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Abstract

Background and Objectives: Currently, the intensive farming of red tilapia is commonly practiced in indoor
facilities, requiring an aeration system to provide dissolved oxygen levels suitable for the fish growth. Therefore,
the objective of this study is to compare the efficiency of the micro-nanobubble aeration system, the Chan
shrimp model I, with an air disc aeration system and an airlift aeration system under standard conditions and in
intensive culture ponds of red tilapia in indoor facilities.

Methodology: A randomized complete block design was applied with three treatments: T1) the air disc system,
T2) the airlift aeration system, and T3) the micro-nanobubble aeration system with 99% oxygen concentration
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in the air. The block is designated as the experimental rounds or the day of experiment. The experiments were
carried out in triplicate (3 days) and established using 3 round canvas tanks with a diameter of 3 m and filled
with water to a depth of 70 cm to gain a total water volume of 4.95 m*. The efficiency of the three aeration
systems was measured under two environments: standard condition using clean tap water, and culture water
from the red tilapia canvas tank. Including the efficiency test in the Red tilapia culture ponds, where the fish
with an average weight(+SD) of 244.92+0.21 - 245.46+0.15 g and an average length(+SD) of 21.16+£0.42 -
21.27+£0.23 cm were stocked at 500 fish/pond equivalent to 70.77 fish/m® or 24.74+0.02 — 24.81+0.03 kg/mS.
Temperature and dissolved oxygen changes were recorded and subsequently used to calculate the efficiency
of the three aeration systems, as well as aeration system cost and energy cost.

Main Results: Under standard environment of clean tap water, the standard oxygen transfer rate (SOTR;
kgOZ.hr'j) and standard aeration efficiency (SAE; kgOZ.kW'ﬂ.hr'1) of the micro-nanobubble aeration system
showed the highest efficiency with significant difference(p<0.05), followed by the airlift aeration system and the
air disc system, respectively. Similarly, under the culture water environment, the micro-nanobubble aeration
system had the significantly highest(p<0.05) standard oxygen transfer rate (SOTR, kgOZ.hr’w) and standard
aeration efficiency (SAE, kgOZ.kW'1.hr‘1). The airlift aeration system ranked second and followed by air disc
aeration systems, respectively. The micro-nanobubble aeration system had the significantly lowest(p<0.05)
total aeration cost percentage(+SD) (28.69+3.81%) compared to the airlift and air disc aeration systems,
respectively. Additionally, the micro-nanobubble aeration system did deliver the highest cost saving(+SD)
(71.31+£3.81%) followed by the airlift aeration system and the air disc system, respectively. Furthermore, in the
red tilapia pond, the micro-nanobubble aeration system demonstrated a significantly higher (p<<0.05) field
oxygen transfer rate (OTR, kgOZ.hr'1), aeration efficiency (AE, kgOz.kW'w.hr'1), and power requirement (P; W)
than those of the airlift and air disc aeration systems, respectively.

Conclusions: The micro-nanobubble aeration system, Chan shrimp model |, demonstrated the highest efficiency
in increasing dissolved oxygen in water. Additionally, it reduced energy cost(+SD) as much as 57.09+1.41%
and 14.22+2.40% compared to those of the air disc and airlift aeration systems, respectively.

Keywords : aeration system; air disc; airlift; micro-nanobubble; red tilapia
*Corresponding author. E-mail : supavadee.k@rmutsb.ac.th
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Figure 1 Schematic of experimental unit of aeration systems, a) air disc, b) airlift and ¢) micro-nanobubble.
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D, = AnNidindurasaandiauazaieini 20 % 1899nansa fl guunRNian1maaes

]

a o aa o

D2 = mmLﬁ’uﬁumm@@ﬂ?ﬁmummﬂﬁﬁ 80 % 1RNABNA T AEUUNNNNINTNARBN

q al

v '
= a o

PRI ¥ Y =) ° k4
T1 = FzaIzaan (W) ‘V]ﬂ')’]NL?IN%H“H@Q@@H‘I]L@H@Z@WEIH’]LWN?I'L!VLﬂ 20 % INPABHNA

e

'
a

ANF

©

=<

= dl ¥ a gol = ¥
T, = TCaEAAN (W) Arudindureseandiauazanainauls 80 % URIJA

A K a Aianuansldanngasazinlilmsson 60 wniiiameussazinan liiidudalug

i v
I a °

2) ANdNLsEANENNTENLIMeeNTIAUNgU)HTa9UN 20 ANANLTALTEA (K a,; hr') %uﬂu@qummﬁm

Kiay, = Ka/1.024 o (Dayloélu, 2022) (2)
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K a,, = Arduilsz@vzlunistnameentiauianiaraungininsgiu (hr')
Ka= AndutlszAns lunnsanameandaunan1azniin1maaed (hr')
T

~d.o
MUYHNNINNINARERS (°C)

D

3) AMNNIMIZIUEAINNITNLINEANTIAY (standard oxygen transfer rate; SOTR; kgO,.hr)
SOTR =K a, xaxVx 10° (Dayloélu, 2022) (3)

& da o 8 a4 = A a4 A, e s a o
a= ‘]_l?mm@@nsnmemmsl,um@qummu 20 a9AN AT T9lWINAARNAWINGL 9.09 HaAniu

| a

naamns (APHA, AWWA & WEF, 2017)

V= ﬂ?mmﬁﬂﬁmiﬂuﬂﬂ (QNUATLNRT)
4) Anlsravaninaeaeiasliannis (standard aeration efficiency; SAE; kgO,.kW".hr")
SAE = SOTR /P (Dayloélu, 2022) (4)
P = MasvinaasscuumEneInIA (kw)

5) dmsnstnameandiaulutiaiassilan (field oxygen transfer rate; OTR, ; kgO,.hr")

OTR, = [SOTR x O x 1.024™**(BC, - C)1/9.07 (Roy et al., 2022) (5)

' v
aa

C, = Bnneandiauiazaalunl 100 % m goungivmaasdluanindeidsatlan (mg.L”)
C, = Buneaniiaunarareluiingmadaluanindedesian (mg.L”)
T = gungiin utennaes (aeaaaLTas)
Yo o & ¥
o = K a,, 1estilutedeslan / K a, 18914z87n
Yo X e aa - X
K a,, 1890 utiiaesan = Arduilsy@nsnisanaineandiaunaninnisaiaealan
K a,, 129W1ave0n = AMdNsrAnsnisdnemesndiaunaniazuinggu
B = Buueendiaunazaalwizestedeslan o quausa / Bniueeniiauiazaeluiazen
D4 AABNAA
6) ANUILANTNINNNIONELNAANTLAUABITEULLANAINIA (aeration efficiency; AE,; kgO,.kW hr') Tu

v v
°

AnNUaLasNdRTUN

AE, = [SAE {QL x 1.0247*" (BC,- C,)}/9.07]  (Roy et al., 2022) (6)
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A = K a,, pond water/K a,, clean water

B = Uinnnseendiauiiazane luinzedeidoelan o fimﬁluﬁq / Bunnieendiauiiazaneluin
4ven U ﬂgmﬁlmﬁq

C, = Punmueaniiauiiazanelui 100 % @mmﬁﬁwmmﬂummwﬂﬂL‘gmﬂm (mg.L™)

C, = Bnnneentiauiazaralniinmadnlusnmdeidaslan (mg.L”)

7) ANANABINITNAN WA AN M N sl A ssuuANaINATa9Le A eNdRd1n (power requirement;

P.; W) 14 Aflunadaasedliannianuanudeeanisede
F’R Z(TOD/AEf ) x1000 (Roy et al., 2022) (7)

AE, = Usz@nsnimanaiesesliainia (kgo,.kw ™ .hr')

TOD = ANAYNABIDBNTIAUIINTIUNATDILIBLRENARFUN (kgO,.hr)

v

8) TRyaf U UIBITTULANEINIA
lunsAneasail Lﬁuﬁ’asﬂ@ﬁunummixuuLﬁummﬂﬁ“\i 3 szuu (gunsnldnaennia Tuas ﬁuquﬁ’] uaz

Senantian) fuyuentii (assiiuaze i) Wevdiunfusnmfunusuaesssunifinennis sunus i

WelusiunuIINTeds s ULIANEIN A WazAUIMUILfE U1 9an AU UIINTRITTULANBINA

N1931AE 7/77/@1/@1/}’7\720()5)

PREGHT Fndusz@nanistnemenndiau ANNIATFIUEATINNTEENBANTIAUW ANLsZANTNINTRITELL
{Ainen Aveinazena ANUafEWARUYUIINTRTEULANEINIA AUafidusnIsanfu1uIINT BT LLIFYN
amARdszAnnmeesnnisineimeandialutedalan AdszAnnmnisdiamesndiaues ssuu i
BINA rﬁmuﬁmﬂﬁiwﬁwmﬁmmmﬂuﬂmﬂmi:‘uuLﬁmmmmmu’@L'gmﬁmﬁwmﬁqmummiwmm W1

a ada

AAITHRANNADAA8ATATIZF AN LLTUTIU (analysis of variance) UL one way ANOVA LazidFauiiey
mﬁmmnmwmmLfaﬁﬂiwdﬂmmmmm@mé’%ﬁ% Duncan's new multiple range test NszauiEdATY (0<0.05)

ANUNURSTNIZYZIAYINITNAAEY

an113919n e AaRfN1slsrae AnszmatulaEnnanERILAZgRAIUNIININEAT NNanenamaTulag

PITHIARGITIUNN AIMTANTEUATATRYFLN FENINUAB NHANUE D9 1haL HU1AN W.A. 2567

HAN15IAe

19 ANENINNINANDINIAYTBN TSNS vmﬂ'luummm

ANNNIATIIUERTINNTENEINEANTLAU (SOTR) 2BITTULLANAINTATY 3 3511 WUIIA1 SOTR (+SD) 2184

1 =

i“ummummﬂLL‘LlﬂuImmTuumm (0.153+0.007 kgO,.hr’ N H ﬂmmnm FaflAnuuAnsneTUNsaTRosngg]
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o

HadnAty (p<0.05) AUTTULLANBINIARLLLATANY (0.064+0.005 kgO,.hr') LALITULLANEINIALLLAIUANE

o

81N (0.030£0.001 kgO,.hr") #i4 Table 1

m'ﬁmmiﬂmmmﬂizﬁw'ﬁmwmﬂﬁ’mmﬂ (SAE) 28955ULLANAINIANG 3 32UL WULINAN SAE (£SD) 284

IS

seuuinaInAsuLlnlasua lufuda (0.153+0.007 kgO, kW .hr') HANNTgA T9HANNUANANNAUNATE

q

o o

aealiadnAty (p<0.05) AusTULLANEINTALLULATANY (0.084+0.006 kgO, kW ".hr') uazssuLiANaINIALLL
MUA188INA (0.040£0.001 kgO,.kW .hr") i1 Table 1
sravioaf i lunaiineandiauiazaialuniann 20 i 80 wefidusuesqngnfaredszuiiiNeInNIA

9 3 szuu wudn szuuine Nty lulasunluiuda dsrazinadasiigaiade (+SD) Tun1siineandiau

o o o

Nazaraludn windu 35.21£5.48 w1 TelANLANFA1eiuet1eliag1 Aty (p<0.05) AUTEULIANENNIALLL

(7

Lasanii (69.14+3.87 mﬁ) LAZIEULFNANIALLLAIUANEAINIA (161.03+3.71 mﬁ) A9 Table 1

Table 1 Oxygen transfer coefficient (K a), oxygen transfer coefficient at 20°C (K a,,), standard oxygen

transfer rate (SOTR) and standard aeration efficiency (SAE) in clean water.

clean water aeration systems F p-value

blower + blower + micro-
air disc airlift nanobubbles

Ka (hr') 0.517+0.013 1.069+0.073 2.640+0.122

K2, (hr') 0.674+0.021 1.412+0.095 3.363+0.156

Duration time, DO,,, - DOgq,, (min) 161.03£3.71 69.14+3.87 35.21+5.48

SOTR (kgO,.hr") 0.030+0.001° 0.064+0.005" 0.153+0.007° 517.028 0.000

SAE (kgO,.kW.hr") 0.040+0.010° 0.084+0.006" 0.153+0.007° 363.788 0.00

Note : The data presented were means+SD, the superscript letters within the same row indicate significantly difference (p<<0.05)

among treatments.
ANNNTUBIANNITEUATITBINTINTENTING Ln DO Auseazinan i (20—>80%sat) W41 ANANdaes
aun19784 sruuinenAkuy i lasun TuiudadiFsniiga (0.0406) luaneissuuimnaInIALLL uasanyl &

£ 0.0208 LALITULLANAINIALLLANUANLBINA HAT 0.0082 A4 Figure 3

2.0

y = -0.0008x - 0.0055x + 1.9605

R? = 0.9969

y =-0.0082x + 2.0333 15 y =-0.0208x + 2.0181

R = 0.9874 R = 0.9954

Air disc (In(Cs-Ct))
>
Air lift (In(Cs-Ct))

05 4

Micro-nanobuble (In(Cs-Ct))

0.0

-5 5 15 25 35 45

0 50 100 150 200 250 0 20 40 60 80 100
Time (minutes)

Time (minutes) Time (minutes)

Figure 3 Overall oxygen transfer coefficient (K a; hr'") for performance calculation of 3 different aeration

systems: (a) air disc, (b) airlift, and (c)micro-nanobubble.
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= 2 =
77’7?Ll/?E/UL‘VIEll/ﬁ?u‘lf]u?l@ﬂﬁ‘:;ﬂll!ﬁlll@’m’)ﬂ

NNIANUILALYUIAARUNINITDITLLLLANENIATATNIZLIL WUTUHBATUIUANABNANTWUAY (Table
2) Funuiangunsnizasszuuine N AwuylnTasun i alAngagn (11.81 UN9/41) 39890NAD STULLRN

BINIARLILUATANYT (9.51 UIN/TU) WATIEULIANEINIALLLAIUINERINYA (9.30 LIN/T1) NITATUIUAUY LAY
TinaesszuLBNeNIAIENITIL wudisiuueesszuuine N Auuy i Tasun luTudadiAngegn (4.10 uw/

F91304) FA4AINIAD FTULLANBINIALLLAIUINEBINA (3.09 L/ 18) BAZIzULANSNNALLLLaFAN (3.09
u/Ea i) (Table 2) daunisAunnusuyugan (Fuudanginsniuazsuyuanluin) aasmisaisszuuEnenie

Weanaandaunazanaluinain 20 waesidusiliiu 80 wasidus wudn fuyumNieatI89ssULFANa N ALLL

1
a o

iuTmm‘Euﬁmﬁ@mmmﬁqm (2.69 UIN) 704A4NNABITULLANDINALLLLBFANY (4.02 UIN) BAZIZTULLAN

BINIALLL AIUANBINIA (9.36 UIM) (Table 2) tiatindayailafiGusdfuyusmuiafaressuLANeINIARLIL

&« @

TulasunTutuidanay wuuwasansy Werineendauiazanalutinann 20 wefidusliiily 80 wlesidus
TuRauisudufuumNtessruLENe N ALLLAIUAe uaztin i Beazideyanieatiinudn ssuubineIniA

o a

LLuuVLuTmquﬁuLﬁ@ﬁLﬂm’v’ﬁum’”unummmizuuLﬁummm‘i’qﬁqm HAINUANFNNRENHT A ATy N 9aniA
(p<0.05) MuszuLFNaNIALLL LAWY LAz ULILA T WANEaINA HAN e fFusFWNUIN(£SD) 28.69+3.81 LAz
42.91+1.41 wafidus aud i (Table 2) ilavindayailefidusnisanfunumuresszuufineinisuu ulas
untufudauas uefan eineendiauiazaieluiiann 20 wesiFuslylu 80 wesidus I uBauieuiy
wWafidusnisanfunueaN(+SD)1e9TTLUUFANAINIARLLANUAEEINTA WUL1 szutAnaInAnuyuTasw
T aandunuldgeia 71.31+3.81 wWefidud lusniziszunifnenAuunwefany andunuld 57.0041.41
wWafidus (Table 2) LL@:Lﬁ'ﬂﬁﬂﬂ%mmw’%ﬂgammaﬁwmﬁ WaflEusn1sanAuNNIINTBNTTLLANAINIALLL

o o aa

TulasunTuiuidadAouuansneatnalsle Ao n19ddf (p<0.05)ALsTULLANEINALLL W FANYTLa LIz U LAY

(7

ANIALLLAIUINEAINA (Table 2)

1/22ANENINAITANBINIAYBNIZULLAND N A TN 8 Tt iBiAENT [a1A 3

N9sfiug RN emean Gl Lan 1NN ALa3 7T anTiauns iﬁﬁﬁﬂL@gﬁl(iSD) 245.46+0.05
NFu 419t 500 fa/tia iansfinmn 4 sEy Ae A1 OTR Tusdufl 50 wedidus s2iuf 60 wefifus szsuf 70
wafifust uavsdii 80 wlefidus wudn Sndsselui

ALaan (OL)(xSD) m@um%ﬂﬁmmﬂ (AE) m@m:umﬁummﬂ%ﬂ 3 92U WUINATWEANITRITELLLFIN
mmmmemdwmmmﬁﬁmmﬁqm (1.060+0.032) ArudagsruAnannAunnlulasunTutiida
(1.008+0.046) LAZITLLLFANDINIALLL WaFansi (0.887+0.060) AMNANAL A4 Table 3

ANLLAN (B)(iSD) qu??"a\‘fl,ﬁﬂﬂﬂm (AE) maw:umﬁummﬂ%\i 3 92U WUINANLANTRNTZULLRN
mm@1Lmumwhﬂmmﬁﬁﬁhmnﬁqm (1.028+0.005) ANALEITLLLLANANNIALLLWATANY (1.027+0.000) LAy
srunAnenauusilasun luuda (1.005+0.001) ANNAAL G Table 3

ansnistnawmeandiaulutiadesilan (OTR) vasszuLBNaINIAN 3 seut TuszAuaandiauazaialuun

'
=

Busin 80 wlasidusl wudnen OTR (+SD) mmizu‘uLﬁmmmﬁLLUUVLaJTmmT.uﬁuLﬁ@ﬁrﬁhmnmm(o.OSSiO.ooo
e —
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= =

kgO,.hr") AR ANNUANGNIUaENIHRE1ATY (0<0.05) AUTEULLANINIAWLIL wa AWy (0.010+0.000
kgO,.hr'") WATITULANEINAKLLAIUANERINA (0.005£0.001 kgO,.hr') A4 Table 3

AnlsrAnBnnnisdngmeandiauaediAzasliiannie (AE)) JB9TELLLFNRNNAT 3 $TUU WUIAT AE,
(J_rSD)*’uma‘:uuLﬁmmmﬂLLuuVLuTmmTuiTuLﬁ@ﬁmmn‘ﬁqm (0.033+0.000 kgO,.kW".hr") FaflAnuuAn sy
atiNTIIAATY (p<0.05) AusvLLFENaINIARLL wasANY (0.013+0.000 kgO,.kW " .hr') uazszuLENaNALLIL
AIUAIEBINIA (0.006£0.001 kgO,.kW ' .hr'") A4 Table 3

v
o o

ArAuRRININAY LTI 9D srULANe N AR LR AR AR (Py) lunsmaagansail
Wunsiagalanfiauniienmanumuuiuiniy 24.79 Alanfu/gnusniums ArANFB NG IIA
POITTLLARRUALDINAT 3 22Uy TusEAUT 80 iafius wudnAn P, (+SD) a89szuLANa N AL lulAg
untuiudafimwdesnisldwdesudeniige (43.25£0.01 W) Gailaauuanansfuetnedidaddny (p<0.05)
FLULLANANNIALLL Lasanit (83.17+0.00 W) WAZILULLANEINIALLLATUANHAINIA (218.61+2.46 W)

4 Table 3

Table 2 Aeration system cost, energy cost and total aeration cost of 3 aeration systems.

aeration systems

aeration cost blower+ blower+ micro-
air disc airlit  nanobubble
1) aeration system cost (THB.day™") 9.30 9.51 11.81

® Qaeration apparatuses (1 year service life;

THB/day) 0.69 0.90 1.53
®  oxygen tank (5 years service life; THB/day) 0 0 2.22
® Dblower (5 years service life; THB/day) 8.61 8.61 0
® submersible pump (5 years service life; THB/day) 0 0 8.06
2) energy cost (THB/h) 3.09 3.09 4.10
®  System power (KW.hr") 0.74 0.74 0.98
®  FElectricity cost per unit (THB) 418 418 418
3) average total aeration cost (THB) 9.36 4.02 2.69
® average duration time (+SD), DO, -DOy,, (min) 161.03+3.71° 69.14+3.87° 35.21+5.48"
® average total aeration cost (%) 100.00+0.00° 42.91+1.41°  28.69+3.81°
® costsaving (%) 0.00+0.00° 57.09+1.41°  71.31+3.81°

Note : The data presented were means+SD, the superscript letters within the same row indicate significantly

difference (p<<0.05) among treatments.
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Table 3 Oxygen transfer rate (OTR), aeration efficiency (AE,) and power requirement (P.) in fish pond.

in fish pond aeration systems
blower + air disc blower + airlift micro-nanobubbles
Alpha (O) 1.060£0.032 0.887+0.060 1.008+0.046
Beta (B) 1.028+0.005 1.027+0.000 1.005+0.001
OTR, 80%sat (kgO2.hr4) 0.009+0.001° 0.017+0.001° 0.032+0.001°
AE, (kgO,.kW".hr") 0.009+0.001° 0.017+0.001° 0.032+0.001°
P.(W) 327.9243.69° 108.76+0.01° 44.61+0.01°

Note: The data presented were means+SD, the superscript letters within the same row indicate significantly

difference (p<<0.05) among treatments. %sat= percentage of saturation of dissolved oxygen.

AR79nINAN5INE
= a a a = | e X a \
naBauiiaulss@nininaesssuuiine n AR AN 3 szuulutelasslan e LaduLLnin L
TulsaBaunudn
Tuhazemszuuidne N AUy lniasun luiuliagu Chan Shrimp Model | HANxIRs§ UERsIN9EN8Wm
82NnTLau (SOTR; kgO,.hr") uazA1NIngIuaeslsz@nininnisiieinia (SAE; kgO, kW .hr') ATiga uay
4 2 o A ¥y 2 - ca X 4 a e =
sraziaa i lunisiiueandiaunaraielutindnsaann 20 De 80 wlefifuddungn HAuuANA1STUN19anR
peNUBdATY (p<0.05) ALILULIANAINIALLILANUANLAINTA LaYIyULRNaNIALLLLeTANY HasansyLL
TulasunTutiuidiananneseniansusanndidusngudnarawa lulasuasuazun uuns dsnalivesainia
X . Y . N P 4% .
waranunsauasuasagluniau lduiy vinldusaundanwusiuduiuneatu (Khan et al., 2020)

Wasaniandswsaanna i liszazinanaasasaniduasuastat Tuln (contact time) Wuauw dsnalinig

¥ 1
=1

ANEINAIATENINNIAIN AR TN T LA NAIBINIATUIALEN AR LR NUN RN AN tsanananlunig
4 - ¥ g X v o = . o
wanilazueandiauainwesainagunlAnEaau aenadesiunisfAne11e9 Navisa et al. (2014) 31697431 1AT99
- de o a o . X 9 4 - do v c o
ANAINANHUTZANTNINE 1 UTUN1T AU aN AT RIATRMANEINIAN IENDIaINIAIUIALAN NATNITD
wnsnszae i lea warinnsdndasudnanasanniAfuLnlug e saN1NY
~ oa d . . v o . o = 4
UaNUieaINANANLRIBUATAUANEINIANLIN Ta8aNNUIAAaNNAIHNAR LI ANTNINTBUATE
Wnania taun gruugiaesun Wniasunldlunimaaes f1a9Wdn (Dayioglu, 2022) A IHANT8IUN
sraizinaresaseInIAuauaenetlul uay ANLANY9N WY (Boyd, 1998)
Boyd (1998) 31891U3AMNANTasNdeHafalsEAnsn neesniniAne1n A anlaeanesannidluin
JF 4 da N 4 - %Y . y
N5u WasainiAaziadaunAugaInAlmFau i lisrazinatresasainiaiuauassaglulnduas denaly
132 ANTAINIBINTFANDINAAAAT WA lun13ANHIASatszuLANa ALY TN IAsuN luTd allaasnasannieA
TN AUANNANLTZNNDS 40 FIURLNATANNRILN TIAUNIITLULRNDINIALLILANBANEANNA LAZLLLWAFANYT

RlaasNedaINIALTRUNLALLENAAEY (ANAN 70 WUFLNAT) waatinelsfnunudn UsednsnnaedssuLLms
e —
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anAlulasunlutiuidagandnszuuidne nAluuefaniuazaIuaeeIni A viatiiiesanwasenAndawg

=3 1 d’j ] ¥ 1 901 % dl dld ] ¥ % 1 a
FANHINNRTU ﬂ\iN@I‘Vm’m'ﬁﬂLL‘DQH@@E@%IM%’]VLQM’]N LARDUNAUZRINIATININ 19rNaumAIL LaII9RDN T LA

o o a pRp o o cw R P ~ a ] U
V]él.sﬂll’]qqﬂ'ﬂ'ﬂﬂeﬁlﬁuﬂmﬂ"l’]N‘U?E‘;Wﬁ 99 LagLTue A9dHN190 LLﬂﬂLﬂ@ﬂuLL@:L‘WN'ﬂ@ﬂﬁﬁLﬁumﬂxmﬂluu’ﬂmmm‘llu

= S o v, = v & a9 - = = H
sﬁ\‘iLﬂumﬁ]‘N@W@ﬁUWﬂiﬂQ'\ sruudnenAsuuluiasun luiuda dseazinanlunsifineandiauiazaneluin

' '
5 a o v =

a7 20 1w 80 wWedifusiuesqndnsitiasign

q

ANNATIIUERTINNTENELNERNTIAY (SOTR) Wi Rusuenielsr@nsnnaesssuuinanelaadmnlu
sla998msNsuanilaLNeeNGIANAINaINAgLN me"]mmig’]ummﬂizaw%mwmﬂﬁmmﬂ (SAE) Faifluani

IdUsuanilss@ninneesssuuiAnenn1AYIaLATaANANNTA HAAINNNTANENATIINLAN sTULRNaNIALLL

o c A

Tulasunlwiuidanidnaaaln 1 Aladmsl (kW) §A1 SOTR winiu 0.153+0.007 kgO,.hr" waz AN SAE niy

2

'
o =2

0.153+0.007 kg0, kW ".hr" F9A AN AgandIn19AN®I989 Taukhid et al. (2021) ANsANHLsEANEN N

al
£ ¥

wraaun Tutuidadmiun1smnziasednduni JMnnaalnin 160 W sadnsnisiuageda1nia 0.5-2.5 ans/uni
Wudn {61 SOTR B¢ luta9 0.006-0.020 kgO,.hr'uaz i A1 SAE ag/lug99 0.04-0.13 kg0, kW .hr' 1iaann
AN9ANHIASTIHIE AN NI ueaNT LAY (81n1A) 99 WeFidus lluannasainid Dawidnldensinisluaesainis
PRy | = o a a

N9 wilidse@nsniniga

¥
o a

sTULANEINIALLLLe FANYIIINsAnEATH Hindaln 0.75 kw HAumsgudnsanisanemesndiay

]

(SOTR)(+SD) M@ 0.064%0.005 kgO,.hr" wazA N1IRsgIUreslsz@ninannisldennid (SAE)(xSD) UAn
2 49

a ' =2

0.084+0.006 kgO, kW ".hr f9flA44n31n19ANEH1 199 Loyless & Malone (1998) NAnu1szAnBnnueLpsnd

al

o o A

waFANYATANGS N 1.2-1.9 Aladhel fidn SOTR agax1919 0.0014-0.0017 kgO, hr WAz SAE agszudng 1.4
kgO,.kW ".hr" lunianauriunudn A SOTR waz A1 SAE TunnsfnEnAiRANANGn nsAnEaes Barrut et al.
(2012) TWinnsAnEUsLANEATNIR9LARRS vacuum airlift REANAIN 0.74 kW WLAEAY SOTR Windw 2.76 x 107
kgO,.m”.s" uazp SAE Wiy 1.13 kgO,.kW . fesanszuunisinen i shansiva wansneii
STULLANENNALLLAN LS aN A ARTITAE N 0.75 KW Iumﬁﬁﬂ‘mﬂﬁ;\iﬁﬁmmmgmﬁmﬁmidmm
2aNLa1 (SOTR) (+SD) Winfiu 0.030+0.001 kgO,,.hr” LL@m’wmmigmmmﬂixaw%mwmﬂﬁmmﬂ (SAE) (+SD)
Winriu 0.040+0.010 kgO,.kW " .hr” FailtlsAvBnNANNIINN AN E TS Zhang et al. (2007) FnNIANELAEed
[RNaNNALLL impeller mixing and diffused air ARANAIN 2.2-4.8 kW wudrEen SOTR agjlu199 0.210-2.930
kgO,hr' uazfiAn SAE a¢ludas 0.100-0.680 kg0, kW'hr' uazildasandanisdnmn Park et al. (2022)
AN ANENL32ANE N INUBILATRNANNATLUL vortex LAZLATAANANNNATLUL diffuser wUF1ElAN SOTR
Windu 0.21-0.67 nFN/ANT (mmﬂﬁtﬁmﬁum%qLﬁummﬂﬁﬂ?mmmﬂ%mu 90 aFidus) waileu By
fUN19AN®1284 Boyd & Moore (1993) Al AaadANENNNALLIL air diffuser NHER2INNTIMATIRANNARNGTY
TurinfifAan@n 1-2 wms wudnilAn SAE agflugae 2-2.5kgo, kW '.hr' Gaidngendnnisnaaasluaisil
|H899NNTELUNNIY N §m31nnT1vA uAnFnaL
nnatlszifiutlssAnBninaesssuuFne A luteldsalanfianedse wudn srunfnenniAuuyialas-

wiluwiida AArdnsnistrawmesndiaulutiaideilan (OTR) wazAlsc@nEninnistnameandiauaasazes
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v 1
v o o =

Iannnalutielaesilan (AE) @;aﬁzﬁmmz flAnAnudasnsndsumnaildlunnadaeiesldanniAreste
Aealan (power requirement; P, ; W) méf]zm fllsrAnEnAiAndnsruLAN N ALL L AN LAZ I LLLAY
AMNIALLLANUANEANTA

A1 OTR, UAZA AE, LﬂuiﬂgmzﬁﬂﬁmﬁmeﬁqﬂizamﬁmmmﬁzuuLﬁummﬂi‘ummwﬂ@Lgﬂqﬁm’ﬁﬁ@?\i
TunnefneAfaiinnmaaesluted i ulseFen fedugnisiliiinnnilnaeendiansesunasiaouiis
aduritluAy uardnduindu fifeausnisilnaeendinusesqdunidluih uardndti drdenldsrunifs
annalutiaAunanauds AsazdamagertlsyAndnnluaninuadenass Wesanniadaganinuadesaesz
MsIRENTAL deraralsAvEn maedAeaFneIn A I §hsnAIMILLL THALAT AR TN TIALYRY
o anmanirlude LL@$Q§‘L&J‘|’1W1§’11H‘U@L§H\‘1 VI geunni wazAreandiaufiazantlutinGudu (Roy et al.

2022)

'
a

TR NAINANILNUFAB LI ANTNINUBIIZUULANDINIA AB FATIANNABIWUUIAIERTUIFABNIALNT

497 (Roy et al., 2021) THALAZANNABINITEANTIAUTBIARTUN WL Uanfiuiide (carnivorous fish) H8ksINIS
- v

UilnAeendiauigend WeuFaumauiulanfiuiie (herbivorous fish) (Pelster et al., 2015) inmsaa9n Tutie

¥
=

17N (Bahri & Anwar; 2019) AT )28 Nge (Boyd, 2019 ; Dayioglu , 2022) wazA1eandiauiazans

¥ o

T BuAUNNARN (Tekile et al., 2016) denalignanisnisaiinesndiaunazaialui lUisgedudouuuInau

v & A e o o v

WATUILANIBILALALN K11 LDAUNANNLAY HANABINIT IHDDNTIAUIBIWNAIT A UNTLAZERT aRuviae dRdui

q

v &

AU uazdBdin (Al et al., 2023) Faunnantaliananauds nlandenisldesndiauaesunasinauituazdns

v
v O

a ¥ , A = o 1w = ! % 1% a Y A
qauaeludy wazdndin uiilanFaunauiudednlululsaFeuw wudiaausdasnisldeandiauluun diies
qauviseuuardndun (Zhao et al., 2022)

¥ v @ ! a o Qa’ ¥ o QI a dl
andaya Table 2 wansliiudnszuuidnenAwuylulasunluinds Mdudsulunisdiseandiaun
azaneluiann 20 W 80 wesifusasqadnsaangn IneldwaanusndissuuiAnanALLLA WAy

71.3143.81 1a U6 2098481 AR ULLBNDINIARUU WA FANYTN IENANIUAININTLULRNDINIARL LA UANE

| e

winfiu 57.09+1.41 wefidusl aasafesiun1sAnEnued Levitsky et al. (2022) NsraanudnszuyluiasunTuiiuda

lindsungaeteiliedAny esandsz@EnImnisaname andiaueesssuLNgININI T ULIANE N AR LAY

\aNansnndayanausaIn INANNUAINAN I (P,, Table 3) azwiuladisainscuuinain A ldlutieiaes
Ua1flanasaial i nnueeniaiuisanamnanisiacelal a NN R AN NUILLuIalan e vizaa1n1s0in
seuuAnenAld 1 udenTawalunauls svuudnlulasunlmiudssunsoiugnsanumuniduaeslanls

4404 1,000 - 1,200 fia/le

' a

srULRNAINATANEATY AN TRatyALR RIIN199aRRNY LANARARIENARTUN uiAdsazidanld

TR TUIAKTEANUIUATRLANINANANAUS USRI ALY TTinvedn T 1FNRsn uazAnn T Ty
L X | N | = = 5 a9 o o = s a =
Ualaes 1 gaunnd uazAteendiaunazans lud 3y (Roy et al., 2022) fatiunisiaen szuuianenAni

Use@nBnnen anadenansznunanisasyiiula waznanan viansidaan ssuuinainiAniuaANseanig

v v '
o

X = ] = P , @ 3 . = a T A X
ANLUALREN ANLNINANHNAAFDABIUN LL@x@QN@Iﬂ@mﬂunqiuU@ Iﬂf_lL'Y),‘W'Wzﬁﬂqm@ﬂﬂsﬁlﬂumﬂzﬂqﬂluuqLWNTN
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wrazyin L unuAnAsugsIuan e Kumar et al. (2013) 918971131 Tun19188979 AUUAINANIUTIEY

'
o a

szuLANeINA guiuaAud 2 Andu 15-20 iwefifusuesununiaiaed seeunaInauuAIeIIg

agluanisian
ANNIATFIUERIINNTTNEIRENT AU (SOTR) Lmzﬂ'ﬁmma‘ﬁ’mmmﬂazaw%mwmﬂﬁfmmﬁ (SAE) 85191
ANgaNemaanTLanlugNINA1LALNa5 (OTR) AL ANBAINUBILATRILAN RN A (AE) WATAIAINABINIT
. Y 4 P - I 1 - . 2,
wAsusuNan M lunsdlaweseslianniArestiaiassdndin (P aavszuuinenAkuyuasun Tuiudagu
Chan Shrimp Model | H1l3$ANENNATIAR A1N1T0AARUYNU(+SD) AMTUWAIIIUEINN 57.0921.41 1lafidusiias

14.22+2.40 WaFfidus WaFeUaufussUURNINIALLLANUANE LAZIELULRNBNNVALLLLAFANY ANNANAL

AnRnssulsznA
N1eAnEIdEeaUAMNININEIAE A TulaT T TNIAaga9II R NaduAyUILlsTNIMAINNeINY

AdINANEANaRTISLaTIANTIN Thunlszanns w.A. 2567

LANR9A19DY

Abdel-Tawwab, M., Hagras, A. E., Elbaghdady, H. A. M., & Monier, M. N. (2015). Effects of dissolved oxygen
and fish size on Nile tilapia, Oreochromis niloticus (L.): growth performance, whole-body
composition, and innate immunity. Aquaculture International, 23, 1261-1274.

DOI: https://doi.org/10.1007/s10499-015-9882-y.

Ali, S. A., Raju, H. M., & Kassab, G. (2023). Seasonal species diversity and dominance of phytoplankton in
different types of tropical domestic sewage oxidation ponds. Ecology, Environment and

Conservation. DOI: 10.53550/EEC.2023.v29i01s.0515.

Bahri, S., & Anwar, H. (2019, June). The ineffectiveness of water splash on paddlewheel aerator. In /OP
Conference Series: Earth and Environmental Science (Vol. 268, No. 1, p. 012162). IOP Publishing.
DOI: 10.1088/1755-1315/268/1/012162.

Barrut, B., Blancheton, J. P., Champagne, J. Y., & Grasmick, A. (2012). Mass transfer efficiency of a
vacuum airlift application to water recycling in aquaculture systems. Aquacultural Engineering, 46,

18-26. DOI: 10.1016/j.aquaeng.2011.10.004

Boyd, C. E., & Moore, J. M. (1993). Factors affecting the performance of diffused-air aeration systems
for aquaculture. Journal of Applied Aquaculture, 2 (2), 1-12. DOI: 10.1300/J028v02n02_01.

1185


https://doi.org/10.1007/s10499-015-9882-y

A9ENTIMENANARTYINY TN 29 (110N 3) Muenew — FuIAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.3) September — December 2024 UNANHIRE

Boyd, C. E., (1998). Pond water aeration systems. Aquacultural engineering, 18 (1), 9-40.
DOI: https://doi.org/10.1016/S0144-8609(98)00019-3

Boyd, C. E. (2019). Water quality: An introduction. 2" ed., Springer International Publishing. New York. 357
pp. DOI: 10.1007/978-3-319-17446-4.

Dayloélu, M. A., (2022). Experimental study on design and operational performance of solar-powered venturi
aeration system developed for aquaculture-A semi-floating prototype. Aquacultural Engineering, 98,

102255. DOI: 10.1016/j.aquaeng.2022.102255.

Green, B. W., Rawles, S. D., Ray, C. L. & McEntire, M. E. (2024). Relationship between stocking rate and
production of stocker hybrid tilapia and water quality in a mixtotrophic biofloc system. Journal of The

World Aquaculture Society, 55 (5) e13087. DOI: 10.1111/jwas.13087.

Khan, P., Zhu, W., Huang, F., Gao, W., & Khan, N. A. (2020). Micro-nanobubble technology and water-related
application. Water Supply, 20(6), 2021-2035. DOI: 10.2166/ws.2020.121.

Kumar, A., Moulick, S., & Mal, B. C. (2013). Selection of aerators for intensive aquacultural pond. Aquacultural

engineering, 56, 71-78. DOI: https://doi.org/10.1016/j.aquaeng.2013.05.003.

Levitsky, ., Tavor, D., & Gitis, V. (2022). Micro and nanobubbles in water and wastewater treatment: A state-
of-the-art review. Journal of Water Process Engineering, 47, 102688. DOI:

https://doi.org/10.1016/j.jwpe.2022.102688.

Loyless, J. C., & Malone, R. F. (1998). Evaluation of air-lift pump capabilities for water delivery, aeration,
and degasification for application to recirculating aquaculture systems. Aquacultural engineering,

18 (2), 117-133. DOI: 10.1016/S0144-8609(98)00025-9.

Mahasri, G., Saskia, A., Apandi, P.S., Dewi, N.N. Rozi & Usuman. N.M. (2018). Development of an
aquaculture system using nanobubble technology for the optimation of dissolved oxygen in culture
media for nile tilapia (Oreochromis niloticus). IOP Conf. Series: Earth and Environmental Science,

137 (1), 012046. DOI: 10.1088/1755-1315/137/1/012046.

Navisa, J., Sravya, T., Swetha, M., & Venkatesan, M. (2014). Effect of bubble size on aeration process.

Asian Journal of Scientific Research, 7 (4), 482. DOI: 10.3923/ajsr.2014.482.487.

1186


https://onlinelibrary.wiley.com/authored-by/Rawles/Steven+D.
https://onlinelibrary.wiley.com/authored-by/Ray/Candis+L.
https://onlinelibrary.wiley.com/authored-by/McEntire/Matthew+E.
https://doi.org/10.1016/j.jwpe.2022.102688

A9ENTIMENANARTYINY TN 29 (110N 3) Muenew — FuIAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.3) September — December 2024 UNANHIRE

Nugroho, K. C., Rizky, P. N., Harijono, T., Halim, A. M., Nasuki, L., & Ritonga, BR. (2024). Comparative study
of growth performance of three Tilapia strain in intensive culture system. [OP Conf. Series: Earth and

Environmental Science, 1328, 012011. DOI: 10.1088/1755-1315/1328/1/012011.

Park, S. H., Batchelor, B., & Ghosh, A. (2022). Gas transfer model for a multistage vortex aerator: A novel
oxygen transfer system for dissolved oxygen improvement. Journal of Environmental

Management, 319, 115704. DOI: https://doi.org/10.1016/j.jenvman.2022.115704.

Pelster, B., Wood., C. M., Speers-Roesch, B., Driedzic, W. R., Almeida-Val, V., & Val, A. (2015). Gut transport
characteristics in herbivorous and carnivorous serrasalmid fish from ion-poor Rio Negro water. Journal

of Comparative Physiology B, 185, 225-241. DOI: 10.1007/s00360-014-0879-z.

Roy, S. M., P., J., Machavaram, R., Pareek, C. M., & Mal, B. C. (2021). Diversified aeration facilities for
effective aquaculture systems-a comprehensive review. Aquaculture International, 29, 1181-1217.

DOI: https://doi.org/10.1007/s10499-021-00685-7. -

Roy, S. M., Machavaram, R., Moulick, S., & Mukherjee, C. K. (2022). Economic feasibility study of aerators in
aquaculture using life cycle costing (LCC) approach. Journal of Environmental Management, 302,

114037. DOI: 10.1016/j.jenvman.2021.114037. DOI: https://doi.org/10.1007/s10499-021-00685-7.

Sampantamit, T., Ho, L., Lachat, C., Sutummawong, N., Sorgeloos, P., & Goethals, P. (2020). Aquaculture
production and its environmental sustainability in Thailand: Challenges and potential

solutions. Sustainability, 12(5), 2010. DOI: https://doi.org/10.3390/su12052010.

Taukhid, ., Trijuno, D. D., Karim, M. Y., Syah, R., & Makmur, M. (2021). Effect of power pump and nozzle
diameter microbubble generator to increase oxygen concentration in aquaculture. The Israeli Journal

of Aquaculture-Bamidgeh, 73, 1547608. DOI: https://doi.org/10.46989/001¢.31093.

Tekile, A., Kim, 1., & Lee, J. Y. (2016). Extent and persistence of dissolved oxygen enhancement using
nanobubbles. Environmental Engineering Research, 21(4), 427-435.

DOI: https://doi.org/10.4491/eer.2016.028.

Wu, M., Yuan, S., Song, H., & Li, X. (2022). Micro-nano bubbles production using a swirling-type venturi
bubble generator. Chemical Engineering and Processing-Process Intensification, 170, 108697.

DOI: 10.1016/j.cep.2021.108697.

1187


https://doi.org/10.46989/001c.31093
https://doi.org/10.4491/eer.2016.028

A9ENTIMENANARTYINY TN 29 (110N 3) Muenew — FuIAN WA, 2567

BURAPHA SCIENCE JOURNAL Volume 29 (No.3) September — December 2024 UNANHIRE

Yaparatne, S., Morén-Lépez, J., Bouchard, D., B., Garcia-Segura, S., & Apul, O. G. (2024). Nanobubble
applications in aquaculture industry for improving harvest yield, wastewater treatment, and disease

control. Science of The Total Environment, 172687-172687. DOI: 10.1016/j.scitotenv.2024.172687.

Zhang, R., Sun, H., Kamthunzi, W. M., Collar, C. A., & Mitloehner, F. M. (2007). Aerator performance for
wastewater lagoon application. In International Symposium on Air Quality and Waste Management
for Agriculture, 16-19 September 2007, Broomfield, Colorado (p. 13). American Society of
Agricultural and Biological Engineers. DOI: 10.13031/2013.23832.

Zhao, S., He, W., He, P., & Li, K. (2022). Comparison of planktonic bacterial communities indoor and outdoor
of aquaculture greenhouses. Journal of Applied Microbiology, 132(4), 2605-2612. DOI:
10.1111/jam.15414.

1188



