CHAPTER ONE

INTRODUCTION

Aquaculture is the fastest growing food-producing sector in the
world. Worldwide, people obtain 25% of their animal protein from fish
and shellfish. Stress has been linked as the primary contributing factor of
fish disease and mortality in aquaculture (patric et al 2006) . Of all water
quality parameters, which affect fish, ammonia is the most important
factor after oxygen (Francais-Floyd and Waston (1996). Ammonia is
the principal nitrogenous waste product of fishes that represents 60% to
80% of nitrogenous excretion of fish (Handy, and Poxton, (1993 Salin
and Williot,1991) . It is also, the main nitrogenous waste material
excreted by gills beside urea and amines as an end product of the protein
catabolism (De Croux, et al, ( 2004) Under intensive rearing conditions,
and particularly when effluent is reused, ammonia concentrations may

reach levels that limit fish survival and growth ( Haywood 1983).

Ammonia can cause reductions in growth or even death ( EPA 1998)
United States Environmental Protection Agency) In water, total ammonia
consists of non toxic (ionized ammonia) referred to as ammonium
(NH",)and toxic un-ionized ammonia (NHs3). The equilibrium between
these two forms is pH and temperatures dependant (Agricultural Water
Use (1996). Ammonia is measured as total ammonia nitrogen (TAN)
which represents the sum of NH",and NH3, The NH;3 molecule is soluble
in lipids, It is 300 to 400 times more toxic than NH," Haywood (1983),
Thurston, et al (1981) , Un-ionized ammonia (UIA-N) can readily
diffuse across the gill membranes due to its lipid solubility and lack of

charge (Aysel . and Koksal , 2005).



Ammonia accumulates to toxic levels, fish cannot extract energy

from feed and will fall into a coma and die (Hargreaves, and Tucker,

2004).

Ammonia tends to block oxygen transfer from the gills to the blood
and can cause both immediate and long term gill damage (Joel, and
Amajuoyi , 2010), Also it can cause impairment of cerebral energy
metabolism, damage to gill, liver, kidney, spleen and thyroid tissue in
fish, crustaceans and mollusks (Smart, 1978). Chronic un-ionized
ammonia exposure may affect fish and other organisms in several ways,
e.g. gill hyperplasia, muscle depolarization, hyper excitability,

convulsions and finally death ( Ip, Chew, and Randall, (2001).

Toxicity of ammonia to fish has been intensively investigated in

numerous fish species (Aysel and Koksal (2005) et al ).

The acute and chronic toxicities of ammonia have been reviewed

for fresh water species ( Handy, and Poxton, (1993, et al )

Ammonia is toxic to a variety of aquatic organisms including fish
(Harris et al., 1998) , Un- ionized form of ammonia is the most toxic
form to aquatic organisms as it can readily diffuse through cell
membranes and is highly soluble in liquids. It can cause impairment of
cerebral energy metabolism, damage to gill, liver, kidney, spleen and

thyroid tissue in fish, crustaceans and mollusks (Smart, 1978).

Ammonia is the principal nitrogenous waste product of fishes and is
normally oxidized first to nitrite then to nitrate, It is also the main
nitrogenous waste material excreted by gills beside urea and amines.
Moreover, creatine, creatinine, and uric acid are being excreted through
the kidneys (De Croux et al., 2004), Chronic un-ionized ammonia

exposure may affect fish and other organisms in several ways, e.g. gill
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hyperplasia, muscle depolarization, hyper excitability ,convulsions and

finally death (Ip et al.,2001).

Dissolved oxygen (DO) concentration is a common indicator of
the health of the aquatic ecosystem. DO was originally modelled in the
Ohio River (US) by Streeter and Phelps (1925), Since then a number of
modifications and extensions of the model have been made relating to the
number of sinks and sources of DO being considered, and how processes

involving the nitrogen cycle and phytoplankton are being modelled.

Dissolved oxygen (DO) can be analyzed by two main methods: the

Winkler L.W. (1888) or iodometric method ,. and the electrometric

method using membrane electrodes.

The choice of procedure depends on the interferences present, the
accuracy required, and convenience or expedience (APHA , 1992).
The dissolved oxygen content in water decreases as temperature and
salinity increase (APHA ,1992). Dissolved oxygen further decreases with
an increase in altitude or decrease in atmospheric pressure (Barton and

Taylor , 1994).

In most toxicity studies, acute toxicity data are expressed in
concentrations that are lethal to 50% of the organisms in 96 hours.
However, few toxicity studies concerning dissolved oxygen reported
these LC50 values as was previously indicated by Chapman (1986), The
data summarized by Doudoroff and Shumway (1970) were derived from
highly variable test procedures, differing in duration, exposure regime
and reported endpoints (Doudoroff and Shumway, 1970; Chapman,
1986).

Effective management of DO is a key factor in the operation of

commercial Recirculating aquaculture systems RAS, Generally intensive
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RAS attempt to maintain system DO at 100% saturation to optimize
growth and system performance (i.e. biofilter operation), at higher levels
of saturation, loss of DO to the atmosphere can be significant (Parker et
al 2002).

There is a direct relationship between oxygen consumption of fish,
feeding and growth rate. If oxygen is not at near saturation levels, growth
rates will be reduced, extending grow-out time and thus reducing
potential profit. Another advantage of using pure oxygen is the reduction
in pumping costs (i.e. operating, pipe and plumbing size) by delivering
water at levels of saturation greater than 100%. The overall size (i.e.
buildings, tanks) of the RAS may also be reduced using oxygen,
providing further savings during construction.RAS tend to be divided into
two levels of intensification based upon methods of oxygen supply:

» Low-density systems (<30 - 40kg/KL) provide oxygen requirements
through aeration i.e. oxygen from air), supplied by air blowers and re-

aeration components (i.e. diffusers, air lifts, re/degassers etc).

* High-density systems (>60 - 100+kg/KL) receive oxygen as pure
oxygen from either liquid oxygen stored on-site or an oxygen generation

system.

- As previously described, biological filtration and
decomposing of wastes and uneaten feed within RAS impact upon
oxygen demand, and needs to be incorporated into the oxygen
budget for any system. A rule of thumb is that for each kilogram of
feed added, approximately 0.50 - 0.56kg of oxygen will be
consumed by fish and bacteria (Losordo et al 1992; Parker et al
2002), Use of oxygen in RAS should be as efficient as possible.
Oxygen transfer devices will be either of an open un-pressurised

type such as low head oxygenators, fine diffusers in culture tanks
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and packed columns; or closed pressurised types such as U-tubes
and oxygenation cones. The design of a RAS should include

consideration of the type of
- hatchery and growout
- breeding
- long-term holding
- short-term holding
- display

Each system type will have its own biosecurity challenges, and not

all of the recommendations described in this publication will be
practical or feasible in every situation. Understanding general

biosecurity principles.
Objectives

- To determine the amount of ammonia in the water in case of feed

and without feed.

- Estimation of Dissolved Oxygen in the water for fed and un feed

tilapia fingerlings (Oreochromis niloticus).

- To determine the amount of ash content on the flesh.



CHAPTER TWO

LITERATURE REVIE

2.1 Taxonomy

Nile Tilapia : Oreochromis niloticus

Species: Oreochromis niloticus (Linnaeus 1758)
Family: Cichlidae
Order: Perciformes
Class: Actinopterygii

The Nile tilapia Oreochromis niloticus is a deep-bodied fish with
cycloid scales. Silver in colour with olive/grey/black body bars, the Nile
tilapia often flushes red during the breeding season (Picker & Griffiths
2011) It grows to a maximum length of 62 cm, weighing 3.65 kg (at an
estimated 9 years of age) (FAO 2012). The average size (total length) of
O. niloticus is 20 cm (Bwanika et al. 2004).
2.2 Natural distribution and habitat

O. niloticus is native to central and North Africa and the Middle
East (Boyd 2004) It is a tropical freshwater and estuarine species. It
prefers shallow, still waters on the edge of lakes and wide rivers with
sufficient vegetation (Picker & Griffiths 2011).
2.3 Biology
2.3.1 Diet and mode of feeding

Nile tilapia are known to feed on phytoplankton, periphyton,

aquatic plants, invertebrates, benthic fauna, detritus, bacterial films (FAO
2012) and even other fish and fish eggs. Depending on the food source,
they will feed either via suspension filtering or surface grazing (GISD

2012), trapping plankton in a plankton rich bolus using mucus excreted



from their gills (Fryer & Iles 1972). O. niloticus have been observed to
exhibit trophic plasticity according to the environment and the other
species they coexist with (Bwanika et al. 2007).
2.3.2 Growth

Nile tilapia can live longer than 10 years (GISD 2012). Food
availability and water temperature appear to be the limiting factors to
growth for O. niloticus (Kapetsky & Nath 1997). Optimal growth is
achieved at 28-36°C and declines with decreasing temperature (Teichert-
Coddington et al. 1997, FAO 2012). The ability to vary their diet may
also result in variation in growth (Bwanika et al. 2007). In aquaculture
ponds, O. niloticus can reach sexual maturity at the age of 5-6 months

(FAO 2012).

2.4.Water quality in aquaculture
The critical parameters are temperature, suspended solids and

concentrations of dissolved oxygen, ammonia, nitrite, carbon dioxide and
alkalinity. However, dissolved oxygen is the most important and critical
parameter, requiring continuous monitoring in aquaculture production
systems.

Water quality is the first most important limiting factor in pond fish
production. It is also the most difficult production factor to understand,

predict and manage. Water is not just where the fish live. Its quality
directly affects feed efficiency, growth rates, the fish’s health and
survival. Most fish kills, disease outbreaks, poor growth, poor feed
conversion efficiency and similar management problems are directly
related to poor water quality.

a successful commercial aquaculture enterprise depends on
providing the optimum environment for rapid growth at the minimum
cost of resources and capital, Water quality affects the general condition

of cultured organism as it determines the health and growth metabolic



activities conditions of cultured organism . Quality of water is, therefore,
an essential factor to be considered when planning for high aquaculture
production, Although the environment of aquaculture fish is a complex
system, consisting of several water quality variables, only few of them
play decisive role. This is due to fact that fish aerobic metabolism

requires dissolved oxygen (Timmons et al. 2001).
2.5 Managing the Water Quality Parameters

2-5.1 ammonia

Ammonia is produced by deamination of ingested proteins and is the
main nitrogenous waste product of fish. Ammonia can also be introduced
into aquatic systems by industrial, municipal, and agricultural sources.
Ammonia is typically oxidized to nitrite and then to nitrate by microbial
metabolism. Both ammonia and nitrite can be toxic to fish, but toxic

concentrations vary among species (Tomasso , 1994).

Ammonia is important to aquaculture because fish are generally
cultured at high densities and fed high protein diets. Ammonia is known

to reach lethal levels under normal aquaculture conditions (Tomasso

1994). Ammonia exists in an ionized (NH+4) and un-ionized (NHj3)

form. Un-ionized ammonia is generally associated with ammonia toxicity
because it can freely diffuse across gill membranes into the plasma
(Russo and Thurston ,1991).

The proportion of total ammonia-N (TAN) in the un-ionized
(UIAN) form increases with temperature and pH (Colt and
Tchobanoglous 1976; Russo and Thurston , 1991; Randall, 1991;
Tomasso , 1994) therefore, TAN levels should be maintained at lower

concentrations for higher temperature and pH levels (Tomasso 1994). The



96 hour median-lethal (96 hr LC50) ammonia concentrations for
shortnose sturgeon Acipenser brevirostrum was determined to be 149.8
mg/L for TAN and 0.58 for UIAN (Fontenot et al. 1998).

Tilapia have a 96 hr LC50 concentration of 2.40 mg/L for UIAN
(Redner and Stickney 1979). According to Wise et al. (1989), the 96 hr
LC50 for UIAN concentration for red drum Sciaenops ocellatus was 0.9
mg/L. after 24 hr and 0.8 after 48 hr. The 96 hr LC50 for ammonia in
white bass Morone chrysops fingerling was determined to be 0.63 mg/L
(Ashe et al. 1996).

Ammonium salts and sulfates are abundant in the
environment, Ammonium sulfate is a neutralization product of ammonia
and sulfuric acid (WHO, 1986), Sulfate results from the oxidation of
elemental sulfur, sulfide minerals, and organic sulfur, e.g. through the
combustion of sulfur-containing fuels. Sulfates are found almost
universally in natural waters at concentrations ranging from a few tenths
to several thousand mg/l (EPA, 2002).

In the frame of the German water quality monitoring program
ammonium nitrogen concentrations were measured, In 2000, the rivers
Danube, Oder, Weser, Rhine, and Elbe showed concentrations (50th
percentile) ranging from 0.04 to 0.07 mg/l Environmental Data Germany
UBA, 2003). UBA (2003) states that in Germany 624 000 t ammonia
were emitted to air in 1999. Livestock farming (ca. 83 %) and fertilizer
use (ca. 12 %) are the main sources for the emissions, Industrial releases
of ammonia were less than 3 %.

In the atmosphere, ammonia can react with sulfur dioxide to
produce ammonium sulfate contained in atmospheric aerosols, These can
return to the earth’s surface as wet or dry deposition (Scott and Cattell,

1979; Gmur, Evans and Cunningham, 1983).



This is considered to be a common protective phenomenon in
ammonia exposed gills that prevents ammonia fractions from their further
entrance in the gills.

However, the excessive coagulation of mucus over the gills impairs
the respiratory function causing death by asphyxiation [Prasad, M. S.
(1988), Solangi, and Overstreet, (1982) . This comes in agreement with
other studies for fish inhabiting water impacted by domestic sewage
(Gordon, et al ( 2000).

El-shafai et al. (2004) showed that the lowest-observable effect
concentration on the growth performance is 0.144 mg/l UIA-N. Joel and
Amojuoy (2010) recorded that level of un-ionized ammonia which is
capable of Kkilling fish over a few days start at about 0.6 mg/L. They
recorded that un-ionized ammonia levels as low as 0.1 mg/L can cause
gill and kidney damage and reduction in growth. They recorded that
ammonia tends to block oxygen transfer from the gills to the blood and
can cause both immediate and long term gill damage.

El-shafai et al. (2004) reported that the toxic levels of un-ionized
ammonia for short-term exposure lie between 0.6 and2 mg/L. They
concluded that the toxic level of un-ionized ammonia and its negative
effect on the growth performance lies between 0.07 and 0.14 mg/L.
While, (Pillay, (1992), considered the maximum tolerance condition to
be 0.1 mg/l. Joel and Amojuoy (2010) recorded maximum limit of 0.2 mg
UIA-N/1 for aquatic life. The results of ( Joel, and Amajuoyi, (2010),
firm the present results where they recorded that ammonia concentration
of above 0.2 mg/1 in fish ponds has a tendency to harm the fish. Szumski
etal. , (1982) suggested a non-effect concentration of 0.08 mg UIA-N
could be applied to warm water fish without effect. Salin, and Williot,
(1991) and EPA (United States Environmental Protection Agency) (1998)

reported that ammonia can cause reduction in fish growth or even death.
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They interpreted that the effect of ammonia on energy utilization may
explain growth suppression in fish exposed to ammonia. Thurston et al.
(1984) revealed no effects on survival, growth or reproductive capacity at
concentrations 0.07 mg NH3/1 for rainbow trout. Handy, and Poxton,
(1993) reported toxic effects of un-ionized ammonia on aquatic
organisms in the concentration 0.09 mg/l. Barnabe, (1994), proposed un-
ionized ammonia concentration range within which no apparent damage
for fresh water species is set at 0.01 mg NH3- N/I. Lamarie et al. (2004)]
recorded reduced growth of sea bass when ammonia concentration
increased.

EL-sherif, et al (2008) The results showed that growth
performance was significantly (P< 0.05) decreased with increasing
concentration of UIA-N. The feed conversion ratio (FCR) increased with
increasing concentrations of UIA-N, the differences were significant (P <
0.05) among the high concentrations.

Saber et al.(2004) who showed that the lowest-observable effect
concentration on the growth performance of Nile tilapia is 0.144 mg/l
UIA-N and there was no significant differences between the mean
individual weight of fish exposed to 0.068 mg/l UIA-N and control0.004
mg/l UIA-N. Atle et al.(2003 and 2004) , Sten et al. (2004) and Lemarie
et al.(2004) reported that fish weight decreased when concentrations of
UIA-N/I increased.

EL-sherif , et al (2008) reported that mean body weight gain per
fish in the various treatment groups were significantly influenced by
UIA-N concentrations and decreased with increasing levels of UIA-N.
Similar results were obtained by Foss et al.(2002), Atle et al.(2003 and
2004), Lemarie et al.(2004) and Saber et al.(2004). Generally, mean body

weight gain was significantly reduced in concentrations of 0.1 and 0.15
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mg/l UIA-N compared to the control ones. This was attributed to a
decrease in daily food consumption.

El-Shafai et al. (1995) studied fish production in sewage oxidation
ponds and reported 100% mortality for silver carp, which was attributed
to an un-ionised ammonia concentration of 0.41 mg N/I. Chronic
toxicity of constant exogenous ammonia concentrations was studied in
two different batches of turbot juveniles (Person-Le Ruyet et al., 1997a).
they reported maximal survival up to 0.33 mg UIA-N 1 1 while at 0.73 mg
UIA-N I 1 50% mortality was observed. They estimated a 28-day
exposure concentration that results in 50% of the SGR of the control
between 0.6 and 0.75 mg UIA-N 1 1. In three batches of trout exposed to
chronic ammonia toxicity, Person-Le Ruyet et al. (1997b) reported no
mass mortality up to 0.4 mg UTA-N1 1.

In treated sewage-fed ponds, tilapia suffered clear skin ulcers,
necrosis and haemorrhage associated with mass mortality at 0.45 mg
UIA-N 1 1 (Nasr et al.,, 1998). On the other hand, no effects were
observed on the growth or survival of fathead minnows exposed to 0.44
mg UIA-N 1 1 but clear negative effects on growth and survival were
detected at 0.91 mg UIA-N I 1 (Thurston et al., 1986) and the same was
observed for striped bass (Hargreaves and Kucuk, 2001)

Smith and Piper (1975) reported that the growth performance of
trout exposed to 0.033 mg UIA-NI 1, showed no change in growth rate
within 4 months, however, there was a significant reduction after 6 and
12 months, Hargreaves and Kucuk (2001) proposed that the digestibility
of dietary protein and the energy source might have been affected by un-

ionised ammonia.
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2.5.2 Production and excretion of ammonia in fish

Ammonia production from dietary protein is a major source of
amino acids in animals. The intestines of carnivorous fishes are adapted
to process diets that are high in protein and low in carbohydrate
(Buddington et al., 1997),

Animals cannot store excess amino acids, unlike carbohydrates
and lipids which can be stored as glycogen and triglycerides, respectively.
Thus, dietary amino acids in excess of the amounts needed for growth
and maintenance of protein turnover are preferentially degraded over
carbohydrates and lipids in the liver (Campbell, 1991). For fishes with
high-protein diets, their dietary carbon is extracted from the carbon chain
of amino acids after the removal of the a-amino group. Several amino
acids, including alanine, are converted to glucose by fish hepatocytes
(French et al., 1981) and this process is regulated hormonally in much the
same way as it is in mammals. Approximately 40—60% of the nitrogen
intake from food is excreted within 24 h (Ip et al., 2004c; Lim et al.,
2004b). In addition to diet, muscle proteins can act as a source of amino
acids, which are catabolized for the production of ammonia can exit
through an aquaporin channel (e.g., AQP8) as NH3, accompanied with
proton (H+) transport through an H+ ATP or carbohydrates, in fasting
fishes (Houlihan et al., 1995). Under adverse environmental conditions
where ammonia excretion is reduced, some fishes can reduce the rate of
ammonia production from amino acid catabolism to slow down the build
up of ammonia internally (Ip et al., 2001c, 2004a,b; Lim et al., 2001).
During exercise or hypoxia, ammonia can also be produced through the
deamination of ammonia produced within the mitochondrial matrix can
exit the mitochondrion as NH4+ through a putative NH4+ transporter

AMP in the skeletal muscle.
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2-5-3 Ammonia Bio filtration

2-5-3.1 Aquaculture Bio filters

Recirculating systems must incorporate both solids removal
and biological filtration into the water reconditioning process to achieve
proper water quality for fish and plants (Harmon, 2001). Solids removal
is accomplished when recirculating water passes through a material that
intercepts suspended particles. A biofilter is simply a surface on which
bacteria grow. Biological filtration can take place anywhere in the system
where recirculating water comes in contact with a surface to which
nitrifying bacteria are attached—this may include tank walls, interior
surfaces of pipes and even plant roots. However, to provide sufficient bio
filtration activity to maintain optimum water quality in intensive
recirculating aquaculture, where (TAN) loading can be high, separate bio
filter equipment is currently required. bio filters used in recirculating
aquaculture are of two main types: fixed film (attached growth) and
suspended growth where microorganisms are maintained in suspension
(Gutierrez- et al, 2006). Suspended growth systems are not common
because of their high level of management and reputation for instability.
Thus, most of the bio filtration in recirculating systems are aerobic, fixed
film bio filters.

These bio filters basically consist of a porous solid phase on which
nitrifying bacteria grow and extract nutrients from water passing over this
solid phase (Wheaton, 1993). Water may enter the bio filter from the top,
side or bottom and exit from the bottom, side or top, depending on design
location relative to the water level of the fish tank. There are four basic
types of bio filter designs: submerged bed, rotating disc, fluidized bed,
and trickling (Tetzlaff and Heidinger, 1990). Submerged bed bio filters

are characterized by tank water being pumped through a medium that is
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constantly underwater. The rotating disc bio filter consists of a series of
parallel circular plates mounted on a shaft and rotating as a round drum
with the lower part submerged and the upper part above water. The plates
are the substrate the bacteria grow on.

In a fluidized bed bio filter, water enters the bottom of a medium
containing cylinder under high pressure and exits out the top after being
acted on by the filter. In trickling filters water enters the top and flows
down through the medium and keeps the bacteria wet but never
completely submerged. Trickling filters are maintained above the water
level of the fish tank. Of all the water quality parameters which affect
fish, ammonia is the most important after oxygen (Francis-Floyd and
Watson, 1996). Ammonia is the main excretion product from fish and
uneaten feed. It can quickly become a concern because of the buildup of
un-ionized ammonia and nitrite, both of which can be toxic to fish at very
low levels (Harmon, 2001;

McGee and Cichra, 2000) as discussed previously. Ammonia is
usually not a problem if the biological filters are properly sized for the
loading rate and carrying capacity and if adequate water flow is
maintained (Fowler, et al., 1994). Hockheimer and Wheaton (1998)
recommend that the system water move through the biological filter at
least 2—3 times per hour. However, Rakocy. (1997) were unable to detect
any difference in tilapia growth rate, total weight, or survival between
water exchange rates of 0.55 and 1.25 times per hour. Perhaps both of
these flow rates were too low to detect a difference. McGee and Cichra
(2000) recommend a 3:1 fish tank to biofilter volume ratio as being a
more than sufficient design for biofilters. The ammonia generation load is
based on the fish feeding rate and could be assumed to be 10% of the
protein in the feed becomes the ammonia-N generation rate (Timmons et

al., 2002). The size of the biofilter depends on the amount of ammonia
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added to the system which is closely related to the feeding rate and
efficiency of food utilization .

Tetzlaff and Heidinger, 1990, Van Gorder (2000) indicated that
feed levels change with fish size as fingerlings consume a much higher
percentage of their body weight (5%—-8%) than harvestable size fish
(0.75%—-3%). Another way to determine ammonia — N load is to consider
that generally 2.2 to 6.6 kg of ammonia are produced for each 220 kg of
feed. Thus, 220 kg of fish being fed 6.6 kg of fish feed per day (3% of
body wt/d) produce 0.1 kg of ammonia per day. Chapman (2000) puts
these feed levels at 6 to 15% of body weight for young fish (<25 g) and
1% to 3% of body weight forolder fish (>25 g).

Trickling biofilters provide nitrification, aeration, and some
carbon dioxide removal in one unit (Losordo, et al., 1999). The main
disadvantage of trickling filters is that they are relatively large and
biofilter media are expensive. The quantity of bacteria available to
oxidize ammonia is limited by the surface area of the biofilter medium
thus an important factor in biofilter design is to get the maximum amount
of surface area into a given volume (Harmon, 2001). However, when
particle size is reduced, filter clogging may increase and the ability of
oxygenated water to mix well within the filter decreases. Clogging of the
medium may occur if the solids are not prefiltered. Volumetric
nitrification rates of about 90 g total ammonia nitrogen (TAN)/m3 per day
can be expected with trickling filters (Losordo et al., 1999). When
designing these filters into a recirculating system for nitrification
(assuming 2.5 percent of the feed becomes TAN), a design criteria of 3.6
kg feed/day/m3 of trickling medium should be used. Based on these
numbers, and a feeding rate of 3% of fish body weight per day, 1 m3 of
trickling medium biofilter should support 120 kg of fish. With a carrying
capacity at harvest of 60kg/m3, 1 m3 of trickling medium biofilter would
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be required for every 2000 L of fish tank water, a 1 to 2 ratio. Increased
removal of ammonia by a trickling biofilter was found with increasing
concentrations of ammonia in pond water (Rijn and Rivera 1990) and
removal rate was considered substrate-limited with respect to ammonia.
Research on freshwater recirculating aquaculture biofilters should focus
on cost competitiveness, low head and low energy use operation in
support of large scale facilities (Gutierrez-et al 2006). The efficiency of
biofilters need not be associated with use of expensive commercial
biofiltration devices (Prinsloo, et al., 1999). When two types of trickling
filters were compared, one containing PVC shavings (surface contact area
of 1,220 m2), the other a more sophisticated commercially available
biofilter made up of Siporax porous sintered.

2.5.3.2 Ammonia levels

The fish create and expel various nitrogenous waste products
through gill diffusion, gill cation exchange, and urine and faeces
excretion; in addition some nitrogenous wastes are accumulated from the
organic debris of dead and dying organisms, uneaten feed, and from
nitrogen gas in the atmosphere (Timmons et al. 2002). Ammonia exists in
two forms: unionised ammonia (NH3-N), and ionised ammonia (NH4+-
N), the sum of these two is called total ammonia nitrogen (TAN). The
relative concentration of ammonia is primarily a function of water pH,
salinity and temperature (Pillay and Kutty 2005). The excretion of TAN
by the fish varies depending on the species in culture. As a general rule,
when 1.0 mg of oxygen per litre per minute is consumed by the fish, the
fish can produce 0.14 mg of TAN (Timmons . 2002) and specifically for
salmonids species, per 1.0 mg of DO consumed per liter they can produce

0.04-0.06 mg of TAN per liter (Aquafarmer, 2004).
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2.5.3.3 Ammonia toxicity in fish :-

Ammonia is toxic to fish because of many reasons. At the
organismal level, ammonia causes hyperventilation (Hillaby and Randall,

1979; McKenzie et al., 1993), hyper-excitability, coma, convulsions and

finally death. It also affects the ionic balance in fish, because NH 4+ can

substitute for K* (Binstock and Lecar, 1969) in Na'/K*-ATPase and in

Na*/K*/2C1™ cotransporter (see Wilkie, 1997, 2002 Person Le Ruyet et

al., 1997). NH 4+ can also substitute for H' in Na™/H* exchanger (NHE),

probably NHE2 and/or NHE3 (Randall et al., 1999). At the cellular level,
ammonia can interfere with energy metabolism through impairment of
the tri-11 , carboxylic acid cycle in fish by stimulating glycolysis though

the activation of phosphofructokinase I, and thus interferes with energy

metabolism (Arillo et al., 1981). In addition, NH 4+ can substitute for K"

and permeate plasma membrane through the background K™ channel and
affect the membrane potential. Smart (1978) suggested that the
mechanism of ammonia toxicity in fish might be similar to that in
mammals during hepatic encephalopathy. Several theories, i.e.
glutamatergic dysfunction, glutamine accumulation leading to astrocyte
swelling, and/or activation of NMDA receptors, have been proposed as
mechanisms involved in chronic and/or acute ammonia toxicity in
mammalian brains , Rose, 2002). However, it has been proposed recently
that mechanisms of and defence against ammonia toxicity in brains of
fishes with high ammonia tolerance could be different from those in

mammals .
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2.6 DISSOLVED OXYGEN (DO)

2.6.1 INFORMATION ON DISSOLVED OXYGEN

Of all life-supporting environmental constituents, oxygen is one
of the most essential, In cells, oxygen stores and liberates the energy that
drives vital processes of fish, crabs and shellfish such as feeding, growth,
swimming and reproduction ,Low dissolved oxygen concentrations can
increase mortality, reduce growth rates and alter the distribution and
behavior of aquatic organisms, all of which can produce significant
changes in the overall estuarine food web (Breitburg , 2002).

The EPA freshwater criteria document, published in 1986,
stipulated five limits for dissolved oxygen effects on warm-water species
(U.S. EPA 1986). To protect early life stages, the criteria include a 7-day
mean of 6 mg liter-1 and an instantaneous minimum of 5 mg liter-1. To
protect other life stages, additional criteria were derived.

These are a 30-day mean of 5.5 mg liter-1, a 7-day mean of 4 mg
liter-1 and an instantaneous minimum of 3 mg liter-1. Some of the most
sensitive survival and growth responses reported for warm-water species
in the freshwater criteria document were for early life stages of channel
catfish and largemouth bass, both of which are present in tidal-fresh
habitats throughout the Chesapeake Bay and its tidal tributaries (Murdy
etal. 1997)

Truelson (1997) provided a very extensive review of the physical
and chemical characteristics of oxygen, and of the analytical methods to
determine oxygen concentrations in water. Rather than repeating this

information, the most relevant information on chemical and physical
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characteristics is summarized below. For more information, the British
Columbia criteria document should be consulted (Truelson 1997).

Fish compensate for hypoxia by several behavioural responses: increased
use of air breathing, increased use of aquatic surface respiration (ASR),
habitat changes, or changes in activity level (Kramer, 1987).

DO levels, although dependent on temperature, are often by
themselves an important factor affecting the growth rate of fishes. Moyle
and Joseph (1988) measured a significant reduction in growth rate and
food conversion efficiency in juvenile largemouth bass
(Micropterus almonides) when dissolved oxygen fell below
approximately 5mg/l at 26°C.Presumably, the reduced oxygen below this
threshold precludes “extra” aerobic, energy requiring activities such as
growth and reproduction above maintenance cost. Some fishes attempt to
swim to more favourable environments. However, a report by Mallya
(2007) shows that, the period of time during which the oxygen level
drops below the required minimum level, will cause the fish to become
stressed. It is this stress which causes fish death. More than that, fish
reduce food intake, leading to a reduction in growth. Mallya (2007),
again stated that, reproduction is inhibited, and both fertilization success
and larval survival are compromised. When the oxygen level is
maintained near saturation or even at slightly super saturation at all times
it will increase growth rates, reduce the food conversion ratio and
increase overall fish production. As the dissolved oxygen concentration
decreases, respiration and feeding activities also decrease. As a result, the
growth rate is reduced and the possibility of a disease attack is increased.
However, fish is not able to assimilate the food consumed when DO is

low (Mallya, 2007)
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2.6.2 Analytical Methods :

Dissolved oxygen (DO) can be analyzed by two main methods:
the Winkler or iodometric method and the electrometric method using
membrane electrodes. The choice of procedure depends on the
interferences present, the accuracy required, and convenience or
expedience (APHA , 1992) the iodometric method is the most precise
and reliable titrimetric procedure for DO analysis.

The method is based on the addition of several chemicals resulting
in the liberation of iodine equivalent to the original DO content in the
sample. The iodine is then titrated to determine the original DO content.
Experienced analysts can maintain a precision of " 50 pg/L. with visual
endpoint detection and a precision of " 5 pg/LL with electrometric
detection (APHA , 1992). Various modifications of the basic iodometric
method exist (APHA , 1992) to minimize the effect of interfering
materials (such as oxidizing agents, reducing agents, or organic matter):

2.6.3 Tilapia (Oreochromis niloticus)

It is well known that tilapia can tolerate hypoxic and even anoxic
conditions for short periods and are thus better suited than other species
to hypereutectic conditions that may exist in static water aquaculture
systems (Chorn et al. 2006). It is also known that fish found both in the
tropics and temperate waters have incipient limiting oxygen levels which
may occur as in hypoxia. Incipient limiting levels generally average at 73
mmHg (2.29 g/l at 28C for warm water fish and 90 mmg/1 at 6.17 mg/l
for cold water fish such as the salmonids) In reference to Oreochromis
niloticus, studies have shown that the incipient oxygen requirements are

between 1.39 mg/Il -2,92mg/I.
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Studies done by Tsadik and Kutty (1987) on the influence of ambient
oxygen on feeding and growth in O. niloticus showed that experiments
under the various oxygen regimes varied.

2.6.4 Function of fish gills

For most fish species gills work by a unidirectional flow of water
over the epithelial surface of the gill, where the transfer of gases occurs
(O, in, CO; out). The reason for this unidirectional flow of water is the
energetic nature of the system. The energy that would be required to
move water into and out of a respiratory organ would be much more than
that used to move air because water holds low oxygen due to its low
solubility (Groot et al. 1995).

2.6.5 Oxygen uptake in and carbon dioxide release from the fish

During respiration fish, like other animals, take in oxygen and
give out carbon dioxide. The process is done by using gills in almost all
fish although some can also use the skin and some have lung like
structures used in addition to gills. When a fish respires, a pressurised
gulp of water flows from the mouth into a gill chamber on each side of
the head. Gills themselves, located in gill clefts within the gill chambers,
Of all life-supporting environmental constituents, oxygen is one of the
most essential. In cells, oxygen stores and liberates the energy that drives
vital processes of fish, crabs and shellfish such as feeding, growth,
swimming and reproduction. Low dissolved oxygen concentrations can
increase mortality, reduce growth rates and alter the distribution and
behavior of aquatic organisms, all of which can produce significant
changes in the overall estuarine food web (Breitburg , 2002)

2.6.6 low dissolved oxygen: historical and recently past
Dissolved oxygen levels vary naturally in lakes, estuaries and

oceans over varying temporal and spatial scales due to many biological,
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chemical and physical processes. In estuaries such as the Chesapeake
Bay, freshwater inflow that influences water column stratification;
nutrient input and cycling; physical processes such as density-driven
circulation; and tides, winds, water temperature and bacterial activity are
among the most important factors. These processes can lead to large
natural seasonal and interannual variability in oxygen levels in many
parts of the Chesapeake Bay and its tidal tributaries. Superimposed on
this natural dissolved oxygen variability is a progressive increase in the
intensity and frequency of hypoxia and anoxia over the past 100 to 150
years, most notably since the 1960s. This human-induced eutrophication
is evident both from instrumental data and geochemical and faunal/floral
‘proxies’ of dissolved oxygen conditions obtained from the sedimentary
record.

The instrumental record, while incomplete prior to the inception of the
multi-agency Chesapeake Bay Monitoring Program in 1984, suggests that
as early as the 1930s (Newcombe and Horne 1938) and especially since
the 1960s (Taft et al. 1980), summer oxygen depletion has been recorded
in the Chesapeake Bay. Officer et al. (1984), Malone (1992), Harding and
Perry (1997) and Hagy (2002) provide useful discussions of the
instrumental record of dissolved oxygen and related parameter such as
chlorophyll a across this multi-decade data record.

2.6.7 Oxygen consumption (MQO,)

The oxygen consumption (MO,) of fish is variable and depends on

many factors such as temperature, MO, increases when temperature
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increases. Body mass ,MQO; has an inversely exponential proportion when
the body mass increases. Feeding rate, MO, increases when the feeding
rate increases due to the digestion of food. Growth rate has a directly
proportional relationship with MO,. Swimming velocity and stress levels
increased stress levels may enhance the MO, of fish, The above factors
are the most important that should be taken into account in any
aquaculture system (Forsberg 1997, Timmons et al. 2002, Pillay and
Kutty , 2005). The MO:; of fish culture in tanks is calculated by the Fick
equation, based on the DO concentration of the inflow and outflow water,
the flow rate and the total biomass inside the tank, It is also possible to
estimate oxygen requirements of fish based on feed intake.

2.6.8 Physical and Chemical Characteristics

Oxygen is the most abundant element in soils and plants (weight
content is 49 % and 70 %,respectively: Bohn et al. 1979). In addition,
oxygen is the most abundant element in water by weight (Truelson 1997).
Divalent oxygen combines with two single valent hydrogen atoms to
form the extremely stable water molecule, Under normal pH for surface
water (4 to 10), water is stable in the redox intensity range of -10 to +17:
beyond this range, water is reduced to H2 or oxidized to O,, respectively
(Stumm and Morgan ,1981).

The double-bonded, two-atom molecule in water is the form of
interest here, described as dissolved oxygen in the remainder of this
document. Dissolved oxygen is the most fundamental parameter in water:
it is essential to the metabolism of all aerobic, aquatic organisms (Wetzel,

1975). Low levels of dissolved oxygen result in unbalanced ecosystems,
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fish mortality, odours and other aesthetic nuisances (Thomann and
Mueller ,1987).
2.6.9 Physiology and Oxygen Demand

Raising the conductance of oxygen into the blood of fish is
another possible mechanism to compensate for low DO levels. Oxygen
conductance can be increased through increasing the flow of water over
the gills (increased ventilation frequency, Jensen et al. 1993).

The frequency and amplitude of opercular movements increased
with a decrease in dissolved oxygen levels (Doudoroff and Shumway,
1970). Arctic char larvae were exposed to normoxic and hypoxic (25% air
saturation) conditions. The hypoxic larvae had coordinated buccal and
opercular movements in contrast to the normoxic larvae (McDonald and
McMahon 1977). Oxygen conductance can also be increased through an
increase in gill oxygen diffusion conductance by: increasing the diffusion
area (lamellar recruitment: Booth 1979 as referenced in Jensen et al.
1993), reducing diffusion distance across the gill (Soivio and Tuursala
1981 as referenced in Jensen et al. 1993), or increasing the diffusion
gradient across the gill by reducing arterial blood oxygen pressure
(Jensen et al. 1993). Hypoxic arctic char larvae had fewer filaments and
lamella than the normoxic larvae. However, stimulated growth after 38
days resulted in the same lamellar surface area (McDonald and McMahon
1977).
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2.6.10 Water Temperature

The requirements of invertebrates for oxygen generally increased
as temperature increased. L.LC50s for the caddisfly Hydropsyche betteni
were determined at different water temperatures (ranging from 10 to 21
C°). The LC50 increased from 1 mg/L DO at 10 C° to 2.9 mg/L DO at 21
C° (Nebeker 1972). Jacob and Walther (1981) tested four invertebrate
species at different temperatures. In some cases, LC50 values were
dependent on temperature: LC50 expressed as percent saturation
increased with increasing temperature. In other cases, LC50s did not
change with temperature: for instance, mortality of the mayfly Ephemera
vulgata only occurred when anoxic conditions were reached regardless of
exposure time and test temperature (Jacob and Walther ,1981). Jacob et
al. (1984) tested 14 invertebrate species at different temperatures. At
higher temperatures, lethal oxygen levels generally increased when
expressed as percent saturation; expressed as concentration (mg/L), lethal
dissolved oxygen levels either increased or were virtually the same at
higher temperature (Jacob et al. 1984).

Survival time of t he midge Chironomus anthracinus in bottles
starting with a dissolved oxygen concentrations of 0.15 mg/L. was
inversely correlated with temperature (Hamburger et al. 1995). The 72-hr
LC50s of female and juvenile cladoceran Daphnia magna increased as
temperature increased. The change in LC50s for males with increased

temperature was variable (Hoback and Barnhart 1996).
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CHAPTER THREE

MATERIALS AND METHODS:

3.1 Experimental site
The study was conducted at fish hatchery of College of
Animal Production Science and Technology, fisheries and wildlife
department in the Sudan University of Science and Technology, during
the period 23/8 to 06 September 2015. At temperature 28c°-30c®.
3.2 Experimental fish

Finger lengths was obtained from fisheries department hatchery
in Sudan University of Science and Technology. The fish were
conditioned for a week, in plastic tank while oxygen obtained from a
compressor the fish was fed feeds manufactured .

At the beginning of the second week the fish were divided to two
groups big and small size, and the to groups were divided into to groups
i.e. starved and fed for three days before they were individually measured

to obtain the initial weight. During the measurement.

3.3 Experimental design:

The study concerns Nile tilapia (Oreochromis niloticus)
weighing about 22 + 10.431 grams average weight, During the
acclimatization period, water in the tanks was aerated continuously.
Fingerlings were fed with a commercial pellet twice a day.

The system consists of 12 culture tanks, The fish were then
distributed into 12 plastic tanks (48x34x30 cm) and the fish were put in a
chamber ( 23x14x17 cm), the small size were put 5 fish per each while

the big sizes were 3 fish per each chamber . and bio-filter to remove toxic
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waste products (ammonia and nitrites) and water pumped from the
biofilter to the reservoir tank with a AZA Submersible Pumping 220
240v, AC 50 AC 50Hz 18 W, for desert cooler Fount, and the reservoir

tank were aerated with oxygen pumped from compressor.
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' ) " n illustrate recirculation system
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3.3.1 ammonia concentration measurement
The water for ammonia measurement were obtained from the
chamber by siphoning water from the chamber into a glass container
capacity (150 ml) with a flow rate of 25ml per second, then ammonia
measured using The Palintest 1000 Ammonia Meter with a precision dual
range Photometer for measuring Ammonia concentration in water (rang

in gavailable are 0 — 15 mg/l N and 0 — 50 mg/l N).

AMMONIA
AMMONIUM
AMMONIAK

AMONIACO
AMMONIO

Picture . No (2) AMMONI METER
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3.3.2 Dissolve oxygen (DO)

Dissolve oxygen measured using dissolved oxygen meter (DO
5509) with input from 0 — 20 mg/l. by putting oxygen probe handle into

the water in the glass container.

Picture .No (3): Oxygen Meter

3.3.3 Ash determination:-

A crucible was weighed empty ,the sample and crucible were
placed in a muffle furnace at 550c® to 24 hours. Until white grey or

reddish ash was obtained ,the crucible was removed from furnace ,the ash
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weight from the weight of crucible with sample after ashing minas the
empty crucible

W2-w1= ash weight

W1=weight of empty crucible

W2=weight of crucible + sample after ashing

3-4 Statistical analysis

The data obtained in this study were analyzed by one-way
ANOVA procedure of Statistical Analysis System (SAS, 1988All

statistics was carried out using SPSS version 21.
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CHAPTER FOUR

RESULTS & DISCUSSION
Results

In this study the chemical water parameters measurements of
ammonia and Dissolved oxygen concentrations were recorded in all
experimental fingerlings groups .

4.1.Estimation of ammonia concentration

In this study the measurements of ammonia in the water were
calculated by determining the mean and standard deviation (table4. 3)
Analysis of variance revealed that ammonia concentration obtained in big
starved fingerlings after 9 to 24 hours measurement and there is No

>0.05
b )

significant different( the concentrations of ammonia obtained

in big fed fish after 3, 6 and 24 hours of measuring and there is no

significant different ( P >0.05 ) and the mortality of fish above maximum

Fig(1).
In the present study the statistical analysis revealed that there was
no significant difference in all ammonia concentrations measured in the

small fish starved group. in the small fed fish the statistics analysis

revealed that there is significant different at 6 and 24 hours. ( P <0.05 )

(table4.3) . Fig ,(2)
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Fig(1):Ammonia level for big tilapia fingerlings

1.4

W starved
m fed

Fig(2):Ammonia level for small tilapia fingerlings
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Table (4-3) mean and their standard deviation of
NH3 during the experiment

ours 3 6 9 12 15 18 21 24
M=St.d M+St.d M=St.d Mx+St.d M=St.d M=+St.d M=St.d M=St.
Starve | 1.07+0.06° 1.07+0.12° | 0.83+0.06 | 0.87+0.06 | 0.867+0.1 | 0.77+0.12 | 0.73+0.06° 0.73+
b b 5b C
Fed 1.13+0.06° 1.13+0.15° | 1.00+0.50 | 1.03+0.23 | 0.87+0.06 | 0.80+0.10° | 0.77%+.115 | 0.67
a a b 5(: d
Starve | 1.47+0.55° 1.20+0.17° | 1.43+0 1.07+ 1.10 1.20 +(1.00 1.07.
51z 0.152 +0.10° 0.10° +0.10° 0.15¢
Fed 1.17+0.06° 1.27+0.25% | 1.00+0.10 | 1.03+0.12 | 1.07+0.15 | 1.07+0.23% | 1.00+0.10 | 0.83:
A ,b,c .d means superscript is significantly different p<0.05/.
Table (4-4) mean and their standard deviation of O,
during the experiment
ours 3 6 9 12 15 18 21 24
M=zSt.d M=St.d M=+St.d M=St.d M=zSt.d M=St.d M=St.d M=St.
Starve | 0.53:£0.153¢ 0.50+ 0.17¢ 0.50+ 0.17¢ | 0.467= 0.37+0.115° 0.33+ 0.153¢ 0.20% 0.20=
0.058¢ 0.0000¢ 0.000
Fed 0.53x 0.153° 0.63+ 0.115° | 0.43=% 0.50+ 0.37x 0.37+ 0.058° | 0.13+ 0.058° | 0.23=
0.058¢ 0.0000¢ 0.058¢
Starve | 0.83+ 0.115° 0.53+ 0.115¢ | 0.57=% 0.63+ 0.57% 0.57+ 0.37+ 0.057¢ | 0.33%
0.058¢ 0.058° 0.208¢ 0.0577¢
Fed 0.50+ 0.0000° 0.47+ 0.058¢ | 0.53=% 0.60+ 0.57% 0.47+ 0.115% | 0.27+ 0.058¢ | 0.304
0.058¢ 0.100° 0.058¢ 0.000

a, b ,c,d, e,
| p<0.05].

means superscripts
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4.2 Estimation of Dissolved Oxygen(DO)
Dissolved oxygen (DO) is most crucial factor in natural waters
for the growth and survival of fishes.

The dissolved oxygen content in the water of different
experimental tanks in the present investigation varied from 0.53+0.153 to
0.20+ 0.0000 in big staved first measure and final one, from 0.63+ 0.115
to 0.13+ 0.058 in big fed fingerlings and the statistic analysis revealed

that there are significance different( P <0.05 ) Table.4.3 and Fig.(3).In

small starved the reading of DO varied from 0.83% 0.115 to 0.33+ 0.057
and in small fed varied from 0.60+ 0.100 to 0.30+ 0.0000 and showed

that there are significanc different( ? <0.05 ), Table.(4.4).Fig.(4).

— feed
m—— Starved 3

Fig (3) : Comparison of Do level for big and small tilapia fingerlings
(starved —fed)
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Fig (4) : Comparison of means for Do level for big and small tilapia
fingerlings (starved —fed).

In the trial the water flow rate was 25ml per second and the
Oxygen consumption ranged from 2594.59 to 1000.00 mlO2/m for
fingerlings starved for 72 h the fingerlings was 3490.91ml O2/m to
342.86 ml O2/m when fed commercial to fingerlings I found in this

experiment that fish fed consume high percentage of oxygen.
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Fig(5) O, consumption

for big and small tilapia fingerlings starved
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Fig(6) O, consumption for big and small tilapia fingerlings fed

4.3 Estimation of Ash :

In this study the approximate composition of ash was found out

in all treatment individually, the statistical analysis showed that there was

significanct difference in all groups experiment. .
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Table (4.5): shows the determination of ash for big and small
Oreochromis niloticus.

Fish Big starve Big fed Small starve Small fed
Parameters M4+St.d M4St.d M4+St.d M+St.d
Ash 0.73+0.08" 0.51+0.0 0.82+0.0 0.38+0.2
35¢ 7° 8

The mean different is significant at 0.05 level

DISCUSSION

In the present trial a bio-filter was used to remove toxic waste

products (ammonia and nitrite) from the experimental tanks in all groups.

Ammonia is usually not a problem if the biological filters are properly

sized for the loading rate and carrying capacity and if adequate water

flow is maintained (Fowler, et al., 1994).
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Hockheimer and Wheaton (1998) recommended that the system
water move through the biological filter at least 2—3 times per hour.
However, Rakocy et al. (1997) were unable to detect any difference
in tilapia growth rate, total weight, or survival between water exchange
rates of 0.55 and 1.25 times per hour. In this trial the water flow rate was
25ml per second, In this experiment the removal of ammonia and organic
waste were done by siphoning the same result was obtained by (Rijn and
Rivera 1990) increased removal of ammonia by a trickling bio-filter was
found with increasing concentrations of ammonia in pond water.
Ammonia parameter is very crucial factor in aquaculture that affects the
general conditions of cultured organism, as it determines the health and
growth conditions of cultured organism. El-Shafai et al. (2004) showed
that the lowest-observable effect concentration on the growth
performance is 0.144 mg/l UIA-N. (Joel, O. and Amajuoyi, C.S. (2010)
recorded that level of un-ionized ammonia which is capable of killing fish
over a few days start at about 0.6 mg/L. They recorded that un-ionized
ammonia levels as low as 0.1 mg/L can cause gill and kidney damage and
reduction in growth.

And the result of ammonia concentration was agreement with the
Saber et al.(2004) who showed that the lowest-observable effect
concentration on the growth performance of Nile tilapia is 0.144 mg/l
UIA-N and there was no significant differences between the mean
individual weight of fish exposed to 0.068 mg/l UIA-N and control0.004
mg/l UIA-N. Atle et al.(2003 and 2004) , Sten et al. (2004) and Lemarie
et al.(2004) reported that fish weight decreased when concentrations of
UIA-N/I increased. And the result was disagreed with

following authors EL-SHERIF, et al (2008) who showed that growth
performance was significantly (P< 0.05) decreased with increasing

concentration of UIA-N. The feed conversion ratio (FCR) increased with
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increasing concentrations of UIA-N, the differences were significant (P <
0.05) among the high concentrations.

Gorder (2000) indicated that feed levels change with fish size as
fingerlings consume a much higher percentage of their body weight (5%—
8%) than harvestable size fish (0.75%—-3%). Chapman (2000) puts these
feed levels at 6 to 15% of body weight for young fish (<25 g) and 1% to
3% of body weight for older fish (>25 g) this result was investigated in
this study. The ammonia generation load is based on the fish feeding rate
and could be assumed to be 10% of the protein in the feed becomes the
ammonia-N generation rate (Timmons et al.,, 2002). In the this
investigation there was no mass mortality were recorded in all tanks the
same result was observed by Person-Le Ruyet et al. (1997b) reported no
mass mortality up to 0.4 mg UIA-N 1 1. In treated sewage-fed ponds,
tilapia suffered clear skin ulcers, necrosis and haemorrhage associated
with mass mortality at 0.45 mg UIA-N1 1.

Oxygen is the most abundant element in soils and plants (weight
content is 49 % and 70 %,respectively (Bohn et al. 1979). In addition,
oxygen is the most abundant element in water by weight (Truelson 1997).

Studies done by Tsadik and Kutty (1987) on the influence of
ambient oxygen on feeding and growth in O. niloticus showed that
experiments under the various oxygen regimes varied. Mallya, (2007)
shows that, the period of time during which the oxygen level drops below
the required minimum level, will cause the fish to become stressed. It is
this stress which causes fish death this result was disagreement with the
present trail. As the dissolved oxygen concentration decreases, respiration
and feeding activities also decrease. As a result, the growth rate is
reduced and the possibility of a disease attack is increased. However, fish
is not able to assimilate the food consumed when DO is low (Mallya,

2007), this result was obtained by the present study in the fed fish
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CHAPTER FIVE

Conclusion and Recommendation

5.1 Conclusion

The concentration of ammonia in fish pond should be closely
monitored to avoid both chronic acute toxic effects. Care should be taken
to closely monitor the level to always be below 0.2mg/l. It is imperative
to ensure that the pH and temperature values are adequately controlled to
avoid negative synergistic effect with the presence of ammonia in the
pond

Results obtained in this study demonstrated that the Nile tilapia

(O. niloticus) metabolic rate, expressed as the rate of oxygen
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consumption, was influenced by the feeding status, whether starved or fed
and by the size of fish.

In conclusion, the observed variation in individual oxygen
consumption rates for Nile tilapia(O. niloticus) fry and fingerlings in fed
and starved conditions suggests that significant individual variation exists
at starvation fish, where resistance potential was present at very early
stages of development.

Ash percentage of the weight of the fish was used to determine the
proportion of oxygen consumer by Fish .

It could be concluded that Nile tilapia(O. niloticus) fingerlings

with average weight 14-10.431 g, were suitable to culture at water

optimum for growth performance and survival rate than other water

conditions.

5.2 Recommendations

1. When managing aquatic system and transportation of fish species , the
water quality should be considered in terms of control , dissolved

oxygen, temperature and ammonia.

2. The study recommended that for transportation of fry should be

starved before 48 hrs to decrease ammonia effect.

3. The expansion of the search so as to increase the time of the
experiment and measuring some outputs, such as nitrates, pH and
temperature with the use of different types of diets with the use of

separate types of tilapia in terms of sex (male and female), and size.
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Summary of O2 Data (Starvation Treatment)

Sampling (at 3 hour interval)treatments

Class size Replicat |3 6 9 12 15 18 21 24

e

a 0.700 |0.400 |0.400 |0.500 |0.300 |0.500 |0.200 |0.200
Big b 0.500 [ 0.700 |0.700 |0.500 |0.300 |0.300 |0.200 |0.200

C 0.400 |0.400 |0.400 |0.400 |0.500 |0.200 |0.200 |0.200
Class size Replicat |3 6 9 12 15 18 21 24

e

a 0.700 |0.600 | 0.600 |0.700 |0.800 |0.500 |0.300 |0.300
small b 0.900 | 0.400 | 0.600 |0.600 |0.400 |0.600 |0.400 |0.400

C 0.900 | 0.600 | 0.500 |0.600 |0.500 |0.600 |0.400 |0.300
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Summary of O2 Data (fed Treatment)

Sampling (at 3 hour interval)treatments

Class size | Replicate | 3 6 9 12 15 18 21 24
a 0.500 |0.500 [0.400 |0.500 |0.300 |0.400 |0.100 |0.300
Big b 0.700 |0.700 |0.400 |0.500 |0.400 |0.300 |0.100 |0.200
C 0.400 |0.700 |0.500 |0.500 |0.400 |0.400 |0.200 |0.200
Class size Replicat |3 6 9 12 15 18 21 24
e
a 0.50 [{0.40 |0.50 [{0.50 [0.60 [0.40 |0.30 |0.30
small 0 0 0 0 0 0 0 0
b 0.50 [{0.50 |{0.60 [0.70 [0.50 [0.40 |0.30 |0.30
0 0 0 0 0 0 0 0
C 0.50 [{0.50 |0.50 [{0.60 [0.60 [0.60 |0.20 |0.30
0 0 0 0 0 0 0 0
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Summary of NH; Data (Starvation Treatment)

Sampling (at 3 hour interval)

24 21 18 15 12 9 6 3 Replicate Class Size
0.6 0.7 0.7 1 0.8 0.8 1.2 1 A
0.8 0.7 0.9 0.7 0.9 0.9 1 1.1 |B big
0.8 0.8 0.7 0.9 0.9 0.8 1 11 | C
24 21 18 15 12 9 6 3 Replicate Class Size
1.1 0.9 1.1 1 1.2 2 1.1 1.1 A
1.2 1.1 1.2 1.2 1.1 1.3 1.1 1.2 B small
0.9 1 1.3 1.1 0.9 1 1.4 2.1 C
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Summary of NH; Data (feeding Treatment)

Sampling (at 3 hour interval)

24 21 18 15 12 9 6 3 Replicate Class Size
0.7 0.7 0.7 0.8 1.3 1 1.3 1.2 A

0.7 0.9 0.8 0.9 0.9 1.5 1.1 1.1 |B big
0.6 0.7 0.9 0.9 0.9 0.5 1 1.1 |c

24 21 18 15 12 9 6 3 Replicate Class Size
1 1.1 1.2 1.1 0.9 0.9 1.3 1.2 [A

0.7 1 1.2 1.2 1.1 1 1.5 1.1 |B small

0.8 0.9 0.8 0.9 1.1 1.1 1 1.2 | C
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Picture No (1): recirculating water system for Tilapia fingerlings experiment
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