Vol. 23 No. 1

18] HoE ' om  ilk
A Jan. 2 0 2 3

Journal of Chinese Institute of Food Science and Technology

YRR BE A R B = BUSL - B S R0kt B 1 - R BRI E
E 2K h 42 FEREFITRHE

AER!, HFEW', F E' HEE', X A
(MEM T ARAR P L REN 256600
PEMNPRAMERFEIRESR LAARTZANTFEAHRDTRITRAAN R IEBEARFL P L EEMN 256600)
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1 #REFE
1.1 #R5iHF

HEE NG (il ), 36 B Tedia 24 7 5 2
(4iE>99%) , & ACS BRME S BEER A (N &
1.0 g TC/AKFF AR AN 0.5 g FrE R —NEh Kk &9 .
4.0 g LK R EE 1.0 g A AL AN ) Captiva EMR-
Lipid B AHZEUE (3 mL/300 mg) EMR-Lipid
1 \EMR-Lipid Polish WA, EH Agilent N
] ;PSA \GCB, KHHHAN S ARBHE A R A A,

o VA il < G ARt o B P i o O o Ak 3 Y
100 pg/mL,BePure 28 Fl 5 A< fiff [ T & Wk 0
100 pg/mL, AR A AT FHB 258 G4 BHF W 5 I
A% 39 FhBRHEAE T ELR BE R 100 pg/mL, K HE
Bl R SR RA ]

DUSHE S A it % 1T 3 S I
12 UB5EF

ACQUITY UPLC I1-Class #8 =5 %% ¥ AH 0 1%
1 Xevo TQ-XS HELBTIEAL, 3 ERFFH A
Shim-pack GIST C—AQ %4 (100 mm x 2.1
mm, 1.9 wm), &5 (L) SCR 88 M A R R 53—
18K5 B.L>HL, 8 [ SIGMA 7\ 7] ;CP225D HL F43
Br K-, 81 Sartorius 22 7] ;Milli-Q Advantage
A10 4K, 3¢ [ Millipore 23,

1.3 Ak

1.3.1 PRUEGIRECH] 25 HER R B 42 ik 25 b5
W 100 pl, B T [Al— 10 mL 25 50, A
ERBZNE A RNR G bR MEAE AW, TR R
1.00 pg/mL i FH T LAZS 1156 o0 4 ORI A 77 B
1.3.2 FESLETALEE PRI AR BREAL 5 g
W% 001 g), 5T 50mL RNKEEOE T, IMA 3
mL 2K, ARG, WHEIRY 1 min, HIA 10.0
mL W, B3R A IRIEIR % 5 min, BRI ZE B
WA, A RA  RIENR Y 1 min 5, LA 6 000 r/min
B0 S min 5B EWER il

QuEChERS #1617, i # # B 1 mL b 3% W,
B T34 50 mg PSA Al 20 mg GCB AY B .0
WHEPE 1 min J5, LA 6 000 r/min &> 5 min, I
THIRZ 0.22 wm Je IR Sk 2ot uE a8 g 1R

EMR-Lipid ¥k . HERMEEHC S mL W5, 32
Bk 2= EMR-Lipid 6 H (42811 5 mL ik
FEA RIS AL ), IR BEYR S 2 min, T 6 000 r/min &5

> 5 min, B RS = EMR-Polish &, J# 21
P 1 min 478207 )5 LA 6 000 r/min &5 0> 5 min,
LVEWZ 0.22 pm Je et Sk Rl JE RS AL U8, FR I
Captiva EMR-Lipid 4k . #Ei £ ML 2.4 mL
FIEW S 0.6 mL 4liKiR 4G, @it Captiva EMR-
Lipid [& A0 % BUR: | 8 3/ R AR IE W, 48 0.22
wm Je e B Sk At g A AR
133 (il 4 Shim-pack GIST C,—AQ il
FE (100 mm x 2.1 mm, 1.9 wm) ; Fi 3040 :0.1% H &R
WA H) (20 (B AH) o i :0.3 mL/min , A :
40 °C,FFERBL .2 pl, B EE VR AR )P . 0~1.5
min, 10% B ;1.5~15.0 min, 10%B~95%B;15.0~
17.5 min,95%B;17.5~18.0 min,95%B~10%B;
18.0~20.0 min, 10%B,
1.3.4  JBuig st B, B I (ESD;
KA =X . 22 5 R W (MRM) 5 $51 4 7 38 I B 1
R, BN HLE . 2.00 kV; B TR IR 150 °C;
BRI AGR A - 1000 Lih B 570 AR B 500 °C
filf 48 AW 20,15 mL/min;  4E£L 52 WS & 2 150
L/hs #EFLEER 359 10 V., 42 Fp B AR L& 9 09
T AT SRR B TR LR 1,

2 GZBRE55H

21 (UEEGMIESE

2,11 FEig&MEREER Dmshda s, i
M 25 L B A AU T, A I f i AR Y 42 Rl E
FRYIARHEFR T (100 ng/L) iG55, A BLFE IE & 1
BT 125 B AR IE B 715 53 il Lt By X
SR, WCE IR B AR A0l R BT v Bl 100
pe/L 145 H bRk G W Sbm e s A T — U5 5% 4
i e TET U REUSTE T RS T i
1T RS A O 25 6 R B B TR g A
TN 2 AT FERRIEF &, Hd Ll
IV AF R B B AR e BB T TE 2 S AR
AN, 08 e BT 288, (8 & H ARk A 4 52 135 e
NG S IR BIRAE, & B EY IS S BILE 1,
212 @3k ERE 4 Shim—pack GIST
Cis—AQ 73 HrHE (100 mm x 2.1 mm, 1.9 pm) #4741
TR TR AR TR R e, i
0.1% W WKW A A A H, IF % 5z |
0.1%F iR F I N .0.1%F R CHEVE R s A B
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Table 1 Mass spectrometry parameters of 42 analytes

54 4 % A 8T (mlz) T & T (mlz) a3 fe 2 /eV £+ @ B 12 /min
5 3 E =k 202.0 131.9%, 124.0 18, 17 7.74
HE B B e & 211.9 169.9%, 94.0 15, 27 9.49
HIE A =Rk 213.9 172.0*%, 81.9 17, 26 6.77
LR =Rk 214.0 96.0%, 124.0 20, 19 6.80
) E S 215.0 187.0%, 171.0 16, 19 7.92
I 4% 45 =Rk 215.9 173.9%, 103.9 17, 27 8.95
AR Bt e 217.9 161.9%, 126.9 14, 22 9.95
K iE =k 226.0 184.0%, 141.9 19, 21 6.82
T =Rk 226.0 170.0*%, 142.0 18, 23 6.91
R E =Rk 227.9 107.9%, 185.9 22, 17 8.96
% R A =Rk 228.0 186.0%, 96.0 17, 22 7.94
HTE E S 230.1 174.1*%, 103.9 16, 25 10.30
IR E =Rk 230.2 145.9%, 188.0 23, 16 10.02
3 e B e 234.0 192.0*%, 91.0 15, 16 11.40
Az =k 241.0 214.0*%, 96.0 16, 22 7.85
Fh 3% =%k 242.0 157.9%, 200.0 22, 17 9.09
R4 =Rk 256.0 172.0*%, 143.9 21, 25 10.04
R B e & 266.0 91.0*%, 71.0 20, 12 13.69
R R B e & 270.0 238.0%, 162.0 12, 20 11.27
VR B e 270.0 228.0%, 119.0 15, 21 11.46
L¥E B e & 270.1 148.0%, 132.9 18, 28 11.49
O e Bt e 272.0 129.0*%, 171.0 16, 16 11.07
W E S 275.9 243.9%, 168.0 12, 24 10.48
IR B e & 284.0 252.0%, 176.0 14, 24 11.43
IR R B e & 299.0 147.9*%, 120.0 14, 22 10.85
A B B B e 2 324.0 261.9%, 282.0 19, 12 11.37
R B e & 363.9 194.0*%, 152.0 10, 15 11.46
V% % AR BRI £ 382.0 167.0%, 134.9 14, 32 8.16
VR vE ey AR 15 B B Mk 388.0 167.1%, 205.0 15, 24 7.90
E 4 B B Mk 396.0 155.1%, 181.1 14, 20 9.73
T R AR e A BRIk & 397.2 196.1*%, 168.0 16, 25 6.83
LA E R IE AR BRI £ 399.1 261.0*, 218.0 15, 25 10.55
viE T AR AR BRI £ 408.1 182.2%, 139.1 20, 46 9.60
o B 1% AR BRI & 411.0 149.1%, 182.1 22,22 9.53
Rk % [ AR BRI £ 413.0 153.0*%, 156.1 11, 20 9.73
ik 7% [ B B Mk 414.1 183.1%, 157.1 17, 22 8.14
o AR [ B B Mk 415.0 186.0%, 83.0 18, 42 10.58
v v AR T B BRIk K 415.0 182.1*%, 139.0 20, 40 10.35
IR B AR BRIk £ 4221 261.0*, 218.0 20, 20 11.11
EERk AR BRI £ 432.0 182.2%, 325.1 26, 14 8.48
=R A AR BRI £ 438.0 139.0*%, 182.0 40, 25 8.86
AR BE A% T AR BRI £ 471.0 211.1%, 218.0 12, 26 9.34
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FABS X TS 5 Ko B g, S5 R R, R A
I 42 B H AR Al 5 40 0 mig 17 {7 8 (A 3R, HL
T I TR 43 S5 oR T 0.19% FY R FR IS 068 M) i
AT B Tl M R IR, R SR, 5
P K 0.1% R H B LL, 0 R et I A B T
17T U A AL B R, 4% bR k5 W 0 R R B35 R
0.19% M R LI I, g nieg 1 (BT | et B B[] % g 78 58
NG 2B, WRZR M 0.1% M BRKIE R -2
AE T BAR . B 1 S 2s B AR S A 5 BT
HoindR 42 B H ARG PR S IR g A
2.2 EIAMEEHRIERE

CNEIEAR 25 5% B8 43 BT v FH 3R IO 91, %)
SRR SRR AR LR IR | IE O b AR R
W, N B A RAF TR s L RCR B2 0 9 AR
FIR T I BT e SR Ak, fEA AR
RIS PN BT E W R 5 wgke 1 H bR L G
W, %5 NG 0.1% T8 MG 1% T8 0 i $2 5L
R BEREY RO 0.1% LR NG M 1%
2 LN B, B O % 22 S /0N | B ) il R 0K 25
B AR R, 1 B AR R B BUA T

DU A5 S W IR PR i b A R R I S s
e BSR4 A 45 S R AN R R
R B, T EEX R T R BORHE AT AL, 7E A R
AT SRR SNBSS pelkg BF, BET
QuEChERS .EMR -Lipid 43 #{ [& # # H | Captiva
EMR-Lipid [&AHZH 3 Fpgefb Jr W s R, 4553
KW, 4 IOCHER[17] T 418 19 QuEChERS ¥ | >k H]
PSA J¢ GCB 1E e fbpr Bl Jr 45 14k i 78 175 375 B
(W 2), XN GCB X0 % BA BT 0
RORE SR 15 ik T JDK 248 5% 500 o 249 [l e 38/ 1
20% (UWLIE 3), FER A RE R B T PSA & Bk
FEPA 8 e JUR IS gk 7 Sk 55 R W A A A R AR
SE A R FEAL, KA EMR-Lipid 43 % [ A 4
B Captiva EMR-Lipid [ A1 BUgefb i, 20UR
BRI 42 T B bR & Y7 X iR 7E 90%~
110%z ], WL 3, 5 EMR-Lipid ik kA L,
M Captiva EMR-Lipid &4k J7 1 5 0 {8 58 525 %8,
FL 38 33 X L e b 5 B A RE A, & B4 Captiva
EMR-Lipid b, £ 5 30CE i il & w (WLl
2), #ki%E M Captiva EMR-Lipid [& 48 % B4 1k
I

ey

Abundance/x10®

9 10 11 12 13 14
it
Time/min
TR TR FHE R PRI 42 B IR A Y
(N7 5 ug/kg) i 2 B F it o i

Fig.1 Total ion current chromatograms of the

B 1

42 analytes in Ruditapes philippinarum sample
(5 pgkg for each analyte)

T :A. KA B. QUEChERS ¥tk ;C. EMR-Lipid 41k ;
D. Captiva EMR-Lipid #fk.

B2 7L AXMEREEZERFRIERRE
Fig.2 Graphs of the Ruditapes philippinarum extracts

cleaned up by different purification methods

2.3 HHERRIERE

AL IS BT AR08 R 7 770 R 80% NG, vk
o B 5 T 00 0R T S AH I BEL R B, 5 S B0 AL
o7, SO RE R A AIG, A TR AR 2 R R R i i 1
R i T AR VA TR0 (0 5 Wi, Oy fe AL B 20 B 3kt
G i X 7 A BR A 52, A SR s/ N R
0 I I RN (R 5, 200 2 B, 24k
FER N 5 WL B ,50% LA H ARl A i R 4 2% |
MR RN 2 uL B, 2% BARL G i ALY IR
W 28 AR R E R 2 pll.,
24 EFRWEMER

TEHL IS5 L AT, R o A H AR A
WITEE FALnS S M B e G, e A SR AL, R
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VOIS JE HE 45 B LR ) AN TR
3O BE RN (ME )= (7 1 56 JoT I ] A2 v it 48
RE /A T G AL E 2R R -1) x100%
M IME 1<20% ), 4% B o0 55 3 5800 5 24 20%
< IMEI<50%}, 3 B Oy rp 45 F5 J32 ik JoT 2500
MIMEI>50%H , 2 B s BN . H45 T HAs
G W TE AEFE R IR A7 T (0 B RN , 45 R LA 4,
SRR, KRBT 5 R H AR LA Y ki T
N, 5 H11.9%, 14 Fh B AR A5 9 o v A5 72 B 5

120 [CJQUEChERS#1t [ EMR-Lipidi#{t
[ | MM Captiva EMR-Lipidi% 4t
100 |
S
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W o 80F
e
X °
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=
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=L ‘ il TAREIRA
B3 37 ik i B b B

Fig.3 Comparison among recoveries

of 3 purification methods

25 ZHMXR KWHREEER

DAz A AE 5 5 A i £ IO R C ) 42 b
FUbR A& W R SN BR V1, >R P £ 52 1 7 vk sk
AN RE , LA o s 1 e i AR (Y ) X 7 Jo e e (X))
PEATERAE IS, LAME R e S/N=3 Hffi5E J5 1 W A6t

JERL , o5 bt 33.3% ; 4 Captiva EMR-Lipid 1k
Ja A5 R A AR S W) (R E B A5 e | JHe R
ok ik [ | T s kR TR A o ) 2 By o A R R
BN (L 11.9% ), HAx 37 #h HArfb & 3%
R 55 FE RGN, iX F B Captiva EMR-Lipid 4+
PRRICR 8 2 AR T SE B e, AR SCR 48 1
LT VC AR A IE BEAT 58 B A3 A, AT i AR AR
BE TRV 5]

120 | IS5 3R 208
[ 3 8 i 3RE

O oA B A RL

100

80 F

60 -

B
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40t

20

0

Kk b
4 FERBFERBETESRLEUEH
ERMMREERTMILE
Fig.4 Ratio distribution of different matrix effect
strength levels of analytes in the matrix

of Ruditapes philippinarum

B, DL S/IN=10 B 5E I ik e m B, 45003 2,7
0.2~20 /L 3 FlN 42 Fh B ARtk &P Lk % R
R X RB(R) KT 0992, 42 Fi Hinfb A
YIE) 7 K HBR M 0.2~0.4 we/kg, ik RA
0.5~1.0 pg/kg.

F2 Q2WHBFRUEVETHFEEERFERPEEXR . FERER . EER
Table 2 Correlation equations, limits of detection (LODs) and limits of quantification (LOQs) of 42 analytes

in the matrix of Ruditapes philippinarum

A 81w 3 5 A2 r R R i AR

pge L pg-kg™ g kg™
5 31 & Y=146391X+9701.48 0.997 0.2~20 0.2 0.5
ES Y=257515X+21126.6 0.997 0.2~20 0.2 0.5
A Y=491279X+18629.5 0.998 0.2~20 02 0.5
S Y=133331X+9159.03 0.998 0.2~20 0.2 0.5
% ¥ 8 Y=112505X+8412.09 0.999 0.2~20 0.4 1.0
T4 4 i Y=274306X+46154 0.998 0.2~20 02 0.5
HA Y=41104X+508.428 0.998 0.2~20 0.4 1.0
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gL pe-kg! pg-kg!
3R Y=334490X+5362.04 0.999 0.2~20 0.2 0.5
#HT il Y=667889X+34803.7 0.998 0.2~20 0.2 0.5
KA Y=261270X+16377.4 0.996 0.2~20 0.2 0.5
%R A Y=511417X+22031.2 0.999 0.2~20 0.2 0.5
BT Y=687682X+70826 0.997 0.2~20 0.2 0.5
IR Y=481517X+30084.7 0.998 0.2~20 0.2 0.5
SE Y Y=631944X+28535.1 0.998 0.2~20 0.2 0.5
g Y=167721X+6401.28 0.998 0.2~20 0.2 0.5
EDE S Y=4410920X+1089920 0.992 0.2~20 0.2 0.5
54 Y=235721X+9100.98 0.998 0.2~20 0.2 0.5
&3S+ Y=398168X+18317.4 0.998 0.2~20 0.2 0.5
R4 B Y=237315X+19154.6 0.997 0.2~20 0.2 0.5
e Y=50206X+2032.54 0.999 0.2~20 0.4 1.0
TR Y=147207X+8064.13 0.998 0.2~20 0.4 1.0
O M Y=206076X+9077.15 0.997 0.2~20 0.2 0.5
=Wy R Y=244128X+11705.7 0.998 0.2~20 0.2 0.5
@ T Y=346047X+18671.3 0.998 0.2~20 0.2 0.5
ok B Y=350077X+28203.8 0.997 0.2~20 0.2 0.5
F Bk Y=164192X+4793.48 0.998 0.2~20 0.2 0.5
Bk 3 Y=147923X+7642.92 0.998 0.2~20 0.2 0.5
T B Y=71115.8X+11790.3 0.995 0.2~20 0.2 0.5
ET DN 3 Y=128451X+13960.3 0.998 0.2~20 0.2 0.5
B 3 Y=13156.2X+1689.57 0.999 0.2~20 0.4 1.0
W K BRI Y=3485.77X+200.321 0.998 0.2~20 0.2 0.5
TEERE Y=294626X+27326.7 0.997 0.2~20 0.2 0.5
v B e Y=194312X+24961.8 0.995 0.2~20 0.4 1.0
¥ vn Bk Y=207369X+29406.7 0.993 0.2~20 0.4 1.0
ok vk B B Y=60147X+3234.87 0.997 0.2~20 0.2 0.5
Bk o 1 Y=172445X+28476.9 0.995 0.2~20 0.2 0.5
F B Y=138379X+11789.6 0.998 0.2~20 0.2 0.5
L B Y=208002X+8814 0.997 0.2~20 0.2 0.5
IR B B Y=175338X+22119.1 0.997 0.2~20 0.2 0.5
EX s Y=116754X+16556.6 0.996 0.2~20 0.2 0.5
=R B Y=3033560X+1418120 0.993 0.2~20 0.2 0.5
BB Y=104969X+9137.2 0.998 0.2~20 0.2 0.5

26 EWERSHEE

N BT ST W i, PAZS SRR S A AT AR o
S UEFE B, 4r B A0 1A% LOQ 2 £ LOQ 10 £
LOQ W BArfb & WiR A AR A W, B InbR K F
FA 6 U, THFINAR [ KA X A v O 25 Rl

2 e ARXT B o A 22 25 R DLk 3,42 M H ARG W)
TESEBR2s H AR R IS AFAE S T 1y 3 A AR K F- 1Yy
S IR N 61.0%~110.3% , FH X A5 E i 22 4
0.1%~17.4%.,
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Table 3 Average spiked recoveries, and relative standard deviations (RSDs) of 42 analytes in the matrix

of Ruditapes philippinarum

N A, CRHECE, AR b AR CFHEEE AR
HHT ‘ ST ,
pg-kg! % %1% pg-kg! % %1%
5 35 & 0.5 77.8 6.6 O R 0.5 82.8 5.6
1.0 88.2 0.7 1.0 89.8 33
5.0 101.8 0.8 5.0 104.5 0.5
&3 0.5 66.3 9.2 = ey 0.5 80.2 25
1.0 82.9 2.6 1.0 88.7 45
5.0 100.9 47 5.0 98.8 2.0
B 0.5 81.0 7.1 B N 0.5 76.0 3.0
1.0 90.3 3.7 1.0 83.9 4.0
5.0 100.8 1.4 5.0 94.1 0.4
5 3 4 0.5 87.0 8.1 R B 0.5 64.0 43
1.0 93.4 22 1.0 78.5 1.8
5.0 104.1 1.1 5.0 98.4 22
& 35 BR 1.0 78.8 6.5 B 0.5 84.8 8.7
2.0 91.1 2.1 1.0 88.2 3.2
10.0 107.0 2.8 5.0 94.9 0.2
I 4% 4 i3 0.5 72.3 8.6 R B 0.5 70.7 53
1.0 84.9 1.7 1.0 81.1 35
5.0 106.6 1.3 5.0 95.6 1.3
H A 1.0 99.7 9.6 iks 4 0.5 65.0 13.1
2.0 100.3 10.8 1.0 73.6 6.3
10.0 105.0 0.1 5.0 108.7 4.8
Fh K il 0.5 88.8 4.4 VA o oy B T 0.5 61.0 9.1
1.0 91.3 2.8 1.0 81.7 1.6
5.0 96.9 0.6 5.0 106.1 2.1
Tl 0.5 73.8 8.4 EE; 303 1.0 80.7 5.2
1.0 85.7 22 2.0 91.8 1.0
5.0 99.0 0.9 10.0 105.4 49
A 0.5 82.2 6.7 Jie B T 0.5 86.5 11.4
1.0 93.3 2.3 1.0 93.3 5.7
5.0 104.8 0.2 5.0 101.9 2.3
* R4 0.5 85.5 4.6 TR T B 0.5 66.8 14.7
1.0 92.3 22 1.0 85.8 6.6
5.0 103.2 2.4 5.0 104.1 1.2
¥TE 0.5 88.8 5.7 VR T B T 1.0 73.8 6.1
1.0 95.8 2.3 2.0 79.3 22
5.0 102.7 L5 10.0 102.4 6.9
IR & 0.5 74.3 8.4 F o B [ 1.0 80.7 12.5
1.0 90.6 0.8 2.0 79.6 4.6
5.0 101.7 2.6 10.0 108.8 3.2
H 0.5 81.3 6.2 wk vk 5% [ 0.5 83.3 113
1.0 89.5 1.3 1.0 88.5 22
5.0 100.9 2.1 5.0 105.8 2.6
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1.0 94.0 6.1 1.0 82.6 5.0
5.0 107.0 1.6 5.0 110.3 2.9
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Determination of 42 Herbicides Residues in Shellfish Using Captiva EMR-Lipid Clean—up in
Combination with Ultra-high Performance Liquid Chromatography-Tandem Mass Spectrometry

Zhu Fuqiang', Guo Yupeng', Pan Jun', Han Yanjun', Wu Tao®
('Binzhou Testing Center, Binzhou 256600, Shandong
“Shandong Provincial Engineering and Technology Research Center for Wild Plant Resources Development and Application
of Yellow Riwer Delta, College of Biological and Environmental Engineering, Binzhou University,
Binzhou 256600, Shandong)

Abstract Based on enhanced matrix removal lipid column (Captiva EMR-Lipid) purified, a method was developed for
determination of 42 kinds of triazine, amide and sulfonylurea herbicides residues in shellfish by ultra—high performance
liquid chromatography—tandem mass spectrometry (UPLC-MS/MS). After optimizing the pretreatment and chromatographic
conditions, acetonitrile, Captiva EMR-Lipid column were used as the extraction solvents and purification agents, respec-
tively. The separation of 42 analytes was performed on a Shim—pack GIST Cj—AQ column (100 mm x 2.1 mm, 1.9 pm)
with gradient elution. The MS/MS detection was performed with electrospray ionization in positive ion mode and multiple
reaction monitoring mode. The 42 analytes showed great linear relationships in the range of 0.2-20 wg/L with correlation
coefficients (R?) all above 0.992. The limits of detection (LODs) were 0.2-0.4 pg/kg and the limits of quantitation (LO-
Qs) were 0.5-1.0 pg/kg. The average recoveries of analytes varied from 61.0% to 110.3%, and the relative standard de-
viations (RSDs) were between 0.1% and 17.4%. Using the established determination method, 23 shellfish samples were
detected, and 5 kinds of herbicides residues were detected. The method was simple, rapid, high accurate and sensitive,
which was suitable for the simultaneous determination of 42 kinds of herbicides residues in shellfish.

Keywords ultra—high performance liquid chromatography —tandem mass spectrometry; Captiva EMR -Lipid; herbicides;
shellfish



