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SPECI FI CATI ON

TI TLE OF THE | NVENTI ON
Cl RCULATI NG FI SH CULTURE METHOD AND Cl RCULATI NG FI SH CULTURE DEVI CE

TECHNI CAL FI ELD OF THE | NVENTI ON

[ 0001] The present invention relates to a circulation type

aquacul ture nmethod and a circul ati on type aquacul ture appar at us,

which are, in particular, suitably wused for a closed-type

aquacul ture systemfor fishes/shellfishes, and deconpose amoni a

contained in the cultivation water for culturing and cultivating

fishes/shellfishes, so as to renpve the ammoni a t herefrom
BACKGROUND OF THE | NVENTI ON

[ 0002] In the <cultivation water of culturing farns,
cultivating farnms and aquariuns, anmonia contai ned i n excrenents
from fishes/shellfishes, residues of feeds, or the like are
deconposed i n wat er by m croorgani sns, withtheresult that ammonia
isleft inthe water, and the ammoni a i s accunul ated at the | apse
of time. Since anmmonia is highin biological toxicity and harnfu

to fishes/shellfishes, as counternmeasures agai nst this problem it
has been known that, for exanple, amonia is renoved by using a
renovi ng met hod by bi odegradationutilizingmcroorganisns. Inthe
aquacul ture net hod for renovi ng ammoni a by usi ng such a bi ol ogi cal
treatnment, however, problens are raised in that a large area is
required as a treatnment tank, or large power is required for an
aeration punp to cause high costs, or the ammonia deconposition
treating performance beconmes unstable due to influences of
tenperatures and anounts of | oads.

[ 0003] For these reasons, in recent years, a deconposing
treatment has been proposed in which amonia is renoved by using

a physi cal treat nent i nwhichozone or el ectrol yzed hypochloric acid



10

15

20

25

30

-2.
I sused. Inthis deconposingtreatnent, since oxidizingsubstances

harnful to fishes/shellfishes, referredto as oxidants, are easily
accumul ated as t he t reat nent proceeds, vari ous net hods for renovi ng
ammoni a, while suppressing the generation of oxidants, or
el i m nating oxidants, have been discl osed.

[ 0004] As t he renovi ng nmet hod of ammoni a by usi ng t he physi cal
treatnment of thistype, for exanpl e, Patent Docunent 1 has di scl osed
an ammoni a deconposi ng et hod by usi ng ozone. Thi s Patent Docunent
1 has described a structure in which an oxidation-reduction
potenti al nmeasuring el ectrode for neasuri ng an oxi dati on-reducti on
potenti al of seawater that has been subj ected to an ozone treat nent
Is installed near an outl et of an ozone contact tower so that the
ozone generation anmount is controlled so as to set its
oxi dati on-reduction potential within arange of 450 to 650 nV (see
Par agraph [ 0005] ). Thi s ammoni a deconposi ng net hod i s desi gned so
as to deconpose ammonia by utilizing the fact that as the
deconposi ti on of ammoni a proceeds by ozone i njectionand at thetine
when t he anmoni a becones substantially zero, oxi dants are generat ed
together wth an abrupt increase of the oxidation-reduction
potenti al .

[ 0005] On the other hand, Patent Docunent 2 has disclosed a
fishes/shellfishes rearing water purifying device in which by
utilizing hypochloric acid generated in cultivation water by the
use of el ectrolysis, anmoni ai s deconposed. Inthis Patent Docunment
2, it isdisclosedthat by detectingahypochloricacidconcentration
during the rearing process, a controlling process is carried out
so as to reduce the residual chlorine concentration of cultivation
wat er (see Paragraph[0009]). It has beenknownthat t he hypochloric
acidto be utilized in this water purifying device is one kind of
oxi dants, which is a very toxic substance to fishes/shellfishes.
[ 0006] Pat ent Docunent 3 has di scl osed an ammoni a deconposi ng

device i n which el ectrol yzed hypochl oric acidis used. This Patent
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Docunent 3 descri bes a process i n whi ch ammoni a and hypochl ori c aci d

di scharged by fishes/shellfishes are adsorbed onto the surface of
an adsorbingmaterial soastorenove ammoni a (see Paragraph[0015]).
PRI OR ART DOCUMENTS

PATENT DOCUMENTS

[ 0007] Pat ent Docunent 1: JP-A No. 5-64533

Pat ent Docunent 2: JP-A No. 2004-344144

Pat ent Docunent 3: Japanese Patent No. 5028566

SUMVARY OF THE | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0008] However, in the above-nentioned Patent Docunent 1,
problens arise in that wupon neasuring an oxidation-reduction
potential, a controlling process by using a fixed val ue becones
difficult because t he oxi dati on-reduction potential is influenced
by t he pHof water to be treated, inthat i med ately before ammoni a
i s deconposed to be zero, oxidants are generated, in that a tine
difference is caused between the point of tine when oxidants are
generated and t he i ncrease of an oxi dati on-reduction potential, in
that the responsiveness of the oxidation-reduction potential
neasuring device is poor wwth the result that a period of tine of
about 5 to 10 mnutes is required before the neasured val ue has
reached a fi xed val ue, in that neasured val ues di ffer dependi ng on
the respective el ectrodes to cause a tol erance of about +25 nV, and
inthat aseriouserror occurswhenthetipof theelectrodeis forned
into a coat filmdue to a biofilm therefore, because of these
problenms, it becones difficult to carry out the correspondi ng
process whi |l ei mredi ately respondi ngtothe generation of oxi dants.
In the case of Patent Docunent 2, since a measuring device
capabl e of directly nmeasuring concentrations of hypochloric acid
and resi dual chlorineinseawater pronptlyisnot generallyutilized,

t hese neasurenents have to be conduct ed by usi ng a conversi on such
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asacolorinetricnmethodor thelike, withtheresult that it becones

difficult to carry out continuous neasurenents.

[ 0009] Because of t hese probl ens, the nmet hod f or detectingthe
generation of oxidants itself requires a long period of tine in
nmeasur enents, and m ght have afailureinsuppressingthegeneration
of oxidants. In this case, even when the generated oxidants have
a trace anount, it becones difficult to avoid toxicity against
fi shes/shellfishes, consequently to cause a high risk of killing
fi shes/shel |l fishes.

Moreover, in an attenpt to neasure oxi dants by using these
devices, in the same manner as in the case when upon deconposi ng
amoni a, adverse i nfluences are given by water quality such as the
tenperature and the pH, the output of an ozonizer-electrolyzed
hypochl oric acid generation device and devi ce conditions (m Xxing
met hod, vol unes or thelike) of treatnment tanks or the li ke, serious
adverse effects are gi venbythesedeviceconditions, wththeresult
that it becomes difficult to adapt the sanme neasuring nmethod to
various kinds of devices.

Mor eover, upon deconposing amonia by using a physica
treat ment by t he use of ozone, harnful brom c aci d mi ght be gener at ed
during the deconposing treatnent, and the resulting bromc acid
m ght cause adverse effects to fishes/shellfishes.

[ 0010] On the other hand, in the case when an attenpt i s nmade
to adsorb oxidants by using an adsorbi ng agent such as acti vated
carbon, zeolite or the like, as shown in Patent Docunment 3, many
probl ens arerai sedinthat the adsorbi ng capability of theadsorbing
agent is lowered at the lapse of tinme, that is, the treating
capability is lowered due to clogging of the adsorbing agent, in
t hat bi of i | ns are generat ed i nsi de t he adsor bi ng agent t o cause ger ns
inthe cultivation water, and in that high costs are required for
the use of the adsorbing agent.

[ 0011] In addition to these, fishes/shellfishes in the
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aquacul ture tank tend to have their discharging anount of amoni a

abruptly rai sed because their nmetabolismisraisedafter thefeeding
time, while when their netabolismis |lowered at night, they tend
t o have t hei r di schar gi ng anount of amoni al owered. |Inthis nmanner,
the anmount of ammonia generated from fishes/shellfishes is not
al ways constant, and ammonia is continuously generated and
accumul ated, while its increasing anount per unit tinme is being
fluctuated in a day.

In the case when an anmmonia treatnent is carried out onthis
amoni a discharging anmount by using a conventional physical
treatment, the treating rate is nade constant in nost cases. In
this case, when the ammonia treating anount per unit tinme is set
based upon t he maxi numval ue after the feeding ti ne as a reference,
oxi dants tend to be easi | y gener at ed because an excessi ve treat nent
Is carried out in other cases, such as at night or the Iike, while
in the case when it is set based upon the m ni nrumval ue at night,
upon generation of an excessive anmount of amonia, the anmonia is
no | onger processedwi ththeresult that amoni a m ght be accunul at ed
in the water tank. On the other hand, even when the treating
condition is set based upon an average di schargi ng anount, there
i s always theprobabilityof anexcessivelylargeor small treatnent.

As described above, there is a correlation between the
renovi ng treatnent of ammoni a and t he generati on of oxidants, and
t her e have been strong demands f or devel opi ng an aquacul t ur e net hod
and an aquacul ture apparatus capable of treating water, while
preventing adverse influences to fishes/shellfishes due to these
two factors.

[ 0012] The present invention has been devi sed so as to sol ve
t he above-nentioned problens, and its object is to provide a
circul ation-type aquaculture nethod and a «circulation-type
aquacul ture apparatus which can carry out a renoving treatnent of

ammonia harnful to fishes/shellfishes while preventing the
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gener ati on of toxi c oxi dants due to an excessi ve treatnent, and al so

carry out the ammonia renoving treatnent in accordance with the
i ncrease/ decrease of the discharge anpbunt of ammonia from
fishes/shellfishes soastoprevent theaccunul ati on of anmoniainto
the cultivation water.

MEANS TO SOLVE THE PRCBLEMS

[ 0013] In order to achieve the above-nentioned object, the
i nventioninaccordancewithclaimlrelatestoanethodfor treating
cultivation water in a circul ation type aquacul ture tank in which
aquati c organi sns are kept by using an aquacul ture apparatus nain
body, and the nethod is provided with a first step of finding an
amoni a deconposition rate wupon prelimnarily treating the
cul tivation water by usi ng ozone or hypochl oric acid, while setting
atarget remai ni ng anount of ammoni a aft er t he deconposi ngtreat nent
a second step of finding the anobunt of anmoniain cultivation water
to betreated so as tocalculate atreating periodof time required
for reduci ng fromthi s anmoni a anount to the target renai ni ng anount
of ammoni a of the first step based upon the anmoni a deconposition
rate of the first step, a third step of treating the cultivation
wat er by usi ng ozone or hypochloric acid duringthe treating period
of time calculated in the second step so as to deconpose ammoni a
in the cultivation water, and a fourth step of returning the
cultivation water that has been subjected to the deconposing
treatment in the third step to the aquacul ture tank

[ 0014] In this case, the second step to the fourth step may
be continuously or intermttently repeated, or inthe apparatus to
carry out the steps, the first step may not be carried out, and
anot her apparatus having the sanme structure may be used to carry
out the first step, and the result thus obtained nay be diverted
to be used therein. Mreover, the first step is not carried out
only one tinme in one apparatus, and, for exanple, the first step

may be carried out onetinefor everyplurality of tinmes of the second
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to fourth steps; thus, amonia in the cultivation water may be

deconposed and treated by repeating at | east one set of steps from
the secondsteptofourthstep, or aplurality of sets of these steps.

[ 0015] Moreover, with respect to the amoni a deconposition
rate whi ch di ffers dependi ng on vari ous external conditions, such
as the pH, tenperature or the like, inthe first step, the ammonia
deconposition rate may be found based upon only one condition, or

may be found based upon a plurality of conditions. |nthe case when
t he ammoni a deconposition rate i s found based upon only the one of

external conditions, upon carrying out thethird step, adjustnents
may be made based upon a condition close to the correspondi ng
condition; on the other hand, in the case when the ammonia
deconposition rate i s found based upon a plurality of conditions,

conditions in the third step can be adjusted on dermand, and the
anmoni a deconposition rate found under a condition close to the
condition at that point of tine nay be adopted.

[ 0016] I n accordance with the above-nentioned nethod, in the
first step, in addition to the ammonia treating capability by the
treating section, the target ammoni a remai ni ng anount required for

preventing the generati on of bromc acid is confirned dependi ng on
t he apparatus to be used, andin accordancew ththese, thetreating
period of time required for achi eving the target anmoni a remai ni ng
anmount in the second stepis calculated, and in the third step, by
carrying out the treatnment during the treating period of tine
calculatedinthesecondstep, it ispossibletocarryout theamonia
deconposi ng treatnent, whil e positively preventing the generation
of bromc acid. In this manner, in the apparatus actually used or

the apparatus having the sane structure, when apparatus
requi renments of treating sections, such as the capability of an
ozoni zer or a hypochl ori c aci d suppl yi ng devi ce, the m xi ng net hod
of ozone or hypochloric acid, the volunes of treating units, are

kept constant, it becones possible to carry out a stable amoni a
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treatnment by the treatnents of the respective steps, wthout the

ammoni a deconposi ng capability being influenced by ozone or
hypochl ori ¢ aci d.

Moreover, in the case when the first step has been carried
out once, since the treatnents to be carried out thereafter may be
execut ed based upon treating conditions directed by cal cul ati ons,
it is not necessary to nonitor indexes, such as ORP and t he ammoni a
remai ni ng anount or the like, inreal time so as to find out the
conpl etion of the treatnments, thereby making it possibleto easily
control the amoni a deconposition so as to prevent the generation
of brom c acid.

[ 0017] The invention in accordance with claim2 relates to a
circulation type aquaculture nethod in which an amonia
deconposition rate is found relative to the apparatus nmain body
having a predeterm ned structure, and based upon this ammonia
deconposition rate, the ammoni a deconposing treatnent is carried
out by the apparatus nmain body in the second step and thereafter.
[ 0018] In accordance wth this nethod, the ammoni a
deconposition rate is set in accordance with each of aquacul ture
appar at us nmai n bodi es, and by usi ng an opti mal ammoni a deconposi ti on
rate by the correspondi ng aquacul ture apparatus, the ammonia
deconposing treatnent can be carried out effectively. Moreover,
when the aquacul ture apparatus nmain body is designed to have a
predeterm ned identical structure, amoni a can be deconposed and
treat ed by t he sane anmoni a deconpositionrateat thesaneefficiency
even in anot her aquacul ture apparatus nain body.

[ 0019] The invention in accordance with claim3 relates to a
circulation type aquaculture nethod in which at the tine of a
deconposi ng treat ment fromthe second steptothe fourth step after
thesecondtineor | ater, aval ue obt ai ned by f eedi ngbacktheresults
up to the previous step is used as the ammoni a deconposition rate.

[ 0020] By providing this method, in the case when the set of
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steps fromthe second steptothe fourth step arerepeatedly carried

out aplurality of tinmes, by appl yi ngthe anmoni a deconpositionrate
obt ai ned based upon the results obtained in the step i medi ately
bef ore, the ammoni a deconposition rate to which a | atest state of

the apparatusisreflectedcanbeappliedsothat it beconmes possible
nore positively control the ammoni a deconposition reaction.

[ 0021] The invention in accordance with claim4 relates to a
circul ation type aquacul ture nmethod i n whi ch by nmeasuring the ORP
of cultivation water after the deconposing treatnments fromthe
second steptothethird step, the deconposing treatnent i s stopped
when t he nmeasured val ue has reached a prelimnarily set val ue.

[ 0022] Wth this arrangenent, it beconmes possible to confirm
the generation of toxic bromc acid from the ORP value of the
cultivation water after the treatnents. For this reason, by
nonitoring the val ue of the ORP of the cultivation water after the
treatnents, the deconposi ngtreatnent can be st opped when a set val ue
inalevel having no fear of generating brom c aci d has been reached
sothat evenwhen, if any abnormal ity shoul d occur, the deconposition
of ammoni a woul d no | onger proceed as expected by the cal cul ation
results, the generation of brom c aci d can be positively prevented.

[ 0023] The invention in accordance with claim5 relates to a
circul ationtype aquacul ture apparat us whi chincludesacircul ation
type aquacul ture tank in which aquatic organi sns are reared and a
treating section which treats cultivation water drawn from the
aquacul ture tank by using ozone or hydrochloric acid, and then
returns the resulting cultivation water to the aquacul ture tank,

and the treating section includes a control neans that sets a
deconposition rate of ammonia and a target remaining anount of

amoni a after t he deconposi ng treatnent, and cal cul ates atreating
period of tinme required for reducing the anmmonia anount in the
cultivation water to be treated to the target remai ni ng anount of

ammoni a, and a deconposition treatnment neans for treating the
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cul tivation water by using ozone or hypochloric acid so as to

deconpose anmonia in the cultivation water.

[ 0024] Wth this arrangenent, by properly carrying out the
ammoni a treatment in the cultivation water through the treating
section, it becones possi bl eto deconpose amoni a, whil e positively
preventing the generation of bromc acid. |In the apparatus or
appar at uses having the sane structure to be actually used, in the
case when apparatus requi renments of treating sections, such as the
capability of an ozoni zer or a hypochloric acid supplying device,
the m xi ng met hod of ozone or hypochloric acid and the vol unes of
thetreatingunits, are kept constant, it becones possibletocarry
out a stable ammpnia treatnent process, wthout the ammonia
deconposi ng capabi l ity by ozone or hypochl ori c aci d bei ng adversely
i nfl uenced.

Mor eover, it i s not necessary to nonitor i ndexes, such as ORP
and the ammoni a renai ni ng anount or the like, inreal tinme so as
to find out the conpletion of the treatnents, thereby nmaking it
possi bl etoeasilycontrol the anmoni a deconpositionsoastoprevent
the generation of bromc acid.

[ 0025] The invention in accordance with claim6 relates to a
circulation type aquacul ture apparatus in which an ORP neasuring
device for neasuring the ORP of cultivation water that has been
treated by the deconposition treatnment neans.

[ 0026] In this case, since the possibility of the generation
of brom c acid can be confirned by the ORP val ue of the cultivation
wat er that has been treated, it becones possible to positively
prevent the generation of bromc acid or the like, by nonitoring
the ORP val ue of the cultivation water that has been treated and
by stoppi ng the deconposi ng treatnent when the val ue has reached
a set value in a |l evel having no fear of generating brom c acid.
Ef fects of Invention

[ 0027] In accordance with the present invention, it becones
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possible to positively treat and renove amonia that is harnful to

fishes/shellfishes, while preventing the generation of toxic
oxidants and bromc acid by preventing an excessive ammonia
treatment, and also to positively prevent ammonia from being
accurmul ated in cultivation water by carrying out an appropriate
amoni a renovi ng treatnment i n accordance w th t he di scharge anount
of ammonia from fishes/shellfishes that increases and decreases
dependi ng on states, such as after feeding tinme, at night or the
I ke, and changes in tine.
BRI EF DESCRI PTI ONS OF THE DRAW NGS

[ 0028] FIG 1 is a schematic viewshowi ng a first enbodi nent
of a circulation type aquacul ture apparatus.

FIG 2is aschematic viewshow ng a second enbodi nent of the
circul ation type aquacul ture apparat us.

FIG 3is aschematic viewshow ng one exanpl e of a treat nent
flowin accordance with a circulation type aquacul ture net hod of
the present invention.

FIG 4 is agraph indicating variations in concentration of
anmmoni a.

DESCRI PTI ONS OF THE PREFERRED EMBCODI MENTS

[ 0029] Referring to FIGS., the follow ng description wll
di scuss enbodi nents of a circul ation type aquacul ture nmethod and
a circulation type aquaculture apparatus in accordance with the
present invention.

First, referring to the schematic viewshow in FIG 1, the
circul ation type aquacul ture apparatus will be explained. FIG 1
shows a first enbodinment of the circulation type aquaculture
apparatus. This circul ation type aquacul ture apparatus nai n body
(hereinafter, referred to as “apparatus nmain body 1”) is provided
withacirculationtype aquaculturetank 2 for useinkeepi ngaquatic
organisns and a treatnent section 3 that draws one portion of

cultivation water from the aquaculture tank 2, and after the
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cultivation water thus drawn has been processed by usi ng ozone or

hypochl oric acid, returns the resulting cultivation water to the
aquacul ture tank 2.

[ 0030] InFIG 1, thetreatnent section3indi cated by atwo-dot
chain line is provided with a control nmeans 10 constituted by a
control device, a deconposition treatnent neans 11, an ammoni a
sensor 12 for neasuring the ammonia concentration in water and a
punp, not shown, for use in noving water.

Anmong t hese, the control device 10, which is constituted by,
for exanple, a personal conputer, a sequencer or the like, is
desi gned so as to output control signals relating to an ON OFF
control and an ozone injection anount or the |ike of an ozoni zer
13 installedinthe deconposition treatnent neans 11. The contr ol
device 10 is provided with a data storing section 14, and vari ous
neasuring data relating to the aquaculture tank 2 and the
deconpositiontreat nent neans arestoredinthedatastoringsection
14. The control device 10 can set the anmoni a deconposition rate
and a target ammonia remaining anount after the deconposition
treatnment, in accordance with neasured data in the data storing
section 14, and is designed to cal cul ate atreatnent period of tine
required for reducing the ammoni a anount in cultivation water to
be treated to the target ammoni a remai ni ng anount so that it can
control operations of the ozonizer 13 by the i nput of the nmeasured
ammoni a concentrati on.

[ 0031] Mor eover, the control device 10 is designed to be able
to adj ust not only the out put of the control signalstothe ozonizer
13, but al so the anpbunt of ozone by controlling the material gas
pressure, gas flowrate, discharge voltage-electric current or the
like. In addition to these, it also has setting and adjusting
functions for driving controls for the entire apparatus including
the water tenperature required for cultivation, dissolved oxygen

anount , pH, electric conductivity, sal t concentration,
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oxi dati on-reduction electric potenti al, hydr ocar bon gas

concentration, alkali degree, heating and cooling tenperatures,
detection of water |evel, operations of punps, val ves (not shown)
or the |ike, water feeding amount, etc., as well as recording and
out putting of driving states and driving | ogs, issuing enmergency
war ni ng, external data conmmuni cation function or the like; thus,
the apparatus main body 1 is installed so as to be automatically
driven in a stable manner.
[ 0032] As indicated by an alternate | ong and short dash |ine
of FIG 1, the deconposition treatnent neans 11 is provided wth
atreatnent water tank 20, an ozone reacti on tank 21 and t he ozoni zer
13, andisdesignedtocarryout anozonetreatnent onthecultivation
wat er so as to be subj ected to the anmoni a deconposi tion treatnent.
The treatnent water tank 20 of the deconposition treatnent
means 11 i s designed to draw one portion of the cultivation water
of theaquaculturetank 2andtenporarilystorethecultivati onwater
to be ozone-treated.
[ 0033] The ozone reaction tank 21 is installed to carry out
the ozone treatnment onthe cultivati onwater, andthe ozone reaction
tank 21 and the treat nent water tank 20 are connected t o each ot her
by a predeterm ned fl ow passage 23. The ozone reaction tank 21 may
be prepared as a normal air-diffusion-type tank or a tank using an
i njector, and either type one may be used as | ong as it can di ssol ve
ozone in water.
[ 0034] Additionally, as a treatnent to be carried out on the
cultivation water by the deconposition treatnment neans 11, a
hypochl oric acid treatnent may be carri ed out i n place of the ozone
treatnent. This is because a deconposing reaction of ammonia is
al so exerted by the hypochloric acid (in particular, electrolyzed
hypochl oric acid) in the sane manner as in the case of ozone. Upon
carryingout the hypochloric acidtreatnent, the ozonereactiontank

may be used as the hypochloric acid reaction tank, and this tank
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may be used for generating hypochloric acid by using el ectrol ysis,

or hypochloric acid may be externally added thereto.

[ 0035] The ozoni zer 13 i s desi gned such that, upon recei pt of
a control signal fromthe control neans 10, it can send an ozone
gas into the ozone reaction tank 21, with the ozone concentrati on,
ozone gas flowrate and the |ike being changed. In this case, a
mat eri al gas for use in generating ozone may be air; however, since
in the case when ozone is generated by using discharge, nitrogen
intheair undesirably changesintonitricacidthat is highlytoxic
to fishes/shellfishes, and this point requires great caution. For
t hi sreason, asthe materi al gas, agas obt ai ned by vapori zing!liquid
oxygen, or a gas supplied froma pure oxygen cylinder or an oxygen
suppl yi ng apparatus (PSA) is desirably used.

[ 0036] As the ammoni a sensor 12 in the treatnment section 3,
an el ectrode-type sensor that can directly neasure the ammonia
concentration in water, or any sensor may be used, as long as it
can carry out the nmeasurenent continuously while allowi ng water to
pass therethrough. On the other hand, the worker nmay neasure the
absor bance by usi ng a bat ch-type reagent so as to obtai nthe ammoni a
concentration, andit i s not necessarilyrequiredtousetheamoni a
sensor as long as the ammoni a concentration at that point of tine
can be confirned. After the neasurenent of the ammonia
concentration, the val ue of the neasured amoni a concentrati on nmay
be electrically inputted to the control device, or in the case of
t he bat ch-type neasurenent, the worker may directly i nput the val ue
tothe control devicenmanually. Inthiscase, inFIG 1, neasurenent
poi nts of ammoni a are set to a point: inside the aquacul ture tank
2, b point: inside the treatnment water tank 20, c point: inside an
ozone treatnment water passage 24 for use in returning water from
the ozone reactiontank 21 tothe treatnent water tank, and d point:
I nside atreatnent water passage 25for useinreturningthetreated

water fromthe treatnent water tank 20 to the aquacul ture tank 2,
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and neasurenents nmay be carried out on any one of these points or

a plurality of these points. FIG 1 shows a state in which the
amoni a sensor 12 is installed at the a point.

[ 0037] Moreover, an ORP (oxidation-reduction potential)
nmeasuri ng device 22 may be installed at the neasuring position of
t he above-nenti oned ammoni a sensor 12 in the sanme manner asinthis
ammoni a sensor 12. In this case, the ORP of the cultivation water
treated in the deconposition treatnent neans 11 can be nmeasured by
the ORP neasuring device 22. FIG 1 shows a state in which the ORP
measuring device 22 is installed at the c point.

[ 0038] Al t hough not shown in the FIGS., an activated carbon
tower may be installed in the mddl e of a water passage for use in
the ozone treatnment or in the mddle of the return water passage
25 for returning cultivationwater to be treatedto the aquacul ture
tank 2, and harnful oxidative substances, such as chloric acids or
the like, generated by the ozone treatnent may be renoved by the
activatedcarbontower. Inthiscase, astheactivatedcarbontower,

for exanpl e, not onlytheactivatedcarbon, but al sozeolite, silica,

coral sand or the |li ke, which can renove oxi dati ve subst ances, may
be utilized. Insidethe water passage, anultraviolet-ray | anp for
sterilizingand deconposingtreatnents, afiltrationfilter for use
I n renovi ng resi dues, excreta, etc., or the like may be i nstall ed.

Al ternatively, aqueous hydrogen peroxi de nay be added to t he wat er
passage; t hus, by carryi ngout t hetreatnent whil e addi ngthe aqueous
hydr ogen per oxi de, t he anmoni a deconposition rate can be i nproved.

Moreover, the apparatus main body 1 may be operated, while
controlling seawat er conponents, such as ozone, ammonia, bromc
ions and chlorineions, so as to be set to appropriate rates by the
treatnment section 3.

[ 0039] The follow ng description will explain a circulation
t ype aquacul t ure nmet hod usi ng t he above-nenti oned circul ati on type

aquacul ture apparat us.
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In the circulation type aquaculture nmethod of the present

i nvention, an anmoni a deconpositionrate is set in accordance with
an i ndi vi dual apparatus nmain body 1, and by using this apparatus
mai n body 1, cultivation water of the circul ati ontype aquacul ture
tank 2 in which aquatic organi sns are kept is ozone-treated, and
inthis case, for exanple, treatnents fromafirst steptoafourth
step are carried out, for exanpl e, by batch (batch-w se) treatnents
so that ammonia inthe cultivation water i s deconposed and treated
by these steps.

[ 0040] Inthe first stepinthe circulation type aquaculture
nmet hod, an anmoni a deconposition rate to be used for treating the
cultivationwater of the aquaculturetank 2is prelimnarily found,
and a target ammonia remaining anount after the deconposition
treatnment is also set.

In the second step, the ammonia anobunt in cultivation water
tobetreatedis found, and atreatnent period of time required for
reduci ng t he ammoni a anount to the target amoni a r enai ni ng anount
of thefirst stepis calculated fromthe ammoni a deconpositionrate
of the first step.

In the third step, the ammonia in the cultivation water is
deconposed and tr eat ed by ozone or hypochloric acidinthetreatnent
period of tinme calculated in the second step.

In the fourth step, the cultivation water that has been
subjected to the deconposition treatnent in the third step is
returned to the aquacul ture tank 2.

[ 0041] In this case, the anmoni a deconposition rate is found
relative to the apparatus main body 1 having a predeterm ned
structure, and by usi ng t he anmoni a deconposition rate, anmoniais
deconposed and treated by the apparatus main body 1 in the steps
of the second step and thereafter. Here, the apparatus main body
1 having the predeterm ned structure refers to an appar at us havi ng

a function capabl e of deconposi ng amoni a at the sanme efficiency
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as that of the apparatus main body 1 to be used in the second step

and thereafter, which corresponds to an aquacul ture apparatus
provi ded wit h a deconpositiontreatnent neans 11 (organi zer 13) and
an activated carbon tower capable of exerting the identical

functions. For exanple, as the apparatus nain body 1 having the
predet erm ned structure, the apparatus mainbody 1itself to be used
in the second step and thereafter, or an apparatus different from
t he apparatus mai nbody 1to beusedinthe second stepandthereafter
al though it has the sane structure may be used.

[ 0042] Inthecircul ationtype aquacul ture net hod, at thetine
of deconposition treatnent including steps fromthe second stepto
the fourth step of the second tine and thereafter, a val ue obt ai ned
by feedi ng back the results of the previous treatnent is desirably
used as the ammoni a deconposition rate.

[ 0043] Moreover, the ORP of the cultivation water after
deconposition treatnents up to the second step and the third step
is neasured, and at the time when the neasured val ue has reached
a predeterm ned set value, the deconposition treatnent my be
st opped.

[ 0044] In the case when cultivation water i s ozone-treated by
t he above- menti oned aquacul ture net hod, the pHof the treated water
is fluctuated al though its amount is small; therefore, a chem ca

liquid may be charged into the aquaculture tank 2, the treatnment
wat er tank 20 and the treatnent water passage 24 as well as into
the return water passage 25, so as to adjust the pH Moreover, in
t he ozone treatnent, the deconposing rate of ammonia is inproved
ontheal kali side. Thisiscausedbytheexistenceratioof NH/ NH;™;
however, since the pH that allows fishes/shellfishes to growis
limtedtoarange from6to 9, the pHof the cultivation water needs
to be set inthis range. By shifting the pH of the treated water
slightly closetothe al kali side by the devel opnent of t he chem cal

liquid, it becones possible to efficiently deconpose ammoni a.
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[ 0045] Furthernore, for exanple, at the tinme of a pH of 8.2

in the aquaculture tank 2, the pH of the return water may be set
to 8.1; thus, by settingthe pHadjustnent val ue of the return water
slightly lower than that of the aquaculture tank 2, evenif the pH
in the aquaculture tank 2 is raised due to any reason, it is not
necessary to carry out adjustnents inthe aguaculture tank 2. Wth
this arrangenent, even in the case when the pH of the aquacul ture
tank 2 is |lowered, since the pH of the return water is raised to
about 8.1, it is possibleto prevent the pHof the aquacul ture tank
2 frombeing | owered to such a level as not to be suitable for the
growt h environnment of fishes/shellfishes.

[ 0046] Upon returning the ozone-treated water to the
aquacul ture tank 2, for exanpl e, one pipeis bridged over the upper
portions of the aquaculture tank 2, with a plurality of di scharging
outl ets being fornmed on this pipe (not shown); thus, for exanple,
by di schargingthetreatedcultivationwater fromthese di schargi ng
outlets intothe aguaculture tank 2, the treated water is desirably
returned to the aquaculture tank 2, while being dispersed. This
arrangenent i s made because in the case when the treated water is
di scharged fromonly one di schargi ng outl et, water having aquality
di fferent fromthat of thecultivationwater isallowedtoflowinto
t he aquacul ture tank 2, although it m ght be a partial portion, to
cause the risk of giving stress to fishes/shellfishes existing at
t hat pl ace.

[ 0047] Next, the foll ow ng descriptionw || nore specifically
di scuss operati ons and functi ons of t he aquacul ture nmet hod by usi ng
t he above-nenti oned apparatus nai n body.

First, the follow ng description will explain a culturing
process that is carried out by batch treatnents in the apparatus
main body 1 shown in FIG 1 by the use of the circulation type
aquacul ture nethod of the present invention.

Prior to actually carrying out an ozone-treatnent on
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cul tivation water, the ammoni a deconpositionrate v [g/mn] of the

apparatus nmain body 1is prelimnarily found by usi ng sanpl e water.
In this case, the ammonia deconposition rate may be found by
deconposi ng anmoni a actually contained in the cultivation water;
however, the process becones sinpler when seawater forned by
artificially adding chem cals, such as ammoni um chl ori de and t he
like, theretoisutilized. Inthis case, sanpl e waters are prepared
by changi ng conditions, such as kinds, tenperatures, pH ozone
concentration or the like of the seawater, and the sanple waters
are desirably subj ected to deconposi ng tests by usi ng t he appar at us
mai n body 1.

[ 0048] At this tinme, in addition to finding out the amoni a
deconposition rate, an attenpt is made to find out an amonia
deconposition concentration slightly before the start of the
generation of bromc acid. This is because upon carrying out an
ozone treatnent on seawater, nornally, at first, ammonia is
deconposed without the generation of bromc acid to cause the
concentration to be decreased, but as the concentrati on of ammoni a
cones close to zero, bromc acid is generated. In this case, in
t he apparatus nmai n body 1 installedin anindividual structure, the
anmoni a deconposition rateis in particular greatly influenced by
theinjectionanount, theconcentrationandthelike of ozone applied
by the ozoni zer 13.

[ 0049] Upon determning the ammonia concentration, after
fi ndi ng out t he ammoni a deconposi tionconcentrationslightlybefore
t he generati onof brom cacidintheapparatus mai nbody 1, an anmoni a
concentration to be remained is determ ned by taking safety into
consi derati on. This value is defined as a target anmmonia
concentration Cstop[g/L], and set to be a control value to be
processed by the control neans 10. The ammpni a deconposition
concentration at which the generation of bromc acidis started may

be f ound out by carryi ng out the ammoni a deconpositionuntil bromc
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aci d has been actual ly generated, or may be found out by carrying

out a prediction based upon behavi ors of the ammoni a deconposi ti on.
[ 0050] The following description wll discuss respective
sequences of treatnents i nthe case when t he ammoni a concentrati on
I's neasured at the respective nmeasuring points froma point to d
poi nt of the ammoni a sensor 12 i n the apparatus main body 1 of FIG
1.
[ 0051] (1) In the case of setting the ammoni a sensor at the
i nsi de of an aquacul ture tank (a point)

In the case of installing the ammoni a sensor 12 at a point,
t he anmoni a concentration G g/ L] inside the aquaculture tank 2 is
measured. |In the case when this ammoni a concentrati on exceeds a
value Cstart [g/L] (ammonia concentration at which the ozone
treatment is started) that is considered to be influential to the
gromh and the |ife/death of fishes/shellfishes, by nmaking the
judgnent that the ammonia concentration IS excessive, a
determ nation is nade so as to carry out the ozone treatnent.
[ 0052] At the tinme of nmeasurenents, first, one portion of the
cul tivation water inside the aquaculture tank 2 is shifted to the
treat ment wat er tank 20, and suppose t hat t he ammoni a concentrati on
in the treatment water tank 20 is the same as the ammonia
concentration in the aquacul ture tank 2. Then, supposing that the
treatment water anmount in the treatnment water tank 20 is V[L], an
ozone treatnent tinme t[mn] required for | owering amonia to the
target ammoni a concentration Cstop [g/L] by operating the ozone
treatment by time t[mn] is represented by: t =V x (G — Cstop)/v
(expressionl), theozonetreatnent iscarriedout for thistreatnent
time t. The treated water after the ozone treatnent is returned
intotheaquaculturetank 2, andinthe case when, after thereturning
process, the concentration inside the aquaculture tank 2 has not
reached Cstop [g/ L], the correspondingtreatnent i s repeated. Thus,

it becones possible to maintain the ammoni a concentration inside
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the aquaculture tank 2 in a habitation environnent for

fishes/shel | fishes.
[ 0053] (2) In the case of setting the amoni a sensor at the
inside of a treatnent water tank (b point)

In this case, when an anmoni a sensor 12 having a good tine
responsi veness, such as a continuous ammoni a neasuring device, iIs
used for nmeasuri ng amoni a, one portion of cultivationwater inside
the aquaculture tank 2 may be regularly drawn into the treatnent
wat er tank 20 so that the amoni a concentration can be neasured.
[ 0054] Upon neasurenents, in the case when the ammonia
concentration has not reached the ozone treatnent starting
concentration Cstart [g/L], the corresponding water is returnedto
t he aquacul turetank 2, andt he sequence entersawaitingstateuntil
the ammonia concentration has increased. In this case, by
prelimnarily finding out the ammonia rising rate inside the
aquacul ture tank 2, the waiting tine, that is, a timng at which
the cultivation water is drawn next tine, can be cal cul at ed.

[ 0055] I n the case when t he anmoni a concentration inside the
treatment water tank 20 has reached the ozone treatnent starting
concentration Cstart [g/L], by making the judgnent that the ozone
treatnment i srequired, theozonetreatnent isstarted. At thistine,
whi | e measuri ngthe concentrationbytheammoni asensor 12, the ozone
treatment is carried out until the target amonia concentration
Cstop[g/L] has beenreached. After theozonetreatnent, thetreated
water i s returned to the agquaculture tank 2, and by repeati ng t hese
processes, the ozone treatnent is continuously carried out.

[ 0056] Inthis case, since an ammoni a reducti on anbunt per one
time batch treatnent can be cal cul ated, the nunber of the batch
treatments required for reduci ng the ammoni a concentration inside
the aquaculture tank 2 to the target ammoni a concentration Cstop
[g/L] can be approximately cal cul ated. Additionally, even in the

case when t he ammoni a sensor 12 having a good ti ne responsi veness
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Is used, the treatnent tine is prelimnarily calculated fromthe

amoni a deconposition rate prelimnarily found out about the
apparatus main body 1 to be used, and the calculation result may
al so be used as a judgenent factor based on which the term nation
time of the ozone treatnent is determ ned.
[ 0057] On t he ot her hand, inthe casewhenlongtineisrequired
for neasuring the ammoni a concentrati on, such as bat ch neasurenents
or the like, as well as in the case when the responsi veness of the
amoni a sensor 12 is poor, it becones difficult to apply the
above-nenti oned treatment nethod. In order to solve this problem
inthe sane manner as in the case of installing the anmoni a sensor
12 at the above-nentioned a point, the ozone treatnent tine is
cal cul ated so that the ozone treatnent may be carried out during
the correspondi ng period of tinme. Thus, by repeating the job for
returningthetreatedwater that has beentreatedtothe agquacul ture
tank 2 until the target amoni a concentration Cstop [g/ L] has been
reached, the ammonia concentration can be mintained in a
predet erm ned state.
[ 0058] (3) In the case of setting the amoni a sensor at the
i nsi de of an ozone treatnent water passage (C point)

In the case when the amoni a sensor 12 is installed at the
Cc point, an ozone treatnment can be carried out in the sane manner
as in the case of the installation at the b point. In this case,
cultivation water is once drawn into the aquaculture tank 2, and
allowed to fl owthrough the ozone treat nent water passage w t hout
usi ng ozone, andtheresul ti ngwater can be defi nedto have an amoni a
initial concentration G [g/L] inthe treatnment water tank. Wth
respect to treatnments for confirmng the property of the
responsi veness of the amoni a sensor 12 as well as treatnents in
whi ch t he worker directly carries out the concentration nmeasur enent
the sane treatnents as those carried out as descri bed above may be

execut ed.
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[ 0059] (4) In the case of setting the amoni a sensor at the

inside of a return water passage (d point)

I n the same manner as descri bed above, cultivation water is
oncedrawnintotheaquacul turetank 2, andthe ammoni aconcentration
Co[g/L] of thecultivationwater i s measured, whilethe cultivation
water is being circulated in a manner so as to be returned t hrough
t he wat er passage, and the judgenent may be nade as to whet her or
not the ozone treatnent is required based upon the results of the
measur enents. In this case, in the same manner as in the
af orenenti oned case, a process for cal cul ati ng the ozone treat nent
time is carried out.

[ 0060] In any of these cases in which the ammonia sensor 12
Is installed at any one of these neasuring points so as to carry
out the ozonetreatnent, after the conpl eti onof the ozone treat nment
the ammoni a concentration inside the treatnment water tank 20 is
nmeasured so that the actual ammonia treatnment rate i s cal cul at ed,
and a controlling process for using this value individually, or a
controllingprocess for accunulatingresults of aplurality of tines
inadata storage section 14 so as to be averaged, or a controlling
process for storing variations day by day, and variations are
predictedfromdatainthecorrespondingtinezoneuptotheprevious
day and conpared, is carried out so as to be effectively used as
t he anmoni a deconpositionrate v [g/mn] for usein calculatingthe
treatnment tine of the next tine and thereafter.

[ 0061] In the case when t he above-nenti oned ozone treat nment
is carried out, as anmonia i s excessively deconposed to cause the
generation of brom c aci d, the oxi dati on-reduction potential of the
treated water is abruptly increased. For this reason, inorder to
prevent probl ens, such as excessive charging of ozone to lead to
the generation of bromc acid, or the like, by neasuring the
oxi dation-reduction potential of the treated water by the ORP

nmeasuri ng devi ce 22 and by t aki ng such astep astostopthe apparatus
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mai n body 1 or thelikeinaccordancew ththeresults of measurenent,

t he generation of brom c acid can be positively prevented. Inthis
case, it is desirableto neasure the oxidation-reduction potenti al
I mredi ately after the ozone treatnent, and by measuring at this
measuri ng poi nt, the abrupt reduction of ammoni a can be confirned
and vari ationsinthe oxidation-reduction potential can be detected
with the highest sensitivity. The expression “inmmediately after
the ozone treatnent” refers to a state after the ozone treatnent
until the fl ow passage for the ozone-treated cultivati on water has
been j oi ned to anot her fl ow passage, or to a state before anot her
conmponent has been added to the ozone-treated cultivation water,
whi ch corresponds to, for exanple, the aforenentioned c point.
Addi tionally, since the remarkabl e phenonenon of ammoni a can be
det ect ed not necessarily imredi ately after the ozone treatnent, the
ORP neasuri ng devi ce 22 may be install ed, for exanple, at a portion
ot her than the aforenentioned c point.

[ 0062] Mor eover, inthe sane manner as i nthe case of neasuring
the oxidation-reduction potential imediately after the ozone
treatnment, by nmeasuring the ammonia anount in water inmediately
after the ozone treatnent inreal tinme, the ozone i njecti on anount
can be actively control |l ed based upon the results of neasurenents
sothat it becones possibletonorepositivelyprevent thegeneration
of brom c acid.

[ 0063] In the circulation type aquaculture nmethod of the
present invention, by carrying out the above-nentioned treat nent,
har nf ul amoni a cont ai ned in cultivation wat er for
fishes/shell fi shes can be deconposed and renoved by using ozone
wi t hout causi ng the generation of oxidants and brom c acid so t hat
it becones possibletorealize awater quality environment suitable
for existence of fishes/shellfishes upon rearing them Moreover,
the method i s applicable not only to the amoni a deconposi ti on by

ozone, but al so to the deconposition by hypochl oric aci d generat ed



10

15

20

25

30

-25.
by el ectrolysis of seawater, or the I|ike.

[ 0064] In this case, although the concentration of anmoni a
generated in water is constantly varied due to a rearing process
of fishes/shellfishes, by carrying out the deconposing treatnent
so as not to mmke the concentration zero, but to make the
concentration close to a constant val ue, ammoni a can be deconposed
and renoved, whil e avoi ding the generation of brom c acid. Thus,
it becones possible to avoid the generation of bromc acid in the

case of an excessive injection anount of ozone and t he accunul ati on

of ammonia in the case of an excessively small injection anpunt
t her eof .
[ 0065] Furthernore, since the possibility of generation of

brom c acid m ght be raised dueto differences inthe structure and
shape of the aquacul ture apparatus as well as differences in the
treatnent water quality due to the pipes, pH tenperature and
di ssol ved substances, by prelimnarily confirmng the ammonia
deconposition rate and the resi dual ammoni a concentration or the
i ke that causes no generation of bromc acid, under various
conditions, it becones possible to reduce ammonia to a constant
concentration, whilepositivelypreventingthegenerationof bromc
aci d.

[ 0066] At the time of neasuring ammonia, the tine
responsi veness can be i nproved by usi ng an ammoni a sensor 12 such
as a continuous ammoni a neasuring device or the like, and on the
ot her hand, in the case when long tine is required for measuring
t he ammoni a concentration, such as batch nmeasurenents or the |like,
as wel | as inthe case when t he responsi veness of t he ammoni a sensor
12 i s poor, by cal cul atingthe ozone treatnent ti me fromthe ammoni a
deconposition rate and the ammonia concentration after the
treatnment prelimnarily obtained for each of the apparatus main
bodi es 1 and by controlling the ozoni zer 13 based upon the results

of cal cul ations, it becones possible to prevent an excessi ve ozone
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treatment and consequently to positively suppress the generation

of brom c acid.

Moreover, by accumul ating data of the cal cul ated anmoni a
deconposition rate in the data storage section 14 and by anal yzi ng
the data, nore accurate cal cul ati on processes can be achi eved by
reflecting theresulting data to the deconpositionrate to be used
inthe next tine and thereafter, even when the water quality of the
treated water is nore or |less instable.

Fur t her nor e, by measuri ng vari ations in t he

oxi dation-reduction potential immediately after the ozone
treatment i n conbi nati onw ththe ORP neasuri ng devi ce 22, even when
brom c acid is erroneously generated due to a failure or the like
of the apparatus nmai n body 1 to cause wat er contai ning brom c aci d,
an effective brom c aci d preventive count ermeasur e can be taken by
positively stopping its water sendi ng process.
[ 0067] The followng description wll discuss a second
enbodi ment of thecircul ationtype aquacul t ure nmet hod of t he present
invention. Additionally, in the follow ng description, the sane
conponents as t hose of the af orenenti oned enbodi nent are i ndi cat ed
by the sane reference nunerals, and the description thereof wll
be omtted.

FI G 2 shows anot her exanpl e of the apparatus mai n body, and
in this apparatus mai n body 30, an ozone treatnent is carried out
by usi ng a one- pass treat nent (singl e-pass process). The structure
of t he appar atus mai n body 30 i nthecase of carryi ng out the one-pass
treatnment is simlar to that of the batch type; however, in this
case, no treatnent water tank as shown in FIG 1 is required, and
the cultivation water that has been ozone-treated is directly
returned fromthe aquacul ture tank 2 again to t he aquacul ture tank
2.

I nthe case when t he anmoni a concentration i s neasured by t he

apparatus nmai n body 30 of FIG 2, either one of two points or both
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of the two points, that is, e point: inside the aquaculture tank

2, and f point: inside the ozone treatnent water passage 24, form
nmeasuring points. FIG 2 shows a state in which the anmpni a sensor
12 is installed at the e point, with the CRP neasuring device 22
being installed at the f point.
[0068] (1) Inthe caseof installingthe anmoni a sensor at the i nside
of the aquaculture tank (e point)

In this case, in the case where the ammoni a sensor 12 havi ng
a good ti ne responsi veness, such as a conti nuous ammoni a neasuri ng
devi ce, is used for neasurenents, when a prelimnarily set Cstart
[g/L] has been exceeded, an ozone treatnent is carried out while
measuri ng t he ammoni a concentrati on G[ g/ L] of the aquacul ture tank
2, and when the ammonia concentration has reached a target
concentration Cstop [g/m n], the ozone treatnent i s stopped; thus,
by neasuring the ammonia concentration after a predeterm ned
wai ting periodof tine, or regularly, the ozonetreatnent iscarried
out .
[ 0069] On the other hand, in the case where long tine is
required for measuring the amonia concentration, such as batch
measurenents or the like, as well as in the case where the
responsi veness of the ammonia sensor 12 is poor, the ammonia
concentration at the e point inside the aquaculture tank 2 is
nmeasur ed, and when t he neasured val ue has exceeded a prelimnarily
set Cstart [g/L], theozonetreatnent tinmet[mn] iscalculatedfrom
t he ammoni a deconposition rate v[g/L], and the ozone treatnent is
carried out based upon the cal cul ated tine.
[ 0070] (2) Inthe case of installingthe ammobni a sensor at the
i nside of the ozone treatnent water passage (f point)

In the same manner as in the above-nentioned case, while
rearing water is circulated through the ozone treatnent water
passage 24 wi thout generating ozone, the ammonia concentration

Gl g/L] of the aquaculture tank 2 is neasured so that the ozone
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treatnment is carried out until the val ue of the ammoni a sensor 12

has reached a target concentration Cstop [g/mn]. The ozone
treatnment tinet[mn] at thistimeis cal cul ated, and t he treat nent
is carried out based upon the calculated tine.

EXAMPLES

[ 0071] Next, by usingacircul ati ontype aquacul ture appar at us
(appar at us mai n body 40) shomminFIG 3, fisheswereactuallyreared,
and the control ling process of amoni a anount di scharged fromt he
fishes was exam ned.

In the exam nation, an aquaculture tank 2 (inner volune:
2000L), a treatnent water tank 20 (i nner volume: 500L), an ozone
reaction tank 21, an ozone gener at or and an oxygen suppl yi ng devi ce
(ozonizer) 13, an ultraviolet-ray irradiation U/ lanp 41, an
activated carbon tower 42 and a neutralizationwater tank 43 (i nner
vol une: 500L) were usedinconbinationsoastocarry out treatnents.
As pur poses obt ai ned by usi ng these devices, the activated carbon
tower 42 was used for renoving oxidative substances generated by
the ozone treatnent, and the oxidation-reduction potential of
treated water after passing through the activated carbon tower 42
was greatly reducedinconpari sonw ththat beforethe passage, with
theresult that adifference fromthe oxidation-reduction potenti al
of the rearing water becane snaller. The neutralization water tank
43 was used for dropping chem cals, such as NaOH and HO as wel |
as ascorbicacidor thelikeintowater tobetreated, and for m xi ng
one portionof therearingwater of theaquaculturetank 2therew th,
so as to adjust the pH and oxi dati on-reducti on potential changed
by the ozone treatnment to be nmade closer to the water quality of
t he aquacul ture tank 2, prior toreturningthe treated water tothe
aquacul ture tank 2. By these treatnents, influences of thetreated
water given to fishes/shellfishes in the aquaculture tank 2 are
m ni m zed.

[ 0072] Upon perform ng treatnment on the cultivation water by
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t he apparatus mai n body 40, first, amoni umchl ori de was added to

artificial seawater, and the amoni a deconposition rate and the
amoni a deconposition concentration slightly before the start of
the generation of bromc acid of the apparatus main body 40 were
found. At this tine, the pHof the artificial seawater was 8. 2,
t he anmoni a deconposition rate v obtai ned by tests in several tines
was about 17.7[ng/L] and the amoni a deconposition concentration
was about 1[ng/L]. Therefore, by multiplying this value by 1.5 as
a margin rate, the target ammoni a concentration Cstop was set to
1.5[mg/ L], and by using this value, the apparatus was operated to
carry out a rearing test. The margin rate nay be set to a val ue
as saf e as possi bl e, whi ch causes no generati on of brom c acid, and
for exanple, may be set to 1 to 2 tinmes the ammonia residua

concentration that has been prelimnarily found.

[ 0073] Next, artificial seawater of 1800L was | oaded into t he
aquacul ture tank 2, and into the aquaculture tank 2, 20 fl atfi shes
(350 g x 20 =7 kg in total) were put as aquatic organi smfor use
as common t est sanpl es, and rai sed for arearing period of tw weeks
(14 days). During the rearing period, air was diffused inside the
aquacul ture tank 2 by using an air punp, and the water tenperature
was controlled by using an air conditioner to a constant state of
20°C. Upon feeding the flatfishes, solid feed (EP) was used, and
the solidfeedwas gi ven at an anount of 0. 5%of thetotal fishwei ght
per day.

[ 0074] The ozone treatnment tine was set to the daytine from
9:00 to 17:00, wunder conditions of 6 batches/day, 10 to 20
m nut es/ bat ch and wat er anount of 300L per batch. No feed was gi ven
during night tinme from17:00 to 9:00, with only the air diffusing
process being carried out. The flatfishes were raised while
oper ati ng t he aquacul t ur e appar at us under t hese condi ti ons, andthe
survival rate and growh of the flatfishes as well as the change

i n ammoni a anount two weeks |ater were found.
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[ 0075] Tabl e 1 shows neasur ed val ues for t he respecti ve nunbers

of batches after the batchtreatnment. Inthe Table, the respective
results of neasurenents are shown as follows: A ammonia
concentration [ng/L] before the treatnent in the treatnent tank,

B: ozone treatnent tinme [sec] found based upon the target anmonia
concentration 1.5 [ng/L] and the prelimnarily found ammonia
treatnent rate, C. ammoni a concentration[ng/L] after the treat nment

inthe treatnent tank, and D. amoni a deconposition rate [ ng/ m n]

calculated from the change in the ammoni a concentration of the
correspondi ng batch.

[ 0076] In this case, the ozone treatnent tine [sec] of Bis
a val ue cal cul ated fromthe af orenenti oned expressi on (expression
1: ozone treatnent tinet [mn] =V x (G — Cstop)/v), whichis an
i nput value to the control device 10. The ammopni a deconposition
rate [nmg/mn] of D is a function depending on A ammoni a
concentration [ng/L] before the treatnent in the treatnent tank.

In this case, the function is represented by a constant or a
pol ynom al , and t he anmoni a reducti on anount per unit ti me obt ai ned
by the prelimnary neasurenents, as it is, may be applied to this,

or a function dependi ng not only on apparatus functions, such as
the structure of the apparatus main body 1 and ozone treatnent

condi tions, but also on rearing conditions, such as the feeding
anmount of therearingfishes/shellfishes, total weight of thefishes
t he appropri at e f eedi ng anount and dark/ i ght peri ods of tine, etc.,

may be used. Anong these, sone of the values may be quoted from
docunments or the like. In this Table, the amobni a deconposition
rate of the first batch of D was obtained by using the |atest

avai | abl e dat a (previ ous day), andinthesecondbatchandthereafter,
t he actual deconposition rate obtai ned fromthe previ ous batch was
cal cul at ed, and used for the cal cul ati on of the ozone treatnent ti ne

of the next tine.
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[ 0077] [ Tabl e 1]
A (Actual B (Cal cul at ed C (Actual D (Actual
measur ed val ue = I nput measur ed measur ed
val ue) val ue) val ue) val ue)
. AnTroni a
Nurber mgln?r ation concentrati _
of batches [my/ L] before | Czone treat nent on [nmg/L] Ammonia
. . after deconposition
treatment in time [sec] . .
t r eanment treatnment in|rate [ ng/ mn]
t r eat ment
wat er tank
wat er tank
1 2.66 1162 1.54 17. 66
2 2.55 1066 1.58 17.73
3 2.43 947 1.58 17. 80
4 2.34 847 1.57 17. 86
S 2.26 763 1.57 17. 91
6 2.22 127 1.61 17.93
[ 0078] As the results of Table 1, inthe case when cultivation

wat er havi ng an anmoni a concentration of 2.22 to 2.66 [ng/L] was
drawn into the treat nent water tank 20, the ampni a concentrati on

after the ozone treatnent was lowered to 1.54 to 1.61 [ng/L].

Mor eover,
fall

by carrying out the treatnment in a manner so as not to
bel ow t he ammoni a concentration of 1.5 [ng/L] correspondi ng
to the target value, it was possible to positively suppress the
generation of brom c acid.

[ 0079] FI G

aquacul ture tank on stages of 9:00 and 17: 00 on t he neasuri ng day.

4 shows the anmonia concentrations of the
I n each of the days, it was confirmed that since no ozone treat nent

was carried out at night tinme (17:00 to 9:00), amopnia was
accunul ated with the result that the neasured val ue on t he next day
at 9: 00 was rai sed, whil e since the ozone treatnment was carried out
inthe daytime (9:00 to 17: 00) on the day, the anmoni a was reduced
so that the neasured val ue was | owered on t he stage of 17: 00 on t he
correspondi ng day.

[ 0080]

2.5[nmg/L] so that by the ozone treatnent over the tw weeks,

Two weeks later, the amonia concentration becane

t he
amoni a anount was control |l ed substantially at a constant anpount
of about 2 to 2.5[ny/L].

In this enbodi nent, the treatnment was
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carried out, with the target amoni a concentrationinthe treatnent

wat er tank 20 being set to 1. 5[ ng/L], and t he ammoni a concentrati on
close to the target val ue was obtai ned for each of the batches.

However, since only six batches per day were carri edout, the anmoni a
concentration in the agquacul ture tank 2 becane a val ue hi gher than
the target val ue for each batch. By i ncreasingthe nunber of bat ches,
t he ammoni a concentrati on of the aquacul ture tank 2 can al so be nade
closer to the target ammoni a concentration for each batch.

[ 0081] Even after a | apse of two weeks, with respect to the
flatfishes that were aquatic organi sns that had been reared, all

the20flatfishesweresurvived(survival rate: 100% . Tabl e 2 shows
the growt h property and feedi ng effici ency of the aquati c organi sns.

In the Table, “nunber” represents the nunber of individuals that

wer e neasur ed, and “efficiency” represents the grow ng efficiency.

[ 0082] [ Tabl e 2]

Section

Overal | Body Wt Effici
Length | ength wei ght ency
Num (nm (nm (mm (9

ber
Maxi M ni Ave Maxi M ni Ave Maxi M ni Ave

mum mum rage mum mum rage mum mum rage

Start time

20

335

297

311

282

242

260

399.8

311.1

358.3

Fi ni sh
tinme

20

343

305

322

292

252

269

440.7

330.3

391. 4

96. 98

[ 0083]

As the resul ts of Tabl e 2, because of not only the fact

that by the cultivation of

two weeks,

the overall

| engt h was

i ncreased by 3.5% the body I ength was i ncreased by 3.5%and t he
wet wei ght was i ncreased by 9. 2% but al sothe fact that the feeding
efficiency was 96.98% it was found that the flatfishes
substantially ate feed wi thout |eftovers.

Based upon these, it has been clarified that by carrying out
acultivation process by usi ngthe aquacul ture nmet hod of t he present
i nvention, fishes/shellfishes can be reared and grown without

causi ng any probl ens; thus, effectiveness of the aquacul ture net hod
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and aquacul ture apparatus has been denonstr at ed.
Expl anati on of Reference Nuneral s

[ 0084] 1, 30 apparatus nmain body

2 aquacul ture tank

3 treatnent section

10 control device (control neans)

11 deconposition treatnent neans

22 ORP neasuring device
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VWhat is clainmed is:

1. A circul ation type aquacul ture method, which is a nethod for
treating cultivation water in a circul ation type aquacul ture tank
i n whi ch aguati c organi sns ar e kept by an aquacul t ure appar at us nmai n
body, conpri sing:

a first step of finding an ammoni a deconposition rate upon
prelimnarily treating the cultivation water by using ozone or
hypochl oric acid, whil esettingatarget renmai ni ng anount of ammoni a
after the deconposing treatnent;

a second step of findingthe anount of anmmoniaincultivation
water to be treated so as to calculate a treating period of tine
required for reduci ng fromthe correspondi ng anmoni a anount to the
target remai ni ng anmount of ammoni a of the first step based upon t he
amoni a deconposition rate of the first step;

athirdstepof treating the cultivation water by using ozone
or hypochloric acid during the treating period of time cal cul ated
in the second step so as to deconpose anmmonia in the cultivation
wat er; and

afourthstepof returningthe cultivationwater that has been
subj ected to the deconposing treatnment in the third step to the
aquacul ture tank.

2. The circul ation type aquacul ture nmethod according to claim
1, wherein the anmoni a deconpositionrateis foundrelativetothe
appar at us mai n body havi ng a predeterm ned structure, and by using
t he anmoni a deconposition rate, ammonia i s treated and deconposed
by the apparatus main body in the second step and the steps
thereafter.

3. The circul ation type aquacul ture nmethod according to claim
1 or 2, wherein at the tine of deconposition treatnent including
steps fromthe second step to the fourth step of the second tine
and thereafter, a val ue obtai ned by feedi ng back the results of the

previous treatnment is used as the ammoni a deconposition rate.
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4, The circul ati on type aquacul ture net hod accordi ng to any one

of clainms 1to 3, wherein an ORP val ue of the cultivationwater after
t he deconposition treatnent fromthe second steptothe third step
I s nmeasured, and when the neasured val ue has reached a set val ue
prelimnarily determ ned, the deconposition treatnent is stopped.
5. A circul ation type aquacul ture apparatus conpri sing:

a circulation type aquaculture tank for rearing aquatic
or gani sns; and

atreating sectionwhichtreats cultivation water drawn from
t he aquacul ture tank by usi ng ozone or hydrochl oric acid, and t hen
returns the treated cultivation water to the aquacul ture tank,

wherein the treating section conprises a control neans that
sets a deconposition rate of anmoni a and a target renai ni ng anount
of ammonia after the deconposing treatnment, and calculates a
treating period of tinme required for reduci ng the anmoni a anount
inthecultivationwater tobetreatedtothetarget renmai ni ng anount
of ammoni a, and a deconposition treatnent neans for treating the
cul tivation water by using ozone or hypochloric acid so as to
deconpose amonia in the cultivation water.
6. The circul ati ontype aquacul t ure appar at us accordingtoclaim
5, further conprising:

an ORP neasuri ng devi ce for neasuringan ORPof thecultivation

wat er treated by the deconposition treatnment neans.



