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CHAPTER |
INTRODUCTION

1.1 Motivations

Agquaculture _i. :
produce food f@ptid’ Aguaeultere=eai®he done in various scales,
ranging from skaal At ds ffor . 00TpI0 in rural area to large

commercial scal

i the develop jes¥Sukasinghe, 2005; Gutierrez-
Wing and Malone, 2086; Watos &t@lS 0
Aquacultures iglf Thailafidiaré ~cat

cages. These practicts reqiire-significar

Qut 9 fAerally in earthen ponds or in

t of Water from natural resources,

which are often affecte,v ,‘,‘?f‘-" Y 'charges generated upstream from
both domestig and rial sources. of wastes produced during

aquacu|tur&'€_ tivation can also cause neqgative health effects en rmed animals, and

the release B proe is*able to create adverse
==t |

environmental | cbncerns nameR/ammone oXIcity to ,'Mw eutrophication and

oxygen depletion ‘;n receiving water (Timmons, et al., 2002; Tchobanoglous et al.,

AU I NENI NS

cIosleystems, which treat and recycle water within farms. In Thailand, the closed or

semi-close aquaculture systems a“ normally found dffeiosecured facilities, @fich

QAR TR

Agquaculture) from the Department of Fisheries.



Aquaculture ponds can be categorized into 3 types; outdoor earthen ponds,
outdoor lining ponds, and indoor pond. Outdoor earthen ponds are popular among
Thai farmers, while outdoor lining ponds require the synthetic materials such as
HDPE sheets or cements to cover their soil sediments. Indoor ponds are similar to

outdoor lining ponds but are large y the availability of light. By excluding

ture it was apparent that the water
productlon aspect Excessive

Qutdeok, lining ponds and indoor
ted from animal excretion
AV m ech and Ritvo, 2003).
erally known to cause

hlgher stress, a lowering

\ gystem or even death

gen toxicity are available.
Jueto their simplicity and low

opefiation because of the periodic
[ 006). Nitrifying biofilters are more
reliable and have heen@s = iy
Despite m@
outdoor opﬁa K ol
unconsumed pﬂeihs rotei "
g lity to aquacultures as the aquatic animals zﬂj‘

available protelns‘;ﬁs on average only 258#80% (Avnimelech and Ritvo, 2003).

% BHANENI NGNS

nt and the feed protein recyde simultaneously. &bIOﬂOC technology S

q RARNTT IR NTHY

(Avnimelech, 2006). As bacteria in the water flourish reaching a high density, they

lQUS aquacultural applications.
| ceptible under an
tj reutilize expensive
is an important aspect

for the sustain able to incorporate the

tend to form noticeable aggregates (i.e., biofloc), which in turn can be consumed by

aquacultures as natural food source (Burford and Lorenzen, 2004). Addition of



carbon and nitrogen sources at high C:N ratio into aquaculture systems has been
recommended as the controlling element to establish the biofloc (Avnimelech, 2006).
After an extensive literature search, works in biofloc technology in Thailand is
extremely limited and hence it is appropriate to initiate the research that develops the

biofloc technology system that ig i gnsive and suitable for the tropical climate

found in Thailand. Specm IS WO 1d¢' to determine the optimal conditions
for biofloc formationggasith ' e~thia information to cultivate
aquacultures withou - or ¢ v mation about the ability of
the system to controk |

dynamics during the up e bigfge,Chatacteristics are also assessed.

1.2 Objectives

biofloc formation.

2. Apply @ ‘ondition; for ihe bi \ \ rmation to the zero-water
tidre e be ability of the biofloc technology

onium and nitrite concentrations.
T

A '
Identify _thes *""""'” o esponsible for the nitrogen

control in the biofloc technology system: '. the physical and

Ui Ingnsneans..
MSATAAng

experimental system is covered with transparent plastic sheet to partially

allow sunlight and avoid rainwater penetration.



3. For the determination of the optimal biofloc formation that is performed
without fish culture, the substrate C:N ratios ranging from 2:1 to 16:1 are
chosen to investigate the biofloc formation. The best condition obtained
earlier is employed for the zero-water exchanged Tilapia cultivation in the

periment used male Tilapia with the initial

suspension systems.
weight from 25 egdfat the initial biomass about of 3.0
I3 . | )d( s in term sizes and proximate

5 +-ani @ balance at the end of the

g@Xtents,, 0f various processes in

-

o‘ the concentration of
B, VIUMEy, ch1BFophy 1, total solid (TS)
1~ 8 Chaactetistics were examined by

&, flugesceht microscopy.

1.4 Benefits

M 1
1. The obtained in {{‘ on-cant fis guidelines to establish the biofloc

technology systefs.under
2 & e e e e aquacultures,

cﬁ*ﬁéi aquaculturists.
M

AUt INeNineIng
QIR TN INGIAE



CHAPTER 2
LITERATURE REVIEW

2.1 Intensive aquacult \"//
Achieving h@n yiel # oal for today aquacultures.

However, i [ reguires Qstly Md operational expense.

Evolution of po

and shrimp) can:hes igh ‘density Wigacratég=mixed ponds. However,

accumulation. igt s particulahly\ammotia andnitrite. Therefore, in
order to use ae o ' gsm\vater quality must be
controlled. con ol water quality: (1)

exchanging pondy ategfit fres vuﬂ;- . er than 5 times per day

(2) treating and recy€li 4“‘” 10 . X (8N a n ~.,\ ers and (3) treating water
within pond using#gae activa ted ,.’._.,;g om ti

Ve

el

Table 2.1 Schematic p --’ff" n-of po levels, approximate annual fish

yields and li @I

Pond type

Nefmiting factors

A Cimits of primary

Minimal Feed !ll] Minimal fee < 2000

ralns farm and production food chain
re5|dues eff|C|ency
ﬂ NN TN T
tibn
pellets

aWﬁMﬁ%umq NETR Y

Intensive mixed 24 h aeration, >20 20,000-100,000  Water quality control
aerated ponds hp/ha, weli-mixed




2.2 Important water quality parameters

In intensive aquacultures, a basic knowledge about water chemistry is critical

for the success of any intensive operation. Table 2.2 lists important water quality

W///

parameters required for aquacultur

Table 2.2 Criteria allty pa uaculture (Modified from
-—;'
Timmons et al., P ;

Parameters

Alkalinity (as CaCQg

Ammonia (TA | Cog

Ammonia (TAI | argi-w; E;T_'
Carbon Dioxide (C@ Yk ondi g on species
Chlorine (CI) 4
Hydrogen sulfide (i /
Nitrite (NO) |
Nitrate (NOs)

Oxygen Dissolved (D@ =L

Ozone (O3L

pH
Phosphorous (P)} il
Salinity d ends on salt or fresh species

AuLINMINGINg




2.3 Tilapia

2.3.1 Characteristic of Tilapia

cO Wdeep body shape. The body is
covered with relati -. el ge-not easily dislodged (Ross,
2000). The dosal“&ffe™a EImTTE '_ anterior in an advanced
configuration. - b d fin raya and spinners
are widely used.fi dapia bodies are generally
elors and with little contrast

over the bod | ‘ ish, Withya pdest ability to change their

A .3 gfglips based on the initial density
d,-and oper fbdel-Fattahm and El-Sayed, 2006).

1. E tensive Culture. - Extensive s, for dogestic consumption.

Tilapia acqui 8s natural foods available within | pond (i.e. ‘ponds) so that it is

unnecessarb / e.'l\ ranges from 0.5 to

2 Tilapia/m?. ‘“','
2. Semi- |raerge Culture.  Semi- vae culture is done purposely for

PIUEINEWINEIN T

T|Ia density for semi-intensive culture Is estimated from 2 to 4 Tilapia/m?,

IR NIIRIINGNNY

significant water replacement several times per day to maintain good water quality.
For these reasons, intensive culture is carried out purposely for commercialization.

The initial Tilapia density for intensive culture is from 4 to 10 Tilapia/m®.



4. Caged Production. Caged production is often found in Thailand at the
moment. Cages, made from synthetic materials, are normally available in square,
rectangular or spherical shapes. Different shapes of cages influences the characteristic of

water flow, quantity of incoming water and solid-deposition. In Thailand, square shaped

(1.2 x 1.2 x 2.5 m) and rectangulai (4 x 2 x 2.5 m) are popular. Deployment of

Tilapia weighed from 50 to

410 6 kg/m®. é\ ,
———e 7-7 >|
y
2.33 ConditiW j

Tilapia gr well ipf the to 35 °C (Balarin and

r than 15 °C and dies

at the temperatugé® 8° If 2006). Tilapia should
be cultivated in waper / [ g_, ] '{"-.,' L CaCOj3 (Abdel-Fattahm
ilapiaWaS RepoMRd from 6.5 to 8.5 (Ross,

T =
iy STFF

=~

s b b
! ‘;_‘137 \\ ‘
1 NE

gshold o nitfite was reported at 2.1 mg
N/L but it was recompfend _;f}ﬁ’}ﬁff:"_

and Haller, 1979). — T —— 3T

2000). Inorganic ni ORic towards Tilapia when its

. 3 ¥
concentration exceeded@.0 mggN =y

trat¥on below 1.0 mg N/L (Balarin

AUEANENINYINS
RINNIUANINEAY



2.4 Nitrogen in aquaculture pond

N2 NH3 N2

Air / Organic N 0 Feed N

Fertilizer N

Water

N

(©)

S \.,__ 9 / )

NOZ- ) NZO’ N2

Figure 2.1 Th |trogen cycle in aquaculture ponds. The |I ration is simplified by

omittipg the foo tﬁbetween algae and A& Major processes illustrated are @)
) a% n%z ﬂ ’e]nam ctlon )
i bio itf0gen “fiXati ion offla in mud

cation-exchange reactions and (i) .hmonla volatlllzat . (Modified from Bo

axmmmmummmau

Nitrogen is a major nutrient affecting the productivity of aquatic ecosystems

since it is an essential component of protein and other constituents of cellular
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protoplasm. Agquatic animals meet their nitrogen requirement by obtaining food
produced naturally within ponds or by feeding from aquaculturists. Figure 2.1
illustrates the nitrogen cycles in aquaculture ponds. Clearly, the nitrogen input are
from various sources such as feeding, biomass decay or aquatic animal excretion; and

undergoes many biological reactigns ingwater column and in sediments to change
eactions are'e

egiial for the natural water treatment in

ater treatment and circulating

'ures,‘mp‘ ECts,of Figure 2.1 that is related
systEms can i
- PN

systems for commerCId]

to the developmenth 2

duced®jnto- g ure u\ ds*ia feeds, aquatic animal
excretion, and biologigel -‘n‘:..é::F:.}{‘r nofu ed T@eds. Ammonia is available in

water in two forms (NH3 or NFE 1 pH of water. Free ammonia (NHj3) is
2 o .

jatic " a g_ionized form (NH;"). The

proportion \of-free ammonia increases with increasing pH- and 4ncreasing temperature.

Toxic conc& é
.

respiratory systfﬁ al anﬁ/\ological failure in fish
(Nootong, 2006)" The acceptable level of ionized ammonia (NF7") is 1.0 mg N/L.

NS
AUt INENINGINS
The presence of nitrite in er is generaﬁriﬂ as it is the intermediaed of

q accumulation in"water is poss ue'to inco pleté ni ification dentitrification,

and its consequence is undesirable. Nitrite can combine with Fe?" in hemoglobin

more toxiq toward

_ejuently impairing its

forming a compound called methamoglobin, which possesses a lower oxygen
transport capability than hemoglobin. The presence of nitrite at high concentration
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can cause a lack of oxygen in Tilapia. In human, nitrite is a potential carginogic
compounds. Infant under the age of 6 months may become seriously ill and die, if
untreated, after drinking water containing nitrite (Nootong, 2006). For the purpose of

aquaculture, it is desirable to keep nitrite concentration under 1.0 mg N/L.

Nitrate is nd, \‘gich is an end-product

of nitrification. Nitrate,

although far lessste o ar prOniun a d it \\ e toxic towards Tilapia
when its concen exeeec 76 L \ 3 Riii 6)s. Nitrate is poisonous to
human especiali ' ecause it can bind with
hemoglobin te Batural water resources
can cause eutroppiftcati ifh is™a Naiyral oihg “of L‘f"‘--.\ vater reservoir such as
lakes to becdf Banics Wh the ( \: nation of weeds and
eventually transfgfmingf'int@ mastiJands s, 80%I., 2004). Discharge of
nitrate into natural I A 71&;: ) eL rophication by stimulating

2.4.2 Biological processes ‘:’:“;u».- : gatment

;i.:mivasi..m. o, nitrite and nitrate)

can be acCempl € itthe nitrogen cycles.
= e

Common biological processes e nroa Itrogen treﬂtjpent include nitrogen

assimilation, ammenification, nitrification, heterotrophic denitrification and recently

AUEINENTNYINT

AN’ MNIUURINYNAY

acquired into cells to form new cell constituents (i.e., biomass). Nitrogen assimilation
by phytoplankton is important for inorganic nitrogen treatment. Assimilated nitrogen

is incorporated into proteins of new biomass during photosynthesis. Hargreves (1998)
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estimated that microalgae with the composition C:N:P of 106:16:1 was capable of
assimilating inorganic nitrogen into cells from 150 to 450 mg N/m%day at low
temperature and from 750 to 1,500 mg N/m?/day at high temperature. Microalgae

was able to utilize all forms of nitrogen in water but appeared to prefer ammonium

and nitrite (DeBoer, 1981). . ? 1998) further pomted out that microalgae
would first assimilate amngp '

acteria can also incorporate

ms=git gcell growth. Addition of
organic carbonW quiG Iy K’ assimilating process given that

mllatlon by heterotrophic

-v.
ammonium and n|tr, h*- w p

bacteria and a 1d"2.2, with the symbols

CsH70O2N and presenting u\.\\:~ ‘ itions of heterotrophic

'\

bacteria and microgh ély-(Ebefinglend T nmehs, 2007).

.
2.4.2.2Mnmonificat|o

Ammomﬂﬁtﬂs the release of amm@hi#l from organic matters (e.g., proteins

A INBNTNING

constitlent amino acids and the sul*equent degradation g ives ammonia.

qmmmmumwmaﬂ

2.4.2.3 Nitrification

Nitrification is the biological process that converts ammonia successively into
nitrite and nitrate. Microorganisms responsible for nitrification are chemoautotrophic
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nitrifying bacteria, which are known to utilize inorganic carbon and ammonia as
carbon and energy sources, respectively. The first step of nitrification, which
involves the conversion of ammonium to nitrite, is carried out by ammonium

oxidizing bacteria (AOB) such as Nitrosomonas, Nitrosolobus, Nitrospira,

as bacterial species respogs . \ ' optl step of nitrification that is the
conversion of nitrite {aMATVaEN S / ing bacteria (NOB) include

o [T ™ oxigizi
Nitrospina and Nitro! but’ @ Recently, Nitrospira-like
——— ’ —

ater treatment facilities

(Nootong, 2006). E n2°37and’ 2\41repre Kifing reactions by AOB and

NOB.
NH*; +1.50 (2.3)
Ly - .
NO> + 0.50; —, Y . (N.,- r \ N (2.4)
The followingg@harg "'E"ji*".;'. sorni b ne [l to be mentioned (1) the C:N

ratio of nitrifying bacterial pr' L/g N; the net production of biomass is

very small at 0.20 g-WSSigaN:the: biof SS) contents consist of 53.1%

carbon an&_» 0_nitrogen; nitrifying reaction utilizes alkatinity as the primary
carbon soub /. mdﬂ the actual carbon
requirement, Zl?i/fen r rodu?ﬁare 1.69gC/g N, 4.18
g O./g N and 585 g C/g N, respectively.

AUININS Ny

mg/mNootong, 2008). Pure cultures of Nitrosomonas and Nitrobacter exhibited a

v ﬁge of nitrification when D!is lower than O.BQ/L. Temperature cMso
1ﬁf

grow at the temperature range from 8 10 6 9C,With'the pti al temperature at 30

(Bitton, 1994). Marine nitrifying bacteria were reported to have optimal temperature
range from 30 to 35 °C (Bitton, 1994). Temperature dependency of nitrification can

be described Arrhenius equation. The optimal pH for nitrification is reported in the
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range between 7.0 and 8.5. The pH value lower than 6.0 was reported to display an
inhibitory effects on nitrification (Nootong, 2006). The extent of organic carbon in water
can also affect the success of nitrification. Increasing the BOD:N ratio (i.e., increasing
organic content) can stimulate the growth of heterotrophic bacteria, which possess higher

oxygen affinity (Sharma and AhI

9 r . 4jThe rate of nitrification was reported to
decrease as high as 20 to 29%0swihe i¢' matters, measured as the chemical
oxygen demand (CO ased fron : ®/day (Tchobanoglous, et al.,
2004). Finally, comp ucl :

cresol, phenol, anili gsticide-and=halggenated compounds were able
ey’ Rfia,(Lu et al., 1984; Sato et al.,

metals, cyanide, thiourea,
to partially and even.

1988; Bitton,

ofs\dapted from Lehr and

,ﬁx& tons (mg/L)
A\

Keeley, 2005).

Chemlcal ’m'ﬂ"r

AR D AL
/0.08

Cobalt
Chromium ¥ .‘.:{"E'ri 0.25%

Copper y ..-f"., .,;V

ﬂﬁﬂﬁﬂﬂ%ﬁwﬂnnﬁ

Hydrogen Sulfide

QW’]éﬁﬁim U1AINYIAY
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2.4.2.4 Heterotrophic denitrification

Heterotrophic denitrification is a biological process in which nitrate is reduced
into nitrogen gas by denitrifying bacteria under oxygen-limited or anaerobic

conditions. Oxygen is the preferred e ctron acceptor for bacteria under aerobic

condition. In contrast, nitraft preferred choice, and in lights of

nitrification where nitratesig,aq #s limited, denitrifying bacteria is
expected to utilize - on denitrifying bacteria are
diverse including vobacterium, Micrococcus
tzeri (US EPA., 1975;

illg bacteria also require

denitrificans,
Anderson and_l§
K"--;‘: nds such as methanol,
‘ 1S : A ong available choices,
methanol is the ‘ Drice. S ks"\-x“‘-.\~ as the electron donor,
denitrifying reactio -.. ‘- » ¢ “:‘: According to equation

Sitigenetates hydroxyl ion.

L

6NO3; + 5CH;0H (2.5)
M 'me tal factors ificgfion including DO,
temperatur ] Belt in order to sustain
il o X .
successful héeterptrop stiggested different threshold
for the DO comntration ranging from 0.2 to 2.0 mg/L bvﬂ'Jyenerally accepted DO

values should not‘ﬁd 0.5 mg/L (Chrlste and Harremoes, 1977). Similar to

ﬂm’;l @mmmmtm giiiz'f:i

to 5 C with the optlmal values reported between 35 and 40 °C (Wlnker 1984;

e I t a
q nltr | t e%? 19 ﬂ et
ecreases approximately 30% when the pH Is outside that range. The pH levels can

also determine the end products of the process: the majority of end product is nitrous

oxide when the pH is under 7.3 while nitrogen gas is dominant beyond that pH level.
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Heterotrophic denitrification is inhibited by many substances such as acetylene,
pesticides and nitrifying inhibitors. Sulfide inhibits nitric oxide and nitrous oxide
reduction process. Metal chelating agents such as potassium cyanide, dithiol and o-

phenanthroline inhibits nitrate reductase in denitrifying bacteria.

Anaerobic : |dat|!1 (Anammesd=iss&" biologically process that

autotrophically #e as a terminal electron

acceptor. Reducti Ao/ ce\ni \-_\' : ;‘ generated without organic
. ) 4 N

carbon requireme atrg, 2004, Anamgnox has the disadvantage

since the ba A € r, this“progess\Plantomecetéfes, have an extremely

slow growth witig#fr ime at ayS\khMapd Annachhatre, 2004).

i . v .

However, thé€ qua v water wa «\-o\.; rin Anammox research
\'r -

contained extre of a \ C gli.e., low C:N ratio), a

tewater (Nootong, 2008). The

characteristic that i " ) & ‘, /
: ' | those \ nitgification.

2.5 Inorganic nitroge ' re systems

Biolpgieal eseribed-in-section-2:.4:2-are-the-basis for the design of
treatment sySten; a Based on literature
reviews, inorg@gc nitrogen treatment Systems for aquacu@]ke applications can be

classified as the ainca growth and suspendeﬂyowth systems.

ﬂUEJ’JVIEWl‘SWEHﬂ‘i

ttached-g rowth systems

9 SRR rapiy M T3]

stone, marble, sand or plastic such as PVC, polyethylene and polypropylene. Plastic
biofilters are increasingly popular due to their durability and high surface area to
encounter nitrifying bacterial slow growth.  Plastic biofilters are available
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commercially for example Biocord™, Bioball, HyperDrain™ and etc. Attached-growth

systems can be further divided into nitrifying and denitrifying systems.

2.5.1.1 Nitrifying systems

Nitrogenous wastewates h gultivation is normally circulated

through aerated nitrifyl ' ductlon ponds. Dissolved

In rotatinggBiolgBi actors (RE i nu‘\ ed cells in the form of
biofilm are at -ﬁ' rfaces dioe plastie discs amounted on a
pbanoglous, et al., 2004).

Because of the rotati' ifferent séctor: e dis are alternatively exposed to

oxygen and wastewater, t to proceed. RBCs were able to

reduce the clogging of Suspenim:

SR )T
nitrogen remgva Cs were re| ge Hm 0.19 to 0.79 ¢
TAN/mZ/d .Cl'"I-‘Illl-_-lﬁll-ll-ﬁl_‘lll'. m— *_—d

A ...,\J

Trickin ?"rlte permeable medium to which
. \
microorganis re attached and through which wastewater 1

usually consist of‘ﬂnor light plastic packifigdmaterials, which possess the specific

ARHINENTIN ﬁﬂzﬂ:ﬁzf:::::

pore SPace so that oxygen and mowanlc nitrogen mass transfers can take plac

q Waifﬁ SRS Y

by trickling filters were reported in the range from 0.24 to 0.64 g TAN/m%/day (Eding
et al., 2006; Crab et al., 2007).

2006). The rates of inorganic

rcolated. Filter media
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The principle of fluidized filters is similar to that of the trickling filters.
Nitrification is carried out on the surface of cell supporting materials (e.g., sand and
polystyrene beads) with average sizing from 1 to 3 mm. Fluidized sand filters have
the specific surface area for immobilization in the range from 4,000 to 20,000 m*m?®

(Shieh and Keenan, 1987). The Jater is introduced upward at the bottom of

bioreactor column at high rdte

are able to treat large«\ol /( susceptible to solid clogging.
However, fluidized Tiftere=are-e ' ve-antd efficient external aeration
e — = .

sypporting materials. Fluidized filters

system to maintain-aegabi Jiti ithin.Expaded=bed. The rates of inorganic
nitrogen removal by gl zed Titler B \ ‘ nge from 0.19 to 0.79 g
TAN/m?/day (SHau egal, 20027 Slfnmekfelt & Shartie00%: Crab et al., 2007).

Design® igrobe ilar, to ( iI{BRRbut the size of beads
(i.e., cell supportig materi i€ smaller, ~Size 6f thereby

LY Y . .
Q. Mn° (Creiner and Timmons,

giving the specific gfirfage g cafro @; _ .
1998).  Wastewgler i§f ditributg *u.ﬂ ) ehiopdf the packing column.
Inorganic nitrogen ty@at @Q f“" " / \ C a jed on the surface of beads.
At the same time, 'spé fled solj ;,,:. bet | VOId spaces. Microbead filters
are capable of treatingMargeevolum -' . ‘. separation of suspended solid.
The rates of inorganic nitro’w emoval crobead filters were reported in the

range from 0.3 to 0.6.g# ﬂ. lmons, 1998; Sastry et al., 1999;

Crab et al. @

ﬂ‘HEJ’JVIEWI?WEHﬂﬁ
qmmmmummmaﬂ
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Table 2.4 Various types and operating results of nitrifying biofilters for Tilapia

cultivation system.

Intial density  Type of biofilters Rate of biofilters Reference
2.4 kg/m® Floating bead filtgr, 6 2 mg DelosReyes and
polyethylene{ Lawson, 1996

0.39 kg/m? Twarowska et al.,
1997

20.0 kg/m® Al-hafedh et al., 2003

10.3 kg/m® Mohanmmad and
Emmanuel, 2000

Not specify Hargrave, 1998

Not specify -washed bead gl AN/m’/day  Sastry et al., 1999

Not specn‘k)

: E ang and Kleppe,
.?gz

140 kg/m3 '> 1 M1 /d "'\Greinerand Timmons.,

T/ — 199
A Trickling filters

ﬁﬂaaring tank . Qs

"2 5.1.2 1 Integrated n|tr|fy|ng and denltrlfylng systems

q WARNTE TR Y

if proper treatment is not met. Denitrification occurs naturally in sediments.
However, natural process cannot handle large volume of aquaculture wastewater

containing high nitrate concentrations. Literature reviews indicate limited
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information about combined nitrifying and denitrifying systems for closed
aquacultures. The design features of denitrifying systems are similar to those for
nitrification in the way that it requires high surface area biofilters to immobilize
denitrifying bacteria. Additional feature of denitrifying systems is the quick oxygen
removal from wastewater to ensufe obic condition. It is desirable to keep DO
concentration in denitrifyi re T?/ ,10 mg O,/L. The research and

ing systems in Thailand was

reported by Triyarat (2003 .,‘ 'thls wrk ggltrlflcatlon bioreactor was
e —

developed. Effluent AT : | WOm nltrlfylng bioreactor

biofilters. M _ N actron donor, | stlelivVeTed via automated ORP

control at the bggfini ethbe dg'hosan twemMaMBoxygen in wastewater.

0.06 mg N/L accumulation™ The maximum nitrate

concentration in thi

bacteria, the u'[;pi of S ganlm
o Iy . ) )
limited. Base literature reviews, it becomes clear that n

and direct mtro@'nﬂlmllatlon can occuf@simultaneously in suspended-growth

AR
ARIAATHANIINAY

Earthen stabilizing ponds or in short as earthen ponds are the least expensive

itrogen compounds is

ication, denitrification

system to buiid and maintain. \Wastewater from aquacuiture ponds is introduced Into
earthen pond with the dept about 0.5 to 1.0 m and thoroughly mixed to attain
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homogeneity. Wastewater is kept in earthen from 1 to 2 days or as long as a week to
ensure a complete treatment. Figure 2.2 displays the biological relationships between
different biological processes in earthen ponds. Oxygen is generated from reaeration
at water surface and from photosynthesis of phytoplankton during the day. Oxygen is

gradation to produce ammonium, CO,,

ic compounds for growth. Nitrate

'/w( ftrification at bottom sediments
SES_are cyclic so that inorganic

to produce nitroge '7 > :-":': blojglca

=~gapability.of earthen ponds depends
strongly on the rate TP well as the ability of both

nitrifying and ifyf0 baCteris '-,\ artheponds with microalgae

"lk

suranges from 176 to 2,113

are capable of v
N A Kgkeaves, 2006).

Figure 2.2 Bioiogicai reiationships between phytopiankton and bacteria in earthen

stabilization pond. (Nootong, 2008)
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2.5.2.2 Biofloc technology

Biofloc technology is the nitrogenous wastewater treatment and protein
utilization strategy that is applicable in both freshwater and marine environments
(Azim et al., 2008). This method was sustainable in both intensive and extensive
aquaculture production (Harig gty | ( jvnimelech, 2006; Crab et al., 2007).
achnolo 7}/ pfocused mainly on cultivation of
igu —_‘Joval of inorganic nitrogen
ioffoe=teehmelogy systems is engineered

assimilate nitrogen and

shrimp and Tilapia
compounds (e.g.,
based on an en
incorporate it i labiomass synthesis. As
o “‘ CFU, they tend to form
noticeable an v' : , (icesy bio ar ade up mostly from
“(Boyd and s et al., 2003).
Other compotfents. allic Shic bacter: ‘ boplankton, protozoa,
inorganic mattegg¥ (e. an d m | Jicr -:"j- jsms are also presence
(Burford et al., 2003ffAv '

s @ iofloc appear irregular and
Pthe iorositystan

highly-opened wi
(Avnimelech, 2006; NBotongang:

65 to 78% OMthe total aggregate volume

& u78hd Ridha (1995) described the
similarities in structures befy ve oc haculture systems and those normally
found in activated sludg o 1 |
diameter, k Ay
natural enefpige

2007). Living@i no oosmheld together by inter-
particle bonds=and bacterial excretions called extracellular p‘ mers (EPS), which are
highly hydrated, ﬁw biofilm matrixes c@aPrised mainly from polysaccharides

AU AENIRGATS
ARIANTAUANIINGIAY

anging from 0.1 to 2.0 mm in
' sgflation from  larger
gﬁ (Verstraete et al.,
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Carbon
Feed Source

A
Consumption
Uneaten
Feed \
e,
Figure 2.3 Water treatmen ation concept in biofloc technology

Equatiow’(2.6) indicates the possible reaction pathwa§ of inorganic nitrogen
assimilation into ﬁ\ﬂjcroblal biomass (i.c6@sH;0,N) by heterotrophic bacteria.

AU

to equation (2.6), the following @ctors can mfluenﬁ successful startup a

*ammmmﬁmmma 1

NH4 + 1.18C¢H1206 + HCO3™ + 2.060, —

CsH702N + 6.06H,0 + 3.07CO; (2.6)
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1. Addition of organic carbon

Transition of ponds to more heterotrophic dominance could be accomplished

and maintained by providing sufficient amounts of organic carbon (i.e., C¢H1,06) or

rces for heterotrophic bacteria during

other forms of carbohydrate (e o) mo’asses starch, cassava meal). Organic carbon

pBrted a gradual transformation of

outdoor shrimp culti ‘![.I'-, aiks from p ased autotrophic food web

towards bacterial ' phlc'ﬂod vvebmks of the daily addition of
shrimp diets co i pedal & bjor, ingredient. ther report, addition of

grain feeds (i.e. ureg#Of ¢ | wheat grain E 1d“e@in). containing 18 to 22%
ponds in Beli om phytoplankton to
more heterotrophi ed supplying organic-

mixed shrim

gen “6ompounds in biofloc

technology syste ided By mEitamingibigisubstrate C:N ratios within
ponds under aerobi'c ...;2'.” Aynifeleeh ef\®., 1994; Mcintosh, 2001).
Avnimelech (1999) descrif r"‘.; :.p,. et al of'10 mg NH,"-N/L within the

mglucose into suspension at the

period of 2 hours foII _‘r' ”al
1 ) " -(TAN) In another

concentratlo:EO

Work a s 0 ..‘l.x-! NI _rodLiction..OL. . Ammonia. \A/A¢ n-lhl.ﬁ.-.ui- V26 When the Shrlmp

cultlvatlng arfkey !_' vhich were added daily
at the quantitw 17 times highe 3 grassumed TANﬁrcretion rate of 33%

(Avnimelech et al 1994) Recent work by F&rﬁnot et al. (2007) used molasses and

AU NN RIS

trea nt. Similar results were reported by Azim et al. (2008) such that the optimal

bi ofloc development measured in ‘rm of volatile susg@liled solids (VSS anduD5
991

IR ARTIRAD

the work separately on biofloc technology and suggested the systematic method for
quantifying the amount of organic carbon needed to supply biofloc technology ponds

in order to remove inorganic nitrogen compounds in water effectively. For instance,
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the amount of organic matters required to removal 1 mg NH;™-N/L could be
calculated by following this simple approach (Avnimelech, 1999).

(1) The amounts of orgg assimilated by heterotrophic bacteria
(ACpic) were estimated usigyWA& %) where ACH is the amount of
added carbohydrate, wizielti req nltrogen E is the microbial

: the @Ilty metabolize added organic
to P0%; -al

conversion efficien

carbon, generally .ran -CY -...__;_‘ carbon content in added

carbohydrate normall

depend on bagieri g ‘ ' 2 \' . \;‘ I‘ N = AChic/[C:N]mic =
(ACH)(%C)(E)/[C¥] i AN "‘ gen assimilated for the

production of ials: ad-TC NIk, i atl\of bacteria.
.-'!".d" ..' ' " \

(3) By employing appro: fmate all , IC, E'nd [C:N]pmic as 0.5, 0.4 and 4,
respectivel Gaud and Gaud) SERE T melech, 1999), the amounts of
p y (Gaudy gj; )

carbohydrateg,that.

l /i A
2. Aeraﬂ@n and mixi : M

Biofloc te‘nrﬁgy ponds could be co red as biological completely mixed

asﬂauﬂ INHNTNHIDT

aerat and mixing result in ex?aswe organic Ioadlng in water and qmcli 3|Id

q WIS U

aeration is normally provided 24 hours a day and is typically achieved via mechanical
aeration devices to maintain DO concentrations above 4.0 mg O,/L (Boyd and Clay,

2002; Avnimelech and van Wyk, 2007). Malfunction of aeration equipments in
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biofloc technology systems could lead to a rapid decrease of oxygen inventory to
reach critical levels within 3 hours (Vanitchanai and Nootong, 2008). The availability
of dissolved oxygen in water may also determine biofloc structures. Filamentous
bacteria tends to dominate at DO < 2 mg O,/L (Martin et al., 2004; Tchobanoglous, et
pact bacteria (i.e., floc forming) are more

' ghg O,/L) (Wilen and Balmer, 1999;
#0)ecommended operating biofloc

al., 2004), whereas larger and n

Martin et al., 2004).

technology ponds a gh-DO-le

than 200 mL/g tM

and hinder bioflo ' es) Shiefn;: o he average biofloc size

*f10C.volume index (FVI) greater

khysiathe-dead zone region of ponds.

gecatfomgand mixing may breakup

‘ orce) is applied. For

example, Bigg _' tratedinac ‘i\.:\\ dge system that stable
floc size was“appro h (e velocit Ghedtient was fixed at 19.4 st
whereas the aver, sl gased to't thelapplied velocity gradient

of 346 s*. Previo pérdling mechanical devices to

provide optimal fiéd ' ‘the f,'."_' , Ve 8 and 100 s™ for intensive
aquaculture cultivatiog®(Boy T ucker, I cGR@w et al., 2001; Schuur, 2003).
This is corresponding to the pom to 10 W/m® (30 W/m® for mixing in

activated sludge process;

to attain r@ :

would benehft i

rates than a s@le’ c qUnt, -.: 8; Crab et al., 2007).
Operation of : chanical aeration devices to produce sheaﬁtes beyond this range
(i.e.,>100s™) ter‘eﬁbreakup biofloc aggré&gafes (Crab et al., 2007).

AUBINYNINYINT

MIBLNTUUNAINHANY

between maximum and minimum temperature could be nontrivial. Oxygen is less

ag.rates, microbial cells are able

@eable biofloc that

i &e_lﬁle to grow at faster

3. Temperature

soluble in water at higher temperature, for instance at the atmospheric DO
concentration was reported at 9.08 mg/L at 20 °C, whereas it is only 6.93 mg/L at 35
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°C (Tchobanoglous et al., 2004). The optimum temperatures for bacterial activity are
in the range from 25 to 35 °C. Krishna and van Loosdrecht (1999) reported the
occurrence of activated sludge bulking when the temperature was from 30 to 35 °C,

and also suggested the temperature range between 20 and 25 °C to produce good
sludge property with FVI about 2 0\ |

S\

'-5.!_‘"

4. Other che

=

Certain

formation by ser

limited. Only Boyd

“"

and Clay (2002 dd - \‘"\ ‘.'».\;- byproduct of zeolite

manufacturingto ir a@‘ icrobia o8y the rero-exchange shrimp

r

cultivation pond idl n o_?;]fs

< A
|

Jetail

2.5.3 Water charactegisti 8 } foc te

Water characteristi iT?"T

initial startupgand

systems are different during the
pbial eminances in ponds.

nitrogen asStai itheflgae. A continued
- el

addition of orddic carbon nroma gro

of hete@ophic populations that
help maintaining w—u*-N concentrations at low levels. NO,-N and NO3-N stabilize
at lewv goneeqtrakQrn e tse0 fgassiini Lai cess (i.e.,
AUH T MU SRS
susp‘jied solids ‘(VSS) in water increase significantly. Once biofloc téchnology
systems reached steady state, N‘J-N will be relaffigly constant at accéfidble

while other parameters such pH and alkalinity will remain relatively constant. In
addition, water of biofioc technology systems tends to be turbid due to high biomass
yield at 8.07 g VSS/g N. This amount of VSS production is approximately 20 times
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higher than the solid generation rates by autotrophic nitrification process (Ebeling and
Timmons, 2007).

Other nitrogen controlled mechanisms can proceed simultaneously within
biofloc technology ponds as well. For instance, autotrophic nitrification was observed
to take place in high-rate |3 iy .‘ dfTiapia production systems containing
flocculated matters when el ta ,: mim %/}/gter column was about 1 to 2 mg

N/L or higher (Boyd and"Clay /.20 02; Brun MBecause of nitrification that

releases hydrog:?er, agalini echnology ponds would
continue to decrease®tMless.e0fae;forns of i

Overall nitrifyin e T ed,due ) Tasiémgrowth of heterotrophic

imestone was supplied.

populations (Brungg®t 4 Or 0/o\Of, INputs' n\ were converted into

4 jécted tO™Reterotrophic bacterial
L —— G .
uptake (Mclinto 4 ; _"'-; %28, and 43% of nitrogen

conversion by autotyfphignifificati -@ I

‘\!f’r

"

ac \\ hedvier loads, thoroughly
j0

\\ \

et al., 1994). However,
, ecause it was characterized
_tionsre kely to be less than 5% of

by high BOD/NH

total microbial biomass*( Tchpbaneglous € B4). %
4 p.p i L ‘

— -

AN
2.5@C '

An h'_h}r-}offers the distinct
jons and %ched-growth external

biofilters systems‘is the reduction in feed expenses due to more effective protein

re fr feedm Vviay hi & i r Aquatic

twic‘l)nce in feed and later from biofloc proteins. This would reflect into substantial
increases of protein recovery fror’ about 25 to 30%difconventional cultivafiad to

qRAANTI AR YA N R

either lowering the amount of feed required or switching the feeds from high to low

advantage ovef ftraditiona

protein contents. For example, Avnimelech et al. (2004) cultivated Tilapia in
freshwater by using sorghum as supplemental carbon source in combination with feed
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pellets containing only 20% proteins. The experimental outcome indicated a
significant increase of protein recovery rates from 23 to 43% that was equivalent to
almost 50% cost saving when using 30% protein feed pellets alone. Mcintosh (2001)

similarly reported that the feed expense of Tilapia farming was lowered by $0.2 per

| M 0 to 30 mL/L did not actively
di 0 This observation could be

pg biofloc between meals.

jump toward feeds

explained due to the

abundance. _ gtn’ ‘ " lal Ofloc DY Tilapia was estimated
at 0.25 g N/k

degradation withi f line m\\o, SYSteMs, nitrogen recovery rates
were compara ) w ate itrogerkréeyerydrates in super-intensive

shrimp cultivation 39% @ \‘ uantity available in feeds
Lible the values typically reported in
exchange (Boyd and Tucker, 1998
cited in Boyd and Clay, Oz;?} 'e Panjaitan (2004) indicated as high

» irement whe Yﬁas employed instead
of traditional Opened-pond-systems.-Additional-work-by-Hari el al. (2004) utilized

%

traditional shrimp culfivatiGhWith frequel

as 70% reduction.e

biofloc techfid gy < ental carbon source
per kg of 250/@rotein shrimp dIets aurmg extensive in e%sive shrimp (Penaeus
monodon) produc?n. Cultivating results deEO}Strated that 35% reduction in feed

expense @ndgs ngreas [ p ' upplying
shiimps W n QWﬂe I WO ing tof rgsults @btained, a
sust%ble shrimp production by biofloc technology could be achieved in grow-out

extensive ;onds because (1) lower*protein dietaries coliihbe used (i.e., 40% t&!%) |

q mpounds’in production ponds were hif IMitation and (3)'r

discharge was met (Hari et al., 2004; 2006).

ri
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2.5.3.2 Nutrition and probiotic effect

Raw materials used to produce 1.0 kg of aquaculture feeds normally comes
from fishmeal and fish oil, which are produced from catching 1 to 5 kg of fish from

oceans (Naylor et al., 2000). This practlce represents non-sustainable way of

o ed by adopting biofloc technology
(2007) indicated the presence of

producing feeds that could
concept. Decamp et al. (2608)

vitamins, trace ming PHB), which is a storage

polymer molecul . NS #e*infection in aquacultures.
Further analysi Fhi5 \ ' nt t.a indicated the proximate
composition of hi {e*Cont ightly: ! AN e of crude proteins, 4%
fiber, 7% ash and e igh s,proximate composition is
considered apg¥opri $Pecies such as carp and

results presente@” by ch-a ' jera -. . n this work, a dense
Streptococcus inia bacterial’Sirain Causifiy Ulnarketable appearance and
heavy mortality for ¢ -_ 0% offWTilapia population reared in
conventional and bi gy ere Was no significant difference
regarding infection of Stre OtOC! rw- Wﬂ gjected fish in both ponds, whereas

for non-inj d fi h as 25% lower in

biofloc teC Wv.mgh— ----- Al 01 ".' hIC populatlons (z
10° — 10" B feasee from sick and dying

—

fish from infectit g remaining Nea populations. Adiﬂlonal work by Moss et

I. (2001) sugge?d ositive impacts of cgnsbjmmg biofloc to shrimp digestive

mm pr El b PR g
qmmmmw*nwmaa

Biofloc technology also has several disadvantages. Due to high heterotrophic

growth, significant amounts of suspended solids are produced during aquaculture

production causing high turbidity of water in ponds that could become a problem to
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some aquatic species. High sludge production also accompanies by significant CO,
formation that leads to a rapid pH reduction in production ponds. Excessive sludge
generation and maintaining of high sludge age could enhance the proliferation of
protozoans, which are known natural predators of heterotrophic microorganisms. The

presence of protozoans at high num

(Avnimelech and vansJi - >

performed as a mean 10 Tedtee-a
e —

Id reduce heterotrophic populations that

u take in biofloc technology ponds
kIy sludge draining must be
tlon on pond bottom and to

avoid excessive turbidi re 5,__ pperations as high as few

times a day are possi  fi UE ?: ah : 'adings (Mclntosh, 2001,
Boyd and CI ‘ ‘\'.\‘q- NaHCOg3 is required to

maintain optim ( ihi ahges Deween e‘ g between 100 and 150
mg/L CaCOs, respgetively. o imitatiok O chnology is high oxygen
" i BlserTal e suspended in water
and able to degradgf agrobic e % - in biofloc technology
system is more’ 1an Ccon chti I\ x‘\ . ygen requirement was
: ccdivnimelech and van WyKk,
2007).  Despite i'n ¢ygen” requ ' ent, COSt of oxygenation in biofloc
technology systems is like '{f{ v ing and aeration expenses required
in external biofilters systepiS-mgdia 1 p and denitrification (Losordo and

ﬂ‘HEJ’JVIEWI?WEHﬂﬁ
qmmmmummmaﬂ



CHAPTER 111
RESEARCH METHODOLOGY

This research can@es0deo ectlons the first section involved

the determination of-optifme diti atlon without fish culture
while the second jn-u\-‘-i the zero-water exchanged
tilapia cultivati 1gures3.l THestrates the flow diagram

_| Optimal cond tiongor biofloe= ;s:"- water tilapia growout

formation withougi culture | - ing | hta from part |
;} - sl ] . i
F~———————— === ==== A=~ e~ E— | e ,
i Exp.1 Effects of manipulating.th / b Zero-water exchanged tilapia |
> substrat N ratio coseas | p.Using the result from section
! organl jl i
i Exp.2 o !
Ly sutfstrate CiN ey exchanged tilapia |
| organic carm) source an . <ition — 3gnprovement from !
: water. | 1 experiment 5 !

___________________________

r _____________________________ I
| p 4 Effect of manipulating the !
' substrate C:N ratio with starch as I

q mmm—m—uww NYa Y

Figure 3.1 Framework of the experiments involved in this study
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3.1 Optimal condition for biofloc formation without aguacultures

treatments (with : ‘ ‘ grass bottles (7 L), which were
filled up with ta | "Glucose and ammonium

chloride (NH.Cl peespectively. Different

amounts of glucosgsnd 3 : um chlaride,wer 2 Adeled daily into each glass bottle to
provide differ®ft setsBt subsj ate-C:N ratios. (Botlle B1, B2 and B3) was
supplied daily with 15 g6 N - aghiévesthe amimonium dose at 1.0 mg

N/L. Different amg@mts §T g &.se @ g iRE \ w\».,i 40, 80 and 160 mg were
o ‘ \
respectively addglf intgfthefireatm “onthe dai \"« toghoduce the substrate C:N
n

b}

ratios of 2:1, 4:1, 8 and 6&\ ne difft ws installed in each glass
bottle to provide aliequgie mixjfig-ana- ed ox J MO) at greater than 3.0 mg
O,/L. The pH and all@lini v'}m:' Tainta iyveeM7 and 8 and between 100 and

150 mg/L, respectively by aetORSOL_NaHCO3;. The glass bottles were

located outdoor adjagefitek ~laborato g_receive sunlight and were
entirely colere ﬂQaNV grasp samples
of water fr&] £ for total ammonia

nitrogen (TAI\i@nitrite ) colﬁntrations according to
APHA (1998) | etalls of the analysis can be found in Appéhdix A (subsection A-2,

‘HigInensneans

3.1. Zﬂxperlment 2: biofloc formtion: the effects anlpulatlng the su tr te

WTRNT I ﬁ‘lﬂ"l‘fﬂ e ﬂﬂ

e experiment was carried out In one cont
treatments (with 3 replications) by using 9 identical glass bottles (7 L), which were
filled up with water obtained from natural pond located near the Faculty of Science at

Chulalongkorn University, to attain the working volume of 4 L. Glucose and
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ammonium chloride (NH4Cl) were used as the carbon and nitrogen sources,
respectively. Different amounts of glucose and ammonium chloride were added daily
into each glass to provide different sets of substrate C:N ratios. The controls (Bottle
B1l, B2 and B3) were supplied daily with 15.3 mg NH4CIl only to achieve the
‘ ' 1 (Bottle B4, B5 and B6) was supplied
daily with 15.3 mg NH,CI X)/l to achieve the daily substrate C:N
: A 89) was added on the daily
basis with 15.3 mg | y ,7 - 60 @ of ggm the daily substrate C:N

ratio addition at 16:d " v' ‘ pstalled in each glass bottle to

ammonium dose at 1.0 mg N/L.

provide adequate mi‘ g a Yof ea ot tha L The pH and alkalinity

were maintai 0"mg/L, respectively by

regular additiong \ \-\-\"'u\;‘:‘\ tdoor adjacent to the
laboratory buildin e gunlight e Were ont \ overed by plastic lids to
prevent rainw. Ay grasp sample -\ ater ffrom each glass bottle
were obtained an nredi | TN \ e, nitrate and suspended
solids accordin ¢ # oroph; - uraccordlng to Strickland

and Parson (1972) 16 anal SIS ga \ dln Appendix A (subsection

3.1.3 Exp ofﬁrganlc carbon in
.l.|HA'l-I'-I’A-'-Ili'J-VA"-"- *__‘

S

The exiﬁlme ] Wltmreplications) and two
|
treatments (with’3 replications) by using 9 identical glass

filled up with tapﬁ/ﬁ‘to attain the working®lume of 4 L. Glucose and tapioca

ﬁﬂﬁmﬁmﬁﬂﬂﬁﬂﬁm:

g NH4CI only to attain tI? ammonium dose 2.0 mg NJ/L. Treat e

les (7 L), which were

st
as
30.5

4 WARNTS URTINGTHY

treatment 2 (Bottle B7, B8 and B9) was provided with 30.57 mg NH,CI and 512 mg
of starch to attain the daily substrate addition at the C:N ratio of 16:1. One diffusive

stone aerator was installed in each glass bottle to provide adequate mixing and DO at
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greater than 3.0 mg O,/L. The pH and alkalinity were maintained between 7 and 8
and between 100 and 150 mg/L, respectively by regular addition of NaHCO3. The
glass bottles were located outdoor adjacent to the laboratory building to receive

sunlight and were entirely covered by plastic lids to prevent rainwater penetration.
Daily grasp water samples were itajngd from each glass bottle and immediately
analyzed for TAN, nitrite '%to APHA (1998). Details of the

ﬁ-s and A-4).

\

The ri Figd/out iy ’ i i eplications) and two
treatments (with icati oy TR0 i ant .\\ asttles (7 L), which were
filled up wit & i \ ’\H 4 L™ Tapioca starch (Fish
Brand) was use rbonfSg ource while 2 ghloride and commercial
shrimp diets were € w@ r \ \\ ources. The proportion of
nitrogen mass fro " am rﬂi‘ -«_'_l adishrimpidietsWvas fixed at 4:1 (i.e., 1.0 g
f m | 8nd 0% g N from shrimp diets). The
control (Bottle B1, B2 and B -,,’,,i,,,_“._._.::'-_ @atly with 15.3 mg NH,Cl and 17.7 g of
20% shrimp diets to_attain ﬁ‘??”. i (; Bing \/L. Treatment 1 (Bottle B4,
B5 and BQ} 9 NI __)and 17.7 g of 20%
i I Qﬂ at the C:N ratio of
2:1. Slmllarlyﬁatm rovided with 15.3 mg NH,CI
and 17.7 g o 'I % shrimp diets and 528 mg of tapioca ‘ﬂ

substrate addltlon‘im N ratio of 16:1. Af#liffusive stone aerator was installed in

S AEANEANT

mg/L; respectively by regular add‘von of NaHCO:;. e glass bottles were

A RGN el WIINYIAY

were obtained from each glass bottle and immediately analyzed for TAN, nitrite and

ch to attain the daily

nitrate according to APHA (1998). Details of the analysis can be found in Appendix
A (subsection A-2, A-3 and A-4).
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Plastic lids

Aeration =

Figure 3.2 (Left) ,. ient\(Ri thActual pieture of the experiment to

determine the opti >:N ratio) f _ : ] ithout the presence of fish

3.2 The closed-wat .-‘f'f--:‘d___ ilapia cultivation using

result frQm

3.2.1 Experimél t 5: zero-water exchanged Tllapla cultiVation using the result

”ﬁe“ﬁsae mamwm A3

o -water exchanged Tilapia cultivation in biofloc systems. Nine repllcated

e- Ias con |ne ere fille 0 t in ‘
u a ratl ijed e car e
orine. Four dlffuswe stone aerators were P aced in

severa days to remove re5|due
each container to maintained well-mixed condition and the DO at greater than 4 mg
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OJ/L. All fiber-glass tanks were covered with transparent plastic sheets to prevent

rainwater and partially allowed sunlight.

The zero-water exchanged Tilapia cultivation was carried out in the described
containers for 45 days. Nile Tilapia (Oreochromis niloticus) with an average weight
of 30 + 4.5 g was stocked in ,v_;j_\ dinerflo gbtain an initial weight density at about

b

3.0 kg/m®. Tilapia was fed wit
total fish weight per-day™
daily basis witWeds ‘aﬂy ‘-'Fremnem-?‘(wnh 3 replications) was
provided dail)ﬂaﬂ( ‘; 2 _\‘: ch ¢e) at the weighted C:N
ratio of 2:1. T en I : \“‘ 5

Tilapia feeds and ja@tocag#St

16:1. Thus,

Tilapia feeds a [ _' \ Dl d \'~ @linity were maintained

s@uprovided daily with the
e weighted C:N ratio to
haccOreing to the quantity of

between 7 a v y Qf ) mg \’a b espectively by adding
NaHCOs;. The #Ri ' " _.v.j ofyvater aChltank was obtained and

AN \\u\\‘ al suspended solids (SS)
according to AP, _examifation of biofloc samples by
fluorescent microscopy’ waszperformed a fig, to8vnimelech, et al. (2007) and
Azim et al. (2008). Th |

sedimentation in an Lmhef

as determined by the 30 minute
iment, the‘entire tilapia in each
b information was
_I\ir_gion ratio (FCR) and

tank was Gaught
used to det&f '
e

survival rate. r il |"
|| i |

- fa & e B
Since the size of contalner‘ln experiment 5 wigsafound too small for

ISR TN BHIRY

outside the laboratory building. An initial suspended solid concentration of the pond
water was determined at 25 mg SS/L. Four diffusive stone aerators and a submerged
pump were placed in each tank to maintain well-mixed condition and DO at greater
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than 4.0 mg O./L. All fiber-glass tanks were covered with the semi-transparent
plastic sheets to prevent rainwater and partially allow sunlight. The zero-water
exchanged Tilapia growout was carried out in the described fiber-glass tanks for 60
days. Nile tilapia (Oreochromis niloticus) with an average weight of 30 £ 4.5 g was

stocked in each tank to obtain th

|ght density at about 3.0 kg/m®. Tilapia
was fed with 30% protein comnel -source) at 3% of total fish weight
per day. Tank 1 and (T control systems, which were
supplied on a daily BESTSwith Tank 3 and 4 (T3 and T4)
were considered ast ded._daily Wlth 30% protein Tilapia
’ Regueighted C:N ratio of 16:1.

.,

pthe'e Xperiment according to

\ \\ and alkalinity were
and 150 mg/L CaCOj3; by
D np were employed to

O for each tank. Tilapia

‘\‘i al.

cach tank was obtained and

te, and total suspended solids (SS)

according to APHA (1998) Betaris-ofmaggenic nitrogen analysis can be found in
LRI :

Appendix A (subsectioneAsL=A-8-an -*' afloc volume was determined by
the 30 mn@_ ,. from each of the
control sysfg rgugh the Whatmann
glass and allo J to re m to the Department of
Chemistry at the"Mahidol University to determine the proxi

and N contents (ﬁm Analysis, 2400 Seflligd’ I Perkin Elmer Company). Same

QRN TRTNET

pump and dry overnight before un?rgomg the PCR- D GE analysis to determ eghe

q w::isa“m:mmmm Tetit]

controls and treatments was carried out by using Microsoft Excel 2007. For the

‘e analysis for the C, H

nitrogen balance calculation, nitrogen in Tilapia biomass was calculated according to

the following assumptions: Tilapia dried weight is approximately 33% of the total wet
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weight and on average and Tilapia contained 45% protein (Wutikumpoln, 2003).
Moreover, it was assumed that starch contained carbon at approximately 50% of the
total weight (Avnimelech, 1999).

During the experiment, unfortu

al er the electrical failure occurred to cause a

fisycaused a rapid decrease in oxygen
gt was set up to determine oxygen
consumption rate.  Apploximedtel . ofloc from the controls (2
replications) and treatemerts- pllcaﬂ)ns) warcu#lﬁ!!—w filled up the empty space

of 1 L glass b nt air leakage and was
wrapped with ‘ BV 3, GEOWith, ofsliygioplankton. Each glass

bottle was equip W0 provide saturated DO
concentratio Sl Jbe Stanting ent. Aeration was
switched off andgf ghtration Was megstredlat eVghy 15 minutes interval by

0
.'.J

Acrylic sheet
il

NE2N3

130 L and 500 L

q m AINIARINLIAY

biofloc technology systems (Part I1).
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Table 3.1 Summary of analysis methods performed in the entire experiment

Parameter Monitoring  Analytical Tool Reference
interval

DO (mg OJ/L) Daily DO meter method APHA (1998)

Temperature APHA (1998)
(°C)

pH APHA (1998)
TSS (mg/L) APHA (1998)
TAN (mg/L) APHA (1998)
NO,-N (mg/L) . APHA (1998)
NOs™-N (mg/L) APHA (1998)

TN (mg/L) — tra ) gectrophotometric  Gross et al. 1999

DTN (mg/@ y “ CE A rQGross etal. 1999

,"' *" Strickland and
auerror chlorophyflls  Parson 1972

Chlorophyll

il
(mg/m°) ll.—lj

Alkalinity fiweekly Titration metho APHA (1998)
€A &J

RN TUUMINYAE
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CHAPTER IV
RESULTS AND DISCUSSION

pitrogeh ié ammonium chloride. As
| chloride at 1.0 mg N/L produced
sequential bmldups of TA N-and  nif i ly followed the characteristic of
nitrifying % t of itri cil_’r:h lation was clearly
related with the-amount-of-glucose-added-datly.—initial HeJ AN in each bottle
increased fromneg ITL)10 reach the maximum
values rangin’@om 14.6 to 23.4 mg N hefore beginninﬂ']to decline after day 6.
Detailed exammaprmlealed that an addltlou glucose and ammonium chloride in

ﬁum mmw IINT

ng substrate C:N ratios. For nitrite, the dally supplement of glucose and

ment : 16,0)w HIE Of
t e use o other substrate C:N ratios pro uced the maximum nitrite concentrations In

the range from 0.96 to 1.75 mg N/L (Fig 4.1B). Based on the result presented,

manipulating the extent of glucose addition was able to produce the different
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inorganic nitrogen profiles in water. Maintaining high substrate C:N ratio at 16:1
seemed to offer the most promising result. This result concurred with the hypothesis
made by Avnimelech (1999) that recommended using the high C:N ratio at 20:1 to

remove TAN in water. According to Fig 4.1C, the level of nitrate was relatively

smaller than TAN. Nitrate appe
occurrence of n|tr|f|cat|on _The hi
sence of glucose in water.

ILLATTOTIS=WE ] 1
Organic carbon W : ' andwenergy. sources for heterotrophic
0 _—— | ‘x\\ : b

bacteria, which are_kpewh te*hessess higheroxyigensaffinity and able to grow faster

crease steady for all bottles to suggest the

roductlon was associated with the

th ammonium chloride only.

than nitrifying™H afpay ant 1| N raction of nitrifying
population wasgf€portgl & withl, re 2asing organic carbon
quantity (Tchobang#loug! eff alf ¥ DU 't o rate of nitrifying
bacteria, it wagdfli ifri fication ' Yalk for inorganic nitrogen
controls especiallyfwi ence o '“\ :\“u";'x,! water. In conclusion,

\ A 1 .
at ».\» st be used in order to

%
control the concengiietiofis ‘ Aifrogen cofppaulhds and the occurrence of
e ' ;) L ‘ \ n : :
nitrification exerted a g@sitivesp r...'.ﬁ':!_ ualitylias it converted toxic ammonia

into nitrate. In this €' it onty Gual \ bservation was made regarding the

amount of biofloc formai ‘_‘, ent 4 (i.e., C:N = 16:1) had the
=t ’

highest tur@y d | h

ﬂ‘HEJ’JVIEWI?WEHﬂﬁ
qmmmmummmaﬂ
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a
= —— MHAC] Only
I
%” —.— =211
E —— =41
<% —a— =01
[—l
—o— =161
20
=) 1.5
= } G ——1TH4C] Only
: )
= 12 —-— N2
:’ 1.0 e W]
= 0By
= (¢ —a— O H=5:1
Z 04 —— =141
0.2
0.0

£—¢—NH401 Only
—r ] _)—I— CN=2:1

- e ‘._ —r— CN=4:1
1.5 4 —

—— C:M=2:1

Nitrate (mg-N/L)

111
1 l —Oo—CN=16:1

Flgq 4.1 Effect of c anglng the substrate C:N ratlo on TAN (A), nitrite (B) and
nitrate (C) by manipulating the dmy addition of glugese and ammonium chifgit

RN IR VNN
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4.1.2 Experiment 2: effect of manipulating the substrate C:N ratio using glucose
as organic carbon source and pond water in Chulalongkorn University as initial

ut n extension to experiment 1. In this
\[/ g near the faculty of Science in the
. )ﬂ' crobial seeding. Once again,

seeding.

Experiment 2 was carrie

experiment, however, natu

Chulalongkorn Universj

daily addition of glftOse=and-a mo@um tifor - s applied as the carbon and
e — - - -
nitrogen sourceW n inftial suSpendaggselid, concentration from pond

water was at 25 + 5 ' { gllicosesupplement, TAN increased from less

—
than 0.5 mg

day 9 before starting
for treatment 1 (i.e,, C:N
= 2:1). In contras _ A ""—;\ 2 (i.e., C:N = 16:1)
was more ca i N at \\\' 2.0% g N/L for an entire
experiment. For nitrite gFig¥ 4°2B)sthesdaily" supple \ glucose and ammonium
: ' le ofiprodr i» he nitrite concentration
below 0.1 mg N/ LTI Cancentrations (1., NO2-N < 0.2 mg N/L)
were also observed ip eat s-‘-;’a 1es

0’

——
Pt
Il

nitrite increased rapfdly -ﬂ'ﬁf‘w
According to Fig. 4.2C, ni ,, ’f,'

not seem t({g&inf

Fig

to decline sligh tiecal

= 2:1). % Without any organic carbon,
A
at the level below 1.0 mg N/L.

pge from 1.0 to 1.5 mg N/L and did

nsglass bottles. For the
C: 1T 2:1), phytoplankton

controls (i.e.,wly ni
flocculated by the end of the experiment, resulting in a clear separation from water.

The_rgason _for tﬁ ervation. was_ still wn at this_stage. However, the
mﬂe é ﬂhlor hyll- H\%ngwr ﬂlﬁe% a slight
incr‘f rom about 20 o 180 mg/m*, suggesting a small phytoplankton growth. The
rapid phytoplankton bloom occurrdfl in treatment 2 (i.ﬁ: = 16:1) since th er

QIR TN AN NS

difference compared to other bottles (Fig. 4.4). Phytoplankton proliferation was also

accompanied by a substantial increase of suspended solids from 34 to 250 mg SS/L.

Substantial increases in chlorophyll-a and suspended solids may imply the direct
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assimilation of inorganic nitrogen into phytoplankton and bacterial cells (Burford and
Lorenzen, 2004; Avnimelech 2006). The previous literatures also reported a gradual
shift in populations from phytoplankton base towards heterotrophic bacteria when

organic carbon compounds (e.g. glucose, molasses and tapioca) were regularly

/ere able to assimilate inorganic

nitrogen into their cellSs ‘ " Whe e C:N ratios in water were
maintained at gre -m. @I‘OSCOPIC examination of
suspended solids : ‘ 16:1) revealed that their
morphologies were. icroorganisms including

The conclusigf opfaifed from sfexperiment that pond water was

more effectivegfhan flapfugter as.itipalrcatiyiy . icroorganisms (e.g.,
phytoplankton and acte a) ava @f} : rbon for their growth and
establish inorgap#C ni a- a35| :";‘ _ ; St strate C:N ratio at 16:1
was still effectlve i a ;{ NENOf | ‘ pd nitrite in comparison to

lower substrate C:N rati@s. é.
'.-faf.. '

jl‘-_-n!!

£ J‘F’W'

ﬂUEJ’JVIEmiWMﬂﬁ
Q»W'mmmummmw
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—a+—Hdonly —W—CHN=21 ——CH=141

10 4 (A)

-
.
ﬂlll
g
=
-
—

Nitrite (mg-N/L)

Nitrate Wﬁ

0 r}‘

ﬂuﬂ'mamwmm“’

Flgure 4.2 The concentration pr@les of TAN (A) itrite (B) and mtrate@ in

ARIRANTUNN TINYIRY

(Treatment 1) C:N = 2:1 and (Treatment 2) C:N = 16:1.
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apioca starch and ammonium

| edﬁntlondayl(C)
( 18 (F) treatment 2

Figure 4.3 Water cha

chloride a@

ﬂuEJ’JVlEJVIﬁ‘WEJ'Iﬂﬁ
qmmmmummmaﬂ
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Total suspended solid Chlorophyll-a (Chl-a}
—+—NCnly —8—CH=2:1] ——CH=161 —+—Nonly —8—0H=2"1 ——CN=141
300 oz
- 250 g 400
E'lﬂﬂ, g. 300
g:JF 150 g 200
™ 100
50
0 10 15 w0 2%
0
Thay
Figure 44 S in experiment 2 that

used pond water ly, (Treatment 1) C:N

4.1.3 Experiment® 3: THL e 58l of organic carbon in

This experiment was out i [Ihare the effects of using two different

organic carbon compae ato the experimental sets daily.

Glucose and-tapioca starch were chosen for this iagh starch should be
better suit t‘a f o _|‘1 large quantity and
cheaper than g@ose. ent::“' s only the comparison
between glucoSe and tapioca starch, the tap water was used. monium chloride was

the nitro ﬂrce and was mtroducually into each bottle at 2.0 mg N/L

Nitrate concentrations were obs@/ed between 0.8 d 1.6 mg NI/L. D aied

q mmmm“n Wﬁ NI fJ

treatment 2 (tapioca starch), respectively. The average nitrite concentrations from

used

both systems were similar, measuring at 0.024 + 0.053 mg N/L for glucose and 0.030
+ 0.043 mg N/L for tapioca starch. The statistical analysis (t-test) performed on the
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data indicated that TAN in treatment 1 were insignificantly difference from that in
treatment 2 (P > 0.05). Similar result (P > 0.05) was found for the nitrite. Based on
the result presented, glucose can be substituted by tapioca starch as the carbon source

for microorganisms in water.

Nitrate (mg-N/L)

Day Glucose Starch
1 0.855 1.157
2 0.909 0.979
3 0.756 1.018
4 0.819 1.220
5 1.039 1.283
7 0.691 0.832
9 0.997 1.191
11 0.989 0.949
Average 0.882+0.124%* 1.079+0.157°
T-Test P=0.0028

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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|oc st trdl) Taily additi n itrogen ohly,{ Treatment

1) dai y addition of glucose at C: Nf 16:1 and (TreathZ) daily addition of WCa
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4.1.4 Experiment 4: effect of manipulating the substrate C:N ratio with starch as

sole organic carbon source.

In the present experiment, the effect manipulating of substrate C:N ratios was
investigated with tapioca starch as the sole organic carbon source. Nitrogen from
ammonium chloride (80%) and, ¢t .‘ rimp diets (20%) were added on the

daily basis into each glasSauBtEAG, & o en dose at 1.0 mg N/L. The
shrimp feed was useds cause it contained essential
trace elements an ed fd’oacteﬂchordmg to F|g 4.6A, no

significant diff

maximum TA | 4 reachs s c3BAGEatment on day 5 at

gontrols and treatment
MBiained less than 0.3 mg
N/L in all tredimen axpe nt ( .08 ilarly for nitrate (Fig.

4.6C), no signifi " hser 2yvaen thglicontrols and treatments.

itrogen“Eontrols i freatment (i.e., C:N = 16:1) compared
: P et | : :
to experiment 2 coul ked 1o the gr pfloc production. In this study, the

suspended solids in treatry ﬁf?/%"# pgocreased rapidly from less than 25

to 800 mg, ’ |dﬂvere observed in the

Control an& ReRid (R0l el OO DAV H-aISO-IACEEaSEd™ D .. Ing the experlment

but it was f!

.t atelint at the end of the
y fhe end of the experime , the levels of chlﬁphyll-a chlorophyll-b,

and chlorophyll- c‘n treatment 2 were meas red at 1,047, 812 and 2,233 mg/m®,

mum WEIW?WHZ‘ET?JM s 0

|on dynamics of phytoplankton needed to be further investigated in the future.

experiment.

Similar to experiment 2, the incr se of suspended &8ligs and chlorophyll Was' an

RS AR AR H IR

and during that process inorganic nitrogen treatment was established. Table 4.2

summarizes water quality data measured during experiment 4.
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Table 4.2 The data of water quality parameters measured in the experiment 4.

Display is the mean+SD (min.-max.) of three replications.

Parameters Carbon to nitrogen ratio

Treatment 1 Treatment 2
2:1) (C:N =16:1)

Control .

Temp. (°C) 32.21+0.11

(26.87-37.40)

pH gw— 07 g = 8.90+0.11

(8.31-9.57)

Alkalinit 93.33+8.63
(mg CaCOs/L (63.33-120.00)
TSS (mg/L) 345.64+165.37
, f(42f714191% (53.38-841.14)
Chlorophyll-a . 4 19,26 3} 269.20+318.09

@
o

(mg/m®) 4 (0 -65 ,-. ,. (0.00-1047.03)
Chlorophyll-b (ff 18858+ anf /241 57408, 146.14+332.20
f ’ 'iJ \
(mg/m®) 0.00-38A0) - S © 31 78 35) (0.00-811.71)
) At -.
Chiorophyll-c 7 44088572 4 }64-+849.90 435.82+787.42

(mg/m®) 0.00-1325:64)” /. 2314.33) (0.00-2233.12)

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw



55

4.2 The zero-water exchange Tilapia cultivation in biofloc technology

system using the information from section 4.1,

c n addition in controlling inorganic
nitrogen for Tilapia cul% ‘ /

. s""—-.‘, . . . . . .

In this ex@ ze‘-wat@ﬁlapla cultivation was

e — =

\

performed to assess-thes p obtained in section 4.1.

4.2.1 Experiment 5: effect

— 9.6, temper
values of these

operating condi aerati , ( {o :‘ g to control pH, it was
still unable to keegfSuit ion fORAT1aDis : Sican be seen by the values

of pH and alkalnity 5 and-32 ¢ enothy peffod of cultivation. This

experimental outc i / tha 'f; 0¢ tech \a ystems were susceptible to
variation in operatni .- '-_' and' 1 led camirolling mechanisms to keep

suitable water quality” : ects Of starch addition on inorganic
nitrogen profiles. For '&Ewg slowly from negligible levels (i.e.,

TAN < 0. m mﬂ\l L on day 12. The
average TA | Concentration-in-that-period-was-at 16,39 #1.16 Mg N/L. A rapid nitrite

buildup was=tlear "Stake to decline. Nitrite
accumulation Iiﬁered at high TevelsT(1'€;,NO,-N > 5.0 mg M_) for 26 days with the
average nitrite ccw:entratlon in this perlod 6.48 £ 4.68 mg N/L. Substantial

ANTITUNING AT

mg N/L) was accompanled by an increasing nitrate after day 31 until the

_conclusion of experiment. S|m| r inorganic nltro@proflles were obse

ob d i gl 1R

peak TAN appeared on day 12 at 15.43 + 1.56 mg N/L. Nitrite also accumulated at
significant levels between day 14 and 27 at 38.36 = 4.93 mg N/L with peak measured
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at 77.70 + 6.60 mg N/L on day 26. The continued production of nitrate along with
negligible concentrations of TAN and nitrite were observed after day 33 until the
conclusion of the experiment. For treatment 2 (i.e., C:N = 16:1), the average TAN

during the first 3 week was found at 2.74 + 1.62 mg N/L, which is significantly lower

than the controls. Nitrite also acauimil in treatment 2 at high levels between day

d
14 and 29 with the averagauuivite } ' }p(/ this period measured at 25.97 +
8.71 mg N/L. Nitrate SYroreMle ﬁ N &mtnte began to diminish after
- ﬁ-"

.37 £20.20 mg N/L.

The W Wit fed after the complete
nitrification ablisHe B. ‘\Inorgantegnitrodemscontrol in aquaculture

ponds occurred pa#d ing bioledica ’ s: (1) photoautotrophic

(Azim and Little, 2 the-daify-3 pf ch at high C:N ratio (i.e.,
C:N = 16:1) i ks, - 0 W AN and nitrite stilled

average survival rate i nenti2-wa at 38 ) + 32:82%. Large deviation could be

affect fish welfare. The
linked to Tilapia figh “f'j‘fv , 2 Gaus ies. ¥Two out of three replications
for both the controls and (reats were unable,to sustain any Tilapia survival (i.e.,
ﬁw .
survival rate.= 0% ) (A
controls, treg and treatme vere dete nined at G 63, 0.61 + 0.53 and
123 + 0.2& :
reported ADG Ep he rang

5) of Tilapia in the
iofloc systems that

ittle et gl}, 2008) but in line with

the result from et al., 2008. Possible reasons for low growth rate were: (1) the

y of i e t d nitrite
|ng e lE; #l S pe ed solids
Ievemhat may amage gills and hinder the visibility of Tilapia to obtain food, (3) the

relatively small containers used inffie experiment thatgiiited Tilapia swimmifg#

A WIRNAIUUNTT RGH

According the described result, inorganic nitrogen profiles displayed the

sequential buildups of TAN followed by nitrite, a characteristic usually encountered
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during the startup of nitrifying systems. Negligible TAN and nitrite concentrations
and the steady increase of nitrate signaled the establishment of a complete
nitrification. The daily supplement of starch into treatment 2 appeared to increase the

suspended solids levels at the greater extent than the controls and treatment 1 (Fig.

r sthe controls, treatment 1 and treatment 2
mg SS/L, respectively. For all
sed with respect to increasing

nd down. This fluctuation

4.10). The maximum suspended

were found on day 30 a
experiments, the suspeiided™s 3
quantity of starch up ,-'-m.. 730 i€
was perhaps due-tos . ----...._c resuspension by fish
swimming. Accordi ig v.‘ /the \‘ Fe nsday 4 for all conditions was
i€ color of water for all
v ! e first week as a result
of phytoplanvkton he hl f: %801 reac ed the maximum levels
around 2,000 .on days 8 “'\ \'.A\ b e decreased to steady
v T v I pophyll contents after day
10 corresponded nge s ) rk Oreen to lighter shading
especially in trea_ ' Wwn, In | F ._, e 4. ‘ fluorescent microcopy of
biofloc samples also of chl@ophyll (red fluorescence) was
presence in biofloc Was a Ao water particularly in treatment 2
(Fig. 4.11). Decreasin -suggested the population shifts

from phytoplan rotrophic bacterial

d Clay (2002) and

systems. hie obsenvation-concurredawith—the—resulbvaBovd f

e B
=

Tacon et al. (208
pe

Th

(o

i
ﬂumwﬂmwmm
Qmmmmum'mmaﬂ
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Figure 4.9 Water‘hﬁteristics after the addilligh of substrate at different C:N ratio:
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Table 4.3 Water characteristics during the zero-water exchange Tilapia cultivation in
130 L containers.

Parameters Average+SD (min.-max.)

Control Treatment 1 Treatment 2

L | (C:N=2:1) (C:N=16:1)

DO (mg O,L) 97+0.07 5.82+0.15
02) (4.66-7.03)

Temperature (°C) 32.45+0.23
(27.37-35.53)

pH 7.99+0.17
(6.00-8.53)

Alkalinity 127.62+23.47
(mg CaCOy/L) (43.33-203.33)
Floc Volum = ! 55.50+11.85
(mL) : 00) - (1.70%350 (18.00-82.33)
TSS (mg/L) A 35 4|12i1 4651 619.98+60.19

NS FR%

4 (163.83:686.04) 59,68-908101) (310.00-906.88)

Chlorophyll-a # #874.0048: ,¢-ars-.'f’-' : 793.2 23 430.55+333.64
(mg/m®) 724 (*,';E@W-_. 87-2253.94) (0.00-1089.14)
Chlorophyll-b 643,00F408:00—— L.£94.56+930.64 521.534+939.52
(mg/m°) 1 2490.50) (18.52-2712.32)

Chlorop@ ,,,,,,, boA ) 1377.23+2286.81

(mg/mf) 7 ) (10566453.81)

TAN (mg-N/L[’ﬂ 153 'ﬂ 1.41+1.43

(0.00-18.99) (0.00-15.43)"

(0.00-6.98)
Nitrite (mg-N/L) @ gmy, 18.41+11.59 Q2802+13.09 14.48+8.28
_ | (. ( 780) £ (olE>-58.13)
AU INBNINYING:
U (0.00-38.5? (0.00-48.02) (0.00-63.90)

QRINNINANINEIAY
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Table 4.4 Tilapia growth data during the zero-water exchanged Tilapia cultivation in

130 L fiber-glass containers.

Average+SD (min-max)

Parameters Control Treatment 1 Treatment 2
(C:N=2:1) (C:N=16:1)
.06+4.89 44,73+3.88
0 (41.00-48.75)
13.42+0.48
(12.87-13.76)
3.08+0.08
(3.00-3.16)
100.00+£14.53
(83.33-110.00)
17.39+1.98
v - ) : (15.57-19.95)
Final density (kgl# O 34042 L 30" . c 2.56+2.11

) Modon, (0.85-4.92)

Survival rate (%) 4 1.»;'.1‘:45‘? -~ 8529 38.70+32.82
(7(0:00-12.50) h0.00%5 56) (11.11-75.00)

ADG (g/day) ; B 0:72+0.63 _ 0.61+0.53 1.23+0.26
(0.94-1.46)

Initial density (kg/m®)

Average final wi

4.2.2 Experlment ? zero-water exchange Tilapia cultivation in biofloc systems —

ﬁfﬁ“fﬁ”mmﬁwmm

“The physical parameters for production water in the controls were reported as
followed: pH = 8.83 + 0.47, tempﬁture =29.07 + 0.1@8C and alkalinity = 118,67

AWIBINIUHNATS e

+9.55 mg/L CaCOs. The average value of pH for both the treatments fell outside the
optimal range for Tilapia growth. Hence, it is necessary 0 have the effective control
for this particular parameter during the intensive aquacultures in biofloc technology
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systems. Figure 4.12 illustrates the effects of tapioca starch addition on inorganic
nitrogen profiles. For the controls, TAN increased slowly from negligible levels (i.e.,
TAN < 0.5 mg N/L) to reach the maximum value at 26.16 mg N/L on day 14. The
average TAN concentration in that period was at 11.79 + 8.95 mg N/L. A rapid nitrite

buildup was clearly notlceable afte ' sgarted to decline. Nitrite accumulation in

the controls lingered at high | > 5.0 mg N/L) for 26 days with the
average nitrite concentgaiic i0 % 12.24 mg N/L. Substantial

% S'|te concentration began to
T AN -

nitrate production

diminish. Insignifie

also accumula ighifi o hetween, day' 26 g 45t 25.74 + 16.11 mg N/L
' on o\‘\“ 39. Nitrate production
AN 0%\ mg N/L and NO,-N <
0.5 mg N/L) were .' er, da Accofginglito the experimental result
described, the sequerbt' Al pwediy nitrite were common during

. ST g .
the startup of nitrifying s f’i‘:_m&.n e C nitrogen accumulations were the

a and nitrite oxidizing bacteria.

result of unequal growt; -"'"’p};:’” \
d ni 'n(fsing trend of nitrate

Negligible b}ﬂd D

was a good;imdication-for-a-complete-nitrification=—t-he-result-described indicated that
it took app# . .E\p oceed in this work.
This duration ld ncurred with Other experiments, which rdﬂyrted 5 to 8 weeks to

establish nltrlflcaaﬁ)n in suspended-growth wculture systems (Thakur and Lin,

2°Wﬁﬁﬁﬂﬂﬂ§‘ﬂ&l’]ﬂ‘§

The removal of morgamc nitrogen in biofloc technology systems was

RIFA T Pt A Teebai ]

compound at high C:N ratios (Avnimelech, 2006). Since starch addition (i.e., C:N =
16:1) was carried out on the daily basis in this work, it was expected that the

proliferation of heterotrophic bacteria would be observed along with low TAN and



65

nitrite concentrations. According to Fig. 4.13, the daily supplement of starch into the
treatments appeared to affect the extent of biofloc formation. Biofloc (measured as
suspended solids) in the treatments increased from 52 to 1,181 mg SS/L whereas it
remained at 99 + 17 mg SS/L since day 22 for the controls. Biofloc volumes were

negligible on the first day of expegiqie ipal biofloc volumes, measured on day 60,

were at 16 and 86 mL/L_fgn¥ie ' ‘ atments, respectively. In spite of
substantial suspended-+gghd *4: : average TAN and nitrite in

treatment systems reffia ned-at-da nger$s levi gpy period during the system

startup (i.e., day 1.t est that t (o -».....,__ starch addition to induce

inorganic nitrogen assi jof » ost 89% of Tilapia in the
controls was ‘ il ightl | [e .&\ t 0% was associated with
the treatments. Ji# v posHFe \\ -\\ \"‘ itrite was the primary
suspects for the d ilapia. uccess A ’Q d 'te controls occurred after
day 47 as agf€sultgof g£o -";;;;.‘ i Although various heterotrophic
microorganisms ay eto-perform n atigfbut the rates were slow to
exclude their sinifi Ve fﬁ \ \l Watson et al., 1981).
Based on the expel ne -appe: ed th iillication was able to exert a
greater role than the gl ct \.;;f.ﬁ.ﬁ y hetérotroph microorganisms. This result

§ that' pointed to the importance of

disagreed with the c *rff*’_:ﬁ. ’ﬂ

heterotrophic bacteria ands€Acquraged. i in biofloc ponds (Avnimelech,

2006; Azi a ' as possib ﬂVed as the substrate
biofilters for niteifying-Dacteria-to-atiache=ruithesttidystosideatify microorganisms in

: : pﬁ%%e explanation for the
experimental @Jlt observed. Taple 4.5 stn maries‘the vall':"bs of water parameters
measured in this e‘perlment

AULINANINAINT ...

and u\tments were quite similar. orphology of biofloc appeared as irregular shape

IRIRINT S nenay

4.14). The result of PCR-DGGE analysis (Fig. 4.15) demonstrated different emerging

biofloc and

patterns for the controls and treatments. These patterns were indicators of dominant

bacterial species but they did not provide the total numbers of species available in the
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systems. Biofloc samples from the controls and treatments were clearly dominated by
different bacterial species for a given sampling date. For a given system, a
comparison of band patterns between sampling dates (i.e., day 24, 31, 39, 46, 53 and
60) indicated that dominant bacterial species residing in biofloc evolved with time for

both the controls and treatments.y $

1epands were detectable throughout the study

We able to maintain their dominance

| i#fonsie.g., pH, DO, temperature, and
| ASING amgnts mﬁ ded. In the same token,
disappearing bands-sugges -lvn. cergin baelé yunable to flourish under such
conditions kept duringe#fe Ji 20 ,' ti .‘" “In. addi 0, the diversity of bacterial
population in-t 3 conirOls 45 the | y 0g/ CSSE eas the opposite was
observed in the 'tm JThe [ anal -.\' |8 &) demonstrated that the
elementary compogiion " iVen Syste *;\ changed with increasing
quantity of tapica gfrchl agted ™ Y

biofloc from treafmens¥ s te%é

ogen and nitrogen in
d 4.24% dried weight,

respectively wht e thdte f 0N e-‘_ 4.02 and 2.19% dried

weight. ; % ~ \ \

.
The simple nltroge “"'.,...v ed for the controls and treatments
after the conclusion of ~_rj5'-£ on. day e 4.8). The cumulative nitrogen
input to eachWi j@ gen output can be

Jsolids (i.e., biofloc)
ge&;and (4) nitrogen in the

(3) nltrogen I !
I
gases. For the treatments, the cumulative ﬂd&ogen input on day 60

was found at 286‘7& Of that amount, W g N (19.11%) was in the form of

FUEINUNINEINT

(9. 33’) and 85.29 g N (29.82%), respectively. For the controls, cumulative nitrogen

q RO DOTEIL R by ]

after the aeration equipment malfunction occurred for an overnight. Similar to

form of volat

treatment systems, nitrate accounted for more than 99% of the dissolved inorganic

organic nitrogen (i.e., 33.21 g N) in water. Nitrogen contents of biofloc and fish
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biomass in the controls were at 3.02 g N (3.96%) and 34.26 g N (44.97%),
respectively. An additional observation from the nitrogen balance was the large
nitrogen deficit especially for the treatments. Unaccountable portions of nitrogen
were determined at 5.70 g N (7.48%) and 119.39 g N (41.74%) for the controls and
sgs as high as 36% were reported for the
)ekur and Lin, 2003). Denitrification

treatments. Large values of nitrog

intensive shrimp cultivatio

and ammonia striping ad f ugaccountable portions of nitrogen
budget. The occurreft vfdenitfification i LOXygen mass transfer limitation

may exist at the inne iorr oL . LaekS*ofsaxygensallowed the possibility for
other denitrifying m | ’ e presence. Finally, the
result of nitro ‘ sHoWi ' an. ¢ InybioTIOC and nitrate at 9.34%

In term of nent ;} cts, the redult'ebiained implied that water
in aquaculture*tank J {0 ‘achieve th complete nitrification
_ ith \ agtlimated production water,
ammonium and nitri be- to. itrat almost immediately, thereby
avoiding the excessive buildig ips of in : . gen>astes in production systems.
De Schryver et al e.if%.,.. Ste .‘

technology| :}t ;

relation to
Jﬂ

Little, 2008)‘
Avnimelech (199U ommended adding OWIC carbon compounds into biofloc

AUSINANTNYINT

conthted to significant Tilapia dgath in all cultivating tanks. The result from an

QRIRIATREWY IR

DO concentration to a critical level (DO < 0.5 mg O,/L) within an hour. In contrast,

f suspended solids for biofloc
yﬁ'm biofloc level in

—
Jesearch (Azim and

JOMpouRds may be employed as
o0 reduce excessive ammonium and mtntdluincentratlons in ponds.

suspended solids from the controls displayed a 10-folds lower oxygen consumption

rate at 0.93 mg O,/L/hr. Therefore, the availability of oxygen in biofloc systems was



68

critical to the success of aquaculture production and the ability to the system to
maintain good water quality. Without sufficient oxygen in water, the input BOD from
organic carbon addition cannot be completely stabilized into inert compounds and

nitrifying bacteria were unable to carry out the complete nitrification that might lead

120
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':I\ll ——Mitrate
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'
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=
B 40
=
5 20
S
flm 0 ALl
60 63
p
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cnitrigwn {mg-N/L)
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Figure 4.12 Inorganic nitrogen profiles during the zero-water exchanged Tilapia

cultivation in 500 L fiber-glass tanks: (Control) feed only and (Treatment) tapioca

starch provided daily at C:N = 16:1. Electricity failure occurred on day 51.
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Table 4.5 Values of water parameters during the zero-water exchanged Tilapia
cultivation in 500 L tanks.

Parameters Average + SD (min.-max.)

Control (N-only) Treatment (C:N = 16:1)

29.32+0.10
(24.75-33.40)
8.51+0.04
(8.38-9.06)
137.33+9.55
(90.00-215.00)
49.29+16.92
(1.35-112.50)
553.03+69.07
. A R : (51.68-1260.62)
Chlorophy!l-a% . SI3E 769.83+565.31
" ' 536 WA WA ¥ (33.06-2916.09)
1277.314662.94
‘ (86.51-3524.54)
Chlorophyll-c (mg/m3' = 10 - 2947.57+1254.29
R & | (17.68-2226.90)
3.14+1.94
Y Q (0.01-16.92)
Nitrite (gD —C 8 0a:04 =’ 7.67+4.65
/i | ..- (0.004-51.05)
Nitrate (mg4NAL) il 33.31+6.74
(0.73-68.27) (0.76-109.22)

Temperature (°C)

Alkalinity J—

Chlorophyll-b (mg/m3

TAN (mg-N/L)

AUEANENINEINT
RINNTUUNIININY
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Table 4.6 Tilapia growth data from zero-water exchanged Tilapia cultivation in 500 L
fiber-glass tanks.

Average + SD (min-max)

Parameters
Control (N-only) Treatment (C:N = 16:1)
Average initial weight (g) 31.39+0.78
\\ (30.83-31.94)
Average initial length \ 12.09+0.12
~— ' (12.00-12.17)
Initial density (l?fmﬂ—;__,—; | 3.05+0.04
_ 7, (3.02-3.07)
Day 50 - -
(before electricity ‘
Final density (§fm°) 4 10.56+0.87
, : N (0.94-11.17)
survival rae 0 ff 10811508 W W A 053841589
f (0.0 A N O\ (01.67-100.00)
ADG (g/day) 1.61+0.03
(1.59-1.63)
FCR 1.00+0.09
(0.93-1.07)
Day 60 : —
Average flnﬂvel Q) - 23.58+3.83
| 0.87-126.28)
Average fll‘hl el o 18.62+0.19
E‘ 'jﬂ‘ (18.48-18.75)
Final density ( 3) 1.01+1. 43* | 9.59+1.44
ﬁ (0.00-2.0) (8.57-10. 61)
/day) o 79+1.12" 1.540. 05

ﬂﬁ’] Mﬂ’imﬁﬂ’l'm

(*) Tilapia in control 2 had total mortality on day 31
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lume on day 60

mm i

(DSt < 14 | reatment (on day 60)

Figure ' 777777 y 2 | q(%ym the controls and

ﬂﬂﬂ’)ﬂ&lﬂﬁﬂtﬂﬂﬁ
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N M =100 bp ladder
I i — - —_—
30% '. ‘ 12 M 1= Control at day 24
=

I
: 2.= C/N=16:1 at day 24
: — 3.= Control at day 31
. ake 4.= C/N=16:1 at day 31
I = —
: 5.= Control at day 39
1 6.= C/N=16:1 at day 39
I
: oy 7.= Control at day 46
| 8.= C/N=16:1 at day 46
I —
] 9.= Control at day 53
I
1 10.= C/N=16:1 at day 53
|
60%¥ 11= Control at day 60
12.= C/N=16:1 at day 6
DGGE profile @165 gene ampl th ‘Primérs PRBA338f+GC clamp and
PRUN518r. ' , - TR
Figure 4.15 Resul . SE analysis o bioflg@samples from the controls (feed

only) and treatments (G

Table 4.7 Result of piox ﬂ' /SIS hydrogen, and nitrogen (CHN)

contents O@ 0C Trom the controls ana tre:

ZSNitrogen (% dried wt)

| : i
Cgﬂjﬁol Treatment Control Treatment‘ﬂ] Control Treatment

Day

24 24, 75’ 3353 390 @ 486 2.05 68

ﬂUEi’JVfEJﬂiWMﬂﬁ

T-Test P=00033 P=00725 | P =0.0022

2 Indicate statistically significant differences (P < 0.05)
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Table 4.8 The nitrogen balance in the controls (feed only) and the treatments (C:N =

16:1) calculated after experiment concluded on day 60

Control (N-Only) Treatment (C:N=16:1)
Nitrogen 0, Ni Nitrogen % Nitrogen
Wrr (g/tank)
Input /
Total (feed) 0'_/-—‘? 6.07 100
Output =
DIN 19.11
Biofloc 9.34
Tilapia 29.81
Others 41.74
Total 100

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Oxygen Consumption

=

y=-0.020x + 7.976
R*=0.947

+ Control

O Treatment

DO (mg Q,/L)
e R N T e R =, BT = ]

consumption rag® of Plofldc fromethe Is, (fee d treatments (C:N =
16:1). | |

;;;;;;;

AUEINEN NGNS
QRIANTUNNING Y



CHAPTER YV
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions \\V\’////'
1. Organic car b%t hIQC N ratios Was more effective in maintaining

the TANW tratjons i .n\‘_\n.-..; lower C:N ratios. Based

. -- work, the daily addition

_ igh concentration of

particulate i ximaiely | 750, Mo H Direct assimilation of

[

\

: 7 urrence \\ itrffication also exerted the
positive imgect - Quality @ jt conveiedibxic ammonia into nitrate.
Finally, the istencBBf-micro
heterotrophic ™ bac fgﬂ{w
established W|th|n ,n" J'ﬂ _,q,J n he use of pond water containing
natural bi ‘ p@ter in controlling
ino‘ .i—z —

/.
2. For the#@con pa |t|on C N ratio at 16:1 was

more €

\, " R -
ete Jtophi@bacteria was believed
g -.1_. ' ) .
u\t“ iblgXor the effective nitrogen

oopl: ktbn, nitrifying bacteria and

omplex ecological relationships

ctive in maintaining TAN and nitrite in Wa . Despite a significant
Bnded solids from 30 f@kaf118 mg SSIL, the effective nitrogen
pﬁﬁ nﬁﬂbon a ed in the

‘ in th faccli |eve the

complete nitrification befogg*being used in bio Ksystems The morp [*10)%

AWIRINIBR AT, NEIE

nematode, and small amount of microalgae. The C, H and N analysis revealed
that the carbon and nitrogen contents of bioflocs in the treatments were at
34.5% and 4.2%, respectively whereas the carbon and nitrogen contents in the
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controls were at 21.7% and 2.19%. The nitrogen balance and PCR-DGGE
analysis indicated that biofloc were highly diverse and dynamics. In term of
system management, the addition of organic carbon compounds at high C:N
ratio could be employed as a quick solution to reduce the excessive levels of

stems required intensive oxygen supply

g O,/L) within an hour.

/ radation. Malfuction of aeration
)@(;E Id lead to a rapid decrease of

0sSibi o adopting the biofloc
technology syste i yend. e e ce \"x ‘ ork may be useful to an
initiation of résear sities - relatec jofl§c technology in Thailand.
Successful operatight of @i - technology - ‘ : }-\“ articularly the tilapia and
shrimp farmers to re ,_:,:::__;;“:_._:;- he farming standards to meet
in environmental regulatio S=and-good pr On practices. Future research should
focus on identifying the it [

occurred i "‘lmﬂ 0

should also

responsible for the phenomena

- @ under larger scale
= . L.

luation. Additional

A D
studies on the \& e future.

ﬂ‘HEJ’JVIEWI?WEHﬂﬁ
qmmmmummmaﬂ
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Appendix A

Water quality analysis

using by DO meter

= =
A-1.4 Floc vowe index |l

FVI was cﬁwed by sampling 100@gd pond water into a series of Imhoff

FUAANENINYINT
RIAINTUNRIINYIAY
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A-2 Determination of Total ammonia nitrogen Concentration

Apply the sample through Whatmann GF/C filter paper. Collect the clear
liquid sample that added 0.2 mL phenol solution (dissolve 20 g phenol in 200 mL of

95% v/v ethy alcohol) into 5 mL sa e
solution (dissolve 1.0 g of sodilig

and 5.0 g of sodiumsiy [ oxie ﬁ' ater and 25 mL of sodium

and mix with 0.2 mL sodium nitroprusside

| to 200 mL of deionized water), and

vmg 100 g of sodium citrate

hypochlorite so

. :W sal ered while it is not in use.
Read the absorptiof at t aveleng a.Spe :

The preparation: v : ' dissolved 0.1 g of analytic
grade ammoni v ) . Z‘-: g hd S Btéxsheltered from strong
light. The solutio " Jman >-'-;' A ; id. ~j gpare 0.1, 0.2, 0.5, 1.0 and

Abs. (640 nm)

ﬂUEJ’mEJ’W?W"Ei'Iﬂﬁ

re A-1 Standard curve of to?l ammonia concentratlon (NH;"-N and NH N

ammnmwwwmw
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A-3 Determine of Nitrite Concentrations

Apply the sample through Whatmann GF/C filter paper. Collect the clear
liquid sample. Samples are stable in subdued light for many hours at room

temperature but the analysis should go

If greater delays are unaVI \ es, should be frozen. The blank is
prepared by using 5 mL_ORgiSeiled’ jg'gz ml of the sample with 0.1 ml

delayed for more than about 5 — 10 hours.

sulphaniamide (disse ---&.;;._.,_- phanlaml concentrated HCI and 3,000

ml of distilled VH ey an FYed allowsthe r&ent o = 8 minutes. Added 0.1 ml
naphthyethylen ne i

jrochloride in 500 ml
distilled wate

v 10 minutes reaction

period. Read the Pl ihg'543.8m Wavelen JlSing spectrophotometer.

' ed 0.345 g of analytical
grade sodiumutritegtn 260QP:mI"gist ater andisiord¥ly a dark bottle. The

solution is stable [ ¢ r . Prapkre the Wiirite solution at 0.05, 0.1,

._.
L

—_
-2

o

=]

o o=

Abs. (543 nmm)

)
L

02 03 04 05

AugIne
R mmm”ﬁﬁﬁm 8 Y
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A-4 Determine of Nitrate Concentrations

Apply the sample through Whatmann GF/C filter paper. Collect the clear liquid
sample. The analysis should be performed no longer than 10 hours or it is necessary to freeze

the sample for storage. The blank is prepared by using 5 ml of distilled water. The nitrate

‘Wtometer based on the absorption at the

The preparationsgi iandardhitrate that e____m.;ag of analytical grade potassium

nitrate in 1,000 ml STE] v Ater.and st& ina : repare the nitrate solution at
0.625, 1.25, 2.5, ‘ : al€ulation of ni ale 3Qnce as as following:
'/./ RS

concentration will be measured,

wavelength 220 nm and 275

nC rve (mg-N/L)
€(220:275 im)

umg=N/L of sodium nitrate. It

Strictly ith nitrate concentration

between 1-10 mg-N/ ater=sam: or ag high@nitrate concentration (over 10
i

mg-N/L) can be dilufed with*de=iont: ad or to analysis but water containing

low nitrate concentration: ,::l-# w1 mg:l ot applicable with this method.

Moreover, w Ni

concentratign. Af-nitrate-musi-be-subiractewith-nitrite-concentr

A\

ra easurement hence

0 1 2 3 4 5 6
Nitrate (mg-N/L)

Figure A-3 Standard curve of nitrate (NO3-N)
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A-5 Total Solids (TS)

Obtain a dried crucible and weigh to obtain its dried weight. Apply a known
volume of liquid sample containing solids into the dried crucible. Put the crucible in
t at 103 — 105 °C. After a night, bring the

crucible containing the dried. 9t the oven and cool in a descicator for at

the controlled temperature oven overni

least 30 minutes. Wei | : ftiop of total solids is:

Where A is tle#ei l‘ : Silue, ™Mg@B is the weight of dried

Dry the " nGE/Gfilte )in ah brnight at 103 — 105 °C.
Store the dried filtgFin sicca veigh dhe driadkfilte Attach the dried filter to
the filtering apparat IS ‘1}_—_-—;-_ -------- . el _ uum pump. Pour a known
volume of liquid containINg= Spen rough a filtering apparatus. The

the temperature controlled oven

overnight ?3 ons ] ﬁ'ng the filter out of

the oven a ¥ J filter paper.

residue retained on thefilteripape

i
i

Total susp;ﬁcﬂolids (mg/L) = (iwb
d

AREAENINAINI...

filter paper, mg; and C is thﬁlolume of filteredafter, ml :

QRIANIUUNINEA Y

-
The corHcF ntratio

r paper plus dried r
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A-7 Determine of Chlorophyll Concentrations

Apply 100 mL sample through 25 mm Whatmann filter paper. If immediate
analysis cannot be done, the filter sample must be frozen and stored as long as 2 — 3

weeks. The chlorophyll retained on,the filtered paper is extracted by using 5 mL of

90% (v/v) acetone under subdugdihic itibn., The sample is stored at 4 °C in the

refrigerator for 24 hour. to.ave J / jon. The filter paper is placed
in the tube, which is<flgy ded ne. The tubes were shaken
before centrifu

QSW i | rption of pigment extracted
is determinedm mete a6 ; d 665 nm wavelength.

The calculatiop@€hlor gentrationsic 80 e following formulas.

Where: Dg3o, Dgss and b--- opt ity at 630 nm, 645 nm and 665 nm

wavelength, respectivelyz s '_.- ...:' Bione, ml, V = volume of filtered
water, L; | @e C

*
-

A-8 Total niuogen (TN)

t‘r ‘ S e fr welagl . 5 nfiltered
wﬂm \Ejﬁddl ww.glﬂi [ Eﬁsﬂleﬁg covered
by fQ’ bind of plastic bland and autoclave at 121°C for 30 mindtes. After cooling the
room te&f&rature and added 0.25‘(“ of borate buffedixing and centrifugeM’ 5

i

RINDIURAR AN

0.1 g of potassium persulfate (K,SO3) in 250 ml of de-ionized water and borate buffer
can be prepared by 15.45 g of boric acid (H3BO3) and 2 g of sodium hydroxide
(NaOH) in 250 ml of de-ionized water.
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A-9 Dissolved total nitrogen (DTN)

DTN of water sample was modified from Gross et al 1999. A 2.5 ml filtered
water sample was added with 1.25 ml of oxidize reagent then the sample was covered

by foil, bind of plastic bland and aut at 121°C for 30 minutes. After cooling the

room temperature and added, @ " ' buffer, mixing and centrifuges for 5
minutes that can be mea od that can be found in A-4
The oxidizing solut gium hydroxide (NaOH) and
0.1 g of potassium pers -10nized water and borate buffer

\ siy modified method from

0N PO \‘,,“ ptia

N- allﬁilourea ' | ||

Sodium ‘tr NaNOy)

ﬂ%dﬁc@n%ﬁﬂ‘iﬂﬂﬂﬂﬁ

- Sodium chlorate (NaCI03

ammnmwwwmw
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2. The rate of nitrification
Clantral : NHy = N, - N, Nitrifictlan

ATU : NH, + N@, |-+ N, T Nitrite exidizing

Nalld, NH\ 7/ Amunonie oxtdizting

ion 'otentﬂ in wateﬁmas determined by 50 ml of

ing any inhibitor (ATU

The rate 0
water sample i
and NaClO3) as _
between 7-8 with S@y ] Na( ask was nitrite oxidizing
| 25 Midaf AR, Then filled NaNO,

ite oxidizing respectively

CO; and adjust pH in

activity, add
concentration at _ 2
and adjust p ! n 7 £ i E", 0% MaOR. The third flask was
ammonia oxidizi £ ' ind 0.625 ml of NaClOs.
Then filled (NH.)2 Y o n at-0.5: mg-N/L in each flask for
ammonia oxidizing' resgctivel ‘,:!,‘V.‘:A A -,' Lo in B2 vesh 7-8 with 20% H,SO, or
10% NaOH. All flaski J . I by 1t the 120 rpm, at 25°C, and under
dark condition then keep the galsliIC beginning 0, 2, 4 and 8 respectively.

All flask was to determil A determined by nitrite nitrogen

concentratign-éan be found in section A-2 : ‘_)

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Appendix B

Molecular analysis

B-1 PCR and DG gl bacteria community

Materials

1.Test kit for extragted B J '" L hic USA

(Fast DNA spln Kitgforr oi*" % (é,

E ‘ﬂ

2.\Vortex i8s, InC. (Vortex-Genie 2)

3.Shaker lect h\“ Cofporation (Fast PREPTM FP

4.Centrifuge

5. Temperatyrg;controller for PCR T @1 (HB-PX-2220)

gL
6.DNA Electr

system)

7.DGGE (D co

amﬁ%ﬁfﬂlﬂ%ﬁ%ﬂww

1. Sodium phosphate buffer

2. MT buffer
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3. PPS reagent

4. Binding Matrix Suspension

oW

7.0 |}J/ waterg, ;fp’._
8. Template/DNAE "Ef"'-'f'

2.3 Chemicals forDGGEL Z. i/

250
il

Formamlde

AUEINEN NGNS
ANEN AN INEA Y
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3. DNA extract and 16s rDNA amplification from suspended floc

The 5 ml of water sample was centrifuge at 1000 rpm for 10 minutes or
bacteria were collected by centrifuge at 1200 rpm for 5 minutes. Supernatant was

removed and bacterial pellet was stored in the freezer at -20°C for further molecular

v ‘ h Chelex 100 resin solution was
prepared from 0.1 mgzof Tesin.in )ﬁg’leE buffer, centrifuged at

2500 rpm for 5 P ST ith gently shaking and the
a——— : -

further incubated™at 95° “minutes. Afterextracti ess, the extracted DNA

solution was stam afiod \' @R amplification of 16s

rRNA gene can D\ 518 r primers. As the

result, the separatig R produt 8] can’bé, Us Denaturing  Gradient

Electrophoresis #HG

Table B-1.1 Show dhe § 4 and’ PCR 'mi Ules for the DNA extraction

suspended floc

PCR condition

Initial dena,u:gtio 5 M

Denaturatic&

55°

2
Annealing -GC clamﬂlo 5 uM) 1.5 ul

Extension £2.C, 1 min PRUN@L8r (10 pM) 1.5l

ﬂxfu%l mmwmm

Q»W'mmmummmw
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Table B-1.2 Target sites, sequence and specificity

Primer Target Nucleotide Specificity Expected Reference
site sequence (5°-3") size
PRBA338f-GC 338-357 C All 236-bp  Muyzer et
clamp » ' j ﬁ bacteria al. 1993
199 Ggo ggﬁﬂ-ﬁé,
FAC
PRUNS518r Muyzer et
al. 1993
”"' =)
4. Denaturing Gragentf |eCtropHDresys

AU o |
The 25 pl of BER p oducts wer ith 5§l of 6x loading dye (Bio-Rad

ylamide gradient gel (16x16 cm gel

size and 1 mm of gel thicKy-mate/ty 2 ot er (Bio-Rad Laboratories, USA)
according @h& ! ring range was 30-60%
(Muyzer et@. 1 \J

|

i
The prﬂre of the e use 80°(ﬂ'ﬂenaturing gel solution

(20 ml of 37.5:1 ?'ylamide-bisacrylamide solution, 2 ml of 50x TAE buffer, 33.6 ¢

AUEINEW DTG

bisaﬂlamide solution, 2 ml of 50x TAE buffer and adjust volume to 100 ml with
dH,0) in order to obtain the der‘turing gradient agflamide gel with 30 t§L80%

QAN ANEAAD

was added on top of the gradient gel. After DNA loading, DGGE was run at 130 V for

6 hours in 1XTAE buffer at constant temperature (60°C). Then, the gel was stained

with ethidium bromide solution (dissolved 4 ul of 10 mg/ml ethidium bromide in 50
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ml dH,0) for 20 minutes and visualized in gel documentation instrument (Dolphin-
Doc Plus, USA).

ﬂuﬂqwaﬂﬁwﬂwnﬁ
QRIANTUNNING Y
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Appendix C

Data of experiments

Day

0
1
2
4 o5y J o 0106 \) 0%, 085 0.00
5 1838 F £ - f 008 04, 0.88 0.00
6 2095 F JO.64 My 80T\ % 0.00
7 20 | 0.46 885<¢ ) MRS \_ 0.00
8 17.9 )42 ) g ' 0.00
9 1466 0.00
10 18.73 /20 02" . 0.00
11 11.84)F 4 ¥27 X 04 168  0.00
12 14.5 = [ 0.00
13 0.00
14 0.00
15 0.00
16 099 026 0.00
17 0.00
18 \ b 0.00
19 . 15 0.00
20 -9, 0.56 1.14 0.06 7 0.00
21 1 0.18 0.83 61 2.93 0.00
) w — » 1.2 18e m 3.7 :
‘ /] ( 0

RN TUUMINYAE
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Table C-2 Concentration of ammonia, nitrite and nitrate in C:N=2:1 with the glucose

as carbon addition and using tap water.

TAN Nitrite Nitrate
Day (mg-N/L) (mg-N/L) (mg-N/L)
Average  SD cligge D Average SD

0 0.01 001 & P. 1.15 0.00
1 0.02 \ : 0.94 0.00
2 7.66 00 20:80 0.00
3 . — 0.00
4 ozm';-'—'w& 0.00
5 0.0 0 0.00
6 : - 0.00
7 0.00
8 0.00
9 0.00
10 0.00
11 0.00
12 % 0.00
13 0.00
14 0.00
15 0.00
16 0.00
17 . 0.00
18 9.0 0.00
19 : 0.00
20 7.68 0.00
21 7.95 0.00
22 . .03/ 40567/ 0.00
23~ 1 0.46 37 P-00
24 ,~646 026 057 ) “6:00

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table C-3 Concentration of ammonia, nitrite and nitrate in C:N=4:1 with the glucose

as carbon addition and using tap water.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L) (mg-N/L)

Average 8ge Average  SD
0 0.00 \ 5. 0.86  0.00
1 0.01 0% 08! | J 1.13 0.00
2 15.23 0. \ ‘ WOQ* =087 0.00
3 7.46 0.02%0%0. . _ 0.00
4 16.18 B0 s 0. 0.00
5 : 0.00
6 - 0.00
7 0.00
8 ' 0.00
9 12.7 0.00
10 : (.00
11 0.00
12 % 0.00
13 0.00
14 0.00
15 0.00
16 0.00
17 0.00
18 0.00
19 : 0.00
20 7.79 0.00
21 8.45 0.00
22 . ), 17 #0387 / 0.00
23~ 0 25 P-00
24 .-646 030 040 A £6:00

AUINENINGINS
QRN TUNRINYINY
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Table C-4 Concentration of ammonia, nitrite and nitrate in C:N=8:1 with the glucose

as carbon addition and using tap water.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L) (mg-N/L)

Average cligge Average  SD
0 0.00 0.87 0.00
1 0.01 1.14 0.00
2 5.31 0.84 0.00
3 0.00
4 0.00
5 0.00
6 - 0.00
7 0.00
8 0.00
9 0.00
10 0.00
11 0.00
12 % 0.00
13 0.00
14 0.00
15 0.00
16 0.00
17 0.00
18 0.00
19 . . 0.00
20 6.32 4169 0.00
21 6.91 2.02 0.00
22 0.00
23
24 4 003 0.0

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table C-5 Concentration of ammonia, nitrite and nitrate in C:N=16:1 with the

glucose as carbon addition and using tap water.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L) (mg-N/L)

Average cligge Average  SD
0 0.01 .00_ \ . 0.89 0.00
1 0.00 O 00 [/ 0.86 0.00
2 5.57 0: 2T 0301 '/ £ /000 2981 0.00
3 . O ), . — 0.00
4 . s 0. 0.00
5 : .00 0.00
6 - 0.00
7 0.00
8 0.00
9 0.00
10 0.00
11 0.00
12 % 0.00
13 3 _ 0.00
14 4.294 0.00
15 . . 0.00
16 687 ok, 40097 N0, % 0.00
17 6.20i8 QP2 \@0="=90 R0 000
18 918" @32 4 ,.f' A 0.00
19 9.33 03 0.00
20 8.54 0.00
21 19.51 0.00
22 3.12 , put L 0.00
23 )03 18 P-00
24 4 ~254 008 004 A £6:00

ﬂUEJ’JVIEJ‘mWEﬂIﬂﬁ
ammmmummmw
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Table C-6 Concentration of ammonia, nitrite and nitrate in NH4CI only with the

glucose as carbon addition and using water pond in Chulalongkorn University.

TAN Nitrite Nitrate
Day (mg-N/L) (mg N/L) (mg-N/L)
Average Average SD
1.06 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

coONOoO Ol whNDEF, O

: w \
Table C-7 Concent 0 f% ﬁ fRatelify C:N= 2:1 with the glucose

as carbon additio and ing Wale ‘pond in Ch lalongKgrn University.
) !"«r{f-ﬂ‘ﬁiﬁ |
TAN == v Nitrate

Day (mg-N/L m«r MI (mg-N/L)
LAVerag : verag,e.N SD

A 0 0.00
/0% ;}. 0.00

T 76 - . 0.00
06 0.07 006  0.00 ! 0.00

0.17 0.05 O 00 1.51 0.00
uaq ioiﬁﬁﬁ 5%&312 I i%
4.47 0.62 .07 001 115 0.00

4.40 011 0,10 0.00 A119 . 0.00
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Table C-8 Concentration of ammonia, nitrite and nitrate in C:N= 16:1 with the

glucose as carbon addition and using water pond in Chulalongkorn University.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L) (mg-N/L)
Average : Average SD
0.05 2.14 0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

O©oo~NOoO ok wnNDEF, O

Table C-9 Quant' total end d- ' C only with the glucose as

Un versity.

IR TUNNING 1Y
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Table C-10 Quantity of total suspended solids in C:N=2:1 with the glucose as carbon

addition and using water pond in Chulalongkorn University.

Total suspended solids
Day (mg/L)

Table C-11 ‘Quanti f | Suspende 3 1" with the glucose as

4

carbon addition a#fdl usi

Day

e B
- i

==t
1
Table C-12 CMentration of Chlorophyll-a, b and ¢ in NHTM only with the glucose
as carbon addltlorﬁerg water pond in Ciﬂ’ongkorn Unlver5|ty

] Py

Average SD Average SD Average
55.37 79.21 69.834=m219.08 227

9 W’jﬁ\}!ﬂ? ;;gmu MWias

13.33 10.89 13.99 9.96 45.62 38.09
21 158.93 19.12 29.83 15.64 .17 56.30
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Table C-13 Concentration of Chlorophyll-a, b and ¢ in C:N=2:1 with the glucose as

carbon addition and using water pond in Chulalongkorn University.

Chlorophyll-a Chlorophyll-b Chlorophyll-c
Day (mg/m?®) (mg/m®) (mg/m®)
Average 80e SD Average SD
6 25.19 ‘ 9.36 44 41 23.46
8 50.49 4 ll 134.02 3.83
11 ' 208.51 7.45
13 345.80 31.30
16 11 —ﬁi';'% 95 53.51
21 - 38 285.16 79.37
Table C-14 ConcepiefiopBt Al 4 band 1"*—’.;__ with the glucose as
carbon additicm#nd ugifig Watér so, ( = nive ity.
_@hlorgp : lorophyll-c
Day W & (mg/md)
Ave D"\ Muerage  SD
6 91 : ’_ \\ o\, 8858  47.28
8 122.84 73 oy /LG t\' . %209.12 124.75
11 18989 44, 54 OLA  94.62 555.09 24244
_‘* »
13 208.70 | 4 103,072 {55 OO 34,98 ) 62740 23262
16 122.987 g u".{%ﬁ" 0 6.749 23603 357.80

21 265.41 69.4¢ . 152.63 46.80
J ¥
235

Table C- ---= ntration of am itrite-and-nit! - Qrol without carbon

lll

. |
_ii‘} TAN Nitrite .Ul Nitrate

iFg-N/L) (mg-N/L (mg-N/L)
Avera _ SD Average SD Averge SD

011 002 ; 001 001, 137 000

qmamwmawé’ ¢)

0.01 0.15 0.07 1.06
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Table C-16 Concentration of ammonia, nitrite and nitrate in C:N=16:1 with the

glucose as carbon addition and using tap water.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L) (mg-N/L)
Average SD ‘ SD Average SD
1 0.01 | : .03 0.85 0.00
2 0.07 01 0.91 0.00
3 0.01 . /%‘) 0.76 0.00
4 0.0 1'% 0.82 0.00
5 1 geQde 1.04 0.00
7 00 S 00, 0.69 0.00
9 0" 0 100 0.00
11 : 0.00

--.:_, 0.99

Table C-17 COncentyé ‘N=16:1 with the starch

as carbon additiggFand g

Nitrate

Day _ (mg-N/L)
D "M Average  SD
1 1.16 0.00
2 0.98 0.00
3 1.02 0.00
4 0.01 - C 1.22 0.00
5 0.02 0005 , : 1.28 0.00
7 : ETOE =0 0.8 0.00
9 ‘ ) ; i 0.00
11 0:00 0.00 0.12 0.0 0.95/ 0.00

i)

L 5T
1

Table C-18 PMical parameters measure from Control Wifﬂbt carbon addition and

using tap water. ‘A o/

21.80 0.004 8.72 0.05
6.80 4‘

AUEINTNS )
ARINHIW AR NYAY

24.55 9.53 0.51
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Table C-19 Physical parameters measure from C:N=16:1 with the glucose as carbon

addition and using tap water.

Day Temperature(-C) pH
Average SD Average SD
1 21.80 0.00 :
3 27.30 .03
5 27.85
7
9
11
Table C-20 P Dardimg SLires 16’ the starch as carbon

O N o1 Wk

-
-

ﬂﬂﬂ’)ﬂﬂﬂﬁWEﬂﬂ‘i
'QW’]Mﬂ‘SfUNW]'JWFJ’]ﬂEI
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Table C-21 Concentration of ammonia, nitrite and nitrate in Control that was added
with NH4CI (80%) and shrimp diets (20%) as nitrogen source only and using tap

water.
TAN Nitrate
Day (mg-N/L) (mg-N/L)
Average Average SD
0.01 # 245 0.85
1.08 0.21
0.15
0.19
0.15

0.11
0.09
0.05

0. «rr.r..u 05 ‘
0.0 -—-——{:: = ) 1.15 0.07
0 015 J
y {-"':li— 'j:g;g

NNNNNRPRRRRRRERE R
ORWROONODUTIWNRO©®ONUOA~WNEO

28

ﬂUEJ’JVIEJVIﬁWEHﬂﬁ
a»mmnsmum'mmaﬂ

wW w
= O
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Table C-22 Concentration of ammonia, nitrite and nitrate in C:N=2:1 that was added
with NH4CI (80%) and shrimp diets (20%) as nitrogen source and starch as carbon

source and using tap water.

TAN Nitrate

Day (mg-N/L) (mg-N/L)

Average Average  SD
0 0.01 0.34
1 0.89 0.12
2 0.07
3 0.06
4 0.07
5 0.06
7 0.06
8 0.10
9 0.05
10
11
12
13
15
16
17
18
19
21
23
24
26
28
30 004 003 000 000 1.3/
31 . J.08

ﬂUEJ'JVIEW]ﬁWEﬂﬂﬁ
Q\anﬁﬂﬁmquﬁmﬂqﬂﬂ
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Table C-23 Concentration of ammonia, nitrite and nitrate in C:N=16:1 that was added
with NH4CI (80%) and shrimp diets (20%) as nitrogen source and starch as carbon

source and using tap water.

TAN Nitrate

Day (mg-N/L) (mg-N/L)

Average Average  SD
0 0.01 0.14
1 1.03 0.27
2 0.20
3 0.11
4 0.05
5 0.08
7 0.27
8 0.09
9 0.04
10
11
12
13
15
16
17
18
19
21
23
24
26
28
30 - | 001 000 000 18]
31 & J.02

AUt INeNineIng
QRN IUNRIINYIAL
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Table C-24 Quantity of total suspended solids in Control that was added with NH,CI

(80%) and shrimp diets (20%) as nitrogen source and using tap water.

Total suspended solids
Day (mg/L)

SD

14.33

Table C-25 Quagffity gf totfll sfispen in .1 thatyvas added with NH,CI
(80%) and shrimp ghe

using tap water,

6c"@nd ‘starch as carbon source and

L/

,.

19 = 1154 45
24 || 8¢ 211.04
28 360.01 327.6

331.99 QJ 297.53

AUEINENTNEINS
QRN TUNRINYINY
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Table C-26 Quantity of total suspended solids in C:N=16:1 that was added with
NH4CI (80%) and shrimp diets (20%) as nitrogen source and starch as carbon source

and using tap water.

Totl uspended solids

Table C-27 Cong ptration & orophyilia, b 3 s rol that was added with
NH.CI (80%) ahd shgifnp o 3 \ d Using tap water.

hiGigphy 115 & Chlorophyll-c

Day (mg/m®)
a SD Average SD

3 Y j";""'"f"; 900 000  0.00

7 0B dGB8 1A 17.03 20270

9 | 40 24.26
11 138.33—56.66—13.73 ——42.43—3548- -/ 38.17
16 J 8597
18 —=301% 805,18~ 772.33
21 ﬁ51.15 06: 384.03 82. 1325@ 2126.35
26 “78.28 568.15 277.57 496.38 899 1456.93
31 . 30.72 14481 u 27 66251  596.16

ﬂUEJ’JVIEJVIiWEﬂﬂ?
Q»W'mmmummmaﬂ
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Table C-28 Concentration of Chlorophyll-a, b and ¢ in C:N=2:1 that was added with
NH4CI (80%) and shrimp diets (20%) as nitrogen source and starch as carbon source

and using tap water.

Chlorophyll-a G IrophyII -b Chlorophyll-c
Day (mg/m?®)
Average SD
3 101.32 14157
7 0 s Tt 31 v s 21.29
9 3 0718 - 7 540 207.33
11 157.71
16 1657.17
18 562.65
21 69" | 280N , 535.44
26 1 : AN "2314.33 2556.35
31 ' 305,043 ( 452.70
Table C-29 Ca#Centrgli hloraphy aA\G,iMBN=96; 1 that was added with

NH,CI (80%) andg

and using tap water.

a@hd starch as carbon source

Chlorophyll-c
Day (mg/m®)
Average SD
3 26.35 45.64
7 5.80 0.00 4.02
9 B0.14™, 156.23

11 {_ ' 166100 5Ash- ) 128 89

16 l 576.71
18 ) 739.26
21 m 8.85 : 41594 606.22
26 96.34 380.42 196.82 377.16 3 7 770.62
31 10? .03 1035.66 811.71 6»4 A5 2233.12 2557.96

ﬂumwﬂmwmm
Qmmmmum'mmaﬂ
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Table C-30 Physical parameters measure in Control that was added with NH,4CI
(80%) and shrimp diets (20%) as nitrogen source and using tap water.

Day Temperature (° C) pH Alkalinity (mg/L CaCO3)
Average SD Average Average SD

0 31.83 ‘ O 05 126.67 11.55
2 29.70 ' -

3 27.97 / .

4 26.77 )? 120 00 0.00
7 -

8 17.32
9 -
10 -
11 -
12 -
15 28.28
16 -
17 -
18 -
19 -
21 0.00
24 -
26 5.77
28 -
31 0.00

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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Table C-31 Physical parameters measure in C:N=2:1 that was added with NH,CI
(80%) and shrimp diets (20%) as nitrogen source and starch as carbon source and

using tap water.

Temperature (° C) Alkalinity (mg/L CaCQO3)

Day Average Average SD
0 32.17 120.00 0.00
2 30.10 - -

3 28.00 -

4 0.00
7 -

8 5.77
9 -
10 -
11 -
12 -
15 14.14
16 -
17 -
18 -
19 -
21 21.21
24 -
26 5.77
28 -
31 5.77

ﬂUEJ’JVIEWﬁWMﬂﬁ
ammmmwwwmw
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Table C-32 Physical parameters measure in C:N=16:1 that was added with NH,CI

(80%) and shrimp diets (20%) as nitrogen source and starch as carbon source and

using tap water.

Temperature (O C)

Alkalinity (mg/L CaCO3)

Average

32.47
30.13
28.20
26.87

0 *far--m{

‘F‘/b'

1-1— - ¥
Y

Average

SD

120.00

0.00

0.00

20.82
17.32

5.77

ﬂuEJ’JVIEJ‘VﬁWEHIﬂﬁ

ammmmummmw
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Table C-33 Concentration of ammonia, nitrite and nitrate in Control was added with
feed only and stocking density of 3 kg/m® in 130 L and using tap water.

TAN Nitrite Nitrate
Day (mg-N/L) (mg-N/L) (mg-N/L)

Average SD Ave §p .SD Average SD

0 0.00 0.00 0.64 0.04
1 0.36 0.0 0.02
2 247 0.01
3 0.08
4 0.01
5 0.05
6 0.05
7 0.07
8 5.48
9

10

11

12

13

14

15

16

17

18

19

20

21 -----

22

23

24

25

26

27 9.7 0.00

28

29

30 0.0 A4.78 : 0.00 0.00
31 0.02 34.17 29.60 4.32 4.99
32 0 04 27.41 24,69 551 12.62

msfmaﬁmm

0.02 0.02 0.16 32.96 29.26
0.04 0.03 0.01 2643 22.95

QW?&ﬁﬂﬁﬂ%ﬂmﬁﬂmﬂﬂ

0.02 0.02 0.00 0.00 32.93 29.22
0.02 0.02 0.01 0.01 38.58 34.91
44 0.04 0.06 0.01 0.01 23.91 21.12




124

Table C-34 Concentration of ammonia, nitrite and nitrate in C:N=2:1 was added with

feed and starch as carbon source and stocking density of 3 kg/m® in 130 L and using

tap water.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L)
Average P, Average SD
0 0.00 2 066 0.04
1 0.36 0.09
2 2.35 0.06
3 0.05
4 0.03
S 0.18
6 0.17
7 0.24
8 0.42
9 JO. . N N8 w & 0.56
11 - I 0= ‘ " 0.35
12 : gy L 64 AR ) & 1.07
13 A S LG e\ 2%, Moo
14 ' AR~ W5 31N 13.68
15 11.51
16 0.00
17 0.00
18 0.36
19 . 0.80
20 0.04 0.00
21 0.06 0.45
22 . C LY ; . 0. 0.00
23 . 00"~ 24027, : 0.00
24 " NY.0i : 00
25 . 505309 — 321
26 . + 0.00
27 - ot = .00
28 ! ‘|' 0.00
29 0.03 42.23 . . 0.00
0.02 0.02 38.26 33 45 0.00 0.00
00’&002 39.35 1.19 1.30

ﬁummmmmm

0.05 0.06 15 52 25.44 21 24 25.32

0.04 0.04 13.15 29.93
o W? NN
0.08
0.02 0.02 .
42 0.02 0.02 0.00
43 0.02 0.02 0.01

44 0.03 0.02 0.01
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Table C-35 Concentration of ammonia, nitrite and nitrate in C:N=16:1 was added
with feed and starch as carbon source and stocking density of 3 kg/m® in 130 L and

using tap water.

TAN Nitrite Nitrate

Day (mg-N/L) (mg-N/L)
Average ) 4 Average SD
0 0.00 ¥ 0.68 0.04
1 0.39 0.01
2 1.98 0.06
3 0.06
4 0.39
5 0.50
6 0.66
7 0.70
8 0.70
9 g . L 0.95
10 756 4 20.207h 0N W %D 0.86
11 b ' | ) 0.97
12 L 0.65
13 ' . v ), 254, 0.72
14 ssyf B2 ¥ udo A V000N 0.0
15 4.8 ( W 0.40
16 4.96 0.00
17 6.98 0.00
18 3.93 3.79
19 3.72 3.18
20 0.48 2.47
21 0.02 . 3.38
22 0.30 1.30 6.20
23 0.36 : 4.24
24 W0.0¢ - 90
25 '_ g — ) 009
26 . ¥ 000
27 0: ¥ ="0.00
28 ﬁs 0" . ‘|' 0.00
29 7 0.10 52.26 11.41 0.00 4.4 0.00
0.03 0.01 36.34 9 62 2.08 7.66
00‘&002 38.59 4.60 3.93

ﬁummmwmm

0.14 0.13 25.41 21.13 18.37 37.18

0.06 0.04 15.85 2997 31.83
o W?Nflo ']?zz .
0.20 : : 50 6.

0.13 0.12 0 20 55.27 20.24

42 0.03 0.02 0.01 55.48 17.93

43 0.08 0.08 0.06 63.90 17.60

44 0.06 0.03 0.02 47.48 11.37
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Table C-36 Quantity of total suspended solids in Control was added with feed only
and stocking density of 3 kg/m® in 130 Land using tap water.

Total suspended solids
Day (mg/L)

SD

Table C-37 Quantity, afsuspende ’ : C:N=2:1 was added with feed and
starch as carbon source and ':f y densi g/m?in 130 L and using tap water.

53
ﬂumﬂ%ﬂ;nﬁw%ﬁm
ARIGN I FNINY

43 558.82 153.90
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Table C-38 Quantity of total suspended solids in C:N=16:1 was added with feed and

starch as carbon source and stocking density of 3 kg/m® in 130 L and using tap water.

Total suspended solids
Day (mg/L)

Table C-39 Concentrgffon ef-Chioroph &nd cifl Control was added with feed

only and stocking density of 3kghm i 4 30 L and using tap water.

Day ﬁh = prophyh-c
: : 7 : $D
7 53:5€ 50 =, 457.85
11 41 : 1. 87 103 85
13 9 911.37 1546.34 1116.22 4059.9 393.55

15 618 46s 717.71 548. 28 796 0, 1399.98 2211.77
97 03 386 989 1 66.7 5

1296 21 174.72 05 230 40 4237 99 840 56
432.22 _ 7.07 33 .05 155.66

9 W? @ﬁﬂ?ﬁﬂﬂlm45ﬂﬂ'l At

42 961.12 646.27 1001.62 815.49 268251 2628.08
44 662.57 353.12 662.03 437.82 1807.46 1285.78
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Table C-40 Concentration of Chlorophyll-a, b and ¢ in C:N=2:1 was added with feed
and starch as carbon source and stocking density of 3 kg/m® in 130 L and using tap

water.
Da Chlorophyll-a Chlarophyli-b Chlorophyll-c
/ (mg/m’) ‘ (mg/m’)
Average  SDgnURVE 31 SD
7 2063.65 132853%2858196' / 1596°59# 6846. 4696.40
11 1719.95 17 3.08 “214 ‘ 6226.46
13 2253.94 2 8690.64
15 491.30
19 61.62
22 8.91
24 h 14.42
26 09 4.64
28 ‘ : 9532 089 2592%94%, 3037.78
34 269 440 25, 166.27
36 41273.07
40 111.06
42 835.21
44 578.53
Table C-41 Concent‘ on oG y andclin C:N=16:1 was added with
feed and starch as carbon f, ‘J e-and stoc sity of 3 kg/m® in 130 L and using
tap water. ’

Day

588. 58| 913.75
902.96'4 1316.07
1837.42 1585.71

11 382.87
13 720.7% 507.88
2562 5907

18 I IS

57.21 39.93 1 2 26 21 40 77 19 72
861.40 1113.42 ‘

9 W”Z sy

262.52 9797 26598 104.03 74428 278.32
42 41349 49.15 380.86 36.41 1051.12 184.96
44 1089.14 41.67 1141.00 28.10 3397.38 19.40
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Table C-42 Physical parameters measure in Control was added with feed only and
stocking density of 3 kg/m® in 130 L and using tap water.

Temperature (° C) pH Alkalinity (mg/L CaCO3)
Day Average SD Average Average SD
0 28.93 0.15 ‘ O 06 43.33 5.77
1 32.90 1.01 - -
2 33.63 \ / » 10000 10.00
3 34.27 /m‘ - -
4 33.87 8.47 ' )@9’ : -
5 31. :ﬂéﬂoo 0.00
6 '1 - -
7 885 = -
8 885 ' :
9 6.67 50T 28.87
11 8.00 . -
12 3.00 -
13 'i ‘ -
14 3.00s, 51.96
15 /-8 -
16 fo? .
17 bid 14.14
18 -
19 0.00
20 -
21 -
22 -
23 0.00
24 -
25 -
26 §~30100==0) -
27 -
28 K . 28.28
30 . "‘|' :
32 : - -
34 O 00 0 00 O 00 100.00 0.00
3
usIneningIng

3385 021 .,9 64 004  110.00 28.28
_ 43 3385__ 078 9058 _ 010 4E0000 _14.14 QJ
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Table C-43 Physical parameters measure in C:N=2:1 was added with feed and starch

as carbon source and stocking density of 3 kg/m® in 130 L and using tap water.

Temperature (° C) pH Alkalinity (mg/L CaCO3)

Day Average SD Average Average SD

0 29.03 0.06 ‘ O 02 46.67 5.77

1 33.27 0.58 -

2 33.87 \ 110,00 10.00

3 34.47 )# -

4 v 8 43 )@? -

5 10.00

6 ‘ -. O: -

7 \“ 2 .

8 06 -

9 - 17.32
11 -
12 -
13 -
14 41.63
15 -
16 -
17 28.28
18 -
19 7.07
20 -
21 -
22 -
23 7.07
24 -
25 -
26  §~3025 =0 -
27 -
28 7.07
30 -
32 :

34 O 00 0 00 O 00 65.00 7. 07
3

34.95 0.64 .,8 74 0.40 7100.00 14.14
43 3445 064 %858 026 #489.00 0.00 @
Fr . ¥ | F P . i | - §
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Table C-44 Physical parameters measure in C:N=16:1 was added with feed and

starch as carbon source and stocking density of 3 kg/m® in 130 L and using tap water.

Temperature (° C) pH Alkalinity (mg/L CaCO3)
Day Average SD Average SD Average SD
0 28.93 0.15 : ‘ 0.02 43.33 5.77
1 33.00 0.53 4. .0 0.00 0.00
2 3323 @ / 74  106.67 11.55
3 3420 adBR %08 /M( 2 0.00 0.00
4 . 75 8. ,m( . 0.00
5 RV — e . 5.77
6 : 0.00
7 0.00
8 0.00
9 15.28
11 0.00
12 0.00
13 0.00
14 10.00
15 0.00
16 0.00
17 23.09
18 0.00
19 72.34
20 .68 : . : 0.00
21 : 0.08——F6F 28 W O. 0.00
22 : 33 0.00
23 76.38
24 0.00
25 0.00
26 0.00
27 0.00
28 40.00
30 0.00
32 0.00 0.00 0.00
34 O 00 0 OO O 00 83 33 45 09
3

w04 .,8 0 796.67 155
3 uzs 055 Gsos 030 4900 1000 @
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Table C-45 Change of quantity floc volume index (FVI) in Control, C:N=2:1 and
C:N=16:1 was stocking density of 3 kg/m® in 130 L and using tap water.

Control C:N=2:1 C:N=16:1
Day  Floc volume index (ml) Floc volume index (ml)  Floc volume index (ml)
Average ‘ : SD Average SD

9 8.00 0.00 18.00 0.00
16 33.00 0.00 40.00 0.00
24 - 9.97 58.67 17.01
32 72.00 14.00
37 62.00 10.58
44 82.33 31.56

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Table C-46 Concentration of ammonia, nitrite and nitrate in Control was added with
feed only and stocking density of 3 kg/m® in 500 L and using tap water.

TAN Nitrite Nitrate
Day (mg-N/L) (mg- N/L) (mg-N/L)
Average  SD Average  SD

0 1.14 0.90 0.07
1 0.40 0.03
2 2.83 0.05
3 0.08
4 0.36
5 0.10
6 0.04
-
8
9

11

12

14

15

17 :
19 19.22
20

22

24

26

27

29

31

33

35

37

39

40 . : :
42 0.42 0.00 56.05 4,£0.00
43 0 00 0.01 0. 00 54.52 0.00
4 uﬁi’ﬁlﬁz‘/lmﬁog’igh’i

0.07 0.00 0.00 62 14 0.00
0.00 0.00 0.00 0.00

QW? ﬂﬂﬂ?ﬂﬁmﬁﬂmﬂ d

0.02 0.00 0.02 0.00 57.87 0.00
59 0.01 0.00 0.10 0.00 68.27 0.00
60 0.01 0.00 0.16 0.00 06.24 0.00
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Table C-47 Concentration of ammonia, nitrite and nitrate in C:N=16:1 was added
with feed and starch as carbon source and stocking density of 3 kg/m® in 500 L and

using tap water.

TAN Nitrate
Day (mg-N/L) (mg-N/L)
Average S AVEr: g Average SD
1.30 05wl |/ /, 0. 0.03
0.36 ’ '¢70 ' 0.03
2.17 0.02

0.09
0.06
0.09
0.28

. 0.14
W5 1.42
0.22
y 0.20
% 0.04
0.31
0.19
0.16
1.63

el el
bR ERERREwvwovouorwnmr o

20 0.40
22 . . ; 0.14
24 16.92 A7 ..r.y i 0.50
26 13.80 4 30 h—,u | . 0.95
27 9.07 . 2.34
29 5.22 ﬂ—"‘;z 2.56
31 (% 4.2
33 @ YO ——(t) o — Cyle)e —y ey ——ybp i — 9
35 L r Vo 6b7
37 83 1= 4.40
39 0.0 0 3. 18.03 | | 14.00
40 ; 1 0.01  47.88 421  23.04 10 72

ﬁuﬁ%ﬁﬁ? kLB

0.11 0.05 O 11 0.02 85.94 1.93

0.45 0.42 0.02 830 1031
QW’? ﬂ‘@ﬂgﬁﬂﬁm’h YA Y
0.64 0.22 0.02 96.42 9.28
0.49 0.60 O 89 0.04 10729 11.15
58 0.05 0.02 0.17 0.15 102.83 14.68
59 0.54 0.08 0.93 011 109.22 1341

60 0.05 0.01 0.61 0.44  108.65 28.81
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Table C-48 Quantity of total suspended solids in Control was added with feed only
and stocking density of 3 kg/m® in 500 L and using tap water.

Total suspended solids
Day (mg/L)

SD

ﬂumwamwmm
Qmmnsmnmmmaﬂ



136

Table C-49 Quantity of total suspended solids in C:N=16:1 was added with feed and

starch as carbon source and stocking density of 3 kg/m® in 500 L and using tap water.

Total suspended solids
Day (mg/L)

SD

ﬂUﬂ’JVIEJVIﬁWEJ'm‘i
qmmmwmmmw
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Table C-50 Concentration of Chlorophyll-a, b and c in Control was added with feed
only and stocking density of 3 kg/m® in 500 L and using tap water.

Chlorophyll-a Chlorophyll-b Chlorophyll-c

Day (mg/m®) (mg/m®) (mg/m®)
Average SD ag Average SD
3 107.63 44 8443 42847 379.22
5 220.03 AN | BIE. 2887.49 909.81
7 60.72 : ’ ] 139.55
9 107.86
12 295.44
14 87.21
17 159.72
20 " ,, 27.16
24 9% 5./ /5831 38,00 882,98
27 | “ 50, 11.55
31 90.56
35 0.00
39 9L72 s 0.00, N, 184 378 0.00
42 - _ 428367 )% \258.3 0.00
47 . | s ffk 00\ 94132, 0.0
50 | .26, 02" 0.00
53 0.00
56 1769 08 0.00
58 1915.36 0.00

ﬂUEJ’JVIEmiWMﬂﬁ
Q»W'mmmummmw



138

Table C-51 Concentration of Chlorophyll-a, b and ¢ in C:N=16:1 was added with
feeds and starch as carbon source and stocking density of 3 kg/m® in 500 L and using

tap water.
Chlorophyll-a C lorophyll-b Chlorophyll-c
Day (mg/m?®) | (mg/m?®)
Average . el ) Average SD

3 213.61 15:87 ;,‘v” B 81199 788.99
5 552.97 _DBBAMENN 84705040.38  190.00
7 1475.31 9880+ 2226.00==5%05 64 179.00
9 1768 M58 66.99
12 :\::‘*—- 9. 15116
14 ) : , . 4 634,48  127.37
17 2/ /19860 ') W83 78%8e, 150.00
20 49.81
24 96.92
27 C 63.69
31 538, 1230.05
35 ! , 123, 3523 .90 66.33
39 2840 i ff Grashiz8l 2431 630835 1000.39
42 ‘ A 202064 408.30
47 240.58
50 4 L1112 2 B\04 346.32
53 1884.5)F 848.14 2329.68/4/587. 50201 2561.46
56  2916.09 . : 1947.78 5255.75
58 287753 § 96866.01 452.17

ﬂUEJ’JVIEJVIiWEﬂﬂ?
Q»W'mmmummmaﬂ
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Table C-52 Physical parameters measure in Control was added with feed only and
stocking density of 3 kg/m® in 500 L and using tap water.

Temperature (°C) pH Alkalinity (mg/L CaCO3)
Average SD  Average Average SD
31.65 ‘
29.60
30.05

31.95
30.10

0 OO 130.00 0.00
//% O 00 14 14

0.00 90. OOLJ‘

0.00

0.00

9.41
27 1 0 OO 9 27 0 OO 100.00 0.00
28 50 0 00 0 OO 7-
27.30 0.00 0.00

QW‘QG%ENQJW‘MMGE

27.60 0.00 8.87 0.00 -
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Table C-53 Physical parameters measure in C:N=16:1 was added with feeds and
starch as carbon source and stocking density of 3 kg/m® in 500 L and using tap water.

Temperature (°C) pH Alkalinity (mg/L CaCO3)
Average  SD Average Average SD

31.85  0.21 130.00 0.00
2960 0. 14 -
29.70 _, / -
3150 20:28 ,_ 5.00 7.07

29.95 )0 ¥ 8.54

8.70 0.17 110. OG‘J‘ 14.14

27 6 0 14 8 68 0 08 100.00 28.28
28 65 0 07 O 06
28.10 0.14 0.16

QW‘Q ﬁﬁﬂ'@ﬂé QJHW‘HB“’IQ d

28.15 0.07 8.38 0.07
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Table C-54 Change of quantity floc volume index (FVI) in Control and C:N=16:1
C:N=16:1 stocking density of 3 kg/m* in 500 L and using tap water.

Day Control C:N=16:1
Floc volume index (ml) Floc volume index (ml)
Average SRadd SD

9 0.30 ‘ 0.92

19 12.50 5.66

24 o~ 11.31

31 » 7.78

39

45

53

60

ﬂumwamwmm
Qmmnsmnmmmaﬂ
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Appendix D
Calculations

D-1 Calculation of Sub&\\%”ﬂ)

1. Nitrogen source Shn@ di ‘ formatlon

e

1.1 Am A |)

Rmmaogifim : Tolecut 5 g that was contained
nitrogen 14 g. g8 obgain *, itrogan, water, the amount of

ammonium chloridgffeq

W ammoniwm chlorids

pdjit is approximated that
vy

g nitrogen in 5 L of

q W’fﬁ'&ﬂ’%ﬂ’d SENHA Y

2.1Glucose

Glucose has moiecuiar weight 180 g that was contained carbon 72 g.
The example substrate C:N ratio at 16:1 which added nitrogen with NH,CI = 0.0191
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g-N. To obtain carbon 0.0191x16 = 0.3056 g-C in 5 L of water, the amount of glucose

required is:

2.2 Tapiity tarch- =
W/ Abhon' » The substrate C:N ratio

at 16:1 which added ¥
0.0191x16=10

i | 0 obtain carbon

guired is:

Ftarch
q .‘I

H = .—é"nf-r s
D-2 Calculation of Ti '_u “;" ol

P _J:— WF ? ‘i
Approximately.36¢ gj‘:b sh [ vias sampling once every 2 week.
@!h data during the

The followiingh ealculations were used |
NJ

zero-water b( |

AUYINETINYINg
QRIBN T
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Average dally growth (g/day)
_ Final walght per fish — Baglming weight per flsh

Cultivating period

Survival rate

D-3 Calculatiop?nipfogy’ Ot TilaPia\féedls, Mgl nitrogen in Tilapia
(modified fré | A W\

1. Nitrogen of Til ‘

Tilapia feeds gBntaif :-;": r""f*’f‘- b waStfed at 3% of total fish weight

per day. Assuming Tilapia have: ge v Ma@f 1510.5 g was reared in 500 L tank,
" g‘?‘:.l .

the amount;ﬂoge' ' ed can |

Amourt afnJ ogen fram fas
= ??53- N/ day

ﬂUEJ’JVIEJVﬁWMﬂﬁ

tratlon of nitrogen from feeds that is delivered per day in 500 L tank is:

ammmmummmw

(K treti Lty
oncantration of nitrogen from fesd 00 L

=4.35 g— N/L
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2. Carbon source starch which used for substrate C:N ratio

Starch has carbon approximately 50%. The substrate C:N ratio at 16:1 which
added nitrogen of tilapia in feeds = 2.175 g-N. To obtain carbon 2.175x16= 34.8 g-C
in 500 L of water, the amount of starch’r7uwed IS:

Wy,

il? 'V

omass. According to

protein content and

Adried" content of tilapia in
008h in fish required is:

Nltrogem s soli rogen F ntained in biofloc that

can analyze om C, H and N analysis. The nitrogen in biofloc contained

AU
q RTRSATBUNTINYIN Y
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