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Abstract

Over the past few decades, various marine biotoxins, including paralytic shellfish poison, diarrheal shellfish poison, neuro-
toxic shellfish poison, and amnestic shellfish poison, have become international oceanographic concerns. These toxins are
closely linked to global warming and the subsequent northward migration of toxic marine organisms, such as microalgae, fish,
and benthic invertebrates, from tropical and subtropical regions. In South Korea, the bioaccumulation of marine biotoxins
and incidents of seafood poisoning have also emerged as critical issues. Clear evidence indicates that the presence of toxic
marine organisms in Korean coastal waters has increased, likely due to recent increases in seawater temperature. Since 2020,
supported by the Ministry of Food and Drug Safety, the R&D project ‘Establishment of the Safety Management System for
Marine Biotoxins’ has been carried out. This project aims to identify various regulated and unregulated marine biotoxins
present in Korean coastal waters and seafood. This comprehensive project encompasses: (1) analytical methods, (2) causative
organisms, (3) seafood contamination status, (4) novel and rapid detection method, (5) alternative toxicity testing method,
(6) standard materials, and (7) risk assessment. The purpose of this special issue is to share the accumulated knowledge and
technological advancements related to marine biotoxins by Korean researchers. The issue includes nine papers covering
various types of marine biotoxins, as well as innovative bioassays and rapid detection kits. Additionally, it covers topics such
as risk assessment and biotoxin management to ensure the safety of marine products.

Keywords Marine biotoxins - Seafood management - Paralytic shellfish poison (PSP) - Risk assessment - Analytical
methods

Marine biotoxins, produced by certain microalgal species of
dinoflagellates and diatoms, pose serious health risks when
these organisms are stressed by environmental factors such
as changes in water temperature, salinity, and pH (Rigby
et al. 2022). Biological stressors, including competition for
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nutrients and trace elements between species and the threat
of predators, also promote toxin production (Tatters et al.
2013; Brandenburg et al. 2020). These biotoxins can accu-
mulate in marine organisms such as bivalves, crustaceans,
and fish, with accumulation patterns being species-specific
and toxin-specific (Liu et al. 2019; Zhao et al. 2022). Poorly
metabolized and excreted toxins can persist in organisms,
including bivalves, for extended periods, sometimes several
months (Kim et al. 2022, 2023).

Shellfish toxins are categorized based on their symp-
toms into paralytic shellfish poison (PSP), diarrheal shell-
fish poison (DSP), neurotoxic shellfish poison (NSP), and
amnestic shellfish poison (ASP) toxins (Chen et al. 2017).
They are also classified based on chemical properties into
hydrophilic and lipophilic toxins. Hydrophilic marine algal
toxins include saxitoxin (STX) and gonyautoxin (GTX)
(Gerssen et al. 2010). Lipophilic toxins include okadaic
acid (OA), dinophysis toxin (DTX), yessotoxin (YTX),
pectenotoxin (PTX), brevetoxin (BTX), azaspiracid (AZA),
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and cyclic imines (CIs) (Wang et al. 2015). Over recent
decades, marine biotoxins have become an international
oceanographic concern due to increasing reports of poison-
ing worldwide (Nicolas et al. 2017; Hallegraeff et al. 2021,
Accoroni et al. 2024).

In South Korea, the Ministry of Food and Drug Safety
(MFDS) has established standards for managing PSP, DSP,
ASP, and tetrodotoxin (TTX) (Table 1). However, numer-
ous other biotoxins remain unregulated. Meanwhile, the
US Food and Drug Administration (FDA) and the Euro-
pean Food Safety Authority (EFSA) acknowledge the
potential risks posed by a broader range of biotoxins and
have established standards to ensure the safety of marine
products. With global warming, toxic marine species from
tropical and subtropical regions, including microalgae,

fish, and benthic invertebrates, are migrating northward
(Gobler et al. 2017). This trend necessitates more compre-
hensive toxin management due to the potential introduc-
tion of new toxins. The diversification of seafood import
sources further underscores the need for enhanced biotoxin
regulation. Consequently, in South Korea, the bioaccumu-
lation of marine biotoxins and incidents of seafood poison-
ing have emerged as significant issues. Recent observa-
tions confirm the presence of more toxic marine organisms
in Korean coastal waters, correlated with increasing sea-
water temperatures (Kim et al. 2023). Recent advance-
ments in cutting-edge analytical instruments have enabled
more sensitive and high-resolution quantitation of these
marine biotoxins (Panda et al. 2022).

Table 1 Current guidance on marine biotoxins in seafood developed by various countries and international organizations

Biotoxins Unit South Korea  Japan USA (FDA) Canada FSANZ EFSA FAO/WHO
(CODEX)
Saxitoxin (STX) pg STX-EQ?* 800 800 800 800 800 800 800
kg_1
Okadaic acid ug OA-EQkg™!  160° 160° 160° 160° 160° 1604 160°
(0A)
Domoic acid mg DA-EQ kg™! 20 20 20 20 20 20 20
(DA)
Tetrodotoxin mg kg ! 10 MU* 2 t - - - -
(TTX)
Yessotoxin g YTX-EQ - - - - - 3750 -
(YTX) kg™!
Pectenotoxin ug kg™! - - - 2008 - - -
(PTX)
Azaspiracid ug AZA1-EQ - - 160 - - 160 -
(AZA) kg™!
Brevetoxin ug BTX2-EQ - - 800 - 200 MU# 800 200 MU
(BTX) kg™
Ciguatoxin pg CTX1-EQ - - 0.1% 001" - - 0.01! -
(CTX) kg™!
Palytoxin pg kg™! - - - - - - -
(PITX)
Cyclic imine pg kg™’ - - - - - - -
(€D
References MFDS (2016) MAFF (2015) FDA (2021) Health FSANZ (2024) EFSA (2010) FAO (2004)
Canada
(2020)

< Ocean Science Journal: VSI-Marine Biotoxins in South Korea >
*EQ: Equivalent concentration

"0A +DTX1+DTX2

‘OA+DTX1+DTX2+DTX3

40A +DTX1+DTX2+PTXs

°*MU: mouse unit
f

)

not available
EPTX1+PTX2+PTX3+PTX4+PTX6+PTX11
hC-CTX1-EQ

IP-CTX1-EQ
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In response, the MFDS initiated the “Establishment of
Safety Management System for Marine Biotoxins” R&D
project (20163MFDS641) for 2020-2024, with a total
budget of 16,793,000,000 KRW. This project involves 14
institutions and 124 researchers, focusing on:

1. Enhancing the management of currently regulated
marine biotoxins;

2. Developing analytical methods and conducting surveys
for unregulated toxins;

3. Developing rapid detection techniques for marine bio-
toxins;

4. Developing standard materials for marine biotoxins; and

5. Advancing marine biotoxin toxicity evaluation tech-
niques.

This initiative aims to improve technology and under-
standing of marine biotoxin contamination characteristics
and analytical methods in South Korea. Expected outcomes
include establishing infrastructure for marine biotoxin analy-
sis and training specialized personnel.

In this special issue of the Ocean Science Journal, we
aim to disseminate accumulated knowledge and technolog-
ical advancements related to marine biotoxins by Korean
researchers for both domestic and international readers. The
special issue comprises nine papers covering topics such as
analytical methods for lipophilic biotoxins and cyclic imines,
distribution characteristics of toxic microalgae along Korean
coasts, bioaccumulation of TTX, PSP production mecha-
nisms, separation for quantitative accuracy of palytoxin,
and toxicity testing methods for biotoxins. These results
will serve as baseline data for future research on marine
biotoxin contamination, causative organisms, and newly
introduced toxins in coastal waters and seafood in South
Korea. We extend our gratitude to the editors and reviewers
of the Ocean Science Journal for their support in publishing
this special issue.
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