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mE AW R ARIE [E 48 B 5 & B 57 5 K (Solid phase adsorbent and toxin tracking, SPATT)JE ¥ ,

ARG RERX N, FIA HP20 KILEIMAA et Kb w Ly 4 MEENRER:. KHREHR
(Okadaic acid, OA) J H-AT 4 4 # 3% # % (Dinophysistoxin-1, DTX-1 ## Dinophysistoxin-2, DTX-2), *k
X #2 31 % % (Gymnodimine toxins, GYM)# 4T R Mt , s H B F 34T 2L T NBEAKFEE S
ol 4 fpE NIEEENXFEZN T &, ARERN, BRSAHAREL, ER7d, RFXREHEKRS
SRR R, STAE SR IR XK A AR AL AR N YRR M LR R R R OLEEAT T AR, o ATiEARE S
HYANEZLGEN KR, FRET, HP20 Mt 4 F R 05 & X B M ENLE R 4T, OA K 98.9%,
DTX-1 # 103.3%, DTX-2 # 93.5%, GYM ¥ 76.6%. fE%/ UMW, B DTX2 4, Hfh3 ##E
ZHAME, OA WE H 20.451-422.352 pg/kg, DTX-1 % JE H 15.954-368.678 pngkg, GYM K JZ
20.452-282.231 pg/kg. EEAN BHM N, A &+ 3 M E RSB F 8R4 EIE — 204 51,
HFRNEECEMEREAYEZCENAET AR, EREBALENE., HAREKA, ZHAHE

BRI K AT AT I 2 M, VA At LR & R IR B 7 B9 30FF, R

AN k& Z LKA AR %X HH,
XA

hESHEE X55 TEIERIRE A

WAER, ZAKIESREW, AEFERARRAAER
EI B R A, P BE R B I ™ 5 2™ A i T R
VR, AU IR | ™ 5 5l 5
FUK =250 , 1 HLAv] DUE i B WsE, faF AR,
HEHOIET-(JAF A, 2012). BEHENLER
(Diarrhetic shellfish poisons, DSP)J& H: 1 —Z5 4 LAY
& E TR R B T R 2R B A
A — BRI AR AR, EEOR A TR B R
JE B (SO AR AR, 2013), HULEVSHEDIE R £
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ALUT 4 Fhe REEETEF A K IR 47 R (Okadaic
acid, OA)FIE i 257 & (Dinophysistoxin-1, DTX-1

Dinophysistoxin-2, DTX-2) LI K& K [C 12 7 5 £
(Gymnodimine toxins, GYM)(FHEMEE, 2013), L) OA #ix
FE UL, AR DSP T EE R IR R B I AL D REZE L,
PETE . MKk . MR A EIEE, IR AEA RO R S 2
FAAF R AN B R AR R EBLEE, 2013)0, RHAEH
DU RE R 5 R M AR 3 R WA EE | 25 7K™ S
Tk e ik 18R G T B R B R (R AR,
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2013; Z2JEHTEE, 2016).

[¥] AH W% Bt B 2% R B 4% R (Solid phase adsorbent
and toxin tracking, SPATT)H fif 22223 MacKenzie 55
(2004) 52, 247 A FI 0 B A 32 20 i oty D 2
KT EERGR. et R A, G8MATH
23 (] 9 7 18D s b A S KR h i R ARG O, BE2 T
7 SER W45 K ARG, HlE 7 K 5 R A U ik
(Caillaud et al, 2011), SPATT AR 7E BRI I 55 5 16
TSP R SR e N H A HGE . Fux 55
(2010)Ze 5 K B[R] 5256, 1o HP20 4 i s D W ffF OA
M DTX-2 #%, 7ESC50 % TPk Wz AR Ge A 20
R 3k PR A DL B4 DL 25 35 3R Rodriguez %5(2011)IERH %
FORTT TR D 3 U R R S . fof 22
McCarthy %5(2008)7E Longh Hyne i 7 H AR5 X P,
U T HP20 RALBIE BB iR 55 SP700 TR i % TS 1
DURERWE R RE 7, BN T /KA PR v IS 1 DL 2
TR MBS A R AR R A 07 iR . ZEE Y, AT
(2010) 7 M 533 SRasE A T A DG S2 86, PSR T OA 5
H 1% % & (Pertussis toxin, PTX) 2 BT E] 17251k
R, AHREENT B IKAREREE A 1) 35 28 2 [B) AL LA .
LA R, L HP20 S GRS A fE W e 7K
MU ZEH 2, SPATT HAR T H Tk ik b 288 %R
{1 B 23 AR A o E 6 TR JIiE XA (] D1 285 28 ) IR B 3 2R
(G EE, 2012)7, LA KA i W B D1 2K 285 28 1) 5 1 ) 32
XA PR i 3 R i 22 (8] 56 R IR 880 (Rodriguez
et al, 2011), AWFFEFERT AW LR -, REMIE
T HP20 BEAEXT 4 Fei ULIE TS DL 28 22 A I BRSO
TE G HE A WG SR A X AT T 505, A A TRk 4 Fb
HWILMIETS RN R R, 407 1 4 FhiE R A KRR
I A P A9 B ] 5 2 () AR fL R, S 3R 4 ) D
ES T R NEN O FE IRV Y B R I & R i

1 MRIERE
1.1 SEIEH

S5 It 1 25 Z R ME i T 2 R A P B
Wrgehr; WEE, CROlE. Wik, ZlF. »NE(©
A PR R A m AR, EOK, LR (G 4E)
Wy T KA BR A AR A 7

12 {U&ig&
VA €035 5 I DY A % B A (Thermo  TSQ

Quantum Access, 3&[H), AoHLHE% & FIJR(ESD); N-
EVAP112 % W (Organomation Associates, 3[H);

KQ-600DE i # 75 ¥ #5(KQ-300VDV, . 1L#i 7%
A RAE, i) e 7 Z{U(R-3,BUCHL, %il);
SR, &R 0.0001 g (XS10SDU, Mettler Toledo,
Fii1); HP20 KRALW AR (DIAION, =322, HA);

48 um FHE MG ; AP UEFE (30 em x 2 em), AT YE I

1.3 SLGHE

1.3.1 AR5 OR M 5 i IR 1% HP20 A KL
W BEHRR i, FHFLAR R 48 wm 14 SR K 090 A7 4% il ot 4
6 cm x 6 cm IEJTIEAI4E, %A 20 g¢ DIAION HP20
RAL BN BE Z J5 %5 B, 76 TE B A 280 —f [ Je
JedkEdn . WRRHASTE I EEHIRE 24 h, SRIE FHZRIBKIZ
W2 h, BUE, BORZEEKER 3R, AEE S
BHE, TE 4CHEME T RBRIRE, fr.

VEFHA AN S 4R DL BE R MK, A illicE + S
MHFE R AR, A RCE 25 LK, JFIA200
ul ¥ BER500 pg/kg B AT AR R AOTRAARER L, 4
SCE SRR IR AS , HEFT R, 251, 3.
5.7 9RBUE, HETREMANER, W3LTFAT, BOFAME,
132 HARFNEEEFEE MGG T2 53, 7E
EAFRFEIX ) 4 AT LRSS s B IR E 5 R
FERL, 7 dRAE 1R, MW R TR, 4 1.
R 32, ZERE 2 m, BE—KEE 2 AW,
P28 FR T B8 AL E BT b, BERIRE 7 d K R4S
CHY, FERICACET 1M R4S, 4 HBOI 2 B 4% T ZE R 7K e
Uk, AT S RS, K& RAF RS =
4°CHMNELE

F BB SR ARS8 A, 50 ml 5B FoK
Ve LRy, T K IERR T, A 20 ml B,
TEAZERI, FANA 20 ml PR 0 R E 1 k.
BURTE 40°CZELHEE, 54 1-2ml 7K, H 5 ml Z4&
G EUE B0, BOh P he 2, HEHER LR,
HIF 2 A BEAEBORE Z AR, H 1.0 ml FEE
FEA, L0222 pum 1R VUG O M U8 B uE L it
LC-MS/MS #5:ill ,

133 %P N EFEHRGHE . S HERRFR
B B s AR 2.00 g T 25 ml B.04H, finA 10 ml
80% H BE/K AW, BEw k% 1 min, M5 $HEH 10 min,
4000 r/min Z5.0> 6 min, ¥ FIFEFEFE E 25 ml Al

1) A7yl BRI e DR VS DU RE B A R ) A A U TS . IR A A AT S AR 2 (038 5, 2010, 1-10
2) BURE. R RE R AR NR LR T RS I O IS P R R A B A AR S, 2012, 1215
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w B FIREEEIA I BIETR, 40°C &M RliezEdin
SENEER A, EEE/NT S ml, FEAMFIMA
10 ml ZFR 2T, HEW 1 min, ZEHL, 4000 r/min 2.0
6 min, HE FIREAE, BIFCROER)Z, 40°Cliezk
75T, 800 ul HEEEH, JEIMA 5 ml KFEREIRST,
gtk .

MAX FE A AR K A 6 ml FIEE . 6 ml K iG 1k

AEER, A EARR, MUK 6 ml 5%Z /K. 6 ml 10%
F B KA TR BE, fa i 6 ml HRR/H E(2/98, viv)
VEMG . HEUCPRI, TE 40°C &R AWRT, HERIN
A1 ml FEEEZS, BED 1 min 53 LN 0.22 pm B
VUSR . A DRI, U8 LC-MS/MS 4317 .
134 NEFZen  @Ajkk: MGIIC18 (2.0 mm
i.d.x100 mm, 5 um); HiE: 35°C; FEMERE: 4C;
HERER . 10 pl; WA AL B FIERSr, H, A
HENEE 1% FEZF 2 mmol/L ZW2%%), B~ 100%
IK (& 1% R A 2 mmol/L £ WRER), % FAREE e
X, BESHWE 1,

K1 BEEUMREXSERERBTN

Tab.1 Gradient elution method of DSP
i} [E] Time(min)  A(%) B(%) i Flow rate (ul/min)

0 15 85 300
1 15 85 300
2 90 10 300
6 90 10 300
7 15 85 300
10 15 85 300

BEUR . EIEE IR ESI; Ky = ik
o Wi (Selected Reaction Monitoring, SRM); HiM§%%
HiME: 3500 V; BHEEE: 350°C; SRS

10 psi; ¥ HETT: 30 psic HMTEE(M2): 0.01;
] . 0.1 so MR, GYM FEHEAE ESITR&M T
HEEW N, OA, DTX-1, DTX-2 7E ESI &1 N A
Bmminy, HARSHEOLE 2,

2 HR5H5
2.1 HP20 #3887E A [ W B B 8 X 55 2= R B BE 1 RS
=AU

FLi T HP20 B ASXT 4 R IR TS R D28 R
W BRF sk, A IR I BREES 1.0 30 5. 7. 9 KIIRIM
W R R A S, 45 R 3 AT SR R A,
#3450 B  HP20 WX IE 15 1 D1 % OA .DTX-1,
DTX-2 —Fh#E & I B R 3sc by, Bifi s B (] A 2E
BEREXT 3 2 28 10 W B 2 4 n , RS 7 RAEL
FIRZS , W R RCRTE 92.1%A |, Bl I [ 4k 22 3E K
59 KAWL FE R SE 7 KA LA HP20 XS
1514 D5 GYM HY W B ASCR B, A5 7 Rk B0E(E
H 76.6%, 9 KAWL RIS 7 KA AR K,
FEHH HP20 B A5 1T AAR G- i B B3k 4 R 2, R
FEWF K S 7 d Bk BB W R, v
SrE KT 4 PR

ABFFEHEEL T D101, SP700 BRI XS 4 A
KRR, 45858, D101 BRI HXF OA A
e B, SP700 B AR X OA F1 DTX-1 4 21 W it
X 52222(2013) AT 45 AL o 1 HP20 LA
BREB A, BEAR G st I BFFIAE 7K Hh s DL B4 4 AR TS P DL 2
#H%E, [AMILE OA. DTX-1. DTX-2 =fEZ Kk,
X GYM B RCR AL, XEEH GYM &7 35
FIE 4548, Bl GYM {55 64 (MacKenzie et al,
2002), HP20 FKALEIWY BB & — 2SR R AR . 3=

K2 AMBRERESTSH

Tab.2 Parameters of mass spectrometry for four toxins

R [ERR BT TETF 114 W i [A] ilf 13 R 2

Toxin ESI mode Parent ion (NV2) Production ion (NVz) Retention time (min)  Collision energy (ev)

+ 174.2 39

GYM ESI 508.3 490.6* 3.54 25

_ 208.8 42

OA ESI 803 255% 4.72 46

- 810.4* 55

DTX-1 ESI 819.4 783 4 5.27 49

765.6 47

_ 208.8 34

DTX-2 ESI 803 255% 4.80 29

* SNEREET *. Quantitative ion

1) 228, WA (05— B FH B AR08 2 K0 =g Vg A R s A v g v i e e 22
i3, 2013

MNP RS L e (T 2 T P R R R T P e
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F 3 R BB iE) oAt A AR B 5 3R = A 2T
Tab.3 The effect of residence time on quantities
of toxins in the resin

FEMA W23 Adsorption rate (%)

Toxin 1d 3d 5d 7d 9d
OA 31.5 77.6 97.3 101.3 98.9
DTX-1 29.1 87.5 83.8 101.2 103.3
DTX-2 54.6 88.6 90.4 92.1 93.5
GYM 5.4 32.6 50.4 62.8 76.6

LR CIGREY), IR T7 WG, e bt
T ORI A, WA WA GYM
A RIRE B, i HP20 ZURIEXS GYM #Y
M B/ T A 3 PR (BER, 2012)7

22 FEBEHPITHEZRSENSHIFE

FEAEA WY E] , K 4 RhEE R S B A A i
AN I B G 4 o < G U S NI I =315 e el O3
BOPS(E, ZIAEMEE IR, OA M & R A B,
HWKH DTX-1, GYM & &AE 4 FhEE Z P AR,
DTX-2 AAGM H o

& Content/(ug/20 g resin-week)

07
07-19 ¢
07-27 ¢
08-04
08-12 1
08-19
08-27
09-04 t
09-13 1
09-20 1
09-27
10-09 1
10-17

fis}[E] Time/Month-day

K1 FRAEIXA 4 RS PE D3 R & i e e
Fig.1 The variation of four DSPs in the oyster farming area

SN E R TA N RGN B3 U S S FNO)
N OA, HZARWH OA 110 LC-MS/MS #:l J7 i 1 &
YT, HAbEE R AR YE 18 T Fe AL N 54l OA Ok
. AWPFRAI, TR RSN, OA K& &Yy
A TR R K, MITERE AN N AR A #] DTX-2.
DTXs J&—J H #5287 AR R IRTS TE LSS R, BRilk
ZHN, R EISIE TR A OA RHAT AWM PTX, i
PP B AR R BRI 25 5%, 774 DTX-2 TR
BREE N D. acuta (REUEERE)E, xMhEEL EE )
MEZ /R 22 VHBEAE | Wik pg a4~ B | %0 5 e
e, EATRY P RE RE AL B M 3 O A Y 22 5 A R

ANE (B FE, 2011)2,
23 FEBHANESENXZSZSENTUNE

M201447 H 12 H-10 H 17 H X 57 51 IX I 7K 1)
MEVSHE DU BRI AT T I (#2), 7RI,
3FIETE M DI R RS RS T MG
P 0A Bt 7ER T 12 H AN A5 5 i fe /57 , 422.352 pg
120 g resinnweek, DTX-1F R EOH I3H & &, N
368.678 png/20 g resinweek, GYM B R &5 E7E8H
12 HAG I p fe i, SM282.231 pg/20 g resin-week, 7E
AW A, FRAE I N R &K B DTX-2, 33
RIMEFH HIAES9H , Hrh, GYM 5 OA MIg(H
HEFES H12H , DTX-1EEHBAEOH 13H o 437
AT Sy T Sl A A TR 8 AR v 7 A, 90 22 b T SRy 7K SR
Won, 8 A a9 H A Z [H], I AR AE23.5
CLE, THZEAIN0A Z )G, KiR—BrE15.3C

300
250
200

— GYM_IE. GYM Top
—— GYMA GYM Middle
- GYMF GYM Bottom

C3
Content/(ng/20 g resin-week)

150
100
50
N (=X <t A (=X <t o S~ o~
TS99 99 9s T
o | i 0 o0 o0 00 A D DN & O O
(=] o O (=] o O (=) (=] (=] (=] — —
_ fiit[E] Time/Month-day
-~
g 400y ~DTX-1.E
g 350 DTX-1 Top
'z 300 ~DTX-1
:D 250 DTX-1 Middle
S ool —~DIX-1'F
41 Q DTX-1 Bottom
B 150
g 100+
g sof
S 0 S S — '
N (=)} [ g N (=) o < o (=] [ [=)) o~
TTY YT TY9?9T99TT
o~ o~ o~ o0 o0 o o0 A DD (=) N (=) [«
(=] S O o O S O (== S O = -
_ i [a] Time/Month-day
8 450
g ‘3“5’8 —~OA I OA Top
8 —~OAMH OA Middle
» = ggg —~-OAF OA Bottom
2250/
4t 200
3 150
S 100}
£ 50
g 0= Ta w o m w o = —
92T 22/ ISR
T O N T T - S N e
S S O oS O S O o O S O = o~

fis}[E] Time/Month-day

Bl 2 3 RSP DS RER 1970 5 A8 (L AL
Fig.2 The distribution and variation of three DSPs

1) BAER. (el iE K pO R IR WGBTS 50 WD D ik WP b R AL WF AR 2 AL S, 2012, 55-59
2) B, T iEE BRSNS SRR, T E R B L P AR A 08 S, 2011, 32-40
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PIF, fEREKIRIREE T, RS E RIERE, Bk
G E R EHER, FEUKEPERTENS.

FEANRK JZ R HP20 AR B AS , 2551 R,
TE 9 H 20 HAT, BHTELZMMIE P 3 fiE R
SHAEE TR, T2, FEEREZE>PE> T2
(AR PCRFAE o BRIV M D8 R R 2K R & A Kt
BER, FEREEIG N, BREIBEEHE. 9 H 20 H
ZJa, Lo T3 EBKBENERSTEEAMSE, F
KRR O A TR KT 7 8-9 AR
FIZKZK R 3 MRS EREKES, XEH
KRETETE VI 8 R FEE MR =4, HEE®
B FEFOB BRI Sh i 52 m R R AR 8h A2
BHYG . IREESER R GRRE, 2014)0, 76 8-9 A,
JEAKR IR BE 5 , BT RACIE S, AR RS
S AR, BEK IR EE IR, Kl 2ot B i
H S B PR B, WA K2 KR # R S R
ZafA, 8 HZ S 9 AZ A, ARFIKIZKiES
T FEFRAL T AR, BRI E 255, BB
Fohl FEERZSARE,

BEAN 77 3 2 A R BRI 1Y 5 55 34 32 BT
K EFRER SRR fE8 H 12 HFI9 H 13 H,
ZA 8 B 14 S HE XN, A KFECKED
() E FRERAT RS BRI X, S AR i 5 7 5%
WL, Ak, G RGERIEREK, IRK MR AR
MFFRFH X, AP & A R E IR, I T iRk
e B, SEUERIE IR, KBRS
P o B A A A D SCHRRGE SCTF RAUR L, I K.
FR LA A5 R A S A R R 5 R 0 19 e A (FF W
45,2007), XW@BETHES H 12 HFI9 H 13 H 3 Ff

FRETEZI 2 I,
24 BKPEHIFERNNESRZ BRHEXME

AHEFEFL M AE T AR NG 4 B2
B, ISR R K P RE R AT H AR, BRI
#HZ AR AR

AR, K T SRR DR R 1
R BIEMICRE 3), Sk T DEHE 2R & A
XFE e, AREER AR R S R B, B4 10 H
EYAE 6 AW, Hu RN TR A BT, X2
T REE IR, 7 2 A K BRI, AR A
WEAA, TR AR 42 42

HeAh, IR R, HWA A 3 FhEER S

—— OA #J§ OA resin

=

Q ~
S 2(5)8 — OA #11f OA oyster 22 Tﬂ;
'% 350 40 @
= 300 30E
I 2 250 308
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Fig.3 The correlation between toxins in oysters and
those in the seawater

R A S B S g, A I,
fE 8 H 12 H, /KX 3 A UL EER 0 ik 50
B, WiuEA X 3 FETEMEREAE 8 H 19 H
RENEME, FEJS 29 1 A RAE R IR, fis 23N
Fekash, 729 H 13 H, ZH XM, #KH DTX-1
FETEBHARK, WAHUH AN S E SRR
SR, WAL 2 AR R IIZIS, B
PR h 5 Rty Sfe Kt 3 SR o, 3550 ff 0 o5 o e SISl Y
K BHRAR R, 7= R R TS DU R DTX-1,
K R B B R, T R
25, LM R R TR A R E A, T BUEFE 9 H
20 H AW E) 4G A N DTX-1 SFE SR, MER
NP RR SRR P, AN SRS EUMZ T
R, FEREAS TSI N, ARG 9 A 3] DTX-2,

FEWER N 5K R R A IR AR I S I

1) Bk R 2R B SRR S AR 5 a2 F T B A O TR, N 2 AL WS A A 138 5, 2014, 76-80
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RN R BB B G, Hadeib B b 32 2 A B2 /K TR
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10 d 247 o BEAb, 3878 —3R 43 it P4 oy U A Hh i)
PR ARSN, X B A N R R S B
FEAK o

AT, HP20 AL FRA AR BEA 20 S it
KRR LR TS P DL 2R3 3R, REAE 4T (LA g K v
DU R A& AT T K i S 45 (AR DL
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FIE/TE R

& % x #
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Monitoring of Diarhettic Shellfish Poisonsin Aquatic Environment by
Solid Phase Adsor bent Toxin Tracking Technology
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YAO Jianhua’, LI Yujin®, LIU Zhimin*
(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao  266071;
2. College of Food Science & Technology, Shanghai Ocean University, Shanghai  201306;
3. Rongcheng Taixiang Food Products Co., Ltd., Rongcheng  264300;
4. Weithai Shijin Food Inspection Service Co., Ltd., Rongcheng  264300;
5. Qingdao Centre Testing International Co., Ltd., Qingdao 266101)

Abstract Due to the deteriorating marine environment and the repetitive red tides, harmful pollutions
with shellfish toxins have caused increasing concerns. Diarhettic shellfish poisons (DSP) are one type of
the most dangerous shellfish toxins. To develop an effective method of collecting DSP from sea water, we
evaluated the adsorption efficiency of HP20 resin for four common diarhettic shellfish poisons including
okadaic acid (OA), dinophysistoxin-1 (DTX-1), dinophysistoxin-2 (DTX-2), and gymnodimine (GYM) in
the seawater column, based on the solid phase adsorbent and toxin tracking (SPATT) technology. The
distribution of DSPs in the seawater column and their levels in shellfish were measured. We selected five
sampling sites in an oyster farming area, collected samples of both the seawater and oysters on a weekly
basis, and studied the correlation between the contents of DSPs in the seawater and those in oysters.
During a 7-day sampling period, HP-20 resin accumulated showed high adsorption ratios for the four
DSPs, which were 98.9%, 103.3%, 93.5%, and 76.6% for OA, DTX-1, DTX-2, and GYM respectively.
The DSPs were detected throughout the entire study period except for DTX-2. The concentrations of OA,
DTX-1, and GYM were 20.451-422.35 pg/kg, 15.954-368.678 ng/kg, and 20.452-282.231 pg/kg
respectively. During the monitoring period, the contents of the three DSPs in the seawater varied
temporally and showed a uniform pattern of distribution. The levels of DSPs in oysters were raised along
with the increase of DSPs in the seawater with a latent appearance of peak values. These results suggested
that our method should be efficient in the simultaneous temporal and spatial monitoring of DSPs in
aquatic environments and in shellfish samples. This method may also be applied in DSP early warning
system.

Key words Diarhettic shellfish poisoning; Oyster culture zones; Solid phase adsorbent toxin
tracking(SPATT); LC-MS/MS
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