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 E: BM 7% 2018—2020 AEITALAE T DU AR DS 3 R (paralytic shellfish poison, PSP)T5 4k
DLoFSE 2018 4F 8 J1—2020 4F 5 JT i), XHAdbas iy 7 Fostsg D2, 3t 508 Gy #EA A N 43 BT FE 0 2 0.5%
SRR FEIR, A7 25 A e F [ A 26 BURE A, R P i ROBORE 833 - FR BRI v A TG . 45 5R 508 A, PSP
FEMEAE S 24 0, RN 4.7%, 15 O REB R AR A e R, BhRR N 3.0% K H ISR
Eff . 2ty B UL, PSP S RVE ISR 217.0~13001.8 pg 41 FriAHE K 24 i (saxitoxin equivalent, STXeq/kg) .
217.0~4893.2 ug STXeq/kg, 217.0~503.6 ug STXeq/kg. 217.0~11024.5 pg STXeq/kg; #bR NI | Bl |
B, TU2sr#e i PSP 288047 GTX1. GTX4., GTX2., GTX3. neoSTX. STX., ZEi® Jdb45 e Il 24
PR DU AR G XU R AR AR, %3 5 B M XU DL A5 DL ™ S AE 4 .5 H 45 5 32 3 PSP 5 e, RERREGHE, T
o8 VLR M T
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Investigation and analysis of paralytic shellfish poison pollution in retail
shellfish in Hebei province from 2018 to 2020
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(1. Qinhuangdao Center for Disease Control and Prevention, Qinhuangdao 066000, China;
2. Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China)

ABSTRACT: Objective To investigate the contamination situation of paralytic shellfish poison (PSP) in retail
shellfish in Hebei province from 2018 to 2020. Methods From August 2018 to May 2020, totally 508 samples of 7
kinds of bivalves in Hebei province were analyzed. The sample was extracted with 0.5% acetic acid water, purified by
graphitized carbon black solid phase extraction column, and detected by high performance liquid
chromatography-tandem mass spectrometry. Results Among 508 samples, there were 24 samples with PSP, the
detection rate was 4.7%, and there were 15 samples above the safety limit set by the World Health Organization, the
exceeding rate was 3.0%. The shellfish detected were Mytilus galloprovincialis, Scapharca subcrenata, Ruditapes
philippinarum and Chlamys farreri, the contents range of PSP were 217.0-13001.8 pg saxitoxin equivalent
(STXeq/kg), 217.0-4893.2 pug STXeq/kg, 217.0-503.6 pg STXeq/kg, 217.0-11024.5 ng STXeq/kg, respectively;
excessive shellfish were Mytilus galloprovincialis, Scapharca subcrenata and Chlamys farreri. The types of PSP
detected in shellfish were GTXI1, GTX4, GTX2, GTX3, neoSTX, and STX. Conclusion The overall risk of
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exposure to paralytic shellfish poison from shellfish in Hebei province is low, shellfish products such as mussels in

Qinhuangdao are more susceptible to PSP contamination in April and May, and continuous attention should be paid to

strengthen early monitoring and early warning.
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PRI D] 255 K (paralytic shellfish poison, PSP)J&—
BRIV M A IR 1) = IR a4 2k F IR R 2 Ak & 1 I LAl AR
Y1, AMC 2RI ZEFERA 50 LU PSP 2K
PEA IR, RS N RE, WS TS 0 Mk TE,
— PO S L AR . FER AR AL B
U 240 L 490 5 3 TE I BELAR (R B 3, I & R fe
e A REE . YABASTHRELEENEY
J5, SRt B P EEUIN AR, T R Rl UL PR R
T B TR R A R S | D B UL A RR S RE AR, T
A S EOF I WUBRB M AT, PSP A B L ROBEER
By 33 PR X AR A 05, R A W 7 3R PP S (i B )
BATEN—XFER, HFH 200 TR EEE
BT R BB DR EE R R 4 MU/g!!, St
PAHR KR ZEE R DU R DR EE R 800 pg
STXeq/kg o Fs il Bk A 2512,

WALE AR, DR, EiEE I RRZY
HE IR 2016 4F 4 R, WAL 25 KA
M, WoEEEEMNEIELROE ., FRKRA, %
B TRk SRR, £ R AR G A DGR ) L
i, BREEE KBRS EHES LT 2R 1050 1, IE
S i DU v RRSEE DL 2 85 2 5 1S i (IR PR 2019 4E
4 ATAZE 5 A LAaME, ke s, FilmrkE

il

R DU b ag, TR 4R T A6 48 i 3 4 DL rp
PRI DU 235 305 YR . V5 Y S8 L R DL 28 0 A
fE+ 4y B, AW XT 2018 45 2020 4F Wi &5
AT M, W15 T fin b4 T B DL 28 b R DL 8 R R
TSGR, R4 I AT b R N TR, PR A R
UREAAEEE L,

1 MR5ERE

1.1 LIy
1.1.1 #HeRERAHE

FEMCARAE BITAEE 11 A Hb g it 0 2R 05 A5 B
e, FRAME R 1. SRAERM DL FehE S W ACK 1
Fvkdr, IS, DI, KR BE, 238k &R
R A S, BB DA, YI2p Bl DUk, e oA
WizK 5 min, SRJEHEDLRAE T VRS, QnRESE R BE G,
T—18 °CLL AT & H o
1.1.2 E LKA

ACQUITY M &R AR 35 -XeVO TQ = H UL FF
ER IR (35 [E Waters 242 F]); VORTEX GENIUS3 Jig i ik
A fr(TEE IKA 2 H); 5510E M A UEI (5 E BRANSON
A l); Allegra X-22R 7533 B .U HL(3E [E Beckman Coulter 23
A]); Milli-Q #2li7k REE(E E % HIEA R, fHiRKIBHEEE
[ Polyscience 2~ H)); [EAHAEUEE B | ENVI-Carb {7188 {bHk
M A A B (250 mg/3 mL)(3E [E Supelco A ).

F1 #RER
Table 1 Information of samples
SRRt ]
GES A it
2018 4F 8 A 2019 4 5~6 A 2020 4 4~5 A
[ Mytilus galloprovincialis 24 31 25 80
Jad N Chlamys farreri 47 51 42 140
Lkl Crassostrea gigas 44 53 34 131
Rt ih Ruditapes philippinarum 8 21 34 63
BEL Scapharca subcrenata 29 2 9 40
LS Solen grandis 4 25 29
Cyclinasinensis/
HoAhig Mactrachinensis/ 10 7 8 25
Meretrixmeretrix
Bt - 166 165 177 508
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N (tigkal, £ Fisher AH]);, HEE . LR . EK(
g, KERHERRA R, B (OPrel, EZER), A
i I % % (saxitoxin, STX, 24.7 mg/L). ¥ A G %
(neosaxitoxin, neoSTX, 253 mg/L) . & & ¥ 7 &
(gonyautoxin, GTX). GTX1(27.7 mg/L). GTX2(48.1 mg/L).
GTX3(20.4 mg/L). GTX4(8.7 mg/L). N -filifta /P mEses
K GTXS5(252 mg/L) . it H Bt i 2k F K deSTX
(21.4 mg/L), dcGTX2(42.6 mg/L), dcGTX3(12.6 mg/L)#r
Y O 82 K GO PRI )

1.2 ZWIA
1.2.1 ASara

PRI 2 g BEFR T 10 mL BB, fILA 0.5% 2 FRKIE
WERZE 10 mL, RHERS 90 s, B HLH 5 min, $FE.O
R T WK E 5 min, BURE FRK T HRELH
ZZER, 10000 r/min B0 5 min; BCEFER | mL FE.O%
A S uL 20K, IRBEIR AT, MK 3 mL 20% 2 K%
(& 0.8%ZMR). 3 mL 0.1%Z /KR IE L ENVI-Carb [#]
AHZEEHE, A 0.25 mL $2HUK, iR T/5 74 700 uL #
ak ke, EEBFTEIT 5 s, FEIARBM, &5
FH 2 mL 20%Z B /K VT (3 0.8% Z BRI, 1E HEH7 T 5 i
F455 s, WERRBTE.OE, WIERSY, 12022 um
JEE, RN
122 RABEH

% 45 4. ACQUITY UPLC®BEH Amide A %4
(150 mmx2.1 mm, 1.7 pm); HAFEIRE: 40 °C; R AL
). B(5 mmol/L FR%%+0.1% IR /K VA W0 ) HEA T4 B BRI ;

PERER: 5.0 pL; BREEVRINAR T LK 2.

®2 BHERBRRERF

Table 2 The gradient elution program

¥ HBfAE)/min - &/ (mL/min) A% B/%
1 0.0 0.4 80 20
2 3.0 0.4 80 20
3 5.0 0.4 40 60
4 10.0 0.4 40 60
5 11.0 0.4 80 20
6 13.0 0.4 80 20

123 &t

Fri 4 ESI B 18, B FURIREE: 150 °C; B4
HLHE: 3.00 kV; IR : 500 °C; 223 50 U ot :
1000 L/H; #EFLSFE: 50 L/H; B ZBE TRV
il (multiple reaction monitoring, MRM); 732 AT 1% 454
W2 3.
1.3 iR

PSP B ITAMN, ¥HF XS B ER GB
5009.213—2016( B AL EZRARME DS FREE DL 258
F I ) I N A TR, 455 pg STXeq/kg
Feik; RPE A DA R E, VLIS DL 25 R BR
N 800 ng STXeq/kg, XF&5HRMATLEMEHE,

®3 REEH
Table 3 Mass spectrometry conditions
(g LW HESLAR/V ERETA(W2)  REEREREV EMEFX(W) RV
STX ESI+ 32 300.2>204.0 24 300.2>138.0 28
neoSTX ESI+ 34 316.1>298.0 24 316.1>220.0 24
deSTX ESI+ 34 257.1>126.0 20 257.1>221..2 28
GTX5 ESI+ 20 380.1>330.1 18 380.1>282.1 26
GTX1 ESI- 24 410.2>367.2 22 410.2>349.2 22
GTX4 ESI- 24 410.2>349.2 22 410.2>367.2 22
GTX2 ESI- 34 394.1>351.2 22 394.1>333.2 22
GTX3 ESI- 34 394.1>333.2 22 394.1>351.2 22
deGTX2 ESI- 34 351.3>164.0 28 351.3>333.1 24
deGTX3 ESI- 34 351.3>333.1 24 351.3>164.0 28
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2.1 FEEFINE

APPSR PSP 25 (1 DLEFEML, S0 1.2.1 kb
T ek, R FH DT C R 28 X AR SR AT i, DL R R
TSN R EE B RS . B3 AEIE ML AN 10 f5E R i
8 B (limit of detection, LOD)FI & & FE (limit of
quantitation, LOQ), GTX1, GTX2. dcGTX2 # H KR 4351
M 64.0. 48.0. 68.0 pg/kg, H 4 PSP A R K
20.0 pg/kg; GTX1., GTX2, deGTX2 EH IR/ J 192,
144, 204 pg/kg, H: 4 PSP € &R 60.0 pg/kg, R
BEWE R, RMEYEE 0.5~50.0 pg/L, PR, X
RECAETF 0.999, LIMADL ., #tu5. mll. Bbif, 4@
B W% PSP & FURES AR, A hlEE R, 2 £
M. 5 e mR 3 AN AKFEIEATINERSE R, A bR
AKOEPATINE 6 WK, T E AR 1 [R] e 5 A X6 A 7 i
2 (relative standard deviation, RSD), Z5HEMH, HiklE
KA 71.6%~116.3%, RSD 4 4.7%~16.3%, [EIILFEFIKE
28 AL ) S
22 MEMIXZSRREIER

PSP £ H & O L3 4, 508 403 DUSAE §h, 3845 24 (A
Kith PSP, i HN 4.7%, 15 {3k R, iR
FA 3.0%; K DIZEAIRDL . Bl JuEin . DL, KR
FAYHIH 20.0% . 12.5% . 1.6% . 1.4%; FEARAY IS IE 0T

BAf, DL, BERRSBIN 15.0%, 2.5%. 1.4%,

F4 DS PSP R
Table 4 Detection of PSP in shellfish

e EC Kb Kb BB BRE%

Tt 80 16 20.0 12 15.0
3 L 140 2 1.4 2 1.4
LAl 131 0 0 0 0
ey 63 1 1.6 0 0
B 40 5 12.5 1 2.5
LS 29 0 0 0 0
HAbwss 25 0 0 0 0
At 508 24 4.7 15 3.0

TEUL. B, 2w, B PSP S EVEEAHIN
217.0~13001.8 pg STXeq/kg. 217.0~4893.2 ug STXeq/kg.
217.0~503.6 png STXeq/kg. 217.0~11024.5 png STXeq/kg,
AR VVRAKG R DR R, AR B R S LR 5.

2018 4F 8 S Wil iy DI ZEH S A At PSP(0/166), 2019
45, 6 AUrRER UL PSP K H N 1.8%(3/165), 2020
A 4.5 AUrRAEMIIZ PSP #4612 11.9%(21/177); PSP
G RS BR A 28 2 5 M X T i m 2R, Wb At b T
TR ISR K H PSP,

*5 NEPPSPERE
Table 5 Contents of PSP in shellfish

MG D1 L LAl e o ih
&Y
LR/ (ng/kg) TOLE/ (ng/kg) BRI/ (ng/kg) AR/ (ng/kg) TEH/ (ugrkg) FOLE/ (ng/kg) LRI (ng/kg)  PAE/ (ng/ke)

GTX1 ND~8592.1 64.0 ND-~4272.5 64.0 ND 64.0 ND~228.1 64.0
GTX4 ND~4260.7 20.0 ND-~3154.4 20.0 ND 20.0 ND-~72.3 20.0
GTX2  ND-~873.0 48.0 ND~3359.5 48.0 ND 48.0 ND~148.2 48.0
GTX3  ND~656.5 20.0 ND~2695.8 20.0 ND 20.0 ND~64.0 20.0
neoSTX  ND~609.0 20.0 ND~1926.6 20.0 ND 20.0 ND~44.0 20.0

STX ND 20.0 ND-~281.4 20.0 ND 20.0 ND 20.0
deSTX ND 20.0 ND 20.0 ND 20.0 ND 20.0
dcGTX2 ND 68.0 ND 68.0 ND 68.0 ND 68.0
dcGTX3 ND 20.0 ND 20.0 ND 20.0 ND 20.0
GTX5 ND 20.0 ND 20.0 ND 20.0 ND 20.0
YSTXeq 217.0~13001.8 217.0 217.0~11024.5 217.0 217.0 217.0 217.0~503.6 217.0

#: ND R4, ND £ 535 BUE R LOD fH.
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Table 5(continued) Contents of PSP in shellfish
Euif I HAthdh 2
last?]
0 Fl/(pg/kg) B/ (ng/kg) TLFE/(ng/kg) T/ (pg/kg) JE R /(ng/kg) FR AR/ (pg/ke)
GTX1 ND~1471.2 64.0 ND 64.0 ND 64.0
GTX4 ND~508.5 20.0 ND 20.0 ND 20.0
GTX2 ND~3344.1 48.0 ND 48.0 ND 48.0
GTX3 ND~955.1 20.0 ND 20.0 ND 20.0
neoSTX ND~1260.5 20.0 ND 20.0 ND 20.0
STX ND 20.0 ND 20.0 ND 20.0
deSTX ND 20.0 ND 20.0 ND 20.0
dcGTX2 ND 68.0 ND 68.0 ND 68.0
dcGTX3 ND 20.0 ND 20.0 ND 20.0
GTX5 ND 20.0 ND 20.0 ND 20.0
Y'STXeq 217.0~4893.2 217.0 217.0 217.0 217.0 217.0
2.3 FRIEME D125 5T A4S Bnm iy PSP RERE ), WIRES DLRAFTE MR iR ) A R A Xt

ARMFFE, DUISRE LA E) 6 FhRRFME D Rl R A
4%, f13E GTX1. GTX4. GTX2. GTX3. neoSTX. STX; I
D P FE TR LT GTX1 Ml GTX4, MHZ) L0
EH A 70%0A E, HKCh GTX2, GTX3, neoSTX, LI L
3 FhEERA L EERTEN 30%; BMfrhdRIM EE N
GTX2, GTX3. neoSTX, 3 Fhif 2 5 M EE & HAY 60%L)
b, HYWCH GTX1 fIGTX4, VL 2 fiidE R4 5 MR o
B 40%; 3 DUANZ% (ot rpAG: 1 75 28 GTX 1 .GTX4
GTX2. GTX3. neoSTX, LA b 5 R fir & Fofiilfiear, H
rh B DL F A B B Y STX . ABIFSE o UL 2546 i 1) PSP
oy BRI S E T R R,; WP ERA
SR BTN RE M, @ H T I2Ep i
() PSP 414 54 #5857 B A AR, (HiR T8 R A
VLR AT REAAAEARI B e Ak, DU DY 25 B 3R 1 9 8 24 4
ATRER AL, W 1,

ZiL5iTie

ACBIEFE XA AL A T 45 D128 BRI DL 28 5 AT T
W, ARERW, TR DUR M HE 5 2 ) PSP 15 4 DL i
ft, Bz, W52 @A — & e flis gy, Tih DE DL
RZPrLh 5323 PSP 5, SHXER RAUR, mRK
ok . BRERAKCOT B HLHERE D R U, DRI i
DUIE B 3 20 e I U e s AR i LAy

3

24 TR RS 2 2R e A 5O, ML 3 DU PSP 1 22
FURE Sy AR5, T ELXT B R A HE H B A8, w e i)
] YRR — 2 U BT LA DU HE R (5 YR S5 AN R B AT
HBRERBEFNEG R, FESAFEM ARG EEMN
AR BB AR

DI i PSP 28R 2L R R R, s
N #HRER BB RN GTX1. GTX4 I E, GTX2,
GTX3WkzZ; B e KAM F B GTX2 .GTX3 .neoSTX,
HK R GTX1,GTX4; Fi N AIZ: abs & E 2R GTX1
GTX4. GTX2. GTX3. neoSTX, KXW, A
FER DAk Hh 8 R 288 5 R B 22 5 2014 4F 6 T 4E3)
T % B3 U0 38T U PR MR B R R R L Bk —
USRI T GTX /4 38 5 B 5 R 80%, GTX2/3
B E 11%), SiE=#E 2008 FIEAEIA RN
HE 2 A B B 2 2SR e o AT, L A A M
2017 4 DU gl SRS Hh A 7 28 SR I i AR [R] 2O O 0L A
s rh EE 225 3 deGTX2/3 .GTX5 Fl deSTX), i
AR DX FE S AT REAN ), AN () DL AR 3 AR e A 1 O
WARAHIG], 1 e 252 DL PSP 3288,

G54 M b REAR PROE I DL 28 8 R B K AR SR A K
AW ZE R, R 4. 5 AO it 2B X NI 2E#HER
ThEEE R TR DR RIS YR SRHE, TERRE
A i) B, SEHUNG DU S M D1 2ASTHEA 7 00 M 9, % 3 B
BRI IR R E . (R ARG IRER A REREE L.
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Fig.l Characteristics of PSP contamination in different shellfish species
%%ﬁﬁﬁ poisoning from consumption of green mussel broth, western Samar,
. . Philippines, August 2013 [J]. West Pac Surveill Response J, 2015, 6(2):
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