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NHEEER S AREZ LR, F 266000)
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 E DISE R (Shellfish toxins ) JEH 5 M BRI YY) . AT 38 20 K o S D AR AL 7 7 TR 12 1 31
[T, 4 T — iR S S s S AT B ( Silica-[ SOIM ] [ PF, 1) , FIFHLL NG B REIL IR FT
OYBTHEAT T ZRAE . R FH B AR R AR TR | 388 5 ] AH 2 BV AH €035 - T 156 ( SPE-LC-MS/MS) H AR
XK P LR B R (K ARG IR B R (OA ) BEMETE R -1 (DTX-1) MBEEE R 2 (DTX-2) ) #AT s R,
5T % B, B AR AL B L5 H An D288 K nT A7 AE B KA E RS F e /e S 2 A AR, 4%t ke
WA AAR pH (RS RIS A AR 2SR A K pH (EIE B N B AT T Mk, 45 R R0, 16 AR #E
B R 3 R DL 8 R LA R AP ZEBUICR , U0 F 505 7 AL A8 Uk R R AH 24, 46 R BR (LOD) 2K
0.01 pg/L,EHR(LOQ) A 0.05 pg/L,7E 0.02 ~2.50 pe/L i Bl LML C R REF (R >0.995) , IR AE
93.0% ~116% 2 [8), [RIAT, bREEAT R4 A0 s 800E: , AL P9 Rt ia) A AR SRR v 22 34 /NTF 15% AR 7 ik 1R
R FRE AT AT T SE PR A DL R A AU

SEER BT BTG AR MR ik
1 315

R KA DT T A S O s i A W 7 A Y DL 2R3 38, AT ¥ Y P K A4
WEIEAE Y, T FEAERTE 2T B A T 2 R MR A ORI, e S NS E A R
DUZE3E R B 0N Kb [ S8 5 B2 2 R R B Ap Y SR bR . BREFR2 (EC) No. 15/2011 BL5E /N RUAED)
VI D 2R R R S AR B IR T 2014 AR RUS A5 VRO (3 - A R B ik (LC-MS/MS) A g U s
T TG AN G 43 S A T A AN G BT, O R I DL 2R 3R A R R ke IR ST AR Y
ORI ARAE ) SR, B DR BE R A5 S 2% P24 2 | $R 0t 4 A5 i A BHR AR 1 Ay R ) HE At o
SRR EEOMBT, Ry PP DL SRR R AR A S We A AR U S TR A PR DL AR K
F7 i ) SO 2 A R T R T A AR T A B i R R ARSI B R

[Ei] A A B S 2 i o ARV A ) AL B AR, BRI, 75 ey g SE B4 1Y B P T AR R IR E 5
RO GAE R — S 220 S h i Z R0 AL 4 B B alifh PR B L | FERT 2R ), A
(] B AR FH R A LR 3 ™ SRR TS e . TRt R B % 22 0 B R A ) TR 45 A 11 A 2 B
SRR At R R AR 2 Ly IR R AR Al B A BRI AR B MU (Tonic liquids, ILs) & —FhiAl
FUAIBURTRE, FEAR R AF A AR E P AR AT AN 5 4308 RARFEME S5 U s 98) 2 J T ( 35 A i 1 i Ak
NS i AT B TR IS R R R REAS B TR A OE . KR T IR A A [ B A
I, TS B ELAT B TR AR D) RE LG R4 Y [ A A B (Solid phase extraction, SPE) #iAf kL, H AT, & E LAY
TR TR R S S B AN i g Y [ AR, B VR Sy R A B
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FHLE, AT A 850 IR B IR ARG B K AN 2 BV E SR IR B 388 K T 9k o3 B 0 ot 5 WA e 2 Al i AR, 7
SR o B s S T B RAFRI N ET & 188 B 1WA A AH SC A 9 ke 20 e e, = 2 T T 25 By
B WATHLTS Yl ) B TR AR AR OB AR R AR 5 AT AR A B A Sl L TR 2 4 T
WARBRE SRIERRE . D3 Ah AT P F-A 152 R 4 280020 2 - VR AR A el FH 2, 185 o 2 JBORA 6 £
A KR AL B AAS DRI, ] 8 00T TR ) 8 VAR [ A 2 IR ), 2 R v RN B AR () B B 3k A%
Z—.
A5 30 3 FE A g A T REAL S IR 1 5 B Rk A AR L BRS¢ A b
bR B RA R DRI A B B, v SEBURE i b 2R A oy B el Ak BAR . B TR TR AR
A RTINS R/ MATR BT, SR ERTE H R4 vl BEAE2E DTS At e . BRIt 264 3 FhaS iR
PR R (KL 5 2 ( Okadaic acid, OA) #%# 82 -1 ( Dinophysistoxin-1, DTX-1) Flfi i 5
22 (Dinophysistoxin-2, DTX-2))/EN HEs¥ K ILs-SPE $ A B F T /K FE 5L o OA DTX-1 Fl DTX-2
(1w SRR, DL T SERRA R A PR FURT pH A PRI R PRI A2 R & pH (E 555500, B4 T
25Tl DR 20 AR USCR B e A T ARSI i B T AT R B

2 SLIGES

2.1 ER5iH

TSQ Quantum AccessTM R AH €415 -ER B i 15/ ( 32 [E Thermo Fisher Scientific /A H]) ; Kinetex XB C
R (150 mm x 2.1 mm,4 pwm, 3E[E Phenomenex A F]) ; XW-80A AUJEIRIR &% ( FIFE KL ) ;
Milli-Q U A KAY (3 [/ Millipore /NH]) 3 Thermo Sorvall Biofuge Primo HIBS .0 AL (22 8 Thermo Fisher
Scientific /A H] ) ; Karlsruhe ZLAME1E4Y | Avance 11 spectrometer #% 6 e 4R (£5 [E Brucker 23 H] ) ; Vario
EL cube JTE AT (5 E Elementar /A 7)) , Oasis HLB EAHAZH ( SPE) £ (3 mL, 60 mg, 3 [FE Waters
JAFD) A G BHIARERHE (3 L., 60 me, FHEHIAN AR RHE A A A

OA F1 DTX-1 HRifES (4 =95% , 515 Algal Science /A ] ) ; DTX-2 FRUEIATR ( (4. 720.3) pg/mL,
INE RGP BFFRT) 5 HEE (3520, 18 E Merck 24F]) 5 NG (B54E, fEE CNW AF) ; H
iz R B (A4, 12 1 Fluka 23 F)) 5 1-WN BEBRIR (3540, Fluka A W) ) 5 ZSBUBERR I (B35 40, J&K
Chemical 2AH]) o HAs R A0 X 0 Hral, SEgs vk bk B Milli-Q 4k REER R AEK

TR R IV 70 S R BGE B OA T DTX-1 At I B 2, O A 10. 0 g/ mL BB A
A, T —18CREOGIRAT . MERIGE A OA [DTX-1 I DTX-2 FRofefit #5798, A AP BEACH 1.00 pe/mL
R S AR R, T-18°C LR AT
2.2 UHBREHMSE

MR :35°C; 0.3 mL/min; #EFE 510 pl; WA, A2 mmol/L H BRE AW, B: £ G-
2 mmol/ LHVFREVEWR (95:5, V/V) ,BBREVEARIT :0 min,30% B; 0 ~3.00 min,30% ~90% Bj; 3.00 ~
6.00 min,90% B; 6.00 ~6.01 min, 90% ~30% B; 6.01 ~8.00 min, 30% B ,

FLEZE FRL B (EST) , 22 BRI ( MRM) 214655 5 7 il 5 W25 Iy 4000 V5 BRI )
SRy 2R, SRR 736 L/min, FHBIRUE 7. 10 L/min, fffE SN AR & FIERATIREE A
350°C , fliEAE ( Collision energy ) M H- B MG &5 L3R 1,

F 1 VR R SRS

Table 1 Mass spectroscopy (MS) parameters for analysis of shellfish toxins

i - =1
Ciﬁiﬁ d %ciﬁlﬁ?ﬁ) de Pa*irﬁ ins Prjuﬁ?ons Coﬁ]iganZirgy
(m/z) (m/z) (eV)
Okadaic acid (OA) ESI™ 803.5 255.1%,563.4 45, 41
Dinophysistoxin-2 (DTX-2) ESI” 803.5 255.1%,563.4 45, 41
Dinophysistoxin-1 ( DTX-1) ESI™ 817.4 255.1%,151.0 47, 51

Note: * indicates quantitative ion; ESI, electrospray ionization.
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2.3 FEBETFREESFEER (Silica-[ SOIM][PF, ] ) K% &
B S A R Bl A TS IR 1,

CH;(CH,);NH, + NH3H,0 + OHC-CHO + HCHO —— N N——(CHy),CHy (l)

Cl

/\ OCH
N N—(CH,),CHj (|3CH3 [
KPFs  CH30—Si— OCH;

CH,0—Si—OCH; ——— CH:0—Si—OCH;
: 25°C

@

OCH,
o (CH,),CH;
o /®\N/(CH2)7CH3 e NN
(A)
OCH,
OH  CH;0— Si— OCH, OH
- S — AN CH,),CH.
—oOH -+ O\s/i/\/\N®N/( 2)7CH;
oH —o” = ®
6
PF¢ @N/(CH2)7CH3 ®B)

BT BT & RE AR 45 R 2
Fig.1 Schematic for preparation of ionic liquid-modified silica

2.3.1 FEWMBEER BIEBECH 36% MIE(8.35 ) AUARIICH 32% £ —FE(18.1 g) A
250 mL = H B P 50°C B, SR 5 70 KRR 705k 28 % 247K (6. 05 ) FH=F e i) H ISt T
(12.9 g ¥ 50 mL FEE) S0 A B = VB, IS8 IS RS2 1 SN 4 b, Slifk 4545 23R 2 a3 JErk
W i
2.3.2 TEREFEKMSENER B y-SN = A IR A ASIE (0. 08 mol, 15.9 ¢, iF T
25 mLHR) A = VRN, B 2. 3.1 5 HIASAY=FJEPKIE (0. 08 mol, 14. 4 o) LAV R FE 2] 18
AR T WA 48 h, PP aliAb T AT SR HRARIR 2 A, Rk b S SEmkme 5 b ([SOIMT [ CL])
2.3.3 WEREFERMANEBBRIENEMR K akbior Lokl a3 i H R (0. 05 mol, 18.9 g, &
T 25 mL HEEH) DA BB, [ i 55 B8 JR %) KPF, %5 T B2 (0. 05 mol, 9.20 g, ¥ T 10 mL H
BE) KPR IRIR A, S IRIPE RO 24 h A5 2R B A UINE ; Ak TS BRI IR 2 e i 1A, Bk
FESE FEDRIE S IR ER ( [SOIM ][ PF ] ).
2.3.4 BFREEAERNGIE K2 200 ~300 HARERK, 81t — 5 We BE Y HCL 85 B e fil iR
R fk, fiff ik S Ah R TH A L, Y pH Eh R SR T, &, IR 2 ¢ FELE T K
[SOIM][ PF,J#F 10 mL ZJE, A HCl AR RERE (40 ~60 H) 29 4 o, Z AR T I 24 h
Jei s B RN R G2 B Tk o 5 PR AR B 1 ,80°C 2125 T 5 h A9 BIIR ¥ (0 B TR IR B 5 ik
Ji& Silica-[ SOIM ] [ PF, ], 7= 2 80%
2.4 BFREBETRIEES T

T 3 2R ER AT R R AN S R A A R I B 2540 R LD Je — B 4 R, BB A
TERAT LA B AT 5 i bR BB 254 A8 4k R, SR R AL IR 1 R T e Th g Ak 25
TRAREEF ; AR5, i e i, A5 8 PRI A R A R ¢ H N TR E & i, O AR
JE I B IR IR i
2.5 EHEFERENH&E

BB FH AR A BUORE (AT AR 3 mL AR MORER SR A, 2F 11 0 Al e P v 4 B 2R 20 p Bt (LA
6.4 mm,fL4% 20 wm, BB 1.5 mm) , PYHRIFLFE [E AR 2 BOEDRFBE T A 19 Silica-[ SOIM ] [ PF, ] (50 mg, ¥
240 ~60 wm) . FETESAECERBA I CAR, 85 5 A B il B8 P iR s & i 2, R T i oy
A 5) T R A B AR, fe e FR R b R RS I RE BT A M TR OB R B AR R (5
0.05)mm,
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2.6 HmAE

MK KR 0. 45 wm SRR I8 B A B2 B0k, EAHAE O AR, 40 50 2. 0 mL HEERI2. 0 mL
50 mmol/ LLTREEGAL, 3+ 2 W . B 20 mL 3385 A KRR &, L2 5. 0 mL/min JiE38 13 16 16 1) [
FHAEBUMESEITE S, 2.0 mL 50 mmol/L ZFREEZWRVE, WL /5, F 3.0 mL {RFECH 5% 1)
NH, OH-H UM , Ve 40°C F RS T, FH 0.5 mL WIEATRSIAHE IR , S8R e ki, 182
0.22 pm JEAE IS I8 AR (3 - 3 I T T DU

3 ZER5{Tie

3.1 5NN

LIAMEE (IR) JEARHEES AR S 05 BLE 1 T BP9 X8 F AR [ SOIM ] [ PF, ] LT MG %
fERBR,3127 F13059 cm™' X R FRKMEER I C—H IHZE4R ) ,2958 2932 12868 cm ™ Xif hif T HI FL AN K
F LR AE IR SN, 1156 em™ XFRF Si—C HIMZEIRE),1083 em™ A1 1023 em™ XFR T Si—0 M4
Bl IE AR RE RS

S ARAB M R FHREI BRI L, 1 5 A0 B PO REISAE 1570 em ™ AR HIBE T —AN5510& ([ 2) .
R o Tk e (R AE 6 4 T 1500 ~ 1600 em ™ 22 (8] 128 |
UL —LEr A C—N LAY PR 5 i R A
BRI BEA R TR, R SE BR I AR
il e T Hifefb B IR AR A R .
3.2 HZEEHEIRES T

B WK [ SOIM | [ PF, | 4%t 34 43 i 45 2 an
T: "H-NMR (DMSO, A7 TMS; 400 MHz; & ppm) :

Silica-[SOIM][PF] 1570 e

Transmittance (%)

9.16 (s, I1H), 7.78 (m, 2H), 4.15 (m, 4H), 4500 4o|00 35|00 3600 2560 20100 15|00 1000 500

3.47 (m, 9H), 1.85 (m, 4H), 1.25 (m, 10H), Wavenumber (cm™)
0-86 (t, 3H), 0.54(m, 2H) o JHit, 9.16 MT-T8 ) oy itica) fnes FHIKIEHERERE ( Silica-
XPREBKIEER 1) H 6%, 4. 15 X0 -5 Rk 3R AH % [SOIM] [ PF, ] ) (02T A3
MRS HE | H AYAIAS 3. 47 X R AELESE I H Y Fig. 2 Infrared (IR) spectra of silica and silica-
Pk, 1.85 XF R KB ARIE AU A EE H B rsomv)[pr,
P8, 1.25 X R ESERIE 1 5 /N H L H 0k,
0. 86 X1 LB EE B H L H 072 ,0. 54 XTI T 5 EERERLARE 9 3L H 088, 25 SRR,
il e T IR A B IR
3.3 TESH

XG0 e P R RS R AT T 2 AT, AR AB M Ak A b LIS H TR A & 5 (0. 983% ) , 5L Tfefk
BB S N .C B H JTR MR E 5 S i 5o 2.73% 9. 65% T 2. 07% , Ui 25 W A4 i 1)
AR iR b I AT N R A SR 1 g REBRE A WU B A X 2L e Ak B T A
M-S~ 1.95 mmol,
3.4 ERFEREEMRL

S FH A5 00 S B T W A S RE I Silica-[ SOIM | [ PF, ] 3 [ AHAE LR (3 mlL,50 mg) , T & 4
Hibk 3 FiDIZEHER OA \DTX-1 M DTX-2, RZS FHEEFINFR 72 (0.5 pwg/L) |, %500 2 B
ISR SEGHATOLAL , LR T T PR 25 1 A SV IR A5 I 28 O e 25 1 A EL AR e B 45 18,
AT T 6 A AT
3.4.1 SHEEBEBERMEI  EAHZEBOORAT R LR B 0 far 2R S5 B AR 0 1R R L
SR, BUE R DI S E (OA \DTX-1 Ml DTX2) IRA AR EE R 0. 5 e/ L (KA T 00T, B 52 AN [t
FEARFR(5 .10 .20 .30 F150 mlL) X ZE B 52 0 (AT 38404557 2. 0 mL 47K ke 2. 0 mL Ay
Ji) 5L 3,
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MR AR (1) THE S FAEE(EFs) .
EFs =C/Cy= (n/V,)/C, (1)

Horp C ORI AR WO BRIk, €, W1 IR R
ST B ARYIVR B n o B AR B B R VN
SR WA

MR LG IR ARV AIWIARE IR R JE C,
W2 I, R A, X I i 2 PR IR b m B OKC, 4
FEE s, ik RS E, SRR R, B oA bl o IR
FEARBRIE R, I A2 B3 2 % Hbr i iy T4 K, B3 b B R B
Hﬁﬁﬁﬁﬁ?j}, 50 ml ﬂiﬁé{ﬁgﬁ#ﬁ i1 0. 5 h, l;i .3 Effect of voh/l\me of sample so/l;ion on recove
WK T UAERE . G5B % IET L AT B R IR ’ N
B RSB AER R 20 mL,
3.4.2 BRI pH EMRN 35 TR S AL Silica-[ SOIM ] [ PF, ] & A FIHE 73, nTaE 5
H bR DU 2R R A FKVER] B A A s VR AR 2 P AR T, el 4 T, 3 R LR R
SERER A R AL ERTR] pH (S T AR ARIR], AT BERZ M L [ iR 43 i) 2k FE R AN A K R R
FEHF/K pH L, I 20 mL #EKHERE | AR T pH 5.5(5% WR) .pH 10.5(5% 7K ) .pH 7.0 F1.8.0(H#H
WK pH H R 7.5 ~8.3) 19 UL 35 Jn b i K BE 5 (0.5 peg/L) (9 B3 (1% 1 2.0 mL 4fi K ik %,
2.0 mL B ) . S5 HEEHA Y PRI pH {9 7.0 F1 8.0 iF, H bR 012835 R 59 ISR Y K T 80%
(K 5), W& TS MR (pH 5. 5) M58 (pH 10.5) 4 4, Ui W 85 1 28 # /E Hl ol fiE R 2
Silica-[ SOIM ] [ PF, ] BU/INHE 5 DS B R A1) R BAE I 7. 048 7 (R0 5 2 04 ml 8 52 M Vg /KORE vl
R E AR U 4 N JHRE pH (A 2K,

~ B5mL ZiomL N20mL B 30mL B50 mL

Recovery (%)

R1

N
07 Y A

gH R2
OA: R1=CH;, R2=H; DTX-1: R1=CH;, R2=CH;; DTX-2: R1=H, R2=CH,

4 DIZE#EER OA DTX-1 Al DTX-2 (953 F45H
Fig.4 Molecular structures of shellfish toxins OA, DTX-1 and DTX-2

3.4.3 WMBEAFGBM  XE I TR S HER Zor O om

R T B e W A AR VR B b = b 10or

Ik, TR WA T B Tk, R S o)

R Aot G AR KRR i 6 725 ELER AT A7, ikt § 80 g

S R e RS e, WM B B — ke £ 7o

FISR ALK, 1T BB i KA T4, B20 mL I 60l

2 % (0A,DTX-1 Al DTX-2) IR & Jnbs ik B 50 i

0.5 we/LEGHEAKBERE 43 AP T 30% s 4 7Kk pH pH P

50 mmol/ LLFREVSWAE ARG il 0¥ AL SR RIS 1S sfbREIARE pH (0 HE U (5 1

(2.0 mL FEVEM) . S50 K,30% PB4k Fig. 5 Effect of pH values of sample solutions on

VERT,3 Bl DI ARG RIS ULBH B 25k recovery

YEHIATREAN S A il Silica-[ SOIM | [ PF J4E 5 HbR DIZEEER R FEAEH 1. 4 H 50 mmol/ L ZMREAE
SR PERET , AR DU B ZR 0 ORI, AR S R 0 i B4 TR RARR (1.0 ~
6.0 mL) RPERAIRCR , SIRFUNT2. 0 mLA BEWRPER A 38 0, PE s R 0 TR B i oK Mk k
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F2.0 mL J5 , REHECTHRIE, I, %48 2 mL 50 mmol/L ZFRAAE N 5 SEWFFE ke

3.4.4 BEBBEFIRRM WK 4 FoR,3 FhEAR SRS A RSN R TSR IEY i,
% &3 Silica-[ SOIM ] [ PF, ] 1 BRI (19 55 6P |, 35 >4 pH (B A 15 I V5 790 T {6l 9 5k g i A 5 5 ik e
Silica-[ SOIM ] [ PF ] 5% H AR D283 R A8 SRy i, DAITT AT BB AT 8 W B 550 5 B A 43— Al A AR 0
I, PERES ) pH E AT RE S 5% M D1 2552 M\ Silica-[ SOIM ] [ PR, ] AE FVEACR M EZER K, Ll 5%
NH,OH-HE 2% HAc-H BEREE H EEAE e Miis I E T TR0 000, S5 R W (3£ 2) , R A 4l H sk
JEESE |3 Fofr D1 285985 2R A4 DSR4 K T 85% |, M Silica-[ SOIM | [ PF, | A4 RF 45 B MERE[R] S AR C o /NFEAR
1,5 HFr N KT R NAEEBUKER 15 B, 5% NH, OH-H B Uk i A REAS 2 TG €5, 78 34 10 7 H i
AT B TSGR T 2% HAc- 14l F S HE Silica-[ SOIM ] [ PF, | #1RHS 3 Fh 01 2535 2 ] [ i 7 4E
B 2e 45/, 3 23 DA B B8 - RS AR e 09 DU 2S5 R A il oy F IR e i 7 ok, Btk e & A
NH, OH 1% H By I PE MG A . ZE M SERS 1, 25 58 B v NH,OH & 4 (0% 2% 5% F1 10% ) T [l
R, 5 RFR NH,OH &M 0 3% 5% ,3 Fh /i 0% DS R e | 24 3k B ik — 2538
2| 10% B, ISCRIE KR REARS DI, B S0 RIS 500 % 00 2K 85 28 45 4143 DS R 11 52

5% NH4OH-E|3 FEAE S e R 3 . o Tk Table 2 Recoveries of shellfish toxins eluted by different elution

solutions (n=6)

" 3 s = o "
BERIRBUILE T 0L, 2500, 3 mL 5% = e e
NH, OH-H 5 RI AT 55 201 i 2 i 4, 3k 2 Compound 59 NH,OH-MeOH 2% HAc-MeOH MeOH
ER ARSI I, Rl SRR AR O 108 94.5 5.4
%3 ml, DTX-1 116 92.3 96.8

Mbo DTX-2 93.0 85.4 86.2

3.5 EERAERERE
DI 5 R A GBI 9E £ 5k H HLB K| C o 1 48 Ak b BE, AW 5% 3 2 25 11 1 7K i A% 7 5K
(0.50 we/L) 43 HIXEEE T B 254 T B il B AR B A ik JEHE ( Silica-[ SOIM ] [ PF ] ) 1 5 FH 4k [
FHZEHURE (HLB A1 C 4 (3 mL,60 mg) ) YEALSCR AN e ki /K AR 20 mL, P
R EAEAE U METE R 5 mL B EEATS mL KIG{E, #ERE /S F 2 mL ZKbkOE .2 mL HOESESEIE  AH . 2514
TR 6 AFAT, MR LR 3, S5 REHT, A WA Ak A [ SORCR 5 R HLB A Y, ¥4
T C ke, AR B TS ik AT (Silica-[ SOIM | [ PF, 1) SR C A, A EA ¥ LB K
, 5 HARY B A8 V] BEAFAE B 3C #VE 45 3 AN[ENEAHFE O X DL 2855 284540 43 TR ISR 1 52 i)
LZHRESVEH B , PR S ks [ Table'3 Ef.fect of solid phase extraction cartridges on recoveries of
B, [ R BORHE (3 mlL,50 me) D e o (n26)

Y| [FI# Recovery (% )
F HLB #(3 mL,60 mg) , ity B HA UM fE Compound Silica-[ SOIM ] [ PF ] HLB Cig
SR EA SRR SRR ERERT HLB HAHY OA 108.0 103.0 68.4
DTX-1 116.0 98.3 69.8
=3 AN
3.6 TiEIEH) DTX-2 93.0 95.0 96.2

3.6.1 FHEMKHREESR HR0.02 ~
2.50 pe/L MR G DB RIG/KIERE | DLt ik e 1h R 5 DL TR 5 s TR VA VROV B2 s Tl A IE i ., 3 ol DL 26
FERAVEM TR H . OA, y=—2.96676+2944. 44x (R*=0.9969) ; DTX-2, y=622. 875+904. 353«
(R*=0.9995) ; DTX-1: y=20.3688+2463.97x (R>=0.9997), 3 Fl Il B 4 tH B (LOD, S/N>3) N
0.01 peg/L, EER(LOQ, S/N>10) 4 0.05 wg/L,F B il 25 19 B ARG REIE A BP9 2 BUSUR
3.6.2 FAEMBEERENMMOEIE AOUFET, 8@ 0 REFERMPRKFE(0.50 pe/L) , %
KL HW (n=5)MHAM (n=3) K% E, fEAFRBE, WS 3 FF 13 RB RSD 7£ 2.8% ~
12. 3% Z ], F B 0 7 3K 2 B 3, X6 ] — L RIS [R] U il 2 A4t A A5 BURSCR R 47 B BUME DR )
— R AR BL (n=5) TE[F]— I [R]XF 3 Fh DIZEHEZR () RSD 7E 3. 8% ~9. 5% Z[a], A [A] 4L 56 Uk L
(n=3)1E[E— RIS 25 5 RSD 4 6.2% ~11. 6% , i35 W 1. 2% BUR B} ] 45 S 0P B4
3.7 KBRMA

S BARHIFSY 2.2 RN 2. 6 15 B ACAR RGN 7 32 R f AL By 2% $R B R 2R BO X B A & B b7 0
KA A TACEE , W& 6 A FT7R KRS TP AN & IR B R . IR I iR I & SR AL RICR | LA
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oy B AL = 5 48 4

AR AS FIRE S TRV BE KT (0.2 FT 1.0 /L) 1Y DS FE 28, D Jr vk i Il e, DL B
BRIEE KA it ) 22 S 7 0 ( MRMD) PELDLIE] 6B, 22 5 1 WA A REISOAE AL B, DLR TR KA T A 20E 4R
Fll R 220 (1) THRE AR 40, ISR 4 TR, 3 Fh DLSS TR 9 I AR LR AE 93.0% ~
116.0% Z[8] ,RSD 2/NF 12% SR, [ il 2 5 WA B 1 ek JC [T AH A% JBORE A B R 5 i Ak B 7 1 0
JHT 7K rp DR 3R A AR UG

RT:4.44
A 1426 B RT:4.66
DTX-2 DTX-1
OAn A Va
| C
b
a a
L L L L L | L | L | L | L | L |
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
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Fig. 6 Multiple reaction monitoring (MRM) chromatograms of shellfish toxins; (A) OA and DTX-2; (B) DTX-1
a. blank seawater extracted by silica-[ SOIM ] [ PF, ] cartridge; b. shellfish toxins spiked seawater extracted by silica-[ SOIM ] [ PF ]
cartridge (0.20 wg/L); c. standard solution of shellfish toxins (20 ng/mL)
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Research on Octyl-functionalized Ionic Liquid Bonding Silica
Gel for Solid Phase Extraction of Shellfish Toxins in Seawater

SUN Xiao-Jie', DING Hai-Yan', TAN Jie*'*, XING Jun®,
GUO Meng-Meng' , XING Li-Hong' , LI Zhao-Xin*', ZHAI Yu-Xiu'

"(Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality , Ministry of Agriculture and Rural Affairs;

Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)
*( Qingdao National Laboratory for Marine Science and Technology, Qingdao 266000, China)
*(Key Laboratory of Analytical Chemistry for Biology and Medicine ( Ministry of Education) ,
College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China)

Abstract Shellfish toxins are a kind of important marine pollutant. In this study, a novel ionic liquid bonded

silica gel material (silica-[ SOIM ][ PF,]) was prepared by grafting octyl-functionalized ionic liquid onto silica

gel, which was characterized and analyzed by infrared spectroscopy ( IR), nuclear magnetic resonance
(NMR), and elemental analysis. Solid phase extraction cartridge of silica-[ SOIM ][ PF, ], coupled with LC-
MS/MS technique was used to extract and determine the concentration of shellfish toxins [ Okadaic acid

(OA), Dinophysistoxin-1 (DTX-1) and Dinophysistoxin-2 ( DTX-2) ] in seawater for the first time. It was
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found that the solid phase extraction material silica-[ SOIM ] [ PF, ] had multiple interactions with the 3 kinds
of shellfish toxins, such as hydrophobic and ion-exchange. The method was optimized in aspects of volume and
pH of the loaded sample solution, as well as the usage of rinsing and eluting reagents. Results indicated that
the silica-[ SOIM ] [ PF, ] had good extraction effect on target shellfish toxins in seawater, which was better
than or equivalent to the performance of commercial extraction materials. The method had a good linearity
(R*>0.995) in the concentration range of shellfish toxins from 0.02 wg/L to 2.50 wg/L, with limit of
detection (LOD) of 0. 01 pg/L and limit of quantification (LOQ) of 0. 05 pg/L. The average recoveries for
3 kinds of shellfish toxins were 93.0% -116.0% at different spiking levels in blank seawater.
Simultaneously, the material had good reproducibility, with the relative standard deviation (RSD) of less than
15% intra- and inter-batch. This method was accurate, sensitive, simple and reliable, and could be used for
the extraction and detection of shellfish toxins in actual samples.
Keywords Ionic liquid; Solid phase extraction; Multiple mode; Shellfish toxins; Seawater
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