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Water treatment for aquaponics system with biochar-supplemented
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Abstract

Rice husk biochars were prepared by carbonization at 400-600°C. The products were
analyzed by FTIR, SEM-EDS, BET and approximate analysis for finding final products with the

best properties and the lowest carbonization temperature. It has been found that biochar at

500°C is suitable for use as a root supplement in aquaponic system. The aquaponic systems
consist of aquaculture and hydroponic system with and without biochar supplement. The
control experiment consists of an aquaculture and planting panel with biochar supplement
by disconnection together. Tilapia and Morning glory are used for growth studies. The water
quality from all aguaculture ponds also have been analyzed at an interval of 10 days for 47
days. The results showed that the growths of Tilapia and Chinese morning glory in both
aguaponic systems were similar, but clearly higher than the control experiment, which are in
accordance with the water quality in each aquaculture pond. However, the growths of
Tilapia and Morning slory in supplemented biochar system tend to be higher than the non-
supplémented biochar system. It has been shown that rice husk biochar can help treat
water in the aquaponic system by increasing the amount of dissolved oxygen in the

aquaculture water and conversion toxic compounds to be beneficial to plant growth.

Keywords: Water treatment, aquaculture system, planting panel system, rice husk

biochar
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neliAalsauduanle dedu Tuiuidinan Fsldmsindunididesan
T a N = § 4 v 1 = I ) '
AUNNYRINIRIISARAMmMaIATlvean Fedned1sasiBenazgiiainateq A laun
= ¢ 1 [ i a a o H [
weulnile, lulasyl, Tumsm, 1 pH arudunsasng, Viinaesendouiiazarseglu, anuduves
U1, qamgll uaz MUNTEA1YeN uAdmsy T 9 luudd ssRansaianazan lulasi, pH A
\unsaang waz gampl
o o o [ o 1 Hee [ = v o
gaululnsvininldasduiniaiiannynmsieueesssuunsesdinmauiginslulasion
= 9 o a P & My | o )
nsifwssiureslulasidenafnanmaiudaidundeddutedmonnn vusfiwuaiideliannse

Qo

dovaaneluitulumsvlaviu lulasvivsinafidninung faufugud mnamanuuansih waiGeds
vhanlaliianysel sinuanisifivioyaan guiite wasinundsensnoil Sumgg seyintluumaah
5350 A Taznurlulng 087l 0.000x , 0.00x me/L Tasunfdvsunsideaanaisny o
AuaAil3a teendn 03 me/L uarlunisdesarihdslunfsSurdn it muaa 3l
Insviguiu 20 me/L eunbuiivweslulasyidevaraziidosnduenluidy uififinarsvarguuss
woannas Aslulasmagluvinjisendualalndu (hemoglobin) IHaumdlalnatiu (methaemoglobin)
dealiliamnsavudiseandiould vild ieensdoniufiv wazezsharsssuulszam du 'l
vosa nsdiusddlulasiluseiua wiflogifussesnaiun wwin el Unwlenvesiandh 33
uitgmislerniiunasgilussssdunsanuBinallilasivildlaenswdsudienh msdunde ud
Lussoramifssssomenmiiudssavinmlunisnsesnsosliatu

' ' o % 1 =y = i 3 da
Amnudunia ane (pH) Tnevialuuds vaudasadinasyeufiazedluhidmenudiunse

)

1 ! [ du QU g a 4 ' Y o = d’l v %’ o
WU Anany IﬂEJﬁ]%‘UUﬂUﬂﬂ’]‘WU'ﬂUﬂUV]E]QE]’MEJW]&I ‘lJﬁ'WILﬂEJ\'iﬂ’JEN’]JJI‘LJCﬂﬂ"IJﬂSﬂEJEJ:I‘UU’W]NW] pH

P | o X | ' ) a I HPE PR { H | A
76575 ludwlaidedude sgratulardaawnsnagluihidan pH 7 6-9 winiluveilen
) ) o 1Y a o d o v a4 o 1 =
Anudunsa Gl’]:u’]ﬂﬁls‘ﬂﬂ‘wLL‘UFWILiEJIUiSUUﬂ‘i’eNVWI’MU’W]EJ@EJ‘luI(ﬂ'iLQNMEMMTV]’]\‘I’W wAnnd
2 2, a & a ~ H a1 &t <
ALunage asdunisiiuautuivessenlauilelui wagvndimaautusnegeann o g
lvszuunsvhaunelufanfinund Yanessuiionnsldfiuenns Snistudlensugidaesnan
. (Y] o Qs 1A Y ’o‘ = é’ = ay
wn uendialaaidien waztinegegudmiu mnienns andu ARuUanazuaneanfiusag n pH
ﬁmmwmﬂumqquﬁulﬂ Uanaeuaniilonosnuinua1fisuiuein wazazasesnusainiimels
P Y A 1 a ° o ' S X% a P &
w1 na TsunlgyviieAniusnasgiildlaenisideudist usvhudeuiitazann q luads
=l [ L ¢=‘ 1 7 L = (13 9/ ¥ o
1P s 1ge198yinlviAT pH Wasuwasesanguiy ausavsinennistenveslanly wasdiewh

AUABDINTEUUNTBOY



13

= X Y a ! 2 [ o & & [ a ]
: gamgillunisiesuariuiinasevannniesmndandudniidondu mngumgiegludas

[y

Wweriugumgiinsaiszasiliszuugfiduiulsavesianhaudni Tagunfivarasiisnsinisin
n' d’! A o .é‘ 1 1V o ng = e Ql d"’

. wenayingullogaumligediu Ineuardmlngidnaamgigaiu 10 °C Yanaslidnsinismimangiiiviy
] = a' a é’ o v a [ o ’oj < a v g

W 2 wihaseunf naiinduagyihlvesndiugnidlulusnasnnvililudiviossndiautiesi

a1deldl (http://www.arohouse.com/article/?action=view&catiD=0000120&pid=0000257)

2.6 wnaudn (M fing unzye, 2552)

- a & nhlsu v A 4 ogya 4w =
wnavtnlulaguasisilaannssuiunsdtadentwhliiisrwronuiand1ieenund
Y & ' o9 & ' as v ew Iy N v
dnvnuzdivdomes Amdesdeu Aurmaunstuegfivaeiuidnuaniagui 2.2 unavusznause
. waglaa iefiiwaglaa Anflu uasddn Ysuaasdunidezdssnaumesinansueulssuiniesas
2 1 A = 1 aa ) o
51 senflaudesas 42 druivdessdulelasian uaglulnsiou drudanesnumnuinniuenyes
= o § v =y v 1% - v S o
wnavdwhliunauilanuudegs unauiildannisddindenaeiluszannden 22-25 Taetwminan
wiadriuden vhlinsadndenusasasiasiiaunausiuaumnn
2.7 éinds
vy oA I B ¢ v P = ¢
wngeIu tulaeglurddnge (Convolvulaceae)  fian193nem1ansin Ipomoea
. & o 2 o o a o
aquatica Forsk. Var. reptan \fuiisiinuiluluwndeu uasifudnieulnedenhussneuems
= v oo v ¥ oa a A 1 Ao A 4 v ey o v
wiudieafudnidlne dndeduilludides Muluidmiowsevn Munenuazaeniidun Tnevhluud
: Andeduziiesninnisznevemnsinnnindndilne Feiinmsugnedrunsvanslulszsmelne dwsy
| o o v v v o o 3 ~ 124 = (Y ¥
inwasnsugniteshdadulyne dnfsiududnmaigivialildinanies 25-30 Yu n3eduge

Usgni 30-35 . fasnsaiuienls (https://puechkaset.comy/, Antaiu)

2.8 Yannue
g a = &4 ad a ¢ .
Yarvue Yaruranvfiavie 8983ne1d1ansin Anabas testudineus Tua9dUan
1 vua(Anabantidae) dizusnadan drdauuidne aala Uanndas veudhUnwionndaudeindslnaiegy—

o/ =
93

i a1 fuauinaauuundn RN @dudI9d999100 81U ASURE I8 HBUWARIN B8 -TTA

aSuudaumaunuuunnuisfunsuiy uiasusuduni asuenidniuguly ASumaanenu
fhiifdmsnenuaziimeusyiadidradi asula draduitdidvades veud Dauitenmeuus
whudna fefeastaemeladuusiyiigu q DEYABUUUYBIVBIYBUNIBN F9ANII0FUDINIFRINUY
Anilglnonsdlaglidesselfeendiauazanylunh wazannsnoguuunuieRuiiviaildifussey
L8 9 S?iq“luqq}rduuwﬂ%y’wzwwamuaLmﬂm’ﬁan"l,aaﬁuﬂawulﬂuuUﬂLﬁamﬁag"lwﬁlﬁ AINET
8175804 10-13 cm Tnginssunisnslalaesduasiadiorieiuuiuinnedd Tnensldaeefuun
usisgUaesliignuanfulatusies vammedulanfiansanuldluynundain nszareegitaluly
el dwiulutsemdlnewuynae wanduvaiaulneinmuduesned feldifuemsind

, u uazllsdeudulanasuginlutaqiu Snvidludandiildnarsluandund wu dnesdsfionides
i Wuuaasaw (https://pasusat.com/, Uanmue)
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UNN 3

A5n15anEuIUIY

o
3.1 \Aesliauazaunsal

—_

W o NN

_ |
N = O

\A30ete 4 Frumua (Analytical balance) Satorious Basic

qj’au (Oven) SL 1357 SHEL LAB 1350 FX

W, Fish Scientific Isotenp® Muffle furnace U.S.A

Lﬂ%a\‘l'ﬁau, Retsch, F .Kurt Retsch Gmbh & Co.KG 42781 Haan, Germany
vaLnNs'au‘umm 60 L%, Retsch, D-42759, HAAN, Germany

\A303 UV-visible spectrophotometer (Double beam) 8% Jusco JU V650
Unnasauna 100 mL

Ulewun 1, 10, 25 mL

N3EAUNTEY

. YANTOIERYYINTF

. IAUSUUTIRSIUNe 250, 1000 mL

. \n3e33nAn pH (pH Meter) Mettler Toledo
13.

A3ala

3.2 dsaliuazingau

1.
2.
3.

ISAER AR

nsalalasmas3nidudu (Conc HCL [AR. grade] RCI Labscan.

davhfianlun ( CgHgN,0,5) [AR. erade] Kemaus

Wu-Tu-uunSatensaulaetiu lnlalnsaaelss  (CoHNHCH,CHNH, - 2HCL MW,
259.17 g/mol, Fiaber Chemical)

Inunandewlulagy (KNO, MW. 85.103 g¢/mol; Sigma-Aldrich)

nsadafaInady (Conc H,50,) ) TAR. grade] RCI Labscan.

FuedNNIAY (CH1a0s MW. 318.32 ¢/mol, Merck)

IV TILa A Ay sy (KSBO)-C4H,04.%2H,0), M.W.333.95 ¢/mol, Unitab)

0 oo A

10.

1,
12,
13,
14,

wostulissluduen ((NHz)sMo70%44H;0; MW, 1235.99 ¢/mol, Sigma-Aldrich)
waaraTUAKETA (CoHgOg),M.W. 176.12 ¢/mol, Merck)

Tnunaiden lnlalasian Womma (KH,PO, MW. 136.09 o/mol, LOBA Chemie
PVT.LTD.)

anvaraeunladame (MnSO,.4H,0, MW. 151.01 ¢/mol, Merck)
Tudgulslodaiin (Na,5,05 5H,0, MW. 248.18 g/mol, Merck)

ludglensanlasd (NaOH, MW. 39.99 ¢/mol, Sigma-Aldrich)

leideulelalas (Nal, M.W. 149.89 ¢/mol, Merck)

15. Todeiales (NaN;, MW. 65.01 o/mol, Sigma-Aldrich)

16.

WAAUY1? 970 Jandniueylan
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3.3 nsiansimasiusenauTudngfiu
1. deingAuunaudg Saumm 30 ¢
2. himghvluusdeesniivliiosiBen ntuiirgiuluseuriunzunseteunnn 60 um
3. hingiuildlueuiteddaniuiuiigamgi 105°C WHuan 3 $alue anduiilmiuly
Togeen iy

3.3.1 myaaseiingavleewmaiia Fourier Transform Infrared Spectrometer (FT-IR)
WA FT-IR o AudU{URnMsIvemans anyinermans uminendousens

3.3.2 milnsieiingavlaeweadia Scanning Electron Microscope (SEM) Energy Dispersive
X-ray Spectrometer (EDS)

AWAT1e9A SEM-EDS i gudufiifinnsinendnans aaszinendnand uvninendeusens

=

3.4 mamIsuduianmanunaudia wfigaumafl 400, 500 wag 600 °C
1. Feimgiiudiuay 30 ¢ ldlumgida
2. thingAvuasag@idalueviigumad 105 °C Hunan 3 dalus andudalsduly
Togaesdy
3. shlvwnfigamgdl 400, 500 uaz 600 °C psiliiuan 1 Falu
3.5 msleszinasausenauludiudanm |
1. ﬁﬁdwu%amwﬁl,mﬁqmmﬁ 400, 500 wag 600 °C WIunlAazLBun mhﬁy'uﬁﬁmqﬁulﬂ
FOUHTUABUNTITOUIUIN 60 LY
2. hdu@anmiilelusuilgungd 105°C 1uiaan 3 $alus sndudtelmiiuly
Tagmen iy
3.5.1 milmssiaiudananlaemaiia Fourier Transform Infrared Spectrometer (FTIR)
WAswht FT-IR 2 quéufuinsinenanans amsinenenans uvninenduuiseas

3.5.2 mM3mIznaudanmlaemaiia Surface area and porosity analyzer fqeinasia Gas
Adsorption (BET)
WA BET a gudufuRinisivenenany ansinenmans umninerdeuisens

3.5.3 msAasizsiaiudaniwlagwmaiia Scanning  Electron Microscope  (SEM)  Energy
Dispersive X-ray Spectrometer (EDS)

WAIER SEM-EDS i gudufiRnmsinenenans angivetmans inninerdeusens

2 &’ o a a o .
3.6 N1TRIUTUIUVDIAMNTU F15528 LE’]I"I wae ﬂﬂi‘Ui’JUﬂﬂﬂ’J ?JE]\?’JGIQ@UIQElmﬂUﬂ Proximate
Analysis

DN
e 0 s a

53 1234 - 1% v =2 3
1. %QUWWUﬂﬂE‘ZﬁLUﬂWiONNWWQﬂLN']LLa’J UUnNnA
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1
L

deingauunautnluag@ila 9w 3 ¢
ihlveufigamafi 105 °C 6 $lus Adlsululnganaudiu dawminilldentisine
thlusnigamgfl 500 °C Tar asit 7 wnit Heliululogaenuiy dafminiildan
Uutinen

5. luwniigamgi 900 °C Warh asil 1991 fdlululogamuty daiminildan

J

Yusinan

[ =y &’ .
ATUIUNIYIUIUAMNYY (Moisture Content)

- & hwilnreuou—thwinudeeu
USHaInuIu(%) = o x100
whwiinnsusy

AuINIUSUEsIEwe (Volatile Metter)

_ thwiinrgun —sdhwindaen
Weight loss (%) = %100

ﬁmﬁ'nﬁautgj
YSInuensseme(%) = USinautiu- Weight oss

AuIMIUTINadn (Ash Content)

- v ﬁ‘mﬁnqﬂﬁwwﬁum
Yauaua(%) = | ———— <100

dinoun
AUSuIA1sUaUALH7 (Fixed Carbon)

USIUAISUBUALII(%) = 100 — (%USUIIAILTY +%USHuLEn +9% US55 Me)

3.7 s¥usidecan, wasugndnisiudaediudanm, wuasUgndnldiasudasdiudanw
WesieruszuulalasTuiing uaz waslgninisiudaeanuianmilsideusiefussuulalasTusing
1. a¥uveidesaruuie nde 210 x 81 2 1. x 49 70 @31, 911 3 Yo laglidguszanu

Twau 560 Aou redgiulassudreselagmsanandlsiyitu fegud 3.2 antiuydae

WAUNANERN 2 YULNDIBIWUTM 3 U wazldunaslu 3/4 vaeus

— ' : ' 70 %,

1im2 a3

;Y__/ % U < W] ¥

2, 2y . 24
JUN 3.1 wuudsiqesdan
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U 3.2 nsafvaiiesuan

o 1 = v 1 :: 41 v £ % A ]
Y9189 1UUNYBsUBAssUa e tastulAawlulinazdu 9 snasluluda
E3 =N 4 ) 174 =3 ° [ = 9 =3
a5reszuulalasludnduvuaindiuiy 3 LLm‘Emﬂmmanmﬂmwu‘lﬂswmmauam YU
N9 2 3. x 879 2 30, SAut 2 % aﬁmﬂmﬂuammﬂmmzmm 30 w1
Uwumu‘uumaLLNuwmamnaﬂWﬂ m 3 L
mﬂuulamummwmﬂu,ﬂawnmmwazumuﬂsumm 500 °C adlUluused 1 uag 3 &
il waamﬂuuimm
1 1 ’O’ 1 L L2 A
6. ’Luumw 2 Famuvumenitrowazlawesinastuinedu 15 aw. azUT 3.4

e el

' - B N ) g LR e edn e AR AR,
P a . i a des y
Ui 33 szuutelmsloinduvomaditaem U7 34 szuutalm v indwoua it TaUY
t = ] Q3 g 1 o
PIMAWIINLNAUL T (BUadan 1 uag 3) #Tﬂﬁ’]‘ll'lﬂl,l,aztﬂwas‘lu'l (ttuagn 2)

7. aﬂswﬁwﬁngmaﬁ’u 5 aufveusuuussiaieifurrasuasnszaethdwiusei
c‘i’nuuufwammaamnm uay ﬁmwﬁ'}ﬁ‘uauéfmdwww,l,ﬂaqcﬁ’naiaﬁwiaﬁﬂﬂﬁﬂmﬁum
Uan Lwaaqmmﬂﬂsmumﬂauamataamm FetafuRasanaune?l 2 uag3

8. mmmsu‘uua‘uuﬂﬂaimﬂuaumsumman Iu‘umawdm'w 2 aaszuuludessuulalasiy
dnduuunin wiedl 2 Weouserunsesnaduuy was mmmiuuuauuﬂﬂa’wﬂuaum
‘ummaﬂ Tuvaiisumil 3 seszuuludszuulalasiuinduuuaad 3 Weusefunses
dduuu
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. wilaaNn

3
I UsLaealan

/

t v o o 1o

' : Uﬁ 3.5 UaLamﬂmua“wawanwnmwaumanuswu‘lﬂmﬂﬂuna

3.7.1 La"‘?iymﬂm"luszumﬁai’ﬂmsm‘%mvlﬁuim
L. %@Qﬂﬂmmamnvxlﬁmgﬂmaﬁﬁmu 3 99 Q¥ag 200 M
2. thgnuanninidunan 3 9l mndiarldludeidssan veas 200 i
3. dwanndahuin uariammien @awias 1 a ﬁ%u’qa_s 5 g7 Tuinwa
4. Wewnsuan 2 adwiotunaduasdu Usinaewnsualiluyimne 3% veniwiin
Uaniadevasusiazue

3.7.2 Ugnitvluszuuiiodanissgivle
o -1 o ¥V o ] g v & o.'/
1. Wdnadadnysduanugililunassanm 12 Falug
2. 131LaJﬁﬂﬁlﬁlﬂﬂqﬂluLmaqﬁﬂﬁm%u‘l’i Tuudaad 1 uag 3 Ugnsvesvinadiu
: g d 1 ’o’ A ’o’
15 9x15 oy navUnvguiazsadl luulasi 2 Ugnlaeldawdnadlulusesingnyu
wagiang3ll
3. I‘LJLLUa\Wl 1 smmwnmuﬁmizmwﬂ U

9
;ﬂ Q419 gnnao lan s'nnmln nnAA La BN P_VYLs]
. W%ﬁ%ﬁﬂﬁuuuu FHERUAT TR ORI 2 RS

o

€
f
€

5, 9L AA-IAAING-LaTAUIULVLBIHAYWA- HY - TuANg
1 q

~

3.8 Mynszsiinanvaassainazszuulalasiuing
3.8.1 msiiuiagrstihluveideswatuazszuulalnsiuing Wathluiwmsiey
1 A
1. van 1
=3 o 1 g 1 du a a
- AuMegsianuaagslantdluviananainuasdnmi
1 A
2. Uan 2
=3 LY ] 2-,’ ' d" = =y
- lAufegnUsdgslantdlurianatanniastamni
- usedaihanibifilvaseninainszuvlelasiudndldluriananainuazdamin
1 A
3. UaN 3
[ QU 1 g ] dy = a
- iumegsnusdsslantdluvianatafinuastama
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QU ) ’0’ IO’ A =Y _~ £
- fiusheghaihantiilrasenunainszuulelasluindldluviananadnuazagi

3.8.2 MsAATIEMMIUTINuvR ST anun(Total Solids : TS) lutinvestrluveaidestauas
szuulalasluding

L.

4.

WSeUTNLNDS 5 auuﬁlﬂawamwnu 103 °C wﬂwwuwammwaﬂu Iammmm‘uu Wan
dandavinuiindvendls (8 n51) wazihlufuly Iﬂﬂﬂﬂ’ﬂll‘vu
mqmmmmamauw 50 Jadans mmamqm’taumnai Fail
- Srneddt 1 Medrenveidssand 1 -

o s Y | ¥ 1 =
- UnNesh 2 feg1einanusidesuani 2

= a‘tzj U 1 g 1 e’l’ n]
- UAnesh 3 fsgraannuaideslani 3

o a‘d Q/ t g =Y € 1 dv =l
- UAnesh 4 ssgrnanssuulalasiuiindusideslan 2

o~ A o ' ¥ e, . A
- Unnes 5 shegrahannssuulalasluindusidesa 3
ddninesildmetailleuausevens Lme‘Lanammu 103 °C Wuan
1 4hlus

= a v & v o P v o < 5 o av v Y

UaaEfl,‘wLaumqquwaﬂu‘la@‘mmmw a1t nUuinuwinale (A )

NMSATUIINIUSNIUvDT I snun(Total Solids : TS)

Total Solids (meg/L) =

(A-B) x 108
mLof sample

Total Solids (mg/L) f® Usmm‘uammmum wmmﬂuuaanmmaam

A f® umunmmunmama ‘U’]WJ’E]EJ’N (n3u)

B Ao Ymiinuesdnines (n%)

mL of sample A9 Ysunauwesined1an (adans)

3.8.3 nMsaaseinUsuiavesudeiliazateda (Suspended Solids or $S) Tusirwesinly
Ustdesdauazszuulalasluing

1.

| & | a v &
DUNTETATYNTDY 5 LLNUV]'J']\TUU‘\]”IULW']”L‘UﬂlﬁLLVi\‘WI'E]ﬂJMﬂﬁJ 103 °C LLa?WQIﬁLgu‘LU

Iﬂﬂﬂmmmu 1 daluse Faivndufinsuiniild @ nfu ) wazthluifiulu Iﬂﬂmmm‘uu
wmmamam u,mmmamquﬂansvuaﬂmwsmm 50 mlL wildSnined sail
- Snnedi 1 Medrahanvadesland 1
= e Y | K ¢ o
- Unnesi 2 fegraianusiaeslai 2
= e‘e) Qs t lo' 1 dy A
- Unnes 3 fedrianustdeslain 3 -
o ¢ Y ' H o [ ¥ o
- Unnesh 4 ssgrahanssuulalasiuiindusifesand 2
™ P Y ' -4 a ¢ X i
- Unnesh 5 megnahanseuulalasiuiindueidesua? 3
SN TBIARYYINA
insvarenseslunsuunnensesdntindulivuden \Unynnsesdganie
nseeEanTmseyls 'L?Jmaumwaamemﬁ]maamansvuaﬂm'sa Lag YANTOIAU
WA 509UNTINTEAMYNTBIIN WinTUnayansesdnie
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° o &I Qs a o v o a
5. uqﬂit‘/ﬂ'l‘l?}ﬂi@\‘lﬂl(:ﬁ"l\‘l‘UUQ’]‘LlL‘W']%L‘UE)@‘UL@&JLL@%U']IU@UI‘%LLM\WIE]NWIW 103 °C LﬂuL')ﬁ']

ll‘ v 14
y v @ = o o &

1§l vdeeliduigamyiisodu lagamnutu wdthindswminduiinddndle
n3u)
MRS BT Wt un (Suspended Solids or SS)
(A-B) x 10°
mL of sample

Suspended Solids (mg/L) =

Suspended Solids (meg/L) Ain Usinawesudenldazaresh mhedulladndusedns
= lo’ o o 14 (%
A Ao Uhvtinvensgmunsasngnnseswds (nsu)

B A8 W MinYaInseaANensad (nS1)

A

mL of sample Ao Usinauaesiiegrain (Radans)

3.8.4 nsdlasianudiunsa - s (pH) ludwssihludedssauasszuy
lalasluiing
a a4 o S vy 4 B
1. WansesindipH alivseinm 5-10 wiil Wiveduiases
2. auwiddnivsealdazernimeindunasdulius
1 ald @ I3 < = - 4 - )
3. quBianinsaasluansasarediefuinsgrudieSouiisuiniedielagnaluy
v o . by ) o
USuiiiu (Calibrate) winfudidninsaadluaisazaeiwivesunsgiudill pH 7 an
U1 READ seaustuaniiiey 7 tasa ainduqudidnivsnasluansazanetiines
Aa ' t 1 5 = t
1ATFIUNlAT pH 4 NAUNREAD s09uBuAn pH 4 1@59 91nduln3easuansa
1 o a a L 1'% v g 1Y) . LR 4
slope nAdsl EXIT WhBidninsaesnuddnlnaseinseinnauiayduliugs
4. weredrahlidniu udundregraildanssuonmeuiuia 50 mL wlddnines
faid
e o/ 1 'ol ! dy <
- Oninesn 1 fegrahanvaidiesdai 1
‘A Qs ] g ] d’l A
ninesh 2 fegraranveidestam 2
(IJ QU t ’o’ 1 a'l’ A
nnesh 3 fegraanveideai 3
sl o 1 ’c; I st du =~
nnesn 4 Megrianszuulalasiuindusibesain 2

L

ch|ch S

A 7] t ’0’ =Y 1 d’l ‘J
ANB5N 5 fegraianszuulalasludindveideslani 3

! = g 1 ,O’ ! o K 1 g L =2 U = A 1 b 4
5. IAAMNLDYYDINIDYNUN Iﬂ@Jﬂ]ﬂJE}LgﬂiﬂiﬂﬁﬂUGl’JaEJ’N‘IJ’I Yuinaflerneule

3.8.5 Mseseimuiinalulas (Nitrite) TutheesiluvedesUauazszuulalnsTuing

L.A1swseNEsazany

- wdsnarsazanedardanlun CHgN,0,5 AUty 0.06M
H3 CeHgN,0,5 2.5056 ¢ ldluasavarenauves HCL Wudu 25 mL futhnduuseane
150 mL Y5uu3umstiidu 250 mL

- nSsuansazatedu-Tu-uuniatensaulaeiiy lalslasmaslss
C1oHzNHCH,CH,NH, -2HCL asuidiandadiu 0.003 M
%1 CyoHNHCH,CH,NH, - 2HCL 0.2544 ¢ avanglutiingu 250 mL iuluvandn

- wssnansazarwatenlulngyt Anududu 0.007 M
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™ ° v v oo a Yo v &
¥4 KNO, 0.6027 ¢ dlusulviuisiigaumgdl 100°C @alidululagannutuduiem 24
Fla) waunduwazUsuUSunsidy 1000 mL
a ¢ v W -3
wissansarareumsglulash anadudu 7.1x10° m

139979 10.0 fadans ves Stock Solution Ty 1,000 mL

= L's
2. NNFAUATIEN

mMawseunTiasgIu Iaeld Stock Solution Tude 5 vieynsuvesasazarsunsgiu
Tulpsvi lulasiau anandudu 0, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L TnenhansazaneunsgIu
50 Uaddns AN Sulfanilamide 7 mL wag N-(1-Naphthyl)-Ethylenediamine
Dihydrochloride 1 mL waulidrfuienliiind udrdrlusiuanlneld
Spectrophotometer finrueAdusa0 nm

Vunfreg19idiun1snses 50 faddns ldlufninesouin 100 Jadans iy
Sulfanilamide 1mL eudaguvisufaiialy 2-8 il snduivansavany
N-(1-Naphthyl)-Ethylenediamine Dihydrochloride 1 fiadans uaznasliidriusiuit ae
#al3 10 it

FavnuSunailaeld Spectrophotometer  fiAueiady 540 wilwmssiUieudieuiu
Blank

3.8.6 msﬁLﬂiﬂsﬁmﬂ%mmWaaWa%’a‘lugUmmaai‘IﬁmaLWG] Tudnvesirludeideslauay
szuulalasluing
1. nIswIeNEazae

ansavarslnuvadeuneuRludaningy (KSbO)-CiHeOg.v2H,0) A 3dsty 0.02M
a¥any 1.3715 g K(SbO)-CaHeOg.12H,0 Tutiindu 200 mitdurinduauldu3uims 500
mL

arsazaneuauliniauluduien (NH436M07024«4H20 AINTY 0.03M

azan8 20 g(NHx)eMo70454:4H,0 Tutinnau 500 mL
dsavatsuaanesiauedn (CoHyOp) AMuLdudy 0.1M

FENTY 1,76 ¢ NOARDUALORA (HUNaW 100 ML

SO SR

a1Tazatensadaiiniin ;S0 5N

{fisl CONC.H,S0, 70 fiaddns adluthndy wdiiuindusuasu 500 Jadans
ansazangafonweains Wut 1.65x10° M

aga1y 219.5 mg KH,PO,4 (Anhydrous) Wunduauasu 1,000 mL

Y159 (Combined Reagent)

NAN 50 mL HySO4 5N, 5 mbL arsazarglnwnaidouwaumluianimsy, 15 mL
ansavarsuenludenluduien uag 30 mL nsaueanaiin 1Wmeiy

NNSIAIIZA

WSENeYNINYBIETaYABN IS IUWeaNe ARt 0, 0.1, 0.2, 0.4, 0.6, 0.8, 1.0
mg/L vinTiunsg U (Calibration Curve) Tnarhansazatennsgiu 50 faddns 1A
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4 ° a aa ¥ vy v ~ v o o [
W1g159091u7u 8 Haddns asitliegntdes 10w uwdnhluialagldindes
| 4
Spectrophotometer A8 IAAY 880 nm
a ) 14 ) a aa P f a .
- Unedeeaningeauds 50 dadans ldludnines Wiy Phenolphthalein 1 vien
Wudenu 8 mL Tuvisumauliidndy asilisgnslos 10 undl
v v o dl v P o
- daUTunalagld Spectrophotometer finauenInaU 880 UIlUIAT WaUTsUWIEUU
Blank

3.8.7 M5ATITIRUNeanTlauazae (Dissolved Oxygen, DO)

1. NMSMIBNaNTazane

- A@varangwnadamn MnSO..4H,0

" aga18 MnSO,.4H,0 480 ¢ luthnduudaiurhnduauléusines 1000 mL

- gvazansdamla-lalelas- wolen ' |
a¥a18 500 g NaOH Waz135 ¢ Nal luthnduausuazanevunudnauansazanea 2 ih
sefuuduiutindusuldusings 1000 mL azans 10 ¢ Nan, Tusindu 40 mLudaiu
asluansazaruteny

- asazangladeulsledamn anududu 0.0250 N
avanelanfeslsTedamn (Na,S,05 .5H,0) 6.205 ¢ lutndy udfuinduauasy 1000
mL

2. MSIATIENA

- mumamammamﬂu‘lamima’[mmmamqmamwvm"usmmamqm 1-2 afy U599
fethailiduvnuaylorlih i

- Wuansazansusniladamn 2 mL wavansazaresanilan-lelele-tolud
2 fadans ‘ummﬁumimﬁiﬁﬂmwaamuaqié’ﬂaﬁw

- Ungnuan seieediliinesennimeglumia nasarsiadlliddulae wernntuaseta
Yow 15 %e

_ faindBlFmnasnouusufiy L‘Uﬂﬁ]ﬂLLa’JLG]&JﬂiWZJﬁW‘JﬂL‘UQJ‘Uu 2mi laglinsaneesluaasly

b4

S SR

128 IHADY JVIUVI"U” YIS UU [k} Uuﬂ\]‘\JuWu”Uuﬂuﬂ TP
M%Q-‘HQQQH%J%ﬂ—‘lﬂl@ﬂ%ﬂ%@?rmI.—Lkﬁ%L—Vlﬂﬂlﬂd‘Uﬂﬂ%ﬁ:th

- wsvdisansasanelufeslsledamn 0.0250 N Luﬁﬂnanwmamﬁr’lmmsa“mﬂama
aaumumLLi’Ja"LﬂmsaumaamLqu"l,mLmswmawnsymmﬂﬂwlﬂmsawmaluua

ANIATUIY
pandlauarars(me/L)= Usinalaieslsledama 0.0250N Aldlamem,(mL)

3.8.8 mslnseaudanmnasldaulagmaiia Scanning Electron Microscope (SEM)
Energy Dispersive X-ray Spectrometer (EDS)
o w1 a @ Y] 9 o a 2 1 &
1. ihdhamudnmmdansldaudineuiigamagll 105 °C wielaaudy
2. AT1gh SEM-EDS o AudUURNsAinemans anzivendmand uninedeusens
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o
Unn 4
NaN1538LaranUsItNa

4.1 WaN13ATIENLAETS proximate analysis, So8asnaninvasHinA g UTINIWINLNGY
419

o a o

LY = o a e du b4 1 v o a '3
?MQﬂUVﬂ‘iﬂu\‘IWU’JQHU iﬂLLﬂ HNAUVII ’i)’]ﬂﬂ'ﬁﬂﬁ’llﬁlﬂﬂUJJ’Wﬂﬂ’]'ﬁ’JLﬂiﬁ%ﬁ%ﬂ@\‘iﬂﬂi%ﬂ@U‘ﬂN

o q
=

\R3l ANBUENINEAT kazrunvasgngy Tanadwialuil

M5 4.1 NaN15IATIelAEIS proximate analysis, SppaTHANARTBINERTMYENTINTNIINUNEY

112

fheghs Proximate analysis NanAnSoY

% A % s % Arsveuns % L Ay
oMY #i7

uneuim | 10083062 69.98:285  985:068 1008:027| -
s munay 283031 20.13+1.32  56.75:0.54 = 20.29+043 | 43.230.10
417l 400°C
UTINMUNAY 2.81+0.57 - -71.36+0.72 68.64+2.32  21.19+0.36 | 37.86+0.11
dmitsoo°c | | |
fudinmunay 2.61£0.52 5854075  69.46+2.74 2208+0.31 | 37.41+0.38 -
1l 600°C |

(%

wandnfepvesduiiamunavdnanawumaintuvesgunagiinisuslueduain 400°C

'
as a

' v a ' = o A a s X
600°C agalsfiniu JovarnananveInTUTINHIEAITLIlBg UM RS UB luedusinluain 500°C

g & | a a a < a4
lﬂLﬂu 600°C v19illn31z willwaglad lwaglad wazdntiuvzaanenannaiininit 500°C (Abbas
Y L7} L]

Y

} 74 s 13 A AI _ L7
et al, 2018) @enmavifiuMIanaIveIaTTEMEleIiuguglimsueluedusn 400°C 1
. ) o A P a o P &
500°C USmnauasssineigagaaiillaivgaumginsusluwduaulis 600°C wsnzaziu @wnsa
' Y] o ¢ o o a ot o 'Y ' e A fo) =
ﬂm'ﬂmﬂqmmumiuduL%uwmamiwammuﬂmmwa}wnLLﬂaU‘m'samqaugmﬂaw 500°C 4
= v = A o =Y d(': 1
Tinandndosay 37.86 + 0.11 USinafigavesmsusunsitasuSinufisvesmsssmedy (< 10%)
' ~ v o o = a & v o Hva o v oo
VINUTINMLNAUT AW BN g laSusluwdun 500°C Aliuiaudinmunaudiiaiy
Laﬁasuasmm3auﬁm%’u°l°é’1'v'fjumi@m%’ulu?mLL'mé’an (Abbas et al, 2018) svudslatdonau

a I | o - o e a
Fanmunaudnn 500°C WutagaSusndmiusyuulelasluiin
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4.2 Han1SNATIER FT-IR

110 o .
e o L||) Ou . R
105 = i ORe) Q 2 9
100 Q Q -7 . 2
- t O H w
95 ; @ :
90 T
=
X 85
80
3
75
70 -
65
60 . . : , Lo P
4000 3400 2800 2200 1600 1000 400
eyt

Ul 4.1 ailandu FTIR transmission 98¢ (3) unaudna (b) srudnminaud i 400°C (c) gy

)

v A | v o
AMLNaUTTIN 500°C wag (d) arudnimwwnaudnag 600°C

2 e

awandu FTIR transmission Y8aunaudna (30 4.2a) uansuauil 3239 cm”, 2919 cm’, 1745
cm’, uaz 1660 cm’ doandasiu V O-H vainsavseuoanssed, aeldsada C-H svanfnuas
lelasorlswiinvesvaglad wilwaglaauaraniy, wiansueialunvunisdunuudnvesdadiled
wagAlaulueliwaglaaduinily, uazansueila (V -C=0) veaeameshusliwaglod, wazWuss C=C
TugnsUsenauduyss (de Cordoba et al, 2019) mwdrsu waudl 1745 cm* way 1660 cm™
aeapdeInsNsduLuUBnuaiusy CO bond lungjasusnda (Uzunov et al, 2012) uenani

v W oa d 4 -1 -1 -1 Y e aa EYN a8 Staa
dransugatLauaun 1040 cm , 806 cm , Ay 465 cm G9ERAAaRINULANIMILARAINEILYIR

(biogenic silica) (Azat et al., 2019; Abbas et al,, 2018; Wen et al., 2019; Ullah et al., 2019)

Laufl 1040 cm” @oardpstunisduuuuBaliausnns (asymmetric stretching vibration) 483 Si-O-
si ludamiitinanndsiidin uasunuiidhaenadestu VCO uag 8CO (Uzunov et al.,, 2012) e
gavhe wauil 806 cm” uae 465 cm @enndaatunsduLUUANNINS (symmetric vibrations) w84
Wusy Si-0 lulmpseBaseadaneu-eandiay (silicon-oxyeen tetrahedrons, SiO, WasNISEULUULE
(bending vibrations)uas Si-O-Si (de Cordoba et al., 2019) #&RINNIUNTEUIUNTITAITUB IULLETY
71 400-600°C uau FTIR wasauFrnmunaudnd 400°C (3U 4.20) uansuauil 1090 cm” Faidou
911 1040 cm’ wazaenAdaeiU biogenic silica MTudnwaires tridymite Bl V Si-0 Rai 804
cm’ uaw 465 cm duiusiulassadumiue SO, tetrahedra ved silica Miusdnedn

crystobalite wag O Si-O-Si mud1diu (Uzunov et al., 2012) Benintiu wWinl@iuauves VO-H, VC-




25 ‘5Lb [0% 901
350 2565

: H, way VC=0 v849 hemicellulose, cellulose uag lignin lanely Tusaueiluaures V C=8 e

A2

cm ) wag VC=C (1615 cm ) L‘%'uﬂmﬂg%u LLam‘Lé’dﬁmi%uw?ﬂﬁamdﬂLLﬁaw%'auﬁ’ULﬁﬂIﬂWﬁgm@
rwnumsueuiigamgil 400°C TnsufiseisiululunisviliAntaseasaelawAnluseninems
Asusluledulaun  dehydration, demethylation, demethoxylation, decarbonylation, uag
decarboxylation w8ug hydroxyl LLasmyjﬁaﬁﬁuﬁﬁaan%muﬁuq a]mwamnﬁwﬂﬁﬁ%mmdwiﬂu
ammhlfiAswuss C=C uaznaumuslsw@niidnas (Abbas et al, 2018) Fedusuldlaonisia
aduveuau?l 1615 cm” vhusafgafududanmunauiiniend 500-600°C (3U 4.2c-4.2d)
I¥uanidnyzYeE U wLar NN TudsLueuYes VC=0, V C=C, VSi-O, uag 8Si-0-Si
Tosamzuaues VC=0, VC=C flugaviafuannduviliaeusumiaann 1618 cm ™ Uiy 1708

em” waedl 1615 cm Ty 1755 cm ' alidiuininlasiadneandusumuntuiiaiesnntu

4.3 HANTIATIZYR28 SEM-EDS

| a £ < = 3 | = !
E‘U 4.3 WaAAInIW  SEM ‘Uax‘iﬂ’]u‘U’JﬂWWLLﬂﬁ‘U‘U’YJ‘V]WI'SEJQJI(”]EJﬂ’ﬁﬂ']3U@11JL55‘UUVIQWWQ3J§SM'JN

) N o v d o o ad a d0 Y oo 9
4OOOC AN 6OOOC NINLAAIDTUTINTNENAUVIINLATEUN 4OOOC (51U 4.33) UNUNINADUVIIEUAUY
v

aymadndnaudndes wiilefisnuugiimsasueluedulidu 500°C way 600°C Hunavhly
. Rng@niduvionans uagiloyniadnguusintorssdiuinnm sawarddumiusfunisaasvesans
semedne 1wy cellulose, hemi-cellulose, kag lignin Faegadu hemi-cellulose aanuiguul
F35¥MIng 220°C 119 350 °C cellulose @anet295eming 315°C fle 400°C uaw lignin danefigaumgdl
N1 400 °C Tl (Abbas et al, 2018) ié’ﬁmiswmu'i'mﬁiLﬁmdﬂuﬁamgsdﬂsLﬁmﬁamﬂwiﬂa
%amaqéﬂﬁuﬁaugsiﬁ (Uzunov et al, 2012) tWsIwazty snguaaznulalugugininunautn
dlevhnsllsladaiigamgiiinnnian 400°C Fuly Tasesdslivangiigamgdl 400°C waweni
donndnsnuNavas FTIR ﬁm‘jﬁqﬁﬁ'j’umm cellulose, hemi-cellulose, wag lignin YesuTInIng
| w3auel 500°C waz 600°C Témeli Heanunsofufuldannuanns EDS (ensns 2) Teediuana

=

¢ o= Y al A = o - o a S A w
*.—*——ﬂ%ﬁaﬂm‘aﬂﬂqu‘ﬂ%ﬂqwkkﬂaﬂmqa%tmsﬂﬁd%ﬂ'ﬂd%ﬁﬁd%OO=6GOQC_3:Iﬂ"}ﬂ\‘]ﬂﬂﬁﬁgﬁﬁiﬁfﬁﬁ@ﬂ%tﬂﬂm"l_ﬂ‘u’fﬂﬁ_—

A
b
€

1 o [y 1 = & a . 1
lﬁmszmumsm%ualummumENLma‘um'sﬁmmauyjsiﬁwﬂismm 500°C sauviaUSunaw99 Si luau

: PR 9] a v
‘?J’m’]WVIﬂ’e)U‘IJ’NQW’IﬂNaﬂ’I’i’JLﬂiﬁs‘wmEJ FTIR
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- fue Magn 0AR L CHT s 2t ky Sigad b = 5E veis DIIUA = 300KX  EHT=2000kV lgnalA=SE| Fli= 2727 A
4 Sepipent et WD thaes Sl et Baneto v bD WYL PR H ScanSpeed=10  WD= tdmm Spot See =180 Seral No. = LEQ 1455VP-05-27
tm Mag= 300KX EHT=20008  SigndA=SE Fill= 2727 A 1 [am : Mag= 1.00KX  EHT=20.00kV Slgn-IA=se1 ; Fﬂl z.ssA “
SeanSpesd=10  WD= 16mm Spot Sza =180 Serial Mo, = LEQ 1455VP-05-27 H Sean Speed =8 WD= 16mm Spot Size =180 Serial No. = LEO 1455VP.05-27
P Vo ) a A o ' = 1% o PN
UM 4.2 7w SEM w84 (a) QU3 MLNAUY1IWIELY 400°C (b) MMUTINNUNAUYTIATENN
' a [y = P ' P P o [y
500°C (c) fuFinmunautIum3anNn 600°C wag (d) arudnInwnaudumseus 500°C ndeein
lwasusndivdunan 47 Tu
' ¢ ) ¥ da 57 e
; AT 42 BIAYTENOUFINVBINUTININUNATY1IN AT IEWR 8 EDS
' fuTINATEY 2AUTENOUEW (%wt)
" o
1] C O Si K P Ca
400 °c 74.62 22.02 2.94 0.42 - -
500 °C 77.44 16.54 5.39 0.63 - -
600 °C 78.41 13.71 6.95 0.92 - -

wa9nlg 62.20 18.90 16.92 - 1.11 0.86
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a

a t&l o 1 = ¥
4.4 HANTIIIATIEANUNNILASINIUVBIATUYINTNLNAUUI

du a 1 = -4 ala i
M54 4.3 ‘WU‘VIN’JLLaSEW'?:u‘U@Qﬂ’mWJﬂWWLLﬂa'U‘U’Y)‘VI'JLﬂ’i']%‘VﬂﬂEJ BET

dufan Wil BET Usuns ﬁuﬁﬁagwqumum USnmsgngusewing 17
3BT (m*/g) micropore s¥ine 17A B A 843,000 A (cm’/g)
(cm’/g) 3,000 A (m2/g)
400 °C 7.6311 0.000278 2.2491 0.006805
500 °C 341.0776 0.136639 23.0061 0.024664
600 °C 414.5242 0.149359 31.7760 0.025080

o & da i < vy 1 & da
R 4.3 LLaﬂﬂ‘U@%aWUWNQLLagiwsusﬂa\iﬂqu%?ﬂWWLLﬂaU%"‘lfJ %QlﬂLLaﬂﬂfJ'}WUWNQLLaﬂi

L]

5 4
P a v d a4 O~ =1 o R T e 9 v
NWIUVBITUYINTALNAUTTIVIATEUY] 400°C darnunn duladuduinnisaiveluledunnavdnag

400°C ludn Susidudanmiidsliauysel Ssaonadostunmranisiasizisie  SEM (U 4.2a)
dausudinmunavimilelnenisaivalueduil 500-600°C Hiluiiiouazgwgu (micropore
uaz mesopore) iistuag19nn Tnslamz3inng mesopores tintuaghannidlofiugamaiing
afuslueduain 500°C 1Uil 600°C fawmgennnisfiinisaansvesarsssmediefinauysald
gauuginnndt 400°C Fuly Bandadly Aufifauazgwgu mesopores i ugasnndassening
500°C 1 600°C LHuraNAINATaR e lud Ui giivessadUsznauduiinwmdentunisvene
wnvedtaseadts microporous lUiliulaseadna mesoporous  iilagamgiinnslnlsladaiiiuiy
(Abbas et al, 2018) pedlsfiny HufifiauazUimnsgngurasaudanmunavdfiwieud 500-
600°C figfadiangne 1ounanALTssiduiinmileyniavaidnas Sunuasidasauagia

uamslunm SEM image (U 4.2b-0)

L Y
]
]

4.5-n1531ATILRUA

%) v v 1 | v & 2 o 4 '
A58 4.4 wanadeyaniiainuaidesUaivaneiay 1-3 sendnedui 7 fe Jun 47 uansiins
= v ) a A o A t e ] d" a a
Sumeinuiin wluuksugniveniaeuseiuusideslal (Muneae 3) aunsnanuIanaeaudsiu
L4 g du v A o ’o’ ] A
yoaudnvivans ulnsg waveasinveawaluinasaanlaflefisuiuinainusdsslauneasy
,ol ) ¥ A A 1 Q =Y 1= = 1
1 wazd1nustigalanniausenussuulalasiudnlaglifinisiaSuaieniudnnn ey 2)
a = a b a & . lo’ dw 5 t:’ll
vusfauTdinmansaiiulsinaeendiauazanela (dissolved oxygen, DO) Tuundevan visll
e o q v o . v v
\Weannveaudauruassiluavmveanisyinlidigu (Nuwansi et al, 2019) lagnnsasesnlusae
' = P o < ) ' o | o
fuTINMLAEIINAY Yaievauttaraneld lulnsduavessinveamngnaadulagaudinmunay
uargnaedulaesnivdmsuihluldlumsasgivin sgnslsinnu Vinuesdussnauansivand

Qﬂﬂlﬂﬂﬂ@ﬂlﬂﬂ’m‘dﬂ%ﬂﬁﬂ’]ﬂ’)u% 17 w99an15La89UaN “lNLﬂEJ’J‘iJjENﬂ‘Uﬂ’]’iﬂi@ﬂLLﬁb’ﬂWi@ﬂ‘Uﬂ‘U@ﬂi?ﬂ
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YR 4

P [ d a a v ad o ¢ v I v A = o
Nﬂ‘q\‘lf\]uwaﬂmnVlLﬁ]imuLmUImlmLmu‘wauyjmtma ‘ZN‘UENLL‘U\‘)LL‘U'JU@@Uﬁlé‘ﬁgﬂﬂiaﬁlﬂﬂqﬂLll@lli']ﬂW‘Ull']ﬂ

< A A

@ | a = o
Ju Fesnfaiinnsnseangluirluaiutnin  vusiiveswsazansls Tulnsiuazeasinvads

Re

vdmgnilulddmsunisiesgidulavessin ddunagluresdindaduuagnisiaiyidlnves

. b‘d’la du 1 du ] AJ ! U P 1
wumditse (Estim et al, 2019) Usngmssiinintuluveideslaiweseiussuulelasludnily
w@iusudinmunaudn uneae 2) wudu gzmuldinvsuadulnsdluihvesiedissany

o -2 & o a v t = 14 = [ J e/ g e v
WeusauunsUgniwmasumeuganmunaudadaliiuaninnsgu 2.0 mg/L) dwdudmly

¥
a2

1 o 1 a o/ a = A
GesUan (Estim et al, 2019) waasinsiasugiuganmdmsudgniwlussuulslastuinivim
ddglunisvdearsivanilussuvieinfesar edrelstiniu szuulelasiuiiniliadumeau
= v ‘ o P R R g v
FranmdaunsnanUSinalulnsdldsinis 20 me/L  Wenatuudu Meilifissanlusening
‘ E o voa X4 S ¥ da 0w o o
sgegaUgnuILTy UTinnsnvasindaduukvensinty Feanunsafiuuifidudadvsunisen
= A 4 c v Lo . L a
Fululnsd (@adulugUlumsanuaeusnnanlulnsdsdenszsuiunis nitrification) damu3unnved
o X ; o o & & X O & A 4 9y ¢
apslnweaunlis Yuetwieiliaaiianainsasarnuduluynueiiealat nuililiesnnildess
Ineainluyanagadmsunisiasaiulnvessnlugisusny wiiy (Estim et al,, 2019) 3a8in1s
X A =1 & | i a Y Y a1 oA X
azauunudloszeznatlunisiasslaiuiu ludwvesdeondwuazatelutnduuilida iy
' =2 ' o ¥ ’o’ P
indevineay 1 uislenuisiay 3 eseinanidunisidesluszuuimguidey  (water
circulating systems) @saansaLinnsEuRaT0d v INEluusIEInalaundu villleandiau
Tuy & o o ) ¥ 1 a A oA a v =) v
aganlutliundu dwsunnleideaan lnglawizegnees Weiinsasussaudinmunaudaly
= e‘ a' du a‘a U e 1 ’o’ o & 4!’ A 1 I ddy d
sruuuRaUgniansnsalUiu iR dudaseraedniueIneldunty. iWesaing g wiinum

= ’-1! ! o = QI d‘l AQ ) U ] o/ t U 3
RILREINTUEN ‘U\TL%N?J@\W]”I\‘I&’]LaEJ\‘]E]’]ﬂ’]ﬂLLﬁ%LWJJWU‘VIN')ﬁJJN?I Iunnﬂsm Ay DO ﬁﬂ']ij\‘lﬂ’)’]ﬂ’]

sgausngn (5 me/L) dmsunmisiaeslutemingy (warm water fish farming) (Nuwansi et al., 2019)
] 1 d ol 1 dy o # [ £ % A ] ey o &
agalsfin A1 DO Menludeidaslamunaias 1 Asainmsimiifodiswnnuesqduniduaznis
' 4 o 2 o a P
aaeeg1aunNaILdazaisla gafinsldeanBiauludiunungs (Suht et al, 2019) Ussms

v i 3T & A I \ I ' = o ' o X
qm/l’lﬂ A1 pH SUE]\TU'WL@ENUa']IUV(!ﬂUauﬂqaﬁﬂ,u‘u'NLUUﬂSﬂa@uu']ﬂﬂuﬂQLUUﬂaqﬂ A1 pH  LWLIY

2 ] ) 1 PN af dy
dntlesanUeviuneias 1 ldavuneay 3 wanvinansimiunsaiilaainszuuiaealan (CO, 99nNns

wiglavesan) lagnudnesnlulnenisgaBuresiauaznsgaduaessudiniw sgdlshianu i pH
%l 1 ¥ t L5 =t K ' = o L. dy ) ]
yasnUatassUamnusdensdiaegludisimingaudwmiuibenal (6.59.0) Fuleaniien
o L d = = 5 L 1 = 0 L ]
wirangeandwiunsiasuguuenluislrswuaiile sawvisdadudreuniidwiussuulalastuin

%ﬂﬂaﬁ’ﬂﬂag”lu‘dwismqq 5-7.5 (Estim et al., 2019)



29

M58 4.4 USunawweaudesiu vesudeuiuase lulnss easlnWeava eendiauasareul uag pH

vsstnluusassUatazssuulalasiuiin

Uo voufs vecuds lulnsd eedlnvedrn sendiouazansh  pH
weay 3 2 ¥ wvuasy (mglL)  (me/L) (mg/L)
(me/L)  (mg/L)
Juit 7
1 162 94 1.2083 0.2347 5.34 6.542
2 150 80 0.9439 0.2234 6.35 6.568
3 132 54 0.1613 0.1435 6.41 . 6,983
Fuit 17
1 204 172 2.1611 0.3253 573 6.573
2 83 9 1.1123 0.2023 6.65 6.751
3 56 43 0.1216 0.1364 7.34 7.163
Juit 27
1 290 228 3.6583 0.3425 5.54 6.625
72 64 2.8732 0.1958 6.52 6.356
3 42 34 0.1486 0.1743 7.31 6.923
Fuft 37
1 328 280 3.0708 0.4173 5.38 6.831
2 60 47 1.6521 0.2042 6.75 6.259
3 36 25 0.1209 0.1725 6.40 7038
Juit 47
1 373 302 3.1937 0.4264 5.30 6.878
2 43 32 1.6190 0.2273 6.78 7.078
3 35 28 0.1641 0.1755 7.40 7.048

| 1 | [ 4 o a M a ) )
Uanwnean 1 = Uaiaesuan, vavaneay 2 = UaLaemJmwanmanmzw‘laimﬂﬂunw‘luLasumummwunawn, Laguanueay 3

& o e &4 4 o v Vo w
= Ualasauaniauna N uLIUgnNaEsun e IuTInTMLNEUYN?

4.6 M3asgyLAUlnvasNsLazUa
4.6.1 Ms3gyLAulnvBINY

M9 4.5 uansdoyaniswdyiulavesdnddundminugnilune 25 Tu Wndldiiawgn
Wiss 21 Yuudnfuiies) whildimmaeigiulansmvesinddudmiuwnsgnmneias 3 @Sy
Faedwiinmunaudmuasifoudetutaidssuan) fengindumagniavusiay 1 Wwsgnadu
fetuianmunaudnlaelifingdoudetuleidecan) wasunsgniivmneias 2 (WiaSudnd
amunautnudideuseduveidssan) nsaigAviavesindeduluwssugnmneay 1 1
wswiukagnmneias 1 daduyaauau lldlieomsvsasliiionssuumyudoudun
agslsiiny ‘Wﬂi’]ﬁLG]’e)'%ﬂ'liLﬁ]%ig@ﬂm‘umﬂg\‘lLLNQUQﬂMm&JLa‘U 2 uae 3 iouwiiy wansirdngeduy
Tuaesdlisuusinasgensiouihngfu Mnssuuisudou ddduaninmsissyiivlnves



30

=2n

4

yigadumannnsiduasemnstutiinasnnlussuuhuyuiou Tnsewaslesnfiveniu
fuRtduiage ansnsogeduansemsieyseansnings Mmnsieaiuees Estim et al, (2019) i
fifiuiifvdutavesnngesiiuifindmsunmsianizresqiunidiasasunenlindeludulunse
waznlulnsiludululnsdlding sasksamududures o Agefiiutiadenilaosmionhliiy
snavesity WiulkhuSnameshilnsdluiheeseidssamneiay 2 uag 3 e deieuiule
deeamaneiay 1 vilen DO fege Beandriy mslddmtanmunaudinliutanedusn ssia
ﬂszﬁvﬁ%mwmiﬁﬁﬁ’ﬂﬁ"ﬂu,azmsgm%mmsmmiﬁmamnﬁ‘zﬂmﬂﬁﬁﬁuﬁﬁamnﬁm%’umsﬁmmsmaq
waiids  Besndndy defimsannssiyiulnvessiniiy astiulidisnfinlumsgniibeunaty
Jaduwamaneiay 2 Lﬁ]%iUULaUIG]q\‘Iﬂ’)"l‘i’]ﬂﬁ‘UIuLLmUQﬂﬁL%E)WiEJﬁUU@Lﬁyﬂd‘da’muﬁEJLa?J 3 9191l
awmanmslineaidutanadusnluunsgni 2 Felifinsnszaneistumasnisiuiivesunagn
Wugmmyiliihusinasfaseuqusnamnis ludnaummildeunsugniisfideusofuieidos
Yamaneiaw 3 Aldaninnmsnautniduianesunnanssonsy el iuiivesunaugniiy
yiliduagansomsiivlunnsugniinidgngafuedieiiuszansain nisufunisviremuid
UssAvBamanniuseanuaiiise (Estim et al,, 2019) ety sinfivluwnslgniievaneay 2 ins
nsgaenndluisalaniiwvanelay 3 msesyiulavesidiuiagluvesindeduluumsgnivy

MneLaY 2 way 3 dage iianiinisiasyiAulavessindesgs (Yang and Kim, 2019).

G
Vv
B

A58 45 wansdan1siasgiiulavesrndldundenugald 25 Tu

waUgn  euge o dadn s dawdn dowtdn dndn s @usu
whnewy a1y lusie o dude sinae ARl ik gudnan

(cm) (g/fu)  (g/Au) (g/fn)  (g/mu) @iy (cm)
1 16.34 6.6 1.000 0.542 0.1402 0.0560 0.25
2 23.65 8.9 2.609 1.899 0.3710  0.1390 0.48
3 2377 9.7 3.907 1.418 0.3872 0.1130 0.47

4.6.2 maaseiiiulavadan

A L) o~ 1 Q =\ =
UM 4.3 waaensmnisiasgiulavesatlugog 47 Ju Tugd 4.3a uansnisasgdulaueadaly

t Aﬁl 1 1 ' = !
Uevaneiay 1 Afindwatlutenuneias 2 uag 3 (JU 4.3b-c) masaludensfne AnuuAneng
: f v = S ¥ £ =
sevinaensnelay 1 dudevanelay 2 uag 3 innduillainnatlunisidewnniu luvuginig
a = 1 LY IS5 i Y 4 = Vo é’ <
WigiulnresUaemneiar 2 iu 3 fanuwenseiudndesuaziivuiliulndiuunniulle

& &£ & & A H & = o oo
sgyghaNsigail Meililesniluveifeaamineay 2 uway 3 dgunwd dellanvgain
4 ¥y e d2 a 5 & 4 v a o a o - o & et
#ldpaduansusznounidufivdevaanmiidesuar asulannmsiasgiulaifivesivy Aaiula
o U‘o’ d” 1 = 1o o/ a a < = @ 1
idudesanluvovangiay 2 uag 3 Andrdmiunsiaiyiulnveslanlieisuiuievneias 1

o 1 & Sv wmw a 1 4 o & = ] M MY W
dwsuledswaminean 1 drldldmuideuiuwsagniis sduasiilunidevardsluliada
genly YedamaniRaduanmpibivandiannnaiongenin dwvsidesavianeias 2 uag 3 Uan

2 [ 7
@

& | N a a Py 'Y} a & = P )
Tua 2 UstilignsimaasgyiulalndiAssiu Inslaniziloszezinanlunsiqesnudy  viatingizin



31

] Vel o & ] o & 1 =] a a
3'\ﬂW‘UvLﬂ3Jﬂ']'iﬂ'§3f\]']81UV]'WNLLNQ‘UQﬂ‘W‘UVm'\HLﬁ‘U 2 delauuiu sgrelsiniu ﬂ']'iL‘i]iEy}ﬁUIm‘U@ﬂ

Yanluvotasstamneas 3 Agsanitvanluvoldssavunaiay 2 kanadnaudin nwnaudilug

2
124 = A

' o w_ o o ) o o a ° o = o
ADATTUIUAUI Lu@\ﬁnﬂﬂqu%QﬂqWLLﬂaU‘U']'JNWUWN’Jq@a']WsUﬂqiaﬂLﬂqgsﬂ@QLLUﬂWﬁUWﬂjﬂl‘Uﬂqi

174
a

< . a oo a o ° Pl =2 1 .
Wasuasivlduansibiduite lneviliifinaninduaznisgeduansemssiusinity (Estim et
al,, 2019).

25 1

20

15

I

L

10

weigh(g)

0 ¥ T Y ¥ 1

0 10 20 30 40 50
age (day)

A o Ly 1 )
UM 4.3 nsmluandnasiazgiaulavesatnuszesiian (a) Yenuieay 1 (b) Uenuieias 2 uwag

&

(c) Uanunea 3

4.7 Hawad SEM 1ag EDS U8981uT2A TNLAAUT1IMA9IN 1 IUN15UIUAUN
1 = } %4 A =
NJU 4.2d WagAII19 4.2 R SEM wageiAUsenausInvestudinmunaudaneses
o/ tJ o [ =S =4 U d' ydv v 1
inmamsveludui 500°C nasnlddutanetusniivdunan 47 1w nadlddiiuiuaves

mummwuNmulmﬂnmmaﬂﬂ ‘U\‘]@’]‘\ma’]L'Vimfﬂ’mﬂ’ﬁﬁ@ﬂLW]?ﬂ‘U@\‘li’]ﬂN’e)SJ‘W‘UL‘U’]‘LUGL‘LIL‘LJ’?JZ‘I'TU

Tanmuaznisuanihwesdudanm LUumam‘lﬁlﬂamﬂimmaqmiuauLLauquUsmm‘um Si 32tk
Unnameseendiauiiintudaennnislidant deduiusiunisiudr 0o luthideswauaznis
ganfiaduvessiniiy diuedAusenauves P uar Ca lainnisdesemnsvesuan deasaegluau
T

4.8 NFAATIINNIATEFAT

MIRTNYRAIMINATEERIRT1INY Tneldlddrdedanisldusenunasiiat wszinunng

nouadieimnisineasidundn Wswsldandndeslumsquazssuvoanluin



-

ry

32

Tnglun1saamuasiauavun 2 1 x 2 1 x 0.7 1 UasukeUgnan YU 2 3 x 2 8 x g 1.20 1 14
NUUsENI 5000 U AusUamtauasinyelu Useana 120 um A1emnsuan Useana 1000
vm ganthwiin Usesna 30 Alanfasteseuniades uasindsuussnn 10 Alandureseuns
Ugn sauvenanAnldUsvann 2600 Umseseumskan aldtlsreseumsiasauasgnusain
1500 u fatiu yadamulunsduiiuniseanTuiinussun 4 seu ddldanszana 200 Yy aqu
1§31 Uszanos 6 1ieu aeduldiils idunisadnaiolios uenaniudr nadildmuanienisan
uanmsedanadon Usensanmsliuasaiayaridalitududinwunaudrilinntu s
feldssuuihdumananuandunisuasindunidalaifinsldasiaiidndae denazdwmavhliian

a do | -1
NaRAnNTINedigaty
4.9 nsanenasvalulad

4.9.1 M3ANIUU
Ffniunsievenmaliladlulasinisniadenamueintumsgnintulanistada
sedunauin Whinat 1 fu (Feseazideslunianuan a) fanudnavnssiifiennsnainemns
Uaeadeniuiniifinfivelan d1n drvaiuian diineuissein dminfvalan Widuniseusy

37U 30 5798 (A9518YRIUNIARUIN )




33

vhmsdevealiudaindnannsaiilonsmainevnsUasadoniuniiinfualan $1in dua
. Wuian sunewissei Swindvglan luhdedes “nmsidesuamuesiuiunsugninlulaens
tdathdeuunauiie’ Sumufidriumseusisiuan 30 au dddudnaudivedssaswou
23 ve Tasdwlugjidssuainniio fuussmuluadafeunasdmiteunsd lusaiadeegly
eI 38-45 Umsianilansy | |

4.9.2 nansUsziliufanIIuNITaUsH
. ynuamavssdudidriunisevslasmsmsidssammesntunisugndnlulagnisuadad
' meguunaud wuihd Suniseusuenuianelalumunseuiuniseusy eglussaud (fly
: M99 4.6) uaznanmsusslivludundngnsiieglussauminuiu




L

34

24
=Y L2 74 1 = 1 Q) L2 o o
M99 4.6 Nﬁﬂ']‘iﬂ'i&:’Lllu&ljL‘U'Ti')iJﬂ’l'ﬁﬂUﬁJIﬂi\‘lﬂ'ﬁﬂ'ﬁLaEN'lJﬂ']‘ViﬁJE]TJﬂJﬂUﬂ'ﬁUQﬂNfﬂ,‘UIﬂEJﬂ'ﬁ'UTUﬂ
¥ o v

UIRNIEQATULLAGAUVTI

N " . -3 - = 3
eazEnaanglssEiv : AndhBauay

o 1%

Hoyadanrmilarele

Y 4y 3 oo . ¢ v A a
1. Amnizuauma Tunoumsiiuimg ofu madssoafumiag nisAadodyens 0
semnenashideya ogun wagmrnfinuegifuaou 90)
2. B iflNANs esu Ssoed Bl Malemrbiuing 1en
3. FABNIBANHAEAIN (antiie s e noal mne e o)

Hoyantemniinlyandngns

4. m‘ﬂhmulgwhn%ﬂ'wiwﬁ b snauedn o Whiddai s h i
5. Mz mive alisrninges
6. AMUNINSENVIINENNT (anmf Armanisa piatianrow)
7. STHEINNTIOUTH ( St

8, 124030IM 500331 (Nusio wgitaus)

9, mm?juﬁuﬁmﬁuuﬁ’unmumdﬂ%wuh SomlitIdsmnanina waza ¥ wildolh

4.9.3 HANTANAINNBNRINITOUTH
nsvlldUselemnd wuddidhsumseusuannsahvldusslemidunelfiaduiuionas
76 Wnedisngldoglumag 2,000-3,000 U uagawnsnandlidnesaiieulsyanas 1,000-2,000 U
drunalusiuganwdinanunsodianululifauiendnla sfimuAnieenusuluvesden
veRaandoudiun Gwdinousiinunsnsdiulvg fiEnhauialesulUUjoandamseusy
v S1uan 29 e Tnedungiihaasilisulvldluaseunin uasszanafesas 30 Tdihanuj
Tilugam/ngu Inedineansateneamalulad/ineunssie




35




r, =

36

uni 5
A7UNANT33Y

miAssifumsinemsihewiinmanunauinluldiluagugninlussuulalasiuing

¥
° o

Ha X ' v 4 o o % X o & o v o
Hinsdsslansangae Wethtniluvsiiswaasninhidssnyedesumluibusigemsiiun

&

WY

o o/

a < a & v Ad o & a v a a a 3 ¢
mqﬂuﬂ‘t’ﬂu\ﬂmﬁ]au DUNAUVIY Luaunﬂqﬂ‘ummiaEJa3Nawamwmaamnmsmiudum

}’4
=1 1 L 24

= a v a 4 a
LNWWQWMQN 400, 500 uwag 6OOOC WUII i@aﬂgwamamﬂgaﬂa\uuaqmﬁﬁuﬁﬁmu dIUTDYUATUVDN

Y

& 1y Y i v o a & a 1 &
AUYY d1TT8L8 LA LAY ﬂr\%U@‘Uﬂ\jme W‘U’J’ﬂ‘uLLﬂﬂU‘UW’JﬂJUi&J’]mﬂ?’Imju 1agauy 10.08+0.62

Y

a . | v <l a A Iy = = | A e
JUSumansseivie \RRYOYN 69.98+2.85 AUsuraun waeagn 10.08+0.27 BAZNUINHUIU

& o 4 1Al v 5 = e & o - . .
ATTUBUAIRNT aUBYY 9.85+0.68 .ﬂ'IEJSLuLLﬂaU‘UTJUUNMHWQﬂ‘UU O-H, C-H, C=C, C-0, Si-C wa¥ Si-H

v

| ' ) d o ' Y ¢ T & a
smparuszneudnlugidu Si, C uar0 ievirlUdosdnendesqganssemi SEM wuitiuRITesunay
v & aw o Aa v | oA v @ P al a
Frafisnvadsuiiasuuendiuidulussiinuasfivgussuasiignuioadnies

= o ] o o a ¢ ' v

""\nﬂﬂ']'iﬂﬂwqﬂﬂﬁﬂﬁgﬂ@ULLa%aﬂﬁm’-ﬁﬂ'\u‘lj'JﬂqWﬂLﬂﬂﬁnﬂﬂsﬁ’/‘UQUﬂqiﬂ'ﬁ‘U@lu‘ULLﬂa‘U‘U'YJ'V]

el 400, 500 uay 600°C wudtludiuTanmisniigamgil 400, 500 uaz600 °C myjilaiduves

9 U

J & | ] € v v 1 ° 1
O-H stretching waz C-H  stretching agmglliilosannuyiladdudsnaiagnirangllszning

L% 4 o =3 £ 2 a 1 1 = d
aszurumsansusluedy wWethludasigsisematia BET wuin Tuau@iniwd 400°C 500 uag

1l

1 &l da by . § ) = < =
600 °C dnilvaiitiuiiauazusunanduiuy micropore wilugudinimwnigumagil 400 °C 9z

=1
| 3

a 1 a . 1 1 ( Aa ] <
U31m5989  mesopore 11ANIMUTUINT micro pore 8gUTEUNM 24 1911 WANUYNT BET 07U

b

a < "\ oA a a v 4 o o
gamgll 600 °C funnfign uay dudanminfigamgil 400 °C dideuiign \ewnnswnfigungll

vad da

a1 Tassaennglussgnvhaneviliifndosing uae gngu Sevhlisinudiaunn NNITIATIEREU

Y

@
|

a W

A mehensdesiiendesganssed SEM asiiudn dwBanmufigumgil 400 °C selidnway

9 kY]

2D

e

v 1 a

ufuaggnguaaeiuIngiv aud

=

= O~ & = w 2 v =
NN UNHN 500 “C WURINUUDNITYTVISANUDY U

L]

=21

= Yy v = 2 1 | - a o
W?u‘ﬂllﬂi’d'ﬂ'm@E\J}ﬂ']u@']uluLLﬁ%ﬂ']Fﬂqu?uﬁ]SNEW'EU‘UU'W]Laﬂ'TlEJQ ﬂqu%']ﬂWWLNWV]QWWQN 600 “C
a v at ' a 1 P T ) 1 a ) @
N'Jﬂ']uuaﬂllﬂ'l']ll‘UTU'ﬁ%W‘U']WL‘TJUEWEUWNTUWQIWQJ'JT]EJIU‘U?U?%LLa%ﬂJﬂﬂqﬁJ%U‘U@uusﬂﬂﬂrﬂﬂLiENWEJﬂu

1 o & Y Y} o ¢ | & , | i d ] )
LLaE%@UﬂUL{lu%UﬂaWUﬂUNUQL‘Uaﬁ ﬂ']UIU‘U@Q?WUHﬁEW?Uﬂi%QWEJ@E\JJIU‘U@\‘]'J'W]L?EN%E]UﬂU 519

asrusgnavdlngfu Si, C uaz0 wasiivsuumiueungmis 3 gumgll

P e | \ a a ~ A )
MinMsAnwANENTRng quasiudInmngungil 400, 500 Law600 °c Fudenanu
a d an o a 4 al o 1 = ;24 U
Fanmitgamgd 500 °C sdutagugnlussuulelasing wilunsiavihdmdunannldduiangn
av 4 9 a a P 1y ° v . o v Y] 1%
'Lummﬂau%maﬂ‘i’ﬂuﬂsmmwmﬂmluumimLLﬂaUﬂmmgﬂLw'mﬂisaammﬂm'mmEJ AN

Bealatly 3 szuuseil 1) naassuantaslifissuulalasiuiing 2) anﬁnuuu‘ta‘lmﬂﬂﬁﬂé‘lmdﬁ



37

4 ' L% du a‘l’ L a = 1 a L% ! a e’l’ L%

Feurefuszuudsalan 3) deswaiussuulslasiindnliiaduianiutinw uae 4) esdainu
a o w1 v Y a o v &

ssuulelesluiindiadutanenuianm nefwitlivgnluntsmeassiednds uazvliavewaniildidesdy

VoA Uamue iegniaiaigiule

inseiiegisinndenuieian 1 ('sw‘umiL?;mﬂm‘lﬂahjﬁivwlaiﬂﬂﬂﬁné Us
wneian 2 (Aowarfuszulalasluindfiliaduiagdudinn) uasvenugiay 3 (1ApeUanfiu
seuulalasluiindiasuiandiuzinin) mﬂwamifsmsﬁmmﬂ'smfwuaaLmewmluumaums
'JLﬂs%‘mmﬂsmmﬁummeluavmﬂm uu%wmﬂuuwmmam 3 spuUasanssedviun
#Agn sesaaunAeveil 2 uaz veil 1 Yeuiign mﬂwanmmswmmﬂsmmlulmswium NUIN
SYUUNTBIVBIUONUNELAT 3 ¢ ﬂ’m’liﬂﬂiENLLau‘Uﬁ]ﬂvLulﬁ‘iVIaEJﬂf\]’muﬂﬂ Yhileenuiansyuunsesdl
Ysuslulmssitiies 0.04672.0 me/L Fainliiluvedpanialulasitlifuaiiimunde 2.0
me/L dwluvavaieiay luay 2 ﬁy’uﬁﬂ%mmlulm‘l,uﬁﬂagjﬁ 1.1937 me/l uay 3.2085 mg/L Ay
anisvun Wlvhluvomneae 1 uas 2 Suansenuiilifsenisiaiyiviavestarenayilimdanls
Fuaziinlsalel mﬁLﬂ'ﬁ'}sﬁmﬂ%mmﬂaawa%’aiugﬂmaqaaﬁﬁwgaLWm’Luﬁw WU USunauneanadd
tuhluemneael, 2 wae 3 YuiuSamearesafieadntosiian liiiu 1.0 mg/L aannns
Sungiauidunse - daa (pH) Tuhnudn sedudn pH vemnue dlanariuludinsudsuudas
@ntiey wazen pH wangaufunIsiaEUandn pH 6-9 myllaTgsivunneendiauas gangluth
WU VOrmnelas 3 uﬂsmmaaﬂsuLﬂuazma’(,ummnmqm douduteranelas 2 wazusvangias 3
S S nmesnduisinasensnelevecUar tasusnalulasiludilnsunaasuusnndudy

grudinmndeldauduiagugnlussuulalasluiing anwm wuﬂaua%wsubﬂé’ﬁms
Wasuwlasnnin ﬁ’maﬂﬂ'ﬂi“ﬂ’ﬂU%WUﬂ@ C, 0O, Si, P uag Ca ﬁwmmanﬂa P uaz Ca Fafinanth
wasvaaLauuassnluUaidesuan

massaivlnvesUarlunsmassdssansauivlgninszuulalasluiing snnveninean
1 (srvumsiesanlneliifiszuulalasluiind), vananeias 2 (Gesanfuszuulalastuindnlieds

Fanswuihnm) uazUovineas 3 (@ecaniuszulelasiuindidiuianduinnm) wuiwailude

a a v o o H | ay A ) ° aa
NULLEY 1 ﬂ’ﬁLﬁ]iﬂJuLGIUIWU’eNUa"I‘U’MQﬂ LuE]\‘l’«J’]ﬂuW’LUU’eJZJ‘me’NJJLM&J’]%E‘INW’e]ﬂ”liﬂ’]id‘li’]ﬂ‘umﬂm

o ' a a Ao A ° ] T
Tuvngisvanludomeas 3 Yaninisiasadulaiia teseiniiluleianumuizaunens

MMSATINVBIUAN

v a4 dAa

mimmmuimaawwﬂaﬂ’l,uumﬂaﬂm‘uaunuumamﬂmwmw fngsduninisiasyiulan

Tuukagn?l 3, 2 wag 1 Ay FefunnanmAdedhedu anunsnaguldn awdinmildenms
asusludunauiniuannsatidmindelaenisnsesesuduazgaduasvsesnemangg 10

gUULREUalAn

e

v, = =] = o v P
aguldnmasdsusudinmanunaudnngamgiimiveluletuit 400-600°C lewuand

LY

d v A fe) P a P wa = ° v & W a
FANNWUNAUVIIN 500°C llﬂ')']llLaﬂﬂiLLa%llall‘UWﬂ?WNW?‘ULWUQW@aT’VﬁULUU?ﬂﬂLﬁiﬂJﬁqﬂIU'igUU
& oy a et & o v 4 qu 1Y) a P
Ugnity Tnefifesasnanande  37.86:011 Feilmgnuazmlddre Weldiluiamaiusniivly

szuvnzalUin TWidiuinnssyiulaveslamusuasin el uaamwmsﬂaﬂwwlmaiumEJmu



Tr

38

Frnmunaud ImaLawwLﬁaLﬁauﬁ’usswmuqmmwwL?Tmﬂmﬁlm%awiau,mﬂgnﬁﬂ N3
WSyiivTavesiiuamusuasindduiimuuandrefusdredaieu dudinmunaudnlduiugs
aanmihlussuudsauanilvihlin DO gendnndaia fie 6.40-7.40 mg/L yassiUTInadlulnsdiien
aninseeufufie Aefldn 0.1216-0.1641 me/L yenanigeEnsaanUinameudiruay
vaaudauuiuaseliatnunn dudanmunavdnanunsaruihdlusnsesuasigaduitinan
auTRmLnuLasUARIgs wennieudinmunavindsaerilinnildsuamsemisuintu
dmdunisasyiulavesnnuasdifu mswintudanwaunsaazaNa semnslen Tasiawieidle
vhnmsdesauasugniinlussesinaueg aunsaiudseavsnmmsttamilussuudeanie

sindwiinsiasgAulnnniasnszaeuINYy




39

: UITAUNYNIA

- MANG unE, navsdnnavlussrusenovalauwds, 5189398, URINUIABULIANS,2552.

waand amsny, msdinsiginainim, @J’ﬁamsﬂﬁﬁ’amumﬁLﬂiﬂsﬁqmmwﬁw, nuaall du
FuuazwaudInerans dninaultewasiann nsuvauseniu,2550.

alsyn augy, ansuamdleafuaurtudanduleludulese, 518910398, INNINGIFBULTAS,
2555.

Abbas, Q., Liu, G., Yousaf, B., Ali, M.U., Ullah, H., Munir, M.A.M., Ruijia Liu, R. Contrasting
effects of operating conditions and biomass particle size on bulk characteriétics and
surface chemistry of rice husk derived-biochars. Journal of Analytical and Applied
Pyrolysis, 134, 2018, 281-292.

Awad, Y.M., Lee, S.-E., Bedair M. Ahmed, M.B.M,, Vu, N.T,, Faroog, M, Kim, 1.S., Kim, H.S.,
Vithanage, M., Usman, ARA,, Al-Wabel, M., Meers, E,, Kwon, E.E., Ok, Y.S. Biochar, a
potential hydroponic growth substrate, enhances the nutritional status and growth of

leafy vegetables. Journal of Cleaner Production. 156 (2017) 581-588.
APHA, 2005 APHA Standards Methods for the Examination of Water and Wastewater (215t

A VU, &AW

. edn), American Public Health Association, Washington, DC(2005).

Azat, S., Korobeinyk, A.V., Moustakas, K, Inglezakis, V.J. Sustainable production of pure silica
from rice husk waste in Kazakhstan. Journal of Cleaner Production, 217, 2019, 352-359,

Brooks, B.W., Conkle, J.L. Commentary: Perspectives on aquaculture, urbanizat‘ion and

water quality Comparative Biochemistry and Physiology Part C: Toxicology &

Pharmacology, 217, 2019, 1-4.

Carpenter, J.H. The Chesapeake Bay Institute technique for the Winkler dissolved oxygen
method. Limnol. Oceanogr., 10 (1), 1965, 141-143.

Buzby, K.M., Waterland, N.L, Semmens, K., Lina L.-S., Evaluating aquaponic crops in a

—_—~—f¥eshwater-ﬂow:thr@ugh-ﬁsh~c_ul.tur.e;systemFAqtmrul‘rure 460 (2016) 15-24

Dauda, A.B., Ajadi, A., Tola-Fabunmi, A.S., Akinwole, A.O. Waste production in aquaculture:
Sources, components and managements in different culture systems. Aquaculture _and
Fisheries, 4(3), 2019, 81-88.

de Cordoba, M.C.F., Juan Matos, J., Montafa, R., Poon, P.S, Lanfredi, S., Praxedes, F.R.,
Hernandez-Garrido, J.C., Calvino, J.J., Rodriguez-Aguado, E., Rodriguez-Castetlon, E., Ania,
C.0. Sunlight photoactivity of rice husks-derived biogenic silica. Catalysis
Today, 328, 2019, 125-135.

Domeno, ., lrigoyen, I, Muro, J. Comparison of traditional and improved methods for

estimating the stability of organic growing media. Scientia Horticulture, 130, (2011) 335-
340.




40

Estim, A, Saufie, S., Mustafa, S. Water quality remediation using aquaponics sub-systems as
biological and mechanical filters in aquaculture. Journal of Water Process
Engineering, 30, 2019, Article 100566.
http://www.arohouse.com/article/?action=view&catiD=00001208&pid=0000257, Qzumwﬁ%ém

Uan dududle 19 woeRinieu 2561

https://www.epicgardening.com/hydroponic-systems/,  szuulalasluiing dudwile 20
NePRINEY 2561, '

https://www.fisheries.go.th/if-ubon_amnat/web2/images/downloads/21081.pdf, Qmmwﬁwﬁ
mnzanfumsdswania dududle 19 NGAINYY 2561.

http://www.huaysaicenter.org/upLoads/ﬁLes/Lanmiaqﬁﬂssnaummiﬁmﬁ'udwu%amwB.pdf,
dududle 20 noAanneu 2561,

https://www.kodamakoifarm.com/tips-nitrogen-cycle-koi-pond/, lulpsiouluh duduile 20
neAINBL 2561

https://www.organicfarmthailand.com/what-is-aquaponics/,aaanlutind duduiile 20 wAdnneu
2561.

httpS://pasusat.Com/%EO%88%9B%EO%BS%A5%EO%B8%BZ%EO%B8%AB%EO%BB%A1%EO%
B8%AD/, Uavle duduiile 19 NOAINEY 2561

https://puechkaset.com/, HNUaTY duduiilo 19 waednieu 2561

Martinez, F., Castillo, S., Borrero, C., Pérez, S., Palencia, P., Avilés, M. Effect of different

soilless growing systemns on the biological properties of growth media in strawberry.
Scientia Horticulturae, 150, 2013, 59-64.
Mosa, A., El-Banna, MF.,Gao,B.Biochar filters reduced the toxic effects of nickle on tometo

grown in nutrient film technique hydroponic system.Chemosphere,149(2016) 254-262.
Nuwansi, K.K.T., Verma A.K,, Rathore G., Chandra Prakash, Chandrakant M.H.,Prabhath G.P.W.A.

Utilization of phytoremediated aquaculture wastewater for production of koi carp

(Cyprinus carpio var. koi) and gotukola (Centella asiatica) in an aquaponics.
Aquaculture, 507, 2019, 361-369.

Oladirheji, A.S., Olufeagba, S.0., Ayuba, V.O., Sololmon, S.G., Okomoda, V.T. Effects of
different growth media on water quality and plant yield in a catfish-pumpkin aquaponics
system. Journal of King Saud University — Science. In'press, Available online 6 February
2018. xxx (2018) xxx—xxx

Pan, J., Sun, H., Nduwimana, A., Wang, Y., Zhou, G., Ying, Y., Zhang, R. Hydroponic
plate/fabric/grass system for treatment of aquacultural wastewater. Aquacultural
Engineering 37 (2007) 266-273.

Pérez-Urrestarazu, L., Lobillo-Eguibar, J., Fernandez-Canero, R, Fernandez-Cabanas, V.M.

Suitability and optimization of FAO’s small-scale aquaponics systems for joint production



a1

of lettuce (Lactuca sativa) and fish (Carassius — auratus).  Aquacultural
Engineering, 85, 2019, 129-137.

Sikawa, D.C., Yakupitiyahge, A. The hydroponic production of lettuce (Lactuca sativa L) by
using hybrid catfish pond water: Potentials ‘and constraints. Agricultural Water
Management 97 (2017) 1317-1325.

Suhl, J., Dannehl, D., Kloas, W., Baganz, D., Jobs, S., Scheibe, G., Schmidt, U. Advanced

aquaponics: Evaluation of intensive tomato production in aguaponics vs. conventionat
hydroponics Agricultural Water Management, 178, 2016, 335-344.

Ullah, Z., Man, Z., Khan, A.S., Muhammad, N., Mahmood, H., Ghanem, O.B,, Ahmad, P.,
Shah, M.U.H., Rashid, M.-R., Raheel, M. Extraction of valuable chemicals from sustainable
rice husk waste using ultrasonic assisted ionic liquids technology. Journal of Cleaner
Production, 220, 2019, 620-629.

Uzunov, |., Uzunova, S., Angelova, D., Gigova, A. Effects of the pyrolysis process on the oil
sorption capacity of rice husk. Journal of Analytical and Applied Pyrolysis, 98, 2012, 166-
176. _

Vaughn, S.F., Dinelli, F.D., Tisserat, B., Joshee,N., Vaughan, M.M., Peterson, S.C. Creeping bent
grass growth in sand-based root zones with or without biochar. Scientia Horticulturae 197
(2015) 592-596.

Wen, N., Zhao, Y., Yu, Z., Liu, M. A sludge and modified rice husk ash-based geopolymer:
synthesis and characterization analysis. Journal of Cleaner Production, 226, 2019, 805-814.

Wongkiew, S., Hu, Z., Chandran, K., Lee, JW., Khanal, S.K. Nitrogen transformations in
aquaponic systems: A review. Aquacultural Engineering, 76, 2017, 9-19.

Yang, T., Kim, H.-J. Nutrient management regime affects water quality, crop growth, and
nittogen use efficiency of aquaponic systems. Scientia  Horticulturae, 256, 2019,
Article 108619.

Zou, Y., Hu, Z., Zhang, J., Xie, H. Effect of pH on nitrogen transformation in media-based

aqtjaponics. Bioresource Technilogy, 210 (2016) 81-87




a2

AARNUIN N

nsmansguvadiulnsduazaasinvasva

0.45
v 8.0.4177x + 0.0002 @
0.35R?= 0,9982
0.3
@ 025 @
< 02 e
0.15 L
0.1
0.05
0 . . \ .
0 0.2 0.4 0.6 0.8 1 1.2

Conc.ipppm)

= a - =
JUR mt nsmsesguvedlulasvimaila Spectrophotometer finomeandU 540 nm

3.
3 y = 1.8561x +1.0544
3 R?=0.9947 . ®
25 ------ @‘,-"
v 2= b ) LY Qoded o4
0 A et
< 15 Lo
@
1
0.5
o) & )
0 0.2 0.4 0.6 0.8 1 1.2
Conc {ppm)

< & =y =] ]
U W2 nsWAnAsgILLedans inadnamailn Spectrophotometer NAN1LB1IARY 880

nm



43

AMANUIN U

(%

1 a a 14
Jayan1siaseyiiulnvasuaiuazeinys

’Ol Q) A 1 1
ANT N W1 UIUNUBIUARUBLIRAYYDILAREUD

dinvesaads (o)
o & o ' al 14 1
ALY Ueh 1 Uah Uah 3
1 2.6 2.3 23
2 4.2 29 4
3 6.9 4.9 7.1
q 10.7 11.9 13.8
I W2 deyarnevasusiazulas
doyafinyeesisagiias
wasdll | mnge | o thwifn | dwiin | th shwiin | s
Ty an ansn | vl | Wiesan | eudna
1 19.4 6 =Y, 0.98 0.14 0.09 0.3
2 16 6 0.89 0.41 0.1 0.04 0.3
3 16.5 7 0.94 0.67 0.1 0.07 0.3
4 16.2 8 1.04 0.6 0.1 0.06 0.3
5 14 6 0.76 0.63 0.08 0.06 0.2
6 16 6 1.07 0.36 0.12 0.05 0.3
7 15 8 0.91 0.44 0.09 0.04 0.2
8 18 6 1.05 0.61 0.132 0.07 0.2
9 18.3 7 1.14 0.3 0.12- 0.04 0.2
10 14 6 0.93 0.42 0.42 0.04 0.2
waan2
1 24 8 3.1 1.87 0.39 0.14 15
wlaall | Aouge | Awou | dwdn [ dwdn | 1 wwdn | s




44

u an aman | wiwte | wissn | Audnans

2 22.5 9 1.76 1.05 0.24 0.08 0.2
3 23.8 9 2.71 1.75 0.37 0.11 0.5
4 24.2 9 2.9 1.77 0.44 0.13 0.5
5 23 9 2.36 2.02 0.33 0.15 0.4
6 |25 9 3.59 2.01 0.53 0.17 0.5
7 26 10 33 235 |045 |016 |04
8 28 10 3,13 3.15 0.52 0.23 0.4
9 19 8 1.03 2 0.17 0.12 0.2
10 21 8 2.21 1.02 0.27 0.1 0.2
wlaafi3

1 43,5 17 14.41 4.2 1.33 0.3 1

2 3.7 17 7.15 1.76 0.79 0.14 0.7
3 335 6 3.33 0.54 0.31 0.06 0.5
4 255 8 2.5 2.29 0.36 0.16 0.3
5 255 9 3.04 1.92 0.34 0.14 0.5
6 1215 9 2.21 0.86 0.2 0.07 0.5
7 255 8 1.81 0.23 0.12. 0.02 0.2
8 20 8 1.5 0.4 0.15 0.06 0.4
9 21 8 2.2 1.64 0.012 0.06 0.4
10 18 7 0.92 0.34 0.26 0.12 0.2




a5

AMANUIN A

398

Jan g luns

v
=

ANTNUDLAYY

A o) [} d’l = o/
N W3 anwmsuammﬂmﬁlﬂumm%

giJ

a v

IJ Qs L7
SUR wa Anwazuvasinimalumuide

Y




46

ANANUIN 9

anwazUIaNUsLagIUan

= Y v v a
JUT 5 Fuesinlseonuiainszuulalasiuing




a7

AANUIN 9

UNAIMULHE NS




48

250 206D Mt - Suwed Mopdeng - Outieok

7901362: Your manuscript has been accepted

Richard A, Smith <tswj@hindawi.com>

PG 87372020 213 FY

To: Suowit Mopoung <samritm@nuadlh»

Ceo) vilitr odove =vijitcoi®nu acth> ) supalucky <supstucky@nu scth>; onglak Phumyy snonglakp@nyacthe,
visanteXi 3 Egmailcom cvisantod)l3@gmalcom»

© Dear Dr. Mopoung,

The review process of Research Article 7901362 titled "Water treatment for fish aguaculture system
by biochar- supplemented planting pane) system” by Sumirit Mopoung, Vijitr Uideye, Supaluck
Viruhpintu, Nonglak Yimtragool and Visarut Unhong submitted te The Scientific World Joumal has
been completed. T am pleased (o infonn you that your manuscript has now been accepted for
publication in the joumal,

The publication process of your manuscript will be initiated upen the receipt of electronic files, Please

logy i Lo the Manuscript Tracking System at the link Delow using your username and password, and
upload the electronic files of your final accepted version within the next 2-3 days.

bt /ms hindawicomiathor 790 362 A pload filess
The efectronic files should include the following:
1- Source file of the final accepted manuscript Word or TeX/LaTeX),

. 2- PDF file of the final accepted manuscript,
3- Editable figure files (pach figure in a separate EPS/PostSaipt/AWord file) if any, taking into
consideration that TIFF, JPG, JPEG, BMP formats are not editable, ‘
If your have deposited your manuscript an a preprint server (e.g. wh, lioRxiv, chemBeiv), now would
e 2 gond time to update it with the siccepted version. I you have not depesited your manuscript on
a preprint server, youl are free to do so.

Thank yau sgain for submitting your manuscript to The Scientific World Jourmal,

Best regards,

Richard 2. Simith

I 13 oIk, Offites SNt s BOsHE AL ADUAH TN 0 TUWLWE Y LHDRA B30 LWE T IO T A AFC FMH 2B e By RIS,



49

The Scientific World Journal
Atrticle ID 7901362
Research Article

Water Treatment for Fish Aquaculture System by Biochar-

Supplemented Planting Panel System
Sumrit Mopoungl, Vijitr Udeye Supaluck Vlruhpmtu Nonglak Ylmtragool and
Visarut Unhong'

1Department of Chemistry, Faculty of Science, Naresuan University, Phitsanulok,
Thailand

*Department of Biology, Faculty of Science, Naresuan University, Phitsanulok,
Thailand

Correspondence should be addressed to Sumrit Mopoung

Received 9 October 2019; Accepted 3 August 2020

Academic Editor: Richard A. Smith

Copyright © 2020 Sumrit Mopoung et al. This is an open access article distributed
under the Creative Commons Atiribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly
cited. -

Abstract

Rice husk biochars were prepared by carbonization at 400-600°C. The products were
analyzed by FTIR, SEM-EDS, BET, and approximate analysis in order to find final
products with the best properties and the lowest carbonization temperature. It has been
found that the biochar prepared at 500°C, which has 37.86+0.11% y1eld
341.0776 m*/g of BET surface area, and 0.136639 cm’/g of micropore volume, is
suitable for use as a root supplement in the aquaponic system. The aquaponic systems
consist of aquaculture and a hydroponic system with and without biochar supplement.
The control experiment consists of an aquaculture and planting panel with biochar
+—-———supplement disconnected from-each other. Tilapia and Chincse merningglory were
used for growth studies. The water quality from all aquaculture ponds has also been
analyzed at an interval of 10 days for 47 days. The results showed that the growth
rates of Tilapia and Chinese morning glory in the aquaponic system with biochar were
clearly higher than in the control experiment, which is in accordance with the water
quality in each aquaculture pond. However, the growth rates of Tilapia (23.5 g/body
vs. 22.7 g/body) and morning glory (3.907 g/stem vs. 2.609 g/stem) in supplemented
biochar system tend to be higher than the nonsupplemented biochar system. It has
been shown that rice husk biochar can help in treating water in the aquaponic system
by increasing the amount of dissolved oxygen in the aquaculture water and conversion
of toxic compounds to those beneficial for plant growth.

1. Introduction

Biochar is a carbon-rich material which is produced from the pyrolysis process of
biomass in a closed system using the reduction reaction [1]. Biochar materials have
high adsorption for water and nutrients and are highly stable [2]. Biochar materials
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could increase plant growth by improving the physicochemical and biological
properties of soil and retained soil fertility. Furthermore, biochar materials can also
remediate organic/inorganic contaminants. Biochar has been used as hydroponic
substrate for production of leafy vegetables [1]. It has also been added to sand for
improved water and fertilizer retention for plant growth [2]. At present, aquaculture is
utilized for fish production and has been very popular in the past decades. It has been
developed to increase productivity by increasing the density of fish, which has caused
problem of wastewater release to ecology systems [3, 4]. Therefore, it is of interest to
develop solutions, which will reduce wastewater problems from aquaculture systems.
One solution to this problem is to connect an aquaculture system to a hydroponics
system [5], in which hydroponic plants could absorb and uptake soluble compounds
from the wastewater [6]. The soluble compounds have two major components. These
are nitrogen and phosphorus compounds, which originate from fish feed. The nitrogen
and phosphorus are retained in the body of the fish and some quantities are transferred
into the culture water [4]. The combination of aquaculture (fish production) and
hydroponics (plants production) is called aquaponics, which is beneficial as it reduces
the use of resources (water, nutrients, and land) and also reduces the operation area
and wastewater discharge to the environment. In addition, the products from
aquaponics are organic fruits and vegetables [7, 8]. In an aquaponic system, the
aquaculture operation could be benefited by improving the quality of water, which
increases stocking densities, or by reducing costs associated with treating the effluent.
On the other hand, the hydroponic operation can benefit from the reduction of
fertilizer inputs and labor or facilities needed to maintain adequate moisture levels [5].
However, wastewater improvement and water reuse ability in aquaponics vary
depending on the hydroponic medium, hydraulic loading rate, plant species, and the
plant: fish ratio [9]. One of the problems that occurs in the hydroponic part is the
limited ability to remove suspended solids, which is due to the lack of culture media
that can trap solids [6]. Growth media for hydroponic system could remove the
suspended solids and could as well create a nutrient pool and provide adequate air
space for respiration around the plant roots [10]. Cork, rice hulls, peat, coir fiber [11],
i Palm kernel shells, and periwinkle shells [10]have been used as growth media for
, hydroponic systems. These growth media are still unstable and less porous than

charcoal.

Thus, this research will study the use of rice husk biochar, which is stable and can be
produced using simple procedure in high quantity. The rice husk biochar was used as
growth medium for hydroponic system in aquaponics. The hydroponic system with
rice husk biochar was studied in comparison to hydroponic system without rice husk
biochar and only with rice husk biochar for planting. The growth rates of fish and
plants and the quality of water in aquaponics were studied.

2. Materials and Methods

2.1. Preparation and Analyzation of Biochar from Rice Husk

The rice husk was carbonized at 400, 500, and 600°C for 1h. The rice husk biochar
products and rice husk were characterized by Fourier Transform Infrared
Spectrometer (FTIR, Spectrum GX, Perkin Elmer, USA), Scanning Electron
Microscope coupled with Energy Dispersive X-Ray Spectrometer (SEM-EDS, a LEO
1455 VP Electron Microscopy, England), and surface area and porosity analyzer using
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BET gas adsorption (Micromeritics TriStar II). The approximate analysis of samples
was also used for their analysis. The biochar product with the best characteristics and
lowest carbonization temperature was collected as growth material for planting panel
system,

2.2. The Aquaponic Construction

Three aquatic ponds with width, length, and height of 2m, 2m, and 70 cm,
respectively were constructed using interlocking bricks (10 cm x 10 cm x 20 cm)
(Figure 1(a)). A plastic sheet was used to cover the bottom and sides, up to 50 cm
depth, of the brick structure to enable water storage (volume 2 m %) inside each pond.
Subsequently, three crop panels were also constructed with width and length of 2 m
and 2 m, respectively, and a 2% slope. Each panel is 30 cm above the aquatic pond
and covered with plastic. The first crop panel (Figure 1(b)) was filled with 15 cm of
rice husk biochar and was not connected to an aquatic pond. This panel represents the
control experiment. The first aquatic pond also acted as a control experiment. The
second crop panel was covered with a net, equipped with planting sponges placed
15 em apart (Figure 1(c)), and connected to the second aquatic pond. Finally, the third
crop panel was filled with 15 cm of rice husk biochar and connected to an aquatic
pond (Figure 1(d)). Morning glory (Ipomoea aquatica) was planted in each crop panel
with individual plant separation of 15 cm x 15 cm. For aquatic system, 200 climbing
perch fish (Anabas testudineus) were raised in each pond and fed twice a day
(morning-evening) with 40% protein in a food mixture which amounted to 3% total
weight of the fish. The water in the first and second pond was circulated with a rate
flow of 200 L/h using a pump and flowing through the second and third crop panels,
respectively. The first pond was constructed in the same way as the second and third
ponds but without a connection to a crop panel. The growth rates of morning glory
(height.and number of leaves) and climbing perch (body weight and body length) for
all experiments were measured every week during the 47 days of the experiment. At
the same time, the pH (Mettler Toledo), total solids [ 12], suspended solids [12], nitrite
by spectrophotometer (double beam, Jusco V650) at 540 nm, phosphorus in the
orthophosphate formed by spectrophotometer at 880 nm, and dissolved oxygen (DO)
by titration with sodium thiosulphate [ 13] of water from all aquatic ponds were also
analyzed at an interval of 10 days.
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Figure 1: (a) Aquatic pond, (b) the first crop panel, (c) the second crop panel, and (d)
the third crop panel.
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3. Results and Discussion

The percent yield of rice husk biochar decreased with increasing carbonization
temperature from 400°C to 600°C (Table 1). However, the percent yield of biochar
remained steady when the carbonization temperature was increased from 500°C to
600°C. This is because the hemicellulose, cellulose, and lignin decompose at
temperatures below 500°C [14]. This is associated with the decrease of volatile matter
observed upon increasing the carbonization temperature from 400°C to 500°C. The
volatile matter content then remains nearly constant upon the increase of
carbonization temperature to 600°C. Therefore, it can be said that the temperature
needed to achieve complete carbonization of rice husk is 500°C, which gives a yield
of 37.86 £ 0.11%. The high content of fixed carbon and low content of volatile matter
(<10%) of rice husk biochar prepared using carbonization at 500°C indicate that the
rice husk biochar is stable and suitable for use as adsorbent in the environment [14].
So, the rice husk biochar prepared at 500°C was collected as supplemented material
for the hydroponic system.

Table 1: Proximate analysis and % yield of rice husk and rice husk biochar products.

Proximate analysis
Sample 3 Ll % vield
‘ % moisture content % volatile matter % fixed carbon % ash

Rice husk 10.08 = 0.62 69.98 £ 2.85 9.85 £ 0.68 10.08 £ 0.27 —

Rice husk biochar prepared at 406°C 2.85£0.31 2013 £1.32 56752054 2029z 043 4323010
Rice husk biochar prepared at 500°C 281 =0.57 736072 68,64 =232 2L1%x0.36 37.86x0.11

Rice husk biochar prepared at 600°C 2,61 =052 5852075 6946274 22.08£0.31 37412038

3.1. Result of FT-IR Analysis

The FTIR transm1ss1on spectrum of I'ICC husk (Figure 2) shows bands at 3239 cm

2919 cm™, 1745 cm™, and 1660 cm™’ corresponding to v O-H of an acid or alcohol

the aliphatic and hydroaromatlc residual C-I alkyl chains of cellulose, hemicellulose

and lignin, carbonyl groups in the stretching mode of aldehydes and ketones in the
association of hemicelluloses with lignin, and carbonyl (v-C=0) of the esters in

[ hemiceltutose, and- G—Cmnknrorgmcmnpxments—ﬁ_ﬂ—]rrespecﬁveiy—Thebandsati
»———1—745—@111—&1’1@1 1660 cm”"are-also- relatediuhadaﬂmmxatmuﬂw
carboxyl groups [16]. The spectrum also contains other bands at 1040 cm 1 806 cm™

and 465 cm , which correspond to the biogenic silica [14, 17-1Y]. The band at

1040 ¢cm™' is associated with the asymmetric stretching vibration of Si-O-Si in the
blogemc silica. This band also corresponds to vCO and 8CO [16]. Finally, the bands at

806 cm ™' and 465 cm™! correspond to the symmetric vibrations of the Si-O bonds in

the silicon-oxygen tetrahedrons (SiO4) and Si-O-Si bending vibrations [15]. After the
carbonization process at 400-600°C, the FTIR bands of the rice husk biochar obtalned

at 400°C (Figure 2) show a band at 1090 cm™!, which shifted from 1040 cm™ Pand
corresponds to the biogenic silica. It isa characterlstlc of the tridymite, which is due

to the v Si-O. The peaks at 804 cm !and 465 cm™’ related to the ring structure of the

SiO, tetrahedra of silica belonging to the cristobalite type and & Si-O-Si,
respectively [16]. Furthermore, it was observed that the bands of vO-H, vC-H,
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and vC=0 of hemicellulose, cellulose, and lignin disappeared, while the bands
of v C=0 (1710 cm™") and vC=C (1615 cm ') began to appear. This shows that organic
substances have decomposed and that aromatic carbon structures begin to develop at
400°C. Reactions leading to the development of aromatic structures during
carbonization are dehydration, demethylation, demethoxylation, decarbonylation, and
decarboxylation of hydroxyl groups and other oxygen-containing functional groups.
The results of these reactions cause the development of C=C bonds and smaller
aromatic rings [14], which is confirmed by the increased intensity of the band at 1615
cm-1. Similarly, the rice husk biochars prepared at 500—600°C (Figure 2) show more
characteristics of biochar and silica with dominant vC=0, v C=C, vSi-O, and 8Si-O-Si
bands. The bands of vC= O vC=C, espec1ally, become more separated changing their
positions from 1618 cm ™ 't0 1708 cm™ and 1615 cm™' to 1755 cm™. This indicates the
formation of more stable condensed carbon structures.

110 o U A
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1004 a Q G 3.
954 b « B
90 - C s N —— t
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Figm’e'Z: FTIR transmission spectra of (a) rice husk, (b) rice husk biochar at 400°C,
(c) rice husk biochar at 500°C, and (d) rice husk biochar at 600°C.

2 esult—of—SEM—EBSﬁta

temperatures between 400°C and 600°C. The 1mage showed that rice husk blochar
prepared at 400°C (Figure 3(a})) has smooth embossed surface with some small
particles. However, increasing the carbonization temperature to 500°C and 600°C
results in the formation of hollow tunnels with open pores. The presence of small
particles on the walls of the tunnels of the biochar can be observed. These results are
related to the degradation of volatile matter, for example, cellulose, hemicellulose, and
lignin. For example, hemicellulose decomposes between 220°C and 350°C, cellulose
decomposes between 315°C and 400°C, and lignin decomposes above 400°C [14]. It
has been reported that the completion of charcoal formation is due to the complete
pyrolysis of lignin [16]. Therefore, the open pores are observed in rice husk biochars
prepared at temperatures above 400°C but did not appear on the surface of rice husk
biochar prepared at 400°C. These results correspond to the results of FTIR in which
the functional groups belonging to cellulose, hemicellulose, and lignin of biochar
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disappear for materials prepared at 500°C and 600°C. As can be seen from the results
of EDS (Table 2), the carbon content of rice husk biochar materials prepared at 500—
600°C is constant with low oxygen content. This confirms that the degree of
carbonization of rice husk is completed at about 500°C. In addition, the amount of Si
of biochar is quite high which is consistent with the results of FTIR.

g[ ugr Sion BTSN E

tapet o B Friv 373 L
G Sy

iage BAELY Fda oy S s S F) e RFE R
ot L 4 1963

“{ LSRRV I VB e CpTiats 41 ThA D s L0 IASHINE D

o ony

Vi e o o (B REOR B 8E

Q | (b)

{
e e Bl o AR it fin SEL E 23ty 2;5
; AT Dol g P — : Y& TORE TEARTS Ty ST &
MRl ¢ 10 Wl (R CovA Taw e A0 Dwa s < LED WOVBILE) YH Sra Syewt = Hela tgar Spotfa e c§ Ged R 2 6D ny.v'&t!,}‘lg
(¢}

(d)
Figure 3: SEM images of (a) rice husk biochar prepared at 400°C, (b) rice husk
biochar prepared at 500°C, (c) rice husk biochar prepared at 600°C, and (d) rice husk

biochar prepared at 500°C after being used as supplemented plant root for 47 days.



56

Table 2: Elemental composition of rice husk biochar from EDS.

Elements composition (%wt)
Samples of biochar prepared at

O S1 K P Ca
400°C 7462 2202 294 042 — —
500°C 7744 1e.34  3.39 D63 — —
GDO°C 7841 1371 6.9 D92 — —
After use 6220 1890 1

692 — 111 D0.36

3.3. Surface Area and Porosity Analysis of Rice Husk Biochar

Data on surface area and porosity of rice husk biochar are shown in Table 3. It can be
seen that the surface area and pore volume of biochar prepared at 400°C are very low.
This confirms that the carbonization of rice husk at 400°C results in incomplete
biochar production which corresponds to the results of the above analyses especially
images from SEM (Figure 3(a)). For biochars prepared by carbonization of rice husk
at 500-600°C, the surface area and pore volume (micropore and mesopore) are
drastically increased. The content of mesopores, especially, increases upon increasing
the carbonization temperature from 500°C to 600°C. This is caused by complete
degradation of volatile matter above 400°C. Furthermore, the surface area and volume
of mesopores are highly increased between 500°C and 600°C. This is the result of
secondary decomposition of the biochar components together with the collapse of the
microporous structures, which consequently pave the way for the formation of the
mesoporous structure when the pyrolysis temperature is increased [14]. However,
surface area and pore volume of rice husk biochars prepared at 500-600°C are still
low. This may be caused by the fact that the pores of the biochar contain fine particles
and ash as shown in the SEM image (Figures 3(b)and 3(¢)).

Table 3: Surface area and porosity of rice husk biochar by BET.

Samples of biochar : Turts MizTopors volume Urface area Of DOTes Detween 17 » Tes v
prepared at area (m";’g) (cm?fg) and 3,000 & (m%/g) 3,000 A (em¥/g)
400°C 7.6311 0.00027§ 22491 0.006805
300°C 341.0776 0.136639 23.0061 0,024664
G00*C 414.5242 0.149359 31.7760 (.025080
3.4. Water Analysis

Table 4 shows the data of water analysis resulting from aquatic ponds numbers 1-3 on
7" 47" days. This shows that the supplementation of biochar in the plant panel
connected to the aquatic pond (number 3) could reduce the total solid, suspended
solid, nitrite, and orthophosphate content in water samples as compared to the aquatic
pond (number 1) and aquatic pond connect to hydroponic system without rice husk
biochar (number 2) while it could increase the dissolved oxygen (DO) content in the
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water samples. This is because the suspended solids, which were the cause of water
turbidity [8], were filtered by biochar and plant roots while dissolved solid, nitrite, and
orthophosphate were adsorbed by the rice husk biochar and absorbed by plant root for
growth. However, this content is more reduced after 17™ day. This is attributed to
filtering and absorption by root of the Chinese morning glory after full growth. The
suspended solid was more extensively filtered as there are more roots, which have
spread all over the biochar, while some of the dissolved solids, nitrite, and
orthophosphate were used for the growth of the root, stem, and leaf of Chinese
morning glory as well as bacteria [20]. This phenomenon has occurred in the aquatic
pond connected to the hydroponic system without rice husk biochar (number 2) as
well. It can be seen that the nitrite content in water of the aquatic pond connect to
plant panel with rice husk biochar has a value not exceeding the specified (2.0 mg/L)
for fish pond water [20]. This shows that supplementing biochar has an important role
in the elimination of these substances in aquatic pond. However, the hydroponic
system without biochar can also reduce the nitrite amount below 2.0mg/L for a
substantial amount of time. This is because, during the long planting time, the Chinese
morning glory root becomes enlarged, which can increase the surface area for
absorption of nitrite (in nitrate form that is converted from nitrite by nitrification). The
content of orthophosphate has increased steadily with experimental duration for all
aquaponic ponds. This is because plants use high amount of phosphate for root growth
at the early stage of development [20]. The dissolved oxygen value exhibits an
increasing trend from pond 1 to pond 3. There were water circulating systems, which
can increase contact of water and atmosphere air, installed in all ponds. The addition
of biochar in the plant bed system, especially, can increase the contact surface area
between water and air. This is caused by high porosity and surface area of the biochar
that can be a channel for air and create contact surfaces. In all cases, the DO levels are
higher than the lowest levels (5mg/L) required for warm water fish farming [8].
However, the low DO in aquatic pond number 1 is due to a higher microorganism
activity and higher decomposition of soluble solids, which use high amounts of
oxygen [21]. Finally, the pH values of the aquatic waters in all ponds are in the very
weakly acidic to neutral range. The value increases slightly from pond 1 to pond 3. It
shows that acidic substances made by fish farming (CO, from fish breathing) have
been eliminated by absorption in the plants and the adsorption on the biochar.
T However, the pH values of the water fronratlfish-ponds-are-stitl-within-the-limited———
range (6.5-9.0) which is an optimum condition for the conversion of ammonia to
nitrite by bacteria. It is also in the normal range for the hydroponic system, which is
generally between 5 and 7.5 [20]. ‘
Table 4: Total solids, suspended solids, nitrite, orthophosphate, dissolved oxygen, and

pH of water in aquatic ponds and hydroponic system.
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Pond Total solids Suspended solids Nitrite Qrthophosphate Dissolved oxygen
number (mg/L) (mg/L} {mg/L) (mg/L) (mg/L} pH
_ 7th day
1 162 94 1.2083 0.2347 5.34 6.542
2 150 $0 0.9439 0.2234 6.35 6.568
3 132 54 0.1613 0.1435 6.41 6.983
17™ day
1 204 172 2.1611 0.3253 3.73 6.573
2 83 96 1.1123 0.2023 6.65 6.751
3 o 36 43 01216 0.1364 734 7.163
- 27 day
; 1 290 228 3.6383 0.3425 3.54 6.625
. 2 ‘ 72 64 2.8732 0.193§ 6.32 6.356
. 3 42 3 0.1486 0.1743 7.31 6,923
37 day
1 338 280 3.0708 0.4173 338 6.831
2 60 47 16321 0.2042 8.75 6.23¢
3 ‘ 36 25 0.1209 0.1725 6.40 7.038
47 day
1 373 302 : 3,1937 0.4264 5.30 6.878
) 2 43 L) 16190 02273 678 7078
) 35

28 0.1641 0.1735 740 7.048

Pond number 1 = aquatic pand, pond aumber 2 = aquatic pond connect to hydropenic system withou rice husk biochar, and pond number 3
= aquatic pond connect to planting panel with rice husk biochar.

4, Growth of Plant and Fish

4.1. Growth of Plant

Table 5 shows data for the growth of the Chinese morning glory after planting for 47
days (normally, it takes only 21 days to grow until harvesting). It can be seen that all
of the growth parameters of the Chinese morning glory for crop panel number 3
(supplemented with rice husk biochar and connected to aquatic pond) are higher than
—  ———crop panel number 1 (plant-bed supplemented-with rice-husk-biochar-and-disconnect——
from aquatic pond) and crop panel number 2 (without biochar and connected to
aquatic pond). The growth of the Chinese morning glory in crop panel number 1 is
low. This is because crop panel number 1, which is a control experiment, was not
supplemented with a fertilizer and did not have water from the circulating aquatic
system. However, the growth parameters of both crop panels numbers 2 and 3 are
almost equal. This shows that the Chinese morning glory of both crop panels received
roughly equal number of nutrients for growth from the circulating water. It has been
shown that high plant growth results in a large number of substances in the water
being used. Long plant roots, especially, which have a high surface area could absorb
nutrients with high efficiency. As reported by Estim et al. [20], plants with larger root
surface area provide greater surface area for attachment of microbial organisms that
convert ammonia to nitrite and nitrite to nitrate. In addition, high concentration of DO
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is one of the factors that could be leading to increased mass of the plants. It can be
seen that the amount of nitrite in the aquatic ponds 2 and 3 is low in comparison to
aquatic pond 1, while the DO is high. Moreover, using rice husk biochar as a root
supplement increased the efficiency of water treatment and nutrient absorption of
plant roots by providing surface area for attachment of bacteria. Furthermore,
considering the plant root growth, it can be seen that the plant roots in aquatic pond 2
exhibit higher growth than the plant roots in aquatic pond 3. This may be due to the
use of sponge as a root supplement for plant panel 2, which is not distributed
completely throughout planting panels, causing limited amount of water around the
roots. On the other hand, the plant panel connected to aquatic pond 3 used rice husk
biochar to spread water evenly in the full area of the plant panel. In this panel, water
and nutrient absorption proceed efficiently, which facilitates the beneficial bacterial
activity [20]. Therefore, the plant roots in the plant panel 2 were more dispersed than
in the plant panel 3. The growth of the stems and leaves in the planting panels 2 and 3
is high due to the high growth of plant fine roots [22].

Table 5: The results of the growth measurement of the morning glory after 47 days.

Crop panel Stlem Nunber of Fresh stem Fresh root Dried stemn Dried root ‘Trunk
height } . L ] ; R diameter
numbey (em) leaves (stem) weight (gfstem)  weight (g/stem)  weight (g/stem)  weight (g/stem) tem)
<
1 16,34 6.6 1.000 0,342 0.1402 0.0560 0.25
2 23.65 8.9 2.609 1.899 0.3710 0.1390 0.48
3

23.77 9.7 3.907 1418 0.3872 0.1130 047

4.2. Growth of Fish

Figure 4 shows the graph of fish growth over the 47 days. The graph shows that the
growth of fish in pond number 1 (Figure 4) is slower than in ponds numbers 2 and 3
(Figure 4) throughout the frial period. This difference between pond 1 and ponds 2
and 3 becomes more evident with increasing farming time. The growth of fish in
ponds numbers 2 and 3 are slightly different and tend to come closer together with
extended periods of time. This is because of the good quality of water in aquatic
culture pond numbers 2 and 3, which is caused by plants absorbing compounds that

are toxic to fish from aquatic water. This can be seen from the good growth of the

plants. Therefore, the resulting water quality is better for the fish growth in aquatic
ponds 2 and 3 in comparison to aquatic pond 1. For aquatic pond 1, water is not
passed through the planting panel and therefore substances which can be toxic to fish
are not being eliminated in this case. These effects cause the fish to have higher stress.
For aquatic ponds 2 and 3, fish in both aquatic ponds grow with similar rate,
especially at longer time points. This is because the plant roots have spread more
extensively in the planting panel 2 at later times. However, the growth of fish in
aquatic pond 3 is still likely better than aquatic pond 2. This shows that rice husk
biochar has effect on water treatment as it provides surface area for attachment of
bacteria that help in conversion of toxic chemicals into nontoxic substances,
improving water quality and absorption of nutrients through the plant roots [20].
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Figure 4: Graph showing the growth of fish by the time in (a) pond number 1, (b)
pond number 2, and (¢) pond number 3.

4.3. SEM and EDS of Biochar after Being Used for Water Treatment

Figure 3(d) and Table 2 show the SEM image and elemental composition of rice husk
biochar prepared at 500°C after its use as supplemental plant root material for 47 days.
The results indicate that some mass of biochar has been destroyed, which may be
caused by insertion of the plant fibrous roots and swelling with water. As a result,
decreased amount of C and increased amount of Si are observed. In addition, the
amount of O is also increased in the used material, which may be related to the
increase in DO values in aquatic water and oxidation of plant roots. The contents of P
and Ca are derived from the feed digestion by fish, which may get accumulated on the
biochar.

5. Conclusion ‘

Investigation of the preparation of biochar at carbonization temperatures in the range
400-600°C found that the biochar prepared at 500°C had stable and porous properties
making it suitable to act as root supplement in the plantmg system The biochar

j material was prepared with the vield of

supplement in the aquaponic system indicated that the growth of Tilapia and Chinese

morning glory was increased in its presence in comparison to experiments without the
inclusion of the biochar. Clear differences are observed especially with the control
systems of isolated aquaculture and planting panel, where the growth of both Tilapia
and morning glory was clearly retarded. Rice husk biochar has improved the water
quality in the aquaculture system by helping to maintain the DO level above the
specified limit of 6.40~7.40 mg/L while the nitrite content remained below the toxicity
level of 0.1216-0.1641 mg/L. The biochar, also a tendency, reduces the number of
total solids and suspended solids in the water. The biochar can act as a filter and
adsorbent due to its porosity and high surface area. Rice husk biochar also helped
plant roots get more nutrients for root and stem growth as the biochar is able to store
nutrients well. In this regard, as the time frame for fish farming and plant growth in
the aquaponic system increases, the efficiency of water treatment in the system is
improved as the roots of plants grow and spread out more.
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