-328,
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Fig.1
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=z

HERMN
AUV (matrix effect, ME, %) 245 5ioA8 I 1 FE o,
F T P R 2 43 Xof BRIV B BRSI TE E SE e, PEA
FHRIUAAR ME B4 R it mT LAl 434 s hn ] 521290 ACf
% 30 3o 8 ST T T o o 2 R0 3L ST bR o 26X ME ET TR,
ME=3E [ v Hh 28 A8E 38 /5 70 b o T 2R ARE R < 100%, 38 8 24
ME>100% i, Ay 3% i % H b5 9 B A FE o 84 3 300 ;
ME=100%"H+, TANTCEEURUN; 2 ME<100%MF, TAh 5

6 PG ML AL ISOR] 3% 151 (100 ng/mL)
Chromatograms of 6 kinds of benzotriazole UV absorbers (100 ng/mL)

T BARY B SN, - H ME SRR 100%, 5t
JRAS 5 2031,

SRR, Wk 6 FhoRIE =k 58 SRR I ISR R
HORTRI I RN, B UV-P R SE s s b, Ay s #h
YRR B FAMHION . UV-234, UV-320 BY3EFRA0N i
W, AN 49.48%., 61.70%; HkE UV-326, UV-329,
UV-P, 435/ 73.73% . 79.85%. 122.13%; UV-328 [ HLJ5
BN I ES, A 93.03%. B, ASBIFSTHE ST 3L 5 DO BT #h
RIATE R, DAREAIGIE T30 1 7M.
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"]l mL
®%
100.00 f — =2mL
xx m3mL
80.00 | B =,
£ 60.00 | X
A
=
= 40.00 |
20.00 |
0

UV-P UV-329 UV-326 UV-320 UV-234 UV-328

ORI — I ZE AR I

T #3608 22 5 W35 (P<0.05), **36 /R 22 50 .3 (P<0.01).,
2 AR R EGAE T 6 Fhoc I =28 SR i)
SR ISR AR (n=3)
Fig.2 Effects of different volumes of extraction solvents on the extraction
recoveries of 6 kinds of benzotriazole UV absorbers (n=3)

24 FEFWIE
241 S| b A E F R

1.2 TR TR, 4y BIECH 0.05. 0.10. 0.50, 1.00,
2.00, 5.00. 10.00 ng/mL FJHEFVCEARAE TR, 2mlAnifE
e If e 2tk #2, 6 F BFRTE 0.05~10.00 ng/mL 3
FINZE R BT, HERBERD N 0.9977~0.9997, HiiA
WFFE T IZbr ek, RAIMRIEIE T2 BT .

XFEEARAER S EAY, &R init of
detection, LOD)NZs (AW e Y 3 fibriidmzs, i

FR(limit of quantitation, LOQ)} 10 f5#rifElR2Z; X T25H
R B B ARY), LOD A 3 fE{E e X I 0 4 R R i,
LOQ g 10 fi5{5 Mtk b Py B i, 255 L3k 2.

P ZE R S CARIER 3 FhEEZL ORI =M S Sl 2k
WA 551 ARG 3 %ok b & B 3), 5k 1 Hh, LEE 251t A
S EGE- A 2R Y BT, UV-P. UV-326. UV-320,
UV-328 () LOQ 44 2 ng/g, UV-329 # LOQ 4 5 ng/g; i
AJk, JURMIB R LOQ 433124 2.02 ng/g. 3.23 ng/g.
0.04 ng/g. 0.59 ng/g 1 0.06 ng/g. J7¥% 2 & MOLINS-
DELGADO Z:PH| ] HPLC-MS/MS X1}, 77 48 A2 1 i
FIFEATREI, Hirp UV-P B9 LOQ 4 13.1 ng/g, UV-329 (¥
LOQ & 3.3 ng/g, UV-320 (¥ LOQ & 2.4 ng/g, Y& FTAK
% LOQ. LIU M (i 71k 3, i GC-MS/MS 4l £f
LA 4 FORIE = S AR GR), o UV-329 1) LOQ
9 0.07 ng/g; ATl 0.06 nglg, %5 b, AT FFEST
ARG P AAE T 2K B UV-234, T [R] B A
M6 FhARIF = SRR G, HAR S T H 49 i
RGP IR
242 FkOEHEAK T

H 25 TR 4 0 4 B 2 ng/g . 5 ng/g BB
FEIKSF- B AR HEAINRE i, BADIKSE 3 AFATRE R,
TS AN R [0S 2R 5 6 X A M iR 22 (relative  standard
deviations, RSDs), %% kB HERGE SRS . 45 R B,
6 i H bR 4 0 485 BICRAE 50.39%~109.00% 2 7], H.
RSDs ¥/ T 20.00%(3 4), FHZ T IEEA RIFHHERS
ShiEcl

R2 6 MR ZMABINEMUGTIR RS TR IBXRY. BHRMEZR(=3)
Table 2 Linear equations, correlation coefficients, limits of detection and limits of quantitation of 6 kinds of benzotriazole
UV absorbers (n=3)

Ew etk oy e HHK R AL LOD/(ng/g) LOQ/(ng/g)

UV-pP Y=20309.4X+5203.36 0.9991 0.61 2.02
UV-329 Y=26097.8X-729.344 0.9990 0.02 0.06
UV-326 Y=10381.1X+1491.85 0.9977 0.97 3.23
UV-320 Y=103536X+2794.82 0.9994 0.01 0.04
UV-234 Y=487514X-9846.19 0.9997 0.50 1.66
UV-328 Y=81271.3X-6171.42 0.9993 0.18 0.59

R3 AFEEER(ng/e)SEHARN T EE SR (ng/g)BIFTEEER (n=3)
Table 3 Comparison of the LOQ (ng/g) of this method with that of other detection methods (ng/g) (n=3)
(atgy A5 UPLC-Q-Orbitrap HRMS Jrik 1PIGe/MS Jr i 22 HPLC-MS/MS Jr i 319GC-MS/MS
UV-P 2.02 2 13.1 0.3

UV-329 0.06 5 3.3 0.07

UV-326 3.23 2 - 1.5

UV-320 0.04 2 2.4 -

UV-234 1.66 - -

UV-328 0.59 2 - 0.04

T R R IIZ) BT
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F 4 6 PR H =SB IR B9 B R FAE X AR IR ZE (n=3)
Table 4 Recoveries and RSDs of 6 kinds of benzotriazole UV absorbers (n=3)

2 ng/g 5 ngl/g
s
B /% RSDs/% R/ % RSDs/%
UV-P 93.96 2.88 109.00 8.20
UV-329 73.68 15.02 63.73 5.81
UV-326 50.39 4.61 89.39 10.15
UV-320 59.95 17.99 58.87 4.83
UV-234 61.99 9.84 65.23 16.38
UV-328 54.63 12.10 58.37 12.88
4 R Reviewed Chemicals, UV-328. Risk management evaluation for UV-328
3 4 it

ABIEFE LA Wy JLIC Ty WA S X 5, e P s 20 B R
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TRAEBAE DR L Ay HT B ) S O Il O TR L P,
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21 JLIC 7 5453 v 4 5 = 28 58 AN W 4 R P 0 BT
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