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Abstract

Aquaculture is the food production sector with higler development in the past
years. This evolution must be based on economicahé environmental sustainability.
This work was part of an European project with theaim to understand the growth
retardation in turbot cultured in RAS. For this, two different RAS were used, with
(N=3) and without (N=3) an USB denitrifying reactor This experiment, showed better
growth rates, feed conversion, lower energy requiraent for maintenance and higher
retentions for fish reared under the denitrification reactor. It also showed, that this type
of reactor reduces water exchange and nitrogen coeatration in the water discharge,
pointing to a environmentally sustainable developm& of the aquaculture sector,

without affecting its competitiveness.
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Introduction

World aquaculture has grown tremendously during plaest fifty years from a
production of less than 1 million ton in the eatB50s to 58,4 million tonnes by 2004 (FAO,
2006) corresponding to almost 50% of the world’'astoned fish. Based on FAQO's (2006)
projections, to maintain the per capita consumptbfish for 2030, it will be necessary at
least an additional 40 million tonnes of nowadaysdpction.

It is widely acknowledged that fish supplies frohe tworld fisheries are unlikely to
increase and the expansion of the aquaculturersedtgrovide the solution for the problem,
but with the increasingly limited access to costedas due to tourism and recreational
activities, pressure is put on the aquacultureosd¢otdevelop towards a higher sustainability,
both economic and environmental.

Recirculating Aquaculture System (RAS) are lessapigble to sudden environmental
changes since most of the water flow is reusedjmmmg any potential harmful impact.
Furthermore, RAS is more environmentally sustamdahbn other methods, reducing water
consumption, conserves energy, allows better cbotrer environmental parameters and is
basically site independent. (Labatut and Oliva2€94).

Turbot production is one of the most establishedatwater recirculation systems,
although exists a lack of knowledge in those systaegarding growth rates. It is known that
growth rate in recirculating systems is inferioremhcompared to growth in flow-through
systems, ranging from 15% to 20% less in RAS. THRRAS (Towards Elimination of
Growth Retardation in Marine Recirculating Aquaawdt Systems for Turbot) project is
funded by the European Union with the aim of evigathe cause of growth retardation of
turbot in recirculating aquaculture systems

With the increase in water reuse, accumulatiorubstances came along. Among this
substances, nitrate the end product of nitrificaseems to be the most abundant, but other
like toxic metals, or pheromones released by figh aso likely to accumulate. All this
compounds produced either by fish or bacteria, ttsatse growth retardation, are called
Growth Inhibition Factors (GIF).

The of denitrification is being more frequently ds&s a way to remove nitrate from
the water, reducing the water discharge and thregah compounds in it, applied has one

type of biofiltration. But others studies are pomn the directions that this denitrifying
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bacteria have the ability to produce GIF neutrafizsubstances. It is therefore, important to
understand the effect of this type of filtrationtive performance of fish.

This study was conducted to evaluate the growtlfiopaance of turbot reared with
and without an Upflow Sludge Blanket denitrifyingactor (USB), with two different water
exchanges. For the control treatment, without USB established a flow rate of 300 L/kg of
feed, while the treatment with USB, it was indentie@stablish a water exchange of 30 L/kg
of feed. Both treatment had the concentration watg, 150 mg/L

Major Thesis 10
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1. Literature review

1.1 Psetta maxima (Linnaeus, 1758) General overview

Turbot Psetta maxima Linnaeus, 1758) is a left eyed flatfish with asyetnc and
almost round body. On the eye side it presents Ipootgberances randomly distributed with
variable color, the opposite side has whitish c@hamw.fao.org), although cultured fish often
show variable pigmentation on the blind side. They commonly found in waters from the
Mediterranean throughout the European coast umilArctic Circle. It is a benthic marine
fish living in depth ranges from 10 to 70 m, uspatl sandy, rocky, muddy or mixed bottom
in inshore waters (www.fishbase.org).

It is a carnivorous active predator species, withepiles feeding on molluscs and
crustaceans, and adults mainly on fish and cepbdkpSpawning (sequenced, every 2-4
days) usually takes place between February and iyphe Mediterranean, and between May
and July in the Atlantic (www.fao.org).

Under culture conditions, turbot reaches sexualntgtat an age of about 24 months,
and this does not affect growth due to the smad sif the gonads by that time (Cal, Vidal et
al. 2006). Females are usually larger and reachasexaturity normally later than males.

The life cycle of turbot is characterized by itdrarrdinary metamorphosis during the
larvae stage, transforming from a bilaterally syrtrioal body to an asymmetrical body

shape, associated with a life style change froragielto benthic habits.

1.2 Fisheries, Production & Market

With some marked oscillations during the 1980%dticatches yield more than
7 000 tones annually. In the last years a condutenaroportion of total production derives
from aquaculture, mainly in Spain and France, with wild catches of turbot declining
significantly over the last 20 years or so (APROMARO08).

Farmed turbot production is very recent in Europei® growing rapidly. For the last
few years, the European production has remainddiestaeaching 7.6 Tons in 2007, which is
6.3% higher than the production in 2006 and witbrediction to grow 20.8% more in 2008
(APROMAR, 2008). Spanish annual turbot producti@s Ipractically doubled since 1998,
corresponding to 75.9% of the total European prodocin 2002 and 77.9% in 2007,

Major Thesis 11
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followed by France with 10.2% and Portugal with%3.ih the same year (APROMAR, 2008).
The price has remained stable for the last 5 yepisg around 9€/Kg (price of first sell),
recently with the world economic crisis the pridemve been decreasing around 3€/Kg,
reaching 6 to 7€/Kg at first sell in Spain (La GpmCorufia, 2008).

In the early stages of the industry, turbot weredpced in inshore flow-through
systems. Increasingly these are being replacedabyalpy closed and closed recirculation
systems. Figure 1, shows briefly the stages ofotipboduction.
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Fig. 1: Production cycle of turbot, showing differentgeta of production form broodstock management to
ongrowing techniques (www.fao.org).

The accessibility to coastal areas is increasifighited as tourism and recreational
activities develop, also environmental issues fghutrient emissions to aquatic ecosystems
are forcing aquaculture to move towards land-bdaeunling, with the technology to reuse
water (Aubin, Papatryphon et al. 2006).

In recirculation systems, the outlet water fromhfikanks is re-used after the
appropriate treatment, reducing the amount of natewadded. Being the water treatment
units the mainly difference from other systems.
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Recirculating Aquaculture System(RAS) can be defined as an aquaculture system
that incorporates treatment and reuse of wateh legs water waste per day and different
treatments being applied for different systems.iRstance, different types of trickling filters,
different systems for solids settlement, or Ozoeesws U.V. filtration usage depends on the
final intent.

Due to this, RAS are less susceptible to suddeir@maental changes since most of
the water parameters are controlled, minimizing pagential harmful impact. Furthermore,
RAS is more environmentally sustainable than othethods, reduces water consumption,
conserves energy, allows better control over enwrental parameters and is basically site
independent (Labatut and Olivares, 2004).

Although RAS have advantages, they also preseatidisitages. The main ones are
investment and operating costs, mostly due to nurahd technology of water treatments.
Also the reuse of water causes accumulation oftanbss in the water, substances like nitrate
(the end product of nitrification), organic compdsn heavy metals among others, are
considered to affect growth performance of fishisTsubject will be discussed further in

more detail.

1.3 Growth

Growth in teleost fishes occurs according to charatics steps for each species
being affected by several factors (Boeuf, Boujardle1999) with the increase of wet weight
as final result. This increase in wet weight camdescribed bioenergetically, as being the sum
of energy for metabolism, the energy lost in melisbo (consumption of oxygen and
production of heat and carbon dioxide a.o.), endogy in faeces and energy for storage
and/or growth. When the energy intake by externarees is higher than the energy needed
for maintenance (sufficient energy to maintain basietabolic activity) fish will grow
(Jobling, M. 1994).

There are several reasons why growth in fish i¢edht from that in birds and
mammals. The fact of being poikilothermic and lyyim a supportive medium reduce the
energy needed for thermoregulation and overcommgity, which can be used for growth

(Boeuf, Boujard et al. 1999). Growth rate is depericdn water quality, food availability and

Major Thesis 13
Author: Manuel Sardinha



Evaluation of the performance of turbot (Psetta maxima L.) in RAS with and without an Upflow
Sludge Blanket reactor.

developmental stage (Sumpter, 1992). Beside the tradt the animal grows, but also is
important the energetic efficiency which the animiaws (Fraser, Rogers et al. 2007).

Growth is primarily achieved by the synthesis aptkntion of proteins; all the
proteins within the individual (protein pool) areatacterized by three inter-related processes:
protein syntheses (proteins constantly enteringptbéein pool), protein retention and protein
degradation (proteins being removed from the pnopmol). With the retention of protein,
water deposition comes along, being protein grawéhmajor factor to increase body weight
(Jobling, M. 1994).

So, growth in fish can be resumed to the retentiba portion of the synthesized
protein transforming in soft tissue growth (Fras&ogers et al. 2007).

1.3.1 Factors controlling somatic growth

As referred before, growth occurs when the enenggke is higher than the energy
needed for maintenance, as a result any factoratfetts rates of food consumption and
metabolism has an effect on growth. These factansbe either internal or external (Jobling,
M. 1994).

1.3.2 Internal Factors

Boeuf and Boujard et al (1999) differentiated finéernal factors in three axis:

Thyrotropic, Somatotropic and Gonadotropic axis.

1.3.2.1 Thyrotropic axis

The thyroid hormones are known to influence eddyelopment and growth (Boeuf,
Boujard et al. 1999). The control of releasing hones (thyroid hormone) by the thyroid
gland takes place on the brain-pituitary axis. Atstide (I-), a scarce environmental element,
is transported from the plasma into thyroid fod®lwhich synthesize and store thyroid
hormone.

This thyroid hormone, has his greater importancéha early live stages of fish,
especially in flatfish due to their unique transfiation from bilaterally symmetrical body
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shape life to asymmetrical body shape and benfiicWith all the alterations of anatomy and
muscle distribution.

Studies reffered in Mommsen, Moon et al. (200hpveed that fishes treated with
thyroid hormones not only had better growth perfamge, but also increase in appetite and

amount of amino acids in plasma.

1.3.2.2 Somatotropic axis

Growth hormone is a polypeptide produced and retbéy the somatotrophic cells
located in the pituitary, this releasing is quitenplex in teleost fish, since different hormones
controls this release for different species. Fanegle, in catfish and tilapia the release of
growth hormone is stimulated by Growth Hormoneasileg Hormone, and in goldfish and
carp the release is stimulated by Gonadotropirasahg Hormone, but none of these two
seems to stimulate the releasing in European eelq$tau, Le Belle et al. 2001).

Due to this lack of knowledge, intensive researes loccurred during the last
decades and it is known that growth hormone is sserdial regulator of growth and can
change the rate of muscle protein synthesis bynabeu of indirect routes, but also plays an
important role on osmoregulatory, reproduction anchune system (Bjornsson, Johansson,
et al., 2003).

Growth hormone also plays a role in developmenskdletal tissues controlling
Insulin-like Growth factor (IGF) release. IGF isdun to improve growth in bone and
cartilaginous tissues. Recent studies showed nduekctions of IGF system, on
osmoregulation, reproduction and regulation of gobic and larval development (Wood,
Duan et al. 2005).

1.3.2.3 Gonadotropic axis

Somatic and reproductive growth can be viewed aspetitors of the same limited
source, this is supported by the drop in somatowgr rate while fish start gonadal
maturation. It has been proved that fish reducesasic growth to be able to spend more
energy in gonadal growth (Jobling, M. 1994).

Apart from growth hormone and IGFs, other hormordse steroids or

gonadotropic-releasing hormone play an importalg o gonadal growth. The releasing of
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such hormones must be synchronized with the spawsgason, which can be regulated by
the quantity of melatonin segregated by the piggaatd, creating an inside calendar for the
fish.

1.3.3 External Factors

The same authors (Boeuf, Boujard et al. 1999) hdifferentiated the external
factors in determining factors and limiting factoBetermining factors such as temperature,
salinity and photoperiod act directly on the reoceptto increase or decrease growth, on the
other hand limiting factors define a specific thralsl for example levels of oxygen or
ammonia or creating a tolerance range like pH.

Due to the species subject of the experiment, tfegers will be analyzed mainly
for turbot.

1.3.3.1 Temperature

Temperature is known to influence rates of ingestimetabolism and growth
(Jobling, M. 1994). Growth rate increases with itn@ease of temperature, but a decline in
growth at high temperatures is observed. On therdthnd, the routine metabolism rate does
not decline, this will provoke a higher need ofdomr maintenance or for basic metabolic
activity. So depending on the availability of fodidh can have better growth rates at higher
or lower temperatures. For instance in a restritéed regime, fish will grow better at lower
temperatures due to their lower basic metaboliwiact

Fish, as ectotherms, have their body temperatwsebl related to environment,
consequently higher metabolism at higher tempegatudifferent studies have been made to
determine the optimum growth rate related to tempee, although caution must be taken
with the experimental design since, as referredvabthe amount of feed related with
temperature can influence the growth rate.

Boeuf et al (1999) refers, based on other stuthes,the optimum temperature range
for growth in turbot is 16-1€, a decrease in growth with temperatures beloWC 1i4
observed. Imsland et al (2001), showed differemcggowth performance being partly due to
different temperature adaptations, when he stutdidzbt populations from different latitudes
(Norway, Scotland and France). His study showetigrt@wvth performance was higher for all
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populations at temperatures between 18 antC 2@t 15%.), but the highest growth
performance was observed in the Norwegian populaifibis higher growth can be related to
a shorter growing season (corresponding to a seaghbrhigher temperature), acting like a
compensatory mechanism.

The above values seem to be, among literaturewedgethe most common values
of temperature for optimum growth. In the existitgrature, the references are for larvae and
juveniles which make it the optimum temperaturedgiawth rate overestimated.

The results showed an optimum temperature rangiog f16 to 22 C, being
temperature an important factor on growth. Howeaves pointed out in these studies that
important interaction with other factors occur)ugincing growth rate.

1.3.3.2 Salinity

Fish spend energy in ionic and osmotic regulatsinge the surrounding medium
has a different concentration from those of theybiwlds (Jobling, M. 1994). Salinity acts at
the level of the brain pituitary which, by hormorsimuli, releases other hormones with
osmoregulatory functions like growth hormone. Thieseractions may explain implication of
salinity in growth.

There is some evidence that turbot, like other neafish, uses estuary has a nursery
ground for juveniles, which makes them tolerantitanges in water salinity. Studies showed
better growth rates at 10%. -19 %0, comparing wighfin full strength seawater. (Gaumet,
Boeuf et al, 1995)

On other study, carried by Imsland et al. (2001dwgh, food consumption, daily
feed intake and feed conversion efficiency werdésg at 15%. and lowest at 33.5%o in fish
reared at the temperatures 18°C and 22°C. Thely stuowed that the capability of turbot to
adapt to different temperatures and salinitiescareelated, and the improvement of growth
can be achieved by rearing turbot at lower sadisithan full strength seawater (Imsland, Foss
et al. 2001).
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1.3.3.3 Light

Photoperiod is known to influence both feeding gnalvth in fish. Light stimulates
the photoreceptors in the pineal gland and retinarelease melatonin, a neurohormonal
signal that will transport a message to the brain.

Melatonin is a time-keeping molecule that is redsbshythmically during the night,
gualifying not only daily time but also calendané by altering the duration and amplitude of
secretion with photoperiod and temperature, respdgt(Confente, El M'Rabet et al. 2008).
This hormone is known to be involved in several giblpgical processes, such as feeding,
growth, development, metamorphosis and especigisoduction.

An experiment made by Mallekh et al (1998) to ustherd the influence of
environmental factors on turbot growth, showed that length had significant influence on
appetite of turbot, increasing it when the lighutowere longer than 15 h. Although this
experiment was made in ponds, which could mean ldrajer photoperiod are related to

higher temperatures increasing metabolism and comesgly growth.

1.3.3.4 Oxygen

The metabolic rates of well-fed fish are higherntithose of starving fish, and
oxygen consumption increases with the increaseetfihg rate. This is due to oxygen cellular
function, used to burn proteins, fat and carbohydradelivering energy for swimming,
osmotic regulation, growth, among others. When exy@ntake is not enough to sustain
cellular metabolism, anaerobic metabolic pathwagst 20 take place in ATP production,
with higher energetic costs (Jobling, M. 1994) tisisa temporarly process until an oxygen
debt is built.

Due to turbot behavior (benthic species), the memuents of oxygen are lower than
for pelagic species that require higher amountexyfgen for continuously swimming, also
due to physiological gill surface area of flatfisking limited compared with pelagic fish,
metabolic rate for benthic species is lower (Mdllelkd Lagardére, 2002)

Person-le, Ruyet et al (2002), concluded that tudam adapt easily to moderate
hyperoxic conditions, with a lack of improvement growth showed that the interest O
supplementation is to maintain water concentratiear air saturation level, but an oxygen

shortage will affect growth metabolism. Mallekh abhdgardére (2002) stated that, under
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farming conditions oxygen supersaturations addsingtto turbot appetite and due to
economic reasons should be avoided.

On other experiment, Pichavant et al (2000) studiedinfluence of hypoxia on
growth of juvenile turbot. This study showed tHatd intake and growth were significantly
lower at oxygen concentration below 5,0 mg/L (hyppxthis was interpreted as energy-
saving strategy thus decreasing feed intake thgexyeed to burn down feed is lower.

1.3.3.5 Carbon dioxide

Carbon dioxide has been used as an anestheticngnéiké easy to understand that
this gas has the ability to disrupt the normal pdlggical functions of fish (Jobling, M.
1994).

Carbon dioxide is considered a limiting factorfiah can not excrete carbon dioxide
when the environmental concentration is too higinising fall in blood pH. Increase of
carbon dioxide concentration is linearly relatedhwgrowth reduction in fish, showing

calcareous deposits in the kidneys.

1.3.3.6 Total Ammonia Nitrogen

Fish are able to utilize dietary protein very a#fitly. Despite the fact that they use a
significant portion of digestible protein for enetig purposes, they produce large quantities
of nitrogenous metabolites. The main end produatittbgen metabolism in teleost fish is
ammonia (Dosdat, Servais et al. 1996).

Accumulation of this nitrogen compounds in watelture is a very critical point due
to their toxicity. The process of ammonia removalyecirculation system, is normally by
biological filtration where nitrification occurs X@ation of ammonia to nitrite and finally
nitrate) (Timmons and Ebeling, 2007).

Ammonia is mainly excreted by the gills, and inu@n it exists as unionized NHN
or positively charged NF-N and the sum of them comprises the total ammaitiagen
(TAN) representing the inorganic nitrogen compoumdterms of the nitrogen they contain.
Due to their dissociation constant more than 95%Ad in water exists as NA.
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A study made by Dosdat, Seviras et al (1996), coetpthe nitrogen utilisation and
excretion of five fish species, among them turbbey were raised under similar feeding and
environmental conditions, turbot showed the loveasmonia excretion rate (20% of ingested
nitrogen) due to his high protein efficiency.

Other study, designed to check the chronic effeetnamonia in juvenile turbot (14 to
104 g) showed that growth stopped at 0,8 mg uneohemmonia nitrogen (UIA-N)/I, they
also observed that bigger fish had less toleranaartmonia, for fish with 104 g the LOEC
(lowest-observable-effect concentration) was 0,1 WA-N/I and for smaller fish values
were 0,41 and 0,21 mg UIA/I for 14 and 23 g turlbespectively (Ruyet, Galland et al. 1997).

The proportion of TAN in the water is influenced pH and temperature, being the
fluctuations of pH the factor with higher influenoe TAN. The increase in pH leads to a

higher concentration of UIA, whereas a lower pHrdases its level (Ip, Chew et al. 2001).

1.3.3.7 Nitrite

Nitrite is an intermediate and important product bacterial nitrification and
denitrification processes in the nitrogen cycleisltconverted to nitrate as quickly as it is
produced, and is constantly based produced astammiediary step (Timmons and Ebeling,
2007).

The blood appears to be the primary target oftaitiction, oxidizing the iron in the
haemoglobin molecule resulting in methaemoglobime Tethaemoglobin reduces the total
oxygen-carrying capacity of the blood (Kroupova,diava et al, 2005).

There are few studies regarding to limit levelsibfite for flatfishes, but Huguenin
and Colt (2002) suggested 0,1 mg/l has the thrdstwl aquatic animals. Although, nitrite
toxicity to fish depends on external and interrgatérs, such as salinity, length of exposure,
pH, temperature, fish size and age, but the mogpbitant is water chemistry, especially
chloride concentration, increasing toxicity withciaasing chloride concentration in water
(Kroupova, Machova et al, 2005).
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1.3.3.8 Nitrate

Nitrate is the end-product of nitrification andtie least toxic of the nitrogenous
compounds, due to this usually nitrate concentnatiare higher than other nitrogenous
compounds.

The reason why nitrate is not so toxic to fishtesdther compounds is due to a low
branchial permeability of it, being much higher tbhptake of ammonium and nitrite.
Although, nitrate affects the transportation of gay changing, like nitrite, haemoglobin into
methemoglobin (Camargo, Alonso et al. 2005).

A study conducted with Medaka fish, showed that news relatively low
concentrations, nitrate can affect embryonic dgwalent, growth and egg-laying capacity. It
was determined that concentration until 25 mgsM2 (110 mg/l NQ) is considered to be
safe for long-term exposure. In the same study,imticle chronic toxicity experiment, growth
suppression in body weight was found at higher entrations between 100 and 125 mg
NOs-N/I (Shimura, Ma et al, 2004).

On other study, the authors considered the proptesed of 20 mg NO3-N/I for
culturing seawater animals may in general be aabégp{Camargo, Alonso et al. 2005).

These values seem to be very low, compared withvliees found by Pierce,
Weeks et al. (1993) although their study was foduse the acute toxicity of nitrate for five
marine speciesRgja eglanteria, Trachinotus carolinus, Centropristis striata, Monacanthus
hispidus, Pomacentrus leucostictus), on trials of 96 hourskaja eglanteria, a flatfish showed
no acute toxicity until 960 mg/L of nitrate, arlBbmacentrus leucostictus showed high
tolerance, with a 96 h LC 50 (lethal concentratton50% cases) greatter than 3000 mg/L.
The authors referred that more studies should lme,dimcusing on long-therm expositure
with possible implications on growth and reprodoctigiving 500 mg/L of nitrate as near
acute toxicity for some fish species.

A study carried out to acknowledge the influencaitfate in release of sex steroids
and other hormones with Siberian sturgeon, showatdalevated nitrate is capable of altering
the steroid profiles of cultured female sturgeong @ able to alter the secondary stress
response, defined by plasma glucose concentratitenmlin 2006). Although it is known that
this species is more sensitive to nitrate and coisgra with other species must be done with

caution.
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Sublethal effects of nitrate include endocrirterations which have been shown to
alter metabolism, reproductive function and develept (Hamlin, Moore et al. 2008).
Excess nitrate in aquaculture has traditionallynbesgluced by water exchange and

more recently by denitrification filters (TimmonsdaEbeling, 2007).

1.3.4 Mineral availability

Fish are surrounded by water that contains mirssig$ in solution (in seawater the
more abundant ions are:"CNa’, Mg?*, SQ* and C&") and they have the ability to absorb
some inorganic elements not only from their dietsddso from their external environment in
both freshwater and seawater. Generally Ca, MgKiN&g, Zn, Cu, and Se are absorbed from
the water to ensure the nutritional requirementfsdf, but phosphate, chlorides and sulfates
have to be supplemented in feed to have the righitional requirement (Lall and Lewis-
McCrea 2007).

An experiment made with trout showed that whenaswn seawater the intake of
minerals increased, showing that the increase iokitdig water increased the mineral intake
(Timmons and Ebeling, 2007), it can be affirmed: timnerals in water can be uptaken by
fish increasing the amount of drinking water.

Calcium and phosphorus are closely related to gveldpment and maintenance of
the skeletal system as well as various metabohctifons (Jobling, M. 1994). The calcium
requirement of fish is related in large part byitlability to absorb these ions directly from
the aquatic environment. On the other hand, thecaumation of P is too low in both
freshwater and seawater, being diet the main sairegLall and Lewis-McCrea 2007).

Many essential micro or trace elements such as, nranganese and copper are
required for growth and development of healthy Isoné fish (Lall, in Lall and Lewis-
McCrea 2007). Also minerals can interact with thelwss, or like Selenium can interact with

toxic heavy metals reducing the biological avaitabif both. (Lall and Lewis-McCrea 2007)

1.3.5 Humic acids

Humic substances occur with the microbial degradgawf organic matter and
ultimately biomolecules like protein, lipids andrlsahydrates dispersed in the environment

after the death of living cells.
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Microvesiles are formed by humic acids in aqueookit®n (Reid et al.,, 1991).
Therefore, it is possible that pheromonal sterordigased into the water by fish, may be
dissolved by humic acid microvesicles and thereb@eome unavailable for chemical stimuli
of fish (Hubbard et al., 2002).

Recent studies on water treatment are focusinghenrémoval of metals from the
water, since they are not biodegradable the ustbamic acids and its absorbent properties
is being targeted for heavy metals removal fromewéColes and Yong, 2006). A study made
to understand the Arsenic and heavy metal mobitimatrom mine tailings referred that
humic acids might be used to remove arsenic andyhmatals simultaneously under alkaline
conditions, in fact pH is a factor that has majdtuence on this kind of removal (Wang and
Mulligan, 2009).

Meinelt et al (2001) referred that the interactimtween humic acids is more complex
that it may seem, in some studies the presencaridchacids reduce the toxicity in water but
in other cases it increases. For instance, theepecesof humic acids, reduced the toxicity of
cadmium in small rainbow trout, but tests widbhphina sp. showed an increase of toxicity in
the presence of humic acids. Also humic acids camd hvith minerals reducing the

bioavalability of them, this could become a problgince it could turn into a limiting factor.

1.3.6 Other factors

Besides the parameters above described, there @ parameters that can affect
growth. They will be generally approached. Paramseike density, tank design, husbandry
techniques and feeding strategies can be easilyatie@d but other parameters like stress are
more difficult to control, being directly related €énvironmental factors like temperature, pH,
pollutants, salinity, among others.

The adverse environmental circumstances are theecafustress in fish, and it is
very difficult to establish borderlines that defwben fish became under the stress because of
this, levels of cortisol are generally acceptedaameasurement of stress (Van Weerd and
Komen 1998).

The release of cortisol is related to slowing dowsounds increasing the
susceptibility of pathogens (Bonga, 1997). Normaitlyculture conditions, stress is long-

lasting and therefore non-adaptive (Van Weerd aoch&n 1998). The implications of stress
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are various, affecting growth by decreasing thed fagtake, or absorption or even its
utilization (Van Weerd and Komen 1998), affectingoathe immune system and oxygen
uptake. Also fish on an attempt to adapt to an edvenvironmental situation, reallocate
energy that usually spend for growth or reprodurctio activities that restore homeostasis,

such as respiration, osmoregulation and swimmiran{@, 1997).

1.3.7 GIF: Growth Inhibition Factors

As referred before, a substantial problem in u§tég for marine aquaculture is the
growth retardation. It is believed that, this grbwietardation is due to accumulation of
substances produced either by fish and/or bacteoasidered to be prejudicial to fish
development. To these substances it is catheowth inhibition factors (GIF). The
information of the nature of the substances istéchand incomplete (GRRAS, 2006).

A study made with sea bass (Deviller et al., 2006dimparing flow-through and two
types of RAS showed that, fish growth decreasdabih RAS comparing with flow-through
associated with a lower feed intake. The authdexned that the regression in growth could
not be associated with the decrease of water gublit they pointed has the probable cause.
The same author but other study (Deviller and Rhlet al., 2005), looked for metals
concentration in sea bass reared in RAS and floautih. In this experiment, he found
significant differences between treatments, beimg metals concentration higher in fish
cultures on RAS although the accumulation valuesewewer than the recommended by
FAO/WHO. Both studies show that the accumulatiorsufstances could have influence on
fish development, but further studies are needed.

Roales (1980), studied the effect of growth inhapitfactors on lipid content in
zebrafish, his study showed a better growth of afedir reared with water passing through
activated charcoal compared with fish without tiipet of filtration. The author based his
theory on fact that GIF could be pheromones, FL8¥YT) (in Roales et al., (1980)) observed
that crowding factor influenced the thyroid hormpmecreasing the oxidation rate, thus
decreasing lipid content. This explains why fisld@nthe extracted water (activated charcoal)
had higher lipid contents.

On a review of chemical communication in freshwaf@plomon, 1976), this
crowding factor is considered to be chemical simiath esters, or complex linked with
lipids. This crowding factor could function in naty has a way to disperse fish reducing
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competition among them. Crowding factor was alsseoled by Rose (1959) (in, Solomon,
,1976), where the author observed that in aguaniahwvas considered crowded, shortly after
feeding commenced, size differences appeared. Whaeger fish continue growing and
smaller fish started to meager despite abundantsedf when this fish were transfer to other
aguaria they grew normally.

With the above, GIF can be grouped in differenet/pf substances, from metals to
complex organic molecules. As stated by Hara (193&hsory receptors are the immediate
detectors of environmental stimuli” and for thivgct the most important of these stimuli is
the chemical either by olfactory or by taste. Sifisk live in aquatic medium, to be able to
sense GIF they have to be soluble in water, aa# mferred above humic acids are able to
bind with hormones making them insoluble in watksabling fish to sensing it.

GIF as the name says inhibit growth, but how daeshibits? As it was said,
literature on this subject is scarce, but some atpsis may be elaborated. For instance, GIF
can affect the feed intake, by making the surroumdenvironment stressful for fish,
decreasing growth.

GIF could also influence the immunological systeifish and as a response, fish
has to reallocate energy from used growth to oveecthis adverse situation, or GIF could
simply elevated the energy requirements for maamnea metabolism by affecting for
instance osmoregulation, influencing the requireimehenergy for maintenance metabolism.

Besides that, GIF could also be considered as lgignéactor. As it is referred
above, substances released influencing fish denedop considered to be a way of
communication between fish, showed to be similaesters. It is known that almost every
family of steroid hormone occurs in esterified foflfochberg, Pahuja et al., 1991). With this
we can say that cortisol (a corticosteroid) coutd donsidered as GIF, as other steroids
normally used in chemical communication in fish gplieromones in general, but little

literature is available on this matter.

1.3.8 Feed: source for growth

Feeding fish is more complicated than feeding déimesimals, due to their aquatic
life style, with implications in feed formulatiomd loss of un-eaten feed. Since feed is the
main cost in intensive fish farming, farmers saw tieed to improve the efficiency of feed.

The development of feed budgets based on the dagygetic requirements of the cultured
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fish, are viewed as the solution to overcome thesenomic losses. The utilization of
bioenergetic models is becoming more and more é&etly to improve efficiency of fish
farming.

Bioenergetic can be simply described as the studghe balance among dietary
energy intake, expenditure, and gain being abledk at the dietary component utilization by
animals (Bureau, Kaushik et al. 2003).

By the model of these authors, fish obtain eneligyfeed, which is divided in three
kinds of complex chemical compounds which contamergy: carbohydrates, lipids and
proteins, being lipids the component with higheergy content and carbohydrates the lowest.

Gross energy is the total energy content of thd.fébae feed consumed by the fish
contains complex compounds which are decomposedsimipler components absorbed in
the gastro-intestinal tract, but a part of energly ve lost with the faeces (FE) because it is
indigestible, the variation of digestibility of feég is the major factor in the usage of energy by
fish.

Digestible energy(DE) is the energy which is digested and absonbékle fish, and
is calculated by subtracting tii@eces(FE) fromgross energy(GE). Some of this energy is
excreted by the kidney and gills of fish, and #mergy loss is calledranchial and urinary
energy loss(BUE), which can be estimated from the nitrogelahee.

The metabolisable energy(ME) is the remaining energy which is available fo
metabolic processes in organisms. A part of thisrggnis used for functions of the body
necessary to maintain life, like blood circulatigmimonary ventilation, membrane transport
of ions among others, this is called energy forabasetabolism together with energy for
voluntary or resting activity they form the amowfienergy for maintenance(MEm). There
are different factors that influence the amounteagrgy which is used for maintenance
processes, among them are body weight and temper@iEm is lost by the body deeat,
H).

The remaining part of this energy is used for #sdeposition, growth (MEp) this
deposition is also linked with energy costs, haat produced. Part of the metabolisable
energy taken in as diet which is not dissipatetiest isretained in the body as new tissue

constituents (RE) it can be either positive or nigga
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1.3.9 Energy requirements for maintenance

“Animals require a continuous supply of energy fbose functions of the body
immediately necessary for maintaining life, regasdl of whether or not feed is consumed”
(Bureau, Kaushik et al. 2003). This expenditure efergy is related to such as
osmoregulation, blood circulation, cells activitydamuscle tone. The energy requirement for
maintenance (MEm), can be defined has the energgdeatefor “no-growth”, keeping the
animal in zero energy balance (Bureau, Kaushikl.e2@3). Before fish uses energy from
feed to growth or reproduction, it has to cover MEm, thus knowing this value is very
important for an aquaculture production.

This data are usually obtained by dose-responseriexgnts, with several types of
feed containing different amount of nutrients bethg maintenance requirement at which
there is no energy gain (Peres and Oliva-Teles 2006re recently a factorial approach is
being used, with a regression of ME intake as atfan of protein and lipid deposition,
showing to be usueful determining partioning of MBnaintenance and growth (Azevedo et
al., 2005). By this approach lipid and protein d&fon are considered function of ME.

As it was said before, fish grow with protein amad deposition, this is evaluated as
ke and k being efficiency of protein and fat depositionpestively. Generally, kis higher
than I, since the efficiency of lipids is higher compaxith the efficiency of proteins. And
the efficiency of energy retained as a whole, tiwatsists in the efficiency of protein and fat

deposition is calledgk Table 1, shows some values of MEm for differenties.

Table 1: Estimations of energy requirement for maintengheee described as HEm); efficiency of protein
deposition (k) and lipid deposition (here described ggkom: (Bureau, Kaushik et al. 2002)

Species HEm [\P Ky Ref.
Common carp 42 k] kg”'?'_‘ da_\_-'_L 0.56 0.72 Schwartz and Kirschgessner (1995)
European sea bass 42 k] kg? 7" day! 0.54 0.91 Lupatsch (2000)
Gilthead sea bream 59 k] kg"® day™!  0.47  0.66  Lupatsch (2000)
Grouper 35k kg"* day™' 044 091  Lupatch (2000)
Rainbow trout 1.37 k] g{"'m u:i.a}'_l 0.54 0.90°  Rodehutscord and Pfeffer (1999)
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1.4 Denitrification

As it is referred above, only 20%-30% of the nigngintroduced in the feed is
incorporated by fish, the part non-incorporatedxsreted mainly as ammonia. Nitrate is the
end-product of nitrification. Due to this their ammtration in the water culture is
comparatively high, especially in systems operatwith low water exchange and high
densities (Timmos and Ebbeling, 2007).

By denitrification, micro-organisms convert nitratgo atmospheric nitrogen. This
is an anaerobic process in which nitrate acts asaxkidizing agent. Denitrification is
widespread in nature, and occurs in the presenceitaite, low or non oxygen levels,
denitrifying bacteria and a carbon source.

As we saw previously, nitrate is the less toxiecagen compound, although it has
some implications in growth and can act has an enutbogical disruptor. So it has to be
removed from the culture water. The main methodsitodte removal are, by means of water
exchange or using heterotrophic bacteria. The fssthe more vulgarly used but not
environmentally friendly the second is startingpeomore frequently used and therefore more

studies about this subject are appearing.

1.4.1 Bacterial community

Denitrification constitutes one of the main brargloé the global nitrogen cycle
sustained by bacteria, it is part of the bioenecgequipment of the bacterial cell.
Denitrification extends beyond the bacteria to #rehaea, where it is found among the
halophilic and hyperthermophilic branches of thisglom and may have evolutionary
significance (Zumft, 1997), also fungi were studagdtheir denitrification capacity.

Most denitrifiers are aerobic heterotrophic orgarssthat from the oxidation of a
carbon source, transfer redox equivalents to arxideounder anaerobic conditions, a wide
group of bacteria being the proteobaceria the pradlant group (Alpha-, Beta-, Gama-, and

Epsilonproteobacteria, Firmicutes and bacteriog)etideylen, Vanparys et al. 2006).
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A study made by van Rijn (van Rijn, Fonarev et18l95) examined the release of
volatile fatty acids (VFA, including acetate, propate and butyrate) from denitrifying
bacteria during anaerobic incubation of fresh fisbd in digestion basin medium. It was
showed that VFA are major intermediate productsnguanaerobic degradation of organic
matter and in this experiment the production of VFA waghar than the needed for
anaerobic degradation although the experimentatoeavas inoculated with fish feed having

higher nutrient content than the waste used foaagjture bioreactors.

1.4.2 Denitrification process

Nitrogen is introduced into the biosphere by biataf and chemical fixation of
nitrogen (N) and removed from there again by denitrificatidm N oxide, instead of
oxygen, serves as the electron acceptor generatinglectrochemical gradient across the
cytoplasmic membrane (Zumft, 1997).

Biological nitrate removal is accomplished by twajar processes: assimilatory and
dissimilatory nitrate reduction.

The dissimilatory branch comprises ammonificationaddition to denitrification,
being both initiated by respiratory nitrate redootias a mean of ATP production.
Ammonification is the reduction of nitrate to ammethat does not serve the purpose of N
autotrophy (Zumft, 1997), and is conducted by mincganisms that reduce nitrate by
fermentative pathways. In both processes, C/N mi@rmines which one will occur, with
high C/N ration favouring the ammonification (Timmsand Ebbeling, 2007).

The assimilatory branch is used by the organisms Hosynthesis of cell
components in which nitrate is used as a nitrogairce. It is a process that takes place
aerobically or anaerobically by both eukaryotic gndkaryotic organisms (Timmons and
Ebeling, 2007).

Table 2, shows the dissimilatory and assimilatognbhes of nitrate reduction in the

prokaryotic N cycle, with the chemical equationgli®d in each step.
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Table 2 and assimilatory branches of nitrate reductiotheprokaryotic N cycle (Zumft, 1997)

Dissimilatory branch Assimilatory branch
Denitrification Ammonification (electron sink, Assimilation (biosynthesis of
(energy conservalion, electron sink) detoxification, energy conservation) nitrogen-containing compounds)
Respiratory nitrate reduction Assimilatory nitrate reduction
NO,” — NO, NG, >NO,
(nitrite excreted or reduced further) (nitrite reduced further)
Denitrification sensu stricto, Ammonifying nitrite reduction Assimilatory nitrite reduction
nitrite and nitric oxide respiration
NO,” —NO — N,O NO,™ — NH,* NO,” —NH,*
(gases may be set free) (ammonia excreted) (ammonia incorporated)
Nitrous oxide respiration Denitrification sensu lato associated with both branches
N,O — N, NO; /NO; — N0

Among the denitrifiers, the type and quantity ofbma compounds influences the
accumulation of intermediate products, when theitdgcation is not complete (products
like, nitrite, nitric oxide) (van Rijn, Tal et &006). The C/N ratio required for denitrification
depends on the nature of the carbon source anbattterial species that could result in an
incomplete denitrification.

Some denitrifying bacteria may use inorganic conmgisy such as inorganic sulphur
and iron compounds or hydrogen as electron dorbese are the autotrophic denitrifying
bacteria (van Rijn, Tal et al. 2006).

The denitrifying process is affected by varioustdes, such as temperature, pH,
salinity, Oxygen, carbon source and C/N ratios laiso known that denitrification acts on the
buffering capacity of the culture water. In reciating systems, intensive nitrification leads
to an alkalinity loss and a resulting pH declingthwthe denitrification process some

alkalinity is gained (van Rijn, Tal et al. 2006).

1.4.3 Denitrification and Recirculation Aquaculture Systems

As it was said before, RAS concept is based onrwatese. This re-use will result
in accumulation of non desirable substances, ssictitiate, the end product of nitrification.

The two most used techniques for nitrate removal \&ater exchange and/or
denitrifying reactor. On the first one, nitrateré&snoved by changing part of the culture water
by new water, increasing the percent of new watsdu This method is not considered
environmentally friendly, furthermore the effluatischarged have to be under certain limits
of nitrate concentrations, settled by the Europ@auancil.
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On the second one, using a denitrifying reactorrepnesent advantages in various
perspectives. For instance, on an environmentaipgetive the new water input is lower, as
the nitrate concentration of the water discharge.

On a production perspective, denitrification is Wwmoto stabilize the buffering
capacity of the culture water, compensating the losalkalinity during nitrification (van
Rijn, J. in Timmons and Ebeling, 2007).

Also, in some RAS area the oxygenation is very lthis can trigger denitrifying
bacteria, since the enzyme that reduces nitratatite is less sensitive to oxygen, than in
those micro-sites nitrite production occurs, becara problem in the culture water (Arbiv
and van Rijn 1995).

It is known that the growth rates of turbot in realation systems are about 15 to
20% lower than rates in flow-through systems, thiselieved to have a direct relation to the
accumulation of substances in the culture water. itAsvas said before, high nitrate
concentrations can affect fish growth and can astdn endocrinologycal disruptor. Applying
denitrifaction will remove not only the excess dafrate, but also the amount of organic
carbon and sulphide from the culture water (vam,Rigl et al. 2006).

It also known that researchers set hypotheses @metimoval of cortisol from the
water culture, by the denitrifying bacteria. Moexently studies in sewage treatment have
been made towards the evaluation of denitrifyingtdéx@a capacity to remove estrogens and
other hormones from the water. Talaner and Den2@03), made an experiment with one
bacterial strain (Chol-I$ capable of oxidizing cholesterol and reducingraté to

nitrogenous gas, given the following formula:

20C7H460 + 149NQ + 149H—>  135GH;O3+ 74,5N + 62H,0

They found that these bacteria reduced the amductiadesterol to almost half the
concentration in water. They isolated these baxtieom sludge of an USB treating sanitary
landfill leachate in Uruguai. This experiment, slsothe denitrifying bacteria capacity of
removing cholesterol, which origin by steroidogesesteroid hormones like cortisol. By
removing the precursor of cortisol it is possilhatt denitrifying bacteria are also able to

remove cortisol or other steroids from the water.
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1.5. Conclusions

It is widely acknowledged that fish supplies frone tworld fisheries are unlikely to
increase and the expansion of the aquaculturersedtgrovide the solution for the problem,
but with the increasingly limited access to cosiedas due to tourism and recreational
activities, pressure is put on the aquacultureosg¢otdevelop towards a higher sustainability,
both economic and environmental.

The utilization of RAS is a higher priority in tlieevelopment for aquaculture sector,
this development is attached with a higher envirental sustainability, reducing the amount
of water discharged. The low level of new water ogninto the system, allows the
accumulation of non-desirable substances, suchtien(the end product of nitrification),
this seems to be the reason why growth rates bbtware lower in RAS than in flow-through
systems.

Few literature is available on the effect of ngran growth. As referred before,
nitrate seems to affect growth and can act as daceimological disruptor. Due to this nitrate
should be removed from the culture water. Besitiescapability of denitrifying bacteria to
reduce nitrate to nitrogen, they also produce &edno acids and studies are being made in
order to evaluate the capacity of cortisol remdx@in the water column, therefore removing
GIF from the culture water. It is also believedtttiee usage of a denitrifying reactor could
produced GIF neutralizing substances, such as hagids that could attach to steroids or
bind with possible environmental stressor like toxietals, making them unsoluble in water,

therefore undetected by fish.
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2. Objectives and hypothesis

RAS is raising its importance on the aquaculturetse due to a more
environmentally friendly concept and trying to asle a more economical sustainability. One
of the major targets to this attainment is to calegtthe growth retardation that seems to
happen in RAS.

The main goal of this experiment was to evaluagegtowth performance of turbot
reared under the same concentration of nitrate,obet treatment took place with a USB
reactor and a low water exchange rate (theorefi@&ll/kg of feed) and the other treatment
(control treatment) occurred without a USB rea@nd a higher water exchange rate (300
L/kg of feed).

This experiment is also able to supply informatfon USB reactor performance,

with the capacity to be used on other fish culteducing the wastewater.
Hypothesis

Ho.. There is no significant difference on growth fpenance of turbot between
treatments.
H... There is significant difference on growth penf@nce of turbot between

treatments.

Towards the sustainable development of aquacuetor, reducing waste in water
discharge and reducing the water discharges itisethe important step. This experiment
focuses also in the integration of a USB reacta agan to diminish the waste per kg of feed
and also reducing the water exchange in a sustaimabduction system. For this, in the
experiment a USB reactor was used accomplishedanitiv water exchange, maintaining the

nitrate concentration at 150 mg/l.

Ho.: USB reactor is not able to maintain the nit@iacentration at 150 mg/I, with a
water exchange of 30 L/kg of feed.
H... USB reactor is able to maintain the nitrate @miation at 150 mg/l, with a

water exchange of 30 L/kg of feed.
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3. Material and Methods

3.1 General description of the experimental design

The elaboration of this experiment had the purgosgudy the influence of an USB
reactor on the growth performance of turbot, celtuin recirculation systems and the
efficiency of it with low water exchange rate (sebe 30 L/Kg of feed).

This experiment was designed to start on th&d?1August and end on the 1 6éf
October, having a total duration of 8 weeks. Anpdai@on period of two weeks was made
previously. The experiment consists in 6 small escadcirculation aquaculture systems,
stocked with 22 randomly chosen turbot each, malangptal of 132 fish, during the
adaptation period. At the beginning of the expentnéish were weighted and two fish per
system were removed for body composition analyaethe end of the experiment fish were
also weight, after a fasting of 24 hours for cadtioin of growth performance and sampled for
body composition analyses.

The experimental design consists in two treatmentaplicate, one treatment with a
higher water exchange rate of 300 L/Kg of feed #mel other treatment with a lower
exchange rate and an USB reactor. Table 3 repeeseatparameters for both treatments,

describing the variation between treatments.

Table . Parameters for contrond RAS USB treatmer

Control treatment RAS USB treatment
Number of fish (per tank) 20 20
Initial average weight (g) 448,6+11,83 420,8+20,22
Replicates 3 3
Duration (days) 54 54
Nitrate concentration (mg/l) 150 150
Water exchange (I/kg feed) 300 to be determined
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3.2 Fish

Fish was originated from the company France Tufdate of hatching 16/06/2007)
and transferred to a commercial farm in the Ne#mel$ (GroVisCo, Stavenisse, The
Netherlands). Before fish were transported to thgpeement facility (Haar Vissen,
Wageningen University, Netherlands) they were legmall aquaria for 10 weeks and then
transferred to tanks of 1.1°nduring other ten weeks, at the Haar Vissen haychérthe
Wageningen University. Previously to the start leé experiment, two weeks of adaptation
period occurred.

Fish were stocked, at the first day of the expeninwith 425 DPH and an average
weight of 435g.

3.3 Feed

The feed used in this experiment was a commereid from the company DANA
FEED A/S. now belonging to BioMae A/S. The feed teomh of protein, fat, carbohydrates
and phosphorus declared by the manufacturer isecéisely, 54%, 18%, 10.5%, 1.46%. The
complete composition of the feed is presented tetd. The feed given to the experimental
fish were extruded pellets with 9 mm, and an irdinal average weight of 0.5g.

Table 4. Table with the ingredients percentage&udfused in the experiment

DAN-EX 1562 9.0 mm, DANA FEED A/S

Content
Crude Protein 54 %
Crude Oils and Fat 18 %
Carbohydrates 10.5%
Crude ash 9.9%
Fibre 0.9%
Phosphorus 15%
Additives
Vitamine A 1.01 .U/g
Vitamine D 0.16 I.U/g
Vitamine E 277 mg/kg
Cu 7.6 mg/kg
Major Thesis 35

Author: Manuel Sardinha



Evaluation of the performance of turbot (Psetta maxima L.) in RAS with and without an Upflow
Sludge Blanket reactor.

Raw materials

Fish meal 66.72 %
Wheat 11 %
Fish oll 10.65 %
Soya bean 6 %
Soya bean protein concentrate 5%
Vitamin premix 0.63 %

3.4 Feeding strategy

The fish were fed twice a day by hand until negiasan. The first feeding was in the
morning (9 am) and the second in the afternoonn{} geven days a week. By feeding the
fish by hand, there is a better perception of terall feeding, reducing waste caused by non
eaten pellets. To get the amount of eaten feedy @ay the feed distributed by the fish tanks
were weight previously and after feeding. After ledeeding period, the remaining pellets
were counted and weight estimated. By the feediogivation, inspected visually, fish health

was taken into account.

3.5 System design and operation

The experiment operated in recirculation systerospposed by a fish tank with a
central outlet. The water from the fish tank flolwsa Hydro-cyclone tank of 100 L that works
as a sedimentation unit, following to a sump wittivVUfiltration, and then the water is
pumped to the trickling filter, descending by gtgwnto the fish tanks.

Six small scale recirculation systems were udaeégtof them with a USB reactor with
a low water exchange rate (theoretically 30L/Kgfeéd); the control treatment operated
without the USB reactor and with a normal flow rate800L/Kg of feed.

The table (table 5) below represents the chanatiter of the RAS components, and
the following figures display an experimental sclagization and disposition of RAS units on
the treatments, USB reactor and control, figurend 2 respectively. Figure 3 represent a
closer look to the USB reactor, with the inlet andlets marked with letters.
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Table 5 Resume of RAS components describing charactsjdtinction and observations.

RAS component

Volume Function

Observations

Fish tank

Total vol.: 4251 Tank where Circular tank, with central stand pipe (outlet)

Effective vol.: fish were kept
3001

Sedimentation tank

Hydro-cyclone

Volume: 100l Collect the
accumulation
of solids inthe
culture water,
by the of
centrifugal .
force and
gravity

TSS> 77 um: 87% efficiency (Scott and
Allard, 1984).

Treatment with USB, had a stirrer that
automatically (every half hour) removed the
content of the hydro-cyclone.

A flask under the hydro-cyclone were used to
collect faeces for digestibility, in the control
treatment; the treatment with USB the flask
were connected to centrifugal pump that
pumped to the inlet of the USB

Sump with U.V.

UV-C: 36 watts
philips

Volume: 100l Disinfection by
UV radiation.

UV light acts damaging directly or indirectly
nucleic acids (Timmons and Ebeling, 2002)
The sump was equipped with a floater to
control water level.

Pump

Transport water
from the UV
sump to the
cooler/heater

Cooler/heater TC20,

Maintain water

TECO® temperature
Light 36watts/840 Mimic day and « Photoperiod was set at 18:6 (light:dark)
night
Trickling filter Volume: 0,054 Biofiltration, * Filled with plastic media (Bio-net, Catvis BV)
m’ presence of already inoculated with bacteria coming from

Area: 10,8 nitrifying

Dimensions: bacteria .
35x35x70 cm  (nitrification)

other experiment with turbot (DEC 2007061)
Water coming from the cooler/heater,
descended by gravity to a plate were the water
was equally distributed on the top of the
trickling filter.

USB reactor

Volume: 10,51 Biofiltration,

Cylinder: 1,98 presence of
m high; 9 cmg  denitrifying

Upflow rate: bacteria .
0,6m/h (denitrification)
Flow water .
inlet: 3,6 I/h

Solids collected into the flasks under the
hydro-cyclone were pumped to the bottom of
the USB (0,04m above the bottom)

The top of the USB is connected to the hydro-
cyclone, making a recirculation between both

A stirrer with 1,74 m, stirrer the sludge every
30 secs during 30 secs, permitting gas
removal and mixing the sludge.

The inoculation of the reactor was maid at the
first day of experiment, with no adaptation

period. Sludge came from other RAS with

turbot (DEC 2007061)
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A

Figure 2. Experimental schematization of the system with U8&ctor (Jauffrais, 2008), 1: cirélular fish tank(@3
L), 2: sedimentation unit of 100 L (Hydro-cyclon&), sump with UV of 100 L, 4: pump, 5: cooler-heaté:
trickling filter (54 L), 7: sump, 8: light, 9: engency O2; A and B sampling places
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Figure 3. Experimental schematization of the system with Ug&ctor (Jauffrais, 2008), 1: circular fish
tank (300 L), 2: sedimentation unit of 100 L (Hyargclone), 3: stirrer, 4: stirrer, 5: pump, 6: USB.5
L), 7: stirrer, 8: sump with UV of 100 L, 9: pumpQ: cooler-heater, 11: trickling filter (54 L), 1&ump,
13: light, 14: emergency,; and A and | sampling place
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Figure 4. Experimental schematization of the Upflow Sludjanket (Jauffrais, 2008), with the collecting pisin
represented by the letters
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3.6 Measurment and analyses

3.6.1 Water Quality

To ensure the same water quality in both treatmesgtgeral water parameters were
measured at daily or weekly. The measurements fdake in the morning before first
feeding.

To maintain the value nitrate concentration in stems, a water discharge was
applied after every feeding. In the control systehesexchange rate was 300 I/kg of feed, in
the USB systems the exchange rate was 30 I/kgeaf. fBut since the nitrate concentration
should be maintained at 150 mg/l, these water exgdw could vary exchanging higher
guantities when nitrate concentration exceededirtie
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During the 24 hour measurement, on a weekly basi§0 ml sample was collected
every four hours for measurements on SAN autoaealBKALAR). All samples were kept
at 4° C until analysis within 24 hours.

The table 6, represent the measurement made fer waality with daily and weekly
(during 24 hours), the instrument used, the plaberesit was measured and the optimum or
limit value for turbot growth.

Table €: Measurements for water quality, showing the fegguy, instrument used the place of
measurement in the system and the optimum or liatite for the correspondent parameter.

Measurement | Frequency Instrument to Place of Optimum/ limit
measure measurement value
Temperature Daily WTW, cond 340i  Fish tank outlet; USB 18°C
outlet
pH Daily WTW pH 340 Fish tank outlet; USB 7-75
outlet
Dissolved Daily WTW, pH/OXI Fish tank >6 mg/l
Oxygen 340i
Salinity Daily WTW, cond 340i Fish tank outlet 15 %o
TAN Daily Merck test Fish tank outlet; USB
outlet <8.8mall
Weekly SAN autoanalyser Fish tank outlet; USB MY
outlet/inlet
Nitrite-N Daily Merck test Fish tank outlet; USB
outlet <05 mall
Weekly SAN autoanalyser Fish tank outlet; USB > MY
outlet/inlet
Nitrate-N Daily Merck test Fish tank outlet; USB
outlet
Weekly SAN autoanalyser Fish tank outlet; USB 150 mg/l
outlet/inlet
Urea Weekly SAN autoanalyser  Fish tank inlet/outlet -
Bicarbonate Weekly SAN autoanalyser  Fish tank inlet/outlet -
Ortho- Weekly SAN autoanalyser  Fish tank inlet/outlet -
phosphate
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3.6.2 USB Reactor

Temperature, pH, TAN, nitrite and nitrate, were swad daily in the USB, to
monitor the performance (Table 6). Water flow wé&saneasured daily, twice during one
minute. The level of sludge in the USB was also mooed every day.

To check the performance of the USB, samples wetieated weekly during 24
hours, collecting 6 times 10.8 L first in the otitsd then in the inlet (Figure 4) during 30
minutes each sample and stored in ice for presenvaffter that and while stirring the
sample a sub sample of 300 L were collected antldtet?C for further analysis.

In the next morning, 50mL of sludge were colleca¢dhe different sampling outlet of
the USB (Figure 4, collected in port E, G and Ithi order), then 10 ml were collect in the

same procedure for water analysis.

3.6.3 Analytical technique

The samples from the USB were divided in two. Thelge samples collected at
outlet, inlet and various portics were used to measdry matter, ash, total suspended solids,
volatile suspended solids, Kjeldahl-nitrogen, offiimphate and total carbonate. The water
samples collected at various portics were usectasurements of, TAN, nitrite, nitrate, total
carbonate, ortho-phosphate and urea.

All the measurement was made according to theopotd of the Aquaculture and

Fisheries Group of the Wageningen University.

3.7 Fish performance

The performance parameters were measured baseldeoexperiment period of 54
days. At the first day the fish were weighted atated randomly in each tank. At the final
day of the experiment fish were anesthetized andhted again. The following parameters
were calculated: total initial and final biomassywval; growth G); specific growth rate
(SGR); metabolic body weightMBW); relative growth rate per metabolic body weight
(RGRm); feed conversion ratioFCR); feed intake Kl); relative feed intake RFI);
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metabolic feed intakeMFI); relative feed ratio per metabolic body weigfRFRm),

described in table 7. Fish composition and digégyilvere also analyzed.
Table 7. Parameters calculated and their formula

Parameter Formula Abbreviations

Survival (Nfinal/Ninitia) *100 Ninai IS thefinal number of fish at
day 54; Nyial is the numbeof fish at
day 0

G (Wiinal = Winitiar)/ (tf-ti) G: growth; Wina and Wiar is the

weight of fish at day 54 (tf) and day
0 (ti), respectively

SGR (%) (INWinar - INWipigia)/ (tf-ti)*100 SGR: specific growth rate
MBW (kg %®) (elinwinmal-InWinaly2)y/1 000”0, 8 MBW: metabolic body weight
RGRm (g/ kg”%day) | G/MBW RGRm: relative growth rate per

metabolic body weight

FI g/fish/day (Fm+Fa-Fw)/(20*(survival/100)) FI: feed intake; Fm, Fa, Fw amount
of feed in the morning, afternoon

and wasted respectively

RFI F1/(Wiina— Winigar) "/ (t-ti) RFI: relative feed intake

RFR (g/ kg ¥day) FI/ MBW/(tf-ti) RFRm: relative feed ratio per
metabolic body weight

FCR (g feed/g fish) RFR/RGRm FCR: feed conversion ratio

3.8 Digestibility

To calculate digestibility it was analyzed the feedmposition and the faeces

composition.

3.8.1 Feed composition

Samples of the commercial feed used during therarpat were mixed and grinded

in a mill with a sieve screen mesh sized 1 mm, kmgbthe chemical analysis for
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measurements of dry matter, ash, crude proteind&-nitrogen method, total nitrogen was
calculated as N=protein/6,25), acid insoluble adiA), gross energy, fat and total phosphate.

3.8.2 Faeces composition

To analyze the faeces composition, they were dotiecing a period of 48 hours
starting at the same time of the 24 hour measureriée faeces were collected to a flask
attached under the hydro-cyclone on the contrdesys, this flasks were kept on ice during
the collection, to avoid nutrient loss by bactetegradation. Then the faeces were collected
to aluminum boxes after each feeding (morning dtefreoon) and stored in the freezer at -
20° C, until further analysis. For analysis, faewese freeze dried and grinded in a mill with
a mesh screen size of 1 mm enabling chemical asaly@eces were measured for dry matter,
ash, crude protein (Kjeldahl-nitrogen method), asidoluble ash (AIA), gross energy,
chemical oxygen demand (COD) and total phosphate.

To calculate efficiency of faeces/feed waste on $leelimentation tank (hydro-

cyclone), efficiency of AIA recovery were calculdtesing the following formula:

AlA efficiency of recovery = (AlAfeed— AlAfaeced / AlAteed
Where: AlAeeqg and AlAueces are Acid Insoluble Ash in the feed and faeces,

respectively

3.8.3 Apparent digestibility

The method used to measure the digestibility ia &xperiment is an indirect method
based on using an inert marker (AIA) comparing fieed composition with faeces

composition. The apparent digestibility was caltedaby the formula:

ADC = 100-(100*(AlAreed AlA taeced*([N] taeced[N] feed)

Where: AlAeeq and AlAgeces are Acid Insoluble Ash in the feed and faeces,
respectively, and [NJecesand [N}eeq represent the amount of nutrient in analysis enftieces
an feed, respectively (Jobling, M. 1994).
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3.8.4 Real digestibility
In this calculation, the amount of feed waste leetinto account. Feed waste was
calculated as the sum of each feeding waste, frdrolirs before the collection started until
12 hour before the collection ended. On the thiekky the collection of faeces was during
plus 12 hours due to the little amount of faeceBected. The formula used for real
digestibility calculation was:

RD = 100-(100f(100*[N]feed1000)*(100- ADG/100)-([N)teed1000*WSst)/(100-
Wst)* ([N]teed 1000)

Where [N}eeq represents the amount of nutrient in analysis ha feed, ADG
represents the apparent digestibility coefficienthe nutrient, Wst represents the percentage

of waste as feed spillage (Heinsbroek, L.).

3.8.5 Fish body composition

The fish body composition was determined at theirvagg and at the end of the
experiment. At the beginning, two fish per tank @sacrificed and frozen after being frozen,
they were cut in peaces, grinded and mixed for atenanalysis. At the end all fish were
sacrificed, and five fish were applied the samecgdore as in the beginning of the
experiment.

The fish were used for measurements of dry maisdr, crude protein, energy, fat and
total phosphate. The nutrient retention was caledlavith the following formula:

Rety = Wi*(N +/1000)-W*(N/1000)

Where W andW; correspond to the individual weight at the finatlaat the beginning
of the experiment, respectively; AhdN; correspond to the amount of nutrient to calculiate,
the body composition of the fish (g of nutrientddgfish).

3.9 Energy budget

Energy budget was calculated for each system, deroto determine the energy

requirement for maintenance. All energy valuespaesent as KJ/R§/day
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Gross energy intake GE= FI/[GEJeed (tf-ti)
Where [GELeqis the concentration of energy in feed KJ/g; Rhis feed intake; tf and
ti is final and initial days of the experiment.

Digestible energy DE= GE x ADG/100
Where ADG is the apparent digestibility coefficient of Enern@y)

Fecal energy loss FE GE — DE

Branchial Urinary Energy BUE = BUN x 24,85

Where BUN is branchial urinary nitrogen = digesillitrogen — retained nitrogen;
24,85 KJ.g/N (Heinsbroek, 1989)

Metabolize energy ME= DE — BUE

Retained energy= Wi*E+W,*E;

Where, W andW; correspond to the individual weight at the finatlghe beginning
of the experiment, respectively; BndE; correspond to the amount of energy in fish body
composition fish (KJ).

Total heat production H = ME — RE

Energy requirement for maintenance MEm= H — [RE*(1-k)]

Where lg, is the efficiency of energy retention by fish.

3.9 Mass balances

Inorganic nitrogen (N) and phosphorus (P) are imiiieglnl in bacterial biomass or
volatized and/or discharged in a less hazardous orRAS. The majority of the organic and
inorganic waste is discharged as sludge througlefheent. These nutrients are used by the
denitrifying bacteria (Schneider, Sereti et al. 200ro understand the performance of the
RAS system and USB reactor, the nitrogen phosplsoama chemical oxygen demand was

calculated by the following equations.
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3.9.1 Nitrogen mass balance

The formula used for calculating nitrogen masstizda is presented below:

Nteed™ Ngrowth  Nremoval uset Ndischarged solidt Naccumulated usg™ Naccumulated systert
Nunexplained
Nreeq: Nitrogen supplied in the feed to the fish
Ngrowth: Nitrogen retained in the fish
Nremoval uss: Nitrogen removed by the USB
Nuaischarged solid Nitrogen in the feed waste and faeces, correfcteefficiency of
sedimentation
Naccumulated usg Difference of total nitrogen in the USB at thesfiand last day
Naccumulated systemDifference of total nitrogen in the system at fingt and last day

Nunexplained Nitrogen removed that can not be explained byntodel

3.9.2 Phosphate mass balance

The formula used for calculating phosphate masanisak is presented below:

I::'feed: I:)growth + I:)discharged soligt I:)water refreshment I:)accumulated usg I:)accumulated systerﬁ'

Punexplained
Preed Phosphate supplied in the feed to the fish
Pgrowt Phosphate retained in the fish
Puischarged solid Phosphate in the feed waste/faeces, correctegfffoirency of
sedimentation
Puater refreshmentPhOSphate in the water discharge
Paccumuiated usg Difference of total phosphate in the USB at tingt fand last day
Paccumulated systemPifference of total phosphate in the system atfiist and last day

Punexplaines Phosphate that can not be explained by the model

3.9.3 Chemical Oxygen Demand mass balance

Due to most part of the bacterial biomass is oramaterial, the increase in biomass

can be measured by volatile suspended solids tcpate COD (CORarCODsounig. The
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COD of cell tissue is assumed to be, 1,424y ©f cells (Tchobanoglus, G., Burton, F. et al,
2002). The formula used for calculating COD madarizes is presented below:

CODreed CODyrowth + CODyischarged solidt CODrespirationo in fisit CODrespiration in uset
CODaccumulated uset CODynexplained
CODxeed COD supplied in the feed to the fish
CODyrowt COD retained in the fish
CODuyischarged solid COD in the feed waste/faeces, corrected foriefficy of
sedimentation
CODiespiration in fish 0Xygen consumed by fish for maintenance and drowt
CODxespiration in use COD of organic matter removed in denitrification
CODauccumulated usi Difference of COD in the USB at the first andtlday
CODunexplained COD that cannot be explained...

N.B. in COD unexplained is also all dissolved COBbiata was not measured.

3.10 Statistical analysis

Statistical analyses were conducted using SPSSeAlllts are expressed as mean *
standard deviations. Significant differences withigroup were analyzed with student t test
when data are normally distributed and with MannitWdy test when data are not normally
distributed.

For weekly water quality and feed intake one-way GABA for repeated
measurements with system age as main factor amdasnsub-factor.

Analysis of covariance was realized to determiree dtiferences between curves for
water exchange, nitrogen and phosphate producéiod,sodium bicarbonate consumption,
the following model was used: y = p + Age ffHeed + 3*(Age*Feed) + e

Differences are considered significant when p<@& highly significant at p<0,01.
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4 Results

4.1 Fish growth performance

Fish performance was evaluated based on severampéers, showed in table 8,
values are presented in meantstandard deviatiogarBieg to growth there was no
significant difference between treatments in thgahand in the final individual weight, the
same was observed with metabolic body weight. 8aamt differences were observed in
specific growth rate (%BW/day), relative growtheréty metabolic body weight (g/k§day).
These parameters were higher in RAS USB treatment.

Regarding to feed intake there was no significafiér¢nce between treatments, also
relative feed intake by metabolic body weight show®o significant difference. Feed
conversion ratio showed significant difference lesw treatments being lower in RAS USB
treatment.

Table 8: Values for initial and final weight, total bionsgssurvival; growth; specific growth
rate SGR); relative growth rate of metabolic weigfiRGRm); Absolute feed ratio; Feed
intake Fl); relative feeding of metabolic weighRFR); Feed conversion ratioFCR);

conversion efficiency. P<0,05 indicates significdifferences between treatments (T-student
test).

Treatment
(Meanzstandard deviation)

Growth Control USB P-value
Initial ind. weight (g) 448,6+11,83 420,8+20,22 0,1
Final ind. weight (Q) 575,915,71 592,7+19,43 0,22
Total biomass produced (kg) 2,35%0,49 3,04+0,28 0,12
Survival (%) 99,0+1,68 98,3+2,13 -
Absolute growth (g/day) 2,4+0,15 3,2+0,12 0,11
SGR (%BW/day) 0,46+0,04 0,63+0,04 0,01
RGRm (g/kd®/day) 4,1+0,31 5,6+0,30 0,00
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Feed intake
Absolute (g/day) 42,4+4,75 42,2+3,17 0,98
Feed intake (g/fish/day) 2,2+0,21 2,240,21 0,99
RFR (g/kd"¥day) 3,7+0,41 3,8+0,39 0,86
FCRg/g 0,92+0,08 0,68+0,04 0,00
Conversion efficiency (%) 109,2+9,13 140,2+19,87 0,00

3,0 -

2,5 A

2,0 A

1,54

1,0

Average feed intake (g/fish/day)

0,5 A

0,0 T T T T T T T |
0 1 2 3 4 5 6 7 8
Week -~ Control —8— RAS USB

Figure 5: Feed intake of turbot for control and RAS withRJSystems.

Figure 5 shows no significant difference betweaatinents, regarding feed intake,

increasing from the week 1 to week 5 and stabtjzintil week 8.

4.2 Water quality
The following table (table 9) presents the valueviater quality registered every day

of the experiment,
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Table € Values for temperature, pH, oxygen, salinity bmth treatments.
P<0,05 indicates significant differences betweeatments (T-student test).

Treatment
(Meantstandard deviation)

Water quality Control USB P-value
Temperature (°C) 17,3%£0,12 17,3+0,12 0.31
pH 7,310,11 7,240,04 0,00
Oxygen (mg/l) 7,4+0,37 7,3+£0,37 0.29
Salinity (%o) 15,3+0,16 15,4+0,21 0,00

4.2.1 Ammonia-N

0,0 T T T T T T T 1
0 1 2 3 4 5 6 7 8
Week —O— Control —— RAS USB

Figure 6: Weekly mean Ammonium-N concentration (mg/L) in bdtleatments, (* indicates
significant difference between treatments (P<0.0%3, test was a one-way analysis of variance for
repeated measures).

Figure 6, presents the development of ammonia-Ncemmnation along the
experimental period, measured weekly in both treatsn Ammonia-N concentration was
high for RAS USB treatment, at the beginning of theeriment but with high standard
deviations. After the third week, ammonia concerdra stabilized until the end of the

experiment. Significant differences were observedeek 4, 5, 6 and 8.
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4.2.2 Nitrite-N

NO2-N (mg/L)

0,2

O,o T T T T T T T T 1
0 1 2 3 4 5 6 7 8

Week —O— Control —— RAS USB

Figure 7: Weekly mean Nitrite-N concentration (mg/L) in bdteatments, (* indicates
significant difference between treatments (P<0.€%, test was a one-way analysis of
variance for repeated measures).

Figure 7, represents the weekly measurement afenlir for both treatments. High
standard deviations were observed in RAS USB treatpmainly due to system 5. The
concentration of nitrite-N increased until week d&creasing until week 5. After that it
stabilized. Nitrate-N concentration was on averaggher on RAS USB treatment, with

significant differences on week 6 and 8.
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4.2.3 Nitrate-N

200 A

NO3-N (mg/L)

1 () (:) T T T T T T 1
0 l 2 3 4 5 6 7 8

Week  ——control —B—RAS-USR

Figure 8: Weekly mean Nitrate-N concentration (mg/L) in buthatments, (* indicates
significant difference between treatments (P<0.@%), test was a one-way analysis of
variance for repeated measures).

Concentration of Nitrate-N was measured weeklgait be observed on figure 8 that
Nitrate-N concentration started above 150 mg/Lif ags referred before, for this experiment
Nitrate-N concentration was to be maintained atmg0L due to this an extra water exchange
on second week was made to keep the desired coaent After that the concentration
maintained stable until week 8, being slightly l@gtior RAS USB treatment. Significant

difference was observed on week 5 and 8.
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4.2.4 Orthophosphate-P

PO4-P (mg/L

0 T T T T T T T 1

4 5 6 7 8
Week —— Control —#— RAS-USB

Figure 9: Weekly mean orthophosphate-P concentration (mgilhath treatments, (*
indicates significant difference between treatme(ps0.05), ** indicate highly
significant difference between treatments (p<O0,DE) test was a one-way analysis of
variance for repeated measures).

Figure 9 represents the mean concentration of @hibephate-P for both treatments. It
can be observed that in control treatment the curEion maintained stable during the
experimental period. On the other hand, on RAS UWf®Atment the concentration increased
almost constantly during the experimental periothwio sign of stabilizing, showing significant

differences in all measurements from week 1 untiékv8.

4.3 System efficiency

The system efficiency was evaluated with the cutiwdawater exchange, the
cumulative nitrogen production, cumulative orthogblmate-P production and cumulative
sodium bicarbonate consumption. All these valuesevpdotted against the cumulative feed

given during the experimental period.
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4.3.1 Water exchange
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Figure 10: Cumulative water exchange per kilogram of cuniaatiotal feed given for the
two treatments (p= 0.00, from the ANCOVA analysis)

Figure 10 presents the cumulative water exchawogeall six systems, versus the

cumulative feed given. The water exchange for éRigeriment was set to maintain the nitrate
concentration at 150 mg/L, being 300 L/kg of feedsystems without USB and 30 L/kg of

feed in system

s with USB. Due to the extra wateaharge on week one, values from that

week were considered outliers. Figure 10, shows fba the control treatment, the water
exchange achieved the expected, almost 300 L/Kgenf (y=299,8x + 65, 0,99). For the
RAS USB treatment the water exchange was almosidhbble of the expected, 58,9 L/kg of

feed (y=58,9x

treatments.
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4.3.2 Nitrogen production
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Figure 11: Cumulative nitrogen production (g) per kilograftatal cumulative feed
given for the two treatments (p= 0.19, from the ADMA analysis)
The cumulative nitrogen production for all systampresented on figure 11 with the
cumulative feed given. It can be observed thabgén production is higher in control
treatment (44,0 g of nitrogen/kg of feed) than RRUSB treatment (34,4 g of nitrogen/kg of

feed). Statistical analysis showed no significaffecences between treatments.
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4.3.2 Dissolved phosphate production
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Figure 12: Cumulative orthophosphate-P production (g) perdkion of total cumulative
feed given for the two treatments (p= 0.00, from ANCOVA analysis)

The cumulative orthophophate-P is presented urdéid.2 against the cumulative feed
given. For the control treatments the orthophospPRaproduction was higher (4,84 g/kg of
feed) compared with RAS USB treatment (1,95 g/kdesfd). There was high significant

difference between treatments.

4.3.2 Sodium bicarbonate consumption
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Figure 12 Cumulative sodium bicarbonate consumption (g)kdegram of total
cumulative feed for both treatments (p= 0.00, ftbom ANCOVA analysis)
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Cumulative bicarbonate consumption per cumulateegifgiven is presented in figure
13. It evolutes proportionally being for contra@atment 233,3 g/kg of feed and for RAS USB
treatment 70,3 g/kg of feed, with highly signifitalifference between treatments.

4.4 Fish feed composition

The analyzed composition of the feed given to tudusing the experimental period is
presented on table 10. There are presented vabneg ¢f nutrient per kg of feed and g of
nutrient per kg of feed on a dry matter basis. Canmg these values with the values given by
the company that manufactured this feed (see &bMe are able to see some differences in
content.

For protein content on dry matter basis we fouigthér values of protein (58,5%) in
relation to the company information (54%), but @éo content regarding to g of protein per
kg of feed (52,6%). The same could be observedatocontent. On Phosphate content, both
dry matter basis and total feed basis were lowan tihe value given by the manufacturer.
Carbohydrates were higher on dry matter basis ¢a)Ldut the value measured for total feed
basis were the same compared to the value givéinebgompany (10,5%).

The crude protein to gross energy ratio for treedf was 24,99 mg/KJ, it was

calculated as crude protein/gross energy.

Table 1C: Nutrient composition of the feed used duringéikperimental period, presents on a total
feed weight basis and feed dry matter basis.

Component g/kg of feed g/kg of feed (DM basis)

Dry matter 899,90 -

Ash 92,20 102,46

Crude protein 526,92 585,54

Fat 175,19 194,7

Energy 21,09 Kj/g 23,43 Kj/g DM
Phosphate 11,19 12,44

Acid insoluble ash (AIA) 0,808 0,898
Carbohydrates 105,58 117,33
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4.5 Body fish composition

The body composition of fish was measured at tlet sind at the final of the
experiment, and the values for dry matter, ashjeprotein, fat and phosphate are presented
in table 11 as % of nutrient per fresh body weidjgting the value for energy presented in
KJ/g of fresh body weight.

There were no significant differences in body cosifion between both treatment for
all the measured values.

On table 10, it is also presented the value @ntein of nutrient in fish. These values
are presented in g of nutrientday, it can be found highly significant differescef
retention values for dry matter and crude protpx0(01). For energy retention, there was no
significant difference when tested with statistidatest, although when used the statistical
Mann-Whitney test it showed significant differengéis difference is due to the power of the
test.

The values for COD retention were obtained fromdalculations shown in chapter 2.
Fish showed 10,4+1,16 % and 12,84+1,11 % for contmod RAS USB treatment

respectively, a significant difference was fount\men the treatments (p<0,05).

Table 11: Values for fish body composition (% fresh bodyigie, meantS.D.) at start and final of the
experiment. Retention of nutrient on fish body lsoapresented (g/R§day, mean+S.D.). P<0,01 indicates
highly significant differences and p<0,05 indicasegnificant differences between treatments (T-stidest)

Day O Day 54 Retention
Control RAS USB P- Control RAS USB P-

value value

Dry matter 25,99 | 26,74+0,31 26,54+0,14 0,77 1,2+0,10 1,5+0,10 0,01
3,45 3,65+014 3,44+0,20 0,56 0,2+0,02 0,18+0,04 0,65

Crude protein 16,72 | 16,15+0,35 16,49+0,10 0,09 0,55+0,04 0,89+0,03 0,00
5,90 6,59+0,33 6,44+0,32 0,21 0,31+0,11 0,40+0,12 0,35

Energy (KJ/g) 6,36 6,35+0,22 6,31+0,24 0,49 25,04+3,58 36,81+5,64 0.07*

(KJ/ kd®day)  (KJ/ kd®day)

Phosphate 0,61 0,58+0,03 0,58+0,03 0,91 0,02+0,004 0,03+0,007 0,54

* showed no significant difference with T-studesstt but with Mann-Whitney test there was significa
difference
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4.6 Digestibility

The apparent digestibility coefficients (ADC) foutrients in the diet are presented in
table 12. There are presented three different lons for ADC. Since ADC is calculated
by the relation between the amount of feed gived the correspondent faeces collected,
errors are associated with this calculation, aiifgctADC values of dry matter, ash and
phosphate. The formulas are presented in chapter 2.

ADC without correction was lower than ADC with oection and real digestibility for
dry matter, ash and phosphate. For the same niititewas also lower the ADC with
correction in relation with real digestibility. R&gling to the rest of feed nutrients, the real
digestibility was higher than the values of appackgestibility coefficient.

The efficiency of waste recovery was evaluateccéigulating AIA recovery, which
was 0,58+0,13.

Table 1Zz: Apparent digestibility coefficient (% ADC) of theutrients in the diet, with a
correction for the minerals in the system waterft§ and corrected for feed waste.

ADC without ADC with Real Digestibility

correction (%) correction (%) (%)
Dry matter 68,76+5,62 78,76x3,90 86,2+4,17
Ash 13,1+10,11 41,92+10,01 47,6x12,36
Phosphate 38,5+11,69 41,8+10,66 45,3+12,03
Crude protein 82,31+3,05 82,31+3,05 89,7+3,90
Energy 79,04+3,84 79,04+3,84 86,3+4,28
Fat 87,12+3,19 87,12+3,19 94,1+3,98
Carbohydrates 28,63+14,62 28,63+14,62 36,5+10,31

4.7 Energy budget

Results of energy balance are presented in tahlealues are presented in energy per
metabolic body weight per day. For gross energgkmtGE), fecal energy lossFE),
digestible energy¥E), branchial urinary energ\BUE) and metabolize energy intakigll )

there was no significant difference between treatsme
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For retained energyRE) and energy requirement for maintenand&M), we found
significant difference between treatment (p<0,d&ing energy retention higher and the
energy requirement for maintenance lower for turbdAS USB treatment. The last one was
calculated using two differentgkwhen MEm was calculated with, lof 0,7 it show to be
lower than when it was calculated withdf 0,8.

The energy loss by hedil showed significant difference between treatmersiag

T-student test.

Table 13: Energy budget for turbot in both treatments (omindand RAS USB), presented as
mean+S.D. P<0,05 indicates significant differenetvgen treatments (T-student test)

Control RAS USB
P-value
(KJ/kg°¥day) (KJ/kg°¥day)

Gross Energy intake 77,92+9,62 78,4146,35 0,93
Fecal Energy loss 62,33+7,70 62,72+5,08 0,93
Digestible Energy 15,59+1,93 15,69+1,27 0,93
Branchial Urinary Energy 3,95+0,48 3,97+0,32 0,93
Metabolize Energy intake 58,38+7,22 58,74+4,76 0,93
Retained Energy 24,02+1,82 38,19+7,98 0,04
Heat 34,36%7,86 20,55+3,42 0,049
Energy Ky0,7 27,15+8,12 9,095,76 0,036
requirement for

maintenance Ke0.8 26,41+8,04 13,90+8,04 0,039
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Figure 14: Energy balance for turbot in both treatments {(@rand RAS USB), MEm was
calculated with kof 0,8. * indicates significant difference betwegeatments (p<0,05, T-
student tes

The figure above (figure 14), represent table 12 graphic presentation with MEm is
presented with kof 0,8. As it was said before there is no sigaific difference between

treatments, except for RE, H and MEm.

4.8 Nitrogen mass balance

The nitrogen balance for both treatments is pteseim table 13. Values are presented
in g of nitrogen per kg of feed given and % of ogien per feed given. The results showed no
significant difference in the amount of nitrogenag for both treatmenti(feed).

Turbot in RAS USB treatment showed higher nitrogémgrowth) retention (41,67%)
compared with turbot in control (26,45%), with Hhighsignificant difference (p<0,01).
Regarding to nitrogen in water dischar@é discharge dissolvell it was higher in control
system (59,89%) compared with RAS USB treatmen2@%), highly significant difference
(p<0,01).

For nitrogen accumulated in the systemsatcumulated systemit was negative in
both treatments, being higher the accumulation ASRJSB treatment (-1,67%) compared

with control treatment (-6,28%), with significariffdrence between treatments.
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For the nitrogen, that can not be explained byniass balanceN( unexplained we
found significant differences between treatmentD(P5), being higher for control systems
(9,65%) compared with RAS USB treatment (-0,08%).

Table 14 Nitrogen mass balance components in g of N/kgeed given and in percentage for both
treatments P<0.05 indicates a significant diffeechetween treatments (t test)

Control RAS USB
P-value
g/kg of feed % g/kg of feed %

N feed 84,3+0,03 100,00 84,31+0,00 100,00 -
N growth 22,312.01 26,45 35,13+2,01 41,67 0,00
N removed USB - - 28,28+0,96 33,54 -
N discharge solid 8,7+0,00 10,29 - - -
N discharge dissolved 49,3+2,71 59,89 14,55+3,16 17,26 0,00
N accumulated USB - - 7,82+3,70 9,27 -
N accumulated system -5,5+0,64 -6,28 -1,41+1,72 -1,67 0,02
N unexplained 9,5£3,53 9,65 -0,07+2,39 -0,08 0,03

4.8 Phosphorus mass balance

The phosphorus mass balance for both treatmempiesented in table 15. Values are
presented in g of phosphorus per kg of feed giveh% of phosphorus per feed given. The
results showed no significant difference in the amamf phosphorus given by feed for both
treatmentsk feed.

Comparing the phosphorus retained in turlitgfowth), there was no significant
difference between treatments (p>0,05).

As in nitrogen mass balance, phosphorus accumnlatio the systems F(
accumulated systemwere higher for RAS USB treatment (29,15%) coredawith control
(-3,63%), showing highly significant difference (p@1) between treatments. Regarding to
phosphorus in the water dischargewater discharge, it was lower for RAS USB treatment
(13,42%) compared with control (21,90), with higklgnificant difference (p<0,01).

For the amount of phosphorus that could not beagxetl P unexplained we did not

find any significant differences between treatmépt<,05).
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Table 1t Phosphorus mass balance components in g of Pfleg® given and in percentage for both
treatments P<0.05 or P<0,01 indicates a signifiaadthighly significant difference, respectivelyveen
treatments (t test)

Control RAS USB
P-value
g/kg of feed % g/kg of feed %

P feed 11,2+0,01 100,00 11,20+0,02 100,00 -
P growth 5,7£1,27 50,57 6,14+1,27 54,82 0,70
P discharge solid 3,8+0,00 33,76 - - -
P water discharge 2,5+0,19 21,90 1,50+0,21 13,42 0,00
P accumulated USB - - 0,29+0,00 2,62 -
P accumulated system -0,4+0,11 -3,63 3,26%0,11 29,15 0,00
P unexplained -0,3+1,66 -2,60 0,00+1,07 -0,02 0.81

4.8 Chemical Oxygen Demand (COD) mass balance

The COD mass balance for both treatments is predeint table 16. Values are
presented in g of COD per kg of feed given and %©OD per feed given. The results showed
no significant difference in the amount of COD givey feed for both treatment€QD
feed).

COD retained in turbotGQOD growth) was higher for RAS USB treatment (47,4%)
compared with control (37,8%), showing significatifference (p<0,05). Also significant
difference (p<0,05) was observed for turbot resfprna(COD respiration fish), but in this
case it was lower for RAS USB treatment (32,7%Mhtbantrol treatment (53,0%). The values
for COD on solid discharge&€©D discharge solig from the USB reactor were obtained from
sludge discharge, as to the values for the coritrel; were obtained from faeces collection.

For COD that could not be explained in the madanoa COD unexplained), we
found significant differences between systems (@s0,being higher for RAS USB treatment
(14,6%) than control (-2,7%).
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Table 16: Chemical Oxygen Demand mass balance componegtefi€OD/kg of feed given and in
percentage for both treatments P<0.05 indicatggn#fisant difference, respectively between treattset

test
Control RAS USB
P-value
g/kg of feed % g/kg of feed %
COD feed 1279,7+0,74 100,0 1279,9+2,29 100,0 -
COD growth 483,4+65,82 37,8 607,0+32,77 47 4 0,04
COD respiration fish ~ 644,45+82,07 50,36 384,72+90,05 30,07 0,02
COD discharge solid 145,64+0,08 11,38 11,3+0,24 0,9 }
COD respiration USB 95,5+3,23 7,5 }
COD accumulated USB -39,6+18,13 -3,1 -
COD unexplained 6,18+51,85 0,5 220,99+85,57 17,6 0,018
64
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5. Discussion

The aim of this study was to determine the roleaaf Upflow Sludge Blanket
denitrifying reactor, in growth performance Bf maxima and establish the efficiency of it
determining the minimum water exchange requiresh&intain nitrate-N concentration at 150
mg/L. This was evaluated based on fish, systemW®B reactor performance, also water
qguality using the following parameters: growth, FCiRed intake and digestibility, fish
composition, TAN, N@N, NOs-N concentration, sludge composition.

5.1 Fish performance

The feed intake in this study showed no significdifferences between the two
treatments, being equal to 2,2 + 0,21g/day/fishisliower compared with Hop (2008)
experiment, that consisted on determining turbotop@mance on low pH RAS (pH 5,7) and
normal pH RAS (pH 7,5). In this experiment the says&tems were used, and for the control
treatment the feed intake increased during the rerpat from 2,67+0,32 to 4,20+0,29
g/day/fish. In the same experiment, the measuresnehiT AN, nitrite-N were, in general,
lower compared with the same measurements in tkperament. As to nitrate-N the
concentration started lower at 90 mg/L reaching L. at the final of the experiment.
Comparing feed intake in both experiments with tdomcentrations of TAN, nitrite and
nitrate, it is observed that for our experimentf@gake was lower with higher concentration
of these nitrogenous compounds. This might be pnééed as a negative influence on feed
intake by these nitrogenous compounds, since ehrdiarted with a higher concentration of
this compounds. Although NEN concentration on Hop (2008) experiment increasedvell
as the feed intake (regarding to the control treatjy but just during a short period. After the
ending of the experiment, feed intake decreasesilplesindicating a negative effect of nitrate
in feed intake (Heinsbroek, personal communication)

Growth was significantly higher in the treatmemigh USB reactor. The specific
growth rate for fish in control systems was sigwfitly lower (0,46+£0,04 %BW/day) in
relation with fish on RAS USB treatment (0,63+0%8W/day). Growth rate for RAS USB
treatment was in agreement with what was obtaimedther study with turbots, 0.65%

BWi/day (Mallekh et al., 1998), in this experimeuntiot was reared on flow-through system,
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indicating that fish reared under on RAS with U®Rator had similar growth rates, this is a
possible advance regarding to growth retardationparyed with flow-through systems. Hop
(2008) found a specific growth rate of 0.73 %BWidheir control system. It was better than
what was obtained in both treatments; this mightekplained by the difference in water
guality, since nitrogenous compounds like TAN,itetand nitrate are generally higher in our
experiment.

Regarding to feed conversion, fish from RAS US&atment had significant lower
FCR 0,68+0,04 g/g compared with fish in controB@}0,08 g/g), also conversion efficiency
was significantly higher for RAS USB treatment. Guaring with literature this FCR of fish
in control is considered to be in the same ordduwasl et al. (1996) who found values of 0,8-
0,9 and Mallekh et al (1998) who found values oRR@nging 0,96. This difference with the
literature might be due to FCR calculation, sinee wged values of feed eaten and not feed
given, it may also be related to the cultivationht@que. In relation to fish in RAS USB
treatment, FCR was lower, comparing with Hop (20@8)eriment, with values of 0,85 g/g
for the pH treatment and 0,71 g/g for the contrebtment, this control treatment of Hop
being the same system for our experiment, showeder FCR in relation to our experiment
(also our control treatment).

By the energy budget we could find significant elifnces between treatments in
relation to retained energy, heat and energy rement for maintenance. For fish in RAS
with USB, retained energy was higher and energyirement for maintenance as well as heat
were lower, as it is shown in table 13. Due tofdet that there was no significant difference
in feed intake, one possible explanation for advedtowth can be based on efficiency using
feed as source of energy for growth.

The values for energy requirement for maintenanesevbased on using g &f 0,7
and 0,8. The efficiency of protein and lipid depiosi for other species is obtained by
regression of retained energy versus digestibleggnatake (Lupatsch et al., 200&)n this
experiment such a regression could not be doneadiaek of sufficient values.

However, for a lean fish as turbot, @value of 0,7 is more likely. Withgefficiency
of protein deposition) of 0.55 (Heinsbroek et &Q07, Lupatsch et al.,, 2003) and k
(efficiency of lipid deposition) of 0.9 (with a faich feed, as we had, (Heinsbroek et al.,
2007)), it is possible to calculate thgwaith the values of retention for protein and fettis is
done by knowing the amount of energy retained bwama protein using the mean heat values

to convert protein in energy of 23,6 KJ/g of pratand to convert fat in energy of 39,5 KJ/g
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of lipid (Brafield and Llewellyn, (1982) in Azevedilgen et al. (2005)). This amount of
protein and fat energy retained is multiplied yakd k respectively and divided by the total
amount of energy retained of protein and fat, gjvénk, of 0,72 for control treatment and kg
of 0,7 for RAS USB treatments, it is therefore daded that a kof 0,7 is the best guess to
this fish species. A study made by Lupatsch e2@08) found k values for three saltwater
species (European sea bass, gilthead sea breawhéedyrouper) ranging from 0,65 to 0,69.

Few literature is available for values of energetquirements for maintenance for
turbot and flatfish in general. We found valuediierature for other saltwater species, for
instance European sea babBscéntrarchus labrax) showing MEm rounding 43,6 to 50,9 KJ
DE/kg’¥day at 19-26° C and 25° C respectively (Lupatsci 2001; Peres and Oliva-Teles,
2005), gilthead sea brear®pérus aurata) showing values of 55,8 KJ DE/kday (Lupatsch
et al 1998), yellowtail $eriola quinqueradiata) 62,7 KJ DE/k§%day (Watanabe et al., 2000)
and white grouperHpinephelus aeneus) 34,05 KJ DE/kg%day (Lupatsch et al 2003).

In the study of Pichavant et al. (2000), juvenilgbbt were kept under darkness
deprived of feed for 7 days, and the oxygen consiampvas calculated. With this value we
could estimate the energy requirement for maintemdy the oxycaloric equivalent (13,6
KJ.g/Qy). With this calculation we obtained a value for MBf 14,4 KJ/k§®¥day, this value
is lower compared with the values for this expenm®r fish in control and also lower
compared with other species, Eel: 21 K3fkday (Heinsbroek et al.,2007,2008), Catfish, 21
KJ/kg”®day (Hogendoorn, 1983). Comparing this value waitl obtained values for MEm
we can observe that, for the control treatmenteeiitith a Kg of 0,7 or 0,8 they are above the
value obtained by Pichavant et al. (2000) for fasturbot, and for the RAS USB treatment
both are below the values obtained by Pichavaat.€2000). With this study, it seems like
MEm calculated with agof 0,7 is out of range being to low (9,09+5 R&/kg’¥day). MEm
with a k; of 0,8, is still lower compared with values foistiag turbot in Pichavant et al.
(2000), although it appears to be a more reasonatilees than MEm with aglof 0,7. This
could be explained by the fact that, the valueggpfvere estimated and not calculated, for
further studies it could be interesting to caloailttese values, even though it is observed that
fish reared under USB reactor had lower energetjairement for maintenance.

One possible explanation for lower values founthia experiment for both treatments
compared with literature can be based in turbottberife style. Flatfish have markedly
lower metabolic rate than pelagic fish (Mallekh abagardére, 2002), the values from

literature described above show that fish with gieldife style have higher MEm compared
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with benthic fish, for instance yellowtail, a phgkgically well adapted pelagic fish, has
higher MEm than white grouper, a species that isenfeequently found on benthic areas.
Literature of MEm is not abundant for flatfish madithe comparison of values obtained in
this study more difficult.

As referred before, turbot growth in RAS with thé&SB) reactor was significantly
higher compared with control, this is in agreemeith values for MEm. With less energy
needed for basal metabolism, more energy can ke fosggrowth. MEm is strongly related
with body size and water temperature but sinceethvare no significant differences between
these parameters in the two treatments, other eaftan must be found. MEm is also
influenced by stress, when fish are in adverserenment they spend more energy to
overcome the stressing factor, for instance byativation of the immune response. By
visual inspection fish seemed calm in both treatsyemith no visible differences.

As to heat production, we found significant diffieces between treatments. The heat
produced by fish, calculated with the energy budsfedwed to significantly higher for fish in
the control treatment (34,36+7,8G/kd%day) compared with fish in RAS USB treatment
(20,55+3,42KJ/kd”¥day). As it was stated by Kleibg1975) (inBureau, Kaushik et al. 2003),
that the metabolic rate is the rate at which hedberated from the individual as a result of
internal body reactions, so less heat producedspond to a lower metabolic rate thus less
energy expenditure. This is in agreement with #sult that we had, since the heat produced
by fish in RAS USB was lower, corresponding towdo MEm and a higher growth rate. The
heat produced is related to feed intake, thus hifgesl intake will require higher metabolism
to transform feed in energy, since feed intakerdit differ between treatments and with the
described above, we can suggest that the USB rdadanfluence on the heat produced.

For turbot body composition, there were no sigatficdifferences between treatments
in all nutrient content in fish body. We found fealues of crude protein +16%, fat +6%,
energy +6 KJ/g and phosphate +0,58% for both treatmusing a commercial feed with the
following composition: 58,6% of protein; 19,4% oatf 23,4 KJ/g of energy; 1,2% of
phosphate all in a dry matter basis.

In the experiment of Regost and Arzel et al. (2008) investigated the replacement
of fish oil by vegetables oil, with the feed (crug®tein 57%/dry matter, crude fat 16,6%/dry
matter; gross energy 23,5 KJ/g/dry matter) morellainto the feed given to our fish, the
author found the following body composition: 17%ftgin; 4,8% fat both in % of wet weight

and 6,1 KJ/g. The same author but in other stusgdg@Rt and Arzel et al., 2001) comparing
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different contents in fat, obtained the followinglwes for body composition of turbot: 17%
protein; 3,8% fat, both in % wet weight; 5,6% Kiighis study the protein and fat content of
the experimental diet was higher (61,3%/ dry mattede protein 21.4%/ dry matter crude
fat). The same author obtained in other study (Regond Arzel et al., 1999) with the control
feed (49% crude protein; 12% crude fat; 20,7 Kd/grgy; 1,6% phosphorus all in dry matter
basis), values for body composition of 16% prot@i72% fat; 0,62% phosphorus all in % of
wet weight and 4,9KJ/g for energy content.

From literature, we can observe that the percentdgt was lower than the obtain in
our experimental fish, even in the experiment ofjé& and Arzel et al., (2001) where the fat
content of the experimental diet was higher. Aldgflothe fat content of the experimental feed
of Regost and Arzel et al., (2001), was obtainedaimigher part form wheat gluten, a
carbohydrate (16,4% of wheat gluten and 14% fis}y Bureau and Kaushik (2002) stated
that lipid efficiency of deposition is lower wheipills are synthesized from carbohydrates,
also carbohydrates have a lower digestibility (umr experiment ADC of carbohydrates was
the lowest, table 12) thus lipid deposition wasdo in Regost and Arzel et al., (2001)
experiment.

The values of protein, for one experiment mer@above (Regost and Arzel et al.,
1999) fish showed a similar value in body compositbesides the feed had a lower content
of protein compared with our feed, although valaéprotein content in fish body seems to
be in range with literature. For energy and phogghaontent also seems to be in the same
range with the literature described. Though for ¢lxperiment of Regost and Arzel et al.,
(1999) the energy content in fish was lower (4,%gkcbmpared with 6 KJ/g in our fish), this
is due to energy content in feed being lower thenféed used in our experiment.

As to retention significant differences were found dry matter, crude protein, COD
and energy, being all higher for RAS USB treatmdihie last one only showed significant
difference when applied Mann-Whitney test, considethe lower accuracy of this test this
should not happen, but taking into account that #xperiment was made with only three
replicates and we obtained a high standard dewiatiis significant difference can be
accepted, comparing the differences in protein ntete between treatments and the
differences in energy retention. In our experimeve, found for protein retention values of
26,9+2,17% and 45,7+3,0% of protein intake for conand RAS USB respectively, for
energy 32,91+6,06% and 46,9+2,89% of energy intakedntrol and RAS USB respectively

and for fat 58,5+12,99% and 68,8+4,57% of fat ietéir control and RAS USB respectively,
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the last one presents a high standard deviationtaueplicate number 6, presented high
values of fat content in relation to the other tmeants.

Comparing with literature, values in our experiman¢ in general higher than the
values found by Regost and Arzel et al. (2001) Redost and Arzel et al. (1999) which
presented for protein 29,6% and 41% and for enéi§p and 28,5%, respectively (as % of
intake). Regarding to protein, the retention of toatrol treatment is in the same range but
retention for RAS USB is considerably higher, iaiso higher the energy retention but in this
case for both treatments. The higher retentiorraten, can be explained by a higher content
in protein in our feed, compared with the feed ubgdRegost and Arzel et al., (1999),
although the same feed was given to both treatments$ fish in control showed a lower
retention. This indicates a higher efficiency iogein deposition by fish under USB reactor.
As to fat retention, values obtained by Regost Arzkl et al., (1999) were considerably
lower (18,8%) compared with both treatments, thiselated to the higher fat content in our
feed.

As to fish digestibility, three different methodse gresented. The first, ADC without
correction was obtained by simply applying the Afd@nula (3.8.3). ADC with correction, it
was calculated due to the influence of mineralsveter altering the values of ash and
phosphate, dry matter was also corrected, thismade due to the large amount of water
content in faeces (weight of wet faeces: 346,884 8eight of dry faeces:27,9+4,3 g). As to
real digestibility, it was calculated taking intocaunt the amount of feed waste since when
we collected faeces the feed waste could not bersegl, decreasing the value of
digestibility. As it can be seen in table 12 thales increased from ADC without correction
to real digestibility.

In the studies mentioned above ADC was also cakdlaith indirect method, using
other markers (chromic oxide and yttrium oxide)ls of ADC for protein, ADC for fat
and ADC for energy found were, respectively: 959%4% and 86,1% for the experiment of
Regost and Arzel et al., (2001). 94%, 77,6% (afcsteand 71% for the experiment of Regost
and Arzel et al (1999). 96%, 95% and 90 % RegodtAnzel et al.,(2003). Compared with
our values for digestibility, the closest to thedature are the values of real digestibility:
89,7% protein, 94% fat and 86,3% energy. Regarthnghosphorus, digestibility found in
our experiment was low (45,3%) compared with the éound in Regost and Arzel et al

(1999) of 71%, although the differences in digektyband fish body composition are not so
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large compared with our experiment (phosphate ladyposition in our experiment: 0,58%;
Regost and Arzel et al., (1999): 0,62%), this cdadcexplained by a sampling error.

5.2 Water quality

In this experiment the water quality was kept ia gfrogrammed range. The nitrate-N
concentration was initially higher than plannedt this was corrected with an extra water
exchange.

Regarding to water temperature, it was constaninguthe experimental period -
around 17°C- this is in agreement with the tempeeatanges found by Boeuf et al (1998).
This author considered the optimum temperatureetdétween 16-19°C, and Mallek et al
(1984) found the highest growth rate at 18°C, tensive farming conditions. As referred in
the literature review, an increase in temperatuiteimcrease the energy required for basal
metabolism. Since there was no difference betwesatnents, the influence of temperature
can not be considered.

The same can be said for oxygen levels. Duringiperiment, it was remained stable
at £ 7,4 mg/L, in the study of Pichavant et al.Q@Pthe higher increase in mean body weight
was found at 7,2 mg/L oxygen concentration. Mallekid Lagardére (2002) studied the
maximum uptake of oxygen by turbot and the autlwanscluded that, there is no gain in
increase oxygen concentration to supersaturatiamemsive turbot farming.

As regards to water salinity, it kept constantuaid 15 ppm. Gaumet et al (1995)
found the best growth rate and FCR with salinitygiag from 10 to 19 ppm for juvenile
turbots. The same was found for pH values. pH i sgstems was kept in the best range for
turbot growth (Hop, 2008).

On the subject of nitrogen compounds, ammonia-N gl in the beginning of the
experiment considering the values for chronic ¢ffeand by Person-Le-Ruyet et al (1997),
although for that experiment, juvenile turbots wased (14 to 104g) also the authors found
that bigger fish have lower tolerance to ammomaour experiment, ammonia-N stabilized
around 0,35 mg/L. In general, concentration of T&M nitrite were higher for the RAS USB
treatment, this could be explained by lower efficig of the nitrifying bacteria. This lower
efficiency may be related to the competition betweérifying and denitrifying bacteria in
the trickling filter (Eding, personal communicat)psince a decrease of biomass of the USB

reactor was observed, part of this bacterial biegnecasild end up in the trickling filter.
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The nitrite concentration showed higher valuestiier RAS USB treatment, this is an
interesting observation since this treatment showleel best growth rates and FCR,
considering nitrite to be the nitrification produstth higher toxicity. Huguenin and Colt
(2002) suggested 0,1 mg/L as a threshold for agj@aimals, on our experiment we found
much higher values for both treatments. This higheite concentrations could be explained
by passive denitrification, like it was said in phar 1.4.3, nitrite production occur in
microsites of the RAS where the oxygen level is owd a carbon source is available, making
this type of denitrification one disadvantage pmidg nitrite instead of nitrogen gas. Also
this nitrite production could be due to incompldemnitrification, resulting from a low C/N
ration in the USB reactor (Tiedje, 1990 in Timmarsl Ebeling 2007), derived from a low
C/N ration in the feed and also depending on fishversion efficiency. In addition on the
nitrite concentration during the experiment, arréase was observed after the second week,
this could be related with the extra water exchamgle the new water that entered the system
influencing the nitrification. It could also be damed by the fact that, when TAN
concentration was high at the beginning, the higleenoval rate could result in higher
diffusion of nitrite from the bacteria biofilm irhé trickling filter, slightly increasing the
concentration in the water (Eding and Kamstra].e2806).

As to nitrate, the concentration was kept aroun@ dfg/L during all experimental
period. At the beginning of the experiment (thestfiweek) the nitrate concentration was
higher than the expected, so an extra water exehaves made to reduce the nitrate
concentration. Significant difference was obsereedweek 5 and 8, but considering the
overall period it is reasonable to believe thatrehavere no effect of this significant
differences. As it is referred in the literatureviesv, it is believed that high nitrate
concentrations could affect negatively fish growsiiudies on species like Medaka fish
showed low tolerance to relatively low concentnasiaf nitrate, Shimura et al (2004) found
growth supression with concentrations between I@D125 mg/L, but little is known about
the effect of nitrate in more comonly cultured spec

In an earlier experiment in the GRRAS project, ldbmoek (Personal communication)
compared different systems also using two treatspamte A) with USB reactor and nitrate
concentration of 50 mg/L the othd)(without an USB reactor and with 180-240 mg/L of
nitrate, on both treatments the water exchangelowag150 L/kg of feed). This experiment
showed a higher growth for treatmehtgiving the idea of the possible effect of nitrate

growth, although this experiment and our experingart not be compared because it was
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made with different batch of fish in different systs. But it suggested a negative influence of
nitrate and/or a positive influence of the denafion reactor, on turbot growth.

In our experiment, the nitrate-N concentration wapt at 150 mg/L for both
treatments and we found significant differencegrowth rates and feed conversion in the
treatment with the denitrification reactor, thigggast that nitrate has influence growth but it
may not be the most important factor regarding oM retardation in RAS, since for a
concentration of 150 mg/L it was found significaifferences between treatments, being the
growth rates higher for treatment with USB reactor.

As to concentration of orthophosphate in the celtwater, we found significant
difference on the first week and second week fodwantil the end of the experimentl we
found higlhy significant differences being highen &AS USB treatment, increasing the
concentration of PEP from 8,8+0,69 mg/L until 24,95+0,38 mg/L on da4, compared with
control system which was kept between 9,12+0,74 @ji®+0,32 mg/L (day 0 and 54
respectively). This increase of dissolved phosphaecurred due to the bacterial community
in the USB reactor. A study made by Barak and Qyeyal. (2002), with a zero-discharge
RAS showed that the R concentration did not exceed 15 mg/L, this issterable lower
compared with our experiment, although this expenimthe denitrification occurred on
aerobic and anaerobic conditions, they showeduthdér aerobic conditions concentrations of
total phosphate were higher, under anaerobic donditthis concentrations were lower and
dissolved phosphate concetrations were higher kBamd Cytryn et al. 2002). Indicating that
a higher concentration of dissolved phosphat shogltlr under anaerobic denitrification,
like in our experiment.

This high concentration of RE&P observed in the RAS USB treatment did not affect
fish growth, since turbot had good growth rates &med conversions. Although on an
environmental point of view, this high concentratiof PQ-P could be prejudicial since
aquatic systems (freshwater and some saltwatezrag$tare normally limited by phosphorus.
With the increase of the limiting parameter enhamset of algal growth occur, provoking
eutrophization.

At the middle of the experimental period, a sméfledence was observed in the water
color between treatments, in RAS USB treatment slaghtly darker (yellow-brownish)
compared with control treatment. The differencescator might be due to humic acids
formation. As referred in chapter 2.2.4 humic ace large, complex organic molecules

which are produced by degradation of organic mgHebbard et al, 2002). The same author
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described a study where humic acids were testepture steroid pheromones in aqueous
environments, reducing significantly the ability fcgh to detect these chemical signals. This
study may explain the removal from water solutidntlee stress corticosteroid hormone,
cortisol. Fridell et al (2007), made a trial inieg Atlantic salmon with a virus and observed
that water cortisol concentrations were greatlywatied in infected groups, compared to
uninfected groups, reflecting elevated plasma solrttoncentrations, relating an increase in
cortisol levels in water with an increae of stréBsere is the possibility that humic acids are
capable to bind the this type of hormones, redusingss levels in fish concomitant with a
lower energy requirement for maintance having neorergy to use in growth. Even though as
it was said before, no difference was seen it fishavior between treatments, evaluated by
visual observation.

Although trials made with stress induced using isottdid not always show
depression in growth, in some studies inconsistealating cortisol to depression of growth
were observed (Van Weerd and Komen 1998).

As it is referred in chapter 1.3.7, the presencaighaling substances emanated by
fish, could alter their development. Evidence alvaiding factors released into the water by
fish, with esters characteristics, could also lbated to a higher growth in fish under an USB
reactor, since the formation of humic acids coulubit the chemical stimuli that this steroids
normally induce. Showed in chapter 1.3.7, where figat were not growing properly due to
larger fish in the same tank, when transfer to ro#uggiaria they started to grew normally. It is
interesting for further studies, to analyze théedédnce in size of the same system, thus larger
fish could induce a slower growth in smaller fibt the possible effect of humic acids could
disable this type of signaling, increasing the dgfowate. Being cheaper and easier than
analyzing steroids in water, although with highsk 1of errors.

Also humic acids are believed to bind ions and witkic metals such as cadmium,

removing them from water no longer affecting fishe{nelt et al, 2001).

5.3 System performance

The system efficiency was evaluated with the cutiudawater exchange, the
cumulative nitrogen production and removal, cumwabrthophosphate-P production and

cumulative sodium bicarbonate consumption.
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Regarding to water exchange, the aim for this expert was to maintain a water
exchange of 30 L/kg of feed in RAS USB treatmemt 300 L/kg of feed in control treatment.
As it was shown in figure 10, the water exchangectintrol treatment was respected being
299,8 L/kg of feed. In the other treatment (RAS YSBwater exchange of 58,9 L/kg feed
was needed to keep the nitrate-N concentratiorb@tmg/L. This was due to the low C/N
ratio in the feed that was going to the USB reaatwaste. It was referred in chapter 3 that
C/N ration is one of the factors that influence ittdication performance, with the low C/N
ration found in feed given to experimental turbdte nitrate removal was lower than the
expected, so the water exchange needed to be hghwintain nitrate at 150 mg/L. This low
C/N ration result in the accumulation of interméeiproducts of denitrification as it was
referred above.

Considering the higher growth for fish with USB c¢ta, and the water exchange for
both treatments, it is plausible that the dendafion reactor instead of just removing the
growth inhibition factor GIF), could also produce GIF neutralizing substanéasifstance
humic acids, as referred before). Considering lwadter exchange it was expected that with
higher water exchange the GIF were also removed fhe culture water. On the other hand,
if the USB reactor is viewed as water exchange, @ridering that the flow through the
USB reactor was around 1750 L/kg of feed (GRRAR&Othe water exchange would have
been higher than the control treatment (300 L/kéeefl). This fact would explain the higher
growth rates for fish in recirculation system wahow water exchange, considering that this
low water exchange would provoke an accumulatio@Iéf in the cultures water.

As to nitrogen production, is in agreement with wies observed in Hop (2008)
experiment, he found nitrate production of 45,8 §l0s;-N/kg of feed. On our experiment the
mainly composition of nitrogen compounds was ofaté-N, since it is the end product of
nitrification. We found for the control treatmem,2 g of N/kg of feed and for RAS USB
treatment 42,1 g of N/kg of feed, showing no siigaifit differences.

The dissolved phosphate production, showed sigmficdifferences between
treatments, being for control treatment 1,9 g ofPdxg of feed and for the RAS with USB
reactor 4,8 g of PEP/kg of feed, this is due to bacteria in the ddiuation reactor. The
increase of phosphorus concentration in water cbale a beneficial effect, as referred in
chapter 2.2.3, the requirement of phosphorus isnally met by the feed due to his low
concentration in water although as it was saidchitrate about it difficulty to be absorbed by

the gills due to its size, for phosphorus considgrihat is even bigger than nitrate its
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permeability should be lower (Heinsbroek, persamahmunication). It must also be taken
into account that phosphorus levels were not ailgifactor in feed.

The sodium bicarbonate used to maintain the pH sigrsficantly higher for control
systems compared with RAS with USB, this is dueeaitrification were for each mole of

nitrate removed, one equivalent alkalinity is proeld (van Rijn, Tal et al. 2006).

5.4 Mass balances

5.4.1 Nitrogen balance

The nitrogen balance showed that fish from systentls USB reactor retained an
amount of nitrogen significantly higher from thsHiin the control systems, with 41,7% and
26,5% respectively. These differences support déloethat USB reactor had a positive effect
on growth by removing GIF or releasing GIF neusnialy substances. As to water discharge, a
higher amount of nitrogen was discharge in the robrgystems 59,9% compared with the
systems with USB reactor, 17,3%, this indicate sitp@ influence on an environmental basis
reducing the amount of nitrogen in the culture wasgater.

Several studies had referred that elevated coratemts of NH', NO,” and NQ,
derived from human activities, can stimulate or arde the development of primary
producers (micro and macroalgae), contributing be twell known phenomenon of
eutrophication of aquatic ecosystems (Camargo dodsA, 2006).

Regarding to accumulation of nitrogen in both systesignificantly differences were
found, with -6,3% for the control systems and -1f8#oRAS with USB reactor. The values
for both treatments were found to be negative, itidécate that the amount of nitrogen that
was found in the beginning of the experiment wahér than the values found at the end, this
could be explained by the extra water refreshmbah twas made on the second week,
analyzing the figures 6 and 8 we can observe ttiggr ahis extra refreshment the
concentration of the nitrogenous compounds dectedtseould also be explained by a loss of
biomass during the experiment and as it was refeefore a low feed C/N ration could
explain this loss as all the organic input into W®B reactor was “consumed”, reducing the
amount of nitrogenous compounds. Although for cartreatment, that operated without an

USB reactor, the decrease of nitrogenous compowadsalso observed.
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The nitrogen unexplained, is based in all the sriemeasurements and sampling that
could occur and had to be taken into account,thstriot possible to say with accuracy where
this errors occurred, also it is need to take adoount the passive denitrification, like it was
referred in chapter 1.4. This passive denitrifmatprobably took place in the flask that was
collecting faeces for the USB reactor, but furtberdies must be done to prove its influence
on the overall balance. Also, at the end of theedrpent wile the experimental set up was
been cleaned, we observed sludge on the out letgdiphe fish tank, this bacteria community
may also contribute to the passive denitrificaticontributing to higher nitrite concentrations

in this treatment.

5.4.2 Phosphate balance

Regarding to phosphate balance, no significanefice was found in phosphate
retention by fish in both treatments. An interegtnemark regarding this retention value is
that, comparing it with values for phosphate didpdgly (45,3+12,03%for RD) the retained
phosphorus was higher than the digestibility ofcdntrol: 50,57%; RAS USB: 54,82% for
phosphate retention). This could indicate a possugtake of phosphorus from the water,
although for control treatment that has a lower,-PQconcentration also presented higher
value of retention compared with digestibility. Alghese values of digestibility were
calculated based on faeces collected from the d&iththe control treatment, thus the
digestibility in fish from RAS USB could be highter phosphate.

As to phosphate in water discharge a significarftedince was found between
treatments, being 21.9% for control treatment aB#1% for RAS USB treatment. This
indicates again a positive effect on the utilizatiof an USB reactor on an environmental
basis, as referred before RAS with an USB readsar laad lower levels of nitrogen in water
discharge and in spite of a significantly differenio production of orthophosphate in these
systems (figure 9), the phosphate discharge isrlmsenpared with the control treatment.
Nitrogen and phosphorus are the main factors cgusutrophization on the world water
sources, reducing their discharge to the envirommgna main issue on aquaculture
development and these results shows a good viardswhe sustainable development of
recirculation aquaculture.

As to accumulation of phosphate in the systemgetheere significant differences

between treatments, being higher in RAS USB treatn(29,2%) compared with control
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treatment (-3,6%). Despite the RAS USB treatmedtlbaver concentrations of phosphate in
the water discharge, it had considerable high aanagons of P@QP accumulated in the
system. As it was referred above (chapter 5.2)dbidd present an environmental problem,
since the solubilized phosphate accumulated irsyis¢em is discharged in the environment
with the water discharge, although the non soleédi phosphate in the water discharge was
lower being a possitive environmental remark. Asutexplained phosphate there was no

significant difference between treatments.

5.4.3 COD balances

As to COD balances, we found significant differenoa the retention of COD in fish
between treatments, being 47,4% for RAS USB an8%7or control treatment. On the other
hand, COD from fish respiration shows to be sigaifitly higher for fish in the control
treatment (53,0%) compared with fish in RAS USBatneent (32,7%). The first one can be
explained by the same reason for nitrogen retentiofish; USB has a positive effect on
growth, possibly by removing GIF or releasing GEutralizing substances. The second one
could be explained bioenergetically, has a highednfor maintenance requirement, thus a
higher respiration rate. This was calculated whth lheat produced by fish, that was calculated
with the oxycaloric equivalent of 13,36 KJ.g/@\s it was said above, fish from RAS USB
showed a lower MEm, which is in agreement with galof COD from fish respiration, thus
higher MEm is related with higher need of oxygenrfetabolic processes.

As to COD unexplained, significant differences wkrend between treatments being
14,6% for RAS USB and -2,7% for control treatment
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5.5 Conclusions

The main goal of this experiment was to evaluat ghowth performance db.
maxima reared with an upflow sludge blanket reactor. fidlewing conclusions were made:

* P. maxima showed a better performance when reared with an t&aBtor,
combined with a low water exchange and constamteittoncentration. This
better performance could be explained by highed feenversion efficiency
and a lower energy requirement for maintenancaskased in a higher growth
rate.

» Considering constant nitrate concentration and tomager exchange, it can be
said that USB reactor had a positive influence mwth performance oP.
maxima, either by removing possible Growth Inhibition Eas, or releasing
substances that could neutralize them.

* The USB reactor was not able to maintain the mt@ncentration at 150
mg/L with a water exchange of 30L/kg of feed, thégl to be increased to 58,9
L/kg of feed. This fact was explained either by tbev C/N ration inP.
maxima feed or its conversion efficiency.

* The incorporation of an USB reactor on a recir¢atasystem, seems to have
beneficial effects for sustainable development gqpiagulture, reducing water
expenditure and nitrogenous compounds in watehdrge without affecting
growth performance of fish. However, care is needél the increase of the

dissolved phosphorus in the culture water.

Future recommendations:

» It would be interesting to look more carefully teetreason with energy requirements
for maintenance were lower for fish reared undeB@dstion.
* Also understand the influence not only of nitratefish performance, but also humic

acids and orthophosphate on water quality andpesformance.

* For further uses of USB reactor, an economicalystltbuld be made to assess its

viability.
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