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QuEChERs-ﬁ’ni ikt B i - BB B R i 7k (5] B il JE 55 2K
40 M RN AP IERPZREE”

TBRI ™ AmE HFIm 3 o WEK
(SRIEFHO M AR AL B, 310052)

W E #57 7 Ll QuEChERS 1ENATALHIF A, 254 B auii Al (il - R B F i £ R ( HPLC-MS/MS) £
WAL 5E 28 7K 7= 40 Bl 25 4 B A NP A ARG DN 5 . FERY & B R E, PSA I Cg ¥ fk, SRH
ACQUITY UPLC HSS T3 @ 34F (2.1 mmx100 mm, 1.8 pum) 4385, LLFFEEF 0.1% H R /K W AE J i 3
AR T B DR, 28 Pl M 55 1 5 1 vl 3 S 22 Sy WSS R I 5 AR Ak 4, SR 66 I DG e s o 325 94 it
R TR AR, 40 R KA AP B TE 0.5—100 png L WREEVL R NZRPE S R LA, MR
IR T 099, KilFRA 0.04—6 pg-kg™, ERMEH 0.1 —19 pg-kg™. ¥z (ARE R AT 3 A7KF Btz
WIS, SF 38 IR TE 76.9%—110% T I, HHXT AR R 228 1.2%—9.5%. % J7 2% Al b 3 J7 & R
AR R, IE T RSESOK T S 2R ) KA N B R B 1 [ s

X$EiR QuEChERS, MmROAHEIE-RBBEL, 259 M AP, Xx%iﬂﬁﬁun.

Simultaneous determination of 40 pharmaceuticals and personal care
products in bivalve aquatic product by QuEChERS and ultra
performance liquid chromatography-tandem mass spectrometry

HE Xiaoming ™ YU Pengfei YANG Lugiong HONG Lin LIU Qiangxin
(Green town Agricultural Detection Technology Co., Ltd, Hangzhou, 310052, China)

Abstract An analytical method for determining 40 Pharmaceutical and Personal Care Products in
bivalve aquatic product was developed by QUEChERS coupled with HPLC-MS/MS. The samples
were extracted with acetonitrile, and then subjected to QUEChERS purification. The residual targets
were analyzed on an ACQUITY UPLC HSS T3 column (2.1 mmx100 mm, 1.8 um) with gradient
elution using methanol-0.1% (¥/V) formic acid aqueous solution as the mobile phase. All the analytes
were effectively separated and cleaned up within 8 min, and were finally detected by UPLC-MS/MS
with ESI" ionization in multiple reaction monitoring (MRM) mode. The results demonstrated that the
linear range of this method was from 0.5 pg-L™" to 100 pg-L™" with good correlation coefficients of R
>0.99. The limits of detection and quantification were 0.04 —6 ug-kg” and 0.1 —19 pg-kg™,

respectively. The average recoveries of the forty Pharmaceutical and Personal Care Products spiked
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in blank sample at three spiked levels were 76.9% —110% with the relative standard deviations
(RSDs) of 1.2%—9.5%. The proposed method is simple, sensitive and accurate. It is applicable for
the determination of Pharmaceutical and Personal Care Products in bivalve aquatic product.

Keywords QuEChERS, ultra performance high performance liquid chromatography-tandem mass

spectrometry, pharmaceuticals and personal care products, bivalve aquatic product.

254 M~ NP PR (pharmaceutical and personal care products, PPCPs) J2&—Z&Hr AU i SR 5575 4 W), &
AR AR T 2 AR T 24 | Akt i SO AR AR TP IR ARk, 4 A AP PPCPs FEHE T /K | b
FoK | DU S5 KRB rh g kG 1P %), B8R PPCPs 7E PR 5E vk BE /K 381G, 2 =0, (Bl T AT
AP, SRR B S B ON RS e RS, N UBUI AR S RG22 4, o v] LA sd ot
T 3 2 N 2 i A R VS A XU, A s 10— ),

FEAIK ™ i B FREE B B A G H AT JE BB B 2 M, BETE IR N BRI BN TR | B4 3
B B 75 G i, S — A o BRAR A PRI A8 s AR e L R, ST —FR RS IEOK T S R = R, HER
R PPCPs 23 A K DU J7 4, AN AR O i Joer RS B 1 fit e EL A o 2 3 S, [] B A AT sz e s ) X B
PPCPs 7K Az 25 AU

PPCPs S B £ | S5H 5 7%, WAk it 22 55 K, ir A B 3= R Y [ AH 22 s, AR 45 SR F M 4r,
AFFEHITIAL . WRUE . Vel de b3, DR E B, FERT, 2% H ® 1. QuEChERS W T HAT YLk | ffj 5,
(M= N ST O T 3 £ 7 o T IS Y IR P 2 | B B~ O il e 2N 2513 R ival L L R (N ERG 15N
A 1 FH T RUEE K i i PPCPs 5 1) SCHkHE .

A S5 38 11 Ak QUEChERS i A BB A, 45 G 8 i 80 HRORA 10035 - HR B BT v S 1 A5E 20K 7™
w40 Fh 25 R A~ NP LR B R

1 #MBLE 7 (Materials and methods)

1.1 AR 500

= DURAT VRO €6 3%/ 3R 156 T %1 (LC-MS 8050, H AR Shimadzu 28 7 ) ; 245 1R e iR &1 (DMT-2500,
BUIH K BRAL R AT RN ) 5 R iR R 5O ML(STI16R, 3E[E Thermo Fisher 23 ] ) ; # 4l K #L( 3¢ E Millipore
/N )3 ACQUITY UPLC HSS T3 a4 (35 [ Waters 23 7, 2.1 mmx100 mm, 1.8 pm); ACQUITY UPLC
BEH C18 {414} (2% [ Waters 23 7], 2.1 mm=100 mm, 1.7 pm).

JEIE M JE R SRR | AR | FhER T AR L BRI IR L ER R IR ZOBUIK . Nk A B R
KB FEMR | A% sl A% B HR . JE S | E S SRR IR TR . AR SIA R . 8 B FFEE
FEBINER | Bid S 2% . DS FIEA , Ehme T W, WRMER | FRECH . M EK ., SRR, AU s RE | SChivk
¥ TR P . FhER UK, PO B e L RE | R R R RE | R R ERE L RN
BV R AR R IEEVYE | AN 2 NE , % (72 E Dr.Ehrenstorfer F13¢ [E CATO /A #], 4l
J£>95%); LM HEE . R (36 [E Thermo Fisher 24 F], HPLC 4% )5 Jo/K i R 44 (- i 228 e Ak 27 150 A PR
oAl el ) s Crg. PSA(L 283 SE I RHS I A7 BR A R, Ride ol 40—63 um); GCB( L 142 15 S 1
B A A BRA ], B A2 A 120—400 um).

1.2 AeAES R BC

HER AR 50 mg(RE i 2 0.1 mg) #5 AR M 431 T 50 mL 25 5, FH PP s g, e i A 1000 mg- L™
P&, BT AR EOARROR T 18 C OGO ARYETE 22, 2 11 3L T 32 RO R i vk JE 1 TR
GARAE AR, SRBCHLH.

1.3 HEACRESHT AL

FESL TR NG DL | % Fn3E A i 1. FH 2l K ve g A2 98 10, 1T 72 L, B B AN 3R 43, 14
iR, T—20 °C PR,

YERFREL 2.00 g BE 5 F 50 mL B0, A 10 mL Z 5 F1 5 g JC/KBRER 8, i € HEHL 10 min,
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8000 r-min ' ## T .0 5 min. #EFIREE_ L5 8 mL, B T 245 200 mg PSA. 100 mg C,g Al 500 mg J&
IKBRER A 15 mL 2.0, I8 5E 2 min, 8000 r'min™' &0 3 min. #EMFLE 4 mL B3GR T 40 C T A
WEIET, P85 | mL MR TS AHE 3, o 0.22 pm AR, 70,
1.4 A3 RS Bk kA
141 i sk

3%+ . ACQUITY UPLC HSS T3 (A4 ; Vi s 4H: A AN 0.1% R W, B AH A H It Ik 3t
0.3 mL-min™"; B4 J& VM 454 0—0.5 min, 7% B; 0.5—3.0 min, 7%—45% B; 3.0—4.5 min, 45%—90%
B; 4.5—5.0 min, 90% B; 5.0—35.5 min, 90% B—7% B. AL : 3 pL; #EikL: 35 °C.
142 JiE4MH

FHL I 257 5 T U5 (ESD), R : 400 °C, B 414 HL I : 4000 Vs 145 05 =0 1E 8 T 54 s
3.0 L'min ' II#S i 10.0 Lomin™'; @ Pk 5 5 85 1% | i i RE 5 S 4000 3R 1.

& 1 40 F PPCPs [ JTii 24K
Table 1 Mass spectrometrie parameters of the 40 PPCPs

Vagiis?| B T4 mz Ql HLE/V A RE /e V Q3 HJE/V
Analytes Mass transitions QI pre bias Collision energy Q3 pre bias

LT 384.2/247.1, 384.2/95.0% 23,10 28,47 17,17
Je R 389.0/239.0*, 389.0/195.0 14, 14 23,38 27,21
Je#EHT 361.0/329.0, 361.0/315.0* 13,13 15,13 23,22
RSN 347.1/315.1%, 347.1/254.0 17,16 10,16 26,27
R IRE 230.0/212.8*, 230.0/159.6 11, 11 24,33 26,27
[E=REIN 267.2/145.0, 267.2/190.0* 10, 11 25,19 16,21
R UK 206.2/60.1%, 206.2/77.1 25,25 17,49 22,20
A% 57 357.0/134.0%, 357.0/119.0 12,12 28,47 27,12
5 Mk 324.2/110.1%, 324.2/127.1 10, 11 21,17 11,24
K 57| v ) 528.2/403.1%, 528.2/386.0 20, 20 16,22 20,20
FEHIPENR 367.1/170.2%, 367.1/152.1 10, 13 17,22 18,27
Je B 419.2/343.1%, 419.2/301.0 11,10 12,25 2422
AEHT 409.2/238.0*, 409.2/294.1 14, 14 11,14 18,21
ZAS kAL 232.1/159.0%, 232.1/109.1 10, 10 22,43 17,11
FHREE T MR 271.0/155.0, 271.0/74.0% 13,13 16,12 29,15
KA IR 495.2/370.0%, 495.2/169.0 13, 12 17,29 26,11
KT 324.2/110.1%, 324.1/127.1 10, 11 21,17 11,24
RS 446.2/321.1*, 446.2/103.1 10, 10 13,41 23,19
Bk 4 7% 453.3/230.1%*, 453.3/162.1 10, 10 27,22 16,19
B &5 358.2/135.1%, 358.2/119.0 12, 12 26,53 27,24
ERT K 158.0/60.0%, 158.0/57.0 12, 12 15,23 10,24
WR I % 384.2/95.0%, 384.2/247.0 10,11 48,29 18,17
JRRET 166.2/148.1*, 166.2/115.1 13,12 14,26 29,22
3178 319.2/225.0%,319.2/115.1 11,11 21,55 24,22
AR 275.1/230.0%, 275.1/167.1 10, 10 15,40 26,18
RV 5 389.1/244.9%, 389.1/217.0 13, 14 19,31 17,15
Schrkar 278.2/260.2%, 278.2/121.1 10, 13 12,29 18,24

TR 330.1/189.0%, 330.1/58.0 12,11 32,26 19,24

B 356.2/192.1*, 356.2/176.1 13,12 27,51 21,12
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ST BT hfmz Q1 HF/V A RE B /eV Q3 W E/V

Analytes Mass transitions Q1 pre bias Collision energy Q3 pre bias
LR — HOBUK 130.0/71.0%, 130.0/60.0 27,10 23,14 24,16
i 280.0/139.0, 280.0/125.0* 14,13 15,26 15,25
T ent e 250.2/156.0%, 250.2/184.0 18,18 13,10 26,14
ik e R S 265.1/156.0, 265.1/172.0% 13,13 25,17 26,15
il e — FH g g 279.2/156.0, 279.2/186.0* 20, 30 19,17 10,20
HWHRE 332.2/314.1%,332.2/231.1 23,23 20,37 23,25
Banih & 360.2/316.2, 360.2/342.2% 13,13 19,21 15,16
AR A 362.2/318.2%, 362.2/261.1 14, 14 19,27 21,13
BRI 352.2/265.1%, 352.2/308.2 27,27 23,16 12,21
R AR e 291.1/230.0%, 291.1/261.0 30, 30 24,25 25,28
HELCE 192.1/119.1%, 192.1/91.0 30, 30 16,30 22,16

*; JE BB X Quantitative ion pair
2 4557718 (Results and discussion)

2.1 BTk SR R

W1 mg- L™ B — AR I WA I B R X AT 4, 15 20K B AR i Bk B . PR R Bk
1T 9 i A, 18 R A 6 35 R A AR S B T i o i e R, DA R K
2002/657 /EC 54 BYHLSE , B AR IEAS TN 20035 2 4 A0 E 2 A9 B3R . 5o 18 2L R4k 45 R Bk S 400, 3R 75 i
FER IS A5, 25 R L3 1.

22 kSRR SR

SEIG WS T ACQUITY UPLC HSS T3 Al ACQUITY UPLC BEH C18 % {63 43: X 40 Ff PPCPs i}
Gy ERSCR. AR R, FEAR R BT BIAR S F R, 6 T ER IR OR £ BUIK . Eh R — FSUNCRIER R T — ISl e
B HARY), 76 HSS T3 A i5A: e AV ST, 1 H HSS T3 a3k A% vl LA 32 i L AR, PR it e 4%
HSS T3 EiGHEAE#E— 20 1) (3 KA.

% [ H 40 F PPCPs 342K FH IE 85 F B HEA T I , 76 3 sl AH o A — g 1t 09 R o] LA I B A
B TAURCR. SEIR R T WK ZHE-/K . BEE-0.1% HRIA . ZHE-0.1% FERIE W 4 Fhif shAf 4
FNT BRI 0) 53 25 FE TN R R sE e S5 R R, 1 EEH BE-0.1% H R I WA Ry A Sl AH B A3 B a5 R T
U, H AR WA B R, PR e R BE-0.1% RV RVE i B A
23 HIALBRAMERYBERE
231 PREUA IR e

SIR AT WEE, ZIE X PR QuEChERS A FHAR B I 9 B IR . 45 SR W1, W3 A B2 B
FAH Y, (B2 SR SR> i AR R s A 1 L, M B RAFA e s A B ee s, A A T
2 QuEChERS b, PR Lk £ 206 1E Jhy $2 B 741,

232 HALAIFR R

ST i A i AL BT A 2, AR IE A CIE R IRE B T R s B, BRI R AR
R A 5. QUEChERS ¥4 FH W I FIA Cig. GCB B PSA 25, Hih €\ EZH T HBREES H AR
R A ALY, PSA W KBRFE SR 23R RS LA R A HLIR 55 53, GCB o] L BRFES i L3R |
5 T A5 ) . S G B DV IR AE R TR, HLAR T Cig. GCB 2 PSA 4% 150 mg Fif Al e b R L. 25 & 1,
GCB SR AT LA RO AR S, B KR53 H AR 40 55 04 W B 6B 7, DA T E Ay 1A 36 R KR AT 5
K Cig PSA HEAT1 AL 43R AT BRAR A4 AL AR, ELX DGR I 52 M /8.

HE—2 X C g0 PSA W B 09 FH B HEA TR A 20 BIXT LT 50, 100, 150, 200, 250 mg C,g Al PSA X
HARPI 52 . 25 R0, B A 38/ N, Tk se il W RN A L 2, mAR AR IR 2 2% i
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T, 5 L2 W E bR i A o5 S AR T 24 PSA FIT Cp JHHR S0 %14 200 mg. 100 mg i, 2% 5 T4
B/ T2 Il Fed . PR 200 mg PSA . 100 mg Cg 7E MBI 2H 4
2.4 LRV PR

FE ROV (Matrix effect, ME ) 23 5 H B B AR 40 LASM R At 82055 H AR 443 B HER 2 B9 5% 1, AS []
()35 6 T H AR 1 S T A SCR AN ], 38 5 A S8 5400 ) R0 i o 344 5 o4 e e LR =X A S 56 43 3] T ) s
DL, 4500 RN AE A T2 A 09 25 1 35 J5 D B0 s o phh 8 DL R b 7 I e B ) 4l 5 70 s o R £, 52 R 9 28 203
L AN (ME) : ME=3 Jit DT e A v 1 2 19 & 2R /400 7% 3910 b o il 48 09 R R x100%. A5 &R 78
80%—120% =[], J& TR0 7] LA Z0 5 25 R R KT 120% SAIE T 80% At 156 WA 77 7 4 58k 114 366 Jo 144 5
PR, G5 SRR, G DUAEE R =G A7 A B A1 ME 7E 80.4%—93.6% 2 [H], FE J5T 2500 A B I ;
4505 34 Fh H AR ME /N T 80%, ME 7E 53.3%—85.4% Z [a], RN 200 2, 1X o] fiE & 5 45 15 1
AR BE ) SR G I R AR Y T S A (RIS 2 bR TR R I U BC B HE VS W, 5 BE E B ARY)
fe2E P B 45 S, B A TR 28 J0 7 58 4% 7, DAY abb e 936 356 5 DG i &/ A o fih e XA o o ) EL AR il A 7
S i, DAARTH i JBRLON] ()5
2.5 SRR RoE R

e 1] 22 4] 56 0T DC C TR G b RV VL, ZEORAR 09 23 AT 25 A EA TR DA it B85 1 1 g 1 AR R A A e
(), LAAHRL A BT i v B (pg L) B A A (x) , 2 AR 4R (36 2). 7E 0.5—100 pg-L™' J[Fl P, 40 Ff
PPCPs £k 1 ¢ 2 LT, AHE 240 (1) H 0.994—0.999. TEHRARTRINAKTET, Lh 3 4545 Me o 8 7 W46
FE(LOD) 4 0.04—6 pg-kg ', L 10 fi515 M Ho i o 7 vk PR (LOQ) K 0.1—19 png-kg ™.

R 2 40 Fl PPCPs YLD i L FHOC K A i RS E BERR
Table 2 Linear equations, correlation coefficient, LOD and LOQ of the 40 PPCPs

Vagiiz? AL AR FREL KB/ (pgkg™) R/ (ugkg™)
Analytes Linear regression equation Correlation coefficient LOD LOQ
1% b y=135508 x—63 843 0.997 0.1 0.3
Je R y=14268 x+1275 0.999 0.3 0.9
JEREHLT- y=136511 x—41244 0.999 4 12
T - y=41627 x+361 0.999 0.2 0.6

IR R y=17312 x-2805 0.999 0.4 1
B % IR y=52049 x+107714 0.995 0.5 2
R BUIR y=306813 x+93 103 0.999 0.1 0.3
NHAR 51 i y=418945 x—190340 0.998 0.08 0.2
LY ES y=44827 x—66256 0.994 0.06 0.2
F 5] ] y=46 164 x-905 0.998 0.1 0.3
k& H R y=13887 x-6219 0.993 0.2 0.6
Je S y=33151 x~18665 0.998 0.08 0.2
HAMF y=12059 x—11353 0.997 0.1 0.3
s TEvAl] y=331640 x+110967 0.999 0.2 0.6
FHORTE T IR y=3221x-15 0.998 0.5 2
K FN AR y=7910 x—840 0.998 3 9
K& G554 y=94838 x—223056 0.998 0.5 2
GRS y=27661 x+35590 0.995 0.08 0.2
FikR 525 y=442741 x+17986 0.999 0.07 0.2
B &5 B y=331981 x+227259 0.998 0.2 0.6
R T IR y=320421 x—35953 0.999 6 19

R 2 122 y=242671 x—80291 0.998 0.1 0.3
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SHT) LT HHICREL KB/ (ng-kg™) EHRY (ngkg™)
Analytes Linear regression equation Correlation coefficient LOD LOQ
JR B y=175539 x+70299 0.998 0.2 0.6
[N y=30058 x+7229 0.999 0.2 0.6
ERSilfie y=506387 x—416795 0.999 0.2 0.6
fFeVC 5 y=87035 x-29692 0.994 0.1 0.3
chrikar y=505475 x+50250 0.999 0.1 0.3
T D y=27173 x+1277 0.999 0.3 0.9
B E y=571508 x+90907 0.999 0.07 0.2
R — HOBUIK y=125562 x—30824 0.998 4 12
[EEimiiLE] y=2553 x+1865 0.997 3 9
Tl e y=38327 x+1905 0.999 0.2 0.6
i i P B g y=26269 x+2269 0.998 0.3 0.9
Tl e — Y me g y=46489 x+639 0.998 0.2 0.6
W E y=113402 x—67712 0.998 0.1 0.3
S8 y=191878 x+7920 0.997 0.2 0.6
SR R y=157408 x+14305 0.999 0.04 0.1
eI U y=29474 x+3542 0.998 0.2 0.7
F AN E y=18375 x+5361 0.999 0.2 0.7
TRz y=20612 x+ 18003 0.992 0.1 0.3

2.6 [Alie e Kot %

K FHFRUE A, BUCE A5 2 5906 DL, i RN E A s 4125 FURE i, MEBR AR N 40 F PPCPs BYTR &
FRUER R, [ 15RE 5 b PPCPs 1% FE 23 911K 20, 50, 100 pg-kg™, 3% FiRPUAL T 0905 B AT K6 0. 2%
FEW, IR UL A4S 24 00 b 18 0 R 76.9%—107%, RSD N 1.4%—7.6%; % 15 1 - 15 i Ax [0 R Ky
84.3%—110%, RSD 4 1.2%—9.5%; FEETE M3 AT 10 V-S4 b M 32 77.7%—91.1%, RSD i 2.4%—
7.6%, 1 /& GB/T 27404-2008 { 52 56 % J5T et 445 il W70 £ i SAL A ) Ay e R 2EK.

2.7 SEBREE A

N AR Ty 5 30 HERGE K 7= 5, A 4G 12 LR DL, 10 Atk 45 A 8 bk GFE A s 0b A AT 4G
W, 354 3 B PPCPs A AN [RIA& B (RS H A [R) F 200052 287K 7 i (8] PPCPs 23 A A B i 22 5. o ag
PRIVD G R A R, o 76.7%, W T 8.4—24.7 ng-kg s U F A S B IE (56.7% ) AR iz — F mg e
(43.3%), WeE /50 1.8—14.3 pg-kg™ M13.7—18.0 png-kg™. /M N AT RER A, RNV EAE M A F 3L
P RTEBEST | FR S B 8K, BRI AR v mT s 0 BRI 122, 25 5 RS E 26K™ t U
T TER N B Bk e — PR M S — R R AR R L AU M SR B S 2 S RIGR), BT
TEHTPE | MRS IR SR A5, 7E B MO B R ™ S5 5 A8 N 07 5 BRI 45 SR 55 A0 DG SR A i — 350,
1 &5 3 G, AT BE SRR R W I (] S 3 28, MOt XSS 288K 77 i TE AL T 55 30, A P g s 2 e A A1
AFTRE I TE PPCPs () 2K,

3 %518 (Conclusion)
F) F QUEChERS $; A 45 & 48 v R A €633 - — T DUM AT 5 35 2 7 [R] B 0 52 X5 28K 7= i o 40 Fib

PPCPs 5% B 1 73 BT 7 vk 3207 106 il i L B, A 3 B2 bR, A ML) P /0>, o 88 12 R R BUE o,
AT B M 0 B A i S5 e A
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