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(Anderson, 1997; Yu et al, 2017) 50 g/L
(Liu et al, 2016; 1.2
,2017; Li et al, 2017), 10
, L ) ,
(Pierce et al, 2004; Lu et al, (A. pacificum)
2015) , , ,
, , 0.2 g/L, 3 h,
, 5L 5L
(brevetoxin, BTX)(Pierce et al, 2004) 24 h, 3 12 24h ,
(Sengco et al, 2005) , , pH
(Morris et al, 2000) DIN
PSTs , Lu (2015) 1.3
PSTs 1.3.1
1&4 (gonyautoxin-1&4, GTX1&4)
GTX2&3 1.3.2 GF/D
2&3(decarbamoylgonyautoxin-2&3, dcGTX2&3), , PSTs
, Li  (2019) 0.1 mol/L ,
R , 6 000 r/min 5 min,
PSTs , 6h , , 0.22 pm , =20 °C
96 h ,
PSTs 1.3.3
(2020),
, (GTX1-5) N-
PSTs , (N-Sulfocarbamoylgonyautoxin-2&3, Cl1&2),
pH (DIN) 1 ENVI-Carb 500 mg/6 mL
) 3mL 1 mL ,
GF/D , ,
1 , 75% ( 025%
) , 0.22 pm ,
1.1 -20 °C
(Alexandrium pacificum), ﬁTlab.IH@il{\eyfo{\irl;sbzsefiziiﬂri%ﬁs& fr(iiﬁiillfétig(zim
PSTs GTX1 GTX2 GTX3 GTX4 GTX5 Cl (2
> 0.45um 121°C %) 909 877 848 737 753 929 772
30 min (20£1) °C, 65 pmol
photon/(m*:s), L:D=12 h:12 h 1.3.4 PSTs PSTs
, L1 API4000
6.11x10° cells/mL - (ABSCIEX ,
I MC ), ), (ESI) (LOD)
(LOQ) 2
(poly aluminum chloride, PAC), Yu (1994) : HILIC Amphion II

(5 pm, 4.6x250 mm);

: 30 °C;
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F 2 PSTs #2777 B94& H FR(LOD)F1E 2 FR(LOQ) 62% (1)
Tab.2 LOD and LOQ of the PSTs detection method 5L

GTX1 GTX2 GTX3 GTX4 GTXS Cl C2

24 h
LOD ’
(ng/mL) 7.4 1.4 6.8 4.2 4.6 2.7 2.0
LOQ 24.6 4.8 22.5 13.9 15.5 9.0 6.8
(ng/mL) _
7L [ xy6ReE
L [ s e |
1 mL/min; : 10 pL; A: ( 0.1% _ sl I I
—
)% B:  ( 2mmol/L 0.1% ) s I T |
. 0—1.0 min, 60% A, 40% B; 1.0—10.0 min, 8 | |
60%—10% A, 40%—90% B; 10—15 min, 10% A, 90% 2 4?
B; 15—18.0 min, 10%—60% A, 90%—40% B; % 3l
18.0—25.0 min, 60% A, 40% B 82 T
= 2 I I t
(ESI), | -
(MRM), : 5.5 kV; T
650 °C; : 7 psi; : 30 psi; 0 0 : 3 : 12 : 24
GS1: 50 psi; GS2: 60 psi 6518 (h)
1.3.5 PSTs
1 MCI
= + > Fig.1 Change in algal density after MC I treatment
= /
(saxitoxin, STX) 2.2 ;(S:TIS
(STX-equ.nmol) PST ’
1.3.6 pH s
pH (Skalar-1000, SA 3 ’ 0.2g/L MCI 3ho,
. . ) PSTs
3000/5000 chemistry unit, )
PSTs 45.93%
2 PSTs 24 h
MC 1 0.2 g/L MCI ; PSTs
MCI ,3h ( 3
, 02g/LMCI3h PSTs
6.11x10° cells/mL 2.07x10° cells/mL, 118.28 STX-equ. nmol/L 37.05 STX-equ.
nmol/L, PSTs ,

bl

T3 MCIZERKAED PSTs SKERT W IFR(EAL: STX-equ. nmol/L)
Tab.3 Change of PSTs concentration in the water after the application of MC I treatment (unit: STX-equ. nmol/L)

PSTs PSTs PSTs
() (%) (%) (%)
0 163.58 163.54 - 122.16 118.28 - 43.70 45.26 -
3 143.32 77.49 45.93 99.23 37.05 62.66 44.09 40.44 8.29
12 139.94 81.20 41.98 95.95 42.52 55.68 43.99 38.67 12.09
24 145.20 92.20 36.50 99.49 47.95 51.80 45.71 44.25 3.20
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62.66%, 8.52, 0.28 R
3—24h , PSTs MCI pH , ,
PSTs , pH
(2020) R 8.52—8.91
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25
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¢ 3 S 20;
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Fig.2 Change of PSTs concentration and composition in the ( 5d)
filtrate of Alexandrium culture after MC I treatment
3
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Fig.4 Changes in the composition of intracellular and extracellular PSTs after MC I treatment
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Fig.6 Contribution of intracellular and extracellular PSTs to the decrease of total PSTs
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Fig.7 Relationship between total PSTs concentration and algal density in the water
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TOXIN REMAINED IN RESIDUAL ALEXANDRIUM PACIFICUM AFTER
FLOCCULATION WITH MODIFIED CLAY

SONG Wei-Jia"*** ~SONG Xiu-Xian"*** LIJing"*?, ZHANG Yue"?*?>,
SHEN Hui-Hui"***, ~ZHANG Pei-Pei"***, YU Zhi-Ming">**

(1. Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao
266071, China; 2. Laboratory of Marine Ecology and Environmental Science, Pilot National Laboratory for Marine Science and
Technology (Qingdao), Qingdao 266237, China; 3. Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071,
China; 4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract
blooms, which can effectively remove algal blooms from water by flocculation. However, the change of intracellular and

Modified clay method is an efficient and environmentally friendly treatment technology to harmful algal

extracellular toxins in the water after the flocculation is unclear. Changes in content and composition of the intracellular and
extracellular residual paralytic shellfish toxins (PSTs) in water after flocculation with modified clay to Alexandrium pacificum
were investigated. Results show that the removal efficiency of modified clay (MC I in type, formulated by kaolinite and poly
aluminum chloride) on 4. pacificum in density of 6.11x10’ cells/mL reached 62% in 3 h in 0.2 g/L dosage. Meanwhile, the
single-cell toxin content and component of the residual algal cells in water showed no significant difference from those in the
control group. However, the total PSTs content in water was greatly reduced, and the removal amount of intracellular PSTs by
flocculation and sedimentation exceeded 90% of the total reduction of PSTs in water. In addition, it was found that the MC I
under 0.5 g/L had no obvious adsorption on extracellular PSTs. The extracellular PSTs content in water had no significant
change after most Alexandrium cells were removed by 0.2 g/ MC 1. Therefore, using MC I at this concentration could not
cause a large number of algal cells to rupture and release toxins into the water. The results of this study provided a scientific
reference to the field application of modified clay to control toxic dinoflagellate bloom:s.

Alexandrium; flocculation; paralytic shellfish toxins

Key words modified clay;



