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ABSTRACT

Three simple recirculation aquaculture systems (RAS) for fingerling production were designed
and constructed and their performance compared. Design A was similar to RAS units used
currently in Cameroon with a UV filter while design B wasghwout the UV filter Design C

had asimple unit with an airlift pump instead of the mechanical pump used in systems A and
B. Each system had three rearing tanks (24 L). The materials for construction were same in all
the three designs and all systems had equal volume af vatgc charjuveniles were stocked

at 55 and fed with extruded feed (1.5mm) for 30sddhe final mean weight of cha all
systems was similar (0.7®80g). The survival rate in design A and C was similar, 97% and
98% respectively, while the survivial system B was lowest (94%). Just after the termination

of the experiment nearly all fish in system B died of unknown caudes perbrmance index

(P1) showed that the best performance was from design A (P1=2.6) followed by design C (Pl=
2.5) and lastlylesign B (P1=2.1 The watequality variables were similar in all systems, except

the bacterial count was lowest and constant in system A, which included the UV filter, and
highest and increaginin system B. The results showtttthe UV filters are anmportant
component of the RAS and should be included when systems are designed. System C, with the
airlift pump, also performed well and could be an option for RAS systems in Cameroon,
depending on their running cost, reliability and efficiency of gabamxge.

This paper should be cited as:

Nkeze, M. P. 2018. Design and comparison of the performance of three recirculation systems for fingerling
production. Nations University Fisheries Training Programme, Iceland [final project].
http://www.unuftp.is/static/fellows/document/morfow16prf.pdf
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1 INTRODUCTION

1.1 Background

The world agquaculture production has increased rapidly in recent years. The growth has been
most rapid in Asiavhere the total prodiion is65.6 million mt which is89% of the world
production The expansion idfrica has been much slowand the current production 1s72

million mt. representingnly 2.32%of the worldaquaculturgroduction(FAO, 2016a) The
primary auaculture producers in Africa are Egyotd Nigeriawith a productiorof 1137 and

313 thousandtbns respectivelfFAO, 2016b)

Official numbers suggest that the annual aquaculture production in Cameroon i4Gibut

mt (MINEPIA, 2014a) However,the total production may be a bit higher duaitaleclared
production Nonethelessaquaculturgroductionin Cameroon is very low considering that the
climate isfavorable with abundant wateesources analongmaritime coagine. In total, there
are14000 kn? of inland waterbodies and 4 million hectares of flood plains, lakes, mangrove
forests and lagoonSDA, 2014) Surveys suggest that annual potential aquaiibutput
could be between 300 to 20000 mt(FAO, 2016c)

Cameroorhas a total population of about g4llion (UN world population prospect, 2016)
with an annual fish demarestimated at abodi00,000 m{MINEPIA, 2014b) This translate

to a production deficit of ZZ000 mt which is imported annually at a cost of 200 million USD
(MINEPIA, 2014b)andaffecting the trade balancé the countrynegatively.Aquaculture is
the only viable option to increase the supply of fish products.

Aquaculture was introduced in Cameroon in 1948, primarily as extensive production in ponds
Skills and knowledge of production methods are low argldbintributes tarnited production
levelsand low productivity. The production is mainly usedapplementhe diet of théamily.
Initially, tilapia (Oreochromis niloticusjvas the main farmed fisthater twocatfish species
Clarias gariepinusandHeteaobrancus longifilisvere introduced fgpolyculture in ponds with
tilapia. Other indigenous speci@s culture includedthe African bony tongue Heterotis
niloticus), and sakénead fish Parachana obscufa The production of the latter is mainly
based offingerlings taken from the wild arstocked in pond€=xotic species from China such
as common carpdyprinus carpio)or grass carpdtenopharyngodon ideljahave also been
introduced. Initially the production grew very slowlyut has risemvith increasd numbes of
fish ponds (7252) and their surfamea (650h) in 201&igurel).

From 1990 to 2014, production increased to 1000 (MINEPIA, 2014b) following
government initiative to provide subsidies to farmers for pants$ hatcheries, basic fish
farming training programs and technical supplitreover, input for productigrsuch as fish
feed and seedavasdistributed to encourage farmei® dae, the government has established
10 aquaculture statisrand 9 aquaculturgilot units which are used for fish breeding and
extension work although some are still not fully functiqisdA, 2014)
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Figure 1. Developmentof fish farming in Cameroon
(Source: MINEPIA/FAO, 2019

Regardless of tlse efforts thetotal productiontoday sill stands at 1000 mt (Figur2) and
does noteflect the input or the huge potential available in terms of the natural resources.
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Figure 2: Production data of fish farming in Cameroon
(Source Sub-Directorate ofAquaculture, 2014

The government aims to have Cameroon as an emeaxgentry by 2035. To accomplishis,

the Strategic Document for Economic Growth (DSCE) was developed in 2009. This document
is the roadnap for developmeritom 2010 to 202¢SDA, 2014) Through itthe government

aims to develop the fisheries and aquaculture sector which is under the Ministry of Livestock
Fisheries and Animal Industries (MINEPIA)ith the assignce of FAO, the government
drew up a strategic framework for the sustainable development of aqua¢bi®e2016c¢)
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This framework set out the roles of government, the prigatdor and research fdoine
devdopment of aqueulture. Based othis frameworkthe government o€ameroon drafted
the aquaculture development stragésgand launched a development pl&AO, 2016¢)

Many factors have contributed tie slowgrowth of aquaculture developnen the country.
These includsocial issuessuch as lack of a legal framework fpyverningthe sector, poor
economic situation thdtaslimited thelevel of support to farmers and their access to,loan
andweak extensioservicesProhibitive transportosts and poor transport infrastructure
leading torestrained movement of goods and serv{&3A, 2014) Poor knowledge of both
farmed species of fish and aquaculture practices has alsnmedtthe growth of the sector.
This has limited the supply of fish feed and seed. Seed production can be greatly improved
and achieved through RAS. This project focuses on seed production in RAS.

Production of fish seed in RAS is relatively simple and the management required is niot labou
intensive.Recirculating systems filter and clean the wddeore recyclingthe waterback
through fish culture tanks. About 10% of the total volume is added &y#tem dailyo make

up for splash out and evaporation and for that used to flush et weaterial§Ezenwaand
Anyanwu, 2003) In RAS, water quality can be maintained at optimum levels to support
maximum growth of fish. There &scontinuous supply of clean water gugtable temperature.
Water oxygen conterdgan be kept at optimum leveisr growth, while the concentration of
waste from the fish, such as carbon dioxide, ammonia and suspended solids, is low enough to
support maximum growtlA filtering (biofilter) system is necessary to purify the water and
remove or detoxify harmful wasfgroducts and uneaten feed. The fish must bed&ely a
nutritionally-complete feedo supporfast growth and high surviv@lLouis andGeorge, 2000)

The RASallows forhigh production of fish in small volume wfater and space. lias all the

major elenents of sustainabilityeconomically sustainable, environmentally friendly, socially
acceptable and institutionally durabléowever, the major disadvantage of RAS is the high
capital intensive in setting up and running the system. It uses energy Sumpgrate and
requires skilled technical staff to manage the system. Scarcity of water and land could be a
major hindrance to set up this system in some aRe=earch into the use of RA8dresses

the question of how to achieve profitable production kibnsistently recycling water and
nutrients with minimal fresh war demand and waste producti{@uric et al.,2014)

RAS wereantroducedn Cameroorby the Ministry of Livestock Fisheries and Animal Industry
in January @11. The aim was to implementtihhew technology for intensive fish production.
In September 2012hé Minister of Livestock Fisheries and Animal IndustriBs Taiga
inaugurated the first constructed Recirculating AquaceliSystem in LogbabkR@ouala for
table fish production and a madehatchery (Figre 3) in 2014.

UNU- Fisheries Training Programme 7
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Figure 3: RAS hatchery in Logbaba-Douala
(Source Sub-Directorate ofAquaculture 2014)

Today, this enter serves as a pilonitifor training, production and distribution of fingerlings
for fish farmesin thesub region and the whole countfihis has nowcreated an awareness in
homestead fish farming nationwide aabt of people have becornmgerested in this form of
fish production with more than 50 public and private hatcheries openatihg country using
RAS technéogy for fingerlings productio§SDA, 2014)

1.2 Project Goal

One of the primary obstacles to the growth of aquaculture in Cameroon is the lack of quality
seed. Of the species cultured in the countmly tilapia can spawn naturally in ponds.
However, that is not a good way of propagating aquaculture fish since it may lead-to over
population of ponds and, thus, stunt growth of fish. Ideally fingerlings should be produced in
hatcheries and stocked asguired. Although catfish and carp fingerlings are produced in
hatcheries, the production is still very low due to lack of adequate management technics. The
goal of this project is to test different simple designs of RAS.

1.2.1 General Objective of the study

The purpose of this woris to design andompae the performance of threkfferentdesigns
of recirculatory systems similar to those dise Cameroon for the production oftfish
fingerlingsand to appreciate the feasibility of the use of airlift pump

1.2.2  Specific objective

To design and compare the performance of three recirculsystgmdor fingerlings
productionon:

1. The mportance of ultra violet (UV) filtersn RAS

2. Water quality in the three systems
3. Growth and survival ratef Arctic charin thethree systems

UNU- Fisheries Training Programme 8
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2 RECIRCULATING SYSTEMS

Fish require good water quality for maximum growth and surviyagen for respiratiomust

be provided in the watefhe netabolism in fish produces metaboliegh as carbon dioxide
and ammoniavhich are releasedtim the water Suspended solids are produced when uneaten
feed or faeces disintegrate in the water. The metabolites and suspended solids must be removed
either with water exchange or some form of filtratiogh water exchange is lowthe
concentration of thametabolitesncrease andwater quality degrades. tiie concentration of
the metabolites1 the water surpasscritical levelsthe growth of théish may beretardecand

at very high levelsnortality mayincrease. IrRAS systemswater is continuouslyecycled
with little addition of new watel(Bregnballe, 2015.)As a result, water quality would
deteriorate were it not fananytreatment units which add oxygen and remove metabolites
from the fish and other wast@sgure4). The function of thesand otheccomponent®f RAS
aredescribed below.

To maintain good water quality, the water is tredigdemovingparticulate matterthrough
the conversion of harmful accumulated chemicals into nontoxic ones and the addition of
oxygen and removal of carbon dioxiffezenwaand Anyanwu, 2003)

Simplified Process Flow Diagram for
Recirculating Aquaculture Systems (RAS)

Grow-Out Tank

These are the large culture tanks
where fish (or shellfish) are raised.

“Out” Fish Wastes &

Solids Removal

Solids, such as fecal material and
uneaten feeds are removed by
mechanical filtration.

Uneaten Feed

Recirculated Water
“In"

40,

Dissolved Gas Control
(Oxygenation)

Beneficial bacteria consume ammonia, which, The final step, and the most crucial for the fish, is to
converted into nitrogen, is released harmlessly reoxygenate the culture water as it returns to the
into the atmosphere. grow-out tank. Pure oxygen is injected to the returning
water. Carbon dioxide is also removed.

Figure 4: Simplified process flow diagram for RAS
(SourceDesign byrecirculatingaquaculturesystem.net01)

2.1 Mode of Operation

The mode of operation of a typical RAS is that the water is recycled througfalseaser
treatment unitsSome form of filtration must be applied to remove suspended solids. In the
biofilter NHs (Ammonia) is removed. In the gassing/degagsinit CQ is removed and gs

added. Several other components can be added to the system, such as oxygenation with pure
oxygen, ultraviolet filter or ozone for disinfection, automatic pH regulatidamperature

control depending on the intensity of tleeirculation(Keith et al, 2011)
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2.1.1 Culture tanks

Culture tanks can be of any shape and size but must hold fish in water without leakage.
Normally the size of the tank is determined to accommodate the biomass required for the
production volumeMaterialssuch as plastic, concrete, metal and fiberglass can be used to
construct tanks and the material chosen should not be toxic to fish. Smooth surfaces on the
inside of the tanks are recommended to prevent skin abrasions and infections to the fish and to
pernit clearing and sterilization. Plastic tanks are not expensive, can be conveniently moved
and readily cleaned when necessary. Concrete tanks may be relatively economical to build, but
they are permanent and immovable once constructed. Fiber glass tattkes eu@st durable

and most expensiy&osordo et al, 1998)

2.1.2 Pumps

The pump collects available filtered water from the sedimentation unit and pumps into the
biofilter for nitrification. The amount of water pumped into the biofilter depends on the horse
power of the pump. The higher the horsepower, the greater the flow pressure of water being
pumped into the biofilter. Larger biofilters require bigger pumps.

Air lifts add oxygen by injecting air into the water through a vertical pipe, agitating and
circulding the water. This serves to both increase the dissolved oxygen level and degas the
CQOu. The density difference between a column of water and a column of air/water mixture
drives the pump. An external air blower provides the air and one blower caresenumber

of small systems. Airlift pumps (Figur) can move large volumes of water against a low
waterhead. Large diameter airlifts (>8 inches or 20 cm) have recirculation capabilities of
several hundred gallons per minute (2,000 to 3,000 litres pe), with lifts <18 inches (46

cm) (Malone, 2013) The air injected to move the water also aerates and degasses the
circulating water. Airlift systems can be as energy efficient as mechanical pumps, but this
depends on the extagystem design. However, the height water the can be lifted by an airlift is
limited, so careful attention must be given to head loss when the system is d€sigluect,

2013)

UNU- Fisheries Training Programme 10
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Figure 5: An air lift pump. Flow rate is a function of pipe diameter, airflow, bubble size
and degree of pipe submeged.

2.1.3 Aeration/oxygenation

The aeration process of the water, which is the same physical process as degassing or stripping
CO,, will add some oxygen to thgater 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.
Water in equilibrium with air is 100% saturated. When the water has been through the fish
tanks, the oxygeoontent has been lowered, typically down to 70%, and the oxygen saturation

is reduced further in the biofilter. Aeration of this water will typically bring the saturation up

to over 90% and, in some systems, 100% saturation can be reached. Eatygatim higher

than 100% in the inlet water to the fish tanks is often preferred fish density is high. Saturation
levels above 100% call for addition of pure oxy@Bregnballe, 2015.)

Dissolved oxygen is a major limiting factorRAS (Timmonset al, 2002) Stocking fish at a

high density and feeding them feeds that contain high levels of protein will increase oxygen
consumption of the fish and, thus, reduce the amount of oxygen available in the water. Aeration
is important becauwsit replaces that which is consumed by fish and the breakdown of wastes.
Also, it removes other dissolved gases that are in high concentrations and can be harmful to
the fish such as CQand NH (Timmonset al, 2002) Several methods are used to aerate
systems, including packed column aerators, air lifts and air diffusers. In packed column
aerators, water with low oxygen saturation is sprayed in at the top of the column which is
packed with a plastic medium, and the flow rate is kept low to keep thardtam flooding.
Oxygen saturation increases as the water trickles down the column. Air diffusers or air stones
are commonly used in stagnaystems and in home aquariurghile fine-bubble air stones

are efficient, these types of aerators require-pigissure sources of oxygen and easily become
blocked by growth of bacteria and algd@nmonset al,, 2002)

Carbon dioxide is a highly soluble gas, whereas, oxygen is a poorly solulfférgaset al,
1989) In a poorly designed RAS, the respiration\aiies of both fish and bacteria produce

UNU- Fisheries Training Programme 11
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carbon dioxide and elevate the concentration in water. High carbon dioxide level lower pH.
Carbon dioxideshould be kept between 10 to 15mg/l and not more than 20mgls G8ually
removed by blown air or by ungssurized packed columri&raceet al, 1989)

2.1.4 Ultra Violet Filter

Ultraviolet filters (UV) cancontrol micreorganismsn aquaculture. The UV used is typically
produced by mercury vapour bulbs/lamps that emit radiasio wavelengths from 100
400mm, that is inthe blue- violet range of the visible spectrum and the shorter wagéien
rays. UV radiation at 260m provides maximum germicidal activity chiefly due to interaction
with components of DNALawson, 1995)

Effectiveness of UV filter will be reduced in turbidvater containing suspended solids and

di ssolved organic matter that reflect or abs
protect micreorganisms from exposer So, to avoid this limitationJV is installed after

mechanical filtratior(LaDon, 1990)

The effectiveness ahe WV radiation intensityexpressed as microwatt sedsnper square
centimetre \ys/cn¥) is proportionate to the levekquired tokill micro-organismswithin RAS
units andranges from 35,000 1,000,000Vs/cnf.

2.1.5 Water HeatelSystem

A water heating system may be necessary depending on the water temperature and species
selected. This uniformity must be met before wgtds into the rearing tankising a water
heater

2.1.6 Particlefiltration

Suspended solids are organic and inorganic substances in suspension in water and cause
turbidity. Suspended solids will not settle to the bottom of theciigture tank and cannot be
removed easily in conventional settling basins. Suspended solids are not always dealt with
adequately in a recirculating production system. If not removed, suspended solids can
significantly limit the amount of fish that can geown in the system and can irritate the gills

of fish. The most popular treatment method for removing suspended solids generally involves
some form of mechanical filtration. The two types of mechanical filtration most commonly
used are screen filtratiomé granular media filtration (sand or pelleted me@idpmaset al,

1998)

As water leaves the rearing tangelid particles must be removed. This can be done either
through mechanical filtration or sedimentation. It concentrates and remove solifisedish

and uneaten food particles. Suspended solid can be harmful to fish health and provides food
and shelter for bacteria that consume valuable oxygen supplies.

2.1.7 Biological filter

The biological filter is an important component of RARnniset al, 2012) Finfish excrete
ammonia (NH3), mostly from their gills, and it dissolves in the water in which the fish must
live. This waste product is toxic to the fish and is an environmental stressor that causes reduced
appetite, reduced growth rate, and deathigh concentrationfEzenwa and Anyanwu, 2003)

and must be removed for fish to stay alive.
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The biological filter is composed of a media (corrugated plastic sheets, tubes, beads or sand
grains) upon which a film of bacteria gro@touis andGeorge, 2000)

Total ammonia nitrogen (TAN) nitrogen bound as ammonium iomﬁ\ﬂ@ and unionized

ammonia (NH-N). Nitrogenis in the form of free ammonia (Nfland is toxic, and needs to

be transformed in the biofilter to harmless nitréBeegnballe, 2015.)The breakdown of
organic matter and ammonia is a biological process carried out by bacteria in the biofilter.
Nitrifying bacteria convert ammonia into nitrite and finally to nitrate by Nitrosomonas and
Nitrobacter bacteria, respeatly (Thomaset al, 1998)as shown in the equation below.

-NHz+ 20, NOs + HoO + 2H"

-NH4 (ammonium) + 1.5 @ NO2 (Nitrite) + H.O + 2H + 2e

-NHs (toxic) NO- (toxic) NOs (nontoxic) nitrosomonas and nitrobacter
-NO: (nitrite) +0.5 & NOs (Nitrate) + e

The efficiency of biofiltration depends primarily on the water temperature and the pH level in
the system. Regulation of pH in relation to biofilter efficiency is however important as lower
pH level reduces the efficiency of thefilter. The pH should therefore be kept above 7. On
the other hand, increasing pH will result in an increasing amount of free ammon)avigh

will enhance the toxic effect. A recommended pH level is between 7.0 and pH 7.5.

Two major factors affedhe pH in RAS. The production of G&om the fish and from the
biological activity of the biofilter and the acid produced from the nitrification processisCO
removed by aeration of the wat@he nitrifying process releases (H+) and the pH level falls
(Boyd, 1991) In order to stabilize the pH, a base must be added, e.g. sodium bicarbonate.
Ammonia is toxic to fish at levels above 0.02 m@Aregnballe, 2015; ) Keith et al, 2011)
(Losordoetal., 1998)(Figure7).

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, wheiit obstructs the oxygen uptake. By adding salt to the water,
reaching as I|little as 0. JLous,& Geolge, 200@Nitratk e o f
(NOs) is the eneproduct of the nitrification process, and althouigis 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 wmawauoid the accumulation is to increase the
exchange of new water, whereby the high concentration is diluted to a lower and-freeble
level.

Nitrification is an acieproducing process. Levels of pH below 4.5 are dangerous to fish; a pH
below 7.0 willreduce the activity of nitrifying bacteria. If the source water for a recirculating
system is low in alkalinity, then pH and alkalinity should be monitored and alkalinity must be
maintained with additions of bases. Some bases commonly used include hyunated
[Ca(OH)] quick lime (CaO), and sodium bicarbonate (NaHICO
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2.2 Operating the system

A biofilter is started by adding bacteria to the system, which can be done in several ways.
Nitrifying bacteria can be introduced with water or bits of biofilter mdan an already
operating system, with pond sedi mPeongaad wi t h
Losordo, 2012)The system should be operated by passing water through the biofilter. If the
culture tank is not yeeady for use, it is possible to recirculate water only through the biofilter

unit. System water should be free of residual chlorine that may have been used for disinfection

or pathogen contr@lTimmonset al, 2007)

2.3 pH and alkalinity

ThepH is an impont parameter to be monitored and controlled in RAS, with optimum range
between 7 and 8. Alkalinity is a measure of the capacity of the water to buffer pH (hydrogen
ions). Bicarbonate (HC£) and carbonate (GO are the predominant bases or sources of
alkalinity in most waters. Highly alkaline waters are more strongly buffered against pH change
than less alkaline watefdhomaset al, 1998) pH can be controlled by adding sodium
bicarbonate (NaHCO3), or common baking soda, to increase alkalinity. Ba#d#) is
inexpensive and safe to use.

3 MATERIAL AND METHOD

3.1 Experimental Area

The experiment was performed at the Verid aquaculture research station at Saudarkrokur,
North Iceland. The experimental tanks were indoor facilities with artificial lights gkedvi
continuously. The experiment started on 1/12/2016 and ended on 28/2/2017. The freshwater
used came from the municipal source and was UV treated before entering the station. The
juveniles used in the experiments came from the Icelandic breeding primgrAnctic charr

at Hoélar University College (Iceland). The rearing conditions at Hélar breeding station were a
temperature of -8 °C and continuous light.

3.2 RAS design and construction

Three different RAS systems were designed and constructed forgbeneent: System A is

like units used in Cameroon for production of catfish fingerlings. It included an UV filter for
stailization (Figure6). System B was identical to system Af buathout the UV filter (Figire

7) to test the importance of the UV filté8ystem dncluded an air lift pump (Figre 8) that
aerated the water circulating it in the system. The airlift pump is a simple option for pumping,
aerating and degassing water and may be a suitable solution for aquaculture in Cameroon.

All systems(Figure § consisted of three 24L rearing tanks (56cm x 36cm x 12cm) and two
rectangular plastic tanks of &ifer capacity each (56cm x 36cm x 40cm). These tanks were
used for the biofilter and as for settling of solids. The same material was used forraofit
settling filters in all the systems. In systems A and B, the biofilter and sedimentation units were
in separate tanks and a submersible electric pump to moved water up to the biofilter. In design
C, the sedimentation unit and biofiltration were tbge and an air lift pump propelled the
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water from the biofilter to the culture tanks. Each tavas stocked with 55 Arctic cha
juveniles of initial average weight and length of 0.84g and 5cm respectively.

The total volume of water in each system waslL1({P2x3 + 40). Every day 4L of watevas

removed when siphoning uneaten feed and this was replaced daily. No cleaning of
sedimentation units was done throughout the experiment. System A and B were aerated with

an aeration column with air blower while syst€C was aerated through the airlift system.
Aeration was provided continuously throughout the experiment. Before the fish were stocked,

the systems were kept running for one week. Flow rate was similar in all the systems with a
total flow of about 4iters per minute.The main tools used in the systems construction were
supplied by Verid aguaculture centre workshityese include: PVC pipe cutter or hacksaw,

saber saw or sawzall, electric drill, ruler or tape measure, hole saw to cut, drill bits, marker,
smdpaper, rubber gloves, scr ewd+nchvatchet. (t o mat

The plumbing materials were purchased form a local store. The pipes were cut to specified
length using PV&pipe cutters or hack saw. The pipes were connectee tetkangular small

tanks with their fittings designation for appropriate flow of water. Using a saber saw or Sawzall
the flat plates were cut to dimension for water to shower down throw the trickling filters. Using
a -“nahzhole saw holes were drilledrfpiping through the tanks using an electric drill
machine. The three systems were all connected with ¥2 inch (21.34mm) PVC pipes and their
accessories to ensure a smooth flow of water to the system.

tanks

/]

Biofilter

and
sediment.
unit

H20 flow
upward

UV filter

H:0 flow
downward

Sedimentation
and
Submersible
pump tank

Figure 6: Completesetup ofdesign systems. System A, with UV filter.
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Figure 8: SystemC, design with airlift pump mechanism in biofiltration unit.
3.3 Test running and systenoperation
The flow of water in the system was from the biofiltration to the parallel culture tanks. From
the tanks the water flowed to tsedimentation unit. Here the water passes through several
layers of filter material that capture the uneaten feed andfaelies.
In system C, the water then passes through holes in a separating plate which divides the tank

into two sectios. In systems A and B, a submersible pump then moves the water up to the
biofilter. At the biofilter level, the water trickles down \@gorous distribution plate at the top
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of the biofilter barrel down the biofilter media to remove nitrogenous wastes (biofiltration).
The water then falls into a settling chamber and then in system A, passes through the UV filter
for sterilisation of mionorganisms before returning to the fish tanks. System B is designed in
the same way but without a UV filter. In system C, an air lift pump lifts the water from the in
biofiltration chambers to the rearing tanks. In system C, the water level in the reaulisg
sedimentation tank and the biofilter unit was at the same level. In systems A and B, the biofilter
was covered with a black nylon leather on the top to allow the bacteria to function properly
(Louis & George, 2000)

3.4 Evaluation of system performance

The performance of the systems was compared by measuring water quality and fish growth.
3.4.1 Physiochemical Parameters

To compare the physiochemical parameters of water in the three systems, data were obtained
to evaluate th@erformance of the systems. Water quality parameters including DO (mg/L),
carbondioxide and temperatu (°C) were measured daily gach tank tilizing handheld
monitors (Figured). DO 1 OxyGuard Handy Polaris portable Dissolved Oxygen metei

Oxyguad Handy PH Temperaturé Extech 39240 Digital Waterproof Pocket Thermometer

and Oxyguared carbon dioxide meter.

Ammoniumnitrogen (NH-N), nitrite-nitrogen (NQ-N), nitratenitrogen (NQ-N) were
equally measured once daily from water samples collectin® iRAS distitbution sump using
water test k.

3.4.2 Biological oxygen demand or BOD

The biological oxygen demand (BOD) is the amount of dissolved oxygen needed by aerobic
biological organisms in a body of water to break down the organic material presenaiar
sample. It also gives an indication of the oxygen consumed by bacteria and other
microorganisms in the system. Usually, BOD is measured over 5 days)YBObcubation at

20 °C. However, in this experiment the samples were incubated at 13 S@nthdéemperature

as was in the systems.

The BOD was measured in 300 mL black plastic bottles. The oxygen level was measured as
the water sample was taken and then again five days later. The BOD, was calculated as the
decrease in oxygen concentration (b)gver the fiveday period.

3.4.3 Total suspended solide (TSS)

Total suspended solids (TSS) are a measure of turbidity in water. The solids are organic and
inorganic particles suspended in the water.

The suspended solids were measured in a 1 L sample offveatethe systems. Filter paper,

of 47mm in (CAT No 182%47) was weighed and dried at 110 °C for 24 hours. Then the
sample was filtered under vacuum. The filtered paper was then dried for 24 hours at 110 °C
and weighed again. The total suspended solids determined as the difference in weight in
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the filter paper before and after filtering and expressed as mg dry weight of solids per litre of
water.

3.4.4 Total bacterial level (TBL)

Total bacterial level were mearsured thrice during the experiment in thebmiogy
laboratory of VeridWater samples were collected, diluted in peptone water and distributed on
plate count agar (PCA). The agar plates were allowed to dry before being transferring to an
incubator for 42 hrs at 30 degreithe concentration dbacteria was too great the colonies

will merge and the plate will be uncountable. To ensure that countable plates would be obtained
a series of dilutions was plate@he serial dilutions gave at least one countable plateein th
series (28250 or 30300 (Hgure 10). The total number of bacteria colonies was counted and
expressed as colony forming unit (CFU) of TBL

1ml /lﬂl\ 1ml 1iml 1ml
Original 9 ml broth : =
inoculum in each tube

Dilutions : 1:10,000 1:100,000

1:10,000 1:100,000

\

Calculation: Number of colonies on plate x reciprocal of dilution of sample = nimber of bacteria/ml|
(For example, if 32 colonies are on a plate of /10,000 dilution, then the count is 32 x 10,000 = 320,000/ml in sample.)

Figure 9: Procedure used for obtaning total bacteria level (TBL) (Cummings, 2015).

3.4.5 Measurements of TAN, N@nd NQ

Total ammonium nitrogen was measured using 5 standard solutions of ammonium chloride to
give 0.5,1,1.5,2 and 2.5 mg'iof TAN. The standards were made by diluting A4B0mg/L

stock solution in water. After this, 18 smaller test sdvere used to prepathe solution as
follows;

.  Tedtube 1 and 2 had 1ml of water

II.  Testtube 3 and had 1 ml of ammonium chloride
[lI.  Testtube 5 and 6 had 2mg/l of ammonium ddi®
IV.  Testtube 7 and Bad 3mg/l of ammonium chloride
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V. Testtube 9 and 18ad 4mg/l of ammonium chlale

VI.  Testtube 11 and Itzad 5mg/l of ammonium chloride
VIl.  Test tube 13 and l4ad water samples from design A
VIIl.  Testtube 15 1nd 16 had water samples foesign B

IX.  Testtube 17 and 18 had water samples from design C.

A linear model was fitted to the relatidng betweerabsorption and concentratiand used to
calculate the TAN, N@and NQ concentration in biofilter.

The TAN concentration was analyzed in 1 ml samples with JBL and Sera Ammonium Test
kits. The instructions from the JBL manufacturer called.foml samples to which were added

4 drops of reagent 1 and 2 and then 5 drops of reagent 3. The weight of one drop of the reagents
was determined and estimated to bgl40sing this information, the sample was scaled down

to 1ml and added 160f reagentsland2 and 2@lof reagent 3. After that the sample was
allowed 15 minutes to develop the color and thenghmples were mixed well and pipetted

into the wells of a plate and read at 650 nm in a spectrophotofhgsakovskaa2014)

3.5 Fish husbandry and meaurement of fish

The fish wee fed with extruded fish fedéloating diet 1.5mm) containing 47% crude protein,
12% fat, 2.2% calcium, 1.2% potassium, 0.5% Ash, 2.2% fiber, 60 ppm minerals and vitamins.
The juveniles were fed 5% of their body weight or luhigy no longer took the feed. The fish
were fed in the morning and afternoon all days of the experiment.

The mean weight and length of the fish was recorded at the beginning of the experiment. The
body weight was recorded to the nearest 0.01g, usegrehic weighing balance (Metller PC

180). Samples of fish were weighed very week during the experiemnt. The final body weight
and length were recorded at the end of the experiment.

3.5.1 Growth performance

Growth parametsrwere calculated as follows:

1 Meanweight gain (MWG) =Mean finalweight (g)i Mean initialweight (g).
1 Growth Rate =¥lean final weight Mean initial weigh} x 100

Duration
1 Specific growth rate was computed as (SG&lays

SCGR =logW2i logwW1 x 100
T
Where: W1 = initial weight (g) at stocking,
W2 = final weight (g) at the end of experiment,
logW27 logW1 = natural logarithms of both the final and initial weight of fish,
T = duration (indays) oftrial. (Okomadeet al, 2016)

1 Feed conveien ratio was computeas:

FCR = Dry feed intake
Wet weight gain
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1 Feed efficiencyKE) (%)= 1/FCRx 100
1 Survival rate =(Total number of fishkMortality) x 100/Total number of fish
(Okomada et al, 2016)

To evaluate the effect of stocking density on production performance with more precision the
performance index (Pl) was calculai@&hngniet al, 2008)This index was calculated by
combining two responses such as growth and survival.

1 PI=Survival rate x (Final mean weightinitial mean weight)/Duration.

3.6 Statstistical analysis

The data was recorded in Excel where statistical analyses were performed.

4 RESULTS

At the beginning ofthe experiment, 20 fish died in system A and 50 in system B. These
juveniles were immediately replaced and the systems thoroughly cleaned. The cause of these
mortality was probably due to small particles of plumbing materials that were left after the
constuction of the systems and were either eaten by the fish or blocked their respiratory
systemsAt the end of the experiment, the juveniles in system A and C were visibly active with
good appetite for feed and no signs of stress and low mortality (Table@gver, in B, there

was high mortality just after the end of the experiment. (Table 2).

4.1 Average growth performance and survival

The growth performance of the fish in all systems was similar (Table 1) in terms of weight
gain, SGR and performance ind@able 1). The FCR was also similar in all systems and was
lowest in system A (0.91) and highest in system C with (0.96), while system B (0.93) was
intermediate. The survival was highest in system C (98% and similar in system A (97%), while
survival was lavest (94%) in system B. Furthermore, most of the fish in system B died after
the experiment ended.

4.2 Physiochemical Parameters of water

The performance of three designed systems in terms of the physicochemical water parameters
was similar (Table 2). Theghest mean temperature was in system A (14.5 °C), intermediate

in system B (13.1 °C and lowest in system C (11.6 °C). The initial temperature recorded at the
beginning was 4 in all systems from same water source. Temperature started rising after
the hird day where changes became visible in temperature meter readings with design A,
having the highest value followed by B and then C. Notice a considerable drop in temperature
three days to the end of the experimenttdudrop in ambient temperature.

Meanwhile the pattern in oxygen was unique and closely similar with design A taking the lead
and C having the lowest value. The most obvious noticeable fact in the pattern is that oxygen
level in design B started rising three days to the end of theime® and took the lead (Figure

11). The oxygen saturation was similar in all systems with mean values beB#§00
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‘ Parameters Design A Design B Design C
Duration of experiment 30 days 30 days 30 days
Total feed given 4g/system/day 120g 120g 120g
Total stocking density 165fry 165fry 165fry
Total harvested 160 155 162
Survival rate 96.97% 93.93% 98.18%
Mean initial weight (g) 0.84¢g 0.84¢g 0.84¢g
Mean fnal weight (g) 1.64 1.62 1.60
Mean weight gain (g) 0.8 0.78 0.76
Mean initial length (cm) 5.0cm 5.0cm 5.0cm
Mean final length (g) 7.2cm 7.1cm 7.0cm
Mean length gain (cm) 2.2cm 2.1cm 2.0cm
Mean growth rate, MGR (g/day) 0.027¢g 0.026 0.025
Feedconversion ratio, FCR 0.91 0.93 0.96
Specific growth rate % 2.23 2.19 2.15
Performance Index (PI) 2.59 2.44 2.49

The CQ levels were also similar in all systems {29 mg/L).The CQ concentration appears

to be excessivelgigh compared with the gin pH.Calculating CQ concentration based on pH
values and alkalinity (20800 umol/L) suggests that the actual 8©ncentration was in all

cases less than 10 mg/L. The pH meter was calibrated daily, but the&l€ had not been
calibrated for some timm Therefore, the C{ralues read with the meter are too highe pH

was highest in system B (7.91) while being 7.68 and 7.58 in systems A and C respectively and
within the recommended range (Table 1). The ammonia and ammonium levels were similar in
all systems and below the recommended levels. The final total suspended solids were similar
in all systems and below the recommended levels. The final total bacteria level (TBL) was
highest in system B, being 15 times higher than in system A which includedfistédVThe

TBL continued to increase in system B while in system A it remained constant. The TBL in
system C was intermediate and increased during the experiment. The BOD was highest in
system B and lowest in system A (Table 2).

4.2.1 Waterquality results

Table 2: Water quality during the experiment

‘ Parameters Design A Design B Design C
AverageTemperature T. (°C) 14,5 13,1 11,6
AverageOxygenSaturatiorD, (%) 93.00 92.29 90.43
Final Total AmmoniunNitrogenTAN (mg/l) 0.596 0.648 0.648
Carbon dbxide CG (mg/l) 29 29 30
Ammonium NH, (mg/l) 0.593 0.641 0.645
Ammonia NH mg/l) 0.004 0.006 0.003
Ph 7,68 7,91 7,58
Suspended Solidinal valuesTSS. (mg/l) 15 0.6 1.5
Total bacteria level. TBL. (cfu/ml) 6400 97000 52000
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Figure 10: Temperature in all systems during the experiment.
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Figure 11: Oxygen saturation in all systems during the experiment.
The biological oxygen demand was measured thrice during the experiment aadeéddn all

the three systems. system B, had the highest BOD (6.7mg/L) followed by system C (5.7 mg/L)
and lowest was in system A with §Bgurel2). However, all valueseresimilar.
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Figure 12: Biological Oxygen demand in tle three systems during the experiment.

The total TBL was measured thrice. The TBL increased progressively in system B while TBL
in system A was unchanged during the experiment. TBL in system C was intern{iéidjate
13).
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Figure 13: Total bacteria levelin the three systems during the experiment.

5 DISCUSSION

In general, performance of all systems was similar. Both growth performance and water quality
was in most cases similar. The water quality was in all cases withindéptalble levels. The
growth rate was about half of what could be expected\fotic charof this size,but it was

similar in all systems. The culture tanks used were rectangular and open leaving the fish easily
stressed. However, apart from the higher taldy in system B, the fish in all systems
performed similarly.
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There were slight differences observed in some of the water quality paranéters.
temperature was highest in systenfFAgure10). This may have been caused by the heat from

the UV filter which may have raised the temperature in the system. Similarly, the cold air in
the airlift system may have reduced the temperature in system C, where the temperature was
about 3 °C lower than in system A. The slight differences in temperature did néteramo
differences in growth, but they may have contributed to lower TBL than in system B.

The presence of the UV filter in design A, added direct benefits to the system by reducing
bacteria. System A, had the lowest values in BOD and TBL. Certdielyower TBL was due

to the U\Ailter and possibly the lower TBL may have contributed to lower BOD in system A.
The absence of the UV filter could clearly be seen in design B which had the highest values in
BOD, TBL and mortality. Although the UV filter iseneficial in a culture system it is relatively
expensive and the efficiency depends on it position in the syskéomgever, the filter can
maintain low TBL and this will in turn increase survival in the system. Therefore, it is
recommended that UYilters are included in the RAS in Cameroon.

System C, withthe airlift pump, performed well compared with the other systems. It both
aerates and pumps the water in RAS. The best survival rate was seen in design C, with the
airlift. The reduced temperature ihig system may have been due to cold air being driven
through the water. This may be both beneficial or not depending on conditions and where the
optimum temperature for growth of the fish lies in relation to water temperature. However, the
difference in émperature between systems A and C was only 3 °C. These results suggest that
airlift pumps should be considered for RAS in Cameroon. However, before they are employed
it is necessary to consider in detail the design of the systems because that wilingetieeini
efficiency and capacity to pump water. It is possible that on air blower that can service many
small RAS systems is more efficient and inexpensive than many small mechanical pumps.
However, it is also necessary to consider the reliability of thelawers and what would
happen during breakdown.

6 CONCLUSION

This research has revedlcertainconsiderablyimportant facts in fingerlings productian

RAS. It has demonstrated beyond doubts that design differences can affect production
parameters wibh could either improve or inhibit the growth rate of fish. Good design systems
will always produce good results. The usage of UV filters in fingerlings production in RAS
system can never be over emphasized for healthy production and fast growthlbfifieh.no
chemicals and does not create by products, which could harm the fish stock, or other aquatic
life. Unlike other treatment methods, water purification systems using UV light also avoid the
expense of complex monitoring systems required for adaagremoving chemicals before

the water reaches the fish. So, UV water purification systems did not alter the pH level of the
water either. UV water purification systems was regarded based on the results obtained as an
effective and economical disinfeatitechnique for use in fish aquacultudewever, the cover

of the UV bulb should never be open when connected to current because the radiation from
UV-lamps can pose a health risk. It can cause conjunctivitis and erythema (sunburn) after only
brief exposuve. The skin and eyes must be protected against direct exjgbawson, 1995)
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UV filter are expensive but necessary in hatcheries. Design C, widirkliftgpump was found

to be good in fingerlings production fonany reasms such as lower initial cost and
maintenance, easy installation, small space requirements, simplistic design and construction,
ease of flow rate regulation, and ability to handle with easlift systems are equally good

but should be incorporated wighUV filter for best performance. System designed with no UV
filter in RAS is a potential danger that can result to huge economical loss in fingerlings
production this was the outcome of the results in system B, without UV filter where all the
juveniles ded few days after the experiment.
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Appendix

Water quality equipment

Ammonium/ammonia

e i |

{—m‘ di
Formalin

Figure 14: Equipments used for water quality measurementSource :Billund
aquaculture service(Aquatech, 2016)

BOD measurement

Figure 15: Measurementof Bacteria xygen Demand (BOD).
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Total suspendesolids measurement
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Sensitive weight balance used Glass micro fiber filters for TSS

Filtring a Litre of the sample2Bifor TSS Dying machine

Figure 16: Measurement for total suspended solids (TSS).
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