
a QJ 

 

oP 	trz, 
ninhtqfwiliYmbithAlilleill-A5n1111i11101,411MIJUIJUI111.111J5101.141 

mani5TiltliiiM11916111116U0AVTIITIOTIM 

Application of Nanofibers in Submerged Membrane Wastewater 

Treatment for Recycling of Domestic Wastewater 

kriki 

mlff-nutiwoleg 611:lum0  

391thnntuuesiu601471 	2555 

1111111101aENTIAlliialittlAfidipirVI 



 vJ 

110A11111111E1 

fflidinIno119114-111411AlruaiIpl,f,uliffllifltillaUlluutautIJ514q1141 

Application of Nanofibers in Submerged Membrane Wastewater 

Treatment for Recycling of Domestic Wastewater 

fri 4VEJ 

141Aff111.16,1i101-1 611Timp 

If150111)itnpailllffips9114)&111111110-16MY1flivia5111111nADIAMAI 

1llill',1110,0441461411 11.i1. 2555 

O 



tnn4cleio 

anAtiTuilueillfh. n5nA-LfrivdinvitniTUTLYvdaLSELcil@nni.linA'culinVtAcol lrAlctini'n'T.711ny',  

otAtAnn -no71),AuTalHT-ILLihniuNucvriE°11NaliX -riL9,'In ctain ctAcnnChqinnALLtiw,yEll 

7x11 ~1h116~1~J~11d `dnct7ilnawAuuatialsnlm-ILAii'cinoltrilinuan66TTuaAil ,  

?i1Nond-Ilmnnvi@nngoc%T@lannt5uLLaeilrallA'9-y-w;in cuvitAnnElvmlnioLL.t.-.-J ,  

al1niti66cut2neolTi661ruviiva f-nytiVwfin211:ilyudlINSLI2iilinniniatanminlInottti;-.137 ,0Lottl,  

iL,T@lia.ri.ocuTi.j-ln- ntlicuq-rull.itiaiinnt,gm,gilvi cinkcu@ia,ilbLQ.Ei 9% 11..orinvolL, 

9-yuTA1.53,,inn5LALL'ilLiciAlLt@ialouLOEi 16% nn5Avu'ili1v.,m7Fv11a1larj69, Ei',: —  

0 - 	niL/132a3m.',n@cuNvtiri6 

tourrywi:limAcuTudaliSiunEi-illrinn- n 50% niLiAraiin.A@linFTnEllittInVottt=7,ni-,L 

nn5LifarnmalcjiLingin5lcaLL@iiiuncoulAwl:han,AcuL 

5t9rj"-1,1 712 - 1,136 1,1AR67161.11..d1 

cuLel -rdinaanuTuviAiLquni 45% fr-in -Eplifieuin- t1,1iilnnFiLL-111,:tin1LtnilLtt1 -..f . c,-,-, 

ATIIN1Tuconunn5n0112E5u?,illyinn -i5nAfl21JT„1 44% vil@l -innnaol,Jcalfr,5 -.),I ., 

nnu1d@n6t1 anoiwp,!6n 

SEM iNtrj-iltntttininn5SwolcarIvu@i11-0ToltrileiTtAAnbl,,tqact.20aunn,-"linolL.-1,  

6t5vrfa,nnTibj27in-156'A2J1 nlc[..Aotdvu@i 

32f1TIAIL2JLIL'U51d lAlcuTtl-rdnoonCie,intinn51.1-litili711,0T@Ej5V1/611 7.08 	6.73, 

25.1 - 29.5 3 @vinvolinia, TilL'INsM1@@1167M`ldatiFJ1.1-1 2.72 - 3.52 

HYLIAALNSLI/1i61,`LiLtil.A, H''11.11,i1A621.111-J1J-1LIrs'll:AlUill'If61 1 LOrf-'1‘="' 

9i5OyafriciNfrifin,'wol@a6d 

til-',.AvicnnifIn111noiilai'1215.ztuil -iLaiti od5t,L -A). 81% LanN1-I5C11YvinjV1Al2rilc,,,, 

bliAr'UnnTtInnharilialnili@Ttlic711LTAHnn7L7117:2kE'5TAit61'qnWSIn.0-i .5:1„  

ULCLit 



ABSTRACT 

This research project was to study feasibility of using nanofiber to reduce 

membrane fouling in membrane bioreactor (MBR) for wastewater treatment. 

results showed that when the operation time increased, the extra-cellular poWmee 

substances (EPS) in both soluble and bound forms were increased. Gainingys:, 

affected on higher membrane fouling resistance. Also, there was an exponent 

relationship between colloidal concentration and fouling resistance. With nalafpfliee' 

addition, a reduction 9 % and 16% of membrane fouling due to soluble FRS anh 

bound EPS were observed. Moreover, nanofiber addition in the range of 0-I ci 

MLSS would help to decrease membrane fouling upto 50%. Increase of condLctjvty 

from 712 1.13 to 1,136 lEtS affected on 45% fouling resistance increasing. Application 

of nanofiber would help to reduce cake fouling in the system upto 44%. The SH', 

examination showed that far less cake fouling on membrane surface in the acesTee 

chitosan MBR. Characteristics of domestic wastewater treatment from tHs 	ER 

system were as well examined. The treated permeate illustrated pH 7.08 - u. 

temperature 26.7 - 28.3 OC, dissolved oxygen 2.72 - 3.52 mg/L, zero born„ 

concentration and ammonia-nitrogen concentration below 1 mg/L. Efficiency 

phosphate-phosphorous removal was around 14% and COD removal was 81cf 

average. From the treated quality of permeate, the domestic wastewater conic 

possible reclaimed and reused by this MBR .technology. 
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1. -1611141v-inucolqvanovnIIRLatcUnu6"uu 

Tt'Lllicu'll.70°111,SEJLI:Utl,21111AlhaA'o TZIA162f1FIL'AgioaA'oGtAllAt8cvitcnicrillaim't:Inci. 

uvn-151,i'5tcuoulIncLY2accua@nAL-Agoao'-.H.tli@LSEAa qnairijnilA'C-14enary-Jvft.:-JL 
'v 	Ar 

tiliwaLay,lucovin LLattuculm@AITINIATtanT.517-rtTninn 

9 T'iv,viflluldianivuTuviicurtgHlc,A1,ar,WH-J1Li%eilTh 

aanuTQ,-otiliSi@nEllict.rwan 	 nLa5onJ•@leinwynoaEirtntz-ivl 

LgniA 66atiii,4@1,HlkEill'fi1iTAIT6,n'- 1allncut'1-1179111n6hl,Alit-inT11-161tihnwA-Jf, 

LLMVUTU (Membrane bioreactor: MBR) 

114n1T1I- 17odi6SuIoutcut65qjmnIrdifyiri61n1Lt1d ve,6hoein5I1Zwai23u-m 

(Extracellular polymeric substances: EPS) einIiArrod@iii"-m-roll'ottui:r16-4-1L'h--;iti 

A'fr[4tT.AlqLiTElan5atanuuatenavirrua@b ein5ITZLI2iilunovRtoLotAlyulann'%1ttli 

61,@HPLJI,10d6'0 SljaHTIIJAALT@Not:fl@LI1A116FIEJNt@lE,81''oi/lYillAIL (Anja, Chun and 

Matthias, 2006) 

5Ur11;s 

1.1:0.1].) 1d661Ut 	-)LLLtit. 

Ltfl`l_JTja (Capsule) 	 LLatp_Ju tcLAiL@Lii@n (Slime) 

kru-utA'nusnlvva-J.tft-lE6i-f[tri,In 	LLat,flut, 2549) 67ilvzLnntviwulunk-JLLL .L.1: -  

ein5ITIL,...mii"unmtqoc3ivuurrni@lan.AuToinli,ili5tRvitn-ivaunnn7,.E.1 

Ta161.11JcuTtoa5 

nnqo6itnaluaLcu5L (Fouling) 61AcijEll.invInEyymw,Ato/66A-111,ri`ALEotad:-J 

aEjut,Srylin -n@loaruulatctif-ilquIIL 	 q111NO(.3 

66at1J5tA'acnicitrpo,15ottt: 



LLair-LL nylifialovInNT,rv ci'61.ranovi.1-ILLLL1A•L 

5-millPinvt-L.LnniniLotTancticLIttl`Vaunn511-inA'cumilqillnlisdan141TRIAL Li1=-LAiH 

iiltnIaLnTAILLwAaL LLfttLIJAA@3),, Z--it5tn".c-MU -r-.3 

A'o'h1,1.cun.-1%"knLLI.rAinilIviliT@lt-uvL.7-11_74;Ainnt,aldfi'LJJ-16-11krotglLuow 

1.2 iot-phtlFiTaA ll-ru 

1-icuWwt,t31NocCA. ta1407U@OlfmnmuLtuitliALLatAMuViiiNaveiviTutE,1-41'ilt,,-;LA., 

LIJ5LIA,adn-i5q9wivmlandLuTulciAcqn-da'AlacnirielnovicuniTt'isneLYojniuLian- 5Ls  

ITLin'rdaninciillncu 

1.3 2JO9JL21VI2JNIA511-11) 

1.3.1 PnyiqwA'ntolaa;Lmlitm@lunItilALcuoiflunn ,-,YculaLonig1Fmlif-1. -i5a5n1 

So.,miriunini .9-ANSLY6'61,1,4TtlyuN -61vitA'  (ExtraceLluLar polymeric substances: EPS 

Bound EPS Lot Soluble EPS Lfitji...i 

1.3.2 Lcri@AnItriPJLLIJ5cifiiin/iTuac,,Hntt-AvqoalLLIJLIJLILT'tcLi 9.;1--1 

1,A'LLd 1-J -ilnil1i1121@3anLvd-no@EJ (Colloidal 	concentration) P2-1.AL 

NSLYIi6 (Mixed liquor suspended solid: :!\IILSS)1A1:1fIdLOtTiOTP3la -111ISLIJ@JFITV1 

1.3.3 rinbilit'Ayib'finciAluatvuynl1LL-J9-)A@I.iciniiNntlfruc;i:nn5,t'tc;i-Jft;',Ja 

Lli@l-Lii-rwcuuriavnaimLouTudi@finnTtiTeEnA;LnILNLAIL5tucti 

lcullAcuEinn pH i,o,t -iFTnulvAi LC.J1AL 

1.3.4 :g.nb-ILIJJ'uLCIEJtA'n'iJm„',n -17;q'd1L1-.1LL'LlTl4 

LcuoiA'-JuLcumcnRcifinALfiLotyrilnnufiniAl16iLLd Scaning Eectronmicroscope (SEM) 

LtrjuuLLIJ1To1P2nadAuvnmdaL (Pressure drop) LOtil'1%1A'ULatiN%@1ET11.1(v''TM11'11-i': 

flol (Filtration resistance) vticalu 

1.3.5 Pinb.nqucnicinnaljifilcilesin't.antliTunnTtITCiviLL'uteilq4ntl.AwillAILL'Iwt, 

cUncL'i) 	CODintA.'Iriusnv.1,ancvri L'dL LL@LILLcru 

1.4 thtaViiiii/14A1M1@tigIMNitilEVii 



1.4.1 mnurilqukibit-i&LmAintisdolunItitcoliw@iriounn -AotinOnninneiv .--15, 

(ExtraceuuLar polymeric substances: EPS) L(;- ,Ln 

Bound EPS Lot'  Soluble EPS 

1.4.2 mnt6i'w.A"via'vi67\0@f15ttni.J@21L'ti@lailmiTt..:71,LTtttiet7n6M;liliL 1J;)-'n 

AT-ILAqi'cemleinLLTna@u (Colloidal concentration) R'Jnlivild4.11A@wtnatA9 

(Mixed liquor suspended solid: MLSS) trILI1Nadtlii,IMJ@I0111/1S1,1.1@ifY111 
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1.4.4 145'1111114fLAtirl5qPIA911,3-.11JVUTLd ISJ4 diaatUiilm%AldualculcidruaiLL'AJ--1 

v1-156466atifillnnEhnTri ULLii Scaning ReCtrOnMICIOSCOpe (SEM) nnwtiELLictinFAcs-i -ra, 

(Pressure drop) 66atnn61iEi1u61ian@5m-3 -13lvacofinLnnn5@1 (Filtration 

resistance) 

1.4.5 1/15- utilqwfincvnlilIncifilihsimn5tcoatignnTtIncr'kliutt-illindAacryivi=w-iit, 

LijalLoittliiinn%krtnILliAlru@i IAElf11516PTItlLtii'EJUL171EltMUDTVIT@TIljEjIL'?"JiLL'Ot-69fl 

Uari 	COD 	i'lcirilno..43-1),@n`v-i5 oiL a@lartlu l`t.avvoL 

1.4.6 Lii@LCJIALLIALLait,ALiii@lijal_l -i5tn'DcunnwVALI,Itx-151,Sonutavrolmi-T@1 

1.4.7 a2N1/1'11.1d,frnt LLatif1WW1a.cf111/&ilLloWkl.112unnafarlannaLivotftyaiir,-  

1,9ilunn5iilinklrilqaciAl'Aeljai'fi''1 9 IAL 

1.4.8 an3tacriIiRan3tPULNELLIAi/d-iuliiEiolarivALLLt(leicii;h 

1.5 ihtanaA%ArviLLatg-ido 

MBR 	= 	Membrane bioreactor Ua SvtJoulln6`:a- 6E61out6An-idihr -rviailii 

LcuTtidiumTvinlnuuficti.n@Z111:mRAanncilricuanircu51) 

MLSS = 	Mixed liquor suspended solids ga 

DO 	= 	Dissolved Oxygen gallillminariGimuci'atanClco), 

COD 	= 	Chemical oxygen demand Ue1 ctilt-it-1.2@66=8LTi../iNhoiA'OAcunnuacl-m: 

ciirti lnuLticrSThAniiiviak 

BOD5 = Biochemical oxygen demand g@ 

aa-iiem`61.ioA"Cr 



NH4+-N = Ammonia-nitrogen g@liilint-LaciD LILLI:u-l'ubi%vi. 

NO2-N = 	Nitrite 

Phosphorus A'@ IrildntAoacjai'a 

EPS 	= 	Extracellular polymeric substance P,e anTLiTtnmASvini'6cti6aLpAnly--  

LanvdaALLanilov-inl@lailum-Jwa 
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qq5M5IA171016,1 

tlVlidfli'Jr171t11_6LdtIrVift-F1L1h.F,1i1@lf51'̀U 11 -1T[InlYoil-jrdwiLaa fl 

INIPILlailLIILLUTLArlUTh1111511'117M11111€41.1TIAELIJLL`ti -JL 

2.1 n'iwi'm@til,@fiM5 

Dhermendra K 66dt9Ut (2008) 'Wl'FillIT1FI'ITtl'11,C111.A1/1PUdr...1-114311,irrITCITL: 4'1 

eit@n -1 

1dnT1d6712dru51.d 66atv-il1A9 oN1 

LRiii,LfttA -Aviun ein5ldwn7iyi1J' 1,ALLd ahooluL 	 1j5@7l ti:fiaLootA"lnt 

an@nconcifiii@OALLfi id@einAlei 	 iLLV,TO LL11412 -116.6E -)11)A'  

66tm7163F_17161i9Ab `ViLLri 1-J 	LI1JPill3E1 	orm&-AgilQE,Toilieio. 	' ,11 -,iti LalLil 4 "jt ,;.  `t, 

elnvitiegcirlLn-mintNiX1ATiìAlhlfi nvinPunljLticulvt pnitJaL 	LLfttAllat/dy'l 

loimnit@voltgi7nii- LLtunluliAlLou@TIALLlea A'irdtLinLculn 

gnvitori4Hcifliilunn511-16114u 

'llain-15cCin6wl@SiAl@i3ALLcuRCIA" tianlilL 

Lot6amlIttH loi14150tEt6w-ilcunnTUnciAcl,/ou 

sav ed-)E1~ e@5f11d6ru 

Guogans Liu 61:dtHtlIt (2011) V171f114-11111q1''qc111M.d111.4.1'11.),1`t'litt"-160.:-! 

LSEAu@unpmilLanII:hwriaAIL an5FinbnOincn-lovnalmi,nnacolL1Lnotumni5LLE,4,c;-, 

eiA-'9)1m8f-r-n- Virrd-IAflb,wtnn51.nT@111-1 FT11,,htl,g17:11411@l@liPaRqilkolulounnnt..t 

66@flF1626G1oao 	 BOD LLattLlm-inkw% 

@`1.41'W1 61.1-198141,cilu LLat, 61141aacw (-e- y-i-Aqs1ALnIcu ciriozmutn) 

@i.crinRGisl4colu 17'llan3siitvANanTzyrtivi@nnwiniolvmNhviCtuL24L-Agvia-e-i-kl.  

act.41-w167RAL-11L friatanEjntLtufrt911 Nft?J@IFil,F1q31AIAL LOt 

11.nt`LJUL24L100A0 

IC50  

BOD 66@LI7611E Lott'ami/I 171 2.2, 1.3, 0.8, 	7.3 mg-Zn/L Plnanki LciJcwiwactunl 

c411EnitoiTAILR'Munnwntocum@lqs14 



Anja LotRn,gt (2006) vilrn EPS iia''zaluj-iLtuan5LvnLFJu 

sLiljnioh 1ALLii 

TalaAM 	 frJ11.11A'Ig flTILLP`iL0 

TO1 	q1A1A127-1Ndvi@fl 	11.YIL6qA1M1 EPS %afi -nt'lliHlii 

i'linNAvt-A,-adetinlo EPS 617:4-4, 12E 	Ut Eli 	„t 

irEilnn5qL 1A'LLd RyaiLi'llqiInnwotnactuvi`i6 

HT11.11,q111i1LT@1 EPS cvidtanm,n 

EPS 1Ln- 5 qokrmlLIAJIAJU 

Babara 	66tfladt (2009) lAITA`l EPS vinLairl-ilLiii-AN . 0.0'117,1L's.i.suYi) - J-niliriPo, 

66cumli3EAtthtnacuA'luHnilculo6o591ItiilL n5wr.-)Finn 	66dt;6'40 EPS 

Lta6auwVICE1,711fllainlvilouti@tn@llculdniol:i EPS iiiiriairlvii`tn -ilunnb-ILont -fd - To, 

666filJ17\TIA' L17\1@ctlElfild610 -1Han -J -ILL4iL fl-)11.1LAUM 

NwL5ta*VV@Lti.dLyil,A,Lir5A'uviwt:i4m1 EPS l`t.,a1:uilLI'ui71@y:11.q:ciiallotl-e-JYtm.,..• 

vi@ 	 'iPi -)fmIJI---,,,in --,-  

01'aEFrim-li-IR5lainALvtAT%/21 EPS ciA0V!'',)`li'll,6tifli-ALL 

n -nLK. tylAcuI@LirmILIdi LLattAinnnwp-itIlvtameivii-lEilanv1014>LLttiv-13,i -
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afAuvltialloun-nd\iL Ti02  El4P-IRLnIL TiO2  LLIAJFIMAarLi51, 

6AEA6Crd'Ufi1JTlIgIt@-11T@I62JI161151d 

11151:h11.1nnolutlajeilNdnna0111irld 

TiO2 	 TiO2  

11..,`"@EeditIALenTE161.11-I:U5L 

Magara LLat Itoh (1991) Lot Manem LLftot Sanderson (1996) YITAi unwVan,J),J?J'E)), 

11-11.1L1Liictn@lvitn@ctdS3`drrrini (MLSS) eilNi@661d`J11%f-11qFY.1.q,141AN6q.11.1rti51a 

Defrance LLat Jaffrin, 1999 Lot Lee (2001) TlEJ1Thf16'lifil:611,6VAI%111121,A'1,3EeileTE1 

LILLLcuT.AailfinT;ii3ALTalfl-ralLsinxtivzilvitn'EnA-Lrinn 
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76% CIImnTlnanLvd-rua@Loteinatanula 24% aat 52% v13,Jaku 1,0aNdt91.;;>.1tflai, 

'1'LfIllAILCiEA 24% a@oRkl6cunnwlul-ril Bouhabila LLatat (2001)14 Defiance 

LLace -)t-Llt (2000) lat Lee at9alt (2001) nA"oulAru-jnoAlaanatonEilavz?ilNcy'l@nnThoe-%,J -EA 

aaneuTw Slut 35 Lot 37% '111.1 -1Acuut,F̀`1r)-e-AlaY2?i-JLk@En- nNo-d@wt,n,TA-Jg--inlia.r-in 

(63-65%) 

Nagaoka aatm-IR,' (1998); Chang Lot Lee, (1998); Rosenberger 66t, Kranme. 

(2003); aat, Hernandez Rojas 66atR61e,Z (2005) qW114'-lEA'19 1 0'111,A161.1@;1")f) -1 ),,  

eii1Nmv1nNSLIA'61131@0,141-01Ae,iiNaSiu-ainunnc)i@ni5Lr*u.atn-i5P-Julinnqocy6, 1.,  

LcuL 

a .',11@ciALL11'310@U 

Lee aatRut (2003) ovulAn 

LcuTuou 	Hernandez Rojas LLa.aut (2005) TiuncL,c1 

lt,n@cLArd-no@ulajilNd,5ianni,otjucuatlawmProinunnm@l 6otwinintanTocvlap3.--n 

limatanboO_AaanatonEileiLvinL1143tv°\i'iAlvluv51ficunnqiviNuantTI, 

Li LLotflt-It' (1984) U1,1`11`YILLctiLlt:LAITAf1151iLlallAiLIL6`141156'71')Fin,l'ILLIAiLi 

ainno (Membrane anaerobic reactor system) A'nv15-017,-161.11-JuTinvnitaiv-3 -1°,2 

whey) 1146611lA-0@1 (pilot scale) 	 6ov:I@F15 60,000 LOt 35,000 ilThrii1,1/0. 

ILC-iiinbi-nlUilryn. LL`lhelfl-ITruw/Inerivv6"gi 8 - 16 kg.CODim 

Lot SRT 25 - 50 511 IAITY -1TVU'U?I'll.115tYi'liN6731CF11 95% Iing-IntcuTtInvi .-6'1,1,1--,=,:i 16 

k .COD/m -day 'mlaqilLosnua@ulcuntilat@u@@n -ln- n 10 dani'iv.11At-1.4e:17 -)[... 

T@lIALLTAdd@Ei 13,000 	 5ttrUMV-1%V"16i1,1dfl'IlA1A'AIAA'1P'11A15tiV -i i5 0.06 

- 0.12 k .VSS/k .COD removed flTIL6'il'ais5LTM@I66SAM2UdflUt6IAEloAlUe1"1141W,8`dji",)  

5v~ 15 22,000 - 26,000 il'Sf153.1/. NSqinso3lrviu 0.28 - 0.34 m3/kg.COD removed VI 

41.2:Jj ficuTi',12T@llInLSE 

Sopajaree (1989) 5nulivrIffin@nu,az-- 0,3i,h6 

Sf11,Lil'I'Ulkrd@l61.11.1LUTU a'15ttl51/1rian'a'ciAA" 6 0.15 - 0.35 kg.COD./m. -day 



cuTtAIA@TIAinnfinWil@A 90 — 98% tijrilEilictaVI'41,A4uLhAlsky-j1 90% LI>i›H ,ct",`1"L.41t 
A 

78% vinannnmtv) adtlannUTU@EV -IfinLt-Avin2nn 	..t,,inpnlm, 

LALonnnAiJ'A -112.1@@ fl'J -12,Aueile,inutNne,-11M4invIA'n6kciiinfiL 

@,ta( -1 . @AALaatAnA-yadiueilkim„,a1.13acuT).J@AA 

@lut (2543)1sM,LIA5VM6A5iLanat5LAA@O-)1,L6:11_jnw:JI,@6aa 

@nfriALth,,rd-wi Tut -j-] 0i7I-Jouna1na56A2J@1n10 120 vrin LilOqrl'iEralaliAILIYL 94 — 

1,LatMlnll`TAI"6W5L 41 — 93 % 5.-1J1Ja'll.rnMilc'IRT11.1'?1L 6Lni@l6V1J16,11M-Oa11,3-.1"Mn -a -i 99 

ri-i16711@rLA 90 % LLticulvi5au 40 — 90% il,on'ull.,gnn51 -ItiAAaeve,li-JuilAnej 

L,Latql.in6l_htnasui1Puvt,a,r1L-b,J@: 

13,i1kheiTaiufia6'INA9) 'ictay,ILATIN'llactA@15tutLAL@-innALi`jvd -)1'i 

an%Alv̀ nfrnconsrvini-J 

n7yricu6' (2545) 1,iann5Anb,-11htliiin-yiN 66atn@ln1Lfrifin@'"A67J1;61 

14@actAl@i'en@l5vuttilqndAlan1JT1 -Jcri-m LL'uti,L@Low@nqin-LL@La@liln-LL@ITCIA 1AL 

cJ6-'1Y1111T191.,115-1111EJLQ IEJ 96 '&'lia -TL AflAI@A 325 Iff)./a. 

159no 7.9 Ln./a. 66atcuIA56@cQ 35.8 In- .TKN/a. ,  

11„dIA5L@cu 	 L'fial@nfilotaA5AcALAutar@nn@']L 

@anqii,,m@l5ttcuilAVn An@nviA'A6ficifUL4013,131NaA@F-15rni;;Aan3,1aAn -Jt 

1:131Lirlal'AIXTVM@Ticfl'IR1A1691111.15t'UtilTtIVfljqL 

f1--1 97% liOlactinyiltgn-154-4m7uLgu—o  1 n-  95 % 

n--1 80% Imi'in'io'ir'nultin-ITL_7/117pciliAJP-.)ututio/i4iu  171 unii/at.L 

`'vin-it-u@'6, 2546 	 5v1!5J 6 3` 	LLIALL@VUElin&on LVE:, 

LL@IT611-66@l5'N cCy-16)11--nliEvinQuEinnAH. NannTrioa@looll,--) 

fin'oiil@g 92-95 % tit'Avi'611-rtAil'unnwinoilLRLgu 86-91 % 

inlaaiAl@i'ei 62-92% louilAiliNnulownn5ctjTJAjaLSE -JuJttcuLvinficu 182 9Jn9/1/1J..3„1 

2.2 14-1IMEJ 

j-ju A@ /i@lilluciAnyTha@ninn@lom@-J171CAATinn'mn-i5@til@AIAIAWIAIAli,r,@,IL 

21@51itib-6 6Til@tvinll'ifAndirt4cutli@j-ILliA'@'_;L@@nnLALLikl@nniilancLAnA -116-1 BIS 15 	V1. 

t@ilcali6 aa  

(T_Tav, 2548) LLatiik`t_qt-utn.,;'-jE r6U'ich4 



LUnnaciiiLSETolLoAljilA nn5aaTictrilitnIcihNona%1AmaculymnnucnnclArdoliliLLot) 

m-ymiLtiAb.vioAlLv)0o0 

2.2.1 A'n1Ntli@l11-IiH CALri2noNninn6-0,ctSillthtin-To LrbloonLilo 3 `titalVI 

filen 

2.2.1.1 '-'.n.(.ut'uni,mytnln-lEcnnini (Physical characteristics) isTitc-inb-o„h.sic 

ap-nnoci7p4conldni-AanLn5t)cuR LaillAanmio hlo 

1) oanAcqil (Temperature) LcfluTtPuR-rim,ifilNia&il',71) 

oarog-,iirtiavlilnlEctinkt1J5tInt-1,1 20 --- 30 @lFhi 

T@laanGmL Loun LLoot-MulilL17\11.14IgilN@II:''@@fls7SLVLOal 

2) Fi (Color) A'ab.Ne,Scdo111-jEAt)5,1F 

1,SEJ1d0 FIT@lj-Rtailcunnn-n-thdhci.A@ljni71/riwinuvi61 -111 

3) nSL (Odor) ,utly-Inn11-jEcifliln-ntliociannen%gll anOt,v11. 

(1w.Tf-i`91, 2541) 

4) 1rIlinnno566' 1171atanu1ln (Total Dissolved Solids: TDS 

coinemfALL'nuaouoEitct,j) on,attRmOvvi`i6 vi`ioan51itna1uvn15 

Ivun 

5) g-innyilniinITIn (Conductivity) 

9-raieviLlwil'unnlnlinliiini.ruot4cuaficuerm-Li5tnouci" iiqtalicLF11,gnn5i.:-IL1111-1 

n5o inn LLatLf1S@ (-7:sA, 2540) 
s, 	 z  

2.2.1.2 '-'il1d't-1,4:',1:n6F1w11-11,Afsi ai2vmen%6111-4,n1Ja,ifila111,Lofht, a 

lactninol'iminl lcrit RTILLtuirblcujnoul cv°1 -111X&11qilvilia-lo11). 1@jU 62f1d g2-13,Attocr;LI, 

LQiu BOD, COD, isLt, TOC 

(inorganic) odu 	fli7.\12% gioali9C m-yia_161iinwl4nni1d1■3156coL ylawrl@i'a 

zA 

2.2.1.3 6'flb.n.,1t1I'lLSH1/1`11'7,fin1111 1,11o1,1-11:AWi7liJA-Julitn@uvinn-Jp -,cr 

,oinrnnLrumMu Nu•16'6 erronE ImIcvied-ALft',-A4a5-1 171tEOLLLV11:"-jEl 

Ltio qi@EaMU11.461/1111 

2.2.2 an4115t,n@uT@5111ju 6iieuE)14T15°zno:n@leinvii@Al6tivOtli1AIL1412.;-1Ch 

a-armaillActu 10 Ti7,11 
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2.2.2.1 ei-ML1i16 (Organic matter) 

Lciiunn5Ei@uanalodincojnIE14,i,V viii6Loot@onFu'ulcolilLn'm 

i7mTr, 

lcuenElatianuct&tv7-1W@anquAuloulllatPuol,,,,ty7n11',,arrriArt,:-ILSE 

2.2.2.2 	 (Inorganic matter) 

aflaNcliTal,LfyN1 	 lAAH ~6d5~G nn 

an4nclinnlavtvcii 1,7411 -16-'‘tanEii6M'qi1cAuct!'n 

2.2.2.3 laweAm.:'rlata`151,Ntt' (Heavy metals) 

Idve,vitAy,ItqLiT@lan5;v11161A`ion5@tton'i'6 ankin5oatact, 

vdL -thac4 	 ?i-Jul1nnt@ .EitLyuT,311:1 

LSE,v-1n1511mqa-nAnl.1 (n5Lfl-yuqmoirr,l, 2545) 

2.2.2.4 an56621`1Lau (Suspended solid) 

an56L21-Juan6h -15172Jimeianu,3,-ALinrionou vdL, 

LLota -1=5.  

(-T'A, 2540) 

2.2.2.5 TE,10J1 (Solids) 

T@laNISIOUJal?„0::'1rA111,11N1RT11.1AL 

fimyankl 	 'M1011171U-,11VIA '",1211A142-iMMIAVI-fi). 

inTua@E, LOtsM1LIA1971tINfEl'IEJ 

2.2.2.6 anTv'inIcil,iloctAlal (Foaming) 

w6t;niAl@n ett„i 

2.2.2.7 Nucifii6 (Microorganism) 

Nhciiii6cVilyITInnnyLEcilaLFm-inavnlq r'dcu 

1/19111i:inA'v151511-runco.'15ntcu'@1 

@@nqmtati-IffitPul :.,v°1 -111,f11-11:hamcvlainomiL 

NLylaud-ILSuTifilwAluncuna (nnim-ruqLLacrlb., 2545) 

2.2.2.8 S Lotp-rili*u (Color Turbidity) 
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66vli-inLtolLtut66nt,i1arvintluil-wriad@u€) aatai,i@otutnailinnqulouil-ILLLArinni -

17-161 'tviitclifnanELtlianirrt4avii1v% aatam%).-IEJ-FotricLAaviaCiun - nilnaci 

2.2.2.9 5nunwni (Nutrients) 
a 6? 	a 9 	9 	 0_,  

S'IVI,a11/1'1TV11J@EJ j aarlLati Loan L'UL,M. LV..d LLatl/k0-riaa 1/11,Altnfflt..i.LL 

0-121-111;lanv6nulutInL6culninnn -rUnFluatafarillinwad-mwL -) (Algae Room) n,--i). Lc 

lAnloihlimnt-u@an'ClAvtlna9lal 

2.2.2.10 qt-laITI LOtfl'il3A@I'A (Temperature) 
Sao 

qadinct,IiTht 1Nav1aS111232p 

gnalv:NcteilNay7-11IYILNna5L1cqfliHnILri -nlii@9nqsLvtA@Nam5E can6-diALILLToo --3 ,- L 

fl"--11A@LMT1/1'11.1,1LLIJH'I/LiULLaNVIA' Cil'U'Ld1,SEJVIEj 

L' 
LiVLI115tMJT@lqt- 11,1,folLV1V 

2.2.3 anMrd@lfrnalgt7-11:Si 

anaordalin5Lrwytl-jualoannaTIITIntliVith. tIEinactroin16] 

11.rn fil%111015A51.1 nniLkAAv5 LLat1511mqvanvIn5L 

n c1171711.Jaaiiii11%,u- tileilanlJ5nL@ctiLltAYnal ricu 

66v6:111-113jaalmalii'cuapnvil6iM16ilonnvtj -JLL)11, 

avalatalnalanAb. 	 LLatlajanlinutInJiTInuva 

1„:143.1-1q1ilpflcu 	U ilcnH 

2.2.4 LLIALLITETLIILSEJ 

2.2.4.1 61,1A15II1.166`1F1 

11Joulwil -IfIctiltattr(iEjabaanHloue'ddauaanatruli'EaniA'ari uot4CiCiii14,11.Awalt:n 

5516616 

2.2.4.2 avlall'inu3auwiL 

1lnLa'unn66v11J2ru6i@1,4[,6at1L'ou 

Tjvith. tin5tmuy9.6 	 117nanc,Tu VIdnoao lcu(inaki 

ac-ro7kiv-m.  vt.lau 

vitivirillAnnTL7T6ollndaLedaufT1OLLvilsninFl 

LLatinhElniA5cuel2TnlcunnwinvtImm (')''A", 2540) 



2.2.4.3 111-ruq1-114n5li 

einLA .31 lavitvrtYfmliviIn 

1-119/11JUL'U'eirlifAVV1IYJ'07,i'?1@flot`LnLifl'n1L111112,PalltiflILanumndolckfloNorr-dtvt 

Lcip_=q7ALatAlil'nvi 1::'16-1EJVInLvv61qvancon51.11Lr Q9lancon,-JI. LlovItvr) Qc;d 11/ r1"5-T1.] 

6gn1/15@i7,inel 	 111-1ual37nn141-mno 	 6Ldt151111.3.1PLn 

lk)7141'1Lttd61.,1V1`1U0E1111'1E1 

Lvv111-) -11 LLannLnonnoinliu 

2.2.4.4 Lnb,on551.iLLatn'15LgElbi 

1d'16ium]voinv1n-JI1166tnnLou5av3 

nnT,la4,J, hiLLdtLFIV-d@l6h1111,1,11-3.1Lhl1;) 

Lrwlving-Aullamk 1,6@115L-JoAlia`15Lflil alflt,,IfITt6fild1.611A1j1 

tctinliiiCrioLiUnnTtiudi@tn@leinLKfi LLati.tLrimnnetalnavn%HrAZqim 

IciAro155,ronP riL 	̀ol -D 	 or̀s-yu LonmAo 

2.2.5 A'ntutsmllinLFiu`Vink:Lcari-JcilimwTy4Lylt,  

2.2.5.1 	(pH) 

LtlAnfillin@ntIlfl-yiLLttAnwA -malliaLAL 191uclii-altMloVjv:,Jt 

anlymolcuan-r)t- Lnanl A'whl pH 1.15nnu 6-8 (n2,JR2uln_z`ii■1_4, 2545) 

2.2.5.2ii'̀61161 (Biochemical Oxygen Demand; BOD) 

Ltwini'ficuonit174_,IiwaaniLvLALLyuw-ALlu 

an5koll'E'Actan2pLrinrciAgurrin ciArm51 nil 	 10 mg/L 111-1&6n2-r6,11.A:H 

muctAiTt.;5-miqit-gi'.1411u1511-iuqvial cvnikinrLo1 -11,  

qmanvnIli1A@u11-11A L6G G1@lii1ncrilailljal1 20 mg/L 

2.2.5.3 	(Chemical Oxygen Demand; COD) 

loui/Iiloi@an8Lua@n 6-81o 6lieriLariatr[inliXnnuLc iLflnitim.,d,ra@f116-dkot -t 

vAn'LLnnw-iii COD Lot BOD tfiA''-iELfict.:Lou COD 'tin'van .- Lvl611411- tin@9A11d 

`1A'l nit.,,u1 -)@ani,6-o6 fi't 	BOD 	 eim COD 

n@n6ML 	2540)1Ery1 - in COD: BOD 9]..-11fi1.i1J5tlina 2-4 ofin 



2.2.5.4 lillrina@f167JR1r11E1111 (Dissolved oxygen: DO) 

LictsincliicLilcu@nillJialnwaanqsFoctAa.znuaOLIY-1 

6HqtLivufLtn;nrri5u 

1.111(qw,Tn;;, 2541) 1.8 -11,L5512rivi-J1cL1 cd4iT,;31 -1611mitaint-1.,1 5-7 mg/L 	L -6c;s-in7- 

3 mg/L 

2.2.5.5 61.11tl<PtIl6615 (Solids) 

LLTAid@HILIY'l 

2.2.5.6 	 (Nitrogen) 

LN5-1 9171171rradfnA',culi.swneiialL€oA/J@l'A4'qi)] 

arimrbuLLaLILLf:gu 6HILLvoljncLi'ruianua@AisuArElini@ aan;avu&vq,nd9Ea -ILL'LL 

1,11466atiLwi5co 

aoN (a5agnuiLLA19., 2545) 

(Fat, Oil, and Grease) 

im'ILLotj'13% 

trroLnLtnuateinLawa@uejeTnI-U 

2.2.5.8 R'J11.11,illTillrd@Ntil@LNVIII6 (Mixed Liquid Suspended Soli 

MLSS) (m /L) 

LLroek-hgoaA'2 LiILRacAliiIvIflTILArnAnTLI'julcotoutyll-nì'vj-ILAbacucuLL@R6-"T-a'ori',---s 

(qi/V9-11}1,N114. 	) 
, 	 t 

tsclumnnaciA -116-1 dacunn51ThaonlalejucoNLwnlisu/inplai-yivctil,LnLoLv.nr 

usvNqPaavimL 	 Vi@L-61/1119112rV1a@lNThfri7r61111'6X1 -15 " -,, 	I, 

ciA`A'fi@ctsApzinna5rtA@Cill dloonlynlyanl'11-,rnavt'slimnqcOlfwoulIDR1Vtuf-mt°,11'ivl:: 

2.3 fi51191.7WiNdU (Wastewater Treatment) 

mTlIdinkl@lnnyt.7164-Au 

nn--- LnlonwL Intii"cuacnnninWi'gLf@ctAi -Duv! 

LIA -11:1'wjav161nIlnal 	 A'1114tIgt-1211;-6L 



5tPunnTL716111-I6SA'I'ln-n. 	 66t-ALW'cl@l171 1ivIL.2 

1:17\1E11%,'1.11117riciY01111,SC171'@111-1i1RT11.111A3T1 aliildaP111LL1ohlA',FAn-lnnt`j117E 

2.3.1 eaTtj-icCimj-JEaunnLytill.c-4-111'tilLn-iwin%',Wila@licitLcolant6'i 3 

2.3.1.1 nnTLinctiocvnlnnbmm (Physical Treatment) vt1H.A'n-mtLE.iinLE-iT 

OiL 'MAAATLWIl'itlj n5t11119,  yonaVIn LF111@-1141 	co5 -1L 

LOt1,1-13714 10EJliqlifld[LfrITCY117MillfrIEJDTIAI ;,210 	 66t61.1fyyntn'oL 

naa0131,1-12)m@lA4livaJoitatglIASE 

2.3.1.2 ir151j1611/1`11Lflii (Chemical Treatment) L.i`t.,'‘Ynni:.'iriiVacanLj6,)),ftil'I) 

n.tt -JLnnyr-ilLAci A@vincLih—Muif11Ali1L@1J1dl1d1i-ILSE 

	

-rulitn@cusn@llacinvicC,'n inct-AiLT1711,1 	1131%66dn,111% (f53e-rti6mli/114., 2545) 

2.3.1.3 nnTL1-16114-11'71-JonTri (Biological Treatment) LotLm5ITn1'11ITLILoL 

loE1411krvii'61.LatutR1L'iulunnwin" - 11.miL  

flniuolAuo6'6 	Ltatyl@ainlai'a 	 L6dt6tht., 

LLV1INA5nt 

Li/Inj'anwagatculia@n6TAvu (Aerobic) vi'allili@@nsIwu (Anaerobic) 

2.3.1.4 nnTLInetiPonlnaulviyaRil (Physiochemical Unit Processes) L)Lt 

16"nn5lIn61j-ILFICilEnFTEALymtPonlnnufrroiLLatwilL6.1uriL 

ci,o6"6LtatantnriCiii'atanu@k,;1,cucIILSE L231a Ttcut on exchange, Carbon adsorption L.),.),t 

Reverse osmosis 

2.3.2 /il.,dvi@LnnTt7-15-111:iLh anly-mlacuunnwl@ctolu 

2.3.2.1 irlTL`11JglAld (Preliminary Treatment) Cd`ummlict:i041., 

ljTtn.i/EALLunovIT-lu 3 n5-3o LLatTalA4uls?.J1.1-1011Mtli:@@f1V1f116FiE 10E1141V1@%11`; 

ptALnwoEnt (Coarse Screen) eiwnp,mE'LZalviL (Primary Sedimentation Tank) bLet 

	

„ 	 - p.-ALna..A.6"uo (Fine Screen) lunnTuncumriaLeriad-lonnom,arctiArnw@u1.1,,LnLaLiio,,w, 

(alie-yuqm,taf\rt4, 2545) 

2.3.2.2 ri-ITC-rtYpticAn1 (Secondary Treatment) viiLflaTUTLijaL&,ifiiNTh 

mt-unall511-16r'J'0% LO-i61fllils6alusimion:no@Tv-Ingnaatem@LcvlEyilyiat-anE Lot al 

atanHILJ-jELI4@A'-ila nn5I1-161sh,n1aFil 65En6n@inl-ann517J-161y11523-Lfral (Bi=Qical 

Treatment) a-17°i'EciAA'flmiLSEANSLY(iCi.uTrucunnElvan-r-AeranwmTuyTlsg L.174] 



th. tAcifilmciAilct,mn5d@EaanEancuyii"61A'yl'Aq-Jn- liciLrActo-oids551.rriVi (01 5FTnA, 2541) rLSc 
0 - 

ilunvitnavOLco600nnriliclyilloEilieiwi'wlon@cQ (Secondary Sedimentation Tank) 

1111711W1,t1.dcfl'llAl'kilL V1f11::1A411LLij'15VLJTJ5hVTI@I5 (Disinfection) 

vi5mInnL1111i1J5itIvolloliU 

2.3.2.3 nn511-1641uou5 (Advance Treatment `015 Tertiary Treatment 's  

1J IUGI s%?,oiliIociiLn0tt -JitmalLn-15ri'no -on5-anvin511i^nfl ?iniLin-JcioaE 

inl@avlaii'ell,LnaTt'incti20tii-3EaoR-yami<V4S_Innt-lii,FruT2e-atinFrd@lanv6-1EJ 

ii‘th'elailajeininwitintA>  

(ai6 afqn.it, 2551) 

2.3.3 n5nAunn51Lnn5111tiG11l16SEianlin5natilU 2 n5tcu-yunn 

2.3.3.1 r1-151j1611.1"ILSEALcuctl,'hnnaFi (Aerobic Process) vi_ILT6'nn7.0L:pli'J'it:in 

171-11,1Y,NeuviEiLTIon -156@Eaanua-15'hcvii'avilnilii (ct)tany, 

2.3.3.2 n-n1j̀n6ictInLAELrutillilif@nn-Ti (Anaerobic Process) ISJLniTtl'im:_'ci; -,H 

A'rliyaZAIJ, 2546) 

2.3.4 TL'uoucCincLiminChwutilaflPL-3 ,,Ao?6w,'] 

6gn ciG 	Sludge: AS) L c it,dMViTi'lvti-jLc;i'L'n'LL1.--, 

VinTirAllun IME:tiwuflini3urnriAlsh@n6TiLvu (Aerobic Bacteria) Lcil'oi-n/4fIlLn-iiiLl -o 

LLOtflV,Z, 2551) 

1) 

Fill 1 nnTtl-ictiwiii-Jul'otititiaaalrAheavo] 	 : 
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2.3.4.1 1Jzi,cf-nirmltcuouazIFIL-)lha ,c1ILA'nbt-I.Atc;i -)1Gi 

1) 5otticuu@nPL- oa69)--Loytinualry n,l (CompletLy 

Activated Sludge: CMAS)1/16f1111514-11'11d 215tt1J1d 	 L'alti11 

Flvi,cho:a LA' En f% 

2) 5n1J1026'106g10016>Ltittii'liLthiAiis10 (Contact Stabilization 

Activated Sludge: CSAS) V4fmn5v7-11-roncuilv.-Alt- LF.J'111141 2€15 ileilheka 

eiJ IoaltnavilnLelEiva,111?illn?jelld@Ea011E11,1Al@LF11.1@`1111F1 LOtAl9L1116103-1r.101,1,) ,3L'eTh 

aanuerihviMuctl-Ob (n1wyruquocrct, 2546) 

3) . t`l_itt_711721111,SEJLI:LITAttliHElLIL (Oxidation 	Ditch: 	OD) 

1/1611f1'151hrin@lTtt1.11,dfflb11.4rH161071Alf111F1 

ma@IL-Jai 

4) t',1_11.11I'16111'ILSHLVUL LOail@'1i (Sequencing 	Batch 	Reactor : 

LtiLtll'ULL@H.L10510e1AM`LiTtLflYILi-JOILL4?) 

aan lown-151J -1611'int1EnnLPL@nn-IFi nniwnc,ntnout4nci%nn5v-aic-i--0-7--T5 

ctiFiunpiulcailLkni% (m3.9TuTaainied,, 2546) 

2.3.4.2 iilf-IrM51/1111'11A@5t1i1JA@RFILjoak,-:'; 

'A'nnnTLfinl-rtAnlvuctiLL@RFIL-AgloaottitnnkJE ,c141TEinn 

(Aeration Tank) LLattil2f111@td (Sediment Tank) leL52.',1J1J13'1611116AELLVULL2HiCA;4' 

VZIst7@1111-IFIISilAca@611.1JEJ 

einheviacuj-ILSEJ Tobein5hylViti,MJLa1wl56Lati,LcolcvA'w1L lot5toutaaalna9lal,,-1A-it 

711J'h'h'iU11/111'71-M1,71 	 (IvIrimt)::1, 2548) 

microorQanism 
Organic + 0 	 new cell + CO;  + H2O +Energy 

11-Am7iNaLnnTLI11i(9I666-xtivaai1,3€ivnmtn@ct,AoL6EJnei61@E]nTIn1;.n.) 

Lain,;,-i-Jtvin@yylf%t-iwnvitnaL ei-roA1,t1)nou vL'@LnA'uLqInit'weloll.ift-inaol-uLLneJbl- 

ab167,R 	LLat6'nei-111wri5v-,61)1,da6oei-11dLFi9171@51hletirnvIalt 

?hetALvAciivancOlcianlritTuaicifile,Olaw16@1:10 (n3.p-ncuqldmacruN,  2545) 



2.3.4.3 'S.0i,m6- 611..ALa6-11,-dioak-Z J. -11.,-IwiLht_ilUtctiu 4 1.ht1J171JP: 

i) 	 (Floc Former) . -':0)...vi'i'!.il`t4nvt-:?.1. 71,1`0, 

611fl'-V1CFAa'14115g111-"A s,d_hldilleNa@F L,Lathnptn -epL1AVl 

2) Saprophyte .),k>1/1`.'E'Acur165.6-p...:1,,,hjhtillahuF,971)11.-ii-11,,):: 

n-15)@Eanuan5i3vv6" 6-  talTITArIV,-,'1111V1:111-0 -111,"\ -aPIT6 

3) N 'Aviii.elvlaanu (Predator) -6,,S9..:sifl'iCLLn01Till_1tnaa-Jt:iLl_J-;0,,TAP-:. 

(Protozoa) actin (Amoeba) I7,(;I'LiAlni (Rotifer) Vinvn:Ht-irtifli6friil':,tv-i2LgfinhnhtiLth 

4) 'Sctrvii'6i-i@n-JL Nuisance Microorganisms) 

623 LL`ljil.C3VrillAtal.A,FJ Filamentous Bacteria)61111AiliXdiothat:dp'tF,)')..) 

(Bulkin Slude) 

2.3.4.4 iicun-ILF)9no55L'ttl,L@IpL- 1eiao Lausriu -a cialct, 

1) 'u1d lt-inE (Transfer Step) a-'1 . torii' Clvi.!-)LFiuvohc,),h - loi. 7-,1;;( un 

6iv .chsri7lvdaALLa2,-',?il ctInFi@E@anIntieEiaa -uoLan5v-vi6LIJELltall,F)AF,ALL(a.-;hc-11',_-c- 

15 b'Pi 30 viiiNSLvi'i'61,6'wi.ind@EA'arinmulb`t,L66;964-11,1-ADf■29_:6i''i'ti'D11-c-) 2i))-7'',  

oiotmilokl'a@c .416-i.diLainia:26111Ln'miAL NSta-6'6 .1 );o -uiuc>. ha ioLeiotNS(,- LTL/16 )h) 

Lcvli-ta.11 .131:MT211.771LAVi'll11,U6Q1Ahl °26.4V1161.1f1151(91`11-11.3T@ArLit'i'll_-P1.1`1L'h 

2) '-'51.)athuFLI (Convertion Step) ii1S-eizlolaNv v-ilf,o 

ILLhaLAn LLatailin5tm2;dnEJ-milLOS-111)1uo-ba61ALIA'  

n.-h_r-cluna5A-'1v15-12 	(Synthesis) -'),S11,11.11F_Jiil nnwi5h1L6m61,chli 

(Oxidation) Ltull . Fi-iuni-A31fin5Lha -e-3n 6.71LvtAA-a"Arin6mnitio.LloFJEnt-ic,', 9,11 Lat;ov‘hc--rt., 

3) ilfl'n,JMtil@Li (Flocculation 	Step) Vt,gliell.1JVUL,r1"11-7,A-P-;-' n'tc 

mtnateViloot-Atin-j-i tone (Roc) lii'i@RtileTi.A1 (Activated sludge) ,-,ithav` -r,i ,*), ,h,'Lhh, 

SiLa-nLorro@ubLatilv.iNugnalat,-Iimlizicujiri/Vnt'Lci,fNhillivinn -i-dioullg4LvH,2311) 

2.3.4.5 cNi'ERI'lA'flpi@il'ITI/7"-1 -1-11,'Alt1.11,1L2iTri,T1,1SP.e4A'0 --  

. 
1) 'eT1E.JiYtnITA (SLudae Age) 9 

inp,nlotg E-30u61.6,1firf-hiFInnFriuT.)fmtliinlAounn --5.11wtriF)1,:?hJtall,@@mannTthut 

15 214 
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2) -V15`leiTQflilillY.2"i@NLY1 . 6 (F/M ratio) ISLJTA151?6UTEL11 -11,R,',.::r 

an56'1A/C5'61LJEALi-aritcuu-i@cd-rmYrwzriaL 

F/M ratio ot`i/6`11 0.1-0.4 i@')''tg qweiv5ism4)Lh l'illilfriJVAEL61,11@€:d2ft.291.Fdafilril6T1 

F/M ratio '`[..ni5q-JtflLiTttsLiti 

ntcv°1 -11Su-in 	 ILyrillif]uaillumlinn5fl- uilnt-uculoualvtn6). 

6otq2,At, 2551) 

3) Erriftn5Lail] (Nutrient) 

	

	@nV1'1J•Lar llic31,i1A1.0(17?;hAr'l 

culv%vu LL@LImvilEJ aat),IaaciAl@i'a IEk,;;`,11.)yr‘i'6.Tittlnan@nwily1 -151''ir-̀)■;) 

(nriTQa, 2548) 

4) nan1Ln-nAlic 	(Retention time) T'our,r)crillunn51:-1170'1, 	F. 

Nion-1511-rt.i&LcucuLL@A'k-)Aleik'eriii5tq.ityronlotgAnTL3-16-r@uLrilitcLi 

N'tevriullianIn5t-idaieniumW,ct.,a1-1L'hUcinJI 

culcnr 

5) @anCRIotanb (Dissolved Oxygen: DO) fl'3'ILLi1J4jt,Tali,- 

nanCvwatann1-111Naion-anwTimmlalLT-Jv 

onf)23LvLatanuctlinylIA-J1 1-2 iini.'3.1iaSv5 

?piluRtv°111,1@rAmAatanujUanl 

6) anwaiculct4 (Toxic Substance) 	011.10MAJLITTli%6i_P„ 

`L5vtlt 	a@flF4,-JoloaA'oi1-1/7-111/1N'Lvr-i6-i@CLLTtlytiLL@nFiLwloaA'op-IEJvaivi 

Ifinanuo6d-o6NSvii6 

2.3.4.6 ciitlivnl`wnaw'Am3T5etticuLL@PPLAgwil 

1) fi'1a@E161-'7LI@Vtil@TAIZMIVtilEL (Rising Sludge) "Lim/nil-0Thu 

'Itn@IdaannhIci.AvrmtnaL LciilAtIon-i'dn@inlcoCAvinIcAtcuculla6IL-Aglpeivirct,Yo') 

J AIPEAulmLvtaleyte:lo.t.,  

(YVoS, 2010) mtt-rnallATrILA't1e 

6vS1i,turi-i6d11.,g1vTAL h'n6dciLfelvtot@kiluvit,naLerafilyinTzriavitn@w@u4Leie.i-r -  , 	' 
2) vt,'n@ctatnil'AO-  (Bulking sHdge)l'tutanni7IL-RA2eiz)Vu'A 

Ln5t1Siaiotn@cuLcuTLtaicta.-',n@Lu:duov,ierilA'stin anLvqa2<1 

@iRLf101f11,4@"11711Ltl.,ILAVtEl 
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NhYlVLinnyTnliXRe,n@L .18-J -IlninnucicuLhztrvinfictn,lu.1-AA'at-in 

2546) 

Itgiln51ii6lj'jC:otcutu@ninglhaA'vi 

lun1TLI-1611.1i6hIIEJTnru66@n'kLbla2 Vti@LF1Eg@ 

n -mInvviguldrlunaTjnimjnEiViRT-Kai'uen.YEldn'tinA,ifittcutL26-ivLcha -2 

adt, -iel-ndn-rwa@Alcdt-ticatracesiaLnwu'llTo 61(1H-LLIdE':11.1'11,1-1 

cLi5tVWi 

2.4 1,eviniculafiLlaW51.1 (Membrane technology) 

rifigulariaairu5L LturnHIculagAolLn-i5fnElolntEll'H 1ATYL 

LorywaSiiiTL-IALMnlAlEn4EnSia'd@lLLLLt51.,ii/iii'LwnvJn 

Tni-loon551.innctiiTanN6 

am;nnTi_lniiminCh 

ctInnffi1J-114110ini 

1,1-uviRlulA'anacnL LiimILlari&t16tfini11-11.A4'n 

5 11 077\i@viik[iniAtqw,nncwiiiknli(4411/6, 2551) 

2.4.1 115VUTLdfl'1%1.11.11,1.J5L 

0,11.161J51d 	 Ti)lan5ct.ri6'6 

atT@11,1/1ML1.13.161iTA:-'1 1  

aFjchlthlywnconnt.A VlIWTIL0-1111WIW'IW11TE161.1LL'UTU (11,1PE'1cil6, 2548) 

2.4.2 nn5nTalam,cuTuIPENt-AcOa-ar-)5t-u,Lctil@@nrai 4 Ti-a16'LLI-i 

2.4.2.1 loLl.PiAhLviicu (Microfiltration Membrane: ME) 

LiiLvviRIta,Fini5n-,JEli-Juanacu5LitivicloTiAillAvm 0.1 Uv.).at,.. 

iinliXall.mon@lanTilatactAt/unlcin,i,n-,in 0.1-10 	1LIPaL ULLd 	MIL 

Microfiltration Membrane (ME) ua`11.11%TtAtNatirTh n-1517n6)1:i'W1 

1,A1LH 	otimaiSS 

2.4.2.2 	 (Ultrafiltration Membrane: UF) 

LThAvwilladinnw1A-JEJL3aLcu5LitvAqt.en-w) 0.01 13_115 @1d 

er-IL-It-in@leinTLJLallaucriTntoolvqTh-ji 0.01 la.JAL'IA riTL-matLuninnn-j-Frmm@,1-J,,_ 



cm 	'r orn RO to U 
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5v1 t Micro Filtration (MF) vi-1lvanaT-Inn5@s1 v15-1u an56621aloau 	 eec 

nnTLht,NnAiuftrafi(tration Membrane (UF) 

adtnnTL.7-iciiojni&Tinqvionvin5L 

2.4.2.3 VIITS*30156'N (Narofiltration Membrane: NF) 

trALTAlaLv7.',@0,u1i.-AvonalPT-ribotYYuadt@Eeil3A0i't.,nh: 

L-111A-Am4Loal,cuTuaviAy,fiCiEimjnoalIlAiaes-11AAuLL'utvio-J3Jvaanal3A3m%ntLL.L -L 

unIthI-Av159.%lktniatn4LAELo=_.neinlv3252JadILILar)dc;.innn 300 nn56uifo:1-5 , 1 

n2naoal8AeO1inA'1Jana.n5t-16mn661JRci16iul2i'a adt,Ln@lA" nn5cLitEn(A141 Nanori 1.ti -atIon 

Membrane (NF) ?iTtannliiluni5cUnctl'oci;ini7manqinvin -L atnn%LunLn@@@cn--c, n1:, -, 

2.4.2.4 o@alL6Tiae:lunA't (Reverse Osmosis Membrane: RO) 

LtiLLyiqlcularinnm5a4maiLw5Liiiivnivoyvi 0.001 

1,4111Xannwin5@lem. thAliavirlilTLnolcoOn--1 0.001 111R5@1e 5t1Jtnnn5@1A- L Reverse 

Osmosis (RO) a-iLnon@l 661 q11113EJ1-Aa aateriatmu 	li5@11 

i -116-ii11:4acLicua0,vdn n-151htNflg%/311)11151E.IfILf1SEW1f11111/1t'L VerlVf1551.1LIJ 

2.4.3 thtLmin@laaRcuTi.griLnwat)@anLchg 4 cLinninga 

2.4.3.1 6II2JL'U5tA1:01/10 (T,bular Module) 66iAf1-151713:1TALILLIM:Iblt, 

va@ov`i'mfiavuwiAn loucri@vniinPula_i@inmaiA@alov,coa 

anlyiwy1'w1 rldat,@nnE (Fdifi 2) 

re 

2 LIAILUTLffra1/1@ (11111: \s✓ww.tske.co.jp) 
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2.4.3.2 63.11.11MTLALU1JIAIEndT1 (Hollow Fiber Module) 61)LnnT6Haant .--, 

tarutLA'culEarv'innnim-Ait-icuIEJ'Ai9hiaav,J@loaRcuL02Filintilokivvitl 61-.1116LT1,1) 

LAulEnmliTonnt -ivitt11611:incifitFiLmictql 1017i 3) 

Lumen F 

3 a1kI6IJTW661U6A'2EJf1M1 (17'13,11: www.rpi.edu) 

2.4.3.3 LLILLIA.ULL'UlA''dL (Spiral wound Module)11.1qmict-A-c-ott:-maLtsp,.. 

a@I6LesiLin -J -1141auf59a 

oaLliTtnovviailiinnw,)ntl 	 (Vil 4) 

ra i AL7...,,n11 R() Ngcr.,..k.fic. 

Tail 4 aiL61AL661111;1'JU (f/11.11: vvww.aquaaccess.conn/services.html 
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2.4.3.4 61Al61JT61Jt66kild (Plate and fame Module) LfiLlmcort31u,N)ALL1;5L -: -y 

141@rt.gf)'1,glci.mniRAanculAtilVflb11,12.4HEJ filter press (TA 5) 

piciti 5 63-AJVUJLLLVL66E,IL 

2.4.4 Tt 	 an1:15a061111A" 2 

2.4.4.1 n-Inal66I_111,1,d1/1"111:64fl (Dead end filtration) n-15nn166Lcu1,°zlyli- -, 

Lgb-) ',6fionn5QoPtftitaiLr.rni@la1,JvuTL,11,-luh eiToinnnnin5@lutivdtliLtLLL',Ant: 

(?,.6. 6) 

6 11'15f15@5l,LIAAVY1111AVJ (Dead end filtration) 	Pornsak, 2001; 



2.4.4.2 nn5n5a5L1J1ulvann5 (Cross-Flow Filtration) 

TElLmiLtLtn,916-itetnn--1 illm@ALL11110Vil(111a1H" 

31thatAvi75'midi,Lnng-rol3t1A;In-n nn5nat,Lcuti1 av1'15aiEr-7i 7) 

li71 7 nnnolacutliA6imryll 	 ItwrImEnETua5-rn..-1) 

2.4.5 qwalic -m 	ruTt l5tcucuLatIr  

n5N1A na5lift,11111,1.11.1vuuLt14.tutrirrml,LunEinla3t106, 

Ttlil-nAnnl'?fantru5L1Lryl5nal 
9 	 71 

jj@LilEtr11)5tttiliVfaILVU51d inAcnacrainvirsincunnTUa64aEwucuantrtiTLatryilretano 

2.4.6 e151) n5nrinDmilaiLL1J51A1dn.. ,51i'11J01d-qh 

LLa4L2joaA'o'ilobanA'Hn15clinlnct.Aueilnalnn5cCintYvvininfrril 

(InAThJd.g, 2552) bluliotlivu5LLthdhnmAwnn)al 50tv6-11'J@1Lro2,Ti5ilionJ. t,Lavon5 

aunam,mAcuTapitATI,noloAmtkulatImiAl-nm% 
	

1),,einTunntor1m1A 

2.4.6.1 vAf-Innv1-11-rted@lerlqq5aAuTvuoaLtiL 

crIA'rInnyciniii..dIouileinT@L (Feed) Li'1'11...0Acri5T@161.111VUL V`12'n 

aaniirsimanwuL L'Err6-1 0'1E516011 (Permeate) ei-n.o.inlail@owifillrein3tnicIrsint. 

LJIJI:U51dC5EJF6'1 56VI1dL1/1/1 (Retentate) ,11-1CW1'1'1%kTfAJTJA'-dELMILiiit (Pressure cifIvin 

force) friVivVionn5tinumw (1,rviiiri5Indo, 2550) 



2.Q6.2 T,IliLLouln@leilqmiaAinnitulant5L ilaE 2 LL`lit 	L1.11.10,j7i1"; 

Lan€111.rn -)- t-i: (Eternal membrane bioreactor, EMBR) 

(Submerge membrane bioreactor, SMBR) c;i'qrA 8 (FIPA'n146, 2552) 

Recirc-,:laTe 

SubmtrgeJ 

Bioreac:or 

. , 
Out 

OUT 

211C11  8 FA'lL 61.11.1Lt6/1@EjL@II€11`qM6 	 (c1/11.1: Pab, L  

Bolger Lot At-1.dt, 1938) 

lunai,LEinan51,L5tkumniii-mThLot/I,LIA5Vholqu 

amirlWillAii-,;f16h@lLIJULTJTU hlee 

J = AP/IAR- 

= l'llAik1623'21@l111L1,1_1Ttd(1/11.d'AJ M M2.S °Aa L/m sh) 

AP 	= 	(vrt,i')E Pa) 

P- 	= 	 (vrtiJE Pa.$) 

= 	 m I ) 

efIJMWITI1J61HVITITUYJIJ "L'LCIUNd`t..nfIT@VT-11J'Ild171-11AnE 

w51) (Rm) 1-Ivrra.g-ictarruni%NmIn-A111nA'IM LOtR'Jn14'aut1run1wiElla-AlfilYa, 

nhdlaiU (Rre) (1,f)klb.6, 2552) 

R t= Rm+ Rri + Rirf 
	 c3; 
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R, = 	 1 ) 

R m  = PT-111v''IM1/111A@161.11.1PjlA (14‘Cnb M 

R rr 	i'IVI"J`12. -11.,11/1`11,dflill'iP1/1"1-Z4C)'1%111J1A 	 ') 

= 	 (141J'Jb 14-1 ) 

2.4.7 'LlincQn-i6qo6icu (Fouling phenomena) 

6f12nnan5atanEivloal566 1-naJetaLtYjaTH1LIAJ6tiTt, (Ti 9,1/1 

1151fia, 2550) Viibii`titSirffinTinaun-imml-d@laaiLouTi.o2a1 5tEtL-Jm1Ln-151qfoiaiLt51., 

L cd@lnuLrmunateon@lan5Lnyytuculi.STa-Jcv`ia cp\Toinluini.iLtiL 

esiT=LL.u5Lanal ei11.115tTeilNa@@`lqnT;IsilyilimlaiiLvuL 
	 Ed 

v/iu 	 61,1tRTIL13-nala-niA1/7-Inn511@cu( ,TLi:. 2548) 

gohdaitiltiiieinlucut 	q9iiYvalicui,:\luap-)7,111 (Reversible fouling) LLft 

cAILeifiavialillA'  (irreversible fouling) (iFp-IA'frl.,A, 2552) 

2.4.7.1 n-iq71,ALtrucil'uo/1"1311(Y1 (Reversible fouling) 

LriovInnn5ataadq2hnalpitn@LLvii1171 -rd@lo,,iliLtu 

(' ì'uy15if15lnao, 2550) 

2.4.7.2 f115q01,AgiPTIA:163-ilA" (irreversible fouling) 

an5t5e,n@eu@ancw@n623og (Extracellular polymeric sunstance; EPS)12b.-6t3IA'f114f,1,4thlit,4C'E) 

0,1@niinnticumA-rmlLalmvum 

(Biofouling) tiTli1WI'15M),t,V1`1 

lcunnakwut Lio'io'ljatalJ1.11,`U5L (F,y1r10,i -a, 2552) 

2.4.8 eriLwrinnn%h2n-15qPi,i 1,r)M-inn-n•6@Ea'nnn1NSIM" 6 

'?IL '10 1A1 	n 	n 	fl@"1 fl '141 

Ita2ri@561JL61J5U (1.,n(1icii5lnao, 2550)
as  

2.4.9. nn5q -)6iLein3ir15n6al5ikiil1 2 '?ictl4le n-15qo,Lifriulu 

laq6viii161,ciiqlflwinn@loiniLcuTLi 	 Ln'MinrinataIrd@ill,,6Ant .1„ 

(scunlai, 2546) 



2.4.10 t''EJ .171lwdd@n -nqoA'u 

clnalrLYPHloalvnL 

LLLTV1VV1'1111517TLY0 A'111JUVM1L-11/11,@LO1 11,1J1161M 6OtT'IlL6111,-fflADAalala6LE;T?i"W 

cNi''uluennA'nLilLen5 

2 4 10.1 tl,leatunntr] (Hydrophilicity) 

-IrInn i '  Lrwl 	6laRt.v5-uA'L'a fit 

A)A'nct4t1A-moulunnelin11/%5tfictilLLacil-i L6attlincuLnloEnnN6n11,Lor)m, --!Lvv-Hi 

( crivinff), 2550) 

2 4 10.2 9.ualrCiFnalalT11,31.6 

qNalrilPd'alan5@utt,Flonn@lAtltn'atvi-111 Vtild 

LIAM.A1,W5tii'l@L111.161JI. L?iANM11141Afl'iSa!al LnS@oti,NILtiLvitn@tAin -no@Elinri:412 

(p.,ticri6, 2548) 6mnry1lvaiA`i'aA'wt424t.',JFiinn 

2.4.10.3 vooT@lr\iitmiantrtiu (Pore size) 

wivd@lp\iTtdiNlvi@f11q2PQ/J@LLJL`1,5L 

limajnaTt,loriobict!i@un -jn mcon.ciTun2Lgn 

nn5 	 VnIciih.15thb'fininilLtinTn@l9i- ulanatTL,gaal 

2.4.11 n'15 1.,d.elimcwaan1J5L 

fili'11611L61J5L (Membrane cleaning) LI,Hunn5A-Hlo -Juan%piliTilLvsAylt -g-TIA):n 

114 VIA'116h011,1.11.1L1J5LfAIP6ITH6AL 

Foa an5i7qoPt,oilq)@@nly-i (y%ini-vilnff), 2550) lowiti'illitlinwilvInuotI6oLF)mitolt-

15cAlcunn5A'nladmvu5L riAl5nt,16nALlolctiRao'h- 41N6u.`Jlf-nacAuuatimmLnl 

6"oLliF,mtn@uNScoi`i" 6 (1flA'rrt4o, 2552) f1-16"nliaiLcu5cLdLiTiV@Iltn-imai.Lei'm-ic 

nn5lianiLtvLitLn -1511-11YwjnLu 

LLA,Lnnliandru5uiarth-_oAcuLancolaninliXanntuLn2nnq, -[,-,-.n.in 

TO1A1 

lcunn56'n1EAcuanati5L virlanocn-pinlcunnTl@laILL'UTLd 

61ArtILLwiliAdiediElvaiLinIn141 -aiioutucul'inci:ijnChwucut-ilqn16. 1fronanAt -m 

ihtignflLitandmnwlhmlandLIA•L clihISAJ5t'AcafriiiNILmn5@aL LLataoryln --1 -7,. 

AHZ@LuaLcuL 
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2.5 initiVoltu@i (Nano fibers) 

unlcuiciA16uailitn@cukJu41a@l4n1@ 	LLM-111A1111@i 111@tin-Z11 

11,o(vilriqwinapi "t',1/111-1E61 NI:11LtAcri\kArtti-JuailL1,111,otAa'iLainlftyiLLL'ij1L6in-Jlil, 

Ld@X'@`1A113 1/1"11A'Thrl'ISIfl'19Mflali 

matrix I1dLII@6Sl@6r1E'S:IL vliaLta6i7i0,6-11un- vdcQ LwAnon3Alla vIaLsoMiTtanv 

'A'9LActitAnnnue-d-lico`i@LATAFJA)LAnt rjL 

6731 `JIM11 	g@i'11,01a11/1'11141.11.4,1J'E(JE1@',J1111@l] L11L enn3.]voalaa 

iVI ns61 10-9 ILV,VJEJ11@1 	RTmninl Lwn1.15tN 	675111A:1,, 

b)u171-AcuLalLiva,..:E)i 

fiiWid[6711,A1Z1i1UCinanl tkiLf% 100 UnILLLP 

9 LLaol6nb.utvolLnIctAA6cuni(6inu) 

`L'6.111V@L (111'1)3 

vIlLtrIvuoiiv-krt: 

iitAe.1-wiatALw5Q1 

Na665linuvint.gma'unLEn-Jql 	mitaLunlulinirtAi 

kJEA'n0L4futaat 9 t-loln341n-nlilfinil-runILli,A1Lcuailedli--5tE)9 ng,stilLPA,0):1-1, 

3.1-InLnu micu 	 ieoe-ruqLn-1511neLvt,-, 



LRi'nlehanl 

ehmAtnoviiallesin 	 ko% 

2.5.1 fltli'-)14-1'15N1 

ea v 
'7LnOTJA'nb=n-l51.1-)11i14JI'Jt:',L,J ,:, 

aun5oLLtilntotymn-iNktriluicrlayoilA'nt: 

Drawing L'iLmtcu-Junn5N6. m,n1Lio-muniT/14'Limilb Ondarcuhu and JoacHm 

1998 	vlEnrn. tannol sodium citrate IL chroloauric acid1L9iLiollAyn)- af,;:,'5 

13.11mt6uvl *olluvEr-dolan%nA7it contact line vincLViALIA5tirLiannnCinl-J-32LillnL 

l'ill'J'11.1CiTLJ5onntlA 1 x 10-4 ms-1 Lit,ilciALL@i,otqnNEanLn vA'eL6-1 hif1155- 6VIEJ ILIA@I!'; 

17nOtd1U 61/IR17&ld 

. ttlAs'113.1a -11.115tIv°1 - 1AaC -ili@vii@,]Icun52,umnn drawing 

viscoelastic 	 ImEJLotriwDfl&nt'CiEntgn.a.)-N-,-,  

dry spinning at a molecular level 

10 L,aen Drawing 

Template Synthesis 6i!1un5tcuTun'mNbiLiuliAlLuniiti 

Feng 	LLa.tRt- 	TJ' 2002 	Polyacrylonitrile 

Dimethylformamide 	 fl'1E1$)"66-41,%1",-i 

ei'ltd`l'ErlAl@&1J@itEEf11.1'IL`tild6?%1EAV1PV111.il,1.1V1 Li176j solidifying solution ntt,:-JLn -) 

116'ncKla,'LA'uluffilkotLt‘tqticifiavl`i'@va@ VifjA'nTgLlotioliioLi7,1'@1 
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Ttici 11 um Template synthesis 

Phase separation lunotl2ldn-151 c•icv'A'nn-ngEowaioitatanEllo''-wsrmt,?9-ILli-

aanutAiaLLailoAd@cu 

LialAILu@i4L 

Ma 	and 	Zhang 	e.Pf.1999 	1,AY"1/115Anb21 LIAJ1F15tliTO-riMIF 

1. Polymer dissolution . .tmu Poly(L-lactidacid PLLA 	THE (tetrahydrofurani x 	6d 

°C 2 ii'1111 

2. Gelation 6ii 2 ml 2JF5an5avanE 50°C It Teflon vial .1'1E11,til,flt"VlyIl1/1 .01 -18 - C to 4522 

9.7111CrIoniTinlailmd 

3. Solvent extraction 	vial 	 LtiLL-dcin 2 o 

4. Freezing 1:iLa@@n,,,,,nnlin noa55LnT-119.f)Tolli/ULIX1 	 -18°C 6.tLL- fti 2 

5. Freezing dry il'mal,` freeze-dried CI -55°C IL vacuum 



TA 12 LLe101 Phase separation 

Self-Assembly n°,,i1J -Junn5NM,g-111,,littiaii/iLNAlk@l.-,'rmain-JALvL-ital.] LoLri 

13,noqaTLwjn ShAuk-rwlunn5ainlcolL11AlrLai LcialuqdlnnLvinIAXLNILL1.- -tv-71-116,(,. 

LTIonnioLi'Erli-ATIA 5 Zhang c6'11,'r_lvoilAotAr11.12A'ulA'An19-un'Enr-ilitotluvt,*11 

6li'llicali?0`11.11W1th. till.1211A' (Peptide self assembjng)nTn'filli..SJ 1991 l'ilALVI'„ 

A'JEJHT11.1111oklj`1 LijaanerNlaaylcuanTatanuj'iLAS9 

	

61)1,011 99 % 	1%Lt1danu6otlywi 

	

no@tillu 3 Viog@ aniHL (Argenen) 	(Alanine)am nwnvniIn (Glutamic acid) 

16 ILLarINI. EljalotInadtfiL9n1LLI.J.0 p __ sheet 

Ttivi 13 LLMN Sef assembly 

3C' 



Electrospinning 61iLn5t',IALnn5`Viu-gu6655vin3tvia*6ri@lv-inOinEl1ot&IfiTA- 11 

1.htncuci-Juei-mitn@cuelnik) 3 -J1ige LLIAlfindownEliAlir -4qp (high voltage power 

supply) vla@OTJ5Na'latOlEfl'APOIA-AdVit (syringe with needle) id,tieipal•(`el-iidlet2Livti 

(metal collector) Sicii,,ittti731HTivii'cuiaiin;J:i]Ei 	enlinw H'JtqlnLioLLat-, 61:1•;::,: 

nn%ii9ILA'LlElaLilallinnCJAL 

TA 14 LLem,  ElectrospinninQ 

1,6nIv15eitciAl56ii‘un5t,tryuci71LriMicon 60 uI 66266171111i1Jn -iil.wiLl=u)kut4161.,:rm --,. 

11011,ilfiUFI 10 	ltA.1" e.m. 1934 Formha(s 

ii,Lwir-NlvhilnItInn5A1LH512n;iLALI,Fi 	e.O. 1969 Taylor 

cUyinctinn6cii,riAtavoutiii an5atanEct/eLm@iyilaannn 

iinn5L9AELFLAnnaleria,tanunnmlnaLa6ncsu',-(i@lerILLrhinnEliwt, a1,310'j:1 

evunmirlIT-IN-ILvinfitLL51FAN'nalenn. ata -mA@NA,2 5.11palinlinn65bnanct4npzeLcr Tay lor 

cone 19)Einn561iamA6cual5od5n5&1d Taylor cone Tvd-Ln-cufl--arvina,lantaLI,NeY-6a.repTt_. 

R.M. 1971 Baumgarten 	65mVinn -15Winymo'd@lnnwL)j6wa5an5ot- ri@LI.IL,n,t,-; 

inny'dji,voilLn5ott]Lnn 

R.M. 1995 Reneker lAYnnn5Pini9-1 	 elAnWa'LgnImacTivrAlAi'LFITilJert:0 -, 

	

10 	 ft?1. 2000 Lt`L, 40 Li Fi 

e.fl. 2001 LotiiLLL-Aci!hiLfAtr@i€1 
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nnTvihyilnalJLAnImatii111 LLewayetii 2 ciu5tn@tk]tid-]Letitntink)J 3 

glauvlrinvraFTALIAlilnri'nAN (High voltage DC supply) i'mv1J55eriaotanuiitioL'.4;j'Gyhot 

(syringe with metal needle) Lot.,--TaTet-kli'cu (collector) fl'151/i''11'1V,A1'666f1IPIdi:ACIL 

ilf1ejnIcLICinn5lytir)o66n 

ram 

linlillinLyinficuL5111e.i-rd@leinatanuri@k)tai 

'd@len5atanuitOlaJoi anatmuvnAinolvintinu'dFAIPwitill 

citinlv'I'LN4Juact,Jaatioinh,l-nnivnlcuanuviaificu-Tem@l'Icu an5aitd-JEJL-1,0J6., 

661IJVAII.dt'AJVIM1711 66atvasinwilitilueim9A1 whipping instability 67ill'AriOn-m-toJE, 

6111011dtalE1 LA'LlEnialLLNLALlejnivArnalliiL-12LAntvin41@ld`1%i'`UfiLcuu 

laiUlfi@ (Non-woven) illgiwo@lal6iviii`d55Nai dtanEiA21,3t@i 

micu LI,A1'..hici-A'1211.n (gravitational force) 	(synnige 

pump) 1151PW1'1623 (pressure 	gas) rilLeitla 

(stationary plate) 	(rotating drum) 	 111 LfiLM.d 

hq,nulviEnuatlNa3ttl'FivelmiLicrlim@iftl3i 

ru--j-icorn—ILveDifiLrjE-AEA 

1. A'nEloylvIn '-inn-1501n1J-rml Deitzel et a1,2001 	Polyethylene oxide/water 

TriivN) bead '1,`'izt'uLA`t,auainntw 	 Tayloi cone 

fibe- jet l'iLta)".91Lknr8Tr161,calici7131PHILvayltali 

2. 6-P-InnliNT 	 Megelski et a1,2002 X23 Polystyrene / tetrahydro rd,ani 

lcunnAnbn owcu--iSiEriNii6vyln151.1Ami@lik:AIJ@ity'hlv,A1,4-1LEJ'hanluotgizMp, 

Lotaci.inlvAiivtCflo bead 11,JitlicutA1ltEL-1f-12 L 

atmuriArt.26-111aiam5dil 

3.-dtErtvinl5toHnllionuAtval collector TinnnAnicui-ru@l Jaeger et al 1998 

Polyethylene oxide/o 

5tEltYlnlaolAtlIn,rAci-Jitrlo bead linriisdL 



4. HTILL6riictnaleriatanulAidaAi 

Reneker et al,1995 	Poly(ethylene-co-vinyl alcohol) PropanoliVVater 

LfiLL LA'1,11,sciiiR -rInco!i@Eaii,o1Fieinv1-1112/1"mlicric[Tma-ni..,gtFile -)1$inE4cuaotii] 

5. e`YlklaildnolLn-1511-11,A1011 -pmleriatann 	 Zhang 	et 	a1,2005 

Polyvinyl alcoholtfl -IEJluti-luatilfri%F11.imil@LiA@LcinimniTtlillithl-autliliitlJli-Hci 

di@ L'hAnSolvuiLnumnf-Au 

i1inaal6ot31n15ntwiEJ'ynnLwI1n3-J1i6LR.o'2EJ 
0 6' 

eritatanboALI.nwncon viR -J1Lerart-ILLnnLritti5t'in@la -15-atdiurru' L'ii''L 

tensile strength lliilui,?'fifLuitA1'37r-dcooi,AnN 

6. R'IlLallY1501LF1-15t10/1Ell@l6I'T1711°Za -IEJ 	 Megelski et a1,2002 

Polystyrene 	m;anulLeilouNenn@l6i-Jvinotdnu 2 '6i191g@ tetrahydrofuran(THH 

RTILeinayi5oVun-it6ouiti Lot dimethylformamide (DMF) 6TJa'RTImeinLiwILii`n`ktioiq, 

V11 	 THE 100% -tit14'111,11h1E17113111HT1Lrillql 	DMF 100% 

microtezture 

n-15V614EJLIALintaLPJE 

2.5.2 TraT@A6nIvi5aTivill 

'cl'46n1, -1?i'L'il,SALNn50tInLn -li-iionlyi5m:1-1111cti‘5tNnAiiikvonnviam 

1.7n'AuivinunIAILLI.Jalntt -run-nAnIvIvYjLt'llTiletqL1Lrut4-111 

antonE.tvOLLaii-Allumn14enalilv-IL i1"1561H127d@lLL capillary Lov6shilovt 

3 lit,Lny) 

Single configuration Isti capillary 4LLIE1-16at6qa.ilm1.-A'LLAI LFJ Vh61:LitlEli/Iyi 

/ictIoLk -J 

Side by side configuration 6'iiLn1565Eil1invill11#1CLi capillary 2 

anwtmmiN@Lm@i 2 oi-hl roptiAltiMnvi'tiEn111,ALliciiiilei-rAavi@lciN@LL'epi 2 - ,'>71 

ini@kmailril 2 'AO ilirlozdnEiiriLomvinlf-M1,-jialaunatd -mni=3%12ii`ill 2 @@1)..c-ti-111F1'1.4 lac 

n-n-tlicolcvTri@lanatanEA 2 Va-i-an6Lgul81l 



14 wffitit 

bill) 'Tiq/10 fn 

()roc  deli ;et 

Drug dell,-or, system 

Citirr,ratiC noniat,Lier- 

Flectret 	Hie.: diceiti 

Polymer 	 Solvent 

Nylon6,6, PA-6,G 	 Formic acid 
rt 

Polyurethanes, PU 	Dirnethyl fcrmarnide 

Concentration 

13 

, 

1-2 

Polyaniline PANI) !PEG 	 Chloroform 

Hydrochloric acid 

Dichlorrnetharle 

Acetone, acetic acid, 

dirnethylacetarrilde 
12.tip-at`iir Me Laurie Cellulose acetate, CA 

Poiyvinylearbazole 

Pt GA 

Pt GAiPLA/PGA) 

Po 	cohol, 

Prdyla ic acid, PLA 

Poiyacrylonitrile, PAN 

Polyethylene oxide, PE() 

Distilled water 

Dicelorornethane 

Diniethyl fititmarade 

Distilled water 

a/20 rinl 	Scaffold tor tissue tra 

7-10 oil✓ 

Te.trahydroluraniriimetoylforma 

mide t1 11 

polyacrylic aciri- 

pilypyrenn 

methanol, PeA-PM 

poly. ',any' phenol, POP 

91)1yC 	lactone, PCL 

Ditinethyl formai-nide 

Telrahydroforun 

Cinlorniformirnethanel fit 1 

Collagon-PEO 

Perspective 

Prole ove (;intn;ricr 

Ele -Tr(- , 

Wound hesiing, 

eueriineermq  

Condu(mve 

Coaxial configuration 6i_lu6iwrAvIA1/1-1LAulFiciALl'inlvti@i 	 core-shelL 

6111911W?J@1 capillary 	.-',1i5tn-e-yt_PJEJ capillary '611tingit capillary M..J.LMn@iyi'll:L`L P .1 L19, 

capillary ,t1n5Nanata-1miN7kLaiaan1.c4atanB6infict,'ll161vlocri0S6L@ii'l'ain .11.:Li--:9., 

core v,,,,i-dNoOcucv9in.9..AL 

141FILL1j1TialO'nliittn-n'LgrAv,ajto7Ap,nwnA9OlriaSieLoicAliiailinT.ILLtAL0 

iciiLPolymer solution an5ataamAI@SLI2inimtAcilv%Lw)tflvilTricorincifiq 

17Vi@lrinTlinliViotAA'camrIlflyhti@i 1J'lit'lEliTral'TV7`latta-lE171L1/11,Intall 

Polymer melt ini@k12ivia.alimm mM-AnoilLtunn, electrospinning loulqinp`o..f11171 

pVLOAlaiLli@ifAaiti' M11,6q.111A93-JLtteM1LVW3 	 LliL Polyethylene. 

Polypropylene SiLiPw 

V1 15111 1 	 electrospinning 
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1A1@6'LLaihrilc4-111 mnrinviloCH 

intt-Junn 	 filannn-in 50 /317(;1 

1 6t1n-n141.wakl2iitimuvanimanuclinlvULA'LlufiiaunwInIctiliilALyAn'',,H:-] 

eiaLawat:AnnniTt,'qnPl4iVAL 

2.5.3 ni5thtqngliunlculiAlLcu@iluc4nuvill 

rin5 LJtqnu1itifAHLf11661i1116 

ILn151:cili_llivramnn5Low6LLateuiniZfitLS@nliv\ALLaicinficLUiitnln --, L 

(biocompatibility) aaticAn anm%-)EiauminEVI,unlnnE (biocompatibility) 

Sod@ivdL poly L-lactic (PLEA), Chitosan, Polycaprolactone(PCL), poly ethylene-cu- 

vinyl acetate (PEVA) 	nnTLJtqnc,Hvinlklunnuocv\n/q1LLooteppnoweinLT5oLLculL6C16,>, : 

(Tissue Engineering, Scaffolds) ni5t150.-AJncyivzoi1ilvct,. 

14Jn551.iL @L
A  

@041u'11d1 A4t@i6fil.11R5-1
A  

@JEJITafl5L01cllllm- lymav
A
2 62

c  

nn .l 'L-11L'ITI6cu@ibuIR51 -11v.-iish'k-j-111.1T,w511A16t@igaiichilliX66ba6gm6nntlAnnfr, --1 

51.1fii 3 iiik6-saga-anwFriuSrapign- n 

extracell.u(ar matrix 'flA"-JEJ 
A' A 

IFI-Jn53dvuoLunL1.1-inlulu J' 

Scaffold 

3 aimlnnw 'runluumnkonan5taunnwu'LlA5 -iTtill3dIflinota nt 
 
r,-Avoat3 

nnuqtlnw,d (Medical prostheses) aiLn-m1-111.11'tinnhtlL@5'EAtLiiLL 

SulAFJLCiaLoViwu?invi'lisdaliLL6nnTnncLi 6a-12.-j1A5tha-11/11MuainnalnnA;-r11.1 
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the new technology of Virginia commonwealth university Ligin't9unnYti.qtL'Ilint,Inu'e, 

IoCi,sti@aiLvt..,Ailtala@oLkoLciuL 11-111_11;LLn -n. e,ini9r1iin bypass i';NI0ELLvivin'm-14i,/,@c-',1 

1:6'@Onniin Professor Gerald E. Scheider LLat Rutledge Ellis-Behnke 14?-innInb--i 

linivu@iffiLh'gulA,@1@ii11.1L (Argenen) @taTilu (Alanine)Lot 	 (GHtamic acid; 

16 ILoqoCiEJ14-illiv-ILLat19 -ilucut f3-- sheet Via-ilintrhElei)inn5Ltli,aulp-,Jal axon 

4cLanlvlidja`doan5tanElialfm. o@t1lItavin&nitrluaL@lcocyciqnv°ImnE 

waiLinilAi-JuLeMLIctail21?iTtAtpli'mnEja66a6th-a -rviLiniti@O,LIRlinnn1L11,41,:yilfin 

lnu'AldilattwrnLviilmilLn-1566aLLL6m666akonnuct41,:fi 

IlvinuvilaNa (Wound dressing) LiLiciA161J@ii'mnalA71-A0691taLkiLilth -J 

lunn51111,chSvnoilaNflv,iiii6innesns A'ailltAel-AteniszYcnalLova -J1,(llinnn)-ic&111;' 

LLNLIA'hIA-J L,Lat611A.Afl51'11171'111ii1A0611/11.1it1J1311AVila14'1111ANmAnElA LLa 

nn%flouoNNulgin--i 

auflViCiHkinu,inlailA 	 tHmliii\OLL@ii715,1a,geivCii-leianuUL@Alv):- ITCiE 

loF_Jailino spray louliolicri'iLLN 	4 inl@Vri61I1i66k11nvii61066N 

1@am6vw 	SiotAld 

LRi@11-2-11 (Cosmetic) looliLtuLm`i'alil@ILn1511-11Lt@vno-ilLql-Tjrn 

2Ml66kiconAn Lci.,21v-InakiuLhiluacuitu-In 

vtiu einT14-1R -udeiten el-11:1741flY11.1'04L an%261@anqio4cu 

vanmn5n1,?iailcu66ejlariincolulinkt@ilaulAlinaarinu6A"-J 

5:5'utflP3u VinliagcuililnaannIL5tE.,'afli6ugu 

2,_-,cucucil-TilEn (Drug delivery system l'']Ei6m)Nailw,-JiiLh-lTLiu,n;~3i@lh=a-11 in 

stchranwitNuilAyin 	 LLat6leinknwmeURI-JiYIT1idOli@L L11 

111'1111i611H1a8 coaxial electrospinning A-'1V`r/i 5 louerantwruydcA.nt-LiuncLThotaDEIcavIL 

nn5nTuTZv5inn5lcomi@lu-ilcia-n. ata -mWtg capillary AH1,:1,1, 

eat inluno),NiTtAikLLIJM711,SLl TOUA1.,i117d.  

P1ALLJF1113'EAEj@jalil1 

6riLemilm5FinnIounnTv7aitrauLLe‘iLatitrnvi SictA'u 



Ttifi 5 LLaollAuluLaltilcrJLtEi 

n -11;11,m -ITtIneiln 

inTlitqngkrunanwilein  

ILAHLn-i5n5alan LLsiuLA'culEct16'fil/rD,oanLA'LlEciriLAnItAtrtraLL3.5 

TcomLn3dnni,LtanInwin5alaci.innR1A'intiri..aiinn- nranEvvin 

LLaolTtici 6 

?cdciii 6 LomlNasnmwLALIEALMnalklitAcdflnynnm@am 

Ig@fl'lfliN1),IPT1111AIEJ'IEr11.11111,AIALVIVIZ-LILPS'D'UtIVrLHt@lL61J1J1/1/1'1 (protectIve 

clothing) Lori\l@Nricuan-pcvinli- nnyl a'alb..1/111L4i 17rJ1,4Ei 

n-11.1TzE.,nag-l1AjnI1/I`31dn6  

flNLilN 

v-a-rtALMnmexaluLmAritonPluldikl,W-Jm-A14-)16-1 niL l''31Y -' ùh''-16t1 (gas sensor; 

6-1'W1'A`l_JflT11.1i'@L (thermal sensor) 

nn5thtqngliA'nuielqon-avi 

LAulutollarktiaitrincovinlcuLeim6cuaOLvil@lla'amNfil gu 

IJ@1LAUIEJ 	6 IUL-111.ifIliteM (carbon nanofibre) 6111i1 -1613.,, -"a (Youngs moduLusi 

LLat1`y12nA566f1 (strength) 5 `dfli51'ILL51'11,r1/11L1151g1V111JET (tensile strength) 



SR 

g fltilsli5t1J1tIg 3 	IViit112-A219-1'11.1W„LILL'ILn'n 6v6dn9,l 	6 L1/11 

11'119Aiiv-TaqLeii3d1L•TemflaLTA/012tiolnzicigL 	14 ad h 

AlLL5unnikToEnnwiiLA'-JELcoMnilfu 

mn1w1131n61-3E, 

alinTamnIctitcrocti@ilocLAtNnglstillniniAul -&),6Ai1g 

1flbf,511551.1 LfiLIALLEJ 691La@NTVINaLLavvvinWerIntinuv7iaLcuflilCiEULthA 

J--11'11A5161'11,r1ITUMI191111ETI1 VtIAL 

evant19f°1-iViva1E25 vt'u drawing, template synthesis, phase separation, self-assembHy 

electrospinninQloun7vuTviniAnblciaisicAlri_ILmtiln9,,,gnicilAit9TILturinciov! 

L6atau15l-wl-Jtqv6 9.dlb1,11141,9r6tFii 

1'. -e-AnnlA1918nnwntiql.in5nryQnn%LatinmnilvaiTilj-18-Jill 

VialS)1)TinnTilictilitE,n4lifl,LvannvwEinu 



3 

rm'AAlflUvhni5vo@laiEnfitinT-4cCy-lotYmELLtqukitcaTncil-ILL-li°,,f 

e,inLni5tITU'AL6loqnwAit-rnAILLant 	von'wEn6urvIRILlaCA--rmlqm1LcovIoLil 

5-1Eat,Lu2T@ln-)54-Idamnu 

3.1 igni9i-iLcitin1518 

3.1.1 fl-i%oElinni,SEiwtn@cuNet,rviiEVI'16iL 

LiTalloto,fiall.annIll-ruLLIAVLCI@lf-iLLat15,11-11,ganw-I5LHFLiilucti,  111,6,31:141/1 

Lf1h,6t1,J61/1@'1W15 4'1111 (1.11/11TL)171i19']'11.1641JiLT@llnaVitfl@LOLY1i6611(;'iL 6,200 IM-"c)fli.A 

vini.71Xnv1@,-OLviIl gyilvilJollllinv5 75 ‘6. v• 	 Sliann-wivoacicmy-, 

66atv7-1nn5ci@1dIIXan@nvi5111JNSucv15C.JME14.femdtanucti6E1A56A5-itihnL Menc,-; 

(2006) 67S1lAtil@tA'JE C6H1206 	20 g/L, Urea 	5.39 g/L, K2HPO4 2.64 

g/L, CaCl2 0.34 /L c i NaHCO3 2.75 /L 

3.1.2 n-15Finblqun1qn,wda5un6oiEnie.vinunn5ti1J(91 

lInLeinnrih LLornaaniiiNmmTC1-16-1 -Jbeilcqn6ilinninianiLtt,A1,(1: 

ovi2a@lty,Eci1nnnI6mntiA1ni-olvin5nnLnniniaatyin1LH11G166ri pH, TDS, Conduaivity. 

Salinity, MLSS, COD, BOD, DO, NH4+-N, NO2-N Lot P Lt`LAL 

V15-111 3.1 NoLficuaatcianyilo)aillAyinaaainljnCAE 

1Ain5niavo5 

Feed tank 	pH , TDS , Conductivity , Salinity , NH4+-N NO2-N 	2 -Ii•\t.9i0-1 

P 

MLSS , COD , BOD5 Lot DO 
	

1 

MBR tank 	pH , TDS , Conductivity , Salinity , NH4+-N , NO2-N 

Loot P 

2 F61 \;".,;)itJI 
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MLSS , COD , BOD5 Lot DO 1 P55.'.'il31j\5.).Th 

 

    

a1n5n5in 3.1 NoLritildt1A115-15101@ilLR'Ina'JaillctIllSEJ Lotfl-yumn-15-JoTiti;i 

Permeate 	pH , TDS , Conductivity , Salinity , NH4+-N NO2-N Lot 2 5..,,';"L741_,On',,,' 

tank 

MLSS , COD , BOD5 Lot DO 
	

1 PW , 1 9,.r(7T-1 -)? 

EPS 	66dtRiiltiOLOW1) 
	

1 

3.1.3 nna@ntLucuLot6a161cqnwA-DinAILIAR'LLTL, 

1.11k,inanulyuLortilannallg-ricoguniA) 3.1 11Fillt naliku 

3.1 lo@tanuLLIAAHa@latininicinEnnytieilqmt-IA-D-rmaaAcuTofiln--,',1 

1. tiT'Ll@colICAA'lLRYItv (Feed tank) TL12 100 	'11..CrLd 1 '11 

61=uhndei 2. i-JcnniAlLIALLtnu 

75 	f/111LIAA`liTtdV„16-1'JLL'U'ULOIL (flat sheet membrane) -7.,L 



6-1'- @y;friulL5tcutblultlali.J7ILQiinrd@lanAtTiSMaci,innA'nviaa ,:',i111. 

vin -11 3.2 

3. &2-1nno (Air pump) vinvrtici71W@nnwafiNSLifiu-cLailqn6'-infinv, 

4. &.rtYn (Water pump) Vlavl'il`4,tja*t.2@hlrl6):'JLIAR`tiTtSlu,ial'hi.,Z-1 

1_151 

5. eilLrItiliitsingili513'1'l'fl'l (Permeate tank) A'IFJei`v,oneiFInv, 	100 

4-iv-rt. 1 `fit 

VII 3.2 r aancuTLItl5turvuosiL (flat sheet membrane) 

ens -'1117 3.2 lwalict7FILQvinotToloavuTuluyiul 

qng(vCIP Lwilat . - ',L-',LEJ91 

th. ctl,f1VILLLIAJTU 

-Ta 9 NPLIAJI:u5u 

Tun97,lto 

61.1LL'U5IAVUtlajU (flat sheet) 

iNaSLL OS 

0.4 13,.biLlivi‘j 

3.1.4 linnn5yma@lcTinl_Twi-ALc05 -114 -)91--itin.'ilviroviatt'ut`j-1179111-1L'LLIA, L =-:,:,,  

cul-]ntIA-Jp-iyulaucuTt.). biu,d 

- 

- '''iii"S'ev\o'n1AT-ILHAAlusdalmtn@cuN'6.ruvti6 



- AvihmallfilntlaLantoval?mlvISainiqunTAN 

3.1.5 vinnn5AnWrd5OYMcnniAlLtatvaiiillid0WA'@3ilii iiNamtvitvianimor;(LTE1 

oaLcuTw l@iin'15aa19d'lLlidru'ailcaLLeniJ 	1SILL1115mnfana5Lh LLt,'1 pH '',JEAL-i'Talt..  

Lcuai InSud@ii.191 LciicLA 

3.1.6 citnn-i5AnblaiinolucuAnb-utnn5qhm@laaRcu5tail@ium,lai'ilm‘.5Lhr,-qt, 

ylim@ilvaLaiilolcovut l'3EL1/1q`1.19V1'111,mluoz-ltvnlniug-inil lG1rLf1 nnwt_ijuulcum-eirrai 

Pumnam (Pressure drop) Ilatnnwt_FALLI,tidn@lATII.PIVITILf-mn@l (Filtration 

resistance) vtiwicu 

3.1.7 14-inn5FinbilunnynalcilTriilfl'e,incuntu -Jun -I-C,n6ILLcuteilqn -A-Jp-nALL 

Lcu7taci@iLuitiklijnmVarolLicinkcu@ilciAl&amicil 

LSEiciv96-ILLdt@@n -In5t,tcutTneLY1ALLf-i 	 oiL LL@LILLci,1L 

LctiuiL 

3.2 immUn5n.liilgiun-15vioaN 
3.2.1 qtrn56-it'tillgui51Lqinii -larlimInLSO,I.A@Tri'rdct7In-I• 

1) UV-vis spectrophotometer 	ThermoloaEimnwYaa 625 rr, 

2) Colorimeter Nviiiw6ii Hach analysis 	DR/890 

3) LnS'@12m1'1(1-111 

- ft-ilii,ciiunwi4-11 (pH meter) 

- 	 (Conductivity meter) 

- 6Ri'ali211PT13.1vbuLnSa (Salinity meter) 
0 

- A@liolft'Lltinalalatannnvilci 	(TDS meter) 

- AN-Ton5oill pH meter iL PCSTestr 35 

4) LP-ill/111n (Hot plate) 

5) mozonct_qmal TtrmLA'llesi-vuTAnall 

3.2.2 an%497ALryi5FInviilindo 

1) L-inaL 

2) Folin-Ciocalteau reagent 

3) Anthrone 

4) IsuLhltigm@niwi (Sodium hydroxide; NaOH) 

62 



5) nwtTaihin (Sulfuric acid) 

6) H@1ilai@iqf0abl (Copper sulfate: CuSO4) 

7) Sodium potassium tartrate x 4 H2O 

8) lEdalulgIniti@LIA (sodium carbonate:Na2CO3) 

9) Na-K tartrate 

10) n6Hei (c6H1206) 

11) E,i1j13L (Urea) 

12) LIAdC673ELIfl@l (Calcium chloride :CaCl2) 

13) lAIARLoveYharolaaLTU (Dipotassium Hydrogen Orthophosphate: 

K2HPO4) 

14) 1,6dLA11.11,01M. 6 WMTUOLL`la (Sodium hydrogen carbonate: NaHCO3) 

3.2.3 n-II6Hntcy'lr,iwi-,1 6-11/1-11v)ficilViltgnnwodal 1AL6ii 

1) miLiArilwtn9cuNkal'i6 (MESS) 

2) triLlt-uyi@acuti'a 

4) 13knuaa4JILLCE-lul6irt 

5) 12 -11,6-'41A'cuNcucvi(icvekm@inpactAl (EPS) 

6) i'lli-iLl'laW1TILklfrIT@ariMIA(FliilAdi (BOD) 

7)i'-ilfildna..wrrw'@ln15@a4Moori'lW,lil (COD) 

8) trilinQ@@n67sLvol' mannin (DO) 

9) tAliatlitlaviT/1 

3.2.4 n-e)LRyit,c -will vilmEltfriVilunnTool ikLd 

1) i'lH'Jildildnwi4-11 (pH) 

2) '-ina5'1:010`tAhli (Conductivity) 

3)i'i)-YiliLgil.1(Saltinity) 

4) llilnunlAli7latanel (TDS) 

3.3 6ktiminiatign955LATinUl(9ii.leftiAnnwoaN 

3.3.1 	11`15M-J'Yon EPS miltilmEw 

1) 1 mL + Anthrone reagent 2 mL 

2) cil-arlililcuj-i@uqfuvici,iii 50 °C L6A-Jan 10 rofi 

3) i;111-7-inhertifi'qww,pliX@1 
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4) 	 Spectrophotometer ilFrii3dunISL 625 inn-, 

anuvortionutincu calibration curve 

5) 

3.3.2 	f-)-15v)y)vToin EPS 1`551u 

1) AuLa'alvi@icdd 

an5thtnat A 

Na-K tartrate •4 H2O =iiciin't.nL 

Na2CO3 

NaOH 1 N 

2 g 

sinti-JL 100 g 

iitrJL, 500 mL 

an5oti5trin B 

Na-K tartrate •4 H2O 	iTtinL 	2 g 

CuSO4 x 5H20 	 invJu 	1 g 

H2O 	 '4-1tir314 	90 mL. 

NaOH 1 N 	 4fluTQ. 	10 mL 

a'151i5otfI0t C 

6 '' aT11 Folin-Ciocalteau reagent : i (1:2) 

2) 1.1-1Bn5A)Eiallin 1 mL + anT)J.zn@ti A 	0.9 mL 

3) 1:i2Jnhil`t.ii9lii@Lquid 50 °C `rliLLTO'l 10 
.ct 	d 	 — 

4) 1/11LWALEJLIlqadliig:1Pii@l Vint,rt.g611,1 einyLitnati B 4Thing 0.1 mL 

5) 10 	cri1qttro4:0@1 LI,A1;11.10`1TLITe,flatl C 3 mL 

6) `11,5 AL 10 Lill vq20ii,1311,1@lilHi'l '1111.V1I'lllil6M1t1;?vnLLA`5"1 

Spectrophotometer i%1HTILEJn 3AJL, 625 nm 

7) tialtivilutfiti calibration curve 

3.3.3 rylwy)vToincolA'n6 

1) 6rioui-)@E1iliIncile1-rwirriM@161.1@RTU 30 '011 

2) Vinfm-noa@l6iNISj@e511 60. 90, 120 ,150, 180 LTVI 

3) ilia+141Vgliill'IlAiAflgkiflP5 

Ida fp?, _ 	 



11 Ammonia: saucy late 
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3.3.4 	n-)5'-4on 

„ 
1) Mt`L'ULF15@1 Hach analysis 	DR/890 10Lifl`n. 	prgm > V1L1) 64 

Al Hach analysis 1U DR/890 

2) l Blank j-inARin&I.Inv-ali Ammonia salicyLate 

monia satieviate 

3) 6n11olnunlunLL5v1J1J1dnIrithl Ammonia sal 0,4ate ,c(In9A9/5L 

4) 11-1 Blank i,Ltiilni,FiE 	t%1 itur.'niijnAuTinmavTAlt Ammonia Cyanurate 



I:01J Ammonia cyanurate 

Blank 	 yi Did Hill 

5) 	15 Lail -Irr[7co.1-111JILAinhl-wiiLLaLILLciI-11,g1 -11.-JeJ6 -i'e--)1 

Hach 

3.3.5 nnILP5-1tvinlaJblv°1-  
L-' 1) vilnyuAal Hach analysis 	DR/890 12Efri n) prgm > 	60 

2) I,PUL Blank 11-inA'L ,rincLaL Nitrite Reagent 



3) 6rr1J1:ai-3@Cin11,1A1ih'rwAwyrriaant51RinoLilnLi6AL Nitrite 

Reagent 

4) 15 mil -iiilutv5c6A-ol Hach analysis 

3.3.6 n-e)Lo5ntiAOTIAINicoloi'a 

1) Hach analysis 	DR/890 Ibfl'15 na prgm > 17i1J1," 79 

2) Blank `t.nrIA'cu vinl:h.,ah Phosphate Reagent 

3) AbIA-1/111jUlLelllif156'TYVITIAILIAJCUTQ,1-31i1j`t,Ctl'11,-JiLFITJ Phosphat 

Reagent 



4) 	2 Iiicinirt%11-1111 -1 ciAl/L1111Al'OOltiEi'aPThi,fl5@1 Hach analysis 

3.3.7 fialviat,iiitfilrituATILkln-ni@@nCvtarilLHil (COD) 

ill COD 141.1'1E61 lana,2EncTmcAlvaii@5f-I'l LII'D1 1141-1nc oxidize aTALT-i'jE 

s'-61E1a-Mtoii(JalEtiiilinIA (95-100 %) 

oxidize Ilu'i-J6VIL@@nroLvtain16n1 (Strong oxidizing agent) J-InEWiafrati-d'CrisjLin. o 

eimn-ryiii 1 

CnHaObNc + (n + a/4 - b/2 - 	 nCO2 	 (a/2 

3/2c)H2O+NH3 	(1) 

1-Atrjaalinn5nmflatVIE-na,  COD m`lEiii`u BOD g@eMiErvivt;')=Ltici, 

j oxidize vt.,1&-litaculo@an1,60iricuin 	 BOD 

COD Iii6-i-J 	(oxidizer) A'lnan-Jaa-  '51uctinin COD 	 BOD 

?m.'=Lcrii6-,anicuaLtcja oxidize 	ainleildt.onnullivi@limnt`u]ldni5QW6),Tvril).-it 

(biological assimilation) Tala-iwilan& rdu nalfla SncDL maalaa IJ6Q.1ni1a-J-JEA:L3,1 

eril,rviiilllianlinwqn oxidize conl'Tnt,tiLoV'JFJ 	COD 	BOD 	It 

n5ti'Aj-uaEilacodiCJtnli/N-JnL6dcw straight-chain aliphatic compound, aromatic 

hydrocarbon, pyridine uat betaine cdtcticiaki; 61amvan&tl1.ian oxidize 1/1-111'.47,, 

COD 	 BOD ‘@@1,01010-1AL1/1611'111-'"J 0 halogen 	Cl-, Br-), NO2 . 32 

uat Fe2+ iiNalialckn COD iiinlinfin- ip-raRcticLal n-n1A-1 -1 CODt . NaluL-Jan'10,10)1, 3 

T1.1. 615lI1A569natILnnw-JcuqattlytIn6ri:-JiLTIT-Itanlinwufit'AEouniAl@AUiriLyi-J4 ccc 

1,6  1,1.nnT05tolLin BOD @6-11 -12 

Strong oxidizing agent cithlIct.fiTirwin COD L'kJtifiLvmEi6):-Jk potassium 

permanganate, ferric sulfate, potassium iodate cat potassium dichromate (miriF--i 



COD laCtiI1JaLqiE1aIA5LINviitiltEallifictannal5-1.-11XesiaciAct:nCskilai,LatLato,a -- ,i 

vafinn7m11StA@ 8r1'61,M5(Jan51Jmatau n oxidized IcEltiLeiLtiiiEJL1c1%lallginT-JtiP1), 

noa611IL6651 (11.1.11:t'itinn reflux 1,1719°Lalri'unntLiAEN,W1U9JElel'1%R31 -ifIl% -,illii- byT-,;.-  

vin1ill.5tlA1;'ola6TiEi3d2tol@l56Loffil 6vS@@EA1E: ferrous ammonium sulfate 1PCVi ferroin 

Lt`tActALflLi TYiEbri7■111fl,thATtl 

3 Org.carbon + 2 Cr2072- + 16H+ 	 3CO2 + 4Cr3+ + 8 H2O 	;2' 

Cr207 + 6Fe2+ + 14H+ 	 6Fe3+ + 2Cr3+ +7H20   3) 

f,inn56AL AgSO4 	catalyst vinialcuffnlu-Innan681oaviialciAnnnal-Lit, 

uncoLnaiLalapnl (straight chain aliphat,c) 	uan.v-im.4 AgSO4 

Cl-, Br- Vi'a 	'IA 66091 AgSO4 btu catalystIts1116iNal'unnaanGilimaa-atitnatviaa 

aromatic LLat pyridine 	elicuirruii?i-witiii -a CL- 	HgSO4 

Cl- 1.19;,@0‘tqlJTal mercuric chloride complex Inu'A'otlaranwILT-inXi6i-JaEj-4ilFIn COD 

50 Lin. /a 4L'I1i1A66atL61itg@ld 4j101@1,111116R5T.14-1 CODitA.LATtilEc&C-1 

1) 1,?i HgSO4 	0.4 ni'L 	 glass bead 2-3 Sic 

1.1W 5m K2Cr207 10 La.AalictiminlAinficu 

2) i@Ed 	6C 	nw Sulfuric 6i3d11).ci-riN8L AgSO4 o5l1J 30 La. (iii @linii) 

3) 11-m-Jacv\16n6rAtliaf11ULP5@ATuLa,cw 

4) itin Blank 0-)Ei nuanaL 20 La. 66atunun6nH-11 	61/1.1atAlITM'ItiA1e1, DLA 

1,1P311'1fin5i'vanentilni@Liit 

5) ilifiLmlnirrAL-IN K2Cr2O7 frirvia@ 	 Fe(NH4)2(SO4)2 

loCtilan5aanE ferroin vi.lcactiALRLviai 2-3 	vtiln-nolaELLoialTlawaLl 

Lfhiaiol%n@LLilu-)LLata6.ialilimnaLLoloi7INay,1 dMITilr1P5it1111/15PP@UL13-16taLL 

(a - b) x N X 8000 

ml sample 

ml TC1 Fe (N1-14)2(SO4)AMv1siwi Blank 

nal 'd01 Fe (NH4)2(SO4)2015c. 

COD, mg / L = 

a 

b 

nz. 



5' 

Normality 	Fe (NH4)2(SO4)2 

3.3.8 fy-1511mnti;khditu@on67.mtatonn:n (DO) 

Membrane electrode method 	 DO meter 

TilkilTilIA'f16(§15`1111%1ANS1111JLarla@@(-1671L'aisi'llid)@ (membrane) vv 

RTILLUIT.-ATItlfitl@@fleZMU louilLumlaOL working electrode nn1LnTi .ct DO i;it 

T61.wtliALoy;61.1a-155.unwviDnOcuilivi-2d-Alu-i 

3.3.9 ni51flYiniit1Ilinnsv`YILAA*.ai'i6 (MLSS) 

Mixed Liquor Suspened Solids (MLSS) 

@5W2lAIllde1161 .1@il1'14111,i5tttl Activated sludge 01'01b.d1AInt-lan5LvvyLo@uVia (Axed 

liquor TilLottn@lNeiln,tvdillIniuw',rn@LNqictAllueilaiLonnncl niTvrin MLSS 	LE-i:tss 

1,Lnn5R-Jtiln. ttuctIT(.'ioj-JulouTZIALflic,incvglma '6"'ViT1T1.)1@l@l1,-15vi@LldT@1", ),'; 

(Food/Microorganism Ratio; F/M) 61114-1L -Jw`biTIn F/M = BOD Loading/MLSS 

F/M cl:J1KJ11.1e1-14'QllifilldTVU`M_iTLY01.116FIEJ6WIJ Activated Sludge nAlatt, - ,.,,TticLrLIT:(61,9 --d1J .64,J 

ilanincol_ol@l4otitnuticIgnA'vontticu hla VNW'daZILVII2nni0(Aeration tank) 

imaiiimhiFi(Aeration time) `01L'in,ANdilYsi(MLSS)LLatlitA1/1.f111/1'1101tlit 

Tisi-Aiiiutlitin:ut Activated Sludge ciiillAtifib'llicitiaLna5wiaill@ii,rinnhi 90% ,ot1:1 

6Pwi- u F/M ilaiL 0.4 loo 	MLSS ay,1u-li-gctitl.FIN 4000 - 5000 rJon'IL/6,P5 

1) et115.',vlbf15@l112/i'LLIXTrAqwvig-,3i1 103 - 105 alcenvmviitia C'iil,Lwn 1 T3 161,1 

1,ritau 

LoAnvol@iLLkrjicvc[Ill 

2) Tiln5tonct4f15@lallLnuct_)!Ilovai6twi@Li-if-i.uv@lq -utrifincl 

3) lifcilinAa'pn5.wnbn@ANCJona6-nTioLAS@loejtm-InaFILI7:laln5tc,i-114 -i-r-JEJ1Pv, 

6cur15- u1),61wa5 

4) n5@l6iainlliiciANaLLinficALLA-J 50-100 7.1.a .6- 1 . 1,PEliii.Pi'Mu 0@"-M-171 662 l̀0 

V111 @5f1@51`JElliflA"ld 10 ilaHv5 LTioi,mnl'in'Ai 3 

5) 6i1adh66kytInnton14n5@5@n3d-1-ri511. taTLt6k 

aknlilli@ustA61ciX4.,govu,p1 103-105 @191nnovi3ua 

l'au 1 q-AL1 	 aatif'lcilniZiwulAjTvrinn1171 



nn54-11,rJw 

SS = (A - B)x 1000/C 

ISJ@ SS = Trim-ituamLinLau 

A = LninnnToto-NmnluatelminT,).anu, 

B =11-rvil::nTElmtvr6mal, 

C 

3.3.10 n-1526mnt,0 -1 pH, Conductivity, Salinity, TDS (Total Dissolved solid; 

1) 6Gi5uLnna
L  
tal,e,n5tvrdvA@yinm-ndat'awLR

A  
nlfii  Multi-Parameter 

PCSTestrTM35 

2) Lrcu'i"-J@Einli.infAkln-151 -1@6Zai 150 37.0 . &'15 

3) *.117TYPLq5: @1 Multi-Parameter tN PCSTestrTM35 

4) ndiwincwnylt,ziciiiA'@ln-nics 
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attLe'n2Eind-JAIATn_J-Junn5t7n6ninLSELi.i,,.tmtlJnbn.Ini-juki-ru.naTCAT721.Ln -ft.--.A 

fil•qn56iluninnancu5L 	n-15.2mnt,iXilt-Lan't4t1.,oe,T@11,1-ILFIELLT-1,-,italilviicN 2 

4.1 Nann5lin@titMevilfilfiqueiltilintrti@lunitUnia121gatrulnati 

	

. 	_ 
slocunnAn19-in-nyloanan- oNciliqiizimik@ludIt5Lat@n21,1,.gllinhol-a`A -15 

inn-iiI.IPILirriLnnnajlh.A@LIstil-ict.,n-e-ilanat5L (intrinsic membrane resistance: km 

'nfl,7,1_1 4.2 am-ANn-i5n5,31janke.inLoalLuTt. 2 HIlLo.n%iiinnnaiSuctA6IJa5Tn1PTIA4n-(1 

66ft1nfl-J-11..iklesinct.,ganAcuTu winctiutInn'-wrranYcimlnywh. t-v6-11ncrIA'n6Mtwilt..., 

eilkimaia.ALTanacroti'LaLniTi7 4.1 LLat,Tinfin4avgl.; 

6a1l16tiL?It@'IMi5allfld 1.46E+10 	 Rrn 

11@land6u1aL11taki1d 

al.inn5nif-Inl (Darcy's law): 

 

AP  

I AP 

p •  

(4.1 

 

R 
(4.2 

J 	 AP 	 p 

auSaial:nnA'L quvf.Pal = 0.862 x 10-3 ) Lat Rm 

Oct' a-19l 



R' = 0.995 

0.493x 
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E- 

20 

80 

60 
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0 	 100 50 	75 	 125 	150 	1 7.5 

Flux (L/m2/h) 

No aeration 	 Aeration 601..:min 

	

A Aeration 120 L/min 	 Aeration 180 Lfmin 

TA 4.1 , fliTI(Ma@lf11"j1-1E)111-111A'IMD1L1111LliT,Ot@'1V1 

4.2 Nan15Arrulqa46m4funTonvdolvillitcolvtniricun15icu6'-aLtatiAn-Oin552dn15i-Nal 

Ivata.mil-grvolfti 9 6%roil ertulnyueAvil4 

17.1Le'rwt,jficunnqonalaaqtnacu5tcutinnyilaTTojaLSELL'ut,--Itnali-n2I'unnl'5L;Jo,_. 

	

(Chang and Lee 1998) 	Laspidou aat Rittman (2002) 5-31.11vil Hsieh et at 
ea 	ti 

(1994) 8-15111&3d@iwrciniiiciArulL5tcuunnTiITLY9ItY-ILSEuttvsitn@LLITital3T-15f11160- @FI'J% 

Aa 1) 	viliASaiaird-Lf-rivAlL-aa6orririo,:4@ .01ttnaLNkrii 	Duro 

extracellular polymeric substance: bound EPS)1ALLfi 

	

Lci@n9-ARoiLL23a6uatSi@nitoF(91v3a6 	2) ?m1HAiLLai'71-Jnicriatonninfii6°o6N .:;:(L,-,-It 

cLiOEJ@@f10111,VJOA'Ell (soluble extracellular polymeric substance: soluble EPS)c4un 

?I'muvriEidtanu, 8n5-,Itoli6Loyyta@EJ LLotol@nwraLaoE 

@141_15t,tial_n@lan5lcriSLL@53' friorNnjtnact1huan -H-L61,Uwi 

nwE,J,in 



(Ji and Zhou 2006) 	os9„9, 
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Operation time (day) 

—4—Soluble EPS Protein -MBR 	 - Soluble EPS Protein - NIBRNarioliber 

Soluble EPS Carbohydrate -MBR 	 Soluble EPS Carbohy drate - MBR Nanoriber 

TA 4.2 IiiIntlAlcilai@iihnnvotmn'in (Soluble EPS) l`t..',1ilillilifLL'uctifillirrhji- frhu 

(LnItav,ILti 0.3 g/g MLSS) 

inn d1/1 4.2 9UTIL111-1%1AILTUT ,altl%.11WL1W6127'LlW1V,1tancoLn (Soluble EPS, 

Irinn-jirvinc';i-mn 50 i:io15lvni'ln@5pti-In't4,0eon:6 11A% 150 i_J-'6=1‘e-ini'llin=3,nim-xsto -,1., 

NStx`i6 lbtontianliA,kL@iii-JilniNatnul!-I'Litoicvmnilculsool5oLf:aguLinriv(liv-ii-; 

l`tAL 65 ii-oSf153.1/fli'l.7J9AVtilal4VIAY.1 

Rnilli1.00191@ij5t,w-11 50 - 94 tot 23-36 ilaSni'ldniirnlptn@LNScorii6 



LV11,116161,11,'IJIA/1c11-1'1%hl.,1"11`0,1AiLIJOi 

aoNLnn @TuctiLamtutonALnIuliAlruCiivryilmn263d5mniv'mlotn'm. Ne-, einlyl 

LL@iii'xvivlatdnujn 

B
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n
d  

E
P

S
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n
ig

/I
)  

0 

80 — 

60 — 

40 — 

20 — 

0 	5 	10 	15 	20 	25 	30 

Operation time (da•) 

—4-- Bound EPS Protein -MBR 	 Bound EPS Protein -MBR NanoIdlers 

IV- Bound EPS Carbohydrate -MBR 	 • Bound EPS Carbohydrate -MBRNanotibers 

Tail  4.3 Iiimnulcvlai@iii-)finiAmilma6 (Bound EPS) 1u5t'utth6l66tteilqnrarm 

LEEVUTIALPmuatiliOilicolliirlvtAi 

vinVvi'  4.3 inriAnInn7aAllrftnallIiIntlaini'6'LL@iqJ'unnviimia6 (Bound EPS) 1.,;1. y) 

a.1nn- 16✓in9i1E10 21 ila'Ani'avni'm@lt0ati 3OcorM" 6 'Ili& 52 ..loni-'3,i/n51.i'dalvItni, 

VoiNti7ian5IINLEEiil-Lrynnivilvdo61Jto-iymail'uloLmpi,fnAtarinritail4znn 21 

itirtIL 64 ii-oni)vni'mtialmTuN'LvIEl ILWIAt.lAISH@ 

ciniwi5nritcucu611.1"nt-lAwniniandLcu5uw,,A'-yiln-15aroltilvhcu@i 

LeilP2111,1.1 IOCILeiltrYd6 

''3fl'IlAILIJLIAJ171131L'IlL11/11,12i-Util01'5111:A'LlJai:'7hcf111W11Ltd6lit'Lf11/111A;%L.. 
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Rnilt1,0Low@Otwnl 14 - 33 Lot 13-23 ilo .Snli/ni.I'd@ARtni.cLai6 

NSAg1A"6tilnnwii-wmicriLmaiqi"-Jflacvw.i.6 

aoNl.inn 

4.3 Nan-nfiniq1f9126nhiiii6vIBIAlavi@n51,ty-rup9d21N6gn16u5v19.nllutyt_711.in9.Ilk 

4.3.1 bviBcolwoolfrithvihriii.moin-muNh'uctiiitilliivi@n-15n5mosulammAufi.1 

Uhn5niihn-riAl 

(MASS) 'nn?,11cvl 4.4 LL -aolnnHaEcvatialq-y13.Poinc,,n 

oaruTuo,1@ini5Lcu'Llanialfl-ramiLiuNSIN'in'otut 

18 

16 

14 

12 

10 

8 

6 

4 

0 

            

            

            

      

      

      

      

      

      

      

      

       

5.40E 1-10 	6.08E+10 
	

7.17E-10 
	

8.57E- 10 

Membrane pore resistance (1/m) 

pfil 4.41-3'ILLiiliilm1Vitn@LNS`1.41/1(it'itiri-15LIAELLL'OalFr'illiPILYIThfIntillq,MalaiLLt 

-InVvi 4.4 ininfl-r3aMot,n21NilLi6"6aillA. Tua@d-1=-IncanawdaELLLt-,--1.- 

RTILP)Lyr-itainEl1qm@5aan1u5L 

e1e 1m4cilfl'LlaWl.',i7M1LLILLIJ5L1r1fITL 1,i1Onag6',1,onE91,g 

fl-y-aielnAnoalfl-rg,JLill.AAEutn@LSLov:AIH-E_Jnn-qv, 



'°i'cLg0 -irn. @n@laat5otAkojnnn-J6111,onct.,g)<=1E-i-111 1PueinacovAnn -rZilnnw7lAci.r,Alf-il-T, 

qpiLanat5L6L@2Jni56fAilt-li@5H-11LA411.n@lvitnaLNLviE 

U166d 5ttl'UFMWIlatlah'1111F1 : aerobic and anaerobic) (Brindle and 

Stephenson 1996) 	 cunllm.M'EILLamliXLVI'vn nn5q0 6-)"c[A@lanAcumlli''';JV5_ 

A'rlAilrritA@wtnaLNLcoi'EALn-jnt,61i-i.-invoncili@ctAnql (Rose et al. 	1990: 

Yamamoto et al. 1999) u@nTuilETlilcuillnot..ME.JiLLaoll'ktrjilaimnLAiniTtAL.,-,'L 

(Manem and Sanderson, 1996) 

4.3.2 bmbcola6dolwynivilarrnedola95wtrywaouciiicion.moltNanninvligil 

trh'n5t-Iiihnm 

Icnrunn513-16-11 -ILSEnrucup,,,nat,li-D,ificun-nlAllantiTiaLi-J 

"Actil61,AiaTNeminTioaularill-ruliciei-riArtni4L@Einlin7Edink6tn-Niv7AlailAt,tm 

(Fan et al. 2006) 

9.0E-10 

8.0E-10 

7.0E,  10 

6.0E-,  10 

5.0E--10 

4.0E 4-  10 

3.0E-10 

2.0FH-10 

1.0E- 10 

0.0E-00 

2F + loc()."'''\ 

- 0.8824 

0 	10 	20 	30 	40 	50 	60 

Colloid (mg/L) 

211ill  4.5 Inly-iuginwnw@uricunnwAuLiniryadhLynLnaCILF5@laaiLt 



a-musyniaablu5tuummlIncifil-Jurvar-luill-a-JuTalalipnRCILciwoo@Otv- 5 0.01 to 1.0 

imInaaiim• (TchobanogLous et al. 2003) rzJltil -i'inLgulfiTivi.no?LTJvn@laiLLT,t, 
A 	 A A LoryLo@uotth. tn @tv-Jua-lliATILUTRI-15@ti,icA6LLatari5Evm6rmlailalvtitantimo-aA,d 

maALLat'a-M"-J,Viiima6NSmU TinTtki71 4.5 66aE5Fy11ieTLIATLitv.*Ila-ra1627mitayaiiMIdT,i0) 

ermLoIrto@uricunnwAuLaTialflxiaAnLvnwnEILFm@nalanAcu5L 

TNHT1,..4iLirtmlIfilnnon%LnLa@n7I'Lfac[AtailNaodn13inni@nnqohn@loiAiLtT-a-',5 

alNaliYm- oinvtinctanEILT@lp5@laaiivu-51AALL‘utwaGoltJalia,Aua 

4.3.3 ble81,1a/1@lli31.1-1CULtaMr10/1@ \Ia9511"16'1,11@iii`Lf1114 N6141/1i&Zali19.1@fM 

f1501/1@l6MWTER116CA1,16.91chn5n.1.71-anTh 

' -in?,1_117)" 4.6 Lot 4.7 crioLAn n-mriliAtmle-mIcriSaoii-Lfyivoiilvddaaat'anlorm- 
t' 	L  

LLoiTnrniAlatanr w, oa1Na vanoqxwiLvricuirmn@lcinnu 1.qjfn@n@l61.11.111.1TttLYIlnl, 

F
ou

l i
ng
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ta

n
ce

  (
1 /

m
)  

4.E"10 

3.E"10 

3.E+10 

2.E-t10 

2.E - 10 

LEH-10 

5.L *09 

0.E-00 

10 	15 	20 	25 	30 	35 	40 

Soluble EPS (mg/g MESS) 

0 	MBR 	 --0--MBR -Nanotiber addition 

actill 4 . 6 cAlyiwn5liAi&limiiHfrimatannin (soluble EPS) fitin'ThLcAELLLIJn1P,-rai 

Pitginnun-mn@AnnEitiiqn@noloaLcuL (tJi2dno,in-mSiLL-111AcoJw@i 0.25 g/ g tvILSS) 
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A .,  
'in cTtctil 4.6 17111A1111111%1(111'ilted@lcaunfuliAl&Lai-lumatnn.1-1 (Soluble EPS) li, 

5,tvuftaati,lif.iniahuilLildw@ilL5tcutvz,inLA'E5f-it4tatOtownl 15-40 me/:: 

MLSS LLatIcu,tvii'iricinnSILcualuloolLcui,(Itii -i-IfilQ01.A@16111.11:U51,. (4-in--)TnitpTupc-liVi 

11.ii.ini5613dunItilinivu@i@blELQ.As 9% 

0.25 g nanofiber/ g MLSS) Tz'hEavVIonTjqniurrvilniagivuTiainq't, 

■3 10.1@lL113.16'n11U.g'Al..1T.:111_11 ItSiTualSIEnr% v]n7cdci 4.7 veudnnnwrAilfir,AL --  

liAlSodaiiannmilvda6 (Bound EPS) 111.,1,-1 9,19JVial66atlaiiinn-AFILLi9Ar16ti@iltgtttiln 

InAlgu1f11.atat@Onildn1 5-17 mg/g MLSS LLatIctg5tcucuinnwILcunIcillviLtai,oti:',0,-Irdr-JETi, 

$11,1/1@562JII61iT0 .-indn5tutin-ruqm7113Tilnn7S-ILLalL'icriLtaiajTOULQEJ 16% 

F
ou

li
ng

  r
es

is
ta

nc
e  

(1
/m

)  

4.F+10 

3.E'10 

3.E+10  

2.E+10 

2.E+10 

LE,  10 

5.E-09 

0.F-00 

0 	 5 	 10 	 15 	 20 

Bound EPS (mg/g NILS'S) 

0  MBR 	 MBR -Nanotiber addition 

4.7 Cilinal?MliAlSai@iqi'Lirrvol'ilLetio6 (bound EPS) ITIJf1115LtijEL111111111@lP'1-14,! 

c;nviinunin5@lcf-y-iEllqnm@lanAtTu (1ilLnunn5thunluliihuoi 0.25 g/ Q MLSS) 

4.4 NanlIfint491_15taliSniViiLatErvralu,'Nia@lrilikiamtitruvi@ni5iUgiWiti/I@JIAd 

ai@iihnThingi'rwalailiVuTt.46102:11n15115tNnolitn11110,U@i111%;uu 

-if]. .itlert 4.8 Cii@l7inn5L1.1Suct.AloctTheeim‘6Tostial`NuirriALLwA'milunnTLN'',4A --. 

	

(TilmiNn -I5LivunloaciAlLcu@i, 	pH LLainOInElsan) Nci_itucu'uncuocoLeiLattt-1 
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b)unmimilimlun-ICkcolulovht@iTtiliil 0 10 

11,0--1 

( -In EPS 76 ilaniiini),d 6d@wtn@LN`A6"6 11AL EPS 27 iloni'ldni'ma5:-1:tnat, 

l'uvrilm5lricuinLvzcntA-yaihot7\10,uAlcnn5tw- j-ona%3ALval -gnMillln,11, 

Tetuf-itimwrUal.n@lc011nwenliiSLL@iquniAruaTvot'Inuaru 	ImEnninFTnObrilln'LL, 

5tttAt1/1-j'll 712 - 1,136 WH567361.11d1-;?ilNdllX1041115E06fl'It'6E11A1.11f1,1a'1IIIILLA 

qi-JflniNtLel-yvicnadru5Lviturictx- n 45% 0=rn EPS 67 i.,snili/nIlnalvItn@v-,-,MI L, 

6tict4 EPS 99 ilaSn51Vni"InavtnaLNSLIA't-i' 

120 

100 

1.4 
CZt 	80 

60 

40 

-/0 
C. 

0 

0 	2 	4 	6 	8 	10 	12 

Variation of parameters values 

---Nanofibcr addition x 0.1 (g/g MLSS) -u-pH 	A 	Conductivityx100 (micro S) 

VII 4.8 61diniminlc"m(1-11S1LL-A'amola- L'n -iTutNng14.1tralgliAlLti@i (cuiLnunn%E;)ail-t 

tALt@i, An pH 66ar,1nFnElcin111-0 171)'7Niann -icawaaMTLAInueinlyAlmincnniArtrtAiv.,,-, 

0.13,161A.L 

,rinFiifl 4.8 IcoitutirAnnwAuuLvdolin pH s,Ll@lt`U'UTVV6'11 5 - 9 (6iji@6P,L1,-, 6Ltir. 

Vt1@iRVI;  0.25 ni'lmniiA@lmtnaLNSInqn6) 
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lfilincian5liniSLL@inif1iiNtiliiiii.:iiaiLL'Em5elvriil  pH 7 Hao--)Enw%0A1T-itcii pH Ll1 

nanlvtunViLvia.ritaLii''elk@nniqijFruIvrdalNucifliultvull-16ninLh 

4.5 Nam5Anw16diutRiluu6rivt-utn15qo6letremaJa16tn9u6ii@iiLLaAliiim56G1artnTIATI6lyai 

liut,iii-in -111,9 -ie,vicifronnbcnactio'i- Edinildiu Scanning Electron 	microscopic 

(SEM) 66otn -15IRT-ItipT1121notAin1d6Twoona91i1016LL61JT1, (Hydraulic resistance of 

membrane) 

4.5.1 f1-15'11,M11149iflA'flIJElnf115q16irtINa11161J51.,!In8f11AV1f1nWillihtri/11U 

66'8561Jafila(15 (Hydraulic resistance of membrane) 

nt-u- Li--in@le.inLoaiLtm 10E -1`1ATI'''''11.J.Y111,031s0FIle 	 (Rt) am nm 

4-1L -)ulk -Innn61AEJL6rtianolm-Jia.AvInRiaLL6d°,,-,'nnwLJALLVtial'd@lR'J'1311.,31/11LP'rj 

4.4 

AP 

ninnw-15n5N (Darcy's law): tAR, 	 (a 4, 

al@ i gainn?ile.i'l9IAafl6rs, AP A@i-m-yiLki.4eile.maniLLcuL, 	A1--1H -y-anACMJ@ATJa1LVO 

66a`; Rt 

v 	 e 
vilcumATILvnanumnamnamywommt,t5tn@cuk]u fl-wrylL,f;invvincLgTInenimpinl-rdol 

fli qamAlL 

R, 	R,„+ R +R,, 

Si@ Rt 	 Rm 

Rc Aann-y-ILincuifriLLA"ncuurnvnallAtTu, Rp g@i-in-ra.g-iLvinupannlando..ct,„ 



Rp 
2.68E+10 

8.9% 

Rc 
1.63E+10 

8.6% 

Rp 
2.25E+10 

11.9% 
Rm 

1.42E+11 
47.4% 

❑Rc 

ORp 

ORm Rc 
1 31E+11 

43.6% 

ORc 

ORp 

ORm 

Rm 
1 50E+11 

79.4% 
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ILlIAILTJ@TL'OtttillTLI'1611,11LFIEJLL'UtfYlti,frIW:iqi'LfITI/NLIAJLIJL li,11.61IVIWAEL66tdleA1( fl 

m-J-11 -"nucvincuLsTslsoacInali-Acomm@lt,culAtaam1g1?,co 4.9 

(a) 
	

(b) 

4.9 n-iwAELaiJan@l -wyJili'hL1/111dIATtlffilaPil@ln-i5ma4LItticucil (a) 11.iilf-r1G 

L611.114 -11LicilLtai 	(b) 	 (0.25 g nanofiber/ g MESS) 

flflVi-l'  4.9 rilAnn-In@lf/ia:fin- tioliin-151;611.iv-iltilovlvu@i.6'LTnytAt,&im.-.),-1. 

Lrw-Inneitai-riinlArrual-Jvil!:ntaiLLuTu 

lueilcqnwAlwiTorialSinnTii2rmn7iLmvwmeilealciiaionnateiLunnict.AFJA4-, -, ,,Iti, 

rnwt:ina.antTuLLYinlii,,Lrimadahil...n@lorrliviL-rh..agnatCrimn62 -11ezioliLL&,," 

/1@l5ttit (L-inna 30%) cL,n -inci.lctAruni,i:i@rinnoll.ivili,giciAlLt@i1o1A:  (0.4 

'11-',n@LNLoi`E`J0 lcuttlyt'J'ntiolliLSELLcuteiTOInwAwInnandLuTt,A't9A-1101,41-Jantoi-i-r,r17,,, 

n@l'sd@l&-,cticumln-j-] 44% (wInfl-Jaminoumunnnmal5ttiti -yuL 2.99E+11 aoalLti, 

1.98E+11 	631@flanyh ounIulinlvu@i) 6cil@1winnnona161-1A'unauLan ∎  cake 

resistance : Re) LtLankcviqvA'n 

4.5.2 n15)tmltrtiqcuth'rmanfmqogito2Lannu5tico-Nnlon-riAlloun-yvicii6 

Scanning Electron microscopic (SEM) 

4.10-4.11 aaouncridnE SEM 	6@le4owt:HLIAJL'uLlt,',4ilLrmn -e-1.1,P -ILI 

ann-go1n1€1 lAltAird'Ail`6HTOYA11,1.11.1L'Ul.A.Inj (16/1 4.10) riovaunITI,Lni,-3-ooa@lifyi1/:t. 
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aton) 	 'dutSii)-nuinu SEM T@l cr0161.11.11,1inAelfrITL' 

( J1.1171 4.11) V.-,'6111AlLf1V1LiiilqM@TMALLIALTI,'bir-1 

'?YEaL1/11''11LWITUTJT015t1J1J1)1611111:AELL'Ut6'lqilV,AWITVILIDAlinALdtletttili-In'l 

LFL1.111L11A161iai 

1_711L6ni.j auflaa211,1..qu'r, 4.11 (a)) ILivins]n6'1JficuPanda, SEM '?Jal .,n5alandruT.S?i,f)a -]t,  

((v)C:i 4.11 (b)) 	tilieillsm. t)?YlLnoLcAupn -aAald 

LuTillAim',:nriinlTlainnTun1..n@l&LA'rqmiLcuctienvrinaiLLL'uTu 

TA 4.10 Pirldiu SEM 1.:110..ancuTigit -IffiaLrf-iwila@l 

(a) MBR+nanofiber (0.25 g/g MESS) 
	

(b) Control MBR 

vici 4.11 cfninidiu SEM vmnalaiLLIntSieur-an-in5@lImbilaatiliilnn5L6iliv-ILL'alr,D 
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4.6 Nan-11Fif11_41qftilITIAIIJNVIVIN11.IMttlTi..1119513-11706(1J11611ihrnAllihfITIARMILIJIIL1103.1 

LLaz,laiiinluFarolvlAvuoi 

4.6.1 ill,@/1 

Ndn1iw-lv-agiail6wntucut1511h'nt-A-Lfl11Va11JL1JTLO-Jaav4',1p 4.12 reL:r 

6/116i-1371111/1LTntlil'll 7.31 -6.92inc ,12T11..leil@ITtiqvUntIA2,f1TIAILIJI.ILIJI. 

t-'1/611 7.20 - 6.87 LLat -ii/Lavd@ljnifie\inn-i5t7-16-1 ,-orinvuttillihm6il'innIALLIat7,is,L 

7.20 - 6.80 lvdftitcAL31@c\F-c-mn,d-15tcuteillin6'?nfl-rialancuL,,Ad'-rriina -, 

14I'LL-111,1oiAlLt@i nu-iniTilL@TTd`Ifl'iLe114ITLJIIJloulL61ctiflnwAuncvlaaicuLi4t'i, -a:ry, 
t A 

Lt@ict@'ci,t-v`iil 7.08 - 6.7 aatinfrul L@TwAt.croNnuniTCITL7in5t,truolcLiflnr,n-JfInvlai. 

LtiLCALL-111:1,1Alvu@it@O.,v6-11 7.04 - 6.62 viAOulkjnini1LwolL5tucticinivuELLLLa 

Lgnii@u i'-riAlLaTILijuuLLIJaedaiott.Acjol -InNn51,n@lNL171161LtcueuLh,..i@nn -icli/ii/ri 

11FIEnivAilLAshylilv'4i -w-riLviiLnwri`N'L4L (i7\121-1) n'15aJ`j661ia5incriL@TI1e€11 

7.',"1A`11 6.50 - 8.50 (ali`103J)G1W51.1F111,1:Nq-C@IJLLIAllitLywityiu. 2548) 

7.8 

7.6 

7.4 

  

7.2 -

7.0 

 

6.8 -

6.6 -

6.4 -

6.2 - 

6.0 
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10 	15 	20 	25 	30 

Operation time (day) 

Inlet 	MBR —6— Permeate M-Nanofibers 	P-Nanolibers 

pivi 4.12in'ill,@sautillfh'innA'],f-i-inuaanvvionlaLatAliSLIcaulinh@i 
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4.7.2 qtuvirjil 

qwvg:ja" Nai@nnTlii-il-riAalNct,m61%tcuculInt'1211-iisSb (514E MIT,Oia'6, 2545) 

6LataL55tmn@l5tucucCint7oliiLSE -JuanAtTu (Clech et al., 2006)LI-inn-a -,mr.re'rycil 

qn.rv,f,ifilcutualaao111.8Vc14'  4.13 INIA-1,-,inqn,rvT,SA@Ail-iTivn 

l'incC:12T -In@n Lo.zqt-Tm-,p1E -1E.Avqn5t-I,Fd'w-IniiNLLIAtwilLii-]a0to -il 25.4 — 29.8 

L66aLTAJei 
„, 	 s„ 

5twjal 25.1 — 29.5 aswriv?im6dua @avinLona-- aw-r3donntalivi@nnvinl-A4alfrm 
9 	 co 

e 	 0 CY/ 	--A 

1A1Q1511J1VM1N's-lLYIE 	 Clech et al., 2006 ricunnnTulcuov-u,ani, 

5tutilqnau,}iiiin- n 17 @lPliotiviiva 	 MLSS 	61^11,1L, 11 -11V 
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,-onnNn-15FwInInfiLintlAal@@66-61:rudanull'n'ilaelleLquiii 4.14 

@anqmci,dotanujnIujichsnLin-16'11.rini:ot,a0twnl 0.24 - 0.63 

cA2Jma@n2S6viotanElliciAlintA-D-i-rhaancuTtal -ALatd-Asimn-m°J161. -,ta73. t1,,:-J -,t, 

2.65 — 3.31 iloSnii,viam IciAnacijoi/l -mn.mtcuteiloqmtuncriaaiLtoicLA-iii,1 

nnahuiLlciAlLtai cvnAnnciBlinunangsvnotanutict,LitlnTo-(A-Lfr-irmarocoqi-iLLtv. 

Lcuaiaatil-na@@not- rvinunn51`-161v.-,'@Otv 6-il 2.72 — 3.52 

0 
	

10 	15 	)0 
	

30 
	

35 

Operation time (day) 

Inlet 	MBR -a-  Permeate 	M-Nanolibers 	P-Nanofibers 

pill 4.14 IALit-u DO ITZTlfh'Mdir:Ln-rilaattliTtAthdttatiatthLictitinIttAi 

Lcu@itiinejlaanrinn--) 2.0 ilaSni)...iv@m LLatiothAtivnlii-nilinuEEngsLTIALLLotl`nIL 

nn5CktiFiuntiAliIm% voLitawi@n-i5LtuLFIculvnalLyuAilLEnLLoLyl@l511/1i'jr, 

nQ;LacuRilCiFiltairinulluni511-161a-161.,w'36flnitialaLatiLlm-cocu L@nv-inL,-6-innnkny-1 

T@1 Han et a(. (2005) Tvu- -wry-anilmihriallrilnuEEn€TmctotanEjniliolirnatn.ironn-,5 

1.7-r:i4-Juttctiu@Ifin01@ 	2 	 Lilalnirdilint-uannqmtiatd -ml:TVIV )n-y, 

66 
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ilv.nr'nlci)ftill,..ntunn5tinulua@nCvLactqcdsdaloonCvAa5LinejmaknlnLINLviLLEITtl. 

naoal -G-'ilNdIvR-roJamn5olounnEi@EaarieriA,LvICIflnicuact..ALtiLlr.,15LvJn1,,,Tilittk-JL 

LotbAnynlowrat3mn@anCvuatd-imlnillli@Luavlii16m-innIct@nnam0,14-3E 

ISIVI'15LR I @IkVITH1``Ifl'IC316r1061,160a1,11J1IrL)V117-d@l1A.11,1rtriVii'EakIn'ltii0.1, 

1.11A')W1.9,htlalLIJ5LAU 

4.7.4 01n1511-11Mill 

flflp_ii7 4.15 amilNdnnil'opui,i -inn51.1-111Ahlnlou5tutill-tYo61Tn61-,),nalloe,.] 

ctArtAninnaTt.1-1114-r-dalliiinnyryilRunn 

qm..21v-mlvuncrinnvrimATILLilivzi@llatiloEr.-JulLot..dnlinn6nAiLNaLLITIncw-rwrrn 

iiRTanilliici..rnenaDol'i6e,1,16cLithAdifuwanSaaLLotLnS@Ivitil€1 
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11 @l 0i@Vfil@LNaL1/171bOXattti'lViLln, :-Ati7, t01/13iin'ilf115n -i ,i'igaThYlW■51/1V; LLi",IttLfi6.1, 
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4.7.51-1fTflelii iln6iti.1-@On61.fL041.i 

kianvico 4.16 winn591v-ilginFMEITAniL-@@n63onYcilLtu1Jt1-10516:111f]nwrn3111°d 

oaLt51AcitiLLotlanii,511.nrrItArivu1i 

wriTwItilFi-dLaustlaaRAMLiillfilrit-iniiyHilAltanujni]aannaatfifl-ritrieveL,:11 

@@nsilbA (11.Afiga@@n6Lvu) Viej1p1121‘a-JL 
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2.117.1 4.16 FTfICikr%-@Dfl'"TiOlii'LlUel'1`4156i'af1TIAILLLLL7LSiLFILILLdtiliV711.1V1IL11Phlia 

ojacruv-15ari61 -1KrAVn21L-ao.nrnplYotz,JEl-i-ad119 n,J -Ine131ihnt-A-JfrivaLlAtL. 

LLa.-,j-iv-i@@nitsinunn5tI-161119J--1 iii-IFTfICAA'riqu---e-i@n67m4tql5,-,v-11 233 - 276 mV 
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ILTU otCikt'Llt6'1`qrtIA'JfITtivtlalL1.1.1,,d'°01d1")"111?-11T,F) L14-111,al'\itt@iultN'IF''116'A'fr?:i'l,  

Loq{91tLeilvioa@laatt°,7cinaaf- 71f,jmniTtIn.::, 	255 	329 r V 	̀i  — 	 vl1L, ,,‘ 

u@nvlfrdi":11711115-1El'ItAl`tJ11-10.R1'100f1'7110 6iiil'111,1/11111@l7IthiF.M6`sc," irr% 

650 mV a1li1WT,1A@L1t9f4CiFil3i6latikiMP  6LEvaflfH al otl 	 17-  

0,19/11M qvitUi 

4.7.7 Iliantun-r2a411.14:runaiLivriu - 
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4.17 cd13ruu.aliba1—locti>mmAL6fA LFIALacitli 13)1Ln1scald ruzi 
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LatalfVCI5E1.1^161'lli51r1n,11T11.11,411.1'LL.21.111.10, 	- 11,a;,-15r,.L9JEAm--)adn19,17,c-inco. 
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LLMALLI1H16110 i-JulvIt- AriLiloTInna5EiouidiEn@lan"6'vvit'611-juifificLAInt-1,4ELILA 

al@n,,,a-A@ILwinj-ILSELrion-n-vifraatei -avvi6v12nad@Eab.JULLheolooLIIiraioonlin 

ii-raminkilunnTtiAa3inyorma111_i5112J@lacnnyijn 
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iillnaan-air'jadicu'IL1,3151%) - 11:015hTt■,):filFhllhA'Ll'Ulil'LLLat'41, 8 - 43 .370 . .hil(ik,''. 

Tria.1M11.1b15146.0inlithati19,.1915a1..d IVILhi5L1.1.,/L1,9Lial'efinchTlhai-AVvii6Lblrdho-,,hVL.\ 

N ClA Cl/66t, 	Er[ATAla Ur0,10/1 6161,i1 FV.A @@ OL 761%10111;1 n TI/I11111A <FP 

1,111)IAA.Luatliann@@niit,:nwlmnIJImJ 

Autotrophic ammonia oxidizing bacteria (AOB) aTl.rdttlt 

4.7.9 trilrifigymiilrrnriAloatcolo - 1,1@mAloi" 

fln7cLicifi 4.19 Nanni',PvILInculv- ,,,y-J -ILLiiiciA@eiLiAlF.: - 
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01@fRimliiiliatrivinAT,J@@nqii,vorimAil (COD) 'd@l -i-J96-)ljneda@nc'Ln,,, -,,n5.., 

1.7-1641a@l5tculAant-Ylctidjf-n•dhhcrinermamuTalitn-nikAwtlawolLliAlLtoi vaAnFin 

1.111rin,wrylli@a4kvainwilli?lanitcutv,:illinInA'LgulfitaLatidln-h,,in COD 9Jall,TVILqiinl 

Linn loHoinlaalottllA ..t6QjreD0.-11611 3 	Ildt 33 	,,i'aSni),,,i6ak5 

lit'Acifi'8,n -Innawi4.267J"1@k@Atoutqluati'NinLuuli5tlinn.l 81% 	cLrimntuR-JmhAnm 

a@n67muvrilv1 l (chemical oxygen demand) innuZillAainuaon61cinlooi@lnnoin 

Lrl-laanqiloqi'en5ctaii'ElcujiciYinmoLCN9nitaculo@@nlwiLonln 

A'@ lna@@nqmcLact,ula@@nqslff ,1 

emanvnitujILSEJ1k11_7161uPynnt-rnIchnfr-wiLotn-mficuanwiTzyalNhvi667:11Lcii0 -Jtvi: 

21@5TV1J1JVItfl@L651 (activated sludge process) 
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1.11117i 5 

vinNann9'invi:LnnTtimaalLCW3.1 -in -mhtu9 naii'coltivisylvuniluwutgin6,11j"-JL 

LLVULLIJ6Lt5L41'`A'On151.1-inA'un'KNani@5'i_dncvmpiLlgaaitin16-121L 

1. Non-1woa@1u6i71avin-IR2`1l1v1nvvrr,..eda5oa61JTuat@n211..5inn6ct.,i 

l'11,0/11d1PLisM1L1.11.161_1TLAAVULLIAlthtLiN 1.46E+10 ,-,HaLLm.  

2. ..',Et,L-Jann-lwinvi.:nAmioiAllActan'HIciYanITALL@iiinaviwznucilnlitLcnyiltt, 

617:13A1arinnn6v1nr;12Ann 50 lIAL 15C) ilaniivniinalmtn@LNSvtiliEl 

ai513()IkL@i''hf1TVIatz-ThEit1111t.'41'ffniIii100-1WAMT1tannOitd6cuctinn 24 l'ulAIL 65 

.J'aki'avniin@lRt,'n@u 9 knA'6-  rinCALL-111.,ibAkti@itinru-j-winanIcIACL3,21'wylvi 

'nflnitudta`M.MAtLcnvIlhFILLOtPlii,u1,0LMVIEOtwil 50 - 94 LLc-It 23-36 

vI,JSnku 

3.t'.,EitL'in'Thivt.,n,0'11.,4iiVIALTzlii'lls/Ia -lIctAiSomii --)Pai/WilL6061A•tonY111._IVA.,  

L`NIAlAnnn - vin;--In 21 11161hd 52 iIdSniidniin@wtn@uNct.,106] 

ano.2iiuniniviiwtsa61_1tullimilt1oLiLi\iatainnrildiunn 21 1,1AL 64 

6 o6ct/1l1j5turoleL1aatA1il1ulo6o5C91w.-j1n2nlcutil -r119ji 

14 — 33 LLt:,' 13-23 

ila6ni'm/n5vd@lviL'nacu 9 STAIA'F5 vt,ignPu 

4. nmili2llna5m-Au621liiLiNS1dyCi6.aiclNaWH2ril1Glavon1if1`lEIL,p5@5a2J61.w7y:A.  

5. n1561d&Ju6aMna5R2y)L62inAin@1i5ly1w 1566'Zylloaui6Rli1`Ldv.-ilk]@6nunnc,-,Fi 

rmlo6itn@wainiTuLLatlNalci/941--Juinuvincuplulwnl?,m-alaairnLLINIMLLLtit 

2n6acd665awlE 

6. iii5Li/UiAmATIldin,a1NLL@i's-th,friiila.zirEll-i(soLubLe EPS) Ititcucucitlaati3j1in 

Sliv-ilculMLcuailLtuttilinInALPsleilaLat@Otv- al 15-40 mg/g MASS LLdt:LL 

1-;cucuilTinn5LFILLitainh,cu@iTA:infmA@lanA u cu 

LFanALTAlLt@iajlAHLQu 9% 



7. nnwibAlvdoll'ilintIMAILL@iihcrvroivilLtag (Bound EPS) 11.4. VULVIiILLI-Alfiln'i 

L,';iLL-111,ilinktailLT'rulivnl -11,niElfioALdt@Otwj-il 5-17 mg/g MESS LL,ati:: 

..-, titA31nn%hvilcwlyhou@it,fiinfln5qoPi.a@loaLIA. L 

JIAEJLQE 16% 

8. fl'ILf11.1cAlnaan5Sivol1gliAlL1J@itconl 	- 1() 

mnn (76 	EPS 27 loSni'lwili'L%@utnavOLvii) 

riacol:inanivuTu lAun-i -inFTriEity\i'lli%5ttittv'n1 712 - 1,136 

eilNdIcklonn5CloLnntTaleAanaonITILLaiiiifrratiLrj-Jw::(-11,3ALcu5LLilailt 7,•1 

45% 

10. nnnlcrilacnnatlajlinni411.rt.rilculakti@ilctaicutfi,,i-wirili -rolncunnno<,91,?(_ --IL 

v3dnnMaLijoSiuteitni5n@lieiF-ntiinnaiamall,(11,1Lcuai 44% Li7j@l,\J-InnnT6--1,T ,  

'nlniqi6):LcnnuLan (cake resistance : Rc) 

11. nilLfl5-itiillA'ncuA-Lozn -iqo6itedalLan.ActingvinlnnunniivloEnnricinE Scannins  

Electron microscopic (SEM) clA1J illctcutritni%FILL-IlculeNw@i0paYunleiaL 

sharilnAcufiLnniAlcin SEM T@1?j il'El61.13-1Lt51/1 

airatnnnalloullifini5LillrunIulidvu@i,61-111grari5flA'lLiwucAlq,n5@nnlanAtim., 

iip1;:riLdolwIniinn5cunmqm@TNLA'nwiLtaavrtnanALtL 

12. nnA'ncula,ikA4ng,m1513-rilociinChIL5tuteiTth‘n56'TJWITIAILLIJLI.15L 

clf,i'lLf115`'llY0till'aMS@Otlidll 7.08 - 6.73, q(-Lropu il@Otwj-il 25.1 - 29.5 61P-1 

L'UL6TJEJ?i, triLnt-n@lpAn'GZH,v.tanutii 2.72 - 3.52 

N'cucr(i6LctILF,rtg6, R"-J`11.11,'41411..111@l111AL-1.L121,V1.,g2.11'1V7'1M`l 1 

cid@arl@i'aTaltlruilinLQ:utini-a-: 14%. 

thtin'6%frnAin-iii-i 6illagTa12.-,utii -iLd'ut)T.-arla.1 81% -Ifle.Jn -I5'*A'±217/tUi.-. JL -.*-  

ti'dndA-J,1-yrinniman1d 
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