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ABSTRACT - Marine microalgal biotoxins can accumulate in seafoods, posing significant risk to human health.
These toxins include tetrodotoxin (TTX) and can cause paralytic shellfish poisoning (PSP), diarrhetic shellfish poi-
soning (DSP), and amnesic shellfish poisoning (ASP). With accelerating climate change, the frequency and intensity
of harmful algal blooms capable of producing biotoxins have increased. In South Korea, the Ministry of Food and
Drug Safety (MFDS) regulates traditional toxins, including TTX and toxins causing PSP, DSP, and ASP. In contrast,
the U.S. Food and Drug Administration (FDA) and European Food Safety Authority (EFSA) have established regula-
tory standards for a broader spectrum of marine biotoxins, including yessotoxins (YTXs), brevetoxins (BTXs), azaspi-
racids (AZAs), and ciguatoxins (CTXs), to ensure seafood safety. To effectively address this global concern, the
MFDS launched an R&D project entitled "Establishment of the Safety Management System for Marine Biotoxins"
(2020-2024). This project focused on enhancing analytical methods to detect unregulated toxins, assessing contami-
nation levels, and developing rapid detection techniques. The project proposal emphasizes the need to establish a com-
prehensive monitoring system to mitigate future risks, particularly as climate change expands the range of toxic marine
species. This project aims to advance our understanding of marine biotoxin contamination and strengthen seafood safety
measures in South Korea by aligning them with international standards. This special issue compiles knowledge accumulated
and technical advancements related to marine biotoxins, stemming from the outcomes of this project. It includes 12 papers
describing analyses of various regulated and unregulated marine biotoxins, the current prevalence of seafood contamination,
toxicity assessments, rapid analytical methods, and the state of safety management.
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Table 1. Chemical characteristics and symptoms of major marine toxins

Marine toxin Reference compound

aroup (formula & molar weight") Chemical class Syndrome Lipophilicity
Saxitoxin Saxitoxin . . Paralytic shellfish -
& its analogues (CH,N,0,, 299) Tetrahydro-purine alkaloid poisoning Hydrophilic
Okadaic acid Okadaic acid . . Diarrhetic shellfish . .-
& its analogues (C1HgO45, 804) Polyether, spiro-keto ring assembly poisoning Lipophilic
Domoic acid Domoic acid Cvelic amino acid. 3 carboxy erouns Amnesic shellfish Hvdrophilic
& its analogues (C,JH, NO,, 311) 4 ’ Y gfoup poisoning yerop
Brevetoxin Brevetoxin Polyether with contiguously Neurotoxic shellfish Linophilic
& its analogues (CyH,,0y;, 867) fused rings poisoning pop
Pectenotoxin Pectenotoxin 1 & 2 . . . b . .-
& its analogues (CH,,0,5, 875) Polycyclic ether with a spiroketal Hepatotoxic Lipophilic
Azaspiracid Azaspiracid Polyether, second amine, Azaspiracid shellfish Lipophilic
& its analogues (C,,H;NO,,, 841) 3-spiro-ring assembly poisoning* pPop
Yessotoxin Yessotoxin . . . . 4 . .
& its analogues (CoHLO0, S, 1143) Disulfated polycyclic polyethers Gastrointestinal symptoms Lipophilic
Tetrodotoxin Tetrodotoxin Guanidinum derivative of Paralytic shellfish Hvdrophilic
& its analogues (C,;H,,)N,0q, 319) penta-hydroxylated 2,4-dioxaadmantane poisoning yarop
Ciguatoxin Ciguatoxin . Ciguatera fish . o
& its analogues (CooHgO,o, 1111) Polycyclic polyethers poisoning® Lipophilic
Cyclic imines f Polycyclic ether with imines Neurotoxic Lipophilic

and spiro-rings

“Unit: g/mol.

®Unclear due to lack of data.. Previously included in the list of toxins that cause diarrhetic shellfish poisoning, but now excluded as irrelevant.
‘Mainly shows gastrointestinal symptoms similar to diarrhetic shellfish poisoning.

dSimilar to diarrhetic shellfish poisoning.
‘Mainly neurotoxic symptoms due to neuroexcitability.

No single reference compound. Currently known toxins include spirolides, gymnodimines, pinnatoxins, and pteriatoxins.
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+ STX: 800 pg STX-EQ® kg”
+ OA®: 160 pg OA-EQ kg'!
+DA: 20 mg DA-EQ kg™

+ TTX: 20 MU®

+ STX: 800 pg STX-EQ kg”
+ OA®: 160 pg OA-EQ kg
+ DA: 20 mg DA-EQ kg”!
+TTX: 2mg kg'!

+ STX: 800 pg STX-EQ kg

+ OA= 160 g OA-EQ kg
+DA: 20 mg DA-EQ kg

+ AZA: 160 pg AZA1-EQ kg'!

+ BTX: 800 pug BTX2-EQ kg

+ C-CTX" 0.1 pg CTX-EQ kg
+ P-CTX#: 0.01 pug CTX-EQ kg

+ STX: 800 pg STX-EQ kg
+ OA= 160 pg OA-EQ kg'!
*DA: 20 mg DA-EQ kg™

* PTX": 200 pg kg'!

°EQ: Equivalent concentration.

12MFDS (2016); MAFF (2015); FDA (2023); Health Canada (2020); PFSANZ (2024); EFSA (2010); '®FAO (2004)

* STX: 800 ug STX-EQ kg b0A+DTX1+DTX2
* STX: 800 ug STX-EQ kg * OA* 160 ug OA-EQ kg * STX: 800 pug STX-EQ kg cOA+DTX1+DTX2+DTX3
* OA®: 160 pg OA-EQ kg™ * DA: 20 mg DA-EQ kg™ + OAE: 160 pg OA-EQ kg 40A+DTX1+DTX2+PTXs
* DA: 20 mg DA-EQ kg™ * YTX: 3750 pg YTX-EQ kg'! + DA: 20 mg DA-EQ kg eMU: Mouse unit
+ BTX: 200 MU * AZA: 160 pg AZA1-EQ kg'! + BTX: 200 MU 'C-CTX1-EQ
* BTX: 800 ug BTX2-EQ kg 9P-CTX1-EQ
* CTX% 0.01 pg CTX-EQ kg FPTX1+PTX2+PTX3+PTX4+PTX6+PTX11
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Fig. 1. Recent regulations and recommendations on marine biotoxins in seafood established by different nations and global organizations.
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