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Stringent environmental restrictions to
minimize pollution from hatcheries

and aquaculture plants in northern
European countries have sparked the rapid
technological development of recirculation
systems. However, recirculation also
secures a higher and more stable

aquaculture production with less diseases
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CTporue s3Kkonornyeckme orpaHuYeHusa ans
MUHUMM3ALNU 3arPsA3HEHUSA OT
MHKybaTopumes

N aKBaKy/IbTypa B CEBEPOEBPONENCKUX
CTpaHax TeEXHO/IOTMYEeCcKoe pas3BuTmne
PELMPKYIALNOHHbBIX CUCTEM. TEM He
MeHee, PeLMpPKYIALNA TaKKe
obecneunsaet 6osee BbiICOKOE U
CTabunbHOE NPOM3BOACTBO aKBAKYNbTYypPbl C
MeHbLUMM KONn4ecTBoM 3aboneBaHnn 1
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and better ways to control the hatchery
parameters that influence growth.

This development is welcome and fully in
line with the FAO Code of Conduct

for Responsible Fisheries. The present
guideline on recirculation aquaculture
supplements the environmentally
sustainable aquaculture work of the FAO
Subregional Office for Central and Eastern
Europe.

The water recirculation technique also
implies that hatcheries no longer
necessarily need to be placed in pristine
areas near rivers. Now they can be built
almost anywhere with a much smaller
source of clean germ-free water. It has
therefore been a pleasure for FAO to
support the production of this guide which
we hope can inspire and help aquaculture
farmers to adopt recirculation systems

in the future.

Thomas Moth-Poulsen Senior Fisheries
and Aquaculture Officer
FAO

Already one of the world’s fastest growing
agri-food sectors, aquaculture has

the potential for further growth in
providing the world’s population with high
quality and healthy fish products. With
global capture production of around

90 million tonnes, aquaculture production
has maintained a constant annual

growth reaching a global production of
about 70 million tonnes in 2013.

Nydwme cnocobbl KOHTPOIA NapaMeTpoB
.MHKybaTOpMA, KOTOPbIE BAUAIOT HA POCT
Takoe pa3BuTne cobbITUIM NPUBETCTBYETCA U
NONHOCTbIO cooTBeTCTBYET Kogekcy

ONA OTBETCTBEHHOro .nosegeHma A0
pbibonoscTBa. Hactoswee pykoBoACTBO MO
PELUPKYNALNM aKBAKYNbTYPbl AOMNONHAET
3K0JIOTMYECKU YCTONYMNBYIO
aKBaKyNbTypHYyto paboty PAO
CybpernoHanbHoe oTaeneHune ans
.LeHTpanbHOM 1 BocTtouHoM EBponbI
TexHMKa peumpKyNaALUM BOAbI TaKXKe
noApasymeBaeT, YTo MHKybaTopum bonblue
He

Ob6a3aTeNbHO HY)KHO pa3mMeLLaTb B
HEeTPOHYTbIX paloHax Bo3ne pek. Tenepb
OHWM MOTyT BbITb MOCTPOEHbI NOYTH BE3AE C
HaMHOIO MeHbLUMM UCTOYHUKOM YMUCTOMN
BOoAbl 6e3 MMKpoH0oB. B HEM ecTb noaToMy
®AO c ygoBONbCTBMEM NOAAEPKANA
NOArOTOBKY 3TOr0 PYKOBOACTBA, KOTOpOEe
Mbl HaJeeMCs, YTO MOXKEM BAOXHOBUTb U
nomoub Gpepmepam akBaKyAbTypbl MPUHATL
.CUCTEMbI PeLUpPKYyNALMKN B byayuiem

Tomac MorT-lloynceH

CTapwmuii cneyumanunct no pbibHomy
X03AMCcTBY U AKBakynbType ®AO
MNpegncnosue

Y)Ke 0gMH 13 camblx BbICTPOPACTYLMX
arponpoaoBONbLCTBEHHbIX CEKTOPOB B
MUpe, aKBAKYy/IbTypa MMeeT NoTeHUMan ana
AanbHelLwero pocta B obecneyeHnu
HacesleHMA MUpPa BbICOKMM KayeCTBEHHbIE U
nonesHble pblbHblie NpoayKTbl. C
rnob6anbHbIM NPOM3BOACTBOM 3axBaTa
MWINNOHOB TOHH Npoaykummn 900K0N0
aKBaKy/bTypbl NOAAEPKUBAIN NOCTOAHHDIN
€XXeroAHblii pocT 4oCTUr rnobanbHOro
nponssoacTea okoso 70

MWNNNOHOB TOHH B 2013 roay




Increased focus on sustainability,
consumer demands, food safety and cost
effectiveness in aquaculture production
calls for the continuous development

of new production technologies. In
general, aquaculture production affects
the environment, but state-of-the-art
recirculation methods reduce this effect
significantly compared to traditional ways
of farming fish. Recirculation systems
thereby offer two immediate advantages:
cost effectiveness and reduced
environmental impact. This guide focuses
on the techniques for the conversion
from traditional farming methods to
recirculated aquaculture and advises the
farmer on the pitfalls to be avoided along
the way.

The guide is based on the experience of
one of the foremost experts in this area,
Jacob Bregnballe from the AKVA group. It
is hoped that the guide will be a useful
tool for fish farmers who are considering
converting to recirculation systems.

Aina afanasjeva
Director
Eurofish

Introduction to the author Jacob
Bregnballe and the AKVA group

Jacob Bregnballe from the AKVA group has
been working with recirculation
aquaculture for more than 30 years. He
has been running his own fish farm in
Denmark for 25 years, and has been
involved in many technological
innovations

MoBblWEeHHOe BHUMAHME K YCTOMYNBOCTH, .
noTpebutenbCckum TpeboBaHUAM,
6e30MacHOCTM NULLEBbIX NPOAYKTOB U
cToumocTn 3PPEeKTUBHOCTL B
aKBaKy/bTYpPHOM Npoun3BOACTBE TpebyeT
NOCTOSIHHOIO Pa3BUTUA HOBbIX TEXHONOTUI
npou3BoAcCTBa. B uenom nponsBoacTBo
aKBaKy/bTypbl BAMAET OKpYKatlowas cpeaa,
HO COBPEMEHHbIE MeTOAbl PELMPKYNALUK
YMEHbLUAT 3TOT 3PPEKT 3HAYNTENBHO NO
CPABHEHMIO C TPAANLMOHHBbIMKU cnocobamm
pa3seseHuna pbibbl. PeumpKynALMOHHbIE
CMCTEMbBI TEM CaMbIM NpeasiaratoT ABa
HenocpeaCTBEHHbIX MPEUMYLLECTBA:
3KOHOMWYHOCTb U CHUXKEHME BO3AeNCTBNE
Ha OKpYyrKatoLLyto cpeay. 9TO pyKOBOACTBO
boKycmpyeTca Ha meTogax ana
npeobpasoBaHuA

OT TPAANLMOHHbIX METOA0B 3eMNeAeNnna
00 PeLMPKYNALNM aKBAKYNbTYPbI U
KOHCYyNnbTMpyeT

depmep Ha NOABOAHbIX KAMHSAX, KOTOPbIX
PykoBogctBo cneayet nsberaTtb no nytu
OCHOBAHO Ha OMbITe O4HOIO M3 BeAyLNX
[xenkob ,aKcnepToB B 3TOM 06/1aCTH
bperHanb u3 rpynnbl AKBA. Hageemcsa, 4yto
pyKoBOACTBO ByAeT None3HbIM MHCTPYMEHT
AnA pbiboBOAOB,

KOTOpPble PaCCMaTPMBAKOT BO3SMOXHOCTb
.nepexoaa Ha CUCTEMbI PELUPKYIALUN

AiHa AdaHacbeBa

AVNPEKTOP

Eurofish

MNpegucnosne BeegeHune K aBTopy
[xenkoby bperHanb un rpynne AKVA
[xenkob bperHanb 13 rpynnbl AKBA
paboTaeT c peunpKyasLMen akBakyAbTypa
y»e 6onee 30 net. OH ynpasasn
cobcTBeHHOM pbl6HOM pepmoi B [laHuA B
TeyeHue 25 net, n 6611 BOBNEYEH BO
MHOIMe TEXHONIOTMYEeCKNE NHHOBALLMKM ANA
YIYYLEHMA PELUPKYNALMOHHBIX CUCTEM




for improving recirculation systems for a
wide range of different aquaculture
species. He has also worked as an
international aquaculture consultant, and
holds

a master’s degree from Copenhagen
University. Today he is the Business
Director

of Land Based Aquaculture in AKVA group,
the largest aquaculture technology
company in the world covering all aspects
of aquaculture production both on

shore and at sea. The company has more
than 30 years of experience in the

design and manufacture of steel cages,
plastic cages, work boats, feed systems,
feed barges, sensor systems and fish
farming software, and provides solutions
and support for any requirement in the
field of recirculation aquaculture.

Jacob bregnballe

AKVA group Denmark A /S
Roskildevej 342, Byg. 2
DK-2630 Taastrup, Copenhagen
Denmark

Tel .: (+45) 7551 3211

Mob .: (+45) 2068 0994

Fax: (+45) 7551 4211
www.akvagroup.com

Chapter 1: Introduction to
recirculation aquaculture

Recirculation aquaculture is essentially
a technology for farming fish or other
aquatic organisms by reusing the water
in the production. The technology is
based on the use of mechanical and
biological filters, and the method can in
principle be used for any species grown

ANA LWMPOKOrO CMEeKTPa pas3IMyHbIX BUAOB
aKBaKyNbTypbl BUAbI. OH TakKe paboTtan B
KayecTBe MeXAYHAapOAHOro KOHCY/IbTaHTa
MO aKBAKy/NbType U CTeNeHb MarncTpa B
KoneHrareHckom yHuBepcuteTe. CerogHA
OH fABNAeTCA bU3HeC-ANPEKTOPOM
Ha3eMHOM akBaKynbTypbl B rpynne AKBA,
KpynHenwen TeXHONOrMM aKBaKyNbTypbl
KOMMNaHWA B MMpPe, OXBaTblBalOLLLAA BCE
acneKTbl MPON3BOACTBA aKBAKYAbTYPbl KaK
Ha 6eper n mope. KomnaHua nmeet bonee
yem 30-n1eTHUM onbIT paboTbl B
NPOEKTMPOBaHNE N NMPOMU3BOACTBO
CTaNbHbIX KNETOK, MNNIACTUKOBbIX KNETOK,
,pabounx nofoK, cMctem noaaun
KOpMmoOBble Bapun, CEHCOPHbIE CUCTEMbI U
nporpammHoe obecneyeHne gna
pa3seneHnA pbibbl, a TaKKe npegnaraet
peleHna n nogaepxKa ntobbix
TpeboBaHM B 061aCTU peumpKrynaumm
aKBaKyNbTypbl

[xenkob bperHanb

AKBA rpynna OaHua A /S
Pocknnpesein 342, bur. 2
DK-2630 Taastrup, KoneHrareH
HaHuna

Ten .: (+45) 7551 3211

Mob .: (+45) 2068 0994

dakc: (+45) 7551 4211
www.akvagroup.com

naBa 1: BBepgeHue B

peunpKyIALULNKO aKBAKY/IbTYPbI
PeunpKynauma akBaKynbTypbl - 3TO, NO
CYTW, TEXHONOIMA pa3BeneHua pblbbl Uan
APYrvMx BoAHble OPraHnU3mMbl NyTem
NMOBTOPHOrO MCMO/Ib30BaHMA BOAbI B
npounsBoacTBe. TeXHO0rMsa OCHOBAHHbIN
Ha MCMNONb30BAHUN MEXAHUYECKUX U
6ruonormyeckmx puUnbTPOB, M CNOCOO MOXKET
B MpMHUMN MOXKeT B6bITb UCNONb30BaAH A5
No6bIX BUAOB, BblIPALLEHHbIX B
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,in aquaculture such as fish, shrimps
clams, etc. Recirculation technology is
,however primarily used in fish farming
and this guide is aimed at people
.working in this field of aquaculture
Recirculation is growing rapidly in
many areas of the fish farming sector,
and

systems are deployed in production
units that vary from huge plants
generating

many tonnes of fish per year for
consumption to small sophisticated
systems

used for restocking or to save
.endangered species

Recirculation can be carried out at
different intensities depending on how
much

water is recirculated or re-used. Some
farms are super intensive farming
systems

installed inside a closed insulated
building using as little as 300 liters of
,new water

and sometimes even less, per kilo of
fish produced per year. Other systems
are

traditional outdoor farms that have

been rebuilt into recirculated systems
using around 3 m3 new water per kilo
of fish produced per year. A traditional
flowthrough

system for trout will typically use
around 30 m3 per kilo of fish produced
per year. As an example, on a fish farm
,producing 500 tonnes of fish per year
the use of new water in the examples
given will be 17 m3 / hour (h), 171 m3
/ h and

m3 / h respectively, whichisa 1,712

huge difference.

aKBaKy/NbType, TAaKUX KaK pblba, KPeBETKM,
MOANNIOCKU U T. A. TexHonorusa
PELMPKYNALNM B OCHOBHOM MUCMONb3YeTCA B
pbI6OBOACTBE, N 3TO PYKOBOACTBO
npeaHa3HayeHo Ans noaen, paboTaroLwmx
B 3TOM 06/1aCTN aKBaAKyNbTYpbI.
Peuunpkynaums 6biCTPO pacTeT BO MHOTUX
obnactax cektopa pbiboBoACTBA, U
CMUCTEMbI Pa3BEPHYTbI B MPOM3BOACTBEHHbIX
eaMHMLAX, KOTopble OTINYatoTCA OT
OrPOMHbIX 3aBOA0B, MPOM3BOAALLNUX MHOTO
TOHH pbibbl B rog ana notpebnenua
HeHONbLIMMM CNOXKHBIMU CUCTEMAMM
MCNONb3yeTCcA AN1A NOMNOJHEHUA 3aNacos
WMAN ANA COXPAaHEHUA NncYe3atoLwmnx BUA0B.
PeunpKynaLmno MOXKHO NPOBOAUTL C
Pa3/IMYHON MHTEHCUBHOCTbIO B
3aBMCUMOCTM OT TOTFO, CKOZIbKO BOAA
PELMPKYINPYETCA NAN UCMONb3YETCA
NOBTOPHO. HeKkoTopble dpepMbl ABAAIOTCA
cynep MHTEHCUBHbIMU CUCTEMAMU BEAEHMUA
CeNbCKOro X035MCTBA

YCTAHAB/IMBAETCA BHYTPU 3aKPbITOTO
M30/IMPOBAHHOIO 34aHUA C
ncnonb3oBaHmem scero 300 AMTPOB HOBOW
BOAbl, @ UHOTAA AaXKe MEeHbLUE, Ha
KMaorpamm pbibbl, Npon3BoaMMON B roa,.
Apyrne cuctembl TPagULMOHHbBIE
OTKpbITbie pepmbl, KOTOpble bbinn
NnepecTpoeHbl B PeLMPKYNALMOHHbIE
CUCTEMBI C UCNOIb30BaHNEM OKOMO 3 M3
HOBOW BOAbl Ha KUIOrpamm pbibbl,
npoussoaMmon B rog,. TpaguunuoHHOe
npoxoxaeHne Cuctema ans ¢openu byget
06bI4HO Mcnonb3oBaTb 0K00 30 M3 Ha
KMAOrpamm nponsBeaeHHOM pbibbl. B roa.
Hanpumep, Ha pbiboBOAYECKOM XO3AICTBE,
npoussoasiiem 500 TOHH pbibbl B roa,
MCNO/1Ib30BaHME HOBOM BOAbI B
npuBeAeHHbIX MpUMepax cocTasuT 17 m3 /
yac (4), 171 m3 /yacn1712m3 /vy
COOTBETCTBEHHO, YTO ABAAETCA OrPOMHOM
pPasHULEMN.




Another way of calculating the
degree of recirculation is using
the formula:

(Internal recirculation flow/(internal

recirculation flow + new water
intake)) x 100

The formula has been used in figure 1.2 for
calculating the degree of recirculation

at different system intensities and also
compared to other ways of measuring the
rate of recirculation.

Seen from an environmental point of view,
the limited amount of water used in
recirculation is of course beneficial as
water has become a limited resource in
many regions. Also, the limited use of
water makes it much easier and cheaper
to remove the nutrients excreted from the
Ofish as the volume of discharged water

is much lower than that discharged from a
traditional fish farm. Recirculation
aquaculture can therefore be considered a
most environmentally friendly way

of producing fish at a commercially viable
level. The nutrients from the farmed

fish can be used as fertilizer on agricultural
farming land or as a basis for biogas
production.

The term “zero-discharge” is sometimes
used in connection to fish farming,

and although it is possible to avoid all
discharge from the farm of all sludge and
water, the waste water treatment of the
very last concentrations is most often a
costly affair to clean off completely. Thus
an application for discharging nutrients
and water should always be part of the

Ewe oaHMM cnocobom pacyeTa
CTeneHn peLuupKynaLmnm asnaeTcs
NCrnonb3oBaHne GopMy/bl:

(BHYTpPEHHMI NOTOK peunpKrynsaumum /
(BHYTPEHHWI NOTOK peumnprynaumnmn +
HOBbIN BOA03abop)) x 100

dopmyna 6biNa UCNOIb30BaHA Ha PUCYHKeE
1.2 gns pacyeTa cTeNEHUN PeLUPKY[LUN
NPV PasIM4HOM UHTEHCUBHOCTU CUCTEMDI, A
TaK)Ke Mo CPaBHEHUIO C APYrMMM
cnocob6amm MamepeHmsa CKopocTb
PeLUpRyNaLnN.

C 3KONOrMYecKom TOUKM 3peHuns,
orpaHMYeHHOE KOIMYECTBO BOAbI,
MCMNO/Ib3YEMOM B PEUMPKYNALMA, KOHEYHO,
no/siesHa, Tak Kak BoJa
CTa/fla0rpaHNYEHHbIM PECYPCOM B MHOTO
pernoHoB. Kpome Toro, orpaHu4YeHHoe
MCMNO/Ib30BaHWE BOAbl 3HAYUTE/IbHO
obneryaeT 1 yaelwesnneT yaanutb

nuTaTeNbHble BELWECTBA, BblaeaemMble 13
pblbbI, Kak 06bEM cbpacbiBaemo BOAbI
ropasfo Huxe, Yem y TpaauLMOHHOWN
pblbHOM pepmbl. Peunprynsauma NMoatomy
aKBaKy/NbTypa MOXeT cYnTaTbCA Hanbonee
3KONI0MMYECKMN YUCTbIM crnocobom
NPOn3BOACTBA PblObl HA KOMMEPYECKM
¥M3HecnocobHom ypoBHe. MuTaTenbHble
BewecTsa ¢ GepMbl pblby MOXKHO
MCMNO/Ib30BaTb B KayecTBe yA06peHmn Ha
CENbCKOXO3AMCTBEHHbIX 3€M/ISIX U/IN B
KauyecTBe OCHOBbI gnA buorasa
TepMUH «HyneBol cbpoc» .MPON3BOACTBO
MHOTAa UCNONb3YeTCA B CBA3M C

N XOTA MOXHO M3b6eXaTb ,pbl60BOACTBOM
BCcero cbpoca c pepmbl BCEro naa v Boaa,
OYMCTKA CTOYHbIX BOZ CaMbIX MOCAEAHUX
KOHLIEHTpaLUMM Yalle BCero a goporoe
Aeno, ytobbl yopaTb NOAHOCTbIO. TakKnum
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planning permission application.

Most interesting though, is the fact that
the limited use of water gives a huge
benefit to the production inside the fish
farm. Traditional fish farming is totally
dependent on external conditions such as
the water temperature of the river,
cleanliness of the water, oxygen levels, or
weed and leaves drifting downstream

and blocking the inlet screens, etc. In a
recirculated system these external

factors are eliminated either completely or
partly, depending on the degree of
recirculation and the construction of the
plant.

Recirculation enables the fish farmer to
completely control all the parameters in
the production, and the skills of the farmer
to operate the recirculation system

itself becomes just as important as his
ability to take care of the fish.

Controlling parameters such as water
temperature, oxygen levels, or daylight for
that matter, gives stable and optimal

conditions for the fish, which again gives
less stress and better growth. These stable
conditions result in a steady and
foreseeable growth pattern that enables
the farmer to precisely predict when the
fish will have reached a certain stage or
size. The major advantage of this feature
is that a precise production plan can be
drawn up and that the exact time the

fish will be ready for sale can be predicted.
This favours the overall management

of the farm and strengthens the ability to
market the fish in a competitive way.
There are many more advantages of using
recirculation technology in fish

farming, and this guide will deal with these
aspects in the following chapters.
However, one major aspect to be

obpasom, npunoxkeHne ana cbpoca
NUTaTeNbHbIX BELLeCcTB U BoJa Bceraa
[O0/1IXKHA ObITb YaCTbIO 3aABKM Ha
paspelleHne nnaHuMpoBaHua. Hanbonee
NHTEPECHbIM ABNSAETCA TOT PaKT, YTo
OorpaHUYeHHOe NCNO/b30BaHNe BOAbI AaeT
orpomHble Bbiroga gns nponsBoacTea
BHYTPM pbIBOBOAYECKOrO XO3ANCTBA.
TpagMumoHHoe pbibOBOACTBO MNOJIHOCTLIO
3aBMCUT OT BHELUHUX YC/IOBUIA, TaKUX KaK
TemnepaTypa BoAbl B peKe, YACTOTa BOAbl,
YPOBEHb KMCN0POAa UM COPHAKOB U
JINCTbEB APeNDYIOLNX BHU3 MO TEYEHUIO U
610KMPOBKA BXOAHbIX 3KpPaHOB U T. 4. B
PELNPKYNALNOHHON CUCTEME 3TU BHELLHUNE
daKTOpPbl YCTPAHAOTCA MOJIHOCTLIO UMY
4aCTUYHO, B 3aBUCUMOCTM OT CTEMNEHMU
PELMPKYNALNA U CTPOUTENLCTBO 3aBOAA.
Peunpkynauma nossonseT pbibosoay
NONIHOCTbIO KOHTPO/INPOBATh BCE
napameTpbl B NPOM3BOACTBO U HaBblKK
depmepa No sKcnyaTaLnm CUCTEMbI

PeLUPKYyNALNN

camo no cebe CTAaHOBUTCA CTONb XKe
BaXKHbIM, KaK M €ro cnocobHocCTb
3a60TnTbCA O pblbe. KOHTPONb
napameTpoB, TAaKMX Kak TemnepaTypa BoAbl,
YPOBEHb KMCNOPOAA NN AHEBHOW CBET ANA
YTO AaeT cTabunbHble M ONTUMANbHbIE
ycnosuA gna pbibbl, YTO CHOBA AaeT
MEeHbLLE CTpecca M NydLnii pocT. ITu
CTabunbHble YCAOBUA NPUBOAAT K
YCTOMYMBOMY U NPOTHO3MPYEMasa MOLEND
pOCTa, KOTOpaA No3BoNAET pepmepy TOYHO
npeackasaTb, Korga pblba 4OCTUTHET
onpeaeneHHOM CTaaum AN pasmepa.
OCHOBHOE NPeMMyLLECTBO 3TON QYHKLMMK
ABNIAETCA TO, YTO TOYHbIN NNAH
NPOM3BOACTBA MOXKET ObITb COCTAB/IEH U
4yTO TOYHOE Bpema Pbiba byaeT rotoBa K
NpoAarke, MOXXHO NPOrHO3MPOBaTb. ITO
cnocobcTByeT 06LLIEMY YRpPaBAEHUIO




mentioned right away is that of
diseases. The impact of pathogens is
lowered considerably in a
recirculation system as invasive
diseases from the outside
environment are minimised by the
limited use of water. Water for
traditional fish farming is taken from
ariver, a lake or the sea, which
naturally increases the risk of
dragging in diseases. Due to the
limited use of water in recirculation
the water is mainly taken from a
borehole, drainage system or spring
where the risk of diseases is minimal.
In fact, many recirculation

systems do not have any problems
with diseases whatsoever, and the
use of medicine is therefore reduced
significantly for the benefit of the
production and the environment. To
reach this level farming practice it is
of course extremely important that
the fish farmer is very

careful about the eggs or fry that he
brings on to his farm. Many diseases
are carried into systems by taking in
infested eggs or fish for stocking. The
best way to avoid diseases entering
this way, is not to bring in fish from
outside, but only bring in eggs as
these can be disinfected completely

from diseases. Aquaculture requires
knowledge, good husbandry,
persistence and sometimes

nerves of steel. Shifting from
traditional fish farming into

dbepMbl U YKpenaseT cnocobHOCTb
npoAaBaTb PblOYy Ha KOHKYPEHTHOM OCHOBE
. EcTb MHOTO gpyrux npemmyuiecTs
MCNO/1b30BAHMA TEXHO/IOTUM PELUPKYNALNMN
B pblbe cenbCKoe X0358NCTBO, N 3TO
pyKoBoACTBO byaeT meTb 4eN0 C 3TUMMU
acneKkTamum B cneaylowmx rnaBax. Tem He
MeHee, O4MH Ba*KHbIA aCNeKT, KOTOPbIM
cnepnyeT ynoMsiHyTb CPasy Xe, - 3T0
60Ne3HN.

Bo3aencTBme naTtoreHHbIX
MUKPOOPraHM3MOB 3HAYUTESIbHO
CHUXAEeTCa B PELMPKYIALNMOHHOM CUCTEME
KaK MHBa3nBHoe. 3a601eBaHNA U3 BHELLHEN
cpeapl CBOAATCA K MUHMMYMY 33 cYeT
OrpaHMYEeHHOro UCNO/Ib30BaHMA BOAbI.
Bopga ana TpagnumoHHoro poiboBoacTea
H6epeTca u3 peku, o3epa UamM Mmops, 4YTo
€eCTeCcTBEHHO YBEe/IMYNBAET PUCK
3aTtarmBaHuA npu 3abonesaHuaAx. U3-3a
OrpaHMYEeHHOro UCNOb30BaHMA BOAbI B
peumpKrynaLnmM Boga B OCHOBHOM bepeTca
N3 CKBaXKWHbI, APEHaXK CUCTeEMa U

WMCTOYHMK, rae puck sabonesaHui
MUHUMaNeH. Ha camom gene, MHOro
PELMPKYIALNM CUCTEMbBI HE UMEIOT
HUKaKMX Npobem c 3aboneBaHnAMMU, U
MCNO/Ib30BaHME cnefoBaTesNbHO,
JIEKAapPCTBEHHbIE CpeCcTBa 3HAYUTENIbHO
COKpallatoTcsa B NO/b3y NPON3BOACTBA U
OKpy»eHue. YTobbl 4OCTUYb 3TOrO YPOBHA
dbepmepcKoi NPaKTUKK, 3TO, KOHEYHO,
ype3BblYaMHO BaXHO, 4TObbI pbiboBOA
OYeHb BHMMATENbHO OTHOCU/ICA K ANLLaM
WU MaJibKam, KOTOPble OH MPUHOCUT Ha
ero ¢pepme. MHorune 6one3Hn nepeHocATCs
B CUCTEMbI, MPUHMMAA 3apParKEHHble ANLA
nnu pbiba ana 3arotoBKu. Jlydwmin cnocob
nsbexkatb 60n1e3HEN, NonaaaoWwmx TaKUm
nyTeM, - 3TO He NPUHOCUTb pPbiby U3BHE, HO
NPUHOCUTb TONIbKO AINLA, TaK KaK MX MOXHO
Ae3nHPUUMpoBaTb NOIHOCTbIO OT
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recirculation does make many things
easier, however at the same time it
requires new and greater skills.

To be successful in this quite
advanced type of aquaculture calls
for training and education for which
purpose this guide has been written.

6one3Hen. AKBaKynbTypa TPebyeT 3HAHUN,
XOpOoLlero 3emnenenma, HaCToOMYNBOCTHU U
MHOTAa CTasbHble HepBbl. MNepexog oT
TPaAMLUMOHHOro pbiboBOACTBA K
PELMPKYNALUM MHOTOE NPOLLE, HO B TO XKe
Bpems TpebyeT HOBbIX U 60/1ee BbICOKUX
HaBblKOB. YTObbl AOOUTLCA ycnexa B 3TOM
A0BOJ/IbHO NPOABUHYTOM TUME
aKBaKyNbTypbl, TpebyeTca obyyeHune u
obpasoBaHue, Ana yero 66110 HaNUCAHO
3TO PYKOBOACTBO.
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Chapter 2: The recirculation
system, step by step

In a recirculation system it is necessary to
treat the water continuously to remove
the waste products excreted by the fish,
and to add oxygen to keep the fish alive
and well. A recirculation system is in fact
quite simple. From the outlet of the fish
tanks the water flows to a mechanical
filter and further on to a biological filter
before it is aerated and stripped of carbon
dioxide and returned to the fish tanks.
This is the basic principle of recirculation.
Several other facilities can be added, such
as oxygenation with pure oxygen,
ultraviolet light or ozone disinfection,
automatic pH regulation, heat exchanging,
denitrification, etc. depending on the

exact requirements. Fish in a fish farm
require feeding several times a day. The
feed is eaten and

digested by the fish and is used in the fish
metabolism supplying energy and
nourishment for growth and other
physiological processes. Oxygen (02)
enters

through the gills, and is needed to produce
energy and to break down protein,
whereby carbon dioxide (CO2) and
ammonia (NHs) are produced as waste
products. Undigested feed is excreted into
the water as faeces, termed suspended
solids (SS) and organic matter. Carbon
dioxide and ammonia are excreted from
the gills into the water. Thus fish consume
oxygen and feed, and as a result the
water in the system is polluted with

faeces, carbon dioxide and ammonia.

[nasa 2: Cuctema peumnmprkynaumm,

war 39 warom

B cucteme peumnpKynaymm Heobxoammo
NocToAHHO 0bpabaTbiBaTb BOAY AN1A
yAaneHua oTxoAdbl, Bblaenaemble pbiboit, 1
ana pobasneHuna Kucnopoaa Ana
noaaepXKaHus XMU3HU pbibbl 1 XOpoLlo.
Cuctema peumpKyasauum Ha camom gene
A0BO/IbHO NpocTa. M3 Bbixoaa pbibbl BOAA B
pe3epByapax NOCTyNaeT B MeXaHNYECKUN
dbunbTp N ganee B buonornyecknit GuUnbTp
NpeXae Yem ero rasampyroT 1 O4MLLAIOT OT
YrIEKMCNOTO ra3a v BO3BPaLLatoT B
aKBapMyMbl. 3TO OCHOBHOM NPUHLMN
peunprynaummn. MoxHo nobasutb
HECKONbKO ApYrnX CPeACTB, TaKMX KaK
OKCUreHaLMa YNCTbIM KUCNOPOA0M,
Ae3nHbeKkumna ynbTpapmonetom nam
030HOM, aBTOMATUYECKOEe peryampoBaHme
pH, TennoobmeH, geHuUTpndnKauma u T. 4.
B 3aBMCUMOCTU OT TOUHbIX TpeboBaHUA.
Pbiba Ha pbIbOBOAYECKOM X0O3ANCTBE
TpebyeT KOPMIEHUS HECKOIbKO Pas B AeHb.
Kopm egAaT n nepeBapmBaeTca pbibon u
ncnonb3yetcs B metabonmnsme pbibbl,
NOCTaBNASA SHEPIUIO U

NUTaHMe ANA PocTa U APYrux
dum3mMonornyecknx npoueccos. Kncnopogs
(02) BxoauT Yepes xKabpbl, U HeEOH6X0AMM
ANA NPOM3BOACTBA IHEPTUN U
pacuwienneHuns 6enka, B pesynbTtaTte Yero
yrnekucabin ra3 (CO2) um ammuak (NH3)
ob6pasyloTcs B BUAE OTXOA40B NPOAYKTbI.
HenepeBapeHHbIN KOPM BblaenaeTcs B
BOAY B BUAE peKanui, Kotopble
Ha3blBaOTCA B3BELUEHHbIMU

TBEpAble BewecTBa (SS) n opraHuyeckue
BeLLeCTBa. YINeKUCAbIN ra3 1 ammumak
BbIBOAATCA M3 XKabpbl B BoAy. Taknm
obpasom pbiba noTpebaseT Kucaopoa n
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Only dry feed can be recommended for
use in a recirculation system. The use

of trash fish in any form must be avoided
as it will pollute the system heavily

and infection with diseases is very likely.
The use of dry feed is safe and also has
the advantage of being designed to meet
the exact biological needs of the fish.

Dry feed is delivered in different pellet
sizes suitable for any fish stage, and the
ingredients in dry fish feed can be
combined to develop special feeds for fry,
brood stock, grow-out, etc.

In a recirculation system, a high utilization
rate of the feed is beneficial as this

will minimise the amount of excretion
products thus lowering the impact on the
water treatment system. In a
professionally managed system, all the
feed added

will be eaten keeping the amount of
uneaten feed to a minimum. The feed
conversion rate (FCR), describing how
many kilos of feed you use for every kilo
of fish you produce, is improved, and the
farmer gets a higher production yield

and a lower impact on the filter system.
Uneaten feed is a waste of money and
results in an unnecessary load on the filter
system. It should be noted that feeds
especially suitable for use in recirculation
systems are available. The composition

of such feeds aims at maximising the
uptake of protein in the fish thus
minimizing the excretion of ammonia into
the water. The environment in the fish
rearing tank must meet the needs of the

Kopma, 1 B pe3ynbTate Boga B cucteme
3arpsisHeHa peKkanuamu, yrneknucabim
rasom 1 aMmuakom. ToNIbKO Cyxon Kopm
MOXHO pPeKkoMeHA0BaTb ANA
MCNO/Ib30BAHUA B CUCTEME PELMNPKYNALUN.
Mcnonb3oBaHue cnegyet nsberatb mycopa
B Nt060M popme, TaK KaK OH CUJIbHO
3arpsA3HUT CUCTEMY U 3aparkeHne
601e3HAMM OYEHb BEPOATHO.
Ncnonb3oBaHuMe cyxoro kopma 6e3onacHo u
TaK»Ke nmeeT MNpenmyLecTso Toro, 4tobbl
6bITb pa3paboTaHHbIM, 4TOObI
YyAO0B/IETBOPUTb TOYHbIE BMONOTMYECKNe
noTpebHocTM pbibbl. Cyxoi Kopm
NOCTaBNAETCA B FPaHy/1ax pa3HbIX
pa3mepos, noaxoAalmnx gna noboi ctagmm
pbibbl, U UHFPEeANEHTbI B CYXOM KOpMe ANA
pbl6 MOXHO KOMBUHMPOBATL ANA CO34aHUA
cneupnanbHblX KOPMOB A4 Ma/IbKOB,
BbIBOAOK, BblpaluyBaHue 1 T. 4.

B cucteme peumpKynaumMm BbICOKas CTeNeHb
MCNO/Ib30BAHUA KOPMa BbIrO4Ha, TaK Kak
3TO MMHUMU3UPYET KOIMYECTBO NPOAYKTOB
BbIBEAEHUSA, TEM CaMbIM CHUXKAA BAUAHME
Ha CMCTEMA OYUCTKKU BOAbI. B
npodeccMoHanbHO YyNpPaBAAEMON cCUcCTeME
BCe KaHanbl gobasneHbl byaet cbeaeH,
CBOAA K MMHUMYMY KOJINYECTBO
HeobpaboTaHHOro kopma. Kopm
KoapodunumeHT KoHBepcum (FCR),
MOKa3bIBAOLLNIM, CKONbKO KUIOFPamMMOB
KOPMa Bbl MCMOJIb3yeTe Ha KaxKabli
KMNOrpaMm pbibbl, KOTOPYHO Bbl
npousBoguTe, yaydwaeTca, a bepmep
nony4aeT 60s1ee BbICOKUIN ypoXKai n
MeHbLUee BNAHWE Ha cuctemy GuabTPOB.
HeouuweHHbI KOpM - NycTas TpaTa AeHer
N NPUBOAMUT K HEHYXKHOW Harpyske Ha
cuctemy ¢ounbTpoBs. CneayeT OTMETUTb, YTO
Kopma ocobeHHO noaxoauT Ans
MCMNO/Ib30BAHUA B CUCTEMAX PELIUPKYNALUN
A0CTYNHbl. COMMHEHME TaKUX KOPMOB
Hanpas/ieH Ha MaKCMMaJ/ibHOe MOoroLleHne
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fish, both

in respect of water quality and tank
design. Choosing the right tank design,
such as size and shape, water depth, self-
cleaning ability, etc. can have a
considerable impact on the performance
of the species reared.

If the fish is bottom dwelling, the need for
tank surface area is most important,

and the depth of water and the speed of
the water current can be lowered
(turbot, sole or other flatfish), whereas
pelagic living species such as salmonids
will benefit from larger water volumes and
show improved performance at

higher speeds of water.

In a circular tank, or in a square tank with
cut corners, the water moves in a

circular pattern making the whole water
column of the tank move around the
centre. The organic particles have a
relatively short residence time of a few
minutes, depending on tank size, due to
this hydraulic pattern that gives a
selfcleaning effect. A vertical inlet with
horizontal adjustment is an efficient way
of controlling the current in such tanks.
In a raceway the hydraulics have no
positive effect on the removal of the
particles. On the other hand, if a fish tank
is stocked efficiently with fish, the
self-cleaning effect of the tank design will
depend more on the fish activity than

on the tank design. The inclination of the
tank bottom has little or no influence

on the self-cleaning effect, but it will make

6enka B pblbe, TakKMM 0bpasom cBoAsA K
MWHUMYMY BblBEAEHWE aMMMaKa B BOAY.
Okpy:Katowas cpesa B akBapuyme ana
pa3BeaeHuns pblbbl AONKHA
COOTBETCTBOBATb NOTPEOHOCTAM pbIbbl, KaK
B OTHOLUEHMW KayecTBa BOAbl M AN3aiHa
pe3epByapa. Bbibop npasuabHoOM
KOHCTPYKLMM TaHKa, TAKOM TaK KaK pasmep
n popma, rnybmuHa Boapbl, CNOCOBHOCTL K
CaMOOYULLEHMIO U T. 4. MOTYT UMETb
BNMAHWE Ha NPOU3BOAUTENIbHOCTb
BblpaLLEeHHbIX BUAO0B. Ecnn pbiba obutaer
Ha AHe, HeobXo04MMOCTb B NOLWAAM
NOBEPXHOCTM aKBapUyma ABnAeTCcA
Hanbonee Ba*KHOW, U rNybuHa BOAbI U
CKOPOCTb NOTOKa BOAblI MOTyT 6bITb
CHUXKeHbI (Ttopbo, noaoLwsa nan gpyrue
Kambanbl), TOrga Kak XuBble nenarnyeckune
BMAbl, TAKME KaK 10COCEBbIE BbIUTPAeT OT
60nblwnx 06BEMOB BOAbI M MOKAXKET
YNy4YLEHHYO NPOM3BOAUTENBHOCTD NPU
6onee BbICOKME CKOPOCTM BOAbI. B Kpyrnom
pesepByape Uan B KBaAPaTHOM pe3epByape
C 06pe3aHHbIMK yrnamun BO4A ABUXKETCA B
KPYroBOM PUCYHOK, 3aCTaBNAIOLWMIA BEC
BOAAHOM cToNb pesepByapa ABUraTbCA
BOKPYr LeHTp. OpraHnyeckme 4actumupl
MMEIT OTHOCUTE/IbHO KOPOTKOE BpeEMS
npebbiBaHUA HECKO/IbKUX MUHYT, B
3aBUCMMOCTU OT pa3mepa baKka, brarogaps
3TOM rMAPABANYECKOM CXEME, KOTOpPana AaeT
camoouuuieHne apdeKT. BepTuKanbHbIN
BMYCK C FOPM30HTa/IbHOW PEeryiMpoBKOM
AsnaeTca adPeKTMBHbIM cnocobom
KOHTPO/INPOBATb TOK B TaKMX EMKOCTAX. B
AOPOXKKE KaYeHUA rmapaBamKa He
OKa3bIBAET NOJIOKUTE/IbHOTO BINSAAHUA HA
yhaneHue yactmupl. C 4pyro CTOPOHbI,
ecnn akBapuym apPpeKTMBHO cHabkaeTca

pbiboit, Camooumiatowmiica apdpekt
KOHCTPYKUMNM pe3epByapa byaeT 3aBuUceTb
60/blle OT aKTUBHOCTU PblbbI, YEM
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complete draining easier when the

tank is emptied.

Circular tanks take up more space
compared to raceways, which adds to the
cost of constructing a building. By cutting
off the corners of a square tank an

octagonal tank design appears, which will
give better space utilization than

circular tanks, and at the same time the
positive hydraulic effects of the circular
tank are achieved (see figure 2.5). It is
important to note that construction of
large tanks will always favour the circular
tank as this is the strongest design and
the cheapest way of making a tank.

A hybrid tank type between the circular
tank and the raceway called a “D-ended
raceway” also combines the self-cleaning
effect of the circular tank with the
efficient space utilization of the raceway.
However, in practice this type of tank

is seldom used, presumably because the
installation of the tank requires extra
work and new routines in management.
Sufficient oxygen levels for fish welfare are
important in fish farming and are

usually kept high by increasing the oxygen
level in the inlet water to the tank.

Direct injection of pure oxygen in the tank
by the use of diffusers can also be

used, but the efficiency is lower and more
costly.

Control and regulation of oxygen levels in
circular tanks or similar is relatively

easy because the water column is

Ha AM3alH TaHKa. HaknoH gHMLWa
pe3epByapa NPaKTUYECKN He BAMAET Ha

3 PeKT camooumLLLEHUNSA, HO 3TO caenaeT
NO/IHbIM CNNB Nerye, Koraa TaHK
onyctoweH. Kpyrable pesepsyapbl
3aHUMatoT 60blLEe MeCTa NO CPABHEHMUIO C
AOPOXKKAMU KauyeHusa, 4To gobasnaer
CTOMMOCTb CTPOUTENbCTBA 34aHMA. OTpe3asn
YrNibl KBAaZPaTHOrO pe3epByapa NosBAsAeTCA
BOCbMMYro/IbHan KOHCTPYKLUMA pe3epByapa,
KOoTopasA AacT iyyllee UCnosib3oBaHMe
NPOCTPAHCTBA, YEM KpYr/ble pe3epsyapbl, U
B TO YK€ BPeMs NONOXKMUTE/bHbIE
rmgpasanyeckme adpdekTbl KPYroBoro TaHK
AOCTUTHYT (CM. pUCYHOK 2.5). BaxkHo
OTMETUTb, YTO CTPOUTENbCTBO 6O/bLLME
pe3epByapbl Bcerga 6yayTt B Nonb3y
KPYrnoro pesepsyapa, Tak Kak 3TO Cambli
CUNbHBLIN AN3aNH N CaMbl AELLEBbIN
cnocob caenatb TaHK. Tun rmbpuaHoro
pe3epByapa MeXay KpyribiM pesepByapom
N LOPOXKKOM KaueHua, HasbiBaembli «D-
3aKOHYeHHbIN» Raceway »TaK»Ke coYeTaeT B
cebe apdeKT CamooUULLLEHNA KPYT/IOro
pe3epByapa c 3pPeKkTUBHOE
MCNO/Ib30BaHWE NPOCTPAHCTBA AOPOMKKM
KayeHua. O4HaKo Ha NpaKTUKe 3TOT TmN
TaHKa peaKo UCnonb3yeTcs,
NpeanonoXKnTesbHO, MOTOMY YTO
yCTaHOBKa pe3epByapa TebyeT
AONONHUTENBHOTO PaboTa 1 HOBbIE PYTUHDI
B ynpasneHun. JocTaToYHble YPOBHMU
Kucnopoaa ans 6narononyyums pbib BaxKHbI
B pblboBOACTBE M 0OBLIYHO
noaAeprKMBaeTCA Ha BbICOKOM YPOBHe
nyTem yBenuMyYeHusa YPOBHSA KMC0poaa BO
BXOZHOM BoAe B H6aK. MpAamoi BNpbICK
YMCTOro KMUC0pPOaa B pesepByap C

nomoupto AnddPy3opoB TaKKe MOXKeT bbITb
ncnonb3yetcs, HO 3QPEKTUBHOCTb HUXKE U
Aoporke. KOHTPO/Ib U peryimpoBaHue
YPOBHS KNCNOPOAa B KPYI/blX pe3epByapax
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constantly mixed making the oxygen
content almost the same anywhere in the
tank. This means that it is quite easy to
keepthe desired oxygen level in the tank.
An oxygen probe placed near the tank
outlet will give a good indication of the
oxygen available. The time it takes for the
probe to register the effect of oxygen
being added to a circular tank will be
relatively short. The probe must not be
placed close to where pure oxygen is

injected or where oxygen rich water is fed.

In a raceway, however, the oxygen
content will always be higher at the inlet
and lower at the outlet, which also gives a
different environment depending

on where each fish is swimming. The
oxygen probe for measuring the oxygen
content of the water should always be
placed in the area with the lowest oxygen
content, which is near the outlet. This
downstream oxygen gradient will make
the regulation of oxygen more difficult as
the time lag from adjusting the oxygen

up or down at the inlet to the time this is
measured at the outlet can be up to

an hour. This situation may cause the
oxygen to go up and down all the time
instead of fluctuating around the selected
level. Installation of modern oxygen
control systems using algorithms and time
constants will however prevent these
unwanted fluctuations. Tank outlets must
be constructed for

optimal removal of waste particles, and
fitted with screens with suitable mesh
sizes. Also, it must be easy to collect dead

WM aHANOTUYHbIX
NIerko, NOTOMy YTO BOAHbIM cTONO
NOCTOSIHHO CMelUnBaeTcs, Aenas
COAEpPKaHME KNCNopoaa NoYTh To XKe
camoe rge yrogHo B 6ake. 3To o3Hayaer,
YTO 3TO AOBOJIbHO IETKO COXPaHUTb
¥Kenaemblil ypoBeHb Kucnopoaa B b6ake.
KncnopoaHbiii 30HA4, PacnonoXKeH pagom C
BbIXO40M M3 6aKa AacT xopollee
npeAcTaBNeHNEe O HAIMYUKM KMChopoaa.
Bpemsa, Heobxoanmoe ans nccnenoBaHuma
3aperncTpupoBatb 3pPeKT AobaBneHnn
KMCNOpPOAa B KPYrAblit pesepsyap byaet
OTHOCUTENbHO KOPOTKaA. 30HA, HENb3A
pa3smeLLaTb PALAOM C MECTOM BBOAA
YMCTOro KMCA0POAa UNK rae NoaaeTcs
6oratas Kucnopogom Boga. OaHako B
AOPOXKKE KauyeHMA coaeprkaHme Kucaopoaa
Bcerga byaeT Bblle Ha BXOAE M HUXKE Ha
BbIXOZE, YTO TaKXKe AaeT Apyryto cpeay B
3aBMCMMOCTM O TOM, rAe NaaBaeT Kaxkaan
pbiba. KnucnhopoaHbiii 30HA, ANa U3mepeHua
Knucnopopaa

cofeprKaHue BoAbl Bcerga cneayet
pa3meLLaTb B 30HE C HAUMEHbLUMM
CofeprKaHMeM KMCNopoaa KOHTEHT,
KOTOPbIN Haxo4MTCA BO3/1e PO3eTKU. ITOT
HUKHUIN KNCNOPOAHbIN TPpaAneHT caenaet
peryninpoBaHune Kncnopoaa 6onee
CNOXHbIM, TaK KaK BpemMs 3a4epKKn oT
PerysnpoBKM KNC0POAa BBEPX AN BHU3
Ha BXoge, 4Tobbl Bpemsa, U3MepeHHoe Ha
BbIXOZE, MOI/10 COCTaBAATb A0 Yac. ITa
CUTYyauMs MOXKeT NPUBECTU K TOMY, YTO
KMcnopon, Bce BpemMs NoAHUMAETCS U
OnycKaeTca BMeCTO TOro, YTobObl
KonebaTbca BOKPYr BbIOPaHHOMO YPOBHA.
YcTaHOBKa COBPEMEHHOIO KMCA0poaa
CucTembl ynpas/ieHns, UCNONb3yowme
aNropuTMbl U NOCTOAHHbIE BPEMEHM,
OAHAKO, NPeAOoTBPATAT 3TN HeXKeNaTebHble
KonebaHus. Bbixoabl pe3epByapa AOJIKHbI
6bITb CKOHCTPYMPOBaHbI 419 ONTUMANbHOTO
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fish during the daily work routines.
Tanks are often fitted with sensors for
water level, oxygen content and
temperature for having complete control
of the farm. It should also be considered
to install diffusers for supplying oxygen
directly into each tank in case of an
emergency situation.

Mechanical filtration

Mechanical filtration of the outlet water
from the fish tanks has proven to be

the only practical solution for removal of
the organic waste products. Today

almost all recirculated fish farms filter the
outlet water from the tanks in a so

called microscreen fitted with a filter cloth
of typically 40 to 100 microns. The
drumfilter is by far the most commonly
used type of microscreen, and the design
ensures the gentle removal of particles.
Function of the drumfilter:

1. Water to be filtered enters the drum.

2. The water is filtered through the drum'’s
filter elements. The difference in

water level inside/outside the drum is the
driving force for the filtration.

3. Solids are trapped on the filter elements
and lifted to the backwash area by

the rotation of the drum.

4. Water from rinse nozzles is sprayed
from the outside of the filter elements.

yOaNeHUA 4acTuL, OTXOA0B, U OCHALLEH
9KpaHamm C NOAXO4ALUMM pasmMepamu
ceTku. Kpome TOro, f0MKHO HbITb N1ETKO
cobpaTtb mepTBbIX pbiba BO Bpemsa
noscegHeBHOM paboTbl. PesepByapbl 4acTo
OCHALEHbl JaTYMKAMMN YPOBHA BOAbI,
COAepXaHMA KUCNopoaa n TemnepaTtypa
ONA NONHOrO KOHTPOAA pepmbl. ITO TaKKe
cnenyeT y4nTbiBaTb YCTAHOBUTD
anoddy3opbl 4nA nogavmn KMcaoposa
HenocpeacTBEHHO B KaXkAblin pe3epByap B
Cay4ae ypesBblyaliHada cuTyaums.

MexaHnyeckaa ¢puabTpaums

MexaHu4yeckaa ¢unbTpayma Boabl Ha
BbIXO4€ M3 aKBAapMyMOB A0Ka3ana CBOK
e4MHCTBEHHOE NPAKTUYECKOe pelleHmne ans
yOaneHua opraHn4yecknx otxonos. CeroaHsA
NOYTM BCE PEUMPKYANPYIOLINE PbiOHbIE
dbepMbl PUABLTPYIOT BOAY Ha BbIXo4e U3
pe3epByapoB B TaK Ha3blBaeMbI
MUKPO3KpPaAH, CHabXeHHbIN
dUNbTPOBANIbHOM TKaHbIO TUNKUYHO OT 40 Ao
100 MUKpOH. BapabaHHbIN PUAbTP Ha
CeroAHAWHUN AeHb ABNSIeTCA Hanbonee
4aCTo UCMNO/b3yeMbIM TUNOM MMUKPO3KPaHa,
N An3anH obecneymBaeT beperkHoe
yOaneHue 4actuu,

PyHKuma bapabaHHoro punbTpa:

1. Boga gna ¢ounbTpaymm noctynaer B
6apabaH.

2. Boga punbtpyetca yepes puabTpytowme
anemeHTbl 6apabaHa. PasHnua B YpoBeHb
BOAbl BHYTPU / cCHapy»xu bapabaHa
ABNAETCA ABMKYLLEN CUNON dUNbTpaLmu.

3. TeepAable YacTULbl 3a4ePKMBAOTCA Ha
GUNBTPYIOWMX 3N1E€MEHTAX U NOAHMMALOTCA
B 30HY 06paTHOM NPOMbIBKMU

BpalweHue 6apabaHa.
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The rejected organic material is washed
out of the filter elements into the
sludge tray.

5. The sludge flows together with water by
gravity out of the filter escaping the

fish farm for external waste water
treatment (see chapter 6).

Microscreen filtration has the following
advantages:

e Reduction of the organic load of the
biofilter.

e Making the water clearer as organic
particles are removed from the water.

e Improving conditions for nitrification as
the biofilter does not clog.

e Stabilising effect on the biofiltration

processes.

Biological treatment

Not all the organic matter is removed in
the mechanical filter, the finest particles
will pass through together with dissolved
compounds such as phosphate and
nitrogen. Phosphate is an inert substance,
with no toxic effect, but nitrogen in

the form of free ammonia (NH3s) is toxic,
and needs to be transformed in the

biofilter to harmless nitrate. The
breakdown of organic matter and
ammonia is a

biological process carried out by bacteria
in the biofilter. Heterotrophic bacteria
oxidise the organic matter by consuming
oxygen and producing carbon dioxide,
ammonia and sludge. Nitrifying bacteria

4. Boga 13 NpOMbIBOYHbIX GOPCYHOK
PacnbINAETCA CHAPYXN QUNBTPYHOLLMX
3nemeHToB. OTKNOHEHHbIN OPraHNYeCcKUm
MaTepuan BbIMbIBaeTCA U3 GUNBTPYHOLLUX
3/1EMEHTOB B 1I0TOK A4/18 UAa.

5. OcapoK cTeKaeT BMecCTe C BOAOM
CaMOTeKOM u3 GUNbTPa, NOKNAAA
pblboBOAYECKOE XO35MCTBO A/19 OYMCTKMU
BHELWHMX CTOYHbIX BOA (CM. rnaBy 6).
MWUKpO3KpaHHaA GpuabTpauma nmeet
cnegyrowme npemmyLLecTsa:

® CHMXKXEeHMe OpraHNYecKOM HarpysKu
brnodpunnbTpa.

e [oBbILWEHWE NPO3PaYHOCTM BOAbI Npw
yO3NEHUN OPraHUYeCcKmX YacTumL, U3 BOAbI.
® YaydleHue ycnoBmn gna HUTpupurKaumm,
TaK Kak 6nodunnbTp He 3abuBaeTcs.

e Ctabunumsnpytowee Bo34eMCTBUE HA
npoueccbl buodunbTpPaLmMN.

Buonornyeckas obpaboTKa

He Bce opraHMyeckue BeLW,ecTBa yaanaTcs
B MeXaHM4YeCcKoM pUnbTpe, camble MenKme
YyacTuubl byaeTt NpoxoaAnTb BMecTe C
PacTBOPEHHbIMM COeANHEHUAMM, TAKUMMU
Kak ¢ocdat u a3oT. Pocdat ABnseTca
MHEPTHbIM BELLECTBOM, 6€3 TOKCUMYECKOro
AencTBmA, Ho a3oT B popma cBoboaHOro
ammmaka (NH3) TokcuuHa 1 gonkHa 6biTb
npeobpasoBaHa B 6ModmnbTp A0
6e3BpeaHOro HUTpaTa. PacwenneHue
OpraHMYecKoro BeLWecTBa M ammmaka
ABNAeTCcA bMoNorMyecknii npouecc,
OCyLLEeCcTBAAEMbIN BaKkTepUsMU B
6rnodpunbTpe. NetepoTpodHblie bakTepUn
OKUCNATb OPraHNUYecKkoe BeLLecTBo,
notpebnsa KMcnopoa u npomnssoan
YIIEKUCAbIN Fa3, aMMUaK W WNAM.
Hutpudounumpyowme baktepum
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convert ammonia into nitrite and finally
to nitrate.

The efficiency of biofiltration depends
primarily on:

e The water temperature in the system.

e The pH level in the system.

To reach an acceptable nitrification rate,
water temperatures should be kept
within 10 to 35 °C (optimum around 30 °C)
and pH levels between 7 and 8.

The water temperature will most often
depend on the species reared, and is

as such not adjusted to reach the most
optimal nitrification rate, but to give
optimal levels for fish growth. Regulation
of pH in relation to biofilter efficiency

is however important as lower pH level
reduces the efficiency of the biofilter. The
pH should therefore be kept above 7 in
order to reach a high rate of bacterial
nitrifying. On the other hand, increasing
pH will result in an increasing amount

of free ammonia (NH3s), which will enhance
the toxic effect. The aim is therefore

to find the balance between these two
opposite aims of adjusting the pH. A
recommended adjustment point is
between pH 7.0 and pH 7.5.

Two major factors affect the pH in the
water recirculation system:

* The production of CO2from the fish and
from the biological activity of the biofilter.
* The acid produced from the nitrification
process.

NpeBpaLaloT aMMMaK B HUTPUT U, HAKOHeL,
HUTPUPOBATb.

3pdeKkTUBHOCTb BMOPUNbTPALINM 3aBUCUT
npexae BCero or:

e TemnepaTypa BOAbl B CUCTEME.

® YpoBeHb pH B cucteme.

[Ana pocTUXREeHNs NPUeMaemMoit CKoOpoCcTH
HUTpUPUKaunm Heobxogmmo
noaaepXunBaTb TeMnepaTypy BoAbl B
npeaenax ot 10 go 35 ° C (onTumanbHO
okono 30 ° C) n ypoBHa pH ot 7 ao 8.
TemnepaTtypa BOAb! Yalle BCEro 3aBUCUT OT
BblpaLLMBAEMbIX BUAOB M COCTABAAET KaK
TaKOBOWM, He npucrnocobneHHbIN ana
[OCTUXKEHNA Hanbonee onTUManbHOM
CKOPOCTU HUTPUPMKALMK, HO ANA
ONTUMAabHble YPOBHM A5 POCTA

pbibbl. PerynmposaHune pH oTHOCUTENBbHO
appeKTuBHOCTM BUOPUNbTPA O4HAKO
BAXHO, TaK Kak 6bonee HU3KMI yposeHb pH
CHUXaeT 3pPeKTMBHOCTL BUopumabTpa.
Moatomy pH cnepyet nogaepXmBaTh Bbille
7, 4T0bObI 4OCTMYb BbICOKOTO YPOBHSA
H6aKkTepmnanbHo HUTpUdUKaumun. C apyrom
CTOPOHbI, yBenmyeHune pH npmeeger K
YBE/IMYEHMIO KOIMYecTBa cBOHOAHOrO
ammmnaka (NH3), koTopbiit yeunut
TOKCMYEeCcKuin apdekKT. Moatomy uenb 4tTobbl
HaNTK 6GanaHCc MeXKay 3STUMN ABYMS
NPOTUBOMNO/IOXKHbBIMM LLENAMM
perynmposaHuma pH.

PekomeHAayemas TOYKa peryampoBKu
coctasnaetr ot 7,0 po 7,5.

[1Ba OCHOBHbIX PpaKTOpPa BAUAIOT Ha pH B
CUCTEME PELMPKYNALUN BOAbI:

e MMpounssoacTeo CO2 n3 pbibbi U
61MON0rMYECKON aKTUBHOCTH

6nodunbTp.

* Knucnota, nony4yeHHana B npouecce
HUTPUPUKaALUWN.
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Result of nitrification:

NH4 (ammonium) + 1.5 O2 — NO2 (nitrite) + H20
+ 2H+ + 2e

NOz2 (nitrite) + 0.5 O2— NOs (nitrate) + e

NH4+ 2 O2¢ NO3+ H20 + 2H+

COzis removed by aeration of the water,
whereby degassing takes place. This
process can be accomplished in several
ways as described later in this chapter.
The nitrifying process produces acid (H+)
and the pH level falls. In order to stabilize
the pH, a base must be added. For this
purpose lime or sodium hydroxide (NaOH)
or another base needs to be added to the
water.

Fish excretes a mixture of ammonia and
ammonium (Total Ammonia Nitrate (TAN)
= ammonium (NHa+) + ammonia (NH3))
where ammonia constitutes the main
part of the excretion. The amount of
ammonia in the water depends however
on the pH level as can be seen in figure
2.8, which shows the equilibrium between
ammonia (NH3) and ammonium (NHa-+).
In general, ammonia is toxic to fish at
levels above 0.02 mg/L. Figure 2.9 shows
the maximum concentration of TAN to be
allowed at different pH levels if a level
below 0.02 mg/L of ammonia is to be
ensured. The lower pH levels minimises
the risk of exceeding this toxic ammonia
limit of 0.02 mg/L, but the fish farmer

is recommended to reach a level of
minimum pH 7 in order to reach a higher
biofilter efficiency as explained earlier.
Unfortunately, the total concentration of

Result of nitrification:

NH4 (ammonium) + 1.5 O2 — NO2 (nitrite) + H20 +
2H++ 2e
NOz2 (nitrite) + 0.5 O2— NOs (nitrate) + e

NH4+ 2 O2¢ NO3+ H20 + 2H+

CO2 ypanaeTca nytem aspaumm Boabl, B
pe3yabTaTe Yero NPOUCXoauT Aerasaums.
3toT MNpouecc moxeT 6bITb BbINOIHEH
HEeCKOoNbKMMU cnocobamm, Kak onmcaHo
hanee B 3TOW rnase.

B npouecce HuTpudurKaumm obpasyerca
Kucnota (H +), n yposeHb pH nagaer. ns
TOro, 4T0bbI CTAbNNM3NPOBATL

pH, ocHoBaHMe Ao/1KHO bbITb A06aBNEHO.
[nA 3ToM uenm n3BecTb AN TMAPOKCUA,
HaTpua (NaOH) nnu apyraa ocHoBa A0/XKHa
6bITb f06aBNEHA K BOAE.

Pbiba BblgenaeT cMecb aMmMMaKka m
aMMOHMA (HUTpaT obuiero ammuaka (TAN)
= ammoHui (NH4+) + ammuak (NH3)), roe
aMMMaK ABNAETCA OCHOBHbIM YacTb
3KCKpeumun. Konnyectso ammunaka B Boge
3aBUCUT, 04HAKO, OT YypOBeHb pH, KaK
BUAHO Ha PUCYHKe 2.8, KOTOPbIN
NOKa3blBaET PaBHOBECKE MeEXAY

ammuaKk (NH3) n ammonunin (NH4)+).

B uenom, ammuak ToKkcMueH gna pbib npu
ypoBHaAxX Bbiwe 0,02 mr / n. PucyHok 2.9
NMOKa3blBAa€T MAaKCUMa/IbHAA KOHLUEHTpauma
TAN, paspelieHHaa Npu pa3nNYHbIX
YPOBHAX pH, ecnu ypoBeHb

HuXKe 0,02 mr / n ammunaka. bonee HU3KKI
ypOoBeHb pH MMHMMM3NPYET PUCK
NpeBbILEHMA 3TOF0 TOKCUYHOIO Npeaena
ammmaka 0,02 mr / n, Ho pbiboBo,
PekomeHAayeTca AOCTUYb YPOBHA
MUHUManbHoro pH 7, 4tobbl AoCTUYb
6onee BbICOKOro 3pPeKTUBHOCTb
6ModunnbTPa, Kak 06bACHEHO paHee.

K corkanenuto, obuian KOHUEHTpaUna
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TAN to be allowed is thereby significantly
reduced as can be seen in figure 2.9.

Thus there are two opposite working
vectors of the pH that the fish farmer has
to take into consideration when tuning his
biofilter.

Nitrite (NO2) is formed at the
intermediate step in the nitrification
process, and is

toxic to fish at levels above 2.0 mg/L. If fish
in a recirculation system are gasping

for air, although the oxygen concentration
is fine, a high nitrite concentration

may be the cause. At high concentrations,
nitrite is transported over the gills into
the fish blood, where it obstructs the
oxygen uptake. By adding salt to the
water,

reaching as little as 0.3 %o, the uptake of
nitrite is inhibited.

Nitrate (NOs-) is the end-product of the
nitrification process, and although it

is considered harmless, high levels (above
100 mg/L) seem to have a negative
impact on growth and feed conversion. If
the exchange of new water in the system is
kept very low, nitrate will accumulate, and
unacceptable levels will be

reached. One way to avoid the
accumulation is to increase the exchange
of new

water, whereby the high concentration is
diluted to a lower and trouble-free

level.

On the other hand, the whole idea of
recirculation is saving water, and in some
instances water saving is a major goal.

Takum obpasom, gonyctumbin TAN
3HAYUTENbHO CHUXKAETCA, KaK BUAHO Ha
pucyHke 2.9. Takum obpasom, ecTb ABa
NPOTUBOMNOJIOXKHbIX paboumnx BekTopa pH,
KOTOpble MMeeT pblboBOA, Y4UTbIBATb NPU
HacTpoKKe cBoero buopunbtpa. HuTput
(NO2-) obpasyeTcs Ha NPOMEKYTOYHOM
CTaAnun B NpoLecce HUTpPUUKaLMKN U
ABNAETCSA TOKCUYEH AN pblb Npu ypoBHAX
Bbiwe 2,0 mr / n. Ecam pbiba B cucteme
PeLMPKYNALUM 334bIXaeTcAa ANA BO34YXa,
XOTA KOHLUEHTPaUMA KMCA0poaa B NOpALKe,
BbICOKAA KOHLLEHTPALMA HUTPUTA MOXKET
6bITb NPUUYMHON. pK BBICOKNX
KOHUEHTPaUMAX HATPUT TPAHCNOPTMpPYyeTCA
yepes Kabpbl B KPOBb pblb, rae oHa
NPenATCTBYET NOT/IOLWLEHUIO KUCIOPOAa.
[obasnaa conb B BOAY, MpU AOCTUNEHUN
Bcero amwb 0,3 %o NOrnoweHne HUTpMUTa
nHrnbupyetca. Hutpat (NO3-) asnsetcs
KOHEYHbIM NPOAYKTOM NnpoLecca
HUTPUPUKALMM, U XOTA OH CUMTaETCA
6e3BpeHbIM, BbICOKME YPOBHMU (Bbiwe 100
Mr / n), KarkeTca, UMELoT OTPULATE IbHbIN
B/IMAHWE Ha POCT M KOHBEPCUIO KOPMa.
Echmn obmeH HoBOM BOAbI B CUCTEMA
noA4EePXKMBAETCA HAa O4YEHb HU3KOM
YPOBHE, HaKan/MBaeTCA HUTPAT, a
HegonycTUMble ypoBHU goctur. O4HMM 13
cnocob6oB n3bexkaTb HAKOMNIEHUA ABAAETCA
yBenmyeHne obmeHa HOBbIMM

BoAa, bnarogapAa yemy BbICOKas
KOHUeHTpauma pasbasnaetca go bonee
HMU3KOM N 6e3 Nnpobaem ypoBeEHb.

C Apyroi CTOpPOHbI, BCA naes
PELMPKYIALNM 3aKNOYAETCA B SKOHOMUU
BOZAbl, @ B HEKOTOPbIX C/Ty4an SKOHOMUM
BOAbl ABNAETCA OCHOBHOM Uenbto. MNpu
Taknx 06CcToATENBCTBAX HATPAT
KOHUEHTPaLUMM MoryT BbITb YMEHbLUEHbI
nyTem AeHUTpudurKaummn. B HopmanbHbIX
ycnosuax pacxon soabl 6onee 300 nnTtpos
Ha KI UICNO/1Ib30OBAaHHOIO KOPMa A40CTaTo4YeH
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Under such circumstances, nitrate
concentrations can be reduced by de-
nitrification. Under normal conditions, a
water consumption of more than 300 litres
per kg feed used is sufficient to dilute

the nitrate concentration. Using less water
than 300 litres per kg feed makes the

use of denitrification worth considering.
The most predominant denitrifying
bacteria is called Pseudomonas. This is an
anaerobic (no oxygen) process reducing
nitrate to atmospheric nitrogen. In fact,
this process removes nitrogen from the
water into the atmosphere, whereby

the load of nitrogen into the surrounding
environment is reduced. The process
requires an organic source (carbon), for
example wood alcohol (methanol) that
can be added to a denitrification chamber.
In practical terms 2.5 kg of methanol

is needed for each kg nitrate (NOs-N)
denitrified.

Most often the denitrification chamber is
fitted with biofilter media designed

with a residence time of 2-4 hours. The
flow must be controlled to keep outlet
oxygen concentration at app. 1 mg/L. If
oxygen is completely depleted extensive
production of hydrogen sulphide (H2S) will
take place, which is extremely toxic

to fish and also bad smelling (rotten egg).
Resulting production of sludge is quite
high, and the unit has to be back-washed,
typically once a week.

Biofilters are typically constructed using
plastic media giving a high surface area
per ms of biofilter. The bacteria will grow

ANA pa3baBaeHMA KOHUEHTPaLMsA HUTPATOB.
Ncnonb3osaHue sBoabl meHee 300 nutpos
Ha Kr Kopma genaet Micnonb3oBaHue
AEHUTPUPUKALMMN CTOUT PAacCMOTPET.
Camasn pacnpocTpaHeHHasn
aAeHnTpudurumpytowas bakrepusa
Ha3biBaeTcA Pseudomonas. 310
aHa’pobHbIN (6e3 Kucnopoaa) npouecc
BOCCTAHOBNEHUS HAUTPaATa Ao
aTmocdepHoro asoTa. Mo ¢akKry, aToT
npoLuecc ygansaeT a3oT 13 BOoAbl B
atmocdepy, B pe3ybTaTe Yero Harpyska
a30Ta B OKPYXKAIOLLYIO Cpeay CHUMKAeTCA.
Mpouecc TpebyeTca opraHMYeCcKUm
MCTOYHUK (yrnepoa), Hanpumep peBecHbIn
cnupT (MeTaHos), KOTOPbIN

MOXKeT 6bITb fobaBNEH B Kamepy
AeHnTpudurkaumm. Ha npaktuke 2,5 Kr
MeTaHOo/1a HeobxoaAuM ANA KaxKaoro
Kunorpamma Hutpata (NO3-N)
AEHNUTPUPMUMPOBAHHOTO.

Yawe Bcero Kamepa geHUTpUdUKaLnm
OCHalleHa 6MOPUNBLTPOM C BpEMEHEM
npebbiBaHUA 2-4 yaca. MOTOK A0/1KeH
KOHTPO/INPOBATLCA, YTOObI COXPAHUTD
BbIXO, KOHLLEHTPALMA KMCopoaa npm oK. 1
mr / n. Echm Kucnopom NoNHOCTbIO UCTOLLEH
npon3onaeT Npon3BOACTBO CEPOBOAOPOAA
(H2S), KoTopbiii ABNAETCA Ype3BbIYANHO
TOKCUYHbBIM K pblbe, a TaKKe N10X0
naxHywum (Tyxnoe anuo). Utorosoe
NPOM3BOACTBO MAa A0BO/IbLHO BbICOKasA, U
YCTPOMCTBO HEOBXOAMMO NPOMbIBATb, KaK
NpaBW/O, OAMH Pa3 B HeAenNto.
BruodunbTpbl 06bIMHO M3rOTaBAMBAKOTCA C
MCNO/Ib30BAaHMEM MAACTUKOBbIX Cpea,
AatoLmx 601bLIY0 NAOLWAAb MOBEPXHOCTH
Ha M3 BuodpunbTpa. Takmum obpasom,
H6aKTepuun byayT pactn B BUAE TOHKOMN
NAEHKM Ha HOoCcUTeNe. 3aHMMan
ype3Bbl4aMHO 60AbLUYIO NAOWAAb
NoBEepPXHOCTU. Llenbro xopoLwo
CNPOEKTUPOBAHHOro buodpunbTpa ABNAETCA
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as a thin film on the media thereby

occupying an extremely large surface area.

The aim of a well-designed biofilter is

to reach as high a surface area as possible
per m3 without packing the biofilter so
tight that it will get clogged with organic
matter under operation. It is therefore
important to have a high percentage of
free space for the water to pass through
and to have a good overall flow through
the biofilter together with a sufficient
back-wash procedure. Such back-wash
procedures must be carried out at
sufficient intervals once a week or month
depending on the load on the filter.
Compressed air is used to create
turbulence in the filter whereby organic
matter

is ripped off. The biofilter is shunted while
the washing procedure takes place,

and the dirty water in the filter is drained
off and discharged before the biofilter

is connected to the system again.

Biofilters used in recirculation systems can
be designed as fixed bed filters or
moving bed filters. All biofilters used in
recirculation today work as submerged
units under water. In the fixed bed
filter, the plastic media is fixed and

not moving. The water runs through
the media as a laminar flow to make
contact with the bacterial film. In the
moving bed filter, the plastic media

is moving around in the water inside
the biofilter by a current created by
pumping in air. Because of the constant
movement of the media, moving

AOCTUYb MAaKCMMaNbHO BO3MOXKHOM
nAoLWaam NoBepXHOCTN Ha M3 6e3
ynakoBKM 6uodunnbtpa, Tak TBEPAO, YTO 3TO
6yaeT 3abUTO OpraHMYECKMM BELLLECTBOM
npu paboTte. Mo3TOMy Ba*KHO MMETb
BbICOKMI NpoLeHT ceBobogHoro
NPOCTPAHCTBA ANA NPOXOXKAEHUS BOAbI U
MMeTb XOPOoLWMN 06LWMIN NOTOK Yepes
6nodnNbTP BMECTE C AOCTATOYHbIM
npoueaypa obpaTtHON NpombIBKK. Takne
npoueaypbl 06paTHOM NPOMbIBKU A0/1KHbI
NPOBOAMTLCA B AOCTAaTOYHbIE MHTEPBA/IbI
OAMH pa3 B HeAento Nan mecay, B
3aBMCMMOCTU OT Harpy3Kun Ha GpunbTp.
CKaTblil BO34yX MCNONb3yeTca ans
co3faHuAa TypbyneHTHOCTM B pUnbTpe,
nocpeacTBOM Yero opraHn4yeckoe
BELLLEeCTBO COpBaH. bruopunbtp
LWYHTUPYETCA BO BpeMA NpoLeaypbl MOMKK,
M rpaA3Has Boga B dUNbTPe cAnBaeTca u
cnmBaeTca neped 6MoPpmMabTPOM CHOBaA
NOAKNIOYEH K cucteme. buodpunbTpel,
MCNONIb3YEMbIE B PELUPKYNAALNOHHDIX
CUCTEMAX, MOTyT ObITb CKOHCTPYMPOBAHDI
Kak pUNbTPbI C HENOABUMKHbBIM CN0EM NN
GUNbTPbI C NOABUMKHBIM cloem. Bee
6MoPUNbTPLI, UCNONb3YyEMbIE CEeroaHA B
peunpKrynaummn, paboTaoT KaK
norpyeHHble eagMHULBI Nog BOoAONM. B
HenoABUXHOM KPOBaTH

GUNbTP, NNACTUKOBLIM HOCUTENb
duKcupyeTca 1 He aBuraeTtcs Boga Teuer
yepe3 CMW Kak naMUHapPHbIA NOTOK, YTOObI
cAenaTb KOHTAKT ¢ 6bakTepmanbHOMU
NAEHKOMN. B dMNbTP C NOABUMKHbBIM CNOEM,
NJIaCTUKOBbLIN HOCUTENb ABUXKETCA B BOAE
BHYTPM BMOPUNLTP TOKOM, CO34aHHbIM
3aKaumBaHue B BO3ayX. M3-3a nocToAHHOM
ABUMKEHWe CpeiCcTB MAacCOBOWM
MHOpPMaLMK, NEPEMELLEHNE NOCTE/NbHbIE
GMNbTPbI MOXKHO YNAKOBATb C/IOXKHEE, YEM
GUNBTPBI C HEMOABUMKHBIM C/IOEM, TAKUM
obpasom, gocturaa 601ee BbICOKOro
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bed filters can be packed harder than
fixed bed filters thus reaching a higher
turnover rate per ms of biofilter. There

is however no significant difference

in the turnover rate calculated per m2
(filter surface area) as the efficiency of
the bacterial film in either of the two types
of filter is more or less the same. In the
fixed bed filter, however, fine

organic particles are also removed as
these substances adhere to the bacterial
film. The fixed bed filter will therefore act
also as a fine mechanical filtration

unit removing microscopic organic
material and leaving the water very clear.
The moving bed filter will not have the
same effect as the constant turbulence of
water will make any adhesion impossible.
Both filter systems can be used in the
same system, or they can be combined;
using the moving bed to save space and
the fixed bed to benefit from the
adhering effect. There are several
solutions for the final design of biofilter
systems depending on farm size, species
to be cultured, sizes of fish, etc.

CKopocTb 0bopoTa Ha M3 BuodunbTpa. Tam
OpaHaKo HeT CyLeCcTBEHHOM pa3HULbI

B 060poTe paccunTbiBaeTca 3a M2
(nnowaab noBepxHOCTU GUAbTPA) KaK
3pPeKTUBHOCTb BaKTepmnanbHasa NAEHKa B
nobom u3s agyx Tunbl dunbTpos Honee
NI MeHee O4NHAKOBbI. B dunbTpe ¢
HEeNoABMXHbIM C10eM, OAHAKO, XOPOLLO
OpraHMYecKne YacTULbl TaKKe yaanarTcs,
TaK KaK 3T BELLEeCTBa NPUANNAIOT K
H6aKkTepmnanbHbiM GunbM. Takum ob6pasom,
GUNbTP C HENOABUXKHbBIM cnoem byaeT
TaK)Ke BbIMNONHATb QYHKLMIO TOHKOM
MeXaHN4yecKon GpunbTpaumu.

YCTPOMCTBO, yaanawouee
MWKPOCKOMMYECKME OpPraHnUYecKkue
BELLLECTBA M OCTaBAAIOLLEE BOAY OYEHDb
4ynucton. PuabTP C NOABUKHBIM CN0EM He
byneTt umeTb TaKoro e apdpeKkTa, Kak
NOCTOAHHAA TYpObyneHTHOCTb BOAA caenaeT
nobyto aaresmio HeBo3MoXkHon. Obe
cucTembl pUNbTPaLMM MOTyT
MCNO/Ib30BATbCA B O4HOM M TOM XKe
cucTeme, AN OHM MoryT BbITb
obbeanHEHbI; NCNO/1Ib30BaHME NOABUKHOMN
KpPOBaTWU ANA SKOHOMMUU MecTa U
HenoABUKHOM KpoBaTu ana spodekT
npuannanua. ECTb HECKONbKO peLueHni
ONA OKOHYaTe/IbHOro An3anHa buodunbTpa
CUCTEMbI B 3aBMCMMOCTU OT pasmepa
depMbl, BUAa KyNbTUBUPYEMOWM pbibbl,
pa3mepoB pbibbl U T. 4.
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Degassing, aeration, and stripping

Before the water runs back to the fish
tanks accumulated gases, which are
detrimental to the fish, must be removed.
This degassing process is carried

out by aeration of the water, and the
method is often referred to as stripping.
The water contains carbon dioxide (CO2)
from the fish respiration and from the
bacteria in the biofilter in the highest
concentrations, but free nitrogen (Nz2) is
also present. Accumulation of carbon
dioxide and nitrogen gas levels will have
detrimental effects on fish welfare and
growth. Under anaerobic conditions
hydrogen sulphide (H2S) can be produced,
especially in saltwater systems. This

gas is extremely toxic to fish, even in low
concentrations, and fish will be killed if
the hydrogen sulphide is generated in the
system.

Aeration can be accomplished by pumping
air into the water whereby the turbulent
contact between the air bubbles and the
water drives out the gases.

This underwater aeration makes it possible
to move the water at the same time,

for example if an aeration well system is
used (see figure 2.12).

The aeration well system is however not as
efficient for removing gases as the

trickling filter system, also called a
degasser. In the trickling system, gases are
stripped off by physical contact between
the water and plastic media stacked

in a column. Water is led to the top of the
filter over a distribution plate with holes,

[lerasauun, aspaLma U OYUCTKA

Mpexae yem Boaa ctekaeT obpaTHoO B
aKBapWyMbl, HaKanNaMBatOTCA rasbl,
KOTOpble BpegHble ans pbibbl, LONKHbI
6bITb yAaneHbl. ITOT NpoLecc Aerasaunm
NPoOBOAMTCA M3-3a a3pauumm BoAbl, U 3TOT
METO/, YaCTO Ha3bIBAKOT 3a4YMCTKMN.

Boaa cogepxut yrnekucnbii ras (CO2) us
AblXaHWA pblb U

H6aKkTepunun B 6MoPUNbTPE B CaMbIX BbICOKMX
KOHLLeHTpaumMaAx, Ho cBoboaHbIM a3oT (N2)
TaKXe npucytcTeyeT. HakonneHne ypoBHem
YrNIEKMCNIOro ra3a 1 a3oTa byget umeTb
narybHoe BAnAHMe Ha brarononyyuve u
pocT pbibbl. B aHa3pobHbIX ycnoBUAX
ceposoaopog (H2S) moxkeT bbITb
npounsseseH, 0COBEHHO B CMCTEMAX C
MOPCKOWM BOAOM. ITOT ra3 Yype3Bbl4alHO
TOKCUYEH gnA pblb, AaXKe B HU3KUX
KOHUEHTpaumax, n pbiba nornbHeT, ecam
CepoBOAOPO reHePUpPYETCA B CUCTEME.
Aspauma MmoKeT bbITb 4OCTUIHYTA NyTEM
HarHeTaHMA BO34yXa B BOAY, B pe3y/ibTaTe
yero TypOy/IeHTHbIM KOHTAKT MexXay
Ny3blpbKaMu BO34yXa U BOAOM BbITECHAET
rasbl. 3Ta NO4BOAHAA a3paLma NO3BONAET
nepemeLaTb BOAY O4HOBPEMEHHO,
Hanpumep, ecnm UCNOob3yeTcA cucTema
a3PaLUMOHHbIX CKBaXKMH (CM. pUCYHOK 2.12).
OpHaKo cucTema aspauMOHHbIX CKBAXKMH He
TaK 3o PeKTUBHA ANA yAa/NEHUSA FAa30B, Kak
CMCTEMA KanenbHOro puabTpa, TaKkxKe
Ha3blBaemMasn Aerasatopom. B kanenbHom
CUCTEME Ta3bl CHAT C PU3NYECKOTO KOHTAKTA
MeXay BOAOM N NNACTUKOBbIMMU
HocuTeNnssMM B cTonbue. Boga noaaetca Ha
Bepx GuAbTpa Yepes pacnpesenTeNbHy
NAaCTUHY C OTBEPCTUA M MPOMbIBAIOT Yepes
NNaCTUKOBbIN HOCUTENb, YTOObI

MaKCMMU3MPOBATb TypOY/IEHTHOCTb U
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and flushed down through the plastic
media to maximise turbulence and
contact, the so called stripping process.

Oxygenation

The aeration process of the water, which is
the same physical process as

degassing or stripping, will add some
oxygen to the water through simple
exchange between the gases in the water
and the gases in the air depending

on the saturation level of the oxygen in
the water. The equilibrium of oxygen

in water is 100% saturation. When the
water has been through the fish tanks,

the oxygen content has been lowered,
typically down to 70%, and the content

is reduced further in the biofilter. Aeration
of this water will typically bring the
saturation up to around 90%, in some

systems 100% can be reached. Oxygen

saturati on higher than 100% in the inlet
water to the fi sh tanks is however oft en
preferred in order to have suffi cient
oxygen available for a high and stable fi sh
growth. Saturati on levels above 100% call
for a system using pure oxygen.

Pure oxygen is oft en delivered in tanks in
the form of liquid oxygen, but can

also be produced on the farm in an oxygen
generator. There are several ways

of making super-saturated water with
oxygen contents reaching 200-300 %.
Typically high pressure oxygen cone
systems or low head oxygen systems, such
as oxygen platf orms are used. The
principle is the same. Water and pure
oxygen

are mixed under pressure whereby the
oxygen is forced into the water. In the
oxygen cone the pressure is accomplished

KOHTaKT, Tak Ha3blBaeMblii npoLecc
3a4YMCTKMU.

Oxkcurenanus

[Iporiecc arparuu Bobl, KOTOPBIN SBIISIETCS
TaKUM ke (PU3NYECKUM TTPOILIECCOM, UTO U
Jerasaius Wiu 3a4ucTka, J00aBUT HEMHOTO
KHCJIOPOJIa B BOJIY Uepe3 MPOCTOil 0OMeH
MEXy ra3aMu B BOJIC M Ta3aMU B BO3/yXE B
3aBUCUMOCTHU

Ha YPOBEHb HACKIIICHUSI KUCIOPOJOM B
Bojie. PaBHOBECHE KHCIOpOaa B BOJIE ATO

100% naceienne. Korga Boma npoiiuia

COJICp’)KaHKE KUCIIOPO/Ia ,Yepe3 aKBAPUYMBbI
OBL10 CHIKEHO, 00bI19HO 10 70%, a
COJICpKaHKE JaJiee YMEHbBIIIACTCS B
onoduiabTpe. Adparnus TOM BOJAbI OOBIYHO
MPUHOCUT HaChILIEeHHE TpuMeEpHO 110 90%, B
HEKOTOPBIX CUCTEMAX MOKHO JIOCTUYb
100%. Kucnopon HacklieHue 6osiee ueM Ha
100% BO BXOJHOM BOJIE PHIOHBIX
pe3epByapoB, OJIHAKO, YACTO
MPEANOYTUTEIbHBIM JIJII TOTO, YTOOBI UMETh
JIOCTaTOYHO KUCJIOPO/Ia, TOCTYITHOTO JJIst
BBICOKOH M CTAaOMIBLHOM PBIOBI POCT.
Carypatu Ha ypoBH:X Bbiiie 100%
TPEOYIOT CUCTEMBI, UCITOIB3YIOIICH YHCTHIN
YHUCTBIN KUCITIOPO YaCTO .KUCIOPOJ
MOCTABJISIETCS B PE€3€pPBYyapax B BUJC
KHUJKOTO KUCIOPOJa, HO MOXKET
Tak)Ke TPOU3BOAUTHCS Ha depMe B
reHepaTope kuciaopoaa. ECTb HECKOJIBKO
CIOCOOOB MPUTOTOBIICHUS MTEPECHIICHHON
BOJIbI C COJIEPKAHUEM KUCIIOPOa,

OO6wranO .mocTuraronuM 200-300%
CHUCTEMBI C KUCIOPOJAHBIM KOHYCOM
BBICOKOTO JIABJICHUS WJIM KUCIOPOIHbBIC
CHCTEMBI C HU3KMM HaloOpOM, TaKhe KaK
B KQUe€CTBE KHUCJIOPOa UCIIOIb3YIOTCS
dbopmel. [Ipunmun ToT xe. Boga u yucToii
KHUCJIOPOJT CMEIINBAIOTCS MO/ AaBICHUEM,

B PE3yJbTaTE YEro KUCIOpPO ] MoMnaaaeT B
BOJy. B KHCIIOpOAHBIN KOHYC JaBICHUE
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with a pump creati ng a high pressure

of typically around 1.4 bar in the cone.
Pumping water under pressure into the
oxygen cone consumes a lot of electricity.
In the oxygen platf orm the pressure is
much lower, typically down to about 0.1
bar, and water is simply pumped through
the box mixing water and oxygen. The diff
erence in the two kinds of systems is

that the oxygen cone soluti on uses only a

part of the circulati ng water for oxygen

enrichment, whereas the oxygen platf orm
is used for the main recirculati on fl ow
oft en in combinati on with the overall
pumping of water round in the system.
Whatever method is used, the process
should be controlled with the help of
oxygen measurement. The best way of
doing so is to have the oxygen probe
measuring aft er the oxygenati on system
at normal atmospheric pressure, for
example in a measurement chamber
delivered by the supplier. This makes the
measurement easier than if it was made
under pressure, since the probe will

need to be wiped clean and calibrated,

from ti me to ti me.

Ultraviolet light

UV disinfecti on works by applying light in
wavelengths that destroy DNA

in biological organisms. In aquaculture
pathogenic bacteria and one-celled
organisms are targeted. The treatment has
been used for medical purposes for
decades and does not impact the fi sh as
UV treatment of the water is applied
outside the fi sh producti on area. It is
important to understand that bacteria
grow so rapidly in organic matt er that
controlling bacterial numbers in traditi

JIOCTUTACTCS ¢ MOMOIIBIO Hacoca,
CO3JA0IIETO BRICOKOE JABIICHUC

00b19HO OKoJI0 1,4 Gap B konyce. OTKauka
BOJIbI 1O/]] JABJICHUEM B KHCJIOPOIHBIN
KOHYC MOTpeOJIIeT MHOTO AJIeKTpudecTBa. B
KHUCJIOPOJIHOM TaTopMe JaBlieHHe
HaMHOT0 HIKe, 00bryHO 110 0,1 Gap, u Boga
IIPOCTO MPOKAYMBACTCSI KOPOOKa,
CMeIluBaroias Boay u kuciopo. Pazuuiia
B JIByX THUIIaX CUCTEM UYTO B KHCJIOPOJIHOM
KOHYCE HCIOJIb3YeTCs TOJBKO YacTh
HUPKYIUPYIOIIEH BOBI IJIs1 KUCIOpOaa
oborarieHue, B TO BpeMsl Kak KUCIIOPOTHAs
miaTdhopMa UCIIOIb3YeTCsl 171 OCHOBHOM
PELUPKYISIUY TTOTOKA YaCTO B COUETAHUHU C
.00111e# mepeKayKkol BOJIbI B CUCTEME
Kaxkoli Ob1 METOI HU MCIIOJIBL30BAJICH,
MPOIIECC AOJIKEH KOHTPOIUPOBATHCS C
IIOMOLLBIO U3MEpPEHUE Kucaopoaa. Jlyumun
croco6 clenaTh 3T0 - UMETh KUCIOPOIHBIN
30H]1 U3MEPEHUE YPOBHS KUCIIOpOa B
CHUCTeMe TIPH HOPMAJIbHOM aTMOoc(epHOM
JIaBJICHUH, JJIs

MIpUMEP B U3MEPHUTEIBHOUN Kamepe,
TIOCTAaBISEMOM ITOCTABIIMKOM. JTO eIacT
HU3MEPEHUE JIeTue, YeM eCiid ObI OHO OBLIO
CJICJaHO II0JI TaBJICHUEM, TaK KaK 30H]]
OyIeT JOJDKHBI OBITh BBITEPTHI U
OTKaJUOPOBAHBI, OT MEHS 10 MCHS.

YapTpadroneToBsblil CBET

YO ne3undunupyet Ha padoTax, IPUMEHsIS
CBET B JUIMHAX BOJIH, KOTOPBIE Pa3pylatoT
JIHK B Ouonoruueckux oprannsmax. B
aKBaKyJbType MaTOreHHBIC U
OJTHOKJICTOYHBIE OaKTEpHH

OpraHU3MBbI SBIISIOTCS MUIICHBIO. JleueHue
UCIIOJIB30BAJIOCH B METUIIMHCKHX TESAX JITIS
JIECATUIICTHI U HE BIUSET Ha PBIOY, TaK Kak
npuMensiercss Y ® o6paboTka BOIBI

3a mpejeaMu peIOHOTO X035HCTBA Ha
ydacTke. BaxkHO moHUMATh, 4TO OaKTepHUH
PacTyT HACTOJIBKO OBICTPO B OPTaHUIECKOM
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onal fish farms has limited eff ect. The best
control is achieved when eff ecti ve
mechanical

fi ltrati on is combined with a thorough
biofi Itrati on to eff ecti vely remove
organic

matt er from the process water, thus
making the UV radiati on work effi ciently.
The UV dose can be expressed in several
diff erent units. One of the most widely
used is micro Watt -seconds per cmz
(UWs/cmz). The effi ciency depends on the
size and species of the target organisms

and the turbidity of the water. In order

to control bacteria and viruses the water
needs to be treated with roughly 2 000
to 10 000 uWs/cmazto kill 90% of the
organisms, fungi will need 10 000 to

100 000 and small parasites 50 000 to
200 000 pWs/cma.

UV lighting used in aquaculture must work
under water to give maximum

efficiency, lamps fitted outside the water
will have little or no effect because of
water surface reflection

Ozone

The use of ozone (03) in fish farming has
been criticised because the effect of over-
dosing can cause severe injury to the fish.
In farms inside buildings, ozone can also
be harmful to the people working in the
area as they may inhale too

much ozone. Thus correct dosing and
monitoring of the loading together with
proper ventilation is crucial to reach a
positive and safe result.

Ozone treatment is an efficient way of

BELIECTBE, YTO KOHTPOIUPYET KOJIHUUECTBO
OakTepuil B TPAAUIIMOHHBIX pbl0ax (pepMbl
UMEIOT OTpaHUYeHHbIN Y PeKT.
Hawnydimmii KOHTpOIb JOCTUTAETCs MIpU
¢ pexTuBHOM MexaHnueckoM DuibTparus
COUYETAETCS C TIIATEIbHON OMOJIOTHYECKON
3¢ PeKTUBHOCTHIO 151 3P (HEKTUBHOTO
.yJlaJIeHUsl OpraHUYECKUX BEIIECTB
MaTepbIO U3 TEXHUYECKOU BOJIbI, OJarogaps
yemy yibTpadUOJIETOBOE U3IIYyUECHHE
AbdexTrBHO padoTaet

Jlo3a ynpTpaduosiera MOXKeT ObITh
BBIPAKCHA B HECKOJIBKUX Pa3TMUHBIX
enuHuaX. OQNH U3 CaMBIX ITHPOKO
UCIIOJIb3YETCS MUKPOBATT-CEKYH/] HA CM2
(MkBT / cM2). Db HekTUBHOCTH 3aBUCUT OT
Pa3mep 1 BUBI 1IETIEBBIX OPraHU3MOB H
MYTHOCTH BOABIL. J{J1s1 TOTO, 94TOOBI AJIst
O0pBOBI ¢ OaKTEPUSIMU U BUPYCAMU BOJY
HeoOxoauMo obpadoTaThk mpumepHo 2000
10 10 000 MxBT / cM2, yT0oOBI yOuTs 90%
OpraHu3MoB, rpudam notpedyercs or 10
000 mo 100 000 u HEOOMBIITHE TTAPA3UTHI OT
.50 000 o 200 000 mxBT / cm2
VYabTpaduoneToBoe ocBeleHNUE,
UCIIOJIb3yeMOe B aKBaKyJIbType, JOIKHO
paboTaTh 101 BOJIOM, YTOOBI MaKCUMAaJIBHO
3¢ PEKTUBHOCTB, JIAMIIBI, YCTAHOBJICHHBIC
BHE BOJIbI, OYIyT UMETh HE3HAUUTEIIbHBIN
s dexT umm BoooIIIe He OTPaKEHUE OT
MOBEPXHOCTH BOJIbI

O30H

Hcnonb3oBanue o30Ha (O3)B pe1OOBOICTBE
OBLIIO MOABEPTHYTO KPUTHUKE, TIOCKOIBKY
BiusiHue [lepeno3upoBka MOKET MPUBECTH
K Cepbe3HbIM TpaBMaM pbIObL. B dhepmax
BHYTPH 3/IaHHI, 030H MOXKET TaKkKe OBITh
BpPEJHBIM IS JIIOAe, padoTaronuX B
00J1aCcTH, MMOCKOJIBKY OHH MOTYT BIbIXaTh
CJIMIIIKOM MHOTO 030Ha TakuMm oOpazom,
MpaBUIIbHOE JJO3UPOBAHHUE U KOHTPOJIIb
3arpy3ku BMecTe ¢ [IpaBunbHas
BEHTWIALIUSI UMEET pelliaoliee 3HaueHne
JUISL JOCTHXKEHUS TTOJIOKUTEIBHOTO U
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destroying unwanted organisms by the
heavy oxidation of organic matter and
biological organisms. In ozone treatment
technology micro particles are broken
down into molecular structures that

will bind together again and form larger
particles. By this form of flocculation,
microscopic suspended solids too small to
be caught can now be removed

from the system instead of passing
through the different types of filters in the
recirculation system. This technology is
also referred to as water polishing as it
makes the water clearer and free of any
suspended solids and possible bacteria
adhering to these. This is especially
suitable in hatchery and fry systems
growing

small fish, which are sensitive to micro
particles and bacteria in the water.
Ozone treatment can also be

used when the intake water to a
recirculation system needs to be
disinfected.

It is worth mentioning that in

many cases UV treatment is a

good and safe alternative to

ozone.

pH regulation

The nitrifying process in the biofilter
produces acid, thus the pH level will drop.
In order to keep a stable pH a base must
be added to the water. In some systems a
lime mixing station is installed dripping
limewater into the system and thereby
stabilizing pH.

An automatic dosage system regulated by
a pH-meter with a feedback impulse

to a dosage pump is another option. With
this system it is preferable to use

O6paboTka .6e30MmacHOro pe3yibrara
030HOM sBJIsIeTCS 3P PEKTUBHBIM CIIOCOOOM
YHUYTOXKCHHS HEKENIaTeIbHBIX OPTaHU3MOB
CUJIbHOE OKHCJIEHUE OPTraHUYECKUX BEIECTB
1 OMOJIOTUYECKUX OpraHu3MoB. B neuenun
030HOM
TEXHOJIOTUM MUKPOUYACTHUI] pacTaatoTCs Ha
MOJICKYJISIPHBIE CTPYKTYPhI, KOTOpPbIE
CHOBA CBSIKYTCSI BMECTE U CHOPMUPYIOT
6onee kpynHbie yacTuilsl. K aToit hopme

MUKPOCKOTTMYECKUE ,(pIOKYIISIITUU
B3BCIICHHBIC YACTHIIBI, CJIUIIIKOM
MaJICHbKHE, YTOOBI X MOYKHO OBILIO
oMMaTh, TEIepb MOKHO YIAJIUTh U3
CHUCTEMBI BMECTO MPOXOKICHHS Yepe3
pa3IUYHBIC TUITBI PUIBTPOB B CHCTEMA
PELUPKYISAIHUK. ITa TEXHOJIOTHUS TAKXKe
YIIOMUHAETCS KaK MOJUPOBKA BOIBI,
MOCKOJIBKY OHa JieJaeT BOAy 0oJiee YuCTOon
¥ CBOOO/THOM OT B3BEIICHHBIX BEIIECTB U
BO3MOXHBIX OaKTEPHUI TIPUICPKUBASCh
3TOr0. ITO OCOOEHHO MOIXOUT JJIs
BBIpAIIMBaHUS HHKYOATOPHEB U MOJIOIU
MeJKas peida, KOTopas YyBCTBUTEIbHA K
.MHUKpOYacTHIIaM 1 OaKTepUusM B BOJIe
O6paboTka 030HOM TaK)Ke MOXKET OBITh
UCIOJIb3YeTCS MPHU MOCTYIJICHUU BOJBI B
CUCTEMA PELMPKYJIISIUU JOKHA OBITh
CTOUT OTMETUTD, YTO B .JIC3UHPUITUPOBATD
BO MHOTHUX ciiyyasx Y D-jeueHue siBiaseTcs
Xopotas u 6e3ornacHas aabTepHaTHBA
030H.

perynupoBanue pH

[Ipouecc HuTpudukamu B 6MoPpuIbTp
,[IPOU3BOJIUT KUCIIOTY, TAKUM 00pazoM
Yposens pH ymnanet. st Toro, 4To0bI
NOJIep>KUBaTh CTaOMIBHBIN ypoBeHb pH, K
BOJIE HEOOXOAMMO T0OABUTH OCHOBaHME. B
HEKOTOPBIX CHCTEMAX CMENINBAHNE U3BECTH
Ha ctaHuuu yctaHaBiauBaeTcs Kamaromas
M3BECTKOBAs BOJIa B CUCTEMY U TEM CaMbIM
.crabunusupyercs pH

ABTOMaTHYECKask CUCTEMA JI03UPOBKH,
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sodium hydroxide (NaOH) as it is easy to
handle and making the system easier to
maintain. Sodium hydroxide is a strong
alkaline that can severely burn eyes and
skin. Safety precautions must be taken,
and glasses and gloves must be worn
while handling this and other strong acids
and bases.

Water temperature regulation

Maintaining an optimal water temperature
in the culture system is most important

as the growth rate of the fish is directly
related to the water temperature. Using
the intake water is a fairly simple way of
regulating the temperature from day to
day. In an indoor recirculation system the
heat will slowly build up in the water,
because energy in the form of heat is
released from the fish metabolism and

the bacterial activity in the biofilter. Heat
from friction in the pumps and the

use of other installations will also
accumulate. High temperatures in the
system

are therefore often a problem in an
intensive recirculation system. By
adjusting

the amount of cool fresh intake water into
the system, the temperature can be
regulated in a simple way.

If cooling by the use of intake water is
limited a heat pump can be used. The heat
pump will utilize the amount of energy
normally lost in the discharge water or in
the air leaving the farm. The energy is then
used for cooling the circulating water
inside the farm. A similar way of lowering

perynupyemasi pH-mMeTpoM ¢ uMIyabcoM
00paTHOI CBSI3U K JO3UPOBOUYHOMY HACOCY
3TO enle oAuH BapuaHT. C 3TOM CUCTEMOM
PEINOYTHTENbHEE UCTIONh30BATh
ruapokcu HaTpust (NaOH), mockonbKy oH
IpOCT B 0OpalieHuu 1 oderyaet padoTy
CUCTEMBI IO ACPKUBaTh. [ HAPOKCH
HATpUS SBISETCS CUIBHON MIENI0YbIO,
KOTOpasi MOXKET CHIIBHO 00Xedb TJ1a3a u
koxa. Heo6xoqumo cobmoaaTs Mepbl
NPEIO0CTOPOKHOCTH U HOCUTh OUKH U

npu paboTe ¢ ITOW U APYTUMH . IePUATKH
CWJIBHBIMH KHCIIOTAMH U OCHOBaHHUSIMU.

Perynuposanue temmeparypsl
BOJIbI

[Toxneprkanue onTUMaIBLHON TEMIIEpaTyPhl
BOJIbI B CUCTEME KYJIbTUBUPOBAHUS
SBJISIETCSl HAUOOJIee BaXKHBIM TaK Kak
CKOPOCTb POCTa PHIOBI HAMPAMYIO CBSI3aHA C
TeMIiepatypoil Boabl. C IOMOIIbIO
nOTpeOJIeHUE BOJIBI SIBISIETCS IOBOJIBHO
IPOCTHIM CIIOCOOOM PEryTUPOBAHMUS
TEMIIEpATyphl OT JHA 110 A€Hb. B cucteme
BHYTPEHHEU PEIUPKYIIAILNH TEI10 OyaeT
,MEJIJICHHO HAKaIlJIMBAThCS B BOJIE

MOTOMY YTO HEPTHUsl B BUJIE TEILIA
BBIICIISIETCS U3 METa00JIM3Ma PhIOBI U
OakTepuaabHas aKkTUBHOCTH B OMODUIBTPE.
Temno ot TpeHus B Hacocax u
MCIIOJIb30BAHUE APYTUX YCTAHOBOK TaKXKe
OyaeT HakaruIMBaThCs. Bricokue
TeMiieparypsl B cucteMe [loaTtomy yacto
BO3HUKAIOT TPOOJIEMBI B CHCTEME
WHTEHCUBHOMN PEUUPKYISINUU. Perynmupys
KOJIMYECTBO XOJIOJHOM CBEKEH BOJIBI,
MOCTYMAIOILIEH B CUCTEMY, TEMIIEpaTypa
MOXKET OBITh PEryJIUPYETCS MPOCTHIM

Ecnu oxnaxkaeHue 3a cuer .crnocooom
BITYCKa BOJIbl OTPAHNUYEHO, MOKHO
MCIIOJIb30BATh TEIJIOBOM Hacoc. JKapa
Hacoc OyJIeT UCTIOIb30BaTh KOJUYECTBO
SHEPTUH, OOBIYHO TEPSEMOE B COPOCHOM
BOJIC WJIM B BO3YX NMOKUJaeT pepmy. 3aTeM
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heating/cooling cost can be achieved

by recovering the energy by the use of a
heat exchanger. Energy in the discharge
water from the farm is transferred to the
cold incoming intake water or vice

versa. This is done by passing both streams
into the heat exchanger where the

warm outlet water will lose energy and
heat up the cold intake water, without
mixing the two streams. Also on the
ventilation system a heat exchanger for air
can be mounted utilizing energy from the
out-going air and transferring it to the
in-going air, thereby reducing the need for
heating significantly.

In cold climates heating of the water can
be necessary. The heat can come

from any source like an oil or gas boiler
and is, independent of energy source,
connected to a heat exchanger to heat the
recirculated water. Heat pumps are

an environmental friendly heating
solution, and can utilize energy for heating
from the ocean, a river, a well or the air. It
can even be used to transfer the

energy from one recirculation system to
another, and thereby heat one system

and cool another. Usually it utilizes energy
from e.g. the ocean using a titanium

heat exchanger, moves the energy to the
recirculation that is calling for heating

and releases the heat through another
heat exchanger.

SHEPTUs UCIIONIB3YETCS IS OXJIAXKICHHUS
000pPOTHOM BOJIBI

BHYTpH (pepMbl. AHAIOTMYHBINA CLIOCOO
CHW)KEHMS 3aTpaT Ha OTOIUICHHE /
OXJIAXK/IEHHE MOXKET ObITh TOCTUTHYT

yTeM BOCCTAHOBJIEHUS YHEPTUU C
MOMOIIBIO TEIJIOOOMEHHUKA. DHEPrus B
paspsjie Bojia ¢ pepMbl MOCTyMNaeT B
XOJIOIHYIO MOCTYMAIONIYI0 BOJlY HJIA TUCKH
HAa000pOT. DTO EeNaeTCs MyTeM
IpOIyCKaHusg 000UX NOTOKOB B
TEMI000MEHHUK, T/I€ TeTJiasi Boja Ha
BbIXO/ie Oy/IeT TepSATh SHEPTUIO U HarpeBaTh
XOJIOJIHYIO BOAY Ha BXoJie, 0e3

CMElINBas J[Ba MOTOKA. Takke Ha CUCTEMY
BEHTWJISIIUU YCTAHOBJIEH TEIIOOOMEHHUK
JUTSL BO3yXa MOKET OBITh YCTAHOBJICH C
UCIOJIb30BAaHUEM DYHEPTUU OT BBIXOJIAIIETO
BO3/lyXa U Mepe/iauu ee Ha MOCTYMAIUN
BO3/IyX, TEM CaMbIM 3HAYUTEIbHO CHUXKAs
B xonoaHOM .MOTpeOHOCTH B OTOTUICHUH
KJIUMaTE HarpeB BOJbI MOXKET OBITh
HeoOxoauM. JKapa MoXeT mpuiTH

U3 JTI000Tr0 UCTOYHHUKA, TAKOTO KaK KOTeJ Ha
He(TH WM ra3e, He3aBUCUMO OT UCTOYHHKA
MOJIKJIFOYEH K TeTJIO0OOMEHHUKY ,9HEPTUU
JUIS HarpeBa 000pOTHOM BOIBI. TeroBsie
HACOChI DKOJIOTUYECKH YHCTOE PELICHUE NS
OTOILICHHUS, 1 MOYKET UCMOJb30BaTh
SHEPTHIO ISl OTOILJICHUS

OT OK€aHa, PEKH, KOJIOALA NN BO3/lyXa.
OTO MOXKET AakKe UCIIOIb30BaThCA [
HIepelauu SHEPIUs U3 OJHON CUCTEMBI
PEUUPKYISLUU B APYTYIO,
U,CJIe0BaTENbHO, HATPEBATH OJIHY CUCTEMY
U KpyTo Apyroe. OObIYHO OH UCTOIb3YyET
DHEPTUI0, HAIIPUMED, OT OKEaH C
UCIIOJIb30BaHUEM TUTAHA

TETIO0OMEHHUK, TIepEeMEIIaeT YHEPTHUIO B
PELUPKYJISLNI0, KOTOpas TpeOyeT
OTOIUIEHMS U BBIIEISAET TEIUIO Yepe3 APyroi
TEMI000MEHHUK.
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