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RedTide—Seto Inland Sea—Japan
GeneralOverview

The Seto Inland Sea

Sea of
Japan

" Shikoku

Pacific
Ccean

Location:Pacific Ocean
Coordinates:34°10°N133°20'E
Type:Sea
Basincountries:Japan
Surfacearea:23,203 km2 (9,000 sq mi)
Averagedepth:38 m (125ft)

The Setouchiregion is known for its moderate climate, with a stable year-round
temperature and relatively low rainfall levels. Theseais alsofamous for its periodicred

tides (F5i# akashio)causedbydensegroupingsofcertainphytoplanktonthat resultinthe
death of large numbers of fish.



Red Tide
Researchon measuresto fightRed Tide beganin Japanin earmnest in the 1960s.

The SetoInland Seais the largest coastalwater in Japan.Approximately one quarter of the
entire Japanesepopulationresidesonitscoastlineand the industrieslocatedthere inthe
1960’scontributed greatly toJapan’shigh economicgrowth. However,thisrapid
development causeda large amount of eutrophication substancessuchasorganic matter,
Nitrogen, Phosphorus,etc.andlarge amountsof contaminants suchas chemical substances
and marine refuse to flow into its waters resulting ina moribund sea.

There are more than 60 speciesof Red Tide plankton that have been recognizedin coastal
areasofJapan but the speciesthat hascausedthe most serious fishery damageamong
themis Chattonella Antiqua.Fishery damagecausedby the RedTide is said to well exceed
the annual averageof 1 billion yen (US$10Million) in the entire SetoInland Sea.

Typical harmful poisonous plankton in coastal- areasof Japan



Above plate:-

Lafid algae Chattonella antiqua (A), Chattonella marina (B), Chattonella ovata (C),
Heterosigma akashiwo (D) which kill fish; Cochlodinium polykrikoides (E), Karenia mikimotoi
(F)RedTide dinoflagellates that kill fish and shellfish; Heterocapsacircularisquama (G)to Kkill
clams; Dinophysisfortii (H), dinoflagellates possessdiarrheal shellfish poison; Dinophysis
acuminata (I), possessingdiarrhetic shellfish poison, Dinoflagellate Alexandriumcatenella
(J), Gymnodinium catenatum (K), hemp causesof paralytic shellfish poison. Photographs
scaleare all 20 ym.

Nobodyhasyetmountedany meaningfultrials to eradicatethe RedTidein this region,but
there have been various studiesas a result of the problemswhich lead to the potential use
of Nanobubblesasthe most likely solution.

Beloware thetwomostrelevantpapers:

1.Verification of effectiveness and economy of existing Red Tide Control Agent
ByDr. Yoshio Tahara, Dr. Hiroshi Nishimura and Dr. Akihiko Nakamura,
KagoshimaFisheries Technology Center, Government of Japan,

and

2.Development of Control Technique by Simple Red Tide Blocking System,
By Dr. Shigeru Kitahara, Dr. Nana Kanoand Dr. Keiji Hirano
Nagasakilnstitute of Fisheries, Government of Japan

Themainpoints are asfollows.
@DRed Tide PreventiveMeasures

Harmful toxic plankton which Kkills fish, suchasChattonella antiqua, C.marina, C.ovata
(Raphidophyceae)-especiallyChattonellaantiqua,inhabitthe sludgein the sea.\WWhen DO
levelsin the seaare low, aerobicbacteria is drastically reducedencouraging the breeding of
theseharmful plankton. Therefore, it is necessaryto keep the seabed rich in Oxygento
prevent this happening.If not controlled, whenthere is arise in seatemperature the seeds
are releasedinto the water to create RedTide.The operation of increasingthe DOlevel with
OxygenNanobubbles is highly effective, becauseonly Nanobubbles candeliver the Oxygen
to the seabed. When this is done, the presenceof the Oxygenreadjuststhe balance
betweenthe speciesandstimulates theBenthos group of creatureswhich thrive on more
Oxygenandeatthe RedTideseeds, stopping them from being released.

@Countermeasures

Countermeasuresafter occurrence ofRed Tide are typicallyuse ofchemicals, Ozone,etc..In

recent years, research on Ozone is progressing in particular. In general, Ozone work
temporarily kills micro-organisms, but without killing fish and marine animals, and makes
Chattonella antiqua completely harmless. It is necessaryto securea minimum Ozone
concentration of 2 ppm. Consideringall thevarious methods,usingNanobubblesoffers the



only realistic wayof delivering Ozonegaseconomically,efficientlyandwithout wasteof gas
to the seabed.

Chattonella

Chattonella is a genusof marine raphidophytes associatedwith red tides.A technique using
monoclonal antibodies canbe usedto identify the genus,while the RAPDreaction canbe
usedto distinguish between different specieswithin the genus.It includes the species
Chattonellaantiqua, a bloom forming algaresponsible for large scalefish deaths due to the
synthesisof toxic compoundsrelated to brevetoxin.
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