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Wastewater Generated from Marine Shrimp Feed and
Its Treatment Potential by Internal Filter System
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Abstract

Shrimp farmers’ high productivity expectation has lead to high stocking intensity and feeding
approaches. The overfeeding becomes a significant source of the remaining organic matter in the pond
both in soluble and insoluble forms. The aims of this report were to study the effects of shrimp feed on
the quality of two types of wastewater, i.e., high salinity (2% NaCl) and low salinity (0.5% NaCl)
wastewaters under aerobic and anaerobic conditions and its treatment potential by internal filter system,
which is commonly used in the fish tank. The results showed that the shrimp feed solution (1.5 g/l.)
generated high concentrations of NH '-N, sCOD, PO‘a’—P and 5S. It was found that shrimp feed
solution under anaerobic condition provided higher NH‘.‘-N concentrations than under aerobic
condition. Under aerobic condition, NH;—N was oxidized to NO_"-N and NO '-N by
nitrifying bacteria. In high salinity condition (2.0% NaCl), it was found that shrimp feed was changed
slowly, the insoluble organic carbon and nitrogen converted to soluble forms when determined
chemically. Shrimp feed solution under aerobic condition revealed the average water qualities of
NH-N, NO_-N, NO "-N, sCOD and PO * -P were 4.42 ¥ 0.95, 0.64 T 0.21, 4.04 + 1.89, 935 £ 85 and
3.29 ¥ 0.72 mg/l, respectively, and under anaerobic condition revealed the average of NH "-N,
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NO_-N, NO -N, sCOD and PO *-P were 14.72 1 4.74, 0.03 T 0.003, 0.20  0.03, 745 £ 140
and 5.65 * 0.68 mg/l, respectively. In low salinity condition (0.5% NaCl), shrimp feed solution was
changed rapidly. Under the aerobic condition, the average water qualities of NH '-N, NO_-N,
NO_-N, sCOD and PO * P were 11.25 + 2.56, 0.49 + 0.06, 2.94 T 1.72, 1189 T 132 and
2.28 * 0.57 mg/l, respectively, and under anacrobic condition were 14.62 + 3.14, 0.04 £ 0.003,
0.24 T 0.07, 1142 T 197 and 4.00 T 0.06 mg/], respectively. The preliminary results of wastewater
treatment system using internal filler system showed the removal of turbidity, suspended solids (SS)
and total phosphate (TP) were achieved and differed significantly compared to the control (P < 0.05).
However, there were no sign of the removal of NH:—N, sCOD and PO‘“’-P.
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m‘ss%mﬁ'ﬂmvﬂmmﬁmumﬁmﬁﬂdaﬂﬁaiué’mwiaﬁa'uﬁﬁam'mmﬁmﬂﬁ’mmﬂuﬂ%n"lmmnuaz"'
Tundaziu mawﬂwummswnqnu"lwnﬂmaasﬂnmqmﬂcluumﬂuinmumn pmsiasaiunnmlagasalums
m”lwuﬂuumamqaﬁnﬂm ﬂ‘l‘i“.’lﬂﬁi)dﬂ'iiﬂtﬂﬂﬂﬁﬁﬂ‘ﬂ‘lNﬁﬂi‘”‘lﬂ“lJ‘lli]imﬁ']‘iﬂdﬂﬂﬂﬁlmwuﬂuu1lﬁﬂtﬂlﬂﬂu‘ﬂ
finnufngs (2% NaCl) uaz AU (0.5% NaCl) luammisifesndnuuachiioandiou uaswann
pamdlumahdmhdeifennomsdlagldszuudinseamely manTsAnMUIIMsRaEunine s
fanzadudy 1.5 nsa. dnlngphiifaiidodu NH "-N, sCOD, PO "-P uaz SS mafahideves
mminﬂufrmf:"n'luuaancmuumiﬁvﬁmm NH "-N mmﬂuﬁnnmnaanmw Tuannziidenndiou
NH'-N Taldouhlu NO_-N uaz NO_-N Tﬂﬂ"lum"lﬂmuumum hnbidedunnsiiiinnudug
8IMIIRINzIa nmssﬂaﬂuuﬂmmﬂwm emaunsaminammv"luiﬁmu“n'lna sarmnlanlaou iy
nssuntduaraiofiunidfazarthlaoiinnmisve NH -N, NO_-N, NO_-N, sCOD uaz PO "-P
Tugnsiioandau .42 ¥ 0.05, 0.64 T 0.21, 4.94 T 1.89, 935 £ 85 uaz 3.29 £ 0.72 wn/a. MudAy
Tuaazliileondnu  14.72 + 4.74, 0.03 T 0.003, 0.20 + 0.03, 745 T 140 unz 5.65 T 0.68 UA/D.
sy e mnsiinadsulaafetuoieregy  mssunidmiuouuazlulasioud
Tiazarot I 2l Slumisuniduas msotiunidfazavtnlnoianiovas NH'-N, NO_-N,
NO "-N, sCOD waz PO *-P Tuannziiteondnuaili 11.25 T 2.56, 0.49 T 0.06, 2.94 T 1.72,
1189 £ 132 uax 2.28 + 0.57 wnva. amaay wasluanshifloondouatil 14.62 £ 5.14, 0.04 T 0.003,
0.24 + 0.07, 1142 + 197 uaz 4.00 £ 0.06 YA/A. ATWMIAL mmmﬂmmﬂinﬂmmmﬂuumnmmmn
qﬂﬂﬂﬂfﬁzuuﬁan‘smmﬂiuﬁia?'lun1i1j11]'ﬂﬁ’11uﬁtgﬂa1lmmaqmwuhmmmﬂﬁ'ﬂ ANy (Turbidity)
@suvuasy (SS) uaz Bnamoaeimiaua (TP) maaffwLﬁtﬁnﬂmmif’famm"lﬁ'tmnainaejuﬁﬁ'ﬂfhﬁ’q;
(P < 0.05) Wonfuuisuivyanimanssihilfizuudanioamely walimwrminia NH-N, sCOD
uaz PO “-P &y
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Mvelildnanouunuilmnzay tazasoinm
anmvaaumanihiegluaniniia matoadeluszes
nmﬁ‘rhumﬂ’nﬂfiaﬂfjﬂua"mwiaﬁuﬁfiau{mqq il
msldommshusinasnnuasilundaz iy danali
dummguosmaiannindeduiionniinds
Fumevesfanazermsidaiulivua  Fauanain
mildamadouluumdaindennsuudrdaily
ﬂszﬁm%mwiunmé‘vﬂafj’wi"ﬁnﬁ'w (Briggs uas
Funge-Smith, 1994; Paez-Osuna et. al, 1997;
Burford uaz Williams, 2001; McIntosh et al., 2001)
vInMsAnMTEsfumaminhasamalne
wuh Twomsfaildlumsidsaiiiies 18% vea
ihminenmsuisiigninn¥lunsdesamomsenns
Iithmaanuuazlumsaonany 179 wavwhf
diofs 159% Wuenwnifimde uas 20% i
(Mclntosh uaz Phillips, 1992) m3tesdalvvod
Ifaazomsfaitmdeinalasasaiiihnie
anlin (Boyd, 1992)

mstasaasvesomflutognauguaIe
adgnaeedna wu gamgil fiey sondiau Anw
Wy wazdnnlsznevvese sy migesaasans
sunidluomsuiaduldddofigumgiifmmizay
(15-35 °C) uasosiiiunaraduuaiiGonly
wiglad nsdesaarvvesmsdumidinantluaning
fifleonduuashifleondinu Tuannsidoondiou
msdunsdmivendnilvaazgaulaoulifhimivou-
Taoonlad Tuanzihifioandnursgnuldouliily
danaaed nsnduNsd waziimu msdosaaouuuls
aan%uaummﬁnLﬁﬂi‘fu‘lﬁi'sm’%mazﬁnyﬁniﬂfiwu‘uu
hil¥eondou evnsinlszneudiollsiiu 35-45%
uaz oanedd 1.3-1.8% misdesdarvaImIsdide
miviiandanddesasdsznovlulasouuas
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Woarlasmeonuuiuswumn (Mclntosh et. al.,
2001)

Briggs uaz Funge-Smith (1994) l@dnn
Pimamsomslaviawizlulasnuuazoaresaly
vomoatauuumnmiunui 020 voslulaswuly
oy wasulduiloduiion 219 vealulamau
vanua andaegluasneu 310 luholdoudie
ITNINMIIAGY 229% uazhninldesitalumsiurs
139% unasdhagvoamslulaneuluthueinnms
Tuiemamionvesds nsazmevese iy uas
mﬂmiﬁzmwmﬁf‘}h (Burford uaz Williams, 2001;
Avnimelech, 1996; Funge-Smith uaz Briggs, 1998)
dmiueaesaluedanninemsda s19 iloil
wuaslflue 21% uazdn 269 oglunsnouduil
anfaeglute dwreaneialuemnsdanldoull
dhudlofadivs 62 oghninldevita 100 naz s1%
anfaglunznou dmstsznoumariiiudusne
Aedafanaziafiannzuafivdedanadon ileyda
sangtuadeumiliiianswiy@ulavesfish
wazeM1ea6193IAEMEENT1 Eutrophication
(Dierberg uaz Kiattisimkul, 1996; Naylor et al.,
1998)

sniernsfaiafiuamaddyiilihi
Voidgaantlsn  wennnifmsennsefiumiciuen
21 (N uaz P) daiimanadanlumaiiuas
sunidmsvousnunalisunh Tasuininms
wiganlastrannusvesunasdaouiiaain
omsfe lussnunimaaeansaiiunasinnis
Anvamsnlasumlasvesamsdelnhideiiian
fiugasazeniluannsidaendmuuas hifloonFion
Tavvmsasiniamanldsuwlasesasinininms
asmeamsfihailuamwnadousind gy
yosmsdunigmfueu (Fatalavlddr sCoD)
stsznevlulasnuuasoarosa sudamsinu
momilumsthiasmeszuudnseamoly Fadluga
thmhdGeifsmbsmuisnolmamsny
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1. nsfnmearilszneureniidsnnomstmsa

omnsdaiilFlummaasadluemisdinari
Starter shrimp feed grobest GB-2 (Grobest
Corporation, Ltd., Thailand) ¥1a 10 flaniu
dulsznevvesominalsznoudis Jarlu fulu
mnaamdes uiliand Iediu uas indous qummn
FUBINITVBIDINITN Jsznaudrollsaulim
ni1 209 luibigind 4% anwduhisnnin 120
uazminlisind 8% mmnzdmiufina 0.30-3.0
asy sanmisiiermsiinisldlnliine 20-70%
vaathmingads themnsfaline 1.5 i i
azanglnhndufines 1 das wasnmsnsnaeu
AMANUANAANLAZ MBI el eenuuinde
Fuaneinnmamzoafanza
2. tidsnnmsmzidoatmendunnsd

viFsduansdainmamzidsafinzia ¥
mﬁ'ﬂiznamé’wﬁ'u*tfwﬁqmnnmwmgﬂafi'mzm
Usznauée Total chemical oxygen demand (tCOD)

A
AN 1.
Shan uaz Obbard (2001)

2000 un/a. Soluble chemical oxygen demand
(sCOD) 1200 un/a. Total Kjeldahl Nitrogen
(TKN) 180 un/a. uewhniion-lulasiau (NH -N)
5 un/a. weamla-vloawesd (PO "-P) 10 wnv/a.
AMIAY 20 nsa. (2% NaCl) ﬁ”lﬁ‘;ljl%/"ll,ﬁﬂ
f?'al.ﬂ'ﬂzﬁamm'immgnaﬁmmﬁmmﬁnqa uaz 5
n/a. (0.5% NaCl) dwsufinnufiue (maad 1)
5. msdnmandsuuaimaaiitaznenwan
dhidaasd

wismhidvfannzinnmamzioagme
ﬂ?nmﬁnqq (29 NaCl) ua:mmtﬁusﬁlﬁ (0.5% NaCl)
51n3 750 Hadans ldluvianaassvuia 1000
fiaddns miseeniiy 2 YAMIMAa0A Wmamﬁ' 18
MIANOINMARADANAIHIUAINIBEINA (Air pump)
wasme ganaaesi 2 lidimsiduermdalaoly
ynddiotiathnviabiniy fudeduninneyd
qmﬁnu“ﬁm:]mamw;m:mamiﬂuﬁ'uﬁ 0, 1, 3, 5 Az
7 UDININAADI

asrsznevveni@edunnsinamamezoafmeailFlummaaes daulasan

fulsenou

tasomanll

aNuEuIY (n/a.)

Shrimp feed (Grobest®—2)
MgSO 7H O
KCl
CaCl 2HO
FeSO 7H O
naenzia
NaHCO,
(NH) SO,
K HPO,

Chemical oxygen demand

1.5 (approx. 1200 mgO /1)
0.25

0.5

0.25

0.001

5 (0.5%) - 20 (2%)

0.5

0.024 (as 5 mg NH.,' -N/1)
0.044 (as 10 mg POd“ -P/1)
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s, mnmalumshimiidsiifannemats
zialagl¥szuuainsaamalu
wisnhideduansinnmamzadimea
HanuAuga (2% NaCl) Yines 8 dns ludnszan
WA 10 dnsmiveaniihu 2 gan1maaes yanaaea
i 1 dmsdueimanasana e IMA 1Az
winnoiuganiuau yanaaesii 2 dnaidu
DIMAANDANIHIUAINIUDIMA HINIWY Uazling
dudnseamoludailussuminimnlugadsala
v anseanivlulsznevdrounulunsos
Fuanzd Au wanadin (nwil 1) waslFusau
omaihumannaveniiuen W ludnses iy
Aed 1N InNHNENTANINEN LAz 1A
Tl o, 1, 3, 6, 9, 12 U2 15 YOINMINAADY
5. MIIATSHAUANVAMIMENNIAZNIIA
MMsanaingamgll ANUAY Wey A1vea
panFuiazaeinde Multiprobe (YSI model
600QS, Germany) N13ATIVIAAUAVTANIIAL
1IAI001NINTOIAUNTEMIYNITOL (NTEATLNTOI
GF/C ywadurigudnala 47 mm) Iinnswm
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NO_-N, NO_ -N, NH "-N uaz PO" -P lngliya
Ainmzdmnsaidniagd (test kit) 494 Spectroquant
(Merck Ltd.) uazn393adiuinios Spectrophoto-
meter (Spectroquant NOVA 60, Merck Ltd.) #3139
A Chemical oxygen demand (COD) luihiii
Vanwnaslidogga sCOD nas 1COD Tauiives
Soto et al. (1989) daauladlimnsiutnng
ANAY A593aa1 Weanosasiy (TP) FtATsw
Taminhaedeihisumsnsonndesde Sulfuric
acid waz Nitric acid Arvgumniiganniives
APHA (1992) taz1hasasa1oaana i iinievim
PO* - P lagliyaiinsizimsiaiidifaglven
Spectroquant (Merck Ltd.) adsinios Spectro-
photometer (Spectroquant NOVA 60, Merck
Ltd.) @3297af1 Total Kjeldahl Nitrogen (TKN)
wasasuavasshnh (SS) Tavlsunasgiulunms
TRy (APHA, 1992) a5397aMANuYU
(Turbidity) ‘Iﬂmﬂ%a Turbidimeter (HACH -
2100AN, Germany)

(&)

—P maeen

UNUATDA

i
7771777771 azunsananadn
VAV A A/

{ - M o @ e é W =
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6. MINATIZHNNARA
Anzvivoyanaddcie t-student test 9110
Tusunsy Microsoft EXCEL 2000 uazllsunsy

Sigmaplot version 5.0

pansnaasdnazmsentiena

Tﬂﬂﬁa"lﬂnmwmﬁymrj”ama AMIIANITOINIS
maohmiadludimiden fauemsiiviesn
miﬁu‘umﬁwxtﬁﬂmsdaﬂﬁawmﬂmiﬁuﬁﬁﬁhj
azmohhfumnssunid uasmsetiunidfazaieh

s = o4 v X e qw
Tasmahauwesyaunidmeluie Famamariniv

ﬂmmwmaaﬁﬂumiwaztgﬂqrﬁ'aﬂxLaL?}aulﬂﬁullﬁ
minzausiemasatanazduiuivdedida Tunis
naaoald@nmmaiaindsainamisdanzialy
vidsduansdiinnufiugs (2% NaCl)  uazan
(0.5% NaCl) lugnnsiineenduu lifieonduu uaz
mmlN“lumiﬁm'm'fwLﬁuﬁlﬁmmmmif}"ﬁwizuu
snseamulu wuh maimindsnnensdmsialy
widvduansdinnuiugasialdin uanneid
pendnufiamadsauyos NH -N Woouninlu
ansihifioandiau hmmq Aiioondinuians
dzauvod NH-N iy 442 * 0.95 un/a. 1u
ﬁnnm‘luuaanwmmﬂmimﬁmm NH "-N mau
14.72 + 4.74 wn/a. (M0 2) °luemn ALY
aancﬁmumﬂﬂf‘]nmﬂumﬂm“tsu ol NH_'-N il
maasuuasliii NO, -N uaz NO_ N il
annzlioondinu NH, -N"luuﬂmﬂaﬂuuﬂm"lﬂtﬂu
NO, N uaz NO - —N miasafamsaiinalioms
1-6 fosoiu S idBnaemsMinn ms
dzauvetemsianmaoluteidsafalszimaiy
fuge manhameiadulddh omnsimdsluars
SaimaazauluBnuinn iliomnsfimaondou
T NH, N TuSinannndae NH-N dusauls
ﬂmmwummﬂmuﬂmwmmmmauwuﬁmnunu
mawsyAulatazsanmsioavesdmzaluonsa
WUWARN (WNE, 2537; Sodenberg et al., 1983) lu

fanziathmin 1.6-27 nsuiimstudiouenTudioly
2@ 0.3-0.93 WN/N/a. (Wickins, 1985) Ml
AT19NWy NH ° N 'ivﬂuﬁﬂuuammua"mnmﬂwlu
Frmdwwesmaaos lunmdsadefizsaunnuifug
Tushandveamsiaeanlsinmsiamauaznouiay
melute teanmadunisivznlasuhiu NH N
Fuflufdeds mafaundonnewisdamen Ty
Wndedunnzinnuium fansdosaaisens
froganady mbithianuanlingaiimna
Tuannsfiioandnuimsazauyea NH ‘-N gaila
19.6 wnsa. w3 wasluannsithifoandwudl
msdzmes NH -N qada 23.4 wnsa. Wil 7
m‘amuﬂmmﬂﬂmﬂmnmmﬁnm zinlauldseunad
nseamuluildnugidsnlaasan dadhumuama
Tumah s fumzidssdanzia wuiszoy
dnseamelugunsntita msuviuaoslnh 3
dunidoavlesailiazaresn wazaugu 14
upnanedNNNedIAYNIana (P < 0.05) iile
nFouiouiugeaua wasmusntuamsunid
mivounazlulasnuihiasahlddn i hid
ansaamluy  seuumnsaamelulifinnuannie
lumsimiamsdunituasasoiiunidiozannild
msthadennnismziasdiianisldazuy
fnseamelusmsumaniauueanguyaunion
wangay Waruszaniamlumainiaasdunid
uazensoiiunidiasmoi wamsinlundazanm
manaaesiAsil
1. auauiAvenidsne NNz
IMININIA 1.5 nfuazaed 1 das (1.5
asza.) annsamifinannuandinlugdvesms
Sunidmiveuiiazarnilugl sCOD 1,200 un/a.
wazansdunidaivouiliazamilugl 1COD
2,000 un/a. ANvansalugdasenns NH "-N,
NO_-N, NO_-N, TKN, PO*
0.59, 0.06, 0.58, 180, 2.05 U@z 15.1 UN/A. AN
ey aznewivauasuegluti 1,920 un/a.

-P waz TP wnu
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2.ﬂ‘lilﬁﬂ‘l}nﬁﬂ"ﬂﬂ&6111136@“3!@1“1}’1?;561)131!5“
296 NaCl
m’ilﬁﬂlf"lLﬁ’tl‘llmmﬂﬁfi’dﬂzmiu‘lfuﬁﬂmﬂ
m'il.ﬁrﬂar:]'msmﬁ'amswzﬁ’luﬂnn:ﬁﬁaan%mu WU
Iuﬁm';zﬁﬁaﬂﬂc‘fﬂﬂuLﬁﬂm‘nﬂﬁ‘uumlawaammﬁﬁ’q
ng m"lﬂmﬂmﬂmm NH-N geie 7.35 wn/a. Tu
Fuf 3 uazdnmisazawuns NH -N faunitly
annzii hifles ndumwae NH' N muiwmnnh
Wiaglneznon memmwﬁt‘um wuaRF o
unumdrdgluntsl NH -N deluaiinduuniice
las NH-N fimawdsunashlilu NO -N
uaz NO_ -N Foq@ 1.45 w072, Twiud 2 oz 115
un/a. 1u1uw 3 @il NH -N undiuoie
mﬂvl.ﬂmﬂnsumumnmmﬁslmmmmaﬂiumums
fidand Air stripping Wesnnluansiiiesndiou
waz pH 8.5 il 5 wazdud 7 veamsmaans
(MW 2(1)) mamswdrundamesloaotafili
mawm‘lmﬂaﬂu"lﬂuju PO/ P fiae mtmﬂ“lumma
Fafiqa 6.3 wn/a. 114)1&71 2 TAgN1IiIaIUYea
YaunTtvarenguivy Bacillus spp. Amwisonlde
msisznovdunideavasaliiiluoodlswanme
fiazmoild (Bitton, 1994) wazgnlflloamie
2.55 un/a. luiui 7
mnﬁmfu%wmmmsd’m:mluﬁ?tﬁ‘amn
mdssfanzaduansianufugaluanizithil
ponday  wuiluanziluieosnFauianis
warumlasllegluglves NH '-N gaga 30.35
wn/a. (Mwf 2(2)) sufiuiriinsazauvoa
NH —N vinndiluanmeiidesndinu Tnoueuhndly
oF: mmui}mni 1IUM3 Ammonification Tuia
zdsdafihnmstesaaisemsiman uas
fadutgvesdaihlasgdunidwanioniselsingm
(Heterotroph) luan1izhifiesndouvhlvifianis
azauves NH-N (Boyd, 1992) dwluanzi
hifioendau vswnaMasendwudaszlumsosnsdias
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NH N Walaouliflu NO_-N uaz NO -N fi1
maﬂmmmmumm NH -N, NO -N uaz
NO -N 1uann::‘luuaan=mi1ummu 14.72 + 474,
0.33 * 0.03 uaz 0.20 T 0.03 ¥A/B. MUAIAY (AT
= H wr
n 2) manJasunlasveadema-veavesalu
v a a - & '
anmzluiesnFaulmiazareesnu I uas il
o w oAl < Ve
maviWE B undeeiny s.65 + 0.68 unsa. @3
- o o e o =t =
suvsdasueuluomsdmzadinislasunladly
Wuasdanandieyg lwiinmsdeserns dwlng
. & o od o w oex o & v
NH'-N dlumsaananidigiinafieiuedi
I mazifiuenn Tienuianududuue
NH -N W94 0.4 unsa. mmsnﬁﬂﬁ'ﬁama'lﬁ waz
Aanudutuues NH -N 10 wn/a. mhifaniy
melu 10 Falue (Chen, 1993) uaztiimstlaosaa
gunanhlaghimmmstiwarnliidanmaniodvla
AY19TIAGIVBINAINAOULAS N Y IARLAY
andsnvesenssunidaifueuuaslulasaunluazans
idmaasuudashildumsduniduazansaiiunid
o T i 1 - Y o
fazaroinla  luanzilifieendaulunil
. ' el
NH *-N g4 ud pH dimsn/dounlasanaamansly
' v = P ~ &
AsguIuM TN Maddsuasdunidllidunsa
dunidunem
-y H =4 & qol d'd =3
3.AIMAUNGEYBIWITTINzIIMAR AN
a1 (0.5% NaCl)
- o -4 o
maldsustasvesemsdinzaluindonid]
: J A .
anuaNm luanzidsandnie NH'-N quga
19.6 UN/@. AAITATANYD NH N mmi'l.,
NT2UIUMTIHA NH -N (Ammomﬁcatlon) mmm
E)U’I\‘li’lﬂli’JlWiT"lJilauTI‘itlﬁﬁw%uﬂ‘ﬂ"lﬂullﬂﬂﬂ
AR NH "-N dulnggnlFlilaslaezasy
unummmﬁ"mm wannmiuafiGelusiinga
funumdaglunsld NH'-N laginis
al . = _
pandlad NH -N saznlaaulity NO_-N uas
NO '-N AINEIAY  WANISNAADINUININTT
naguadhlihy NO -N gagqm 0.65 ansa. Tu
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it 2 uaz NO'-N gign 9.0 unsa. Tufudl 3
(wdl 3(1)) ﬂamﬂ@mnmﬂaﬂuuﬂmaﬂmmm 2.0
unsa. mnsaadagaldlaoioqaunidngud
Faamseendavlummeigivla msnldouulag
yase1msfaluannzlifioandwuiia NH -N gega
93.4 un/a. dluam-ldasnu lulasi-Tulaseu
uaz Wemwa-Woadasalinuiinadeuuag
wanviniuasduniomiveulugives sCOD fims
lananlasanas 27.69% luanaziifoonduuuas 17%
Wannlifeendiou madaindenine s
iFdusnzyanuduauianistosaaised
s luannsiloanFuie NH '-N fiaundy
11.25 * 2.56 un/a. luanizfisieondiauuas
14.62 T 3.14 Tuannzluileandiau
1. momalumsindaiudefiiasinaims
mm?;mfj'mzmimﬂ'h?'i:nuﬁ"smmmtﬂu
mstmindeseszuudanseaniely 14
wihmsnsasvasdeiivvinaoseglnhdrouiunsos
loduased noe sy sannnnguydunidly
sssuaanimiu Biofilm imzdvurunioaly
Funnied nie wasfivluszuudansesnislu ms
ﬁ'!ﬁ'ﬂl.ﬁl.ﬁtl‘ﬁllﬁﬂil'lﬂm‘lfiﬁf:]’ﬂuﬁ']lﬁﬂ?‘f’uﬂ‘ﬂ:ﬁﬁlﬁ
anuiugaioannmmassudsadumyiThnhide
ifanuidnguiamaniadiedesldd
mnmhtedlessuuaanseanmelu sruudInged
muluitleinueamnsolunisannnuandsnveai
WREUMBAN hnFumaassRInsoeely
ﬁfhﬂ'nmjuLmthfnﬂ.muaaﬂimﬁ 37.7 + 17.6
NTU #@az 160 MA/3. SINEIAY MADINHITUNTS
il 7 Su usquasiEmaniveahivitadan
amnseamalufidnyazmunaiiadonuganiua i
U NH =N sCOD unz PO " -P Tugamuqu
ndv 10.92 T 4.25, 921 T 237 wox 8.93 T 0.54
aumaulugaiiadisdanioenislinnis
7.97 £ 2.73, 008 t 152 uay 7.8 X 0.38 wn/a. ey

Ry (]

Sy (i 3) denawiill 15 Fu i 2 y@
msmamuﬂ‘%mm NH_"-N w0 wn/a. °lus;ﬂ
ALRUMAININ TR 12 ﬂ?mm NO_-N tiuau ¥
foandeaium NH -N fanas adsulud
NO -N uaz NO -N funIzuIumM T luaifingy
aulugmhdadisdinseamely nisanaves
nowlnilsluhdvggnlililavlnosaoy 9y
Navicula) uwazmmitoddsnumhdusiiaindy
w@uey (1éun Oscilatoria uaz Spirulina) Fa
A0ANABINUNINAABIVDY Thompson wpzAME
(2002) wunlumahdamindennmmmzdoeds
nziady Biofilm NH-N daulugjgnlilas
laszaon  uaz am‘imﬁwmunnumuﬁmﬂﬂulu
dume  mahdaideninemsialuhaian
Wugelaeldmansosmeluwuhaansohimbide
nadumemnlad Tagimmizanuyu uazas
waerhainléd walioansotindnuasmand
vonindeld anilumahsmbideiiiannems
fanfludaaldydumidhuiumminiamanionn

azilwaniinaaas

miﬁmﬂwan‘smu‘ummmimﬁaﬂmmwm
11.11?’“38?(\1lﬂi‘lzﬁﬂ'ﬂ’JTNlﬂNQQ (29 NaCl) uas
ANuIRiua (0.59 NaCl) Tuﬁmuzﬁﬁaan%muuaz
hifioondau uasiannmnmalunsiaindei
annemsfalasldszuudinseamelu wans
ﬁnmwu:i1mﬁ;ﬁﬂfﬁLﬁ’ﬂmnmmsﬁw"tmﬁuﬁ
L6 n/a. dalnapibinmindudu NH "-N, sCOD,
PO *-P uax S8 m'imﬂmtﬁwmmminﬂuﬁma"
w1uuaanmwumiﬁ:ﬁwm NH,-N gandlu
anmzioendinn luanzdiiieandnu NH "N 1
nldouldly NO -N waz NO-N Tasuunfie
TuasInga 1uu1LﬁumLﬂs1~ﬁmm1mﬂummmi
ffanzia finsnlAvunlaafiadiush mssunidasuen
uazWlaswuithiazaoi I Aeul Suasdundd



Widsnnomadmsia
auwad Tonay uaznme

49

NIV INNAVINHM
1 6 Ui 1 unTIAN - TQUItU 2546

" 4 ¥ L .
uazeIotiunitnazarounlanilalndsves NH "N,
NO,-N, NO_-N, sCOD uaz PO *-P luan12ziiil
2anaIY 4.42 X 0.95, 0.64 F 0.21, 4.94 T 1.89,
935 T 85 uas 3.29 T 0.72 unsn. emwaey lu
annchilieendiny 14.72 + 4.74, 0.03 T 0.003,
0.20 X 0.03, 745 * 140 uaz 5.65 + 0.68 Wn/a.

o wr ¥ a da S b a -
muaay  Twdndendanufuantdnisasunlag
a X . & a oS A
NAYUBENTIAGT msdunddniuaunazlulasaud
' T owe gd & a o o ol
Tazamhdwdsulildlumsdunisuazasefiunsd
- H ' - . N
fazarovilasfismnasves NH -N, NO -N,

. 5 = -
NO_"-N, sCOD uaz PO*-P Tuanmzhiioandnu
Al 11.25 * 2.56, 0.49 + 0.06, 2.94 T 1.72,
1189 132 uaz 2.28 * 0.57 Wn/a. WAL LAz

A P o &

luanzhifieandsudail  14.62 £ 3.14,
0.04 * 0.003, 0.2¢4 & 0.07, 1142 T 197 unz
4.00 X 0.08 wn/a. Muaey MItimFuon
owsialnfiianudugelarldszuudanses

e v ¥ o 3
mgluildlumaindanhludidva)armsnuwui
TNTaNIR AU Msurivasy waziliuw
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wandnes Ny (P < 0.05) walumunse
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sCOD uaz PO "-P 14
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manil 2. uasmimasgumwimamoenmsmaaiiifannemdmaalnhdduansinnmamsidsidmsaluannsidoondou
wazlifioandwuiluna 7 3 (Mean £ 5. ¢.)
Treatment NH_I‘-N NOkE—N NO's—N TKN PO’ .._P TP sCOD 1COD pH DO Temp | Salinity
(unsa.) | (mg/) | (mgsl) | (mg/D) | (mgs) | (mgsD) | (mgsD) | (mgsl) (mg/1) (°C) (mg/1)

High saline (2.0% NaCl)

Aerobic 442t 095 | 064 to21| soatise| 13726 [ s20F 072 |11.70t3.28) 93stss | 1850F 4 | 825 07|26 T o.26| 2857 F 048 | 206 F 070
Anaerobic 1472 474 093 % 003| o2otoos| 161t0 | sestoss [13.05F 203 745 % 140 [ 1508 T 109|738 £ 024 |0sa to46| 2630 T osa| 2002 F 015
Low saline (0.5 9% NaCl)

Aerobic 11251 2.56| 049 0.06| 204 172 16t 36 | 228t 057 | 13.6F 1.21| 1189 T 132 | 1691 T 322| 814 F 0.10|4.06 T 0.73| 28.99 T 050 | 5.87 F 048
Anaerobic 14.62 1 3.14| 044 T 0.06| 0.24 T 0.07| 150F 12 | 400006 [ 10.90F 1.18] 1142F 197 | 1528 T 343 | 7.28 F 0.20|0.79 T 0.26| 29.13 T 0.67 | 5.02 F 0.01
MmN 3. uaasmmasnunhmamenmuasmanilumaiimdsidannemsdmaalnhideduansimnmsmnsasidmaaluannsiioandou

moszvumnseamuluduna 7 4 (Mean T 5. ¢.)
Treament | NH'-N [ NO'-N | NO"-N| TKN |PO*-P| TP | sCOD | «COD | pH | DO | Temp | Salinity | SS |Turbidity
(mg/1) | (mg/1) | (mes1) | (mg/sl) | (mgsl) | (mgsl) | (mg/l) | (mg/D) (mg/1) 0 (mg/1) |(mg/D| (NTU)

Control 1092 4.25| 058 £ 040| 0.5 T 0.02 [131.43 L 8.94| s.93F 0.54 [25.08 L 274! 921 L os7 | 161802 | s93F 013|600 03] 2054 T 024 (2517 T 0sg 15100 [111.2F 214t
Internal

filter

system 7972273 | 0572 0.38 | 0.22% 0.05 12033 £ 17681 7.8 £ 038 [14.67 T 2.00% 906 L 152 | 1363 £ 219|899 F .11 [6.01 L 020 29.68 L 0.23 |22.57 L o5 160* |37.7 L 17.6*

“ uaneinotaiisd@nty ( P < 0.05)
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