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S, 2 Fr R FE A% 6 UL A E o PSTs 3448 3 BX 4 B B IR EARVE (800 ng STXeq/kg), 187 & 4 41
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(Wang et al, 2016), & [FEPritos i H S5 S5 H
Fr(Visciano et al, 2016), PSTs VE b —2 /Kt 435
PELE Wt/ o> 0, E R TP RTTR K O s
A, R RIS W T 1K (Alexandrium) .
3 (Gymnodinium) . J& W ¥ J& (Pyrodinium) (Visciano
et al,2016), Horp  SE P IR ¥#2 PSTs A 5 R 3
P KB, FRE VT2 o34 Z2 RN R LR
Fr = A1 PSTs #2252 7 8.3 (Gu et al, 2013), PSTs
I YA E T8 DIZRSERMAR N, AU
SRR I R A RS, M E A e MR AR A
(P, 2016). FRIE A 2016 4 & A4 B 5 G 1
TR SR DL (IR B 2245, 2020), ESLZIRAETL
MR R PG LR PSTs #8 bR 2 F (Huang et al,
2019; FRWALAE, 2020), Hrr, JUHEWALEE & 5k
IR UL 2016—2021 AF 446G HY H ) RRCHE BR 42 A of
(800 pg STXeq/kg) PSTs 1M 5| T 8 K & VE (PR e
85,2021), SAET A EAEW, AF T X
PEDUR P B & e At 2 fase . LIRSS, R 5 T6
DU PSTs Bk B4 1Y 32 22 4 0 e Fh ol S5 R0 D7 1L K 3
(Alexandrium catenella) (Zhang et al, 2012),

HEIRIE T LR Bz 50 A T [ s i s I, JF
T 18R ) 4 0 A T B AL AR A PO L X L R
2R 19 7R 1 SR A R BB I AL R R T (Dai et al, 2020),
R, HARSMET, BRI 1L K EEAETE i 2
a S UURTEI Y B 3R, 1 1 H br it dol i 4 2
£ E P 1€ (harmful algal blooms, HABs)(Kim et al,
2020; Condie et al, 2019; Gao et al, 2019), L5 R
TEALJE 28 2 5 DL b PSTs 3E4F B AR ) 32 ZUAE
JEIA . A 2016 AFHREEFEM LA )R, BAATGR BB EUN
SRR AINE T WSS PN
FETE, ATHER X2 1l DX 9% 35 22 4 n) Rt R S AE XU
(BT 5, 2020), P, JFREEERT Py 1L oK B 7E
N EREALIESE, BRI DL PSTs KUK, HA
R ISR S

TP UL 2R e B PR AE S O ) B R vk
) PSTs, HZid—RIN AL, FEIL PSTs
XL A B e E (S AETE, 2012), (HxFp AR
A RE S EOR PSTs 2H 73 1Y A= UG WSS, 2013), HARHY
=W RO B 24 & A (toxic equivalency factor, TEF) W]
R T RIS BT, DT HG I 2 3 22 4 AU o %o i
DURUE, PIREFZ PSTs & BUMW L% B (A6 1% 9E 45,
2017), A PSTs BRI G AR, IFFAT QS L
14 B (Freitas et al, 2019; Riisgard et al, 2012), KL,
DLHEIR T 7 11 KB (GY-H25 # )X — i3 PSTs /= 55 ¥
RGNS, RGEHT A PSTs 78 2806 DL (Mytilus

galloprovincialis) T & BB AL, IF455 ™Y
JE UM TEF &, IPAf 506 DL PSTs 283 ™ H) Y
BrRRfE, X FRRE A S X IR DU PSTs K
07 T T A ) S DXl XU B s B A, LA B ) R
S RIS

1 #MR57EE
1.1 SEIesH#

111 a3 AR ERCE SN BEPR 7 1A
(GY-H25 ¥ H L F AR AR, LREN
P12 BEFRMCA R R, IR N (20£1)C, JEHEN
54 pumol/(m?-s); YEIFHL 12 h:12 ho b FH/NER
PE(Chlorella vulgaris) , [FJFE S5 T UL 172 85320008555
LRV E T IR T Sk, b8 i 8 4
UL, SEHRE . 76K R (7£1) em, 5858 M(3.5+0.5) cm,
FEIEH(2.7+0.5) cm, ME(35+15) g, FZE 5
TP 8 0G UL A R — A, YA U T Hb i (Borsa et al,
1999; FMEZESE, 2019), FrHSMARIIA Y H RE, 1
L —, B THEAEPIMAVKISRAE, 2 h Nis i,
BT RIRIGK 24 h BRI A MR AEE T ORI E 5
2d, DUERNFRFEIAEE, HIE TR 5208 5 BT 06 55 5%
112 MEL5EE 6 R 8 IR0 (L i —fE LAY
AR T); AB-5500 QTRAP Wi AH 43— DU KT/ 55
TBHE SR (AB SCIEX, £H), BlA W% 5 1
(ESI); Himac CR 22G Il /= # #5.0> L (Hitachi, H7A);
FEL R K VA i (T LA AR A BR A7) ;. XW-80A
E IR TR A Ay (i e KAXAR ) )5 Milli-Q 4l K AY
(Millipore, E[); [EFHAEHUH B (Supelco, FH);
GF/F BB £F 2 € i (Whatman, 92[),
1.1.3 ALFX A ZHE (i) (Merck, £ [E); H
M. MR ER (O3 (Fluka, Hi1); ZR(MAI%HR)
(Thermo, E[E); #H4li/K(18.2 MQ-cm); HAlARAEHF
R UL A3 35 R A B 2

1.2 EFH*

121 4R E7L KA KA P FAk N R4
SEHG IR R 2 R 6.5%10° cells/L, KiFF
FAK A L 2RV R SR VK, 26 0.45 pm 21 2 S8 i %
KR, N 2 WK R SR GRS A, 2011,
BFAE, 2009), EERPEERE DT ILRHE, BT R
BRI FE4 v, IR R (20+£1)C L B 54 pmol/(m?-s),
JEIEEE 12 h:12 he BEK 08:00 HUEEREE M, BURERT 72
SPRES), BRRUBORE 3 R, BRRIC10 mL, AIA 150 pL
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SRR E , SRS R A, 2019), AP
100 uL, Y2F B N T A T, BOFSA(E
T A = i AR KR

PEEER B IR F 2.5%107 cells/L B, B 20 mL #
T B, 5000 r/min B0 15 min Y8 3 40 i
EVEW 8000 r/min B0 10 min, 2 IRE LIS
IF(BRERSAF, 2011; AHTEIAE, 2018), MIA 5 mL 1%
CFRIK VAT, VKIS WERE 5 min, BEHE 8 s 155 25,4°C
ZFF 8000 r/min &5.0> 10 min, B 1 mL FiFat
0.22 um 7K RIENE, 77 T HERE/INI P, 54T PSTs 4387
1.22 N RESE
1221 RFEide Bl HL Pk 540 H 250G DL 34 53
3 4L, AR XT IR AR R E R AL, A
TEREA 25 LiKIM 9 MFRMA M H I 708, 52
Y3 gE4T 30 d, 43N 7 d BEEGBOR 23 d AU B
2 AN SEIO A PR B PR A A L 45 8 2 AN [R] Bk
7, Pl e B 1 25 N IR H R
TR G BT, A 180 HUR G D1 S5 e g
B 19.2x10° cells; fIRMEFEZ 180 H 4805 U1 I 40 p= i
B 8.0x10° cells. 7F R FE L Rd b & I EE 0.6%
TR E LT
1222 H&mRE TERFES0.05.1.2,. 4.6,
7. 8. 10, 12, 14, 18, 22, 26 f130 KR REFHZH
ff LA G2 1 28 7 i, BEAILER DL A 7 A, I AR D
ARV, VIWT A ZE L, A7 400 PR R AT (20 21
e T ESFHIIK 5 min, CERRTECH 40 945 . TR
A1, 83 RULAION 1 AERS, BRALER 3 S FATRE S o
1.2.3 FZhn
1231 #&w4® 2% Boundy F(2015)AH]T
Ab BRIt K T ECHZURREL S g T 50 mL B0
R, A S mL 1% LFRKEREEICEE R, WiEiR
A 90 s, KR O E B B T KW S min (WK
AR ), BB BT K T RGEAH B SR,
4500 r/min &.0> 10 min, £k,

BRI 1 mLF 2 mL BL08%, A
5uL 27K, WAEERAS, 10 000 r/min 5.0 5 min, fRIK
A3 mL 2. 3 mL 20%Z M5 KB (5 1% 18) .
3mL 0.1%Z/KIHETIG AL Supelco ENVI-Carb [F A%
HORE, nA 500 pL $EHGHE , B 700 uL HE 4l K#ksE,
EEET, ®EM 1 mL 75% KB (& 0.25%H
FROVEMLIRA), 1 0.22 pm JEMEFHERE/MH, 4CTF
PRAF, BEIRRE % — AR B BT A7
1.2.3.2 kA& RS &0 a4 HT7E AB
SCIEX 5500 QTRAP DU AT—Ze it B+ Bk 2 A ik 4%
AT, %A N TSK-Amide-80 (3 pm, 2 mmx

15 cm), FEiEK 40°C, FEMIRE R 4°C, HEREARD
S uL, st A 7K 2 mmol/L H %%, 50 mmol/L
HR), B A 95%NEKEW(F 2 mmol/L H R4k,
50 mmol/L HR) . # B i 454 : 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;
W . 0.4 mL/min,

K FH W85 25 v, B 1 JR (EST) 22 K2 W I (MR M) 6
F, BETEEE RN 550°C, BiZEHEEHN 5000 V,
—4500 V, AR S8 20 psi, ZALSE SN 30 psi,
BB IAAES 1 A 30 psi, fili# < Medium,

124 HFELE

1241 #FERTHE

Fa ()T R
_ Cx¥x1000 0

mx1000

A, X AR R DL 2R EE R A& i (ne/ke), C

SRR VS VR R PE DL R VR EE (ng/mL), Vo

WA E A RF(mL), m MIKFE T (), n WFRREATEL

FES T DR R ) & e M N 1, 58—
J STXeq K FEw, HEAXIK(Q):

BURE AR BRI A DL 2R3 R

STXeq = ZXirl- (2)
i=1

Kb, XSRS RN RGERE &, r WEEER T
1242 HFRFEHHE BRI EAG)ITA
A= (my, xnxSTXeq/10*)/ (Vg x py /10°)  (3)
K, A NERE S B TR (%), m, G DA BE
Fitt(g), n HE—FRIAEI LRI, Ve b BER
M= R BAARTL), pu b T B P= 75 3% BE (cells/L)
1.2.43 HAEFME B E X 1 h 55
RAT, #BUKEE SmL, hn AR [ b 4 i,
6 WA AT R AN R, TR K R R
S A5 2R DL DL RV I, O P AR
FZANESF, 2018) M A SR T &, MIELIT
o (R, 2016) TF B SE IS 5 R DAY AR B R
(ingestion rate, IR, %):
IR =V x[In(C,y / C,))—=1In(C.o / C)/ (wxt)x Cy  (4)

K, IR HFRARE 5 # (cells/g/h), Cuo Ml C,,
b AT AL 52 OF bR R4S SRR K Ry R v R
(<107 cells/L), Coo Fl C., N7s X BE L S50 T 4
ISR B R BE (<107 cells/L), VRS2 K Ak
L), w Ry DUERAAFR T E (), ¢ Semmtfa](h),
S K ] SPSS 23 il Excel 2018 Z5 4K {4 4%
Gy T, HE R R M BB R U7 2 4 BT (one-way
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ANOVA), DIFPE 5 1E 22 (MeantSD) R /R . K H
Origin 8.5 BAHER .

2 R
21 ZEMWRRH PSTsERRBIZN N ZHR

SRR LR BELL 6.5%10° cells/L 4] 1 4 i 4
Flr, FEEESR 18~24 d WK EIE- 5109, IR B fw = 4
Jf 2% BE R 3.5%107 cells/L, B 386 40 Jid 7= 2 4 = 1l ik
2.96 pg STXeq/cell, 56 BEHUEE R 7 11K 3 S ) B
PLRFRTE R % 1 5 o A 2 P T R 2 (22 d ERF)
TFJ it — 25 (0 7= B A8 S BF 5T, I A4 58 40 R %% R
2.5%107 cells/L, FA#EA0MI ™ #4khy 2 pg STXeq/cell,
BRI 1L EERT 7 9 R 2 (18] 1a), Hirp, R0
3FEERAIN C2 (74.16%). C1 (10.65%)F1 GTXS5
(7.71%).

FEfa A R, PSTs #6280 DA P 9 & LRI

: 3 c
 C
[_] oTxs
[ sTX
B NEO
C1GTXI g
Do &
o &
Bl dcGTX3
c
8000 - - [P e
—_ ! n om I n v
7000 ' e EVREELL ‘
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s ' y 1 —e— R !
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&2 4000 it Sz BE }
n g ! ! " Safe limit ‘
=g s000p ;
S 2000 1
& . N .
£ 1000 _ i

! " i
T R S T I | 1 1

B
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4678 101214 18 22 26 30
B} 18] Time/d

WATRI 2 4 B 0~2 d BRUESE, hih Rz
BB 1) 2~7 d NEBUME, DISF 14.84%11)
ERUERIFLEEBIEE 7 KIRBNEAE, Fy e & Bt
BB 7~12 d NEER &P ER 14.4%01Y
HEBR R PR, A PaE A I 12 d
Jeta T, HBEIRA R, HTPRBEHN), o
Bl 1c FiR, mlBEMIREH 2 —80a%, &
W RE A foe i B AR S RN R Y 2,61 £, EHH
FRIHE R 500 1.37 550 0.96 £, fEMhd S i,
L0 DL R A AL T RS ETRIRAS (B 1d), Hoxt
PSTs ISR EFIRE Sy, X AT 2 ZUR P ik A
A LA AT 2 S LA R B, IR DUNT PSTs A9
PETEYE INAER], Al T 2Hg 35 45(K 1b),
Hor, VR I TR =55 6 815.36 pg STXeq/kg,
R EH B E R T 2 614.78 ng STXeq/kg, #HH
] P R 48 2 fE (1)

b
gggg B I AR Visceral tissue
™ 6000 |- — [ | ﬂﬁﬁﬂéﬂ Edible tissue
50001 ZABRE Safe limit
1000 |-
0
7 30

H} 18] Time/d

d .
08 - —= F¥E L High concentration
—e— fR¥ 4 Low concentration

=3
=)
T

<
n~
T

(=]
N
T

S
o

P E IO ST OS O

e -
AN R R G666 AR
B8] Time

K1 a: SRIREDTIRE - FR 00 be SE06 DN ELLZUR AT 4140 PSTs & B & HEXTIL 5
c: BN VIA[RIR 2 2 S 2 N HIEZH 20 PSTs B AU 8 1k 5
d: SR DA ] 4 J3E 5 i 4145k £ 5 A8 1 (n=6; Mean+SD)

Fig.1

a: Toxicity of 4. catenella; b: Comparison of PSTs accumulation in visceral tissue and edible tissue of M. edulis;

c: Changes of PSTs accumulation in visceral tissue of M. edulis exposed to different concentrations;
d: Changes of ingestion rate in M. edulis exposed to different concentrations (n=6; Mean+SD)
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FERAR 2 Pl B = e B8R T, S80I DL Py
R iaEE R A RMIE], B deNEO 4b, 12 FhEbREE R
Wk, Hd, SHmEr 3 FEERSR CL
C2 1 GTXS, B AL 4y, P % FE a2 K,
KBRS ER B AR —BE, e,
C2 Fl GTXS &M 5 A WA B Ry C2 2
FOEM S, GTXS RREGEMESE, C1 MR
IR R, G0 2 fis, GTXS & e ESRTERT 2 43
YINEAR, 5 15% AL, (HEIRRETmas,
FEPOEICI N 5 i T c2, A 33% A, F
SRR 5 e, BB T 42.97%; C2 (5 LR
SLRRE, TR 35.72%% & 5.49%, 1EEA~ it fE v
M Fe e = A AR C1 7R SE B fe v AR
TEFE R S, 35% A, MERBEHITHER T —
SEMIBEINAESA, J5 2 /I3 ) 5 B /D R A

B MY o AR AR S et FLAE 2R T DU N L SR AF
E—E AR, Difsam AR Er Cl1, C2
1 GTXS 8 M YIA SR TIF S, ik 1 A e 3 Fil

component/(ng/mL)

1000

£44y& & Content of each

i
.
‘I—flll»lf——t—lfl»ffiff!»’#‘:" —

07051 274 678 10 12 14 222630
H$1E] Time/d

1600

~ 1400
1200
1000
800
600
400
200

component/(ng/mL

£-4H5r& 5 Content of each

Fif ] Time/d

[0 C! Il C2 [] GTXS [T]HAt Others
= C2 —o— Cl —a— GTXS

Kl 2 ENRDUAFIWRE #ER N AR 204 C1. C2,
GTXS5 3 Fhp Rk AL b & i 5 1L
Fig.2 Changes in concentrations and their content ratios of
Cl1, C2 and GTXS5 toxins in visceral tissues of M. edulis
exposed to different concentrations

a: EHHEEA; b Rk

a: High concentration group; b: Low concentration group

FEFR G WIEN, 4558 WK 3¢, KB 3d iR, Cl.
C2 Fl GTXS5 —H Z ML LR K 3a. [E 3b FiR,
K HAETT R R SE, 2003), 3 Fi g 2 9 P 22 1]
)t A R B P LA Ao 4 (BT A AR e B e AR B B i
HEBRE RS #5287 L= A= A R, O O M s e 7 R
ZIE B2k, B, YEBCIT . IV 4T 4007 e
M, FEEIK Cl/C2>GTX5/C2>GTX5/C1 Wi
B, C2-Cl WL RS, Hrp, R4 ILH
W AEIVEHY, WS GTXS5/C2>C1/C2>GTX5/C1
FkaH, C2—>GTXS AL 2 B B L, i C2—C1
G ol B 2

ABFFEH, C1 (TEF=0.01).C2 (TEF=0.1)#1 GTX5
(TEF=0.1) 3 Fp 8¢ R [ A7 7E 3 FhfE 4L R M4 TEF
BB TR, C2—-Cl #iibad Fi sk m it 4k
MARFENE s C1>GTXS AR B E 5 Ak v 21k
C2—GTXS WPt Z M5k . maptEdE Z5e1bh
RFE M AT G AR AR A AR P ;
R T Pk B A A v 7 PR B 4 A — Foa] i A IR D 2k
FH A LR, 2009), 506 DU [ B 3 Z HEBR B 152
W, B A SR EE 2 DS IR BRI R, 1 Al 5K TR D
XTRERMEFE R, o B m iR KR,

3 it

ARG T P BE R 7 11 K3 GY-H25 #k 1 F L
HFAEMPHEARAR, FZ PSTs 41400 C2. Cl
1 GTXS, BB~ 3 N 2 pg STXeq/cell, 1E .
fIK 2 MWREE BB Th B 7 d, ZIRIEH
RPN R 14.84%H1 19.92%; Zat 23 d i, #HE
HEBR R 90 74.39%F1 59.15%., S0 ik D125 A1)
PRI 2860 4 38 1) S0 7 3 | R R VR B IR ],
I X B A WF 5T 45 3R (BRYT 52, 2014; Sekiguchi et al,
2001; Tobke et al, 2021)%} HLIF-45 S A SIS & B, TR DL
FREET PSTs F= a3 10 & LR AE W] & [ Fh g A a] ot B
WS, HARE M. M-8 . Bk s fkre:
B [ A8 Ak o W 0 U R 5 e ) BRI P FE IR S A
ERE LR, 5HAKMATHIL, REKH T 58
o BRI, GRS B AR R Y SR RV
I, EREERTARAERERETZRERIRN
EREE,

LG DU AT, AE PSTs & 2l T
e, BRHERARIL 72%, FHERHRRFEN 14.4%,
55 Bricelj % (1998) Y BIFT 45 SR — 3, WFFERIT, BRI
Pk U1 2885 76 I 41 20 H Y 35 R 2 s D 2 i v R
A IR , %t o 2 B = AR dE AR A, DA R O e H IR
% B FE FL i (glutathione S-transferase, GST)AIABEH
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M DU R B2 AR B L N IEH 4P 1, C2,
Changes of the ratios and content ratios of C1, C2 and GTXS5 toxins in the visceral tissues of M. edulis

[ C1 [ ] HAth Others
GTXS5 3 Fh a5 FAHE 2 0] L E AR b S 7 & 5 Hb s fb

exposed to different concentrations

afllc: ERIEA;

b Al d: fRHEEH

a and c: High concentration group; b and d: Low concentration group

K A8 JiL i (glutathione reductase, GR)Z¥ [ifg 1 ' 5 i)
(Painefilu ez al, 2020), L1540 MMERE . TH AL AR S5 45
A HIASE, L, DUAMARIE 5 A4 BEALAE 32 21 ™
R (Alvarez et al, 2019), I HiZ4 8UZ 50 1%
7 TR WAV BE RS, DL P I 2R 245 40517 100 I A 2R R TR
JE B F+ 5 50 2 (Villalobos ef al, 2020), HIM., &
R RE A A R el T AR B i K I B R
B N A AR 4

Choi %5(2003)if 1 SCHIER T PSTs 7EXLGE DL
IR INFFAE AN 6] B Z ) 5 L B4 . Oshima (1995)HF5IE
B, BRI AR 32 B 5 Ak 25 G AL RN A 55 Ak 2 Fif
Zm, HAARRMA Cl. C2 ] GTXS. GTX3 #%k,
GTX2 1] GTX3. STX ¥k, NEO 1 STX M4,
I 28 Wt DL P R 20 2 rp 25 2% () AH 5% A0 DL A2 5% A
)RR B JEFIEEAL B N1 AL FR 5L (038 B i g ok £ 5
(4n C12—>GTXS), WAk, A B BIW o B2 W 5
Fa A 8 Ak 1) Ak 22 B Ak 3 B (A0 C2—C1) (BRYT L2,
2014), BEFEIRWY, WO 511 AR fh 2 5 ) 58 0 DL N

Cl Fl C2 & mF M fb(H4E, 2009); H Cl1. C2 f
GTXS [A)JE T HA AR Ry FE A1 N-fif i 2 ik 28
BEZ, I N-fESLEEASEE nT SCB C1/2 ) GTXS M1k
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Accumulation and Transformation of Paralytic Shellfish Toxin in
Mussel Mytilus galloprovincialis Exposed to Alexandrium catenella
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(1. Jiangsu Ocean University, Jiangsu Key Laboratory of Marine Biological Resources and Environment, Lianyungang, Jiangsu
222005, China; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory for Testing and
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Abstract Paralytic shellfish toxins (PSTs) are phycotoxins widely distributed worldwide and pose
serious marine ecosystems and human health threats. In China's Yellow Sea and the Bohai Sea,
Alexandrium spp. has been certified as the major causative dinoflagellate of PSTs, especially in
Qinhuangdao, Hebei Province where several poisoning events have been reported, with tens of consumers
suffering and some even dying. In terms of these events, mussels contaminated with PSTs were the major
cause of consumer poisoning. Therefore, it is vital to reveal the risk of PSTs in these shellfish, which
requires scientific opinions on the formation of terminal components of PSTs in mussels. Generally,
mussels are not sensitive to PSTs, resulting in the high accumulation of PSTs in their tissues. The PSTs
distribute, bio-transfer, and metabolism, and the terminal metabolites pose a risk to consumers. From 2016
to the present, several serious events have occurred in Qinhuangdao caused by PSTs contamination in
mussels, which resulted in poisoning by tens of consumers and a huge loss of regional economy. This
study exposed purple mussel Mytilus galloprovincialis, the key cultured species of bivalves in
Qinhuangdao, to Alexandrium catenella (GY-H25), the predominant producer of PSTs in this area. The
accumulation and biotransformation process of PSTs in visceral mass and edible tissue and the
accumulation metabolism kinetics were analyzed under exposure to different cell densities by liquid
chromatography-tandem mass spectrometry. Our results showed that the growth and toxin production of
GY-H25 was stable. The main components of PSTs were N-sulfocarbamoylgonyautoxin (C1 and C2),
with the highest algal cell density of 3.5x107 cells/L and the highest production capacity of 2.96 pg
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STXeq/cell. Toxin-producing algae with the highest production of PSTs per unit volume and algal cell
density (22 days) were selected for the exposure experiment. After exposure, the mussel accumulated a
high content of PSTs in both visceral mass and edible tissue, with a similar trend in both exposure
densities. The whole exposure experiment could be divided into four periods: 0~2 days as the initial
exposure period (period I); 2~7 days as the period of rapid accumulation (period 1I'); 7~12 days as the
period of rapid metabolism (period I); 12~30 days as the stable period (period IV). However, the level
of PSTs in the visceral mass of mussels in both exposure groups exceeded the maximum residue limit
(MRL) of EU (800 pg STX EQ/kg) at the end of the experiment, while that of PSTs in edible flesh was
below the MRL. Comparatively, the highest concentration of PSTs in the visceral mass reached
6815.36 ng/kg in the high exposure group, which was 2.61 times that of the low exposure group, with an
average accumulation rate of 17.89%, which was significantly higher than that of the low exposure group
(13.06%). The results showed that the accumulation of PSTs in the visceral mass and edible tissue of
Mytilus galloprovincialis was harmful to its tissues and organs. The toxin excretion rates of the high-and
low-concentration groups of PSTs were 74.39 % and 59.15 %, respectively, after 23 days. The average
daily elimination rate was 14.4 %, the metabolism rate of Mytilus edulis slowed down in the stable period
(period IV), and some toxins remained in the visceral mass after 23 days of metabolism, which easily
formed long-term toxin retention and threatened human life safety. In addition, PSTs in Mytilus
galloprovincialis showed a strong biotransformation ability, mainly occurring among C1, C2, and GTXS.
According to this research, the transformation pathway from C2 to GTXS5 was the main pathway for
GTX5 formation during rapid metabolism and stable periods. At the same time, the transformation of C1
to GTXS5 was higher than that of C2 to Cl, leading to a reduction in the overall proportion of Cl1.
According to the comprehensive evaluation of the metabolic products and toxic equivalence factor (TEF)
of GST components in mussels, the metabolic transformation of PSTs in mussels will further promote the
formation and proportion of highly toxic GTXS5, which will increase the terminal toxicity of PSTs in
mussels and may also pose a higher risk to consumers. In this study, compared with the natural conditions,
the concentration of toxic algae was far below the harmful algal bloom exposure. The total accumulation
of toxins was far lower than the total accumulation of toxins in mussels exposed to harmful algal blooms.
Even so, the total amount of residual toxins in the mussel viscera of the high concentration group was still
enough to threaten human life safety at the end of the experiment. It was found that the toxin content in
the visceral tissue tended to be stable over 12 to 30 days without an obvious downward trend. Even the
toxin content increases due to the toxin transformation phenomenon, which means the difficulty in
predicting the time required for PSTs in the visceral mass reduced to below the MRLs. Therefore, this
study contributes to the scientific assessment of PSTs risk in mussels and provides a basis for establishing
regional PSTs monitoring programs.
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