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SPECIFICATION 
FISH REARING SYSTEM 

TECHNICAL FIELD 
This invention relates to a fish rearing system having a 

water circulation system tor circulating the rearing water 
in a fish rearing water tank, and, particularly to a fish 
rearing system capable of performing water quality control 
at a low cost by a rational combination o! devices. 
BACKGROUND ART 

Conventionally known fish rearing system is generally 
comprising a water circulation system for discharging the 
rearing water from a discharge port :Provided at the bottom 
of a rearing water tank and re-supplying the discharged 
water to the rearing water tank. 

Since the fish rearing system of this type is designed 
to rear tish in the rearing water tank, a special 
consideration is given to contamination of the water caused 
by the metabolism of fish. Thus, the heretofore proposed art 
has concentrated on how efficiently the water contamination 
can be removed within a limited space of the rearing water 
tank, the water circulation system and the like. 

In order to improve the eff icie~y of the fish rearing 
syst~ by removing the water contamination and regulating 
the rearing environment, the fish rearing system generally 
includes a filter device for capturing residual feed and 
fish feces contained in the water, ·an aeration device for 
supplying oxygen to the rearing water, an ammonium treating 
device for treating ammonium generat~d during rearing, or an 
ozone supplying section. =·· 

In performing water quality cont~ol of the fish rearing 
system; it is particularly im.portant~to control contents of 
salt, mineral, residual feed and-fisll, feces, protein and 

.. · 
ammonium, and to treat nitrogen dioxide, nitrogen dioxide, 
carbon oxide and oxygen which are. generated during 
decomposition process of the above-mentioned substances. For 
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example, it is known that ammoniac nitrogen is harmful to 
fish. It is observed that when the ammoniac nitrogen content 
in the rearing water exceeds 3pprn, certain kinds of fish 
lose their eating activity sharply. Although it is known 
that a content of nitrogen nitrate generated during 
nitrifyingly decomposition of ammoniac nitrogen is not so 
harmful to fish, an acceptable tolerance for fish rearing is 
limited to the range of from SOppm to SOOppm, though the 
tolerance depends on different kinds of fish. 

Fish feces, an organic substance:; .. such as protein, and 
ammonium produced by a biological metabolism of fish and 
residual feed are particularly giving a great effect to 
increase water contamination, and these ill-effect elements 
are removed by various treatment device, or purified by the 
metabolism function of microorganisms which are present in 
the water circulation path. For an index of water 
contamination, the term of "biochemic:::al oxygen demand 
(hereinafter referred to as "BOD")" is generally used. The 

BOD represents an amount of oxygen (mg/l) dissolved and 
-contained in the water which is consU:med by proliferation 
activity or breathing function of bacteria which are-present 
in the water. 

For example, a nitrogen compound (ammoniac nitrogen, 
nitrite-nitrogen, nitrate-nitrogen), which is generated by 
the metabolism of fish and which is one of elements to be 
limited in biological production, is-purified by utilizing 
the metabolism function of, so-called denitrification 
bacteria and nitrification bacteria,·, such as; aerobic 
microorganisms or anaerobic microorq~ism.s present in the 
water circulation path. Ammoniac nit~oqen (Nlft-N) is 
biologically oxidized ~Y nitrification of aerobic 
microorganisms and turned into nitrite-nitrogen or nitrate­
nitrogen CN02-N, or N03-N), and biologically reduced further 
to nitrogen-oxide ga~ (NOa) or nitrogen gas (N2 ) by anaerobic 
bacteria. During this process, ·anaerobic bacteria require 
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the presence of an organic carbon source serving as a 

hydrogen supply body for acquiring the energy required for 

bioloqical reduction. 
In the case where the metabolic function of bacteria is 

utilized, it is necessary that a phy~iological activities 

should be taken into consideration so that the metabolism of 

microorganisms can be effected under the suitable condition. 

For example, in nitrification of altllttoniac nitrogen (NH4-

N), a nitrification rate reaches to about. 100% when a BOD 

load is low, but the nitrification rate is rapidly lowered 

when the BOD load approaches a certain value. Further, it is 

known that, in denitrification of nitrite-nitrogen or 

nitrate-nitrogen {N02-N or N03 -N}, the higher the BOD load, 

the faster the denitrification speed;' In other words, a 

value of BOD load suitable for nitritication action and a 

value of BOD for denitrifica_tion are!·~the conditions contrary 

to each other. 
Further, in this type of fish rearing system, if, for 

example, removal of water contaminants and regulation of the 

rearing enviromnent can be effected simultaneously by a 

single treatment section, such a system is desirable·for 

saving energy of the rearing system.: Also, it is necessary 

for each treatment device to make a correction or 
complementary treatment of the treat~ent made by the other 

treatment section. =r 

In view of the above-described-situation, it is an 
'-

object of the present invention to provide the fish rearing 

system capable of performing water quality control at a low 

cost by a rational combination of device-s. 

DISCLOSURE OF THE -INVENTION 

This invention relates to a fish.: rearing system having a 

water circulation· system for disChar,ing the rearing water 

from a discharge port provided-at the bottom of a rearing 
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water tank and re-supplying the discharged rearing water to 

the rearing water tank, characterized in that the water 

circulation system comprising: a trapping device for 

capturing residual feed and fish feces contained in the 

rearing water, a residual feed detecting sensor for 

detecting the residual feed contained in the rearing water, 

a denitrification device for denitrifies a nitrogen compound 

contained in the rearing water, a bubble surfacing device 

for generating bubbles by supplying air and/or ozone and 

removing surface active substances by capturing the 

generated bubbles, an ultraviolet di~infection device for 

disinfecting the circulating rearing.:: water, an ammonium 

treating section for decomposing ~nium contained in the 

rearing water, and an aeration section for dissolving oxygen 

into the rearing water, and wherein the denitrification 

device is disposed.at the upstream of the bubble surfacing 

device and in a circulation path branched out from a main 

circulation path. 
Before effectinq any/all water quality controls, it is 

required to provide the trapping dev~ce for capturing 

residual feed and fish feces contained in the water.· 
~ . 

Detection of :residual feed contained.'; in the water allows to 

make an adjustment of amount of feeck to increase or decrease 

thereof. The denitrification device ::1s required to decompose 

nitrite-nitrogen, which is the final product of ammonium., 

into nitrogen gas. The supply of air is not only desirable 

for regulation of the rearing environment, but ~he supply of 

air and/or ozone is effective in that it generates bubbles, 

and organic substances such as ratty-acid and protein 

adhered to bubbles can be removed by: capturinq bubbles. The 

ultraviolet disinfecti<?.n device disi_-9-f ects germs contained 

in the water which cause illness to ,fish. This device also 

decomposes ozone contained in the r~~ring water by 

irrad_iation of ultraviolet rays.· · FU~ther, the ammonium 

treatment device is required for performing a purification 
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treatment of ammonium generated by physiological activities 
of fish and which is one of elements·' to cause water 
contamination. The aeration device i"s for dissolving oxygen 
in the water which is vital to keep the fish alive. 

By disposing the deni trification ··device at the upstream 
of the bubble surfacing device as described above, an 
or9anic carbon source, which is necessary for 
denitrification by anaerobic bacteria, can be provided by 
organic substances contained in the circulating water. 
Therefore, this can save time and labor of adding additives 
to supply the organic substances recjµired for 
denitrification, or even if such adding of the additives is 
required, it is sufficient to add a ~mall amount of 
additives. This allows to effect the denitrification 
treatment efficiently and less costly~ which, in turn, 
allows to perform the quality control of the water 
efficiently. Further, by disposing the denitrification 
device in the branched water circulation passage, reducing 
the amount of water flowing through the branched water 
circulating passage, and prolonging the time for the water 
residing in the denitrification dev~~e, the denitrification 
can be achieved to a satisfactory leyel. That is, this 
causes the· lack of the absolute amount of dissolved oxygen 
in the denitrification device so that the inside thereof 
easily becomes the anaerobic state,_ '·,in which the anaerobic 
bacteria become active to effect denitrification more 
efficiently. 

Further, with the present invention, the above-described 
ammonium treatment device i~ disposed at the downstream of 
the b~ble surfacing device, and com.prising two treatment 
device· of a immersion treatment device and a non-immersion 
treatment section. 

By disposing the ammonium treatment section at the 
downstream of _the bubble surfacing d~vice, the rearing water 
from which protein and the like have.·'. :been removed is 
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communicated with the ammonium treatinent section. Thus, the 
load in the ammonium treatment device is reduced, and 
decomposition of ammonium is promoted. Further, the ammonium 
treatment section comprises two treatment sections, one of 
which is the non-immersion treatment device where a contact 
area with the air is larger, thereby to facilitate the use 
of oxygen contained in the air. This allows to reduce an 
amount of use of an expensive oxygen, and, at the same time, 
a high content of ammonium. in the rearing water flowing from 
the upstream can be decomposed to a ·certain degree first in 
the non-immersion treatment device, ~hen decomposed to a 
further low content in the i:mmersionir~treatment device. Thus, 
it is possible to improve the efficiency of ammonium 
decomposition than that of a one-stage ammonium treatment. 

Moreover, with the present invention, the trapping 
device is comprising a particle trap provided at the bottom 
of the rearing water tank and in which the sediment 
containing residual feed and fish feces is accumulated; a 
sediment trap for separatinq the sed~ment, which has flown 
in throuqh the circulating passage b~anched from the 
particle trap,. f·ro:m the water; and ~~:filter section for 
catching minute residual feed and ot~er residual feed which 
have escaped the particle trap and the sediment trap.and are 
still contained in the water. In addition, the residual feed 
detecting sensor is an ultrasonic sensor which is disposed 
at the upstream of the sediment trap and interposed in the 
water circulating passage branched from the particle trap 
and communicating with the sediment trap. 

As described above, with the pre,~ent invention, the 
sediment incl"Qding residual feed and,·:fish feces can be 
cau9ht·by the ,particle trap, the se~iment trap and the 
filter device,: and the .:·solid substan~es can be removed from 
the rearing water, thereby the rearing water in a clean 
condition can be circulated. FUrther, a specific ultrasonic 
sensor is used. for the residual feed sensor, so that the 



7 

residual feed can be easily detected from the sediment which 

is a muddy mi>tture of residual feed and fish feces. A 

detection result of the residual feed is provided to an 

external computer, so that the feeding rate can be easily 

controlled. By disposing the residual feed detection sensor 

in the circulating passage branched from the particle trap, 

a quantity of the flow of the water flowing through this 

branched circulating passage is reduced, and a flow velocity 

may be delayed by providing a water retention section and 

the like in the circulating passage_.". Then, the residual feed 

contained in the water, which flows slowly and in a small 

quantity of flow, can be determined easily, thereby to 

improve the detection accuracy of the residual feed 

detection sensor. 
Moreover, with the fish rearing system of the present 

invention, the denitrification device and the immersion 

treatment device each includes a fluidized bed filter, the 

non-immersion treatment device inclupes a rotary bio­

contactor tank, and the aeration device includes a pressure 

dissolving device or a hollow fiber·tti.embrane :module. 

The fluidized bed filter used in·· the denitrification 

device and the inanersion treatment device contains therein 

bacteria, and the ammonium contained in the rearing water is 

decomposed by the bacteria. Further, by providing the rotary 

bio-contactor tank to the non-immersion treatment device, 

the area for contacting with the air is made larger so as to 

use the oxygen contained in the air effectively for 

conducting the treatment. Also, by providing the pressure 

dissolving device or the hollow fiber. membrane module in the 

aeration device, the oxy9en is suppl~:i..ed through fine pores 

of the: hollow fiber membrane, specifically, the oxygen is 

jet out from the fine pores, so that the oxygen can be 

efficiently dissolved in the water. Thus, it lowers the cost 

than the use of liquid oxygen. 

Moreover, ·in the fish rearing system of the present 
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invention, the ultraviolet disinfection device is disposed 

at the downstream of the bubble surfacing device. 

With such arrangement of disposing the ultraviolet 

disinfection device at the downstream of the bubble 

surfacing device, ge:rms contained in the rearing water which 

cause illness to fish can be subjected to disinfection 

treatment. Further, in the bubble surfacing device,the 

supplied ozone can be decomposed. It is not desirable to 

have the ozone in high concentration dissolved in the water, 

because the aerobic bacteria which make the nitrification in 

the ammonium treatment section are killed, and the presence 

of high concentration of ozone is also harmful to fish. 

However, the ozone can be decomposed by the ultraviolet 

disinfection device, thereby to allow regulation of an 

amount of ozone. 
As described above, the fish rearing system of the 

present invention is specifically structured by taking into 

consideration the opposing BOD load ~onditions in the 

nitrification treatment and denitrification treatment. 

Specifically, the nitrification is performed in the ammonium 

treatment device provided in the main water circulation 

passage at the downstream of the bubble surfacing device, 

and the denitrification is performed in the denitrification 

device interposed in the branched water circulating passage· 

at the upstream. of the bubble surfacing device with respect 

to the above-described main water f~9w passaqe. 

With the present invention, the .. ;trapping device for 

catching residual feed and fish fece.~ and the bubble 

surf acing device are provided at the upstream. of the 

ammonium treatment section. Thus, by utilizing both the 

trapping section and the bubble surfacing device, the solid 

organic substances and.organic substances dissolved in the 

water can be removed to the order of 90%, and nitrification 

in the ammonium treatment device,: which is adapted to remove 

ammoniac ni tro.qen, can be effected more effectively. 
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Specifically, in the ammonium treatment device provided in 

the main water circulation passage, the organic sub~tances 

(residual feed, fish feces, protein ~hich has been 

physiologically excreted by fish, and the like) which are 

the major factor of the BOD load can be removed to the 

utmost extent by a physical treatment prior to nitrification 

treatment, so that the nitrification can be performed 

effectively. Also, in the denitrification de~ice provided in 

the branched water circulating p·assaqe at the upstream of 

the bubble surfacing device, the denitrification treatment 

can be conduced effectively with the water from which the 

organic substances have not been removed, namely, with the 

organic substances present in the water, without adding 

additional organic substances, or ev~n when such adding of 

organic substances is required, a small amount of addition 

of organic substances is sufficient. The inside of 

denitrification device, where the denitrification treatment 

effected by anaerobic bacteria, is required to be kept in 

the anaerobic condition. However, when the full quantity of 

flow, or a flow close to the full quantity of flow, of the 

rearing water circulating with the dissolved residual oxygen 

in a relatively high concentration i~ communicated with the 

denitrification device, the inside of the denitrification 

device becomes the aerobic conditio~:due to the oxygen 

contained in the water and the activ~ty of anaerobic 

bacteria is obstructed. To avoid this, with the fish rearing 

system of the present invention, the denitrification device 

is p~ovided in the water circulation passage branched from 

the main circulation passage so as to lower the quantity of 

flow of rearing water for .flowing through the 

denitrification device. Thus; the a~aerobic condition of the 

inside of the denitrification device.can be maintained due 

to the lack of the absolute oxygen ~unt, which, in turn, 

promotes the ~ctivity of bacteria, ~esulting in purification 

of the rearing water. 
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Since the high purity oxygen is expensive, the 
utilization of oxygen contained in the air effectively at 
each treatment section leads to reduction of the costs. 
Specifically, in the ammonium treatment section where the 
ammoniac nitrogen is treated, not oniy the ammoniac nitrogen 
is treated, but also organic substances which are inevitably 
contained in the rearinq water can be oxidized. To deal with 
this situation, the non-immersion tr~atment device having a 
larger area to contact with the air is disposed at the 
upstream. where the BOD load becomes higher due to organic 
substances unavoidably contained in the rearing water, so as 
to use the oxygen contained in the air to the greatest 
extent to perform nitrification treatment' and removal of 
organic substances. Consequently, the amount of consUinption 
of expensive oxygen is reduced, thereby the costs are 
lowered. In addition, the immersion.,"treatment device is 
disposed at the downstream of the non-immersion treatment 
device, where the contact ratio with~ .. bacteria is increased 
and the concentration of ammoniac nitrogen is lowered. 

As described above, according to the present invention, 
the fish rearing system. capable of performing the qu~lity 
control of the water at a lower cost can be provided by a 
streamlined combination of various installations. 

BRIEF DESCRIPTION OF THE DRAWINGS .:. 
: ... :. 

FIG. 1 illustrates an entire structure of an embodiment 
of the fish rearing system of the pr~sent invention; 

FIG. 2 is a schematic structural .. view of the residual 
feed detection sensor with a partially s·ectional view of the 
pipe in the fish rearing system of the present invention; 

FIG. 3 is a flow-chart of the residual feed detection 
senso:r; and 

FIG. 4 shows the reflection intensities of signals of 
fish feces, residual feed and the inner surface of pipe. 



11 

BEST MODE OF CARRYING OUT THE INVENTION 
The present ~nvention will be described based on an 

embodiment shown in the accompanying drawings. 
FIG. 1 illustrates an entire structure of an embodiment 

of the fish rearing system of the present invention. 
In FIG. l, the fish rearinq system of this embodiment 

includes a particle trap 2 disposed at the bottom of a 
rearing water tank 1, and two pipes 3, 4 are provided 
extending from and communicating with the particle trap 2. 

The particle trap 2 is formed in a reversed-cone shape 
chamber around the pipe 3 serving as an outlet for the main 
flow of the r~aring water, so that sediment particles of 
residual feed and fish feces are set~led in the chamber, and 
the sediment particles are discharge~ through the pipe 4 

disposed to across a moving directio~ of particles. 
Sediment particles captured in the particle trap 2 pass 

through the pipe 4, and after passing through a residual 
feed detection sensor 5, which will be described hereinafter 
and which is interposed in the pipe 4, will finally flow 
into a sediment trap 6. For the sediment trap 6, a cyclone 
separator may be used, for example. The pipe 4 is so_ 
configured that a flow rate or watei;-,passin9 therethrough is 
less than that of the pipe 3. For examp.le, a flow rate of 
about 1% - 5% of the full quantity of flow of the rearing 
water flows through the pipe 4. Abou~ 90% of the sediments 
of residual feed and fish feces cont~ined in the water are 
captured in the particle trap 2, and carried over to the 
sediment trap 6 by way of the pipe 4. In the sediment trap 6 
the sediments are separated from the water according to the 
different specific gravity, and subjected to a separate 
treatment. 

Next, the method o:f controlling supply of feed will be 
described which is made based on a d~tect1on result provided 
by the residual feed detection sensq~ 5, which detects the 
residual feed and fish feces contain~d the rearing water, 

~ '. . 
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will be described. According to the present invention, for 
example, a feed supply device 8 is op_erated intermittently 
(e.q. for a predetermined time at predetetmined intervals) 
to supply the feed to the rearing water tank 1, and an 
amount of residual feed in the rearing water is detected at 
the time of supplying the feed, thereby to control the 
supply of feed based on the detection result. 

FIG. 2 is a schematic structural view of the residual 
feed detection sensor 5. 

As shown in FIG. 2, the residual feed detection sensor 5 
comprises a transmitter 58 !or trans~itting a high frequency 
burst siqnal which has been power ~li!ied to a 
predetermined power; an oscillator 51 disposed at the inner 
circmnferential surface of the pipe 4 for subjecting the 
burst signal to an electric/acoustic conversion and 
transmitting the converted signal to the pipe 4 and 
subjecting the reflecting signals from the residual feed or 
fish feces to a.h acoustic/electric conversion; a receiver 59 
for receiving the converted electric signal, amplifying it 
to a desired level and outputting th~ amplified signal to a 
signal processing circuit section 52:' where the electric 
signal amplified by the receiver 59 _;s processed; and 
wherein the signal is further processed based on the signal 
processed in the signal processing circuit 52 which is 
connected with, for example, a control circuit section 55 
which outputs a control signal to an externally provided 
computer system. The signal processing circuit section 52 
comprises a residual feed detection circuit 53 for 
processing the signal reflected by a-residual feed 26 and a 
fish feces detection circuit 54 for processing the signal 
reflected by fish feces 27. The con_t'rol circuit section 55 
comprises a residual feed detection ··pulse circuit 56 and a 

.. :: ~ . 

fish feces detection pulse circuit 57, both of which output 
a control siqnal based on the el-~ctric signal outputted from 
each circuit forming the signal processing circuit 52. The 
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electric signal processed in the control circuit SS is 
outputted to a computer system {not shown) operated 
externally of to the circulation section, the supply of feed 
is controlled by the computer system based on the 
aforementioned signal, and a proper amount of feed is 
supplied from the feed supply section 8. 

FIG. 3 is a flow-chart of the detection method of the 
residual feed detection sensor 5. 

The burst signal transmitted from the transmitter 58 is 
converted into an acoustic {ultrasonic) signal by the 
oscillator 51, and the converted sigr,ial is, then, 
transmitted to the pipe 4. The acoustic signal transmitted 
to the pipe 4 is reflected by the residual feed 26 and the 
fish feces 27 contained in the rearing water passing through 
the pipe 4 and also reflected by the inner surf ace of the 
pipe 4. The signals thus reflected are received again by the 
oscillator 51, and converted into an electric siqnal E (51) . 
The converted electric signal E is received by the receiver 
59. The reflected signals are repre!;>ented as pulses. The 
reflection intensity of the signal r~flected by each matter 
differs by different matters which r~flect the signal, and 
the intensity becomes higher in the order of the fish feces 
27, the residual feed 26 and the inner surface of the pipe 4 
(see FIG. 4). 

In the receiver 59, an amplification factor is so set 
that the difference between the reflection intensity of the 
residual feed and that of the fish feces becomes maximum. 
The electric signal E outputted from..-the receiver 59 (Sl) is 
compared with a reference .value El wpich is the detection 
level of the zesidual feed detected :p,y the residual feed 
detection circuit 53 CS2), and if t~~ electric signal Eis 
greater than the reference value El (E >El), the residual 
feed detection pulses are outputted to the control circuit 
55 (53) • The residual feed detec~ion pulses are counted in 
the residual detection pulse processing circuit 56 (54), and 



14 

a counted result N is compared with a reference value No 

corresponding to the level of the proper amount of residual 
feed (SS). When the counted result N is higher than the 
reference value No, a stop signal is outputted to the 
coltl,puter system (not shown) (S6) . 

on the other hand, the electric signal E outputted from 
the receiver 59 (Sl) is compared with a reference value E2 
which is the detection level of the fish feces detected by 
the fish feces detection circuit 54,.· and when the electric 
signal E is greater than the referen~e value E2 and smaller 
than the reference value El (El > E > E2) the fish feces 
detection pulses are outputted to the control circuit 55 
(SS),_ and, again, the above step (51} will be performed 
continuously. 

As described above, the residual feed detection sensor 
utilizes the difference in reflection intensity of the 
acoustic (ultrasonic) signals from ~he residual feed and the 
fish feces to distinguish the residu~l feed from the fish 
feces, so that the amount of residual feed can be detected 
accurately. As described above, in .:;1;,:he pipe 4, the rearing 
water of small quantity of flow containing the sedim~nts 
flows through the residual feed detection sensor s, and by 
providing a flow delayinq section in the residual feed 
detection sensor S to delay the flow rate, th~ residual feed 
contained in the water which flows slowly and in the small 
flow rate can be determined, thereby __ to improve the 
detection accuracy of the residual· detection sensor 5. Then, 
based on the information detected by''.> the residual feed 
detection sensor 5, the supply of fe~d to the rearing water 
tank 1 from the feed supply device e~-;iS stopped by the 
computer operated outside the circulation section. 

Moreover, the rearing-water in the sediment trap 6 flows 
again through the pipe 4 to a micro-screen filter 7 • The 
rearing water in the particle t~ap 2 also flows through the 
pipe 3 to the micro-screen filter 7.- Here, in the 
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microscreen filter, the remaining fine sediments of about 

10% which escaped the particle rap 2 and the sediment trap 6 

are captured. For this purpose, a resin cloth filter having 

a pore size of 10 - 100 micro m (preferably less than 50 

micro m), for example, may be used for the micro-screen 

filter 7. 
As described above, the trapping section includes the 

particle trap 2, the sediment trap 6 and the micro-screen 

filter 7, and the sediments of residual feed and the like 

contained in the rearing water are captured by the trapping 

section to keep the circulating water clean, thereby to 

lower the load of the water treatment system. In addition, 

by providing the residual !eed detection sensor 5 disposed 

in the pipe 4, the feed supply device 8 and the computer 

system, the amount of residual feed ~an be accurately 

detected from the rearing water containing the residual feed 

and the fish feces in the mixed stat.e, so that the supply of 

feed can be made properly. 

The rearing water which has passed through the micro­

screen filter 1 flows into a bubble surfacing device 11 

through a pipe 9. A bypass pipe 10 is branched from _the pipe 

9 at the up-stream of the bubble surfacing device. A 
denitrification device 12 is provide4 to the bypass pipe 10, 

and it is so designed that the reari~q water which has 

passed through the denitrification d~vice 12 joins with the 

rearing water passing through the p~pe 9, and flows together 

into the bubble surfacing device 11.,,. The bubble surfacing 

device 11 includes an agitating blade lla having bubble 

generating means, which is connected with, for exl?lnple, a 

discharge-type ozonizei: 25. Bubble generating means may be 

provided separately from the agitating blade. 

As described above~ a portion of the rearing water is 

directly communicated with the bubbl~ surfacing device 11 

through the pipe 9, and other p~rtion of the rearing water 

is communicated with the denitrification device 12 through 



16 

the bypass pipe 10. 
The bypass pipe 10 is so designed that the quantity of 

flow of the water which passes therethrough is smaller than 

that of the water passing through the pipe 9. For example, 

the rearing water of the quantity of.flow rate in the order 

of 1% - 10% of the full quantity of flow passes through the 

bypass pipe 10 and the denitrification device 12. The 

quantity flow of the rearing water which passes through the 

denitrification device 12 through the bypass pipe 10 is 

determined based on the size of the entire rearing system 

including the size of the rearing water tank 1. 

The denitrification device 12 has the function to 

perform the reduction of nitrite-nitrogen and nitrate­

nitroqen contained in the rearing wa~er by the anaerobic 

bacteria to decompose them into nitr?gen gas. The anaerobic 

bacteria require an organic carbon s?urce to se~~e as a 

hydrogen supply body in order to acquire the enerqy 

necessary for the reduction. The denitrifi- cation device 12 

includes a fluidized bed filter 12a as in the case of a 

immersion processing device 15 which will be described 

hereinafter. 

The denitrification device 12 is disposed at the up­

stream or the bubble surfacinq device 11, and, consequently, 

the rearinq water, from which the organic substances have 

not been removed, passes throuqh t~e:: deni trification device 

12. Thus, the anaerobic bacteria, 'wQich perform the 

denitrification, can easily obtain tbe organic carbon source 

required for decomposition from the _.9rganic substances 

contained in the water. Therefore, this· can save time and 

labor ~f adding additives to supply the organic substances 

material required for ~enitrification, or even if adding of 

the additives is required, it is sufficient to add a small 

amount of additives& Thus, the denitrification treatment can 

be made eff iCiently and le SS COS·'fly I Which, in turn, allOWS 

to perform the quality control of th~ water erficiently. 
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If the full quantity of flow of the rearing water 

containing a high concentration of oxygen remained therein 

flows into the denitrification device 12, the inside of the 

denitrification device 12 becomes the aerobic state and 

denitrification function is lowered. To avoid this, the 

bypass pipe 10 branched fro:ro the pipe 9· is disposed through 

the denitrification device 12 so that the rearing water in 

small quantity of flow passes through the denitrification 

device 12. With this arrangement, the inside of the 

denitrification device 12 lacks the absolute amount of the 

dissolved oxyqen, and, as a result, the anaerobic condition 

can be maintained easily· ·and advantageously, thereby the 

activity of the anaerobic bacteria is promoted, which, in 

turn, improves the efficiency of th~;j.deni tr if ication 

trea.tm.ent. 
Thereafter, the rearing water fl9ws through the pipe 9 

and into the bubble surfacing device 11, where organic 

substances (surface active substances), s~ch as fatty acid, 

protein and the like contained in the water are captured. 

The bubble surf acing device 11 is a foam frac~ionator which 

generates bubbles by supplying the air and/or ozone (a 

mixture of air and ozone, ~ith a ozone concentration being 

adjusted to within the range of O - ~00%} to the agitating 

blade, and bubbles are collected on J:he water surface and 

discharged out of the water tank by·the agitating means. 

Thus, floating substances such as pr9tein, fats and oils, 

and the like, which adhere to bubbles while they are 

surfacing, can be removed with bubbles.: With the supply of 

ozone to the bubble surfacing device, organic substances are 

decomposed or sterilized, so as to promote purification of 

.the rea~ing water. 
The rearing water in the bubble fiUrfacing device 11 is 

communicated with a UV disinfection·?evice 13 through the 

pipe 9. The UV disinfection device 1~ irradiates ultraviolet 
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rays to the water to effect the UV disinfection. 
The UV disinfection device 13 to perform disinfection of 

the water with irradiation of UV rays is not limited to 
perform only such UV disinfection, but it can also decompose 
ozone, which is contained in the water when ozone is 
supplied in the bubble surfacing device 11, with irradiation 
of UV rays. Specifically, when the ozone concentration 
becomes too high, the aerobic bacteria, which perform 
nitrification in the ammonium treatment section, are killed, 
and, in addition, the water becomes highly toxic to fish, so 
that it obstructs the healthy rearing of fish. But, this can 
be avoided by decomposing excess ozone with i.rradiation of 
UV rays and the ozone concentration can be regulated to an 
appropriate value. 

Although it is not shown in the drawings, it i.s 
desirable to provide a sensor at the .. downstream of the 
bubble surfacing device 11 to detec~:·. the ozone concentration. 
Namely, by detection of the ozone concentration by this 
sensor, the supply of ozone in the bubble surface device 11 
can be regulated based on a detection result of high or low 
ozone concentration. 

The rearing water which has passed through the bubble 
surfacing device 11 and the UV disinfection device 13 
communicates with a non-immersion treatment device 14 
through the pipe 9, and the rearing ~ater in the non­
immersion treatment device 14 further communicates with a 
immersion treatment device 15 through the pipe 9. The non­
immersion treatment device 14 and the immersion treatment 
device 15 constitute the ammonium treatment device in which 
ammonium contained in the rearing water is subjected to 
decomposition treatment. 

In this embodiment·:, a pump 16 and an aeration device 1 7 
are disposed in the pipe 9 which communicates between the 
non-immersion treatment device 14 and the immersion 
treatment device 15, The aeration device· 17 is associated 
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with an oxygen generator 23 which will be described 

hereinafter. 
In this embodiment the non-immer.sion treatment devi.ce 14 

uses a rotary bio-contactor consisting of a plurality of 
disks mounted under a rotating shaft; each disk having on 
its surface a filtering material (resin and the like} in the 

form of, for example, a scrubbing brush. Needless to say, 

the filtering material may be in any other fo:r:m than the 

scrubbing brush, including, for example, in sponge, net, 

fiber, or honey-comb form. Also, a mechanical multi-tank may 

be used, in place of the rotary bio-contactor. The immersion 
treatment device 15 uses a fluidized bed filter. 

The ammonium. contained in the re~rinq water is 
decomposed by.the aerobic bacteria present in the non­

immersion treatment device 14 and th$ immersion treatment 

device 15. For example, a fluidized ::bed filter 18 

constituting the immersion treatment device 15 is designed 

to have a resin pipe filled with a filtering material (for 

example, quart~ sand) in a predetermined thickness and 
containing the aerobic bacteria therein. Then, the rearing 

water from the ae~ation device 17 flows from below the 
fluidized bed filter 18 to upward, and here the 
decomposition of ammonium is perform~d by the bacteria. In 

this embodiment, since the aeration 9-evice 17 is disposed at 
the upstream of the immersion treatm.~nt·device 15, a great 
amount of oxygen is supplied to the·.w:ater flowing through 

the fluidized bed filter 18, thereby to enhance the activity 
of bacteria. A screen filter 19 of coarse meshes than the 
micro-screen filter may be provided at the downstream of the 
rluidized bed filter 18, as necessary, to capture sand and 

bacteria. The screen :Cilter 19 captures sand which flows out 
of the fluidized bed filter 18, and .. the sand and bacteria 

captured here are returned to the fluidized bed filter 18. 
l" 

When the screen filter 19 is not:pro~ided, it is prefer~le 
to provide a $trainer to prevent th~ sand from flowing out 
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of the fluidized bed filter 18 and transported to the next 

step. 
Further, a sludge sediment tank 2o may be provided at 

~ . 

the downstream of the screen filter 19 as required. In here, 
the sludge is removed. Also, in the denitrification device 
12, a screen filter 12b and a sludge sediment tank 12c may 
also be provided to meet the necessity, and when these are 
not provide, it is preferable that a strainer is provided. 

Since the ammonium treatment section constituted by the 
non-immersion treatment device 14 and the immersion 
treatment device 15 is disposed at t~e downstream of the 
bubble surfacing device 11 and the UV disinfection device 13, 

the rearing water, from which other 9acteria than the 
aerobic bacteria are disinfected, coiPmunicates with the 
ammonium treatment section. Thus, the activity of the 
aerobic bacteria is not obstructed by oxidization reactions 
of other bacteria, but sufficiently activated under the 
aerobic condition so that decomposition treatment of 
ammonium can be achieved efficiently. 

The amm.oniUin is first decomposed to some degree of 
concentration in the non-immersion treatment device 14, and, 
subsequently, further decomposed to a lower concentration in 
the immersion treatment device 15, a§ described above. In 
this manner, the ammonium can be deG~mposed to a lower 
concentration than the one-stage tr~~tment. Further, since 
the high purity oxygen is expensive,. it is desirable to 
effectively use the oxygen contained in the air for 
metabolism of the aerobic bacteria. As described above, even 
though the rearing water flows through the ammonium 
treatment device in the state where :organic substances have 
been removed, the rearing water stil~ contains some organic 
substances inevitably.-~ Then, the amQUn.t of oxygen required 
for oxidization of such organic sub~tances is about 1.5 

times the am01.~nt of oxygen required :for the ammonium 
decomposition.treatment. For this r~~son, the non-immersion 
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treatment device using the rotary bio-contactor or the 
mechanical multi-tank, which has a larger contact area with 
the air, is disposed at the upstream side in the ammoni~ 
treatment device to effectively utilize the oxygen contained 

in the air. 
At the downstream. side, the immersion treatment device 

utilizing the fluidized bed filter, which has a greater 
chance of contacting with the oxygen and bacteria, is 
provided to ettecti vely treating the·. ammonium in some lower 

concentration resulted from the firs~ decomposition 
performed in the non-immersion treat~ent device. A heat pump 
22 is provided to the pipe 9 communi_t;ating with the 
immersion treatment device 15 and an aeration device 21 in 
order to keep the water at a temperature suitable to fish 
being reared. A heat exchanger may be used in place of the 

heat pump according to the water temperature requirement. 
The aeration device 17 is, as described above, to 

dissolve the oxygen in the water to promote decomposition of 

ammonium, while the aeration section.21 is to dissolve the 
oxygen in the water required to keep:the fish alive. However, 
it may not be always necessary to h~fe both aeration_. 
sections, but:one of them may be om~tted, because the oxygen 
is supplied to the water anyway. In the present embodiment, 
the oxygen generated by the oxygen generator 23 is supplied. 
to the aeration device 17 and the aeration device 21. A 
compressor 24 is connected to the oxygen generator 23. The 
aeration device 17 and the aeration device 21 can achieve 
dissolving (dissolution) the oxygen in the water effectively 
by having, for example, a pressure qissolution device. 
Alternatively, a plurality of u-sha~~d hollow fiber 
membranes having a plu~ality of fin~epores are formed in a 
bundle with both ends being open, ~~ this bUndle of hollow 
fiber membranes is disposed in the communicating pipe. Then, 
the oxygen is supplied into each hollow fiber meIDbrane to be 
blown out frolti. fine pores and dissolved in the water, The 
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use of the hollow fiber membranes al$o achieves effective 

dissolution of the oxyqen, and it is less costly than the 

use of liquid oxygen. It is preferable that the hollow.fiber 

membrane is made of resin of, for example, cellulose type, 

polyolefine type or polysulfone type, and having a pore size 

in the range of 0.02 -1.0 micro m, a hole ratio in the range 

of 20 - 90%, an outer diameter in the ranqe of 0.1 - O.Smm., 

and a membrane thickness in the ranqe of 10 - 100 micro m. 

Instead of the u-shaped bundle of hollow fiber membranes, a 

bundle of hollow fiber membranes with the ends being sealed 

may be disposed in the comm.unicating(°pipe. 

In the present embodiment, the two aeration device 17 

and 21 are provided as a prevention measure in the case 

where one of the aeration sections is failed due to some 

trouble, but the oxygen can still be supplied to keep the 

fish alive. However, according to the arrangement of the 

present invention, the quality control of the water in the 

rearing system can be effectively achieved, even with only 

one aeration section disposed in the circulation section. 

The rearing water in the aeratiop device 21 is supplied 

agai~ to the rearing water tank 1 thfough the pipes .. 

Although not shown in the drawings, with this eltlbodiment, 

various measuring devices including an ammonium measuring 

device, a DO meter for detennining the residual oxygen, a 

flow meter, a residual ozone measuring device, a pH meter 

and the like are disposed at predetermined locations in the 

circulation path. The detection dat~ provided by these 

measuring devices are coupled with tpe external computer 

system, and, based on thus obtained .,information, the 

required rotatton of pump, aeration,._,; temperature and the 

like are controlled for the rearing.~ystem of this 

embodiment. 
As described above, according to the present invention, 

the rearing system which is capable of perfol':lD.ing the water 

quality control at a low cost by combining equipment and 
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facilities rationally. 

INDUSTRIAL APPLICABILITY 
The rearing system of the present invention can be 

worked without regard to the kind of fish or the 
geographical requirements. The invention is particularly 
suitable in the case where the rearing in the natural 
environm.ent is difficult due to weather conditions or 
geographical requirements. 
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WHAT IS CLAIMED IS: 

1. In a fish rearinq system having a water circulation 
system for discharging the rearing water from a discharge 
port provided at the bottom of a rearing water tank and re­
supplying the discharged rearing water to the rearing water 
tank, the fish rearing system is characterized in that the 
water circulation system comprising: 

a trapping device for capturing residual feed and 
fish feces contained in the rearing water, 

a residual feed detecting sensor for detecting the 
residual feed contained in t~e rearing water, 

a denitrification device for perfonning 
denitrification of nitrogen compound contained in the 
rearing water, 

a bubble surfacing device for generating bubbles by 
supplying air and/or ozone and removing surface active 
substances by capturing the generated bubbles, 

an ultraviolet disinfection device for disinfecting 
the circulating rearinq water, 

an ammonium treatment device _for decomposing ammonium 
contained in the rearing water, and 

an aeration device for dissolving oxygen into the 
rearin~ water, and 

wherein the denitrification device is disposed at the 
upstream of the bubble surfacing deyice and in a circulation 
path branched out from a main circulation path. 

2. A fish rearing system accor~ing to Claim 1, wherein 
the aimnonium treatment device is disposed at the downstream. 
of the bubble surfacing device and consisting of two 
treatment device of a immersion treatment device and a non­
immersion treatment device. 

3. A fish rearing system according to Claim 1, wherein 
the trapping device comprising a pa~ticle trap for 
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accumulating sediments of residual feed and fish feces, a 
sediment trap for separating the sediment from the water 
flowing-in from. a circulation path branched out from the 
particle trap, and a filter section for capturing fine 
residual feed and less fine residual feed which have escaped 
from the capture by the particle trap and the sediment trap, 
and, 

the residual feed detecting sensor is an ultrasonic 
sensor, said sensor is disposed at the upstream of the · 
sediment trap arid interposed in the circulation path 
branched out from the particle trap and communicating with 
the sediment trap. 

4. A fish rearing system according to Claim 2, wherein 
the denitrification device and the immersion treatm.ent 
device each having a fluidized bed f~iter, the non-illllnersion 
treatment device having a rotary bio-contactor, and the 
aeration device having a pressure ox¥gen dissolving device. 

S. A fish rearing system accordj.:ng to Claim 2, wherein 
the denitrification device and the immersion treatme~t 
device each having the fluidized bed filter, the nori­
imm.ersion treatment device having the rotary bio-contactor, 
and the aeration device having a hollow fiber membrane 
module. 

6. A fish rearing system according to Claim 1, wherein 
the ultraviolet disinfection device ~s disposed at the 
downstream. of the bubble surfacing device. 


