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A EkH BmA’ MWad KEEC
kmm’ EH4BE’ AXF’

(1. DM RFESFGE 1 2013065 2. AR AR &K 7= 5 i 22 46 I -5 1F A T 8 S g6 &
R EDK PR B K AR Ar WWAR B 266071; 3. I KRR W WAL FIL 063004)

WE Y RNAEESE LN ERER NEERNTEENL, WEEANEYHFESRLE, T
2019 4 10 A—2020 4 9 A le], & F ¥ 57 i vl & 1L LK 577 X R B2 19 4 #(Mactra veneriformis) |
3E 4 2 ¥4 1F (Ruditapes philippinarum) . fik Z1 #2 (Rapana venosa) . 4t 47 (Crassostrea gigas). & # (Cyclina
sinensis). >C ¥ (Meretrix meretrix)fn 7% 7% & (Mercenaria mercenaria) 7 f# 4 7 L £ #E %, K H & 20k A
8 75— B X T3 (HPLC-MS/MS) 3 3R 7 5 A B 5 1 I 2 % % (diarrhetic shellfish poisoning, DSP)7fn
14 F fR 45 M DL 2K 5 & (paralytic shellfish poisoning, PSP), %R & 7r, 7 7 FF &5 I KA & P34 k48
4 DSP, # i B PSP ik 4,45 F & # % % (Saxitoxin, STX). M4 % % % 1 (Gonyautoxin 1, GTX 1),
i #% % % 2 (Gonyautoxin 2, GTX 2)7u i & ¥ Bt 2L ik % % % % 3 (Ddecarbamoy 1 gonyautoxin 3,
deGTX 3), H¥, GTX | 2 BERH E R EME A 53795 uglkg, FTRZF N EHEZERLEH —F £
s+, PSP EEEFE 4 AR E, FHERBAF B U Fs i PSP A H £ 4251 11.76%.
47.06%. 5.90%71 8.82%, Hfth MKk, PSP R EARTHAR FENE AL LR ERE
800 pug STXeq/kg. KL I R I {80 3 A g 0T (i HEAT &0 A KRR £, B 7~ XU 0 8 A 4k 75 L [ 4
BHELLEEN, FFRKW, shEEdE LN EREX THEFINELEFESH L2 N,
KR A BEWNESE; RFENLXEHR; NRiFH

FESES S94  XEHREEE A XEHRS  2095-9869(2023)05-0231-11

DS TR R A LSRR REIRN R P H RE R IR AT LUK DU 5 R A3 S R DL 2 B R
R, DUREB R HE gAY A miE s, B (paralytic shellfish poisoning, PSP)., JE{G N Z5i#EH
WHESRGRE, HERT UL B YIS 3] 1k (diarrhetic shellfish poisoning, DSP), #H£ 4 Il KR
D Rt S5 A R N, s R NS fa R P48 0 % &2 (neurotoxic shellfish poisoning, NSP)FIic {2 k5 ¥ Dl
(Doucette et al, 2006; Munday et al, 2013), #KiEE 2% 7 & (amnesic shellfish poisoning, ASP) U K 2&
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(Visciano et al, 2016; Daranas et al, 2001)., H§j#F5%
FE A7 PSP Ml DSP, PSP & HHi i fk) . &%
IR —FhBEEE 28, AR 47 ok Xof v [V g5 401
XEHA Ban, WAl ZREe %) Z523%] DSP 1954
(Liu et al, 2017; Li et al, 2014),

A ZE KA NRERPHERMF, 200247 4,
TE 5 30T 22 7 A0 Vg 0ok (1) 2L 38 BF JE S e T () P o2 v R B
FHIG DL (Mytilus edulis) S BURRBE D R R h &S
(Garcia et al, 2004), 2011 4=, 3 AREHR A EEE
T PN ZE 5 R VS PN 72 el 49 T DL TG o B S v DL 2k
PR . XIS DSP I B R, XEFHGREL
Al DL iz A A HOMR B & T % 2 {H (Trainer et al,
2013), 2016 4F 4 H, RS AAE T —& PSP 5[
(3 7 5 P B 34 (Ding et al, 2017), 2019 4E 5 /7,
FEF LT U 9 M DX ik B O 9] PR A TG DL 5 | 6 J5
IR R, Har, £x N RFERNPIEREAR
Ko BB i Ak o e/ HL e T 2B AR P 1o A
U, T ZE DR R IEAT ™48 () WA B, AT fR 4
TH R E R MR ER o T DU E AR I ik EEA /MR

A W%k (Turrell et al, 2007) . BB 3892 (Hu et al, 2013;

Sassolas et al, 2013). = RBF (0 3% — 33 B o 3% v (Li
et al, 2014; Wang et al, 2015) ., E/K 1 03 o BE B 15 1%
(Boundy et al, 2015)FH S0 AR (4 1% 2 G 12
(Lian et al, 2017)%, A (O35 B B3 5 (LC-MS/
MS)BEWE XF BLAN 4 4343 3ol 7 P I E i A, TR/
SUEST:, S E PRt 2 Wo D 283 2 1 8 05 )7 % (Cho
et al, 2013; Mattarozzi et al, 2016; Berre et al, 2015),
HAT, FoE OCT D23 2RI A AR DGR oY 2248
HTEFIUE | AT SE T . 2011 4F 6 H—2012 4F
4 F A TRDXE b 5 v O B B ) B3 DL rp PSP LA
W&, PSP & EAE 6—10 BB, &
1E 258~432 ug/kg Z[H](Wu et al, 2018), A #F55%f
2006 4F 4 H—2007 4 3 H ARG K B R T 5 D1
(Patinopecten yessoensis) 11 U1 51 PSP [ 46 I 4 BEL
4 JF 5 HIE], DIEREARI R R EJO L 689~
963 png STXeq/kg, 2006 4F 6—12 H A&H i3 PSP,
2007 4 1—3 HEZRETEHN 189~408 png STXeq/kg
(Jiang et al, 2014). BhiEEZFEH N, K, A
KGR E B IR BTG EAE AL, SN
A EBALM KA (Peng, 2015), 2006—2008 4E X it
DL S B R A 22 1, 24 54% 1Y D1 2532 31 K T 45t 4
fi% (Okadaic acid, OA)ZEE; % (OA Fil DTXs)AY75 44 (Liu
etal, 2017), 2013—2014 4FiiE3E L, SEIM . BUA .
ZE R M 5 MR K FREE X R 43 D
FAEA RGN 2] PSP, & #E7E 0~27.6 nmol/g Z [A](Liu

etal, 2017), 2016 4£ 4 J, ZE 58Tk T —ii PSP
SIS AT = S P BE R, RS AR R, BoR R DUR
& A PSP (£ 10 758 ng STXeq/kg), fUff
GTX 1/4 1 GTX 2/3 JHARH ™ ¥)(Ding et al, 2017).
R LT v b DX TR ) DL R IR X 155
1k, TERE I DU SR X /DX DSP #l PSP 1Y R Ge M
W, H G T D2 RE ZO6 At B2 el 1 XU Pk A
GERD o AT IE AT 1 ROHOR £ 1E— H B B3 (HPLC-
MS/MS)¥:, Xf 2019 4F 10 H—2020 4= 9 H M ighifE s
JEF L B R 4 1 DU £ 15 (Mactra veneriformis) , JEFREEE
541 (Ruditapes philippinarum) . JJk41 1 (Rapana venosa) .
H:15 (Crassostrea gigas) . F 14 (Cyclina sinensis), 3CH4
(Meretrix meretrix)Fl14ifi 7¢ i (Mercenaria mercenaria)
7 FREIER 25 DL 5 FIIRTETE DI 2EEE R M 14 Fp
PRI D1 253 2R 20 Lo RN & AT A BT o SR FH AU
T AEL T RN A PP Al 7 8 DL 2R 1 e A PRk A7 XU
WAL, DA D i R g0, Bk s Dl rh
B FOHROE A, sz XS A A
R B D 2 2 AR IR 22K

1 #RE5FE
11 RERE

DU it SR 4 Hb i ZE T U B L T SR B A
BT S T R B 1X (39°44.672'N,  119°12.764'E) Fil
W fa) XM OBE B+ BL W JR FH X (39°15.473N,
118°68.662'E).,

12 HmRESLE

FECSRERE] A 2019 4F 10 H—2020 4£ 9 H .
Horp, 2020 42 4—9 HAEH 4, HMHMEH 2 K.
FERAE R DL A R DU FA G L IR SR IAAT | BRI |
FRuG . IS . SCH IR SRS 7 R, RN DL SRR R
H 34y, HEMEERWERLAN 3 kg, B
0~4 COR-AE, FHRIKIGVER IR YD 5 st e k]
EHERAL, FSIRHLE DR A 2L iR AT
F-20 CUKF LA, R,

1.3 WwlFAF*E

1.3.1 BB H N EFENK T % AL B . E AR
2 g CKiffi 2 0.01 g)FEshF 50 mL E.08d, InA
4.5 mL HEE, JAHERAT, A5 $2H 10 min, 4 500 r/min
B0 Smin, B FWERT 15 mL B.08EF, 5RiEd
JNA 4.5 mL WS EE—K, A RB0R, HIK
FERZE 10 mL, MEFIMIBEREE 1 mL A F] 125 uL
2.5mol/L NaOH %, WG, F 76 CTIRE
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40 min, ¥EZEE, A 125 uL 2.5 mol/L HCI %I
1RAT, IS KB 0.22 pum BB AT g, AR AR (25—
E DT 1 5

AR A - 235 4 . XB-C s #:(100.0 mmx2.1 mm,
2.6 um); JaAH: A K(F 5 mmol/L HREL, 0.1%
IR, B AN, BREEVRIRARF ISR 15 Wi
0.30 mL/min; #EFEERE . 10 uL; IR 35 °C. JRIEE
FUR: BEBIEEFIR; R 2R EIREE;
BRI : 350 C; AL 40 Arb; HEAUE
J1: 10 Arb; WEEHE: IEE T H 3500 V, fET
J73000V; OA. DTX 1. DTX 2. YTX fl AZA 1 £
B, PR R LR 2,

x1 BEEUERXSEEERRER
Tab.1 Gradient elution procedure of diarrhetic shellfish
poisoning (DSP)

B[] Time/min Al% B/%
0 50 50
1.0 50 50
4.5 10 90
5.5 10 90
6.0 50 50
7.5 50 50

®2 SMESHMNEESRNTHET.
FEFFiEEE
Tab.2 Precursor ions, product ions and collision energy
for five diarrhetic shellfish poisoning (DSP)

W2 W, B 9F B 0.5% P RIAIERZE 15 mL.
6 mL #EHUEZE 15 mL 504, A 6 mL 4R
fig, RS 30s, 4500 r/min &.0 10 min, # % b
B FRRBOR TN 6 mL =5 F ke, WiERE
30 s, 4500 r/min &.0> 10 min; B3 mL FJZHER,
AT AL HLB A ABE el =
10 mL Z5.045 0, FEI 1 mL 0.5% Y ER VA 2 [ FH A
Woderh, RN . MR ImMA Ll ER R
8 mL, JRAJEHCE 5 min, 10 000 r/min %> 10 min,
Bl mL EVERZE 1.5 mL B.04F 9, 10 000 r/min &5
A£> 10 min, A 0.22 pm JEREEEYE, BB A5 R B
JoT 0 5 o

IXEESAF: A% HE . TSK gel Amide-80 (2.0 mmx
15.0 cm, 3.0 um); Fisht: A A/K(E 5 mmol/L IR
B, 0.1%H PR, B N ONG, BREEDERLRR 3 0L 3% 35
Uik : 0.30 mL/min, #EFEHRD: 10 uL, #E¥: 35 C.
B e . RSB T RO 2 R A
R BTFIRIREE: 320°C; P HE: 40 Arb; 4l
BRETT: 10 Arb; BESSHLE: IERSTJ9 4 000 V,
TEF 3500 V; 14 FRREMEN R ERBE . F
B FIRIEE e A L3R 4.

R3 MEUNESEBERRERF
Tab.3 Gradient elution procedure of paralytic shellfish
poisoning (PSP)

Hir B FEF A AiEses
k&Y Precursor  Product Scan Collision
Compound ion/(M'z)  ion/(M/2) mode energy/eV
OA 803.0 255.3% ESI- 65
113.1 90
DTX 1 817.0 255.2% ESI- 48
150.8 48
DTX 2 803.0 255.0% ESI- 65
113.0 90
YTX 1141.5 1061.5% ESI- 30
55.4 76
AZA 1 842.7 824.7* ESI+ 30
806.7 44

W o EEEf. Th.
Note: *: Quantitative ions. The same below.

1.3.2  JRFE N EEFENK T FTAL B« E AR FR
S g KR % 0.01 @B T 50 mL B0 H, fnA
5 mL 0.5%M MR, WHERS), #A4EE 10 min,

4 500 r/min &> 10 min, & FHRE 15 mL &0
Brp, BRI 4.0 mL 0.5% H R 1A T A 7

A [] Time/min Al% B/%
0 20 80
3.0 20 80
5.0 60 40
10.0 60 40
11.0 20 80
13.0 20 80

133 Sz JIE 5 1 D28 2 28 b o it 4 i 4k
YA 5~200 ng/mL, AHOCREAE 0.995 DL b JF
R RN 5 pg/kg (SIN>3), % a5 WG RE &k
17 3 AR BE B AR 5256 (20, 50 #1100 pg/kg,
n=6), BIBCRIILE 70%~120%2 6], RSB 1E D255
KR E I 2 PEVE BB A 4~200 ng/mL, M2 REHE
0.995 LA I Jrikk R 10~20 pg/kg (S/N>3), H
1 ,STX NEO.dcSTX .deNEO .GTX 5 24 20.0 ng/kg,
GTX 1/4. GTX 2/3/6.dcGTX 2/3.C 1/2 2} 10 pg/kg,
Ve 25 AW RE SR AT 3 AR R R EE A AR 52 56
(50 100 Fi1 200 pg/kg, n=6), [EISCRITE 70%~120%
ZIAl,



234 ook B

FA

i R %44
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Tab.4 Precursor ions, product ions and collision energy
of 14 paralytic shellfish poisoning (PSP)

Hiw BT TET  pee BHEREGE

L&) Precursor  Product Scan mode Collision

Compound ion/(M'z)  ion/(M/2) energy/eV
STX 300.1 204.2%* ESI+ 22
282.3 21
NEO 316.1 298.0* ESI+ 20
220.0 25
GTX 1 412.1 332.1* ESI+ 19
313.9 13
GTX 4 412.1 313.9% ESI+ 23
332.1 19
GTX 2 396.1 316.1% ESI+ 20
298.1 25
GTX 3 396.1 298.1* ESI+ 19
316.1 13
deSTX 257.1 221.9* ESI+ 21
126.0 22
dcNEO 273.1 225.2% ESI+ 35
126.1 35
dcGTX 2 353.1 254.9%* ESI+ 18
272.9 18
dcGTX 3 353.1 272.9%* ESI+ 18
254.9 18
GTX 5 380.1 300.1* ESI+ 35
282.1 15
GTX 6 396.1 316.1% ESI+ 13
298.1 19
Cl1 474.0 351.1% ESI- 30
122.0 25
Cc2 474.0 122.0* ESI- 25
351.1 30

2 HRI5WE
21 B L NERER NEH TR

211 NEHBEFERS AL ES>N 2019 4
10 H—2020 4F 9 H 1l V2855510 X 7 F DLZAE i o
YIRAG Y DSP, 46 A PSP STX., GTX 1. GTX 2.,
deGTX 3 HEHGHEEMERHHIN 0~57.39,

0~537.95. 0~183.59 i 0~135.29 pg/kg (Kl 1), Hr,
GTX 1 f R F B ; NEO. deSTX., GTX 4,
GTX 3., GTX 5. GTX 6. deNEO. decGTX 2 fil C 1/2
Akt o 2008—2009 A H[EI b 7 IR A A A BRI
3 F5 VLRI 7 B2 i (Saxidomus  pur puratus) ke i H 77
TEC 1. GTX 1/4 M1 GTX 2/3, Hh Cc 1 HEES R
m(Lietal, 2012), SARMRGEREF —E£ 5. A
FERIL, TR FhE OB B RSB HMEAMT,
DURIER N R Z S kA AL s iR 1k, D12k
WEARRES, 0 CHERERNITHIR GTX 5
R, MOURANE RN ZESET RS N
A F(Wu et al, 2018; Escobedo-Lozano et al, 2012), F&
FE] 3T /K AR R A RO S 5 11K 8 (Alexandrium
pacificum) MR 7 111 K3 (A. catenella) & A % m Eb
#ilff) C FZE, GTX 1/4 F GTX 2/3 el aee, Mk
W7 1R EE (A, minutum)UE % H&F GTX 1/4 Fl
GTX 2/3, C Fl STX B HE W/ IL(Liu et al, 2022), B
G 7 LK BE(A. ostenfeldii)™ [ #1477 STX il
NEO(Gu et al, 2022), HER#H % (Gymnodinium
catenatum) Fl -1 3V 7 Ll s ) 41 i A7 7 T b
(Gao et al, 2015, Liuet al, 2017), ABFFEMFS32], B
L DU FRFE X DLZE PSP s STX . GTX 1. GTX 2
Al deGTX 3, SIA WA )38 4= PSP

600 Jepmipfy i JoHy | B
Ruditapes <3 Crassostrea gigas Meretrix| Mercenaria
500} philippinarum N meretrix| mercenaria
v N
-g) N
NN N
X 400 | N NN N
s N N S
X5 S NN N
& 2 0o S SS S S
# 5 SNSHSS N S
200 | SNSESN S N
£ SN N NN
2 SNNESS N N
= 1 SSSESS SIS RS
SNNNN SNE S
0% o & v v o n © o v p— v v o wn oo
T d < < d 9 9L Qoo g g
— = & — — o o I v X DN @ F v = F O
- O © O ~ ~ © ©o © o S & & o o o O
R4 H ) Sampling date (Month-day)

—c2 Em C1 mm GTX6 & GTXS HH deGTX3 @ dcGTX2 [ deNEO
EdeSTX RRIGTX3 g GTX2 GTX4 GTX1 NEO STX

T B DLSRE it BRI DL 283 3R 4 00 U

Fig.1 Comparison of paralytic shellfish toxin components in positive shellfish samples
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AL 25 - vt 3 10 DL S8 R A DX Y5 P AR RRH I DL 2 3 2 110 Mg -5 DXL, 3 A 235

R R BA —EN2ES . Liu 55017)H
FERIL, D 2KEE 2 5 Rl — b R AR B T AR AR
H R RA A BN, ST C 12
JE, DIZERESL TR LLNEO. STX Ml GTX 1/4 “558 44
BRNE, XSARUREERELA 8, 2019 F 54
LU VA5 b DX B DL H B AR, XoF B L) 2% 0 s X 18 7 Ui A
Yo i A i om , 2 D7 Ll R JE 1Y vk B Ak T 8 KT
(3 5) (BEE, 2020), X 5ARMF5EH 2019—2020 4F
Rl A L D 2SS IX 7 Rh S D12 PSP A A
Mas R — .

&5 2019 FEiBRHKIFHREMEAE
(S E R, 2020)
Tab.5 Phytoplankton monitoring results of coastal
red tide survey in Bohai Sea in 2019 (Ma, 2020)

il Gt ALK
Monitoring Longitude and Alexandrlum SPP-
oint latitude concentration/

p (cell/L)

Ql N 39°08.219' E118°33.289’ 76 440

Q2 N 38°55.044" E118°32.674' 187 200

Q3 N 38°55.477' E118°24.663’ 104 280

Q4 N 38°59.476' E118°22.027' 140 210

Q5 N 39°00.721' E118°18.500’ 99 650

Q6 N 39°01.237' E118°17.777' 101 320

Q7 N 39°09.766' E118°07.372' 8280

Q8 N 39°00.621' E118°24.819' 94 470
Q9 N 38°54.923" E118°28.480' 121 890
212 RARANESMNELZLETHEF AL IES

FE AR ZIAT L ARG . SO IR ST A A H R A
FN 11.76% . 47.06%. 5.90%7F1 8.82%; PUSAS . i
RN G X RS (18] 2), BB WEXS PSP M &5 A1
RE Ao . FIAHAS 1, Ead Y & (toxicity
equivalency factors, TEF)(5 6)1154 D1 ZSHE i 1 PSP 1)
S, SR BRI SR FIAE ST G BH R
i PSP = S A oA 414.26, 532.57. 452.77 FI
195.46 ng STXeq/kg, BIAIE>SC G >FE R RIS >0 5
IG5 (1] 3)o Turner Q01578 £, ASIA] i Fb D12 )
KRR G EERER TR ARFELES. W
W, AL R BEEWEE AR, NGRS ES
DA B e AR AT R X AT 2 e 2 A9 SR,
WRE I H KA K, [HA 51K A 350 0 Fh
2 B R A A 3 A B ) 8 A 4 O&(Chen
et al, 2013; Bricelj et al, 2005), #ZE# I{E(STX )it
(= 7= Wy {1l

STXq (ng/kg)=Xnxrp (D

*(16)
50 - 47.06
40 |
S
230
W E
gg g
<8 20
2 1176 )
. : *2) 882
10 5.9
oL o 0 . 01
R, Lo Fy ¥ < 2
& S Y B AR
SEFSEE TGN F TS
N & S NV
&r§ ¥ oy
A ¥

D125 FF Shellfish species
B2 7 b LA il v BRI DI 2 38 A 1 6
(n=34, *FRHHERE )
Fig.2 Detection rate of paralytic shellfish toxins
in seven shellfish species (N=34, * indicating
the number of positive samples)

R, X ACEAREFZE PSP BS H(ng/ke); rofbEKRE
PR

213 NEFEZEFV EHHFE FHR A B DL
Fem AR iR IAE 4—6 H (Bl 4), S53AHGE BN
PSP EEAE 4. 5 HEBARHESTREMNLSE—E(Ding
etal,2017), #EHE, 2019 4E 5 7, FEILITTATHEHLIX
Fiti 22 B O 9] PRI FH G DL 5 RS 1 B A B VR M s = A
JE LT O o B A (X R SR R | RS2 A T i U i b
XA = R B R DL A 005 DL 283084 T DSP A1 PSP T,
K4 S R, 3 R D GTX 4 35 5 & a4 1 R
(20.0 pgrkg), 43414 94, 53 F1 50 ug STXeq/kg, FEPE
A%, Ding Z£(2017)%F 2016 4E 5 H K AAEZ B I
—REEMl PSP i EE AR B G UURE ST TR
W, 258 MR, GTX 1/4 1 GTX 2/3 Aku i, ARA
#C1/2. C3/4, GTX5/6. dcGTX 2/3. dcGTX 1/4.,
deSTX Hl deNEO, 2014—2016 4 0] XT3 45 U ihF
—ORAR . R, KA. KELEME) M PSP #H17
R A4, RIEER B 5 H PSP R e i (Wang
etal, 2019)., BRIREME IR 5K A
TR B FP S | BRI DL DI SR 8 T T s
FREm A OC, TR 5K IR % DIAH G,
S5 R AR B A DR 2R (AR BE L PR R SR )
S0 (David et al, 2009), HH 4—6 H BY/Ki (20 CTZH
A7) B8 3 7 1 K B AR K B oM & B (Liu et al,
2020), fERLZEE 20 4FH, AT R A D A PR AL
Y IE YR BLHEA T T A, IS NI /K IRIE X R EE )
20 NMIFIFAEPIREAR T, A5 13 MEES TP B] R,
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Tab.6 Toxicity equivalence factors of paralytic shellfish poisoning toxins

7% Toxins

IiH It
e STX NEO GTX1 GTX4 GTX 2 GTX 3 GTX 6 GTX 5 dcSTX decNEO dcGTX 2 dcGTX3 C1 C2
Y EFT
Toxicity 1.00 092 099 073 036 064 010 0.06 051 040  0.65 0.75 0.10 0.10
equivalency
factors
QSM— ------------------------------- YR, A2 & AEAE S AR 10 H(Zhao et al, 2005).
Mgﬁ 214 M EFFTHEREFE DIZErh PSP {544
28 ~ [, - N N Y
2 25 ] BEL 2 JE R BRIE R, A R R T b i it 2
| . , EIE, 54y oya , : Numano
=K Flt PSP, e, 159%™ H (Goya et al, 2020; N
© 400 - . H ,
R etal, 2019), A543 DAy i 1) PSP 45F M7
I - i BIFIERR 25, M2 S . Goya %£(2020)
g - - n NN - N
kas ' . : K 1980—2012 AEAERTHIAE 5 I i DR 4 1y U1 2%
Ly RSB TR, SRR, BRSALL GTX 14
Fo Lo FoBo FsFe e N GTX 2/3 3, YR C 172, STX H1 deGTX 2/3.
SEESFSTETE TEES RBFFREIIE I RIS PSP {4 LR v J
Q}N \% QN & < & & Y . L o
§&§ oy ¢ 5 532.57 ng STXeq/kg, HH GTX 1 FEfHxE, MK
S ¥ 0% 01 2k PSP ¥ S £ 7K F 14,015 pg STXeqrkg

D125 Fh Shellfish species

B3 7 FfBE R DL il i R DL 7 3R B I LU 4R
(HELR 3R PSP (¥ WE A Hr i)
Fig.3 Comparison of toxicity values of paralytic shellfish
toxin in the seven positive shellfish samples (Dotted line
indicates the PSP regulatory standard level)

SEARIEMAMF R. philippinarum
B 4145 C. gigas
600 [ 3CHE M. meretrix

o0 &R Wi hs M. mercenaria

méasoo-

B 8

35 5400t \

i 5

K 2 2 300

o2

ﬁ%gzoo ,

EES .

—_ 3 N

" i

a ﬂ X i
Olf)O\ N O NN ANV Y01V AN —~ —
T QDAL A9 A A
— = NNttty wv o O~ D
— = SO O OO OO OO OO OO oo

SRAE H
Sampling date (Month-day)
P47 Fob DL R AR bR DL 2R3 3 B LR

Fig.4 Total amount of paralytic shellfish toxins in positive
samples from seven shellfish species samples

Hrp e A9 HRAERHE M #5255t (L) nmol/L 1
A+ 11 AM 12 A RENEER, XM TH
KN REAE B2 IRk 21851 (Liu et al, 2017), ILAT,
TR PSP 192 AR (L KR 5 41 oI ] 1) & A A

(Wang et al, 2011), —HZEREFE KR, J5# PSP ik
JE T8 5 TV R LU, R ARGE A R TR R G TSR
PN AN S8 A W 1 B R Y 3 S 1 e 9 B
TR 7 L A 3 RN A R S LA 3 S TR A
f) K HE B 5 (Wang et al, 2009; Gao et al, 2015), XA]
A2 FECY M I R BB R 1 F B Z — o X LB
FERIL, ok FORRNE N 2R R S AR
FEIANTE] , AN ]38 PSP A 34 Al Y 25 57 2 3 A PSP
15 Y s M 22 7 fY R F 2 — (Finnis et al, 2017;
Wang et al, 2020).
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(risk quotients, RQ)FIHIEALIEIEAT B L 2M
DB PEALT o Forb, JRURS: W (B vk LA Pl HE 5 RN 2508
BB IR A o R PPAR AR TR — b i B B R VP4 ik,
JIT A5 25 S i AC R 1 5 0 I B T TPAG 1 1 1) T 4
FUBRE 1 72531
221 R * R 4l S o W 100 1) 5 ph A AL A7
A R i DL IS B 2Rk B M DL 1) B 1 B
HEAT B (e R ARV R ), T3 DL 35 2 688 KU A (2
X 2), EPrEHZ 4 EEN RQ=1, FREFRMES IR
BEBLSE B 800 pg STXeq/kg X PSP A7 KU, i
I A B i U 3 1 DT S 3R A IXOR AR 2 1 DL
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Fig.5 Safety risks of shellfish consumption in different seasons
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Tab.7 Recommended safe single intake of shellfish

; o Hetg— vk
nxgE PSP A EAE o
Shellfish Maximum PSP BEARE

s eeciess toxins content/ Recommended
P (ng STXeq/kg)  single intake/g
4br 27 A
AR i 414.26 <70.00
R. philippinarum
#1055 C. gigas 532.57 <55.00
A M. meretrix 452.77 <65.00
7S M. mercenaria 195.46 <150.00
HERWMAEDTI) =
RSB (ug STX eq/kg) x £ F & (kg/d) 3)
47 B (kg)
5 NG5 B(ERT) = DTI/ ARfD (4)

M T DL AR 4 21 B 3 32 K AT BB A7 AE
BRZES, I, XSRS B BB 34T T 404
SRR, VR A A 8Uh R D R BRI
T, X5 Wong %5(2009)BIFFT 45 —5, AR
w33 A 4 IEAFE N RAL — kL e HE
(R 8). 4iREW, HEINEXERHBEERKZET,
AR D2 N IE AT — R B &

3 4ig

ASBIE 5 2R T e 280 AR 8 1% — H3 3K 5 3% (HPL.C-
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Tab.8 Recommended safe single intake of different shellfish tissues

PSP fix i S EAH

EfE— IR B R

12 5 Maximum PSP toxins content/(ng STXeq/kg) Recommended single intake/g
Shellfish il " il
specios AT T = S S~
uetor 1seera Gill Mantle uetor 1seera Gill Mantle
muscle mass muscle mass
%@%%E - 248.67 35.25 29.87 - <120.00 <850.00 <1 004.00
R. philippinarum
Ht15 C. gigas 24.88 333.12 51.89 56.17 <1205.00 <90.00 <578.00 <534.00
SCHE M. meretrix - 308.16 36.82 24.90 - <97.00 <814.00 <1 204.00
T5%HE M. mercenaria - 210.51 35.21 31.49 - <142.00 <851.00 <952.00
T =7 FoRZALNRR KRR

Note: “~’means no shellfish toxins were detected in the tissue.
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Surveillance and Risk Assessment of Diarrhetic and Paralytic Shellfish Toxins
in the Tangshan Shellfish Culture Areas of Bohai Sea, China

ZHENG Xuying'?, LI Zhaoxin>”, SUN Xiaojie?, XING Lihong?, ZHANG Mengting’,
ZHU Panpan’, WANG Jiyao”, SU Wenqing’
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. 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;
3. Tangshan Aquatic Product Technology Extension Sation , Tangshan 063004, China)

Abstract Shellfish are filter feeders that can accumulate toxic algae and their related toxins,
increasing risk when consumed. Shellfish toxins can directly affect the physiological activities of
marine organisms and threaten the stability of marine ecosystems. Ultimately, these toxins pass
through the food chain and can endanger human health and economic security. Globally, shellfish
poisoning incidents have occurred in many countries. The Bohai Sea is a semi-enclosed inland sea,
where severe eutrophication of the seawater has occurred in recent years, leading to harmful algal
blooms. To date, no simultaneous surveillance of diarrhetic shellfish poisonings (DSP) and paralytic
shellfish poisonings (PSP) have been reported in the Tangshan shellfish culture area.

To better understand shellfish toxin pollution in the shellfish culture areas of Tangshan and the
dietary and health risks to residents, Mactra veneriformis, Ruditapes philippinarum, Rapana venosa,
Crassostrea gigas, Cyclina sinensis, Meretrix meretrix, Mercenaria mercenaria, and Azumapecten
farreri were collected for toxin monitoring from the Tangshan shellfish culture areas in Bohai Sea
from October 2019 to September 2020. A total of 34 samples were collected for each shellfish species.
Each sample weighed approximately 3 kg. All samples were transported to the laboratory on ice. In the
laboratory, samples were flushed with tap water to remove sand and silt and shucked to collect the soft
tissue. The tissue was thoroughly homogenized with a household blender, and approximately 50 g of
tissue from each sample was stored at —20 ‘C until required for analysis. Five DSP including okadaic
acid (OA), dinophysistoxin 1 (DTX1), dinophysistoxin 2 (DTX2), yessotoxin (YTX), and azaspiracid
1 (AZA1), and 14 PSP including saxitoxin (STX), neosaxitoxin (NEO), gonyautoxin 1/4 (GTX1/4),
gonyautoxin 2/3 (GTX2/3), decarbamoylsaxitoxin (dcSTX), decarbamoylneosaxitoxin (dcNEO),
decarbamoylgonyautoxin 2/3 (dcGTX2/3), gonyautoxin 5 (GTXS5), gonyautoxin 6 (GTX6), and
N-sulfocarbamoyl toxin 1/2 (C1/2) were tested using high performance liquid chromatography tandem
mass spectrometry (HPLC-MS/MS). The detection limit of the DSP method was 5 pg/kg, and the
detection limit of the PSP method was 10-20 ug/kg.

The DSP toxins were not detected in any of the samples. Several PSP toxins were detected, including
saxitoxin (STX), gonyautoxin 1 (GTX1), gonyautoxin 2 (GTX2), and decarbamoylgonyautoxin 3
(deGTX3). The GTX1 levels were the highest overall PSP toxin at 537.95 ng/kg in April. The results
revealed positive rates of PSP for R. philippinarum, C. gigas, M. meretrix, and M. mercenaria, which
were 11.76%, 47.06%, 5.90%, and 8.82%, respectively. Of the toxins tested, none were detected in the
remaining samples. The highest PSP toxin levels in the positive samples from R. philippinarum, C. gigas,
M. meretrix, and M. mercenaria were 414.26, 532.57, 452.77 and 195.46 ng STXeq/kg, respectively.

(D Corresponding author: LI Zhaoxin, E-mail:lizx@ysfri.ac.cn
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We ranked the species in order of highest to lowest PSP toxin levels as: C. gigas> M. meretrix > R. philippinarum >
M. mercenaria. In general, the toxin content of the shellfish in this area was lower than the EU limit of
800 pg STXeq/kg. The composition of shellfish toxins is related to many factors, including the
sampling location and collection time. The toxin accumulation capacity by shellfish is also affected by
many factors, including water pollution, salinity, light intensity, and most importantly, the species and
density of the toxic algae in the surrounding waters.

The ecological risk assessment methods used in this study were the risk quotient method (RQ)
and the point assessment method. The RQ method is primarily used for semi-quantitative risk
assessments to determine whether the pollutant concentrations have harmful effects. The point
assessment model is a dietary exposure assessment tool. We applied risk quotient and point assessment
methods to determine risk. There was no safety risk in the consumption of shellfish harvested from the
Tangshan coastal study area during the study period. According to the point assessment method, at this
specific time it was safe to consume the shellfish as the toxin levels were low. This analysis indicated
that the safe single intake quantity of shellfish during months with high levels of shellfish-enriched
toxins was reduced. As the toxin levels accumulating in different shellfish tissues can vary greatly,
each sampled tissue was analyzed separately. The results indicate when there is a high accumulation of
shellfish toxins present, consumers should restrict their consumption to a single serving rather than
regularly consuming shellfish as part of their daily diet. The safety risk assessment results indicate that
the seven shellfish species posed no food safety risk during the study period.

This study provides a scientific basis for improving shellfish management practices to ensure
shellfish are safe for consumption. This study analyzed the effects of toxin residues in shellfish species;
different seasons and different locations vary in toxin content and components. We recommended
consumers regulate their consumption to avoid potential poisoning events. This study provides social,
economic, and ecological benefits in promoting green and healthy aquaculture of shellfish products,
by ensuring the safety of shellfish products for consumer health. However, continuous long-term
monitoring of both phytoplankton and biotoxins are recommended to ensure the development of the
shellfish aquaculture industry and to support consumer health.

Key words Bohai Sea; Diarrhetic shellfish poisoning; Paralytic shellfish poisoning; Risk assessment



