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I A W% I 2 % R B 0 3 A (Solid Phase Adsorption Toxin Tracking, SPATT) 2 — 5 7 th I

EFREMBA ZEARBEIE R U N RF TR, FIHANSRMA N RERE KT I ELE
., Bom B - LRI sOR R RN RAR, U FEEENRER UL KEE

VT RHAT REA R . SPATT Wl B A 5 T2k Wl

WX BN EML, BHBAARERE, &

M ARER S, CRAMEFFTTREEMEAT RGN A REGFRA I SPATT SA B F 5 3 &
BRI AT S, ATBORE R B 0 & A K R R 10 5 S 34T 24T .

KA AR ER T ERNEAR; NEHER; RHA
hESERE X55 XHFRIRED A

VTR B SR G | TR DL | R DRI A5 L2 U8
PR FEEY, Wi, KEHIENT, Fife
IG5 F N 284K . (H)E, 7F 3000 ZFhi
i, KA 80 ZFiMmEsARR, NIGHELHE
BREEXRER, HELBYRHGRA NI, E
S0 AR (@B (Turrell et al, 2009), X 2GR
PR R R, WH ROy N RF R e D5
(B3R AE, 2012; FEM 2245, 2011). 7EE PN &4 Lk
DR F, DI2REE R BRI T 2 & (e ) &
B, fEE PR DI ER 5 v, AN [ ] G R -l X0 DL 2k
PR P AR EE R B A R R A Y BR & bR
(MacKenzie et al, 2004; XI| 7k {45, 2008). D1 7515 4L 1Y
FUHATIG , X040 2 8 B F e 2 R DL 287 i g ik
HORZEXER, R LRZER, FRRlR 2R
FEHIE , #RaEESr T VI3 R Wi T4l (MacKenzie et al,
2004), [EPr xR T IRA R, —2
B DL W 32 (Shel lfish Monitoring) , %75 MR K
SRAE DVRRE AT R 2k L e, Wl DL
Ak, HR, Joikx U BETS Ye b A7 R U .
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BRI LR DI ZRBE S, TAESRER K, REMA
B o T AN R DL 5 22 1 WIS RE ) A7 78 il 1) 22
St DUSRE IR 2 | RE S A BB O T R Ay
w2 % WR, FIHAT R SO| M6 - T
(HPLC-MS/M S) 3, if 1k 4 J28 W ¥ 72 (EL 1 SA) 55 1y 5
J7 % A I iy o 250 U AT 4R 4b B (MacKenzie et al,
2004) . & V% UF B 28 WG I 3% (Phytoplankton
Monitoring), 8 it WLEETHE K Hh A B3 328 BADIR DG, ]
e DL 32 5 05 Je i XU, im0 DL 2652 8 K5
P AT A R T IR IE T T DR RE R A Mt
BUAS, SR 22 R 4 R AR R B g K o 7 i
%5, HWZE LA G # 17 %50 (Rodriguez et al, 2011;
MacKenzie, 2010; MacKenzie et al, 2004) ., JT4E3k, FH
[i] AH W Bt £ 2 7 1% (Solid Phase Adsorption Toxin
Tracking, SPATT)H AR XS D1 2873 2 75 4o Wil 75 21 # h
R o R R P E W BRI RS, B D8
AN EEERW R, W R A
BRI AR EER, 4545 HPLC-MSIMS (i
B s 58 W B 02 4 e R B AR RS D s (R T MR AR
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2011), XV K EE ER AR R AT S

AT S B D 237 38 75 YL A T4k (MacK enzie et al,
2004), SPATT H AR LIMEIN Z Rk A YR, IF
A MR AKOK AR B8 R A I iz AR 5
DU WEIE | PRI S WA A L A A 2 3,
2B DU TR ST A AR R

1 EEEMEERREREENEA

T8 2k X 9 2 7 B o R RN DL R A R A o B T
5%, MacKenzie 26T 2004 451 Jo i H [ A0 W B 2 %
NI (SPATT) . @RS B A W], 2 mK
PR A . FEMER A ER, RN &)
BRI SRR, WRKIR TR SRR, A %L
FOFREL . R BE, R HPLC-MSIMS ] DX} Z
BRMATYGE | HE 2 E BT, SPATT
RGBS R AR (SPMD) . WA WL &Y
— Ak R A £ (POICS) Ji 2 AH bl (MacKenzie et al,
2004; MacKenzie, 2010; £ F|95 4, 2011; % 4%,
2012; Vermeirssen et al, 2008; Shaw et al, 2009; Shaw
et al, 2009), SHIATHY DI S WEITE | 77 U e 28 1A 0
A, SPATT AR HEAALH, SRAFESSE & Bt/
R AR, N 3-5 g WA, PMERAE A ACE
fERCTRT 8 , B2 Tr, oI AT DUJORME LR IRNE | f&
By, DA DR IRAE P kI, SRR E T
KA, BVRT AR R AL DU R R R, SO
SREE, PR EMMEARLER ] | 25 (0] b HA W 5EdE
FURFNE o WERRHSR B B KR R ) B R, A
YRR, THARED, WiEA T REER
HPLC-MS/MS 43 #r (Turrell et al, 2007; MacKenzie,
2010; MacKenzie et al, 2004; & 44, 2011),

2 EREMERRERENHTEME

SPATT HAR$EM LK, Brfzedt D EE(Neurologic
Shellfish Poisoning, NSP)%d #t i ¥ 7 % (bevetoxins)
Gh, XFEFICERRME . SEOKPED B DL LU mfa R | IR
TKHERE 2 I I BRS04 4 T

21 BEEENES

& 75 P D1 7% (Diarrhetic Shellfish Poisoning, DSP)
J& SPATT Hi AR F i AR IR, BIEH L
RGEMNTT i N EER (Fux et al, 2009; X7k {#4E,
2008), FEALSEKHEIEL IR (Okadaic Acid, OA) .
%7 % (Dinophysistoxins, DTXs) . 7 2 (Pectenotoxins,
PTXs) . #F 55 J 1 7% 2 (Y essotoxins, Y TXs)Hl 5 22 F 35

% (Azaspir acids, AZAS) 7 & 45 3£ I8 8 & (Lipophilic
Shellfish Toxins, LSTs),

22 MEMYNE

JBRIFE: DL 35 (Paralytic Shellfish Poisoning, PSP)JE
VU ERS AP, B, STk, s THREE. &
B, EEAUHE A P0G EE & (Saxitoxins, STXs). #iA by
I £ 25 (Neosaxitoxins, neoSTXs). B HEHEZE 14
(GTX1-4), I R BEs s A o PSP 2K AR XS
e, I BAE KR 0 & il w AR D, I, B SPATT
HARRFE R Re R R N

2.3 iRIZERMENE

T2 S 1 U 5 (Amnesic Shellfish Poisoning, ASP)
F% A 3 ol i B 7 A B 4R BE TR (Domoic Acid,
DA), JBEEMmIEY), BA MBI RV SR s
fiE, BA 2K, 5% T K (X Kk @45, 2008; Takahashi
et al, 2007).

24 HMESE

75 fin 8 7 2 (Ciguatoxins, CTXs) 3= % ph i 6 3
Gambierdiscus toxicus /=4, J& 13—14 At F A4 il 1Y
Ko REEEMAEHER, HAEKME, Callaud %%
(2011) 7 FH SPATT H A X G i 401 8 28 4 7 W B 52 55,
WFFERM], SPATT (1 WE BhF2HE & vT DLW B AT 345 14 1) v
JinfaRE 2 CTX L Al £ 5 E (maitotoxin, MTX)., 7E
VI T EAFAE R IX, SPATT H AR Al F Wil
CTXs By &R Atk il o

25 MKEBEEFER

TR7K H Y 5 21 7 (Cyanobacteria) 2% 43 I i i 5 2
(Cyanotoxins), iXJ$# # FZALFG K ARG i 5 &
(Microcystins, MCs) . ff i #: 2 2 (Anatoxins, ATXs).
BRI Y H 455, MoK, JEHENRH
FRIRITE G, S AR A A PR (Kudela et al,
2011; MacKenzie, 2010; Wood et al, 2011; Zhao et al,
2013), MCs N-E¥Jik, MC-LR, MC-RR, MC-YR
SEH P EEERORI 3 AR, S Tk e
% a(anatoxin-a) Fll ff i 3 # 2 [l R4 a (homoantx-a) .
T 2 R R a(s) [anatoxin-a(s)| )@ T4 Wi,
FEIK ISR A IR R

26 HhE=

SPATT B ARALIE T 24 i (Spirolids, SPXs).
M2 eI W (Gymnodimine, GD 1§ GYM) % 3E R 12



164 ook B

E % 37%

Z 1% W (Fux et al, 2009; Takahashi et al, 2007).
3 [EI4H R Bt 5 25 T B B T AR B A G iR 4

SPATT HeAR, AR B 590 (9 P BTG B2,
T EEXT 25 RS AL B A T L R SR, Ak
SR A S I RE R T HRGE Y Y W BT 5T (MacKenzie,
2010), SPATT HARMIF I, FEIEH AR PR R
FE GG OA. DTX . PTX. YTX. AZA %35
PEMEDLRE . XRMIR VIR OIf- LI AR e s, £
BS54 HP-20, SP-70. SP700, SP850, SP825L .
XAD4 L-493, 5255 % S BF AR 525 UF B, HP20 A SP700
(A B RE 71 55 (Rodriguez et al, 2011; Fux et al, 2009;
Turrell et al, 2007; MacKenzie, 2010, 2004; Li et al,
2011; Takahashi et al, 2007).

Piletska %(2008) 0 A AL 2 &4
JI&(CDP), 435Il LA 2- = 380 F B PR 4 2 (2-trifluoromethy
acrylic acid, TFMAA) I {56 73 9 2 1 R £ — B i
(Ethylene glycol methacrylate phosphate, EGMP)-A3)j
RERAIAR, Metksm . FESMELr. Ll EGMP JE 4R
CDP Wi, LM fHAEATZ R B B i ik 5L 4 5 PSP
it iR 35 A1 =[] 1) 5 1 ) EA TR . AR A CDP
SP700 i i P 45 5 (14) 57 7K IR IBEE DL 2 PSP RN 4R 1
i DA HEAT X ELIG i S2 8, 255 87, CDP il SP700
BIal Wt STX . neoSTX it #E, Jf HARZ 5 it
W, CDP Ay BfiE /138 T SP700 (Piletska et al, 2008;
Rodriguez et al, 2011), XAD761 Jy K LB EE 22 W PR
&, 2 TE G KAL), S92 S s, XAD761
TR Rl %o 20 B 9 1R O B AR BB B (M acK enzie, 2010) .
W B AR A HP-20 7E 5T Sz v, A5 R 42 1T 6 & F i
TORCE R 7 R B 1Y K (MacKenzie, 2010) . fif
SP700., SP207 Fil SP207SS 2k I JI 78 Xof 4 H 986 iR W
B P S A S g ey, IR B R A 5

Oasis HLB J& 3£ 7K S5 1 9 14 W [ 71 . K ohoutek 45
(2008) 5L 46 28 ) B AL B UER, Oasis HLB X 73 4 5
#E R MC-RR Fll MC-LR W PR, 7T T i 2tk
WM IR K i e B EE R . Kudela %5 (2011) AfF 57 3
WY, AEMPEA R HP-20 X7 2 3 # & MC-LR. -YR.
-LA| -RR & A R R B R4 W g

Wood %5 (2011) 75 S5 56 %8 FA T 15 i A4k xst
KM R R TR 2 ATX s W RRHAE o MRz Bl 5] € 455 B
RORTEE2 (GAC) . Fy AR I P 4k (PAC G-60) . £1 5%
Silica-COOH ., Strata-X (Polymer-COOH . Polymer-
SO3H). HP-20. Oasis MCX . AmberlitelRP-64 %5, H:
HORY ACIR I P PAC G-60, Strata-X 78 B #3256 i

BRI AR G-, 35 HCEE rh WG BT 13 01 050 58 R R A TR 39 M e
(PAC) G- 60 il straxa-X (3£7K . 251 P TEAR B ) k17 B
SRS, SRR, 3X 2 R R Y RE XTI Y
ATX ., HTX #1746 %0 F o

4 ERRMERTERENRANARERX
FRAERSE

D1 S 2R (31 A A 5 2% 7 B A 0 AR g ST LUK
IR T T Z REMBRAMG . FEHPT 2 . 32
R e ] 46 ] 19 D1 28 2R W B A0 ST 8 B U
ELHE VLRI | PRI S WL A SPATT 3 il
W7 2 A 25 SR B A DG, SPATT i iR i X}
FERE IS 2R K DL K DR TS Y i AT R T ) e
(Rundberget et al, 2009; Kohoutek et al, 2008; Turrell
et al, 2007; Wood et al, 2011; Fux et al, 2008;
Takahashi et al, 2007) ., {H7E % /K 2 V5 ifg 2 2547 19 B A1
SE R, TR SPATT H A B AG I 321 ()7 7K i
15 M3 2 KT 5 A — DX 3k DT 26 A i 95 4 B 28 7K )
A BT, SPATT HRBA R I A D375 L PE 141
KEAT I A9 BE 71 (Fux et al, 2011).

2006 4F, Li %F(2011)K FH SPATT % A X} v [ #
W S 7-8 H KR IR T L G R
PTX2 4T T/ HIANGY, 450 iR, ik R 77
EEEM N PTX2 KHRIIEY PTX-2 SA,
7-epi-PTX-2 SA, B s MR H PTX-2 7 3% 107 ng, 2009
4 AJKHT AR (2010) A SPATT B RMIAEGE TH &
JRE TS g B ZE K AR TR IR EE R PTX-2 AR fL AL
gER R, X —FEE K P IEERER PTX-2,
PTX-2SA il 7-epi-PTX-2SA, NETEMSTEE PTX-11,
PTX-12a 1 PTX-12b; /K i # % PTX-2.PTX-2SA
5 7-epi-PTX-2SA Z M RIGHEMES H 1 H,
SRIG, /KGR RIRIEZWFEAL, BT, SPATT K
4 FSLBG B, s AH SC N AR MERVE,, A 1
AT U ZEFH R WD

5 #i¢

LY E TSP AN SR R W], SPATT HoAR AT
THFFEFIRACOR A 28 R R A S I, I BEPE AT
BRI R BER BB A DTG Yedb AT 100 o iz Ao
BHOWFTE R SPATT HORMISCHE, MG HARTE R AL,
¥y, e G B AT RERE AT Mk ), nT 42w
TG R R RE D AR S . FRT, BEE A 2R AR
PR R AR R, SPATT H A AT AR b 14 48 W il
Jri BN TE , BRICHR 655 3R (Brevetoxin) i R EA T
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Review of the Development and Application of Solid Phase Adsor ption
Toxin Tracking for Shellfish Toxin Monitoring

L1 Zhaoxin*?", ZHANG Tingting"®, GUO Mengmeng™?, SUN Xiagjie*?, SONG Caihu**

ZHOU Deshan®, SONG Xincheng®

(1.Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071;
2. Key Laboratory of Testing and Evaluation for Aquatic Product Safety and Quality, Ministry of Agriculture,
Qingdao 266071; 3. College of Food Science and Technology, Shanghai Ocean University,
Shanghai  201306; 4. Lianyungang Center for Quality Testing of Aquatic Products, Lianyungang 222001)

Abstract Toxins produced by harmful algae has been a globa food safety issue in aguaculture
industry. Unlike conventional phytoplankton and shellfish monitoring techniques, solid phase adsorption
toxin tracking (SPATT) simulates the contamination of filter feeding bivalves and employed passive
sampling of adsorption substrates. Combined with appropriate assays such as HPLC-MS/MS and ELISA
that purify and analyze algal toxins, SPATT gives early warning of harmful algal blooms and the
subsequent contamination of shellfish. In this review we discussed the progress and prognosis on studies
of SPATT. We elaborated the advantage of SPATT in detecting marine toxins including diarrhetic
shellfish poisoning, paraytic shellfish poisoning, amnesic shellfish poisoning, ciguatoxins, cyanotoxins,
and homoanatoxins. We also summarized the function of different absorbent resins such as HP-20, SP-70,
SP700, SP850, SP825L, XAD4, and L-493. SPATT is an inexpensive and convenient tool for fast
detection of algal toxins.

Key words Solid phase adsorption toxin tracking (SPATT); Shellfish toxin; Adsorbent
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