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WAL EIE R NE AR NS5 RHHE
B R A

ZppE? ZEHRT B OB EHa’
XS HmEt BERE gAm
(1. FWHEERFESER B 2013065 2. ARl ER/K ™ 5 B 2 AW I 5 3¢ 3 S0 b 3
HEKPERERF S B R K AR T DR B 2660715 3. INARBIBHESBEHELHE
INRE W AERF SHEMIER IR HE  264006; 4. PEEEERFENRES TRY%M
IR HFE  266003; 5. WKFEAYE M-S Rrse ™ 2 EE N LR E
R E KRR B B KSR LR HR 266071)

W= H 2016 43 Jt.4& & 4 W I+ FRE M L % (paralytic shellfish toxins, PSTs)# #r L o % 2 1+ DL
K, ZREBEF WK F PSTs Z 2 N[ % 2|55 & fn @ AT FWKE, 2022 4 3—6 A £
BT EREN 6 M EFINENFRIME, KA RA G L FIEEK A ZQLC-MSMS %) 7 PSTs
MARGRAHA ST EMRFETH, NTHALIENLP PSTs LN T NEFEARLHE TN, &
kA, FRNEFERFHAPSTs o, B4 AR NEEERNORS, EFAFRARBLILL
IR EARvE ;77 X3, DL 2K o PSTs £ F 4 4 7 GTX1&4 1 GTX2&3, H 4 6 I (Mytilus galloprovincialis)
A ERE, HKNEM(Scapharca subcrenata); X H & H A EHATEMEZITHELN, FrallE
HEHLTRATEXRS, BAMAARENLFT PSTs REEEEBREAS, ENFE—ER T
Rzalk, REFHREEAZERIATKNEAEAR, 1 RENLFZREMEA S 2RAHE
A E B,

KA WOEME D&, Fab; WK, FRRME; £o1FE

FESES S917  XEFRIREE A XEHRS  2095-9869(2024)04-0195-10

JBE M D 7% (paralytic shellfish toxins, PSTs)/&—  dcGTX1&4 Ml dcGTX2&3), N-hf Mtz EIL i R
Katmais, BAE 60 FEZYWQiu e al, (Cl&2. C3&4. GTX5 Ml GTX6), PSTs F % v
2018), 4 R4 (i AU EEMM 2SS, "k PSTs 400 SRR K i 2 e A, o, Vi B SR S 1
3 2% AWK H FE(STX. NEO. GTX1&4 K ¥ & (Alexandrium) 2 A~ ) Fi . B R B H ¥
GTX2&3) . it 24 1 Mt JE 25 3 & (deSTX . deNEO . (Gymnodinium catenatum) . FELWE B H B (Pyrodinium

* Rl FEA G IR IE A L I (2018FY 100200) . [F 4 A KR # 54 T H (32072329) . H E/K P RF 3B 9T I 5 17K 7= B 55 i
FEARHI L 55 %% (20603022023006) . 1 E 7K 7= Bl 2= B 52 Bt FEAS BF B AL 55 2% (2023TD76 . 2023 TD28)FHIRAL Al 7 ol 2 A A
R BTG4 (CARS-49) LR BE B . 22EHE,  E-mail: 1i1158396992@163.com

O WBEEE . BB, T, E-mail: zhenggc@ysfri.ac.cn

Wk B #9: 2023-08-01, Y& ek H #: 2023-09-22
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bahamense)(Yu et al, 2021), W5 N BB =G,
1 PSTs 7EMRINAR R, & A 8 DU AR £ B s
WE REM . PSTs i/ hiiskesE . Eo . MK
BRI . PRI RIMESEREAR , B FE AT (Liu et al, 2017).
PEAkiil, SEREEL KA 2000 & PSTs HREH 1
(Wang et al, 2016; Brown et al, 2019), F&E &5 |-
BRIKFEBFRIEE S, 2022 D 2EFEH 2 1589
T3t (RO A AT Il vt B H R 5, 2023), RIS A
P KB D128 B & o 3 LA IR A 27 DL 2 sl i) vh
BRI, 5] G4 G DU o 2 25 0 7 s IR 3 B
g (RERLE, 2019), FE PSTs it
KA B A X KRS R TR R R
FEME . B2 S W AR, TR A S
RERAEIR, BT, BRI E, AU I
FE P B R, AR T X A S5 E (LR R4,
2021; {uALIRAE, 2021),

WALE N TR ERIL X, HRELK 484 km,
HAFEMEL IR, Hrb, 2022 4K F5R50 ™ &
2978 58 J7 t (AL AR HB a4 B R A, 2023)6
AR, WAk R IR R R SR, Z2IRENGEN
A E] PSTs., Hidr, 2016 4FEZ% 215 K4 8 1)
N HEM, HBES BB YR ERE 800 g
STXeq/kg 1 65 1%, T %P #EF 1) T ELAE R 3 fb
SAEER 7 LU K (Alexandrium  catenella)(Yu et al,
2021), Wu Q025 A, i 543k, H4 4 A
1325 52 55 i X B e A= DR 0 10 A 9 K i 0, A
MG DL B D1 229K HY PSTs., Cao Z5(2023)0F58 &1,
2021 4F 5 A1 2022 4F 5 H 28 5 5 b X TG DL (Mytilus
galloprovincialis) FifL 5 Ul (Azumapecten farreri) 1k
21 W2 (Rapana venosa)kE ¥4 i PSTs.

HAT, XFdb4s PSTs 15 YL id ol i 2 £ 2L 7
Ze 5L I 1 O, HL 3B NG DL AR DLRE i, i8Sk
XRG4 3 A IR T DL B 22 B A [] D12 5 1)
PEAT , KU PEAG I 78 A > (Liu et al, 2017; FSB %,
2023). AWFFETE 2022 45 4] 1% B2 5 W b 2N 1
BRI DL . B UL, Hha, eSS, #AZE S K 6 N
Folt DU 2R A7 3 52 PSTs A, 3l 1ok YA €0 33 - o3 Bk
Z(LC-MS/MS)H , ¥R 5T AL 48 3T ¢ PSTs 15 Y4k
IR A e, e nIkE N 2R S ME
FH % A A SR EH

1 MR
1.1 HmXE

2022 4F 3—6 HR7EZE 25 1R (39.93°~

39.96°N, 119.77°~119.81°E)(39 4~ DL AE) . b 8 in] 75 45,
(39.74°~39.84°N, 119.40°~119.54°E)(37 > VI #f) . B
T HEI0(39.78°~39.79°N, 119.44°~119.51°E) (3 M ILAE)
FIRT A6 R A ) I 3 (39.02°~39.97°N,  118.33°~
118.62°E)(24 1~ DL KE) 4 TR B 47 AR 4E 5 25 6 4>
rnFR DL SRR, ARG DL | T BE D (Argopecten
irradians) . K57 H W5 (Crassostrea gigas) . B il
(Scapharca subcrenata). WM (Scapharca broughtonii)
FHEER S WA 41 (Ruditapes philippinarum), 3103 A~
i, HKHR K™ SRR RS ) (GB/T 30891-2014) %23k
PEAT DURE SR AR, TR DL Bl DU H SRR S 5 T
WADT 3 kg, HHWRFE G TR ADT S kg, KRGS
Ja . BN TSI A RE A DT 700 g0 SRR
JGAE 0~4 CHRIIEN T8 BLEE)G, T-20 CHRAF
Fi

1.2 SEIGdr st

AB-5500 QTRAP & AH 01— DUt iT/85 T B2 &
i (AB SCIEX AW, FHE), BCA Mm% TR
(ESI); Himac CR 22G II = 5.0 HL(Hitachi A 7], H
A); XW-80A Jig il A #v (i B RAXART ) H K
T AR (VI PR R A B A A 5 Mil-Q B &l /K Y
(Millipore A A, 3E[E); [EAHAHCE & (Supelco A H],
EH),

HR | F R B (5 9%, Bt Fluka A F]); LFR((R
W4, Thermo ~H), FH); LIEUHIEH, Merck 2
A, EE); Halik(18.2 MQ cm); K (0144, Sigma
o], £ ARk B AR HUE (ENVI-CarbTM,
250 mg/3 mL, Supelco 2va], FEFE); HALARVERHE
B Y Ry 43 B 4l

B EFRMER W (STX . NEO, deSTX . deNEO,
dcGTX2&3. GTX1&4. GTX2&3. GTX5 Fl Cl1&2)
Wy 0 55 K [ S 0T 5% B = 2 TR P AR IR R T

1.3 SFE&E

1.3.1 M EHFRATA R TEERT , IR A i
B HRA, KK DL sesh v G Ke 51K,
TERAFREL(5.0040.05) g i# T 50 mL .04, fmA
5mL 1%L TRKEW, WHERA 90 so FEFeE s & T
K& S min, BURE TRAK N RERHZEE,

4 500 r/min 5.0 10 min, FH EER T 10 mL 55
o, R I 3 mL 1% 2 BKIBEW, 8555,
4500 r/min B.0AFF LIEW, EA 10mL, BHCERA
BIOE 1 mL F2mL B0, A S uL 2K, iR
HEIR2S, 10 000 r/min B0 5 min, KK 3 mL 2 .
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3 mL 20%Z MKW . 3 mL 0.1%% /K % 5 1k
Supelco ENVI-Carb [EAHAEHUH:, A 500 pL $2H0ORK ,
FEH 700 uL #BLE7K e, IE RS T, 55 1 mL 75%
CNEKEWEMIRS), 4 1 mL, 3 0.22 pm JEHE
TN, 4 CH R, i LC-MS/MS 73+ ¥,
1.3.2  LC-MS/MS % #7 WA 5 S TSK-
Amide-80 #1:(2.0 mmx15.0 cm, 3 um); #EHEE R 5 ul,
R 40 °C57ishtH A 8 2 mmol/L FRiZ%% .50 mmol/L
HEE KB ; st B & 2 mmol/L HfRER .

50 mmol/L H IR 95% L NG . B EE VN 251575
JKHFE45(2023): 0~3.0 min, 80% B; 3.1~5.0 min,
80%~40% B; 5.1~10.0 min, 40% B; 10.1~11.0 min,
40%~80% B; 11.1~13.0 min, 80% B; i & :
0.35 mL/min. & FH 22 5 7 W i (MRMO)AG I 5 =8, 85
FUIRIRE R 550 °C, BiZHLEN 5000V, -4 500V,
AR TIN 20 psi, ZFALSETIN 30 psi, HHBIM
IR TIM 30 psi, #lfES Medium, HAnftb &9
EAMSEOILE 1,

x1 BRUAEMRIESFGSH

Tab.1 Parameters of MS conditions for target compounds

TEVERS TR ilf 47 i A
Qualitative ion pair

IR DL T K 41 0%

PSTs component

Collision energy

JE BT ilf 478 i
Quantitative Collision energy

RN

Ionisation mode

/(m/z) /(eV) ion pair/(m/z) /(eV)
STX 300.2/221.0 35 300.2/204.0 30 1E ¥ Cation
deSTX 257.1/239.1 22 257.1/126.1 30 1E %+ Cation
NEO 316.1/298.2 34 316.1/126.1 34 1IE# T Cation
dcNEO 273.1/225.2 35 273.1/126.1 35 1E B ¥ Cation
GTX5 380.1/300.1 -15 380.1/282.1 -35 12+ Anion
GTX2 394.0/333.1 -22 394.0/351.1 -16 1% F Anion
GTX3 394.0/351.1 -16 394.0/333.1 22 1% F Anion
GTX1 410.1/349.1 -22 410.1/367.1 ~15 1% F Anion
GTX4 410.1/367.1 -15 410.1/349.1 -22 1 2§+ Anion
Cl1 474.1/351.1 -25 474.1/122.0 -30 1 2+ Anion
C2 474.1/122.0 -30 474.1/351.1 -25 12+ Anion
deGTX2 351.1/333.1 -17 351.1/164.0 -30 1% F Anion
deGTX3 351.1/164.0 -30 351.1/333.1 -17 1% F Anion
1.4 R ) &=

1.4.1 JI&+-4E

PSTs Ji & %275 & (g STXeq/kg b.w./d) =

UK PSTsHBE(ng STXeq/ kg) x WK 38 (g/ d)

1A H (kg)

1.42 M %P PSTs ik B IB 432 JRUR: A o 3
AR I IR AT A S BR AL B, XY PSTs 41 %
ICTF A H BR R, 22 2 B A BT DD i 4y 5 i
NG R E A, DT GRAIE S 2R R VAN 15 R
MsEs: . 78 F A (lower bound, LBYFEH, FKArE
TR R R 0, 1i7E L5 (upper bound, UB)
T, AR T RS H BRVR B B N A R R Y 172 K
FR(LOD/2), 7E&tERBIEM M T, ABF5EMHH
PAF IR KT Z KT,

x107°

21 3—6 ANEHERPSTs BN S5EEHH

FERAER 103 1 DI2SRES , 28Kz PSTs,
KRR 100%, A AT W FR bR i, 3—6 A iR
DUSRES RO, 4 A IE & R (3002 pg
STXeq/kg). Hk 5 A . 3 A, 6 AX¥{ESERIK, X
4 18.4 ng STXeq/kg (Kl 1). 3—6 H DL H 1Y
FEAS N GTX1&4 F1 GTX2&3(K 2), 4 A H Y
SERE, Hh, GTX1 && ) 1402 pg/kg. GTX4
TN 68.6 pg/kg. GTX2 &M 120.1 pg/kg. GTX3
TN 55.8 ng/kgo BR 3 ASN, 4-6 A¥AH mEER
STX. deNEO Kith. 5-6 ARt T 3. 4 HARKHM
deGTX2. % 5L 5 3w v 35 b R 1L B 30 96 38k 35 e 7™
BT 3-6 A PSTs B¥E & HAM AR, &
WD), 28 B I B B 3—6 J1 PSTs & &40 4 4n &1 3.
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1 25%~75% L 1.5IQRNKJFLIE 1.5 scope within the IQR - 2
— Hifii£k Median line * 5% {H Abnormal values I~ B c1
o (K Average values - - - Z4BR{H Security restrictions 5 450r — [1deGTX2
— 850 - % 4001 [ 1GTXs5
B 800F - - - - 8 L] (G}TX;
IS _ s TX
g 700 - Eﬂ £ 300F [ |GTx4
?o 600 $ § [cv:s!
el < 5001 32 200f ] deNEO
£e b 5 [ NEO
S 3 400 - A g -STX
&2 300l = £ 100
8 8
& 200} . &
S P o = e .
g 1000 I - 3AMar  4HApr  5SAMay  6AJun
& 0 i p—— = = H {3 Month
3 A Mar 4H Apr 5HMay 6 A Jun
A6 Month 2 2022 4F 3—6 FI 4 25 RER th PSTs 414345 %
Bl 1 2022 4F 3—6 H 4y D284 PSTs 3 S Xt Fig.2 Components and concentration of

PSTs in shellfish samples from

Fig.1 Comparison of average PSTs concentration in
March to June, 2022

shellfish samples from March to June, 2022

N N
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os() R 39050 Legend
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—_ —_
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Pl 3 2022 4FZE 5L DU RERL PSTs 15 440 i
Fig.3 Distribution of PSTs contamination in shellfish samples from Qinhuangdao, 2022

A, B, C. D4R dbain 4 R ML 3 . 4 . 5 AR 6 H PSTs 1544437 .
A, B, C, and D were the distribution of PSTs in the sea area near
Qinhuangdao in the nearshore of Hebei Province in
March, April, May and June, respectively.
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2.2 AESFRNEER PSTs AN 5EEBHH =g§ % arxe %gg‘; =};§g
FERA 0 DA B o 7] 0 DL 8 ST B aeamxa [ omxa [ aeneo
B2 S () 4). S0 DL e g 2 4507
250.8 ug STXeq/kg, HUCHTMI . HHAH UL i 40
ARSI AT AR PR, BRI 229.9. 807, i E 00|
59.1. 27.3 fl 17.6 ug STXeq/kg. 8
6 FRULKEFUG 11 Fh PSTs IAMFAER AR 2 200t
(Pl 5), Hordv, GTX1-4 Al C1&2 Yy 6 1L 3L [] 9 1% £E
HALy , GTX1 &4 J5t 5 A TE SR VURE SRS 1, GTX g 100r
H 114.7 pg/kg, GTX4 H7 63.8 pg/kg; GTX2&3 fii e =
SRTETURE R I, GTX2 K 155.1 pgkg, GTX3 " %§7§;\~\s s e %@% @@;@ /@Q‘@
h70.5 gl C1&2 B BEASHI B DURE GG I S
C1 J9 73.1 pg/kg, C2 4 20.3 pg/kg. e iEtEmY 0\\0“( S ¥ Q‘“\N
STX ., NEO it /b, B8 i UURE i BB AR o o JU% Shellfis &
11 Fp PSTs ¥IA KA1, Ay 4 Ff D1 2RE SRS H &8 K5 [ RD DL PSTs 414 5 & i

ISy, AR AR A R KR deNEO . GTXS il
deGTX2, KF-FE4HIGRE S R K STX A1 NEO, FE
HERIAATRE S PR K GTXS Ml deGTX2,

T L.SIQRNKYFER 1.5 Scope within the IQR
+  S%{& Abnormal values

[ 25%~75%
— ik Median line

o ¥J{H Average values - - - Z2FR{H Security restrictions
~ 850 -
oo
% 800fF————=—————— e e — -
» 700
@ 600
i X
dnS s00f
©w O
£ 5 400
e E
§ 3001
S
g 200r| °
5 100 = [=_==] -
= ol= == =
N A Sy e S &
4o8 ¥ & & S &
Y S FE LY K F
& ¢ ¢ KO EE S
© & S ¥ w A R
0 .
o §
D12k Shellfish

P 4 ASTR] it Fof DTS A i PSTs P2 35 % LE
Fig.4 Comparison of average PSTs concentration in
different species of shellfish samples

Fig.5 Components and concentration of PSTs in different
species of shellfish samples

23 WENZHd PSTs BEEZENB TS

AR, WAbAR IR DL PSTs S & it ANk
2 fiis, Hidr, 2018 A4-24>4 000 ug STXeq/kg, 2019
44 985 ng STXeq/kg,2020 44 9 147 pg STXeq/kg,
2021 4E 1200 pg STXeq/kg, R4 I 25 5 il

TEAG G & R @ AU, ASBF5E R A PSTs fe RAEHE T2
P 2 72 144 (Shin er al, 2018; Zhou ef al, 2022)(F 3),

FTF PSTs HISERARE, FAO/IOC/WHO HEFF Fe /R
#ZIKF-(LOAEL)PSTs 2% {H M 2.0 pg/kg b.w., fHH]
YEFRE 3 B EES %R E(ARMD) 0.7 pg/kg b.w..
MY E i 2 42 JR(EFSA)ELE ARTD 24 0.5 pg/kg bow.,
WMELF] Y LOAEL N 1.5 pg/kg bow., WifhatkS %5
HIY A E N 2GR 2B 2SR (Zhou et al,
2022). AWFFELLRAE AR E 60 kg, FREIAHEH
KPR E TR 38.9 g (Guo er al, 2023)E4T Atk 5%
AL, 6 FiDIR 2 MR R IEAG 45 R UL 6. HRIE DI
FE SRR BB R A S, 15 e Sk R
PEAl 45 Lok #5d FAO/IOC/WHO F1 EFSA H#Ef7HY

ARfD i, AT L2 RE.

R2 FAEFEHTIEFRENERFERPSTs 28

Tab.2 Concentration of PSTs in nearshore shellfish samples from Hebei in different years

FAry Year PSTs #i¢ 5 ¥ i Maximum PSTs concentration /(pg STXeq/kg) 22 ik Reference
2018 >4 000 Wu et al, 2022
2019 985 5K IF 55, 2020
2020 9 147 S, 2022
2021 1 200 Tang et al, 2022
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®3 FENEHERPSTs T8
Tab.3 Concentration of PSTs in different shellfish samples

F o, Fil #x KM Maximum /(ug STXeq/kg)
Toxin Species TH LB A UB
LI M. galloprovincialis 721.4 728.1
Bt S. broughtonii 69.5 85.6
MR B S. subcrenata 340.0 347.2
Total toxin KFFEHIG C. gigas 29.4 59.5
WIS B UL A. irradians 92.6 110.4
JEELREMAF R. philippinarum 128.6 136.3

B [ Upper bound O 5 Lower bound
ARfD! ARfD?

iy oo 0

Ruditapes philippinarum 0.08 : '

v ol M 0.07 A

Argopecten irradians 0.06 !

KV-r4tis W 0.04 . :

Crassostrea gigas || 0.02 . 5

Bl . 5

Scapharca subcrenata '
kit

Scapharca broughtonii ! !

0411 i 0.47 i

1047 |

Mpytilus galloprovincialis

0 020 040 0.60 0.80 1.00
SR FZB I Acute exposure assessment
Pl 6 AN [ml it b DL A it S B DA i dhs
Fig.6  Acute exposure assessment data in different
species of shellfish samples

ARfD': 0.5 pg STXeq/kg b.w. (EFSA);
ARfD?: 0.7 ug STXeq/kg b.w.(FAO/IOC/WHO),

3 itig

31 3— 6 ANEHERPSTs SEER

3—6 H Z A DI 2EAE fh b PSTs $(H & EAFTER K
25, DRREREESEEE LT, R TREE, 4
H PSTs ¥{H & it fe i, M 300.2 pg STXeq/kg, Tang
E022)F 7R R, 3—6 H % 5 B DL A v 4
H 4y PSTs KB dierm, SAMIGRES R —8, RENTRE
TR Ay DUZEFES, PSTs S ZE A E TR
K, WFsE2em], 28 21 PSTs Fo il 1B N ERIR
W5 LK (Yu et al, 2021), BEARI 7 11K #E el AR
KRl 10~13 “C(Tobin et al, 2019), TiiHHE 4 E it
TR AN ] B | 28 5L i 4 HIRE T
& 4~9.5 C, Natsuike (201755 R, Wil
TR PR 7K T T i A R TR R AT R A, i n
AT BORE R 5 1L K A B A 4 H R EIEAE it
Hh, Wu FFQ022)BF5E LRI, £ 5 5 i T it S iR

W R#EETE 4 A 16 HikF| g, 5 A @am
Wb, 5 A PR RIS PSTs & IR R 0, AR
] 3 Vg Vi AR DU ) AR R, R I i B
2022 4E 3 AR 1.5~4.5 °C, i 5 H Z& 5 5K
IREHIE K F] 17~18 "C(Cao et al, 2023), Ak 55K
W7 KA A, S B RO DT K R K e D
(Miyazono et al, 2012), 524 R 7 11K HETE ik
R, TURLFI KR

32 AEASMNEHER PSTsHFSEER

e DU JE PSTs Ay EZK A shW sk, ARBF5TE
RI, LG DL AT PSTs 1A & i w5 T8
UL, ba . SER MG RURSE ARG . Lin 25(2017)
T2, A DR B R (& s T PR
SRR AT 158, AR E A2
Sl BESE S UL ZSRE S PSTs S22 SN, Tang
022)WF R, UL SIRNAHL, I REGEER
MRS 2, PSTs & MBI TIRIL, 1
A, WA A, SIEVAHLL, $HuE IR R G AT
/D (Samsur er al, 2006), STX S RIEE,
DL st AR SR RT AR B 11 A T SR KT X T R
TR UL REfE PR Z A STX BRI HLHI (Nufiez-Acufia
et al, 2013; Detree et al, 2016), HyK, A[E D25 Fh
P B ™ B I A RN R A R T BB R R i 22 R
TR, SRR A L, SRR DA R
PR R, I H AR SIS AP IOGECRAL, AERRA K
AN SRR R G AT S A e AR B ZEE (Li et al,
2001; EIRRAE, 2021), fie)s, AFDIZE PSTs Ak
A FEERZES, BULX ISR DT DI 2ok
HIEMW L KEaRNER, AR PHERIT R
BRI E A 6 15, A 28.9%~35.2% M4 4 JIE G
D254 & (Oshima et al, 1992; Tsujino et al, 2002), X
AT REEH: PSTs B &R & B = MR K Z —(Wang et al,
2004; Liu et al, 2017).

DIR R E LAY PSTs 32 ZRVE T8 A Y 7 25 38 41
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Mo, DU i R Aot & B B ok AR 1 R 4Lk
(Raposo et al, 2020), X /&M DB R4 7
SRR T E RN XS DA P B A A
AR HEA RS54 . ARRASER) PSTs kA H4k, Ml
FEC RN PSTs % 2 M4 0 R[] (R 4 4 5%,
2022), 7E DA 0] &4 C1-GTX2, C2—GTX3,
FEAREE MY N-f 2 P eI 2R B R AL AL s s e
I R IG 2L TE R (Ding et al, 2017), W2Erh A1y
Cl&2 =A™ N-fiffi B2 B kL 5 2 W D7 1k
W R 15 WA (Gao et al, 2015), Kim ZE(2015)#F 57 &1,
biti & 45 R U1 7E 3% 3 1 K ¥ (Alexandrium
tamarense) " 7k #& B (0] (R HE K, 3 1 [l 5 R DL PP )
Cl F1 GTX1, &#ifktb >y C2 Al GTX4. 5kt D1 Figt
Wik, TG DUAY PSTs fRilH: L %MK (Botelho et al,
2020), MIIHEEENG D15 55 0L | 4L p R R A
AR, MR nZE022)0F5E M, Ak Ay Bk
2 it e P R 2 I foge Tl A PP I S K e, Gk T
AR AR SR, TRIA, e B AR P e I G i B A3
Fil g 2= 0 AR AL o RBE R, NI FEE S
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Abstract Paralytic shellfish toxins (PSTs) are a class of acute neurotoxins with nearly 60 congeners.
Shellfish that filter feed on toxin-producing algae exhibit PST accumulation in tissues, and the
consumption of toxic shellfish poses a major threat to human health. China has the largest aquaculture
industry in the world, with shellfish production of approximately 15.89 million tons in 2022 and many
shellfish consumers. The PST poisoning incidents in China exhibit the characteristics of a wide
distribution area, recurring regional risk, diverse toxin sources, and seasonal differences. PST
consumption causes acute symptoms of poisoning and even death in many people, with a high lethality
rate. This is a serious threat to the health of consumers and detrimental to the social stability of the region.
In northern China, Hebei Province has rich fisheries resources, with a mariculture output of approximately
580,000 tons in 2022. In recent years, PSTs have been detected several times in bivalve shellfish inshore
in Hebei Province, especially along the coast of Qinhuangdao. A serious shellfish poisoning episode was
reported in Qinhuangdao in 2016, with PST concentrations exceeding the safety limit of 800 ugSTX
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equivalents/kg (ug STXeq/kg) by a factor of 65. The main algal species responsible for the poisoning was
Alexandrium catenella. However, the current investigations of PST pollution in Hebei Province mainly
focus on the shellfish species Mytilus galloprovincialis and Argopecten irradians in the sea area of
Shanhaiguan, Qinhuangdao, and investigations on other coastal cities of Hebei Province and a wide range
of different shellfish species are lacking. Moreover, few risk assessment studies have been conducted.

A continuous PST survey was conducted in 2022 on six species of shellfish, namely
M. galloprovincialis, Scapharca subcrenata, A. irradians, Scapharca broughtonii, Ruditapes
philippinarum, and Crassostrea gigas, collected by netting in Tangshan and Qinhuangdao, and the
residual status of PSTs was assessed for acute exposure using liquid chromatography-tandem mass
spectrometry. The results showed that PSTs were detected in shellfish samples collected from March to
June, with a detection rate of 100%. However, no values exceeded the European Union limit. Among the
shellfish samples collected from March to June, those assessed in April had the highest average
concentration, followed by those in May, March, and June, which had the lowest average concentration.
The main components detected in shellfish samples from March to June were gonyautoxins (GTX) 1-4;
the highest concentrations were detected in April. Highly toxic saxitoxin (STX) and
decarbamoylneosaxitoxin (dcNEO) were detected from April to June and not in March.
Decarbamoylgonyautoxin (dcGTX) 2 was not detected in March or April; however, it was detected in
May and June. The sea area near Qinhuangdao was more polluted than that near Tangshan. Among the
collected shellfish samples, significant differences were observed in the average concentration of PSTs in
shellfish samples of different species, and the concentration ranged from highest to lowest in species as
follows: M. galloprovincialis > S. subcrenata > A. irradians > S. broughtonii > R. philippinarum > C.
gigas. Large differences were observed between the six shellfish species regarding the accumulation of 11
PST components, among which GTX1—4 and carbamatetoxin (C) 1 and 2 were the most commonly
detected components. The highest concentrations of GTX1 and 4 were observed in M. galloprovincialis,
the highest concentrations of GTX2 and 3 were observed in S. subcrenata, and the highest concentrations
of C1 and 2 were observed in A. irradians. A low detection rate was recorded for highly toxic STX and
neosaxitoxin (NEO in samples, except in M. galloprovincialis and S. subcrenata, in which all 11 PSTs
were detected. In the other four shellfish species, only certain of the components were detected. Statistical
analysis of the highest levels of PSTs in nearshore shellfish in Hebei Province in recent years showed a
decreasing trend. Acute exposure assessments using the maximum value of PSTs showed that none of the
six shellfish species exceeded the acute reference dose values recommended by the Food and Agriculture
Organization of the United Nations/World Health Organization and European Food Safety Authority,
suggesting that toxin levels were safe and acceptable. M. galloprovincialis had the highest dietary
exposure risk, as a few residues were present, and symptoms of PST poisoning, such as dizziness and
nausea, may occur after ingesting large quantities of M. galloprovincialis. Increased attention should be
paid to shellfish with high dietary exposure assessment values, such as M. galloprovincialis and S.
subcrenata.

In this study, we investigated PSTs in shellfish from Hebei coastal waters and observed that PSTs
were detected in shellfish samples from March to June, with the highest average concentration in April,
followed by May and March, with the lowest average concentration in June. In addition, the main
components detected in shellfish samples were GTX1-4. The analysis of different shellfish species
showed that M. galloprovincialis had the highest average PST concentration, followed by S. subcrenata,
A. irradians, S. broughtonii, R. philippinarum, and C. gigas; GTX1—4 and C1 and 2 were detected in all
six shellfish species. Dietary exposure assessment for consumers in Hebei Province showed that the toxin
levels were safe and acceptable. However, follow-up surveys and studies are necessary due to the paucity
of surveys for different cities and species on the coast of Hebei.

Key words Paralytic shellfish toxins; Hebei Province; Shellfish; Contamination characteristics;
Safety assessment



