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IMPACT OF TEMPERATURE ON DISSOLVED OXYGEN AND WATER
CHARACTERISTICS IN A BUBBLE GENERATION SYSTEM WITH
COOLING MECHANISM
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ABSTRACT
This study aimed to evaluate the impact of temperature on dissolved oxygen and water
characteristics in a bubble generation system with cooling mechanism. Experiments were
conducted under three temperature conditions (21 °C, 23 °C, and 25 °C) and three storage
periods over two weeks. The investigated parameters included dissolved oxygen (DO), total
dissolved solids (TDS), electrical conductivity (EC), and pH. The findings indicated that DO
exhibited a significant decreasing trend with increasing temperature, with the highest value
recorded at 21 °C (11.6 mg/L) and the lowest at 25°C (10.5 mg/L). In contrast, TDS and EC
showed significant increasing trends as temperature rose, reaching maximum values of 91.7
mg/L and 184.3 uS/cm, respectively, at 25 °C. The pH ranged between 7.4 and 7.9, reflecting
a tendency toward higher pH values at elevated temperatures. Two-way ANOVA confirmed
that temperature exerted significant effects on DO, TDS, EC, and pH, whereas storage
duration partially influenced DO and pH. No significant interaction effect between
temperature and storage duration was observed. Overall, the results highlight temperature

as a critical determinant of water quality characteristics, reducing DO while increasing TDS,
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EC, and pH. These insights provide useful implications for optimizing water treatment system
design and enhancing water quality management in agricultural applications.

KEYWORDS: Temperature, Storage duration, Dissolved oxygen, Total dissolved solids
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967 7.8 LaziilaszuzIa M IAUINBIaa1i 2 ddd1agn 7.4 eNNITMINATDY

I3 > 1 o 6 n' U = o 6 a I 1 a
a1 NI AU NI BT 9 FU AR SN ARDIRUAIRN 2 Ad1a21uL T UNIA-6194
mMsifeuudasneaaniios 8]

a Qs ‘ﬂ.d o Q 1 =Y g/ a =) g/ A
qmﬁgmﬂuﬁawmNamﬂ@maqmauumm TagtawizUSunmaandianazans luings

t&l é’ =3 tﬂl a ~ g, o
AANIAIWNIIWNT UV I AN TuwmenUSurmaasndiazarsluil n1sinluia was
. N P - v
ANNLTUNIA-619 ﬁLLquumemﬁaqm%nﬂmgwu FIBNAVDITEHZLIAINTLAUTA BN
2 glanrinanIznudadSunmaandianazasluinenstaiau [9] uassnadadSunaasuds
aza1eluiin N3 WA waza UL dunIe-and INB9LANTR Y NIBNANIINARIRAAAREINU

23 :‘7’ { 1 4 =3 AI J =)
mi_«rﬁmsa:malmsn’l,umﬁwmwLﬁaQM%Ququmu ANEINITD MNNTRZ AN LA DNTLINDE

= < o = v a X A
AR luﬁlﬂwﬂﬂ’ﬁﬂza’]ﬂ"ﬂEl\‘ia’]iLL"}J\‘JLLﬂZﬂ’]iuWVLWﬁ'WNLL%’JI%NLWN‘IJ%@IWSJQM%J;}&I [10]

3.2 WAMTIATITHTONANIANAVDIINIVY
mmﬁfmLﬁmuwamadaqzwgﬁeiaqmauu‘”ﬁmaaﬁﬁmn@mwﬁ 2-5 LAAINANITILATIZH

AU 5U99% (ANOVA) uuusadfass (Two-way ANOVA) szauanuidasiui 95 % lag

NITTW wamaaqm%gﬁua:swznmn’mﬁu%’nmﬁmaqmauﬂ'ﬁﬁ'} 4 ¢4 laun

froandanazantlnin arvsuimasudiazaraluin a1 liin wazdranuidunsa-eng
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laguaazAIIIILEAIAT SS (Sum of Squares), DF (Degrees of Freedom), MS (Mean

Square), F (F-ratio) &z Sig. (3xAURDENTY)

M139N 2 Wan132 Lﬂi’ltﬁﬂ')’l&dltﬂiﬂ‘i')%ﬂ’ld tﬁaﬁnmwamaaqmﬁgﬁuaz‘swznm

® o & 1 a &
mMIthusnEIaaa1dSamaandanazaialuii (DO)

Source SS (Type lll) DF MS F Sig.
Temp 12.192 2 6.096 14.285 <0.001
Week 1.017 2 0.508 1.191 0.309
Temp * Week 0.115 4 0.029 0.067 0.992
Error 34.567 81 0.427

{ a I3 { o
A19191 3 Wan13ATIzANLY YNNG Lﬁaﬁﬂﬂ’]ﬂaﬂa\‘] qqummzszﬂznm

[~ & 1 [ &
NMMItNUINBTINIAD ﬂ']ll%&l”l WAILYIAZAN Eﬂ%%'] (TDS)

Source SS (Type Ill) DF MS F Sig.
Temp 248.025 2 124.013 30.282 <0.001
Week 5.322 2 2.661 0.650 0.525
Temp * Week 0.589 4 0.147 0.036 0.997
Error 331.719 81 4.095

' a ¢ H a
A13197 4 N'ﬂﬂ']i')Lﬂi'lz‘]ﬂﬂ']’]&lltﬂiﬂi')%ﬂ’]dL‘ﬁﬁ)ﬁﬂ‘ﬂ'\ﬂﬂ‘ﬂﬂ\‘l qmﬁgmtazszﬂxnm

[ & 1o
Asthusnstiaaain i (EC)

Source SS (Type Ill) DF MS F Sig.
Temp 1157.688 2 578.844 63.485 <0.001
Week 0.016 2 0.008 0.001 0.999
Temp * Week 0.016 4 0.004 0.000 1.000
Error 738.544 81 9.118
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P a ¢ ] a
AMIWN 5 Wan1FTL@TITHANNUYTUIINNIG lwaﬁﬂﬂ'] Naﬂadqmﬁguttazizﬂu’aa"l

[ & 1 @ 1
NILNUINEIRINDANAMNNLTBNIA-ATI (pH)

Source SS (Type lll) DF MS F Sig.
Temp 2.382 2 1.191 682.818 <0.000
Week 0.008 2 0.004 2.282 <0.109
Temp * Week 0.003 4 0.001 0.423 0.792
Error 0.141 81 0.002

INMIANBITIR 2-5 wmf’lqmwgﬁtﬂuﬂaﬁ'ﬂﬁmwammuamoﬁﬁfﬂﬁﬁﬂ?ymdaﬁa
ImsJqm;vﬁgﬁmaaﬁﬁl“ﬁmaaadawa@iaqmauﬁ'ﬁmaaﬁm% 4 Ysznauaae eandlauazansle
i dfsinmvasudsazansluin @il wazdnenudunsa-ens lagwindead Ay
WWunsa-a19 n1ssin lwdn LLa:ﬂ’%mmmaaLL'ﬁm:mﬂluﬁ’]ﬁmtﬁufumuqmwgﬁﬁgaﬁu
lwwnzvsinmeendiauazmuluwi fenanas wamaoﬂﬁé’uw”uﬁizmwqmﬂgﬁmaaﬁﬁﬁlﬂﬁ
naneIuarTzEzIa ML AU Ein W na nsenuagadutaluiunasesluasail iszey
wudagy 0.05 ﬂ”atfuﬁaaﬁaﬁmwﬂmﬁqmﬂgﬁéT';LnJSLwiazéT'amuqmwnuﬁ lasldnng
WspuLABuEITaua1835 Tukey 3A15797 6-9 [11]

A = ~ a v [ aa -~ 1 ] @
M31N 6 nstdIFuLhgUIBITaRAI82D Tukey LNBHRIAMNLUANAIITEHINTEAU

a ® o & o a a &
qm‘ﬁg&lﬂ'\ilﬂﬂiﬂﬂ'\%’]ﬂ‘]Jﬂ']ljiN']maaﬂsﬁLQ%aga']ﬂGI%%'l (DO)

Post Hoc Comparisons — Temp

Comparison

Temp - Temp Mean Difference SE df t Prukey
- 23 0.38 0.17 81.00 2.23 0.071

2! - 25 0.90 0.17 81.00 5.32 <0.001
23 - 25 0.52 0.17 81.00  3.09 0.008
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P> a ~ a ¥ v a g o 1 1 [
@13 8N 7 nstdssuinaunstanal8s Tukey LNBHRIAMNLULANAIITEHINTEAU

a [ & o a [ &
aqm‘lﬁﬁ&lﬂ']ilﬂﬂiﬂ ¥ InUAIdINTwuBILTIaZAN ﬂi%%'\ (TDS)

Comparison
Temp - Temp Mean Difference SE df t Ptukey
- 23 -1.85 0.52 81.00 -3.54 0.002
2! - 25 -4.06 0.52 81.00 -7.77  <0.001
23 - 25 -2.21 0.52 81.00 -4.23  <0.001

a S = a ¥ v a g o 1 1 [
@139N 8 n1stdIsunaunIHanaAlI82D Tukey LNBHRIAMNLUANAIITEHINTEAU

a ® o ¥ o ® @ & 1o
qm‘lﬁq&lﬂ'\il.ﬂﬂiﬂﬂ']%’]ﬂﬂﬂﬂ?tﬂﬂiﬂﬂﬂ%ﬂ@lﬂﬂﬂ%’]lﬂﬁ'\ (EC)

Comparison
Temp - Temp Mean Difference SE df t Ptukey
- 23 -3.74 0.78 81.00 -4.79 <0.001
2! - 25 -8.75 0.78 81.00 -11.23  <0.001
23 - 25 -5.02 0.78 81.00 -6.44 <0.001

A = ~ a v [ aa -~ 1 ] @
AN 9 nstdIsuhguBITanaI1825 Tukey LNBHRIAMNLUANAIITEHINTIEAUY

a ® o ¥ o 1 @ 1
qm‘ﬁg&lﬂ'\il.ﬂﬂiﬂﬂ'l%’lﬂ‘]Jﬂ']ﬂ'J'l&lli]%ﬂiﬂ-ﬂ'l\‘J (pH)

Comparison
Temp - Temp Mean Difference SE df t Ptukey
- 23 -0.10 0.01 81.00 -8.81 <0.001
2! - 25 -0.38 0.01 81.00 -3549  <0.001
23 - 25 -0.29 0.01 81.00 -26.68  <0.001

a a a % d' 1 5 g’ d'd A d' d'

NN UIsuAs UL B ITanlua13199 6-9 wudaandsgmnwinndansdaafen

Lmnmaﬁuaﬂ'ﬁaﬁﬁfﬂﬁ%ﬁﬂ”mumdaﬁﬁm’lm:@"uqmﬂgﬁ 3 320U @a 21 °C, 23°C uaz 25 °C lag
. - Y v o ad X4 P W -

maanmauazmﬂluumLLquwaﬂaamaqmwn“mwmu namunil 21°C IndaanGian

a:mﬂuﬁﬁgaﬁq@ e 25 °C ’lﬁ@hﬁamﬁq@ u,amﬁaNam:‘nwaaqm%nﬂﬁﬁﬁﬂﬁmsa:mm

>y :/ ' a < :/ ' (< ' ' A X
E]E]ﬂ‘ﬁL’ﬂ%i%%’]ﬂ@ﬂﬁ AdIumuaIntIazan EJSL%%’]LLazﬂ’lﬂ’l’mLﬂ%ﬂi(ﬂ AN AN N AW
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a

1 { { = { ol { { 1 o 1 z §
UWANN Immmﬁﬂﬁqmﬁgw 25 °C gaﬁq@ LLa:mﬁq@ﬁ 21 °C fin WA G drunduila

P o))

2

a & v =

oounnigIdn axyl ARDIANEINIID AT IR aaﬁwﬁé’uw‘"uﬁn"’uqmﬁgﬁuazﬂ%mm

G4 U

YDILTINTAL

4. aylwan1s
nyasphnanznuvasamnnddedinimeandianarasiiuazgmansmesadilu
suunAanasamadianalnmshanuis lasRasanwiniimeiiddnyvesguauya
#wan 4 u Usznaume Ysunueendiauazansluin USurawasudsazanslusin anwia
WA wazdnanudunsa-eng
anziialtinTasnianasamalutidionalnmahanudu ileiindszdnsanwnis
8TANYDANTLAU ﬂ'mﬂ’%'ﬂuLﬁﬂuNmJadqm%nﬂﬁ@iaﬁwﬂ%mmaaﬂ%wuazmﬂluﬁ'\ Tag
A o ' o A A a X A A
fuwilivaaasadnetaan [11] ilegunndiAnds lasaaasain 11.84 mg/L 71 20 °C e
{ A v & 1 a 2/

W89 10.67 mg/L 71 26 °C TauaadlAAnInaNuaINITalumMIacasvasaanGLlanluinanas
4 a X o a - ¥ 4 v A X 4
Wegmnniigsdu lunvasidudradilIuaesudsazaoluihfiuw Tduindu 5
e - ¥4y “ . -
AvSuavasudazarsluimnduanndszuno 86.9 mg/L 14 92.8 mgiL Iu%aaqmmgu

o A ] n:?. n' a =) 1 1 A :/
20-26 °C SatisTimaiavasgunnionadinadenisazasvasuimaniassazaoluily
< A o ~ v A X 4 A a X P PN
midnmash dmah Wi dumliuisduiliogunpiiiuiu lavggangunnil 25 °C
v A ' Ad A X % @ . o Y A
aifl 184.3 psiem fgunpiifiAndwdunisudsdulasasanvdin lnivesin Souaasis
AN EILINTzR gD fuszd I Wi swfesunannmaaientiveslesan
¥ oA A X A a X . = ] 4 A X )

Twihiinduiliogmnnigedn dranaudunia-drazessin tinduanszay 7.35 ldwds
' A A v A a ' A X & o
Ardszanns 7.90 Ngwnnd 26 °C uaasiisumilibuihiianududaiuduidniasany
aURNANTIU

9 U U , , ,

HANTILATERNNATALLY Two-way ANOVA 713:dLANALT03 95% WU amunnil

uadonmantarethng 4 MusdTUBEAYNIEEG (p < 0.05) TT8LIAMAALTNI
lidwansznuadiitaiaudaquand@inlunndn djsunuisznivgunnduazazaziom
lifinansznuadstaaulunnnididniuniiidsluaion lasanniddoluaiainig
anzdIdlddnmwuum liuiifiaduda dSumeandiauazatsluiiaanssauamunnin
t:h. &’ 1 1 a ~ g/ 1 ) 1 5| 1 =)
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