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A B UL R SRAE X I, 2023 AR AR B DL Rl
1023 104 t, Zy/diaE RIS 1 55.17% (kA
T B B R 2, 2024), SR, MRS TE
R 2 Tl Ak AN T Al i R 1 v HE T KR T
W59, ISR E B SRR RS, 2024),
KB SRS R EOE IR U KR L, i
A FEAE A, TCE W Y W D SR 5 A
ORI, ARG YA AR 2L e 5, K i B iEE
A £ 00 - LV R B R R AR O ) DX (R A A
2020). AR RES AR TERER, SIRIETRA
YR K A BET S, [ AT e A 2R DL 28 0 i SR X
XF N A1 FAER](Yan er al, 2024).

B P B A AR Z IR I A
W.oOKEE RO 2RI RE R, IRAE I E
(lipophilic shellfish toxins, LSTs)fY & ¥ J& (Dinophysis
Spp.)TE I B IR Skl G 1 (PN E B 45, 2023) o 7= B R
R 8 % (domoic acid, DA) ) th 2% JE ¥ (Pseudo-
nitzschia) 7E A0 ¥ g % - & B AU R 5 Fet D1 3524 X 5 40
G+ §LE /A (Zhao et al, 2024), B
7K AR B AL [R) BE A7 7E D 2683 3%, Chen 45 (2018)7E #1fg
A h U 3T R R 2 M KRR S o R I B T R R
(pectenotoxin, PTX) . K M #K i 4% 2 7 2 (okadaic acid,
OA). #ig¥: 5 % (dinophysistoxins, DTX) . # I # ¥ i
# E B % (gymnodimine, GYM)Z Z ff LSTs; Tang &
(2022)7E % 5 5 BRI v Sl /K PR P G MR T R YA i R R
(gonyautoxin, GTX)1/4, GTX2/3 4 Z % PSTs; Chen J
S5 (2023) X v AL VR K L BT UKL 4 RN
Y B DA HE4T T A, R B . wsdt
RN 3T J FANIE I AFTE VR R AS DA

K 5 ik DL B ST gD, (B AFAE PSTs V544,
TEINAR K B s s 20 6e 0% 7= 4= PSTs 5 1h KJE
5 (Alexandrium spp. )i, RO WFE IR S
BT (T4, 2016a), 1990—2020 4F, 7EK B HH
L 30 5% 7 5 W N 2] 7 PR 95 P4 DL % (paralytic  shellfish
toxins, PSTs)IEIL T 1L K (A. tamarense) i,
ZAR AR 2.37 km?®, WEM G U B | AT
TEEALAS IR ™ PSTs (Y#RH #J& (Gymnodinium spp.),
ZR AR 48.88 km? (JEHEAE, 2020), 2016 4F, i
ZELIBMADL PSTs 5 &t ik 52 072.8 ug STXeq/kg,
10 RAPEEN 2 NIET-(RIEESE, 2022), HE&H
R B i 24 42 JR) (EFSA) ‘% 4= PR 12 (800 pg STXeq/kg) Y
65 ffi(Alexander et al, 2009); 2007 4=, BEFEFEAFR
B Dl PSTs A F H 792% , & & &= ik
8 339.6 pg STXeq/kg (FEALIREE, 2021), 2019—2021 4§,
BV L DGR X 7 MR R T

PSTs, Hrf, GTX1 &M 537.95 pg/kg GBS,
2023), Wu SEQ015)7EFR EWT A B T 5 ' LSTs: OA |
RN WR T 2 (azaspiracid, AZA)1 . PTX2. GYM Al
Z:HIZJE AR C 7% £ (13-desmethylspirolide C, SPX)1,
N 37.3.5.90, 16.4, 14.4 1 8.97 ug/ke,
Horp INZR T SRR PTX2 &, 14.4 pg/kg.
Zheng % (2022)7EILARAE 7 NIRRT 133 D12
e TE DA &g, Mk 1/3 (36.1%)H4E A i
#| DA, FHEEEN 0~102 pg/kg, Hib, M4 DA F
Y& oh 22.0 pg/ke.

WD C ) {2 AF4E PSTs, LSTs, DA K™=
FEIEJE W25 (Song et al, 2014), K 544k W5 K v 52
AL, BRTEERZ X DR RASFE, S8, T
AR AL U S 7 TH Y A T R G ST , X T8 R 5 Yy
E S AR A WA (Chen N er al, 2023; TZAL
4, 2016b), ASHIFFTE o 7E A 5 KPR IR 4 B DL 2Kk
TFHELLRAE, ] LC-MS/MS 120 # A [h] 3 it vh &2
FRDLREE R, A K SEh IR RMIE, T8
KAy AREE, T A BRI D 2 2 T5 Yok A 4k
FUEE, DUIR B bRk D2 aE 28 XU Y AT RER TR

1 #REFE
1.1 RFISLEE

111 XA HBRBMERK: OA, DTX1, DTX2,
HR 3 B D1 (yessotoxin, YTX). AZAl, AZA2, AZA3,
PTX2. GYM. SPX. DA fifi k% Mt e s K
(N-sulfocarbamoylgonyautoxin-2&3, C1&2). iz F ik
FL 74 18 7% K (decarbamoylgonyautoxin, dcGTX) 2&3 .
GTX2&3. GTX1&4. GTX5. ML BELH £ GG 75
# (decarbamoylneosaxitoxin, dcNEO) . f1 Ji7 I 7 &
(saxitoxin, STX)FIH A1 54A 7 &K (neosaxitoxin, neoSTX)
(MEREZRMTI . XETK; HiR., 2K, FiR
B, ONE. TR WA, FEE Merck A ).
112 AE WAH 3, 1i% (Shimadzu Prominence LC-
20ADXR, H 7<) DU B AT 2k ¥ B F BF & A& 3 AL
(AB-5500 QTRAP, AB Sciex, E[H); H&RAHGIE
(U3000)— = PU 4% #T 7 1% ¢ (TSQ Endura) (Thermo
Scientific, F%[); HILIC i (TSK gel Amide-80,
2.0 mm x150 mm, 5 um, HARZRE X S4E); Kinetex
C18 fAi4(2.1 mmx 100 mm, 2.6 pm, Phenomenex, 3¢
[€); X-Bridge C18 {43%#£(3.0 mm*150 mm, 3.5 pm,
Waters, JE[EH); & E.LHL(Himac CR 22G I, Hitachi,
HA); ENVI-Carb SPE #(3 mL, 250 mg, Supelco, 32
[E); Strata™-X SPE #£(3 mL, 60 mg, Phenomenex, 3&
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546 &

[=); Bond Elut SAX SPE #:(3 mL, 500 mg, Agilent, 3%
FE); A0 AR O B (Supelco, FEH),

1.2 HmXE

2023 4F 6—10 H I, & H 78 1A & K 5 5
() H RS (ST, S2. S3. S4 Fll S5)FRAEIFWEAEY 1 1K
8 A 10 HTEWSIEE A7 (S6 F1 ST)RAEIF WY 1 Ik
(B V). IR CRE T REFZIKSL,
Horp 1 Lx5 4055 g E] 4 5k GF/C JEE(FLAE 1.2 um,
@47 mm)Fl 1 5k PC [FE(fL4E 0.22 um, 47 mm), 4 5k

AL UE B3 50 FH T 5 PSTs/LSTs/DA/ %15y, PC JEAE
i T E A e T A S B, 20 TR
1RAE, JERPEFE 280 CIR-AF, 2023 4F 6—10 H &
H e 5 BT v 3ok 77 5 7 R A DL, A RO
FRAG . ASFLES DA IR DL, DR R AE . il HATS] 28
RV RAEVIRY), REJG HRREWE LK, ¥
UURI T 2 385 v A AN S R RE A 7P o FASER AR AT iR
2 0~2 cm UVIRUIRES , PRAFFEREMAS, MUFARIC
OARAT o BT A RE A A Fi b S RN ) 428, R AR AE
4 CEEHER AT, IFE48h NEELEE,

N
N
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Fig.1 Sampling sites in the Changdao Island
13 ZZiEm Bt 0.22 um KR/ AHLRIK RIERET SERE N,
#t LC-MS/MS 431,
1.31 Nk PSTs, LSTs. DA ##K  PSTs: &%

Zheng “F(2024) 5, R 1%L FRIEHL PSTs, 42
Ul ENVI-Carb SPE #:(3 mL, 250 mg)#<Hui4
fb, it 0.22 pm K RUEPE T UM . LSTs: &%
Wu F£Q015) 877, R B P2 HC LSTs, fHH]
Strata TM-X SPE #:(3 mL, 60 mg)ZE Bk, E%4
JEid 0.22 pm HHLRIEBEF I/ N . DA: &%
Zheng 45(2022)1 )74k, ¥+ Bond Elut SAX SPE #F
(3 mL, 500 mg)ZEHURBUR , £ 4551 0.22 pm /K R €
BTN . DL BRI LC-MS/MS 4 HT .

1.3.2 M4 PSTs. LSTs. DA 28 ¥ GF/C
TE R BY WA B0 R, A B S mL 1% R /K (42
Bt PSTs)/H BE(HEH LSTs)/50% F B (B2 HL DA)AW

VKIS B R (R B 2 s, BERE S min), HUREfR o8 A
2 mL, 10 000 r/min &.[> 10 min, B _EVEW 1 mL, 43

1.4 LC-MSIMSHEES#

PSTs: % Boundy 25(2015)F1 Qiu ££(2022)/ 757
B, R RO 5 — = R DU 2k S T B
PSTs FE4h#EfT LC-MS/MS 237, f#iff] HILIC (it
TE 40 ‘C F/3E PSTs, LSTs: &% Wu % (20150077
%, f#iHH Waters X-Bridge C18 4%+ 7E 40 C 05
LSTs., DA: % Zheng %5(2022)1) 7%, {811 U3000
o TR €613 28 0 R — B DUM AT S B SGHE AT b o TR
FZ G fdi ] Kinetex C18 34, JHE K 35 C,

15 ZFFEVSEENFSHTE

AHFFEAH FH S3 34137 (120.72°E, 38.05°N) R4 (1) 1%
Ui R A i AR T v T AT, O K B o 3 v S v A
) PSTs f=Az i, #EAh & AT T 22 08 Chen 5%
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(2019)4 774, fdiJH] E.ZN.A™ Mag Bind Soil DNA
Kit (Omega, M5635-02, 3% ) H& Ui Ui A i 32 P 41
DNA. Wi ®E: 4% DNA (10 ng/ul) 2 uL; §°
H4-f PCR IEM5|#(10 pmol/L) 1 pL; "3+ PCR X
151 47(10 pmol/L) 1 pL; 2xHieff® Robust PCR Master
Mix (Yasen, 10105ES03, H[E), WA % B H-AE G IR
1Y #%(Applied Biosystems 9700, 2% [ ) {di i L F 2
FE#EAT PCR: 1 NMEFRTE 95 ‘CAETE 3 min, i 5 M
FRTE 95 ‘CZEE 305, 45 CiEk 30s, 72 ‘CHEAH 30 s,
SRJ5 95 ‘C7AEME 305, 55 CiR & 30s., 72 ‘CHEff 30 s,
)5 72 CHEff 5 min, FEHF 20 ¥R,

PCR F=¥f#i | TBE %% vh(Tris. HifiR . EDTA)
H) 2% (w/v) SRR WHBEE I B Uk T R A, FHVRAL 2
(EB)Je 076 LM F aT 4k o {138 ] Tllumina i
M . FEMF 20T, 4 H Qubit™ 4.0 Green XU
5 DNA W2 700 2 51> PCR /= #11¥) DNA W B, Jf:
8 112 143 BT A (Agilent 2100, 35 [E)#EAT B #H

1.6 REEH

S5 v [T A T A 2 e (P I 4 T e R 2
TR R W 2~3 WK, DA/ A 5 Y Bl 5k B3 A0
LC-MS/MS ZHrH, & 10 AEES Al A —IRF 2 .
PRUETATR, DAPRIIESS 5 00RS 25 B P e o [w) A filt
FE AR 23 F1 R B IERE i 78 4D B R R AT AE TS Y o I
A HER AR a1 E 280 2 ¥ T 0.995, Fig Hix
ST R ET R 63.7%~91.3%

1.7 HiEALE

TR e v A G B A Origin 2023 4b 3
Hepl, A Usearch KK A RS 28 SIS AR E
=97% M FRAVE /P2 B IL(OTU), REEE@T] ArcGIS
Pro(2022)4: il , JIE M E 3 Hi A5 B A RS AT
#H, HES . GS(2024) 0650 5.,

2 #R

XF 2023 4 6—10 H 7R 5 B i R 42 11 DL 2k
FEah . IR A T R R A, LA 29 AT
7, fL4G 14 Ff PSTs, 14 Fl LSTs AKX 1 Fl DA, %
ASJHAT IR K T PSTs #1 LSTs, Ak DA, H,
PSTs it £ 2K H 4 50 & GTX1/4,GTX2/3.C1 F1 C2,
1M LSTs £ H R H & A%, (A 6 JASFLES DURE S
Kt PTX2, &N 2.46 pg PTX2eq/kg SM, itfk T
FREHIA T RO 4R & 160 pg PTX2eq/kg SM (Alexander
et al, 2009), W TAMFE P S e IS | PR
P DA LSTs 15 4« RS 84K, R, 5500
PSTs Y75 YL RRAF S 18 7E AR

2.1 NEHEmmTP PSTsia HEER

F 1T 6—10 A K H PSTs A5 & .
Moy Bk %, YRt EFSA 4R, Hil&R
H43Ph GTX2, GTX5, C1 A1 C2 HE., GTX2 &K
RIREMER, N 533%., Cl 2o ERmmER
(179 pg/kg). M GTX1 BHEMRIRIEERZ —, il
BN 30%, el 43.4 ng/kg, AEEIRETRKS
%] STX, NEO. deSTX. dcNEO. GTX6 7% .

Bl 2 R T 6—10 H AR RIS PSTs &5t .
U oy Borp kY B AR Ak o A TR 2 3 ) SR B 1 DL RE
Hr, 6 A8 HRIRIL . KFvedtls, D7 A4
BB UL EERAS Y PSTs. 1M PSTs FEtE/K I T 2 g
B, Hr, 9 AAFLE W 8P (167 pg STXeq/kg),
Hc 10 A HiLE 11 (64.5 pg STXeq/kg). 9 H FifL
J# UL PSTs 5 18l 478 pg/kg, FRER A H 4y b,
HkJE 10 AFFLE L, &8k 221 pg/kg. HAMA K
WA PSTs &5 EMACTFRAL, 6—10 HREE
() DLRE PSTs BT B & i iRk 5 L THE T
Bo6—8 HIME TR, 9 AMEEM, 10 ANH
PR 015 o

K1 KEMHEEE PSTsHEEMEE

Tab.1 Detection rate and concentration of PSTs in the sea area near Changdao Island

==

;: % GTX1 GTX4 GTX2 GTX3 deGTX2 deGTX3 GTXS5 Cl C2
xin

¥ % Detection rate /% 30.0 30.0 53.3 30.0 20.0 20.0 46.6 40.0 40.0
NEREE H/ME Min 1.56 1.32 4.14 1.55 21.1 9.49 1.90 4.58 1.95
Toxin concentration /(ug/kg) gy \rax 434 158 810 193 672 18.3 303 179.0  22.7
iy Median 2.77  2.83 10.8 2.12 4420 13.90 2.38 18.90  3.25
i Skewness 1.17  0.72 1.80 0.62 2.44 1.52 0.54 1.76 1.62
14 Kurtosis —0.12 -2.09 356 -3.25  6.07 2.45 -0.45 285 1.96
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Fig.2 Concentration and toxic equivalency of PSTs in
shellfish samples in different months

SB: HifLEIl; YB: 2MaDl; ML: KPFHE4EW.
SB: Chlamys farreri; YB: Mytilus galloprovincialis;
ML: Crassostrea gigas.

A6 H 4y ¥ i) PSTs 40 A i 2 5(K 3), 6 A
8 HKih T &I REEIEH GTX2 Ml GTX3, 434

27.0%

6H June

8.7% 3.1% 17.9%

5.29% 10.6%
. 0
7.4%
4.4%
7.9%

33.9% 3.5%
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12.2%
39.1%

3.3%
9H September

30.1% .
73.0% 69.5%

Hi H 73.0% . 27.0%45 69.9% . 30.1%. 9 A A5 1 9 Fh
Moy, Hob, N BEEZEN C1 A 39.1%, 0
9 A Emdlsr; kg GTX2, HH 17.9%; i
PN deGTX2 H b 12.2%, S®EDIEIL
Flv B 2210 ARG C2. deGTX3. GTX3 fil GTX4,
I3l A HE 5.20% ., 3.30%. 4.10%A01 3.10%, 10 H
WAy Kb R 9 AL, (HORTRIZE 4 & i EA BT
5,

22 FHEEYERT PSTs# HER

2023 4F 6— 10 H AR & FEf e 7 iR A T
TR RES,, Hop, 9 H S2. S3 Fil S4 sfi i R AEAE
mn A PSTs A, 10 H S1F1 S2 sy Ak, H&
AR o HoAth H 1y Bl (i ¥ A i PSTs. IR IFAE Y PSTs
a9 A S2 WM 21.51 ng/L, V&N
21.09 ng/L. 10 H PSTs *F-3¥4& 8K 2.26 ng/L (Kl 4),
10 A ST 1 S2 ¥ H 2 R4y, 439k deGTX3
M GTX4, ML T 10 A, 9 H PSTs dHorii b5, 3
Wi 7 AP S (B 4), 53008 GTX1/4 .GTX2 .deGTX3 .
GTX5 F1C1/2, H 3 -k thulifir 405 25 5 48/

m GTX2
GTX3
GTX5
deGTX2

8 August deGTX3

5 . 5 0, C 1

% |l C2

Il GTX1
Il GTX4

10H October

B3 AFA G DS PSTs 4150 i L
Fig.3 The proportion of PSTs components in shellfish in different months

2.3 PSTsEEFSEYMETE

AHFFEHEFH S3 ¥4 4(120.72°E, 38.05°N)IF ik 4
R it P v 00 AT R A B AL T 1A 5 AL 1Y
K B BF T VAR Sk AT REAFAE R PSTs FRag s s, i
Ilumina MiSeq RGEHATIMF . W)F)5, #i PEAR
AR B I A 2 A Tllumina 35288, JFAb3E

fastq SCIF, A AY fasta A qual SCHF, @i bRiE
I AT /0T . ] Usearch 315 Robr 28 B 26 4%,
FUE =97% OTU, KBRiA T FEHS] OTU, K
JERRE OTU MR T RN AFEA T, g
JE ot i BIARZE P SR S A TR AR R 7 91 3t 43
SEEXT NCBI 4 %2 \RDP %48 )% F1l UNITE L ITS
BAEREATR R, ST IR OTU fRE 5T
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e WG ICR R0 S I . UFFE T I PSTs A itk
- ﬁ?ﬁ% PSTs concentration 611%, E‘i%*ﬁtﬂﬁ%ﬂi] 2885 ug STXeq/kg, ﬁﬁ‘?ﬂ__‘:/ﬁj
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Fig.4 The percentage and concentration of PSTs
components in phytoplankton in different months

S 2K KA I 5 RSV B T 3 D
S, A7 2012 OTU SR s, 28 540
U 19 BLASTing 25 HUxf He, it 8 47T -1
Fi il k& 20 OTU.

610 HHIIN 5 AVEUFHIRES M B I S
R, 710 A WK R Ak, Horkr, 9 ]
TR A 5 A F YA s . X 9
S3 3 LR B ORI RE S A T (L A
L B KR AL B 6), FWIARTTGOR A
B I 5 P T A7 — 2 O 11 e

3 e
3.1 KEBMHHEEES N PSTs 5 L4FE

BVl VA 1 DX R K R AR O, 2023 AR
AL R 1S RARIR E, Btz KA
426 km® (2R B2 R0 T W D, 2024), R
2024 T 2022 4F 3—6 H iR 25 X ER
SN PSTs &, HimmEEYiEh
728.1 pg STXeq/kg, FE K 24534 GTX1/4 .GTX2/3
frct, Hep, Jbsie X Y PSTs V5 YL fe i i ™ i .
Cao Z5(2023)F5E 04T T 2019—2020 4F K 34 HiL X 3 ¥
13 D12 PSTs V5 JefRivd, #ifLa D1 PSTs Kt mik
94.4%, Hfgw a3 953.5 ug STX-2HCl eq/kg,
FEAHZH /0 GTX1 . C1 Fl deNEO,, #EALHE45(2021)
R T # E IE SR AR 5 0 D1 PSTs 5 YL, HiAS iR
9 79.4%, feEk SRl 8 339.6 ng STX eq/kg, it
5 T PSTs 4B (800 ug STXeq/kg). 2019 4F, 1E

Vi T 3 R AR A A W B R S B 526.9 pg STXeq/kg
(KW, 2022), 5 e i HoA B O v AR LG, AT
FE5rHT B 5 FE TV D1 2 PSTs kG H 4l A FE AR
—E, HEEERAR; FEEHAS N GTX1/4, GTX2/3,
C1/C2. deGTX2/3 5§, ANfr STX Fll NEO “5apfk i
BRI -

3.2 KEBMHHEEEZFEEY PSTs 5 RIERIFE

Ve mEEE Y A V4 SUIX, M NCBI F# 7T
12 M5 KR 4 18S rDNA V4 X ¥4, 454 A
Y R e A9 DT 1L K JE 8 OTU J¥%1), R MEGA 11
B RALSR A R G (B 7), X551 K&
BRHAT TR R R 530, OTUL735, OTU1463 .
OTU1776. OTU290 1 OTU436 H:XF i il (1) [ — AR
F(>99%), X% OTU A3 Al GEAC X R A I 15 Ll K&
B, HAth OTUS18 5 OUT93 Hxt i #y e it ] —
AR (91%~97%) , fHF ] 18S tDNA V4 [X I8 ¢ 51) 44
() B K AR AR AT S - FL VA R o 7R PT REAGE HS A9 I 7 1
Kigwdrp, KW DT 1L KA. pacificum) . %
TR BE(A. affine) TEFEARAEWIRI (6—10 H)#FEE
SEAEAE, MU LR (4. minutum) . 25 [ )
KRB (A. leen)VTE 9 AR 10 AR, HA LR FERE
B . (HAFTEREE, DNA $REUS H A58 5
B X e A N A SR AR K, A SRR qPCR 7
BATRE SRR I AT AR . B, BT V4 £
X PSTs 48 7~ B XA A5 #F — 25 56 1 (9 Ut O 4%,
2023).,

Y VA VA SR R BT L K A IR A A
%, I W5 LK & 25 I ) B (Liu et al, 2017),
Min % (2023)7F LI AR 3T 1 o ARG HH 4 0K I0 7 1L K
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Fig.5 Comparison of phytoplankton abundance from June to October in the sea area near Changdao Island at S2 station

Pl 6 by RS 4 i A0 4 Dl W B R

Fig.6  Optical microscope photograph of cellular
encapsulation of Alexandrium spp.
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Fig.7 Phylogenetic tree of common Alexandrium spp. based on sequence analysis of the
V4 region of the 18S rRNA gene (maximum likelihood method)
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Abstract

From 1990 to 2020, red tides of Alexandrium tamarense—which produces paralytic

shellfish toxins (PSTs)—were monitored in the waters of the Nanhuangcheng Island Sea area in Changdao

County, China, with a cumulative affected area of 2.37 km®. PST-producing Gymnodinium spp. were also

detected in the Yantai Sishili Bay and Weihai coastal waters, with a cumulative affected area of 48.88 km®.
In 2020, lipophilic shellfish toxin (LST)-producing Dinophysis spp. were detected in the North Yellow
Sea. In 2021, amnesic shellfish toxin (AST)-producing Pseudo-nitzschia was detected in small quantities
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in the typical Patinopecten yessoensis culture area of Zhangzi Island and Yantai Sishili Bay in the North
Yellow Sea. PSTs, LSTs, ASTs, and their toxin-producing algae are widely found in the Yellow and Bohai
seas.

Shellfish and phytoplankton samples were collected from waters off Changdao Island from June to
October 2023, and screened for 29 shellfish toxins, including 14 PSTs, 14 LSTs, and domoic acid (DA).
PSTs and LSTs were detected throughout the survey period, whereas DA was not. The main detected
components of PSTs were GTX1, GTX2/3, C1, and C2, while LSTs were detected less frequently and at
low concentration, and PTX2 was detected only in the Chlamys farreri sample of June (2.46 pg
PTX2eq./kg SM), which is much lower than the current EU safety limit of 160 pg PTX2eq./kg SM. As the
risks of DA and LSTs in the sea area around Changdao Island were low in this study, we focused on
analyzing the pollution characteristics and potential sources of PSTs. None of the PSTs detected in the
shellfish samples from June to October exceeded the EFSA safety limits. The GTX2, GTXS, Cl1, and C2
of PST components were detected, with GTX2 being the highest detection rate of 53.3 %, and C1 being
the maximum concentration of 179 pg/kg. Among the shellfish samples collected during the entire survey
period, PSTs were not detected in Mytilus galloprovincialis and Crassostrea gigas in June and August,
and in all shellfish samples collected in July. PSTs were detected in Chlamys farreri in September at 478
ug/kg, the highest concentration among all the months, followed by Chlamys farreri in October at 221
pg/kg. Among the phytoplankton samples, PSTs were detected at stations S2, S3, and S4 in September
and at stations S1 and S2 in October, with relatively low concentrations of PSTs. PSTs were not detected
in other months or stations. The highest level of PSTs in phytoplankton was 23.92 pg/L at station S2 in
September, and the average level was 20.7 ug/L. The average PST level in October was 2.67 pg/L. In
October, only two components were detected at stations S1 and S2—dcGTX3 and GTX4. In September,
PSTs were more abundant, with seven components: GTX1/4, GTX2, dcGTX3, GTXS, and C1/2.
High-throughput analysis of phytoplankton revealed the presence of eight Alexandrium spp. with the
highest abundance of Alexandrium spp. in September. Alexandrium spp. cysts were found in the sediments
in September, which suggests that the toxicity-producing algae of PSTs in the Changdao Island waters in
the present study may be Alexandrium spp.

Although PST concentrations in the samples off Changdao Island were relatively low compared to
other regions in the Yellow Sea and Bohai Sea, there is still a potential risk of PST contamination. To
guarantee the quality and safety of aquatic products, monitoring of shellfish toxins should be strengthened
to provide basic data for the early warning of toxin contamination in aquaculture areas.

Key words Shellfish toxins; Changdao Island; Pollution characteristics; Potential source



