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Study on lipophilic toxins and okadaic acid in shellfish and phytoplankton
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Abstract: In this study, we used LC-MS/MS to study the lipophilic toxins in phytoplankton and three bivalves
(Crassostrea angulata, Mytilus edulis, Pteria margaritifera) in Dapeng cove of Daya bay in four seasons in

2017. The results showed that there were two kinds of toxigenic algae in the water, i.e., Dinophysis caudata and
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Pseudo-nitzschia spp. DTX, PTX, GYM and DA were detected in the concentrated phytoplankton of net
samples. The cell abundance of D. caudata was the highest in spring (420 cells/L), and also distributed in other
seasons (less than 50 cells/L) The highest cell abundance of Pseudo-nitzschia spp. also appeared in spring,
followed by summer, and the cell abundance was lower in autumn and winter. Correspondingly, DA was
detected only in spring and summer, but not in autumn and winter. Four kinds of toxins, OA, PTX, GYM and
DA were detected in shellfish samples. OA and PTX were not detected in the musscle of three shellfish
samples, but they were detected in the digestive gland, which mainly appeared in autumn. GYM and DA were
detected both in the digestive gland and muscle of all shellfish samples, but the DA concentration was
significantly lower than that of GYM. The contents of OA, PTX and DA in digestive gland were significantly
higher than those in musscle (P < 0.01), but GYM concentration showed no significant difference in digestive

gland and muscle (P > 0.05). Generally speaking, the content of all lipophilic toxins measured in this survey is

%41 %

low and within the safe range of edible.
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Seasonal variations of toxic algal abundance and single-cell toxin content in network-collected phytoplankton samples

B2 5% (13.87 pg/lL) . GYM #1 DTX H7E 3 4~
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Tab.l The content and seasonal changes of marine lipophilic toxins in phytoplankton samples

i GYM/pg-L” DTX/pg'L PTX/pg'L" DA/pg'L
2017-04(F) 33.92+0.67 1.09+0.02 199.39+4.65 12.17+0.15
2017-08(X) - 6.22+0.08 13.87+0.27 6.28+0.14
2017-10(Fk) 9.91£0.17 - 195.47+5.8 -
2017-12(%) 20.38+0.56 14.58+0.22 143.34+3.65 -
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130 pg/eel)?, AVKIAE 1, Pseudo-nitzschia spp. i)
BN BE AR AL R 0.26%10° ~ 8.8%107 cells/L,
BWANM N ET>H P T4, SRR
HA i DA # & & 4 0 ~ 0.0024 pg/cell, 1]
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YL PR K e 7 R KBS HAT R S
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VA WAL PRt GYM B HE I AR 21,
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ARWEFE PRI PR B GYM & BB i
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GYM KBy R ™, SR A B9 0 B A R BRI
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2.3 DIRHBRMAN . fro LET RS
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OA Fl PTX 7£ 3 i DI 251y DL [N 2 4L b K A
I, (AR T AR, BB e R TR (3R 2
MFE3) . BHRIVELIRT OA & ik, >
149.04 pg/kg, &AM PR DL ZHAL IR b 8 R &
T 3 ~ 5% 7405 AR BR DL Ak AR oA I 2]
PTX, I DUTH AR AR o At PTX . A DL 2
A B T A J N DL TR £ 4 R E R B GYM A
DA, {H DA & & BT GYM(P <0.01)., OA,
PTX Fl DA 7EVHAL IR h By S B & m T 0L 4
Z1(OA FIl PTX KA H B Sh BRAM) (P < 0.01),
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Tab.2 Lipophilic shellfish toxins in three kinds of shellfish tissues

‘ OA/pgkg ' PTX/ug-kg ' GYM/pg-kg ' DA/pg-kg '
M s kol S0 F BHOL S0 BH G BHI EEHN
2017-04(%) - - - - - — 118.6449.34° 89.27+6.34° 72.05£9.67° 3.9840.8" 4.88+0.25° 9.96+1.3°
2017-08(H) - - - - - - 70.01+£9.8° 239.16+23.92" 64.83+5.97° 2.94+0.42° 2.64+0.33" 2.74+0.31°

2017-10(Fk)

67.75+6.92° 194.75+19.48" 64.38+6.51

® 2.96+0.35" 2.14+0.21° 3.12+0.5"

2017-12(%) - — - — - — 102.85+14.4° 90.41+15.37" 82.17+7.4° 1.27+0.22° 1.32+0.11° 2.810.29"
=7 AR
#3  IWMIEHUBRTFEAMNESE
Tab.3 Lipophilic shellfish toxins in digestive glands from 3 shellfish species
‘ OA/pgkg PTX/ug-kg ' GYM/pg-kg ' DA/pgkg '
S U BERIL EIRIL b BERI KRN i BIRIL O KIRNL 4RWF BIRI KRN
58.89+ 12895+ 9743+ 8824+ 431+ 754+ 23.87+
2017-04(%) - - - 531 - 1032 878" 881" 085 068 244"
71.88+ 278.18+ 6631+ 392+ 394+ 427+
2017-08(¥) - - - - - - 435" 1947° 729 051° 032" 043
28.95+ 149.04+ 49.19+  53.07+ 26.51+ 68.11= 2617+ 6497+ 422+ 1249+ 5.8+
0171080 g0 587 4000 3.71 1.59 6.83°  2617° 781" 047" 213 0.7°
2017-12(%) - B B B - B 145.063 110.383 91.02f 2.87§ 5.15%: 4.76f
12.82 10.06°  10.46° 026" 0.52 0.39

= Ak
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Tab.4 Ratio of toxin concentration in digestive gland and meat of three shellfish species
- GYM/pgkg ' DA/pgkg”

Fir P Lo - a7 B -
2017-04(F%) 1.09 1.09 1.22 1.08 1.55 2.40
2017-08(X&) 1.03 1.16 1.02 1.33 1.49 1.56
2017-10(Fk) 1.01 1.34 1.01 1.43 5.84 1.87
2017-12(4) 1.41 1.22 1.11 2.26 3.90 1.69

M 1.13 1.20 1.09 1.53 3.19 1.88
e “=7 ARKH

232 3MNEAHRFTEELENET T EMAS
R £

R 40 D1 PR R A R B e Y EE A O R, XA
DR R A B AT B34 (UL FR R %
D). D2 OA 1 PTX =2 AR ZE, i

() P g e PR PTX 75 3% & ey (181 1, 4R 5) 6
GYM Fil DA £ 4E 35974 H B, RIE D125 e) 8 % %
BAAESTES, #l, BRI P GYM &4
FEPIRKZE R, 14 90.75 pg/kg; EMRDIEL DAY DA F
PR AFER, B R R , H 11.78 pg/kg.

RS IMWENLEAENLXSZMNEHENSZTHEN
Tab.5 The weighted average seasonal variation of three kinds of bivalve mollusk lipophilic shellfish toxins
) OA/ug-kg” PTX/ug-kg ' GYM/pgkg ' DA/pg-kg '

ME i mmom R 45 SH0 SN BH0 RN 45 B N
2017-04(F) - - - 15.84 - - 34.69  36.50 43.54 1.10 2.82 11.78
2017-08(X) - - - - - - 49.05 7771 25.87 2.67 0.82 1.67
2017-10(F%k)  14.86  51.68 19.48 27.24 9.19 - 3496  90.75 25.73 2.17 4.33 2.31
2017-12(4) - - - - - - 54.17  29.54 35.87 1.07 1.38 1.88

A 4322 5863 3275 175 234 441
TE: “=7 AR
233 NEMEFOREFEBARELANE  OA KEEIEAF X 14540 AR R, 7]

i

WS 152K 2 (0A & DTX) 238 H if 3
G2E e NN S NOE=S B S N S
SR, KOS WY 3 A DL 2E ARG TS DL 2R 2
AR, % TR AT B m v, R 2 g
NF AT, JeRTIBFIT R I, KO i £ R il
it OA TEAE W] B 10 2 45 A3 AR HRAiE , PRk i1
K AR A, & TR, A AR, X
SARBEG G RMIAF . 2005 4F, Bt x4
VP T A I I L 259 5 % B, DSP 7EAE—
SEMET AR, K E g Ra". |
S RVREAL T S0 PH SR AIE (47 V1 R R 97 9 36
8, U2 rf DSP #k 2 5 i A 4E AR, i

BE-S P wE i p AR KR A G

ARG 3 Fh DL R 4G 00 Y DA, 1 Jiang
% 2013 — 2014 4 7 % 5 3 4 W5 b I R K
DA SRR 2% FT RE S PR AR L S T
FEREAER R A K, WA RE S DA B R HEEUT %
B K. T Jiang FHR T, iAW RER
FH 100% H S T0, TASHFSE0R 50% HY B iA T
$EHL DA # K, DA 53T 45 Ja Tt 3o 1)
—RFR, Hokt: B 25 T OA b Ig
H ' DATLISEAK BRI, 15, 1
AR | o Ak AR, P R A E R
R WAL o FE R R AR AR, 02k
DA ) ¥ B # 3 (20 pg/kg) B, 25 1k 4l 87 A0 4
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B P ARBFFE IR U1 DA B & BTER 2k
B4, A 11.78 pg/kg, (BT A BIHZ A .

GYM J& & B e 10 25 2, AH T HAh LR
DUKTE 205, Wk N AR XU i35 %, (H I
[EEATILTD S Y e R R A2 %A L
#P, GYM 75 Hh [ 8 X35 G A, J2
RE MR ERNREE . TFREN, GYM
5 DL KA A AR i o 2 T KSR B4, B % 2
TEAEZS RGP VSR K 6 GYM
7E VLR A 44U B A3 A WFFE R 22 0 . AR
GRS W], WAL AN DL A 414 GYM 5% & R AR
LAR/N(FE 4), X 5 %75 2 18 DL SR N B
A X, TR T R AR, W1 A

DIRAL P R WA R T PARIRES oAbt
ST A Y 3 Fh OIS Y GYM B R & & [l
} 25.73 ~ 90.75 pg/kg (B D), i = T PE LR
L5 W) 2% 14 41155 ( Dendostrea crenulifiea, 12 ng/kg),
M5 R VLR EEW) Crassostrea ariakensis
() GYM 5 ik (B 53K 40.9 pe/kg) A4, (HA
WA H DL RS GYM 7 5 B B AT 28 Je W
D7 25 Yl 3 ) s W R P 2 T M DXV 3 g
Wi (3% 6) . RIFMEAFUESE T GYMXT I FL3h ¥ 1Y
SVEREVEAE L, (H 20 H AT R 1k A i HO A A
ffe ™ R, T ORI 3 Bl L GYM
B — H AR A, SRR e A —
SE (R U, 185 | RS B AT LA TR

*6 ERMTEIFMR GYM SEXfLL

Tab.6 Comparison of GYM content in different years between China and other countries

ARGy HbIX T REHGYM/pg-ke SCiik sk 5
2001 SIS DL 8263.5 [20]
2002 BTG =R i 1.71 [22]
2007 i 12 [24]
2011 TR 40.9 [21]
2012 NP =2 2136 [25]
2014 PR 0.38 ~0.51 [15]
2016 Hh 0.85~211.47 [26]
2017 K 25.73 ~90.75 A5

NRX R R EH—E WAL =57
Fhal 22 55 . ARWFR SR WoR, 3 AP D12 A TH AL AR
THERSEYE T RAZ, Hrhll OA K&
PTX 2 5K, Hik )& DAF R, i GYM I
EZRENGEL F2 K5, WEREEAHERE
FHAL I R SR R AL h R ERN T E
JE A

VRHRRENET B FESHREEETE
BE K iE MM 3 R B A K AN, D. caudata
F B e (A BUAE R R H LA L R S IR,
T ERL2H 0 75 2 A e o i DU L E AR AR R, X PT g2
FEOLET PIX FERAEKFE SR ERA . D1
BRAKEKGEREFEIFADERIE 8
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