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This research aimed to study the stability of laccase and the effects of Acid Blue

80 concentration and flows on dye removal in a membrane reactor and a membrane

b,o reactor. The ultra-filtration membrane used was made from potysutfone wrth a

molecular weight cut off of 10 kDa The operation system was in a cross-flow filtration

mode. The resutts showed that the use of the ultra fittratron membrane combined

with the reactor retained more than 70olo of the enzyme in the system at the

substance flow rate of 300 mVmin for 240 minutes. ncreases in dye concentration

resulted in reductions in dye removaI and permeate flux rn both reactors. lncreases

in substance ftow rate decreased dye removal white permeate flux increased- Dye

removats at 240 minutes, dye concentratron of 30 mg/[, and substance flow rate of

300 mUmin were approximately 47.87% and 94.25oh for the membrane reactor and

membrane bio reactor respectrvely. The resu(ts indicated that the use of the

membrane bio-reactor containing enzyme [accase yietded higher dye removaI

efficienry. Furthermore, it was found that the used membrane coutd be re-generated

with a chernical reagent and could be re-used.
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d.id 1 tdvu4{ onna.: [?n:3u2un1t 1i LnlyluR?1!a36?n 52nr52 ufrri?oi,'tf]o fi060.t [t lrd!nluuav
rirl{iirua.:

"- t -fi.!uu0 {!n 1:flnB't n1:u 1uoq ?u?oy't''}.iflln1rr founlSuluou'trduLou rinrltu9|fl1n

l6unirj rtiu roulsd rn:rvrJflfiiurlriluu:.rrr.rfiauUfr63ury1rntRfi 1rjrflufiu lririol#rfipr
- r q : e a -- j j

a1:frunn61.i1ua.iu?odou nlnn'r:Flnurnr:lruilYufrrfrurfolriu uoiouQ 80 rliu Xinsheng

Lua uarn v (2015: 166) flnurnr:qn{rddou uoinug 80 uavTarcilfnd'ruriurYrLriusidfi

drurJ:vnouralnjudir nu'ir aur:nnntr"uikio!uaclailcrfnld'a $6 294.7 uac 4s ia6ni!
donir aB8GCu2* nrurirdu uavlruio'u16urdo.rrduroultiuanrnanu'ir uanrnariuroukf
fiaur:neiouaaruddorLldrf,uatj116 rrju nr:lduaarnaornrdo:rrduluilln't Dotrcnio sp.

KAPI0039 lunr:douaarudniuuacu!{n'tiariloioont!oa {ilfiHay'r1fidiuonfiy{ral
rirfi'.rornl:':rrudondoldcyloaoat (a:t:r lf;ti{o a, 2552: 250) uavuanrnao.n,{ur.,
Aspergitlus fumigotes irJ:c?yrBnrnriro"oflln u doa aar tr6 niulu,tjr.: nrrurf,un:o-rirs
6.0-9.0 (Debendra K Sahoo and Rimpy Gupta,2005: 1575) udrfio.:or nnr:rniul uavarYo

roultrirfioli'lunr:o'liunr:a'drltijruql oiruu,rndro.:4io-ui.rld'rirrunlula0:vuud.rrJfln:oi
.i_-.- e t .t L .v. r j v .r r.ruan:0nrt'utlt?u [un'1ln']iuu:JUUt$on?u lrul r0 u ltr.l n autl.r[t [u! l'o ua c a rr]t:nr6u: v1t u
,i?--!- r 1 I - lc -- 9.. - .j[oourrqiarlourn{u qiu"ululruiitrio,rluurnru6ofrrsflnurnr:rirdoflt]orrd'ruroulsf

ti
tlanrna tu0.:!nnt ru0fl:0{t?n1

r.z inqrJ:lalitolnr:ilnur
1.2. t rfi o fl nur ra du : n r nt ol roulrrluan rna'lu: vur rYrrJ fr n : oi rdo n : o lSrntr
1.2.2 rfi oflnurnr:riro'nf, rior uo€olq 80 ritunirifl n:nifjon:os
t.2.3 rfio6nurnr:riro-odriol uo€nuq 80 oiruraulrriuanrnalun-rrJfrn:nirEon:o.l

<J<,.i)tt?n^ L!0un1t LUauu[!a{n1ir]rtr:tuuo tdtlol uavo'n:tnr:luatoldrloufr r{r:cuJ

1.3 rourtnnr:frnur

Lev.

t.3. t roul,tJuanraar,lur!d'[,81un.,:fr nryrn:'rd rq6 u! o r n rda: r Lenti n us poechro us
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t.g.z rirrdtrd.rrn:rvrirntulornnr:rarrttiarLfinrrrrr{ldudrsl a.:lurir Inun{uddou
fiau1o1unr:Flnuro,fod6o a,iu, uoinua 80

t.3.3 r6an:oli[ttrflutinrdon:oro-an:rflarn:{u !u MiniKros' Sampter Fitter
Modutes Part No. S02-S01G05-P ornuifvr SPECTRUM LABS ruBnorn potysutfone uav
rfl u:vluuuuluaqrrtrt?rs (Cross fl ow fi ltration)

t.3.q rflunr:flnu1tu:vn"urio.:rJfrl'6nr: qrura4fim"l,filunr:vrnao.:rfluqrur.r4firio.l

t.3.5 nr:in6on::rnr:rirrrutorroultrilvrirnr:roaoufrruar: 2,2, -azino-bis
(3-ethytbenzthiazotine.6sulphonic acid); ABTS

t,a.o nrrrLrtnrriurildu.uolar:avaroddoloqlurirs tusO ia6n:"lriadn: d.tarrurflu
n:o- oir.:talar:avaruidol ryirnlu z

t.3.7 roultriuanrnafil{lunr:flnuru'Glrn: too fra66n: dll'rirfion::unr:rir.:ruto.:
roulsri ryirn"u o.oq uindoia66n:

t.a rj:clstddarn.irostf,iu
t.4.t finrlrrdrlolunr:rir.:ruto.rraukiuaarna uavr]:vBuBnrnlunr:rirdndriau

' flirn:rvrilu:vuudrrinrhrduluqnarun::rduo
t.+.2 fi nllrdrlolun:vulunr:rir.lrutolrYlrJfl n:nlr6on:olilnrn
1.4.3 aur:naailSurrunr:1dar:rnfrlunr:rirdnddoulurirki
1.4.4 6'ttL'l:flrirnrrliyr-ldornnr:flnurhjrJ:vqnr{l{luonat,ln::lrirll fifiolnr:

rJiurJl.rqruntrrjrfi .rfi fi nr:r.iurioudriould'



unfi 2
qJ

?r qu0 ua!?::funl5ilms?? orr

z.t to4ardodurdurfiuraului
rouluirtuLJ: fi ud.rrn:rvridurrn rgadro.:d.:iiin 6.rr4tarirfi rilrJfr fi iur rni roukri

finludrfi'rguauiirrfludru:nBsfiiin rrr:rv'jrrj[ffiurrnfirirulurgl,urrariovrfindurn drhjfi
raultiororirlfiaanrirudornu[fiiornaru rtuar:rnitiodu roultrirfr uhj:fi uijtl'ryrird
ri.:rJflfiSurrnfilud.rfiiin tlrunr:douar:orr,rr:d.t.i1 (Catabotism) nr:d,:rn:rvliar:
f,rllraqa (Anabotism):ti#lnr:rir.:ruto.raailludrufio.rora'unr:rirrruta.:roulsi#.rd!

nr:lirrru?osrauls{idnurucuuu16urnjunvnv6ag{luilflffiutain'r1 hJ nrirr6o lu:vr.r.jr.:
rirr.lflfriurovfinr:ldroulrrilur.Jirrrufirioarrn uavroultriovlrjfinr:unnaaruuio
nJ6uuurJa.rltlriuar:du1utruvfiri.:rJ[ffiur nr:rir.rrutra.rraulsfrfioduld#.rluuuviiraulrri
oglurtadv6aoglud.riiin (tn vivo) uacluuaaovrffaor (rn vitro)Ioufiltouh.iranr:vyoao.r
luvaonvoaor ld'ud drarrlrtun:ar-oirr qrura4i d'rriravaru uavrjilrrulooour{rs1
do.:1nd'r6ur riuanrrvlurtadr.rioluirlnro (physiotogicat. Condition)

2.2 roulrduaaraa

|'laRraatuuroutsr][una! benzenedio[: orygen oxidoreductase (EC1.10.3.2) rJ:vnou
d'rtr lnaInLJ:6uuacriru!rnfi!irfiIxraqatolnorJuJofij:vrrru + Iu ra qa riuolrirJ:cn ou
Iooolunlun:oavilu6arn6u 1 hranauavn:oovilu6afidu 10 lr.rrana luursni.:i.:riun

q , ^ !,
toult!t1toLl2't btue copper oxidase (Riva, 2006: 22O)

raririto.:uanrna 6o ovriqJfrfiiurnr:rfiooon€rotuluar:#ldu uavriorlrnuaRrna
finrrtliirr rcrorcolrior.:unruovl:lrfin (aromatic rings) riotr 6lartLr:noonilqriar:#.:fiu
toivarntio rtiu ar:6uvriti (organic substance), ar:ofruviti (inorganic substance),
lnfluoa (dipheno), h6fiuaa (po(yphenor.s), lorollri (diamines), ovI:lrfinro1r.,r,i
(aromatic amines) uaruoanor!yt (ascorbate) In ao rd no:ouluar:6'o fruornnt,utir uhl Ej.:

no!nJoflullraqauo.:raultri ornr.rtuhranaroroonirouoviu616nno:uoj'aqoi'rulilrijudl
(Saito and et a[., 2003: 524)

uanrnalfluroulr{fltri:"unruaulo riluodrrrr nmnrini{u#rurinnr::ufifru uiruasdo.ir
riJum"rri.:rJfrfiEurvr16rnrnfiinr:rjrt!rl:s Ejnflftrukiuarnuaru:.lr#lnr:rjrr.ioyr6rnrn
roulrriuanrna rdoiiruunn,r,:cluro.l Enzyme commission (ec) gnintri'oolundr oxido
reductases fifiria finoilulailuln:lairl (Mutti Nuctear Copper-Containlng OxiOases) 6lov
ri'rnr:oonfrlodtofiluoa uasar:vr'filn:rairrndrun6ruavoyldlllanatoroonfrrourflu6,ril
drEnn:oud'aaovl'iu ua.rnaar!.r:nt{a'rarsr:yldro..,nro..,u6ourn;,,,o,i,r,rrior:ar.,,
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io ^ , !
fr ri r r n r v riu ilu a r n : y u 1 { r i o ryi r riu q'r o tj r,: iiu a r n : yl ? o { ua ff ! n a ld'u ri Diphenot,

Potyphenot, Different substituted phenot, Diamines, Aromatic amines, Benzenethiots

v6oruiudar:oiuyritiur.:tin rdu tolodu (Xu, 1996: ac) riognoonilorilnurautui:'firilri
dua rn:roc t;lu6rdnn:auuavri"novoglugrJarl4a6a:v (Korsten and et at., t99o: 477;

Thurston, 1994: 25) aq{aAdrvyJhjra6u:ry6iri orognrd.llouuantnadolilrsoo.rarno
rJfrffiurduloulrifrarl'roulrifrld duarn: ?onuanrnddgt'nn'uA 6a ears 12,2 -azinobis -
(lethytbenzoLin+6sutphonatel, syringaktazine [3,Gdimetho4y-4-hydrorybenzal.dohy

deazinel, 1-napththoL, CLcreso[ (1-hydro4yl.-4-methylbenzene) 2,6-dirnetho4yphenoL

ttav guaraco (2methory pheno[)

ar:fi'u.rurvalriluf,rarn:rtoluanrnaovfi a'nuruvdrnrgao.!od1.i ( 1) ar:rYufialatrr:o
r{ronriruinru T1 lullranaroultritriii.rovqnritauolour,rriuyrufilnrvrYuxfluo6ntol
duarn:r (z) dndb{fl rro.rduarn:y (F0,u6*,,.) do.:drrf, ucilo rfi olornnr:rd.:ilfr fi iur In u

- ,t -uanrndil:1u{lu'jriun"uallunndT .!tro.!rTnritilrl1:vr,t'ir.:rouluirYuduarn:r (xu and et at.,

1996:46) nrrldrldndtolduarn:vrqnriruunlnuln:.:air.:rni uqjunudduqnei.r{!0,!
duarn:roviruariodr F to.rduarn:vrduri'u'ilariuyruirYufinruatrr:n6.ruiohi6rdnn:ould
6 nratir.:uiuuduvrud 6o methory 6lriura{dliarSaq:ould'fi6rh]rirrRrurauruduro.r
5 rdnn:oufi r,r{ phenot rirtrifilonrannoa ndlndtdirudu (xu, 199 6: 46)

Iouri'rhJdutalroulsriuaarnaovlnnlfiLJ:6ufi in:qociluil:v!rru 5oc6oo n2uac
Inurrnudr nuo,oao',n,{o:,rinovriuroulgrifiya',:oanrrruonrtarii signat peptide oqj

rrld'rutlaro N synoud?ua:oacilutl:vlrru zo nr urallraqato.rlouhduanrna rfiayr
Ioui6 Sos-pnce oviriroqj:vu.jr.: oo90 kDa lullraqarinnunrflllarn:urnrvo{rJ::lrru
t0-20% tro.urallrana (Dedeyan and et at., 2000: 162) dr isoetectric points (pt) fidroqj
icrril{ 3-6 otirrl:fintrr{o:r aiutioail.iuanrnadur.nyar0 isoforms ,-,.rofonuuoolou
i< 4 -fril pt rilun arrr,ri o ruaeiou 1 rriu 1ur6o:r podosporo onserine, Trometes villoso
(Fernandez-Larrea and staht, 1996:7,821) *az pleurotus ostreotus (patrneri and et at.,

1997:37,302) rdolornroukrin{ufiovrir.:rudtrriuornrruavar6nrhrfluH6nryolc{flaould'
o'.rrir1ri'roultJuanraatd'doirflu Eco-Friendty Enzymes (Riva, 2006: 220)

2.2. 1 ruaa'wa.traultriuaaraa

roulrritfiodvrulufit;fru{,r urarurltin ua*do:. Inurarryornrrnl.:r{:ovr
(white rot) rflu:rfieiouaarunrihlarn:nuavfinfrulurdotritdrilrava!!r0i uao.rl,riulu.ir:r
hnaldaranrouhillunril6nfrIulafinli6 (ligninotytic enzyme) ,.rtrmrn4rd **r1
uantna (Laccase) rurnrfia r!oioonfr lna (Manganess peroxidase) aniluloioonfirna
(Lignin peroxidase) rtlufru oeir.:1:6nrruanrnarfluroukrifildiunrufiur*:rnnirrouhri
n'r6ulun(rdnilul,afin rfiomrnarr:r:noonfilodloul{oon€lou lutruvfin(r:rroioonir,oa
o c a r fr'ulslo : rou uj oio o nhri riiulnuv{nrnoi uayfinrr!sir rflrc iorv or rio ar: #r fiulr n n.ir

I
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(Thurston, t994: 24) rouhidriuldyi.: Extra uar tntercettutar enzyme iiuoqirYuur/lei.:

n1t!9tvlltu

rlaaLnaQnentsl!rn1un{urdo:r rfi osornhirJirrruilailanfi ({ 1{:cuvrrarlunr:

rurrcrduldun.irf,ruavrua.i {uriuar:#lduraarntio aur:oriro"nddolldluraarun{u rriu

nanrndnln Ponuo rudis 0.016 py'mt ar1'l:grif i'oadoun{r:uouvr:rniluuld z+go'lurlar

e0 urfi dnrilovltuaviudlnarlu al6 zo96 \ax 1296 nT!.i1d'u 1u t drlul uanlnaolfl

Cerreno unicolor gn{rx{tdouaarudtiarLlun{ldovltuasuour:rniluy Cyothus butteri

ilanuanrnauarqnrirurl{lunr:rirdqdtiouruinuavf,uaBo riruluqju?al!raqata'iuanraa

firrulun{lrdo:rfitrurn 59-tt0 kDa raro.i6rJ:vnouto'16'lilulorn:nrtolsdofiudrufiuov

larrraud toa59o n'rhiradu:nlruo.rtaultirfil{u (ctaus, 2oo4: 748) floljuroultri
uaatnau'.irrululil:nTilof,nltarin?nBUnfitiu tiu Klebsiello pnenmonioe, Streptomyces

psommoticus, Bociltus subtitis \aJ Pseudomonos desmolyticum (Thurston, 1994:24)

2.2.2 Ia:rairlnrSntoltoulcriuaataa
nr:Flnurla:lair.i 6nto.tliaatna (Laccase) t{nrtract6untu'ln (Resotution)

-.i
1.5 no'[irrn0anr:uvrufito$utaqa IoulttrrJ fruuuutonraalha1']nriio coprinu scinereus

(pdb code : t HFU) dsfi a-nr*ucln:{air.:Iil:fiuguufiu?n{ouautfl uIil:61rfi4ufi :?!rYurfi nra

riun'ir lnalnhi:fiu (Gtycoprotein) fifiturn 70x60x50 A" In:.:air$uta4afifinr:i'orltr'l

Inuu (Cupredoxin-tike domains) luudavlnulinr:douuu Greek key pbanet rYuosnou

ro{nailriloi a n{u1nulnurufi I oqlurirl t-t4t,Iorrrufi z oglurirs 142-303 uavlol}lufi 3

oqlud?.: 304-498 la:rair{lraqatoruantaaia?lrrrd.iu:.:uau[aAu:!'ln rdosornnr:airl

riuovlslo:roudaL,ki:vv'jr': Cys85 r{u Cys485 tollolrlufi 1 uav 3 n'ua'roju uac:vuir'!

cys117 rtt-r Cys204lulflrilufi 1 uav 2 u6o{R:.:airluanraafindrun'uuanrnalun{urda:r

Bosidiomyceteous sal- Trometes versicolor r{ruvrj.rfirfiq N-glycosytation tJ:cnoud'ru

3-t0 drur.ril'r inr:rio Gtycositaytion 5 riuov firiaudoriru o-tinked fi ntn le,ud N-acetyL

gtucosamime z luraqa uartiouriori?u StinfeO ojuriu asn lou N-acetytgtucosamime

a lrrraqa (Ryde and et at., 2007: 1,062)

2.2.2.1 nduno!riloidrfluo.:drJ:vnolrn1u1ulnr.i6i1{!taQato.iraauna utisld

rflu f n{r (Dooley, 1999:3,074)n-snrvrfi 2.t 6o

t) n{r:nar.J uJoi T1 (Type- 1-copper) rfl uoorJ rr.Jaidu3r riufi fi o s nou

to.:norJ uJoioqjuuu16oa finrratLr:o'lunr: Absorbance 6rdnrr:oufi 610 urlurilfl:
2) n{rnorJrrJai rz (Type-2-copper) r{lunorJrr.ioSfihifinr:

Absorbance 615nn:au udovfinr:airr een 6rrfludryqlruto{I!:fiunrlii'!1ui?ilfiu
norlujoi t3

3) n(rnorJrrJoi T3 (type-3-copper) rfl unorJ r!oifi fi o v n olo{niurtuq
rr1ufi'rqltornorJuJoi ovinr: Absorbance 6rdnn: aufi 330 u{tl Lrler5
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or\- 3
ata

6\g.i

tEriE.;

myrd 2. r la:lair lrolroultriuaarasor n Boci ltussubti0i.
J,!,1: Dooley, 1999: 3,072

2.2.3 n1:ni{lautril
n r : nis r o ultri 6 o n r : rirhir o ului 6 o r n r v o qi ryu a sl o d *a d.: fi I ri a, a r u rl.

(lnsotubLe support) (Arica and et at.,2009: t995) roduinE.rgrJdrfialdrruudr 61rL,1:0yru
nrruioukidn'jr aur:ouunroukrioonornHanryrudua'.:rfinr.tfrfriurldjrun.jr a1x.r:0uun
rjrndr,rl{.rruld'Snvaruntounir uonffi6r.rionruarrrr:n1unr:rjsrjflffiurua.:rouhriov
au,dra.: ua,arur:ntirusirriu:culrnia.:rJfrn:niirnrnLi'adrrrillfior (nrica and
et at.,2009: 1,996) 1i11fi!:vuu-nn'jrnr:l.tlugrJroulsrjia:v uacar!r:n1.fi1uanrrvnr:rir
rJflfiiurfiunnrir.rhjornroukri6a:vrYr16rLi' vrtid,f,uo4ryunr:r6ontflo,trardrnar.r,i{riu6o
ririEnr:n5.rg! d.rr.rsu6.:aur:ndrlilidrr:cIut{ldn{rlrrrrlrnn.jrnr:bjloulsri6a:y
6.rosdo.:l{anmvnr:rirrJfrfiiurfionvfilfirvr:rvalrvirriu roulrrisrir:!riaurjrrov
irafiu:nrnfi6n'jrrouluilu;rJ6a:v arrLr:ntt'rru1u:c!ufifiroukilyo.,r1 ;rt,i uavl{ldnv.:
ha'nurucuuuriariolr,,:'orijun{ln:m roultifiocdurnis;rlhiiirrfluri'oo,irlfiliqvr6r:rnrin
fiaur:nrirrru'[dduafiouroilrrjuiavrd rirviurnEo:rrfrn:njfi0vl,frfi'rroukrini.::r..]6rjnl1fi
fltgur ur:rvaur:o16o nld't#urar rsar:Ii:fluoqjfi'u;rJurltosn r: ni.:;r.luarar:fi riluairarn:vr
:r-lurlnr:nirrauttri !i'uri nr:fli.i[!!ohfio nrrnirrraduuunr:riorir nr:mi*rariuwdo
uasnr:nirrradiounr::.uri'rrior rrad

E1
r
\7'

r-}i,l

{yQ,Y i.,. -.'..,,," 
i

_'e,4ts"g



2.2.4 EulsdBaaraafiunr:il:canft6$u

nr:td z. t nuii'r,drdar{alriuraulsriuaaraariunr:thrqnilfilru

nr:rJ:rqnildlnr eanr:flnur o1{a{
- nl:u'tuon nllr

rir fi.: or nl:s.rru

qnalun::r

uanunaalr:0ao iurrurir.:ornqnarun::l
rdorjoarld'orn 15-20% !il60 osb Ioui
rJ:rtvr6nrrnq-rdqanroldantcnr:qi{rouki

raoa'nrni in:nauuav

t:nr 6:vdvr:aqa

(u5t)
- fllluoudalu

ar:t.J:vnou
- -. 3 -11!Oan Luulrau

uanrnaiRlrraur:o1unr:douaaru

ar:rJ:vnoufi uodnld' ilrhiuarnvdruiu
.- 3-nllnleqauolltun:v!2un1:ulunulrdu

.,a -ruo!01nuantRdd1lt1tOrnou, n:u1a0ntro1tu

nuaualn:m mra'lnya,tu

Maria Fernandez

and et at. (2011)

- nl:nnun.!uua Denilite TM rtuuaarnan"ru:nluqnalun::!
nr :r{ontiolduduacrfl uroul$idl{lunr:r{on

! ).

t11n?ulnnylN'lu:?un!a,1:fi 2naN

f,inna roirguirntrr

rTuri (zsso) dr.rdrorn

Novozyme (1996)

- n1:nnunlUua uanraauiq#orn Trometes hirsute uiaz

Su te roti um rols i i ?t1u11c o Aarudun-ln

rf,rlurirfi{uac!ufirki Inunrulianrrvnr:
r'r.:ruirurYuar:ioonrin'rnar.r

fiinna roirgrixur
fiuri (zsso) dr.:d.:orn

Campos and et at,

(2001)

-nr:d.rrn:rc1ii UaAtnaoln Pyriccelorio oryzoe arUr:Oair.:

aocttaua{ lountltno oxidative coupting

toi lmethyt-2-benzothiazotinone

hydrazone (tuBfH) uacfluoald'

f,inna ro3grinur
riuri (zsso) dr,r6.:orn

Setti and et aL (1993)

- nr:d'rra:rvrii uanflriuiu'ir nr:rfi noanBrot-uto.r ferutic

acid Iouuanraalun"rnar.: biphasic hydro-
. a,- a v .d a .ldorganK y'1 !yrno aqnundtyaotytltn?1ll

radu: i.:avaraluar:avaro6uvridryirfi
n r :d.r rn :r vr,if, rir u ua n rn alun-r nar rf
ilop"uovldar:rJ:vnor potyphenotic

2uasal: phenotic ou.l

fiinna roirguivrur

riuri (z5so) dr.r6sorn

Mustafa and et at.

(2005)

n1:ntiodBo! Lu
x i"

u1yt.,[iIr'']1l

0fla1un::!

uanlnan']n Pleurotus ostreofus DOA 10

fil{ryirriuriroryr:rdu.ratrr :o r!ro-of, riou
RBBR lel' 91 x lurrucfinro-fl cibacron red

H B uav cibacron yettow W-R ld'rfial z7

uaz 52 0/6 nrlrirriu arolqt-anrrvnr:rnrvrdu.:

fililrrunqina a o rloir6uoi rJiurru
roulrrfi Ej!rriryr:n 0. 13 u.Joir6roi Lrav?.l,r.r.ro

torrraiuiu 0.3 - 2 0 iaarilnr uacifion::u
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nT :1{d 2.1 lruidudrdu'rdolduroulsriuaaraadunr:rJ:uqndlfiou (ria)

nr:rJ:vqn61ftru nanr:ilntn a'lta{
J

rolJltuuanrnaa{aox 1.72 q1]nnouaaintu

[J:6u
-nr:rioltudn'i uanmaarur:odauirtufnfl d Inunuirlunr:

.i rv
uo!dnzuuaR!aau.: ttrla'r lunl:uaxulun3 !od
- e a a -J .
Ylllulru t{n:{,t''llrnun:ru2un1:unny| 1tou

.i-
nl:rvuru5lJ1rud ytl [yn1lgolr1udn202u[aa, - ) ---laaulcxunn?1n5vu?unl5unn t{ tnul d1:

t?0uou n:n tlav a.:.l1uQ']u2uu'rn

fiinna ro3ryuinur

riuri (zsso) drqd.:orn

Shin and et at. (2001)

-nr:yitnltuavarn

rdul:r{

roukriuaa rnaarur:nl{lunr:nnurdsriul:rl
J: i yy s

!fr orfr ln?ruarilrauotoududru InurJ[ffi trr
J,

rfi nnrulianmyfitriluu:l rirlin:uurunr :rfl u
- -i!n:nuanu20ao!

f,inna roirgninur

riuri (zsso) drrdrorn

Sharma and et at.

(2005)

z.t d6au
4e 4 ai w 3 --a. - i 3 --.raua!ru1l61:tnrlylafl aeln1J'lu,uu [n:riu!ui0nluru E0li.tlun l,n:rau! ils0fi1lih]rilu

n1:6dnrv1d'41:talo:nriuaufitri6lfrr rriu ruuiultduuaun:rdulyaSuulnyrr6u uav
rr:rfludrar:lolq:nriuourucirdovqnuJ6uurfludrialdaurnn0ndrr1 ildrjolfindqdur
- - J ,-
fi r,'arutiofi uoqjrY!nrruruurcd!riu rdulu ravn:cu?un1:riolfi fi a-ntrruvunnrirlrYu}J
nr:fiovrjrdrioilnl lrdailrildaa6usu :f,uo{d'!il:viyrBnrnnr::unluordfi'uriiul,u drdo.rfi
.r- s--3-- , X . e.t?- , jj,ir j sulrayrsnl !1nn21u'] 0.:ica'u1:oyi1[rrdnan.]2crtultlr [nE0iriraqa?ora6a! i]ilrio3nou
ii.rgni'nti6u.:d'rnu lua'nuruvfiocrirlirfinnr:oofin riiululd'ro.rnlu riiulu udrrfior{uovflnryu
uuu orondrrki'otirlnir,:1 'irSvrBrari.:rafi o tfinfrfrhidoofiordulu f,a nnovlaln:rnu
u:ru:urooiad u:.:loaou uacfiuovlnrrraur{ rirdru:ruadrdiinbirirrarirfirfiurrirn-r nr:oo
fioflu:vrairrllra4arroldrlolfiulltanatorrduloodr.:rjoudorr.J:vnouh.Jd'ru z rOrir'ri,l
rrrnisfiororfior,Nrn'o q tfr,Hauraruniu drraiuu:lEofioyrrrrnl'fioclfi'nr:finfiofidfian
ld'uri niuovlnrrraur{ nr:rfiof,tosfriol fid.:rJ:rnnoonrrrirl#nuursdrjnfiloufiulpirfioorn
nr:Gurq-ero.:na'!ocaro!'rJ:vmyuisnruhhraqarolfirjor ndr:ovnoufindrrdGunriu.jr
"In:llvloi"

2.3.1 uo€eua 80

d6oltio uofi otn 80 rfi ouurnrr.rln:.:airlyrrrrnfi o-ooqlun{riuouvr:rniluu, -;-' - --Anthraquinone rlunaldfr rfrnr rnar:rl: y n ol0uy:'ti firJ:v1au avarorjrki6 riruludr{Ju
rnfi otorn:orirrvti'u fi uralrlaqa rvirri'u oza.ost q/mot nnduuuToun:ry:r rdruro#ox,
rua:arnrnu:c rvflL[nuT r]'r rfior-urf,oului r r,rrdauo rfiu, ru r{tufirgrio f,rfrtiq 6.!In: rairr
louvr-rhJro,rf, Jaltfr o,rofr ola 80 uao.lfl rnr: tfi 2.2

9
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nT :1'rd 2.2 IarsirrirlrjtartlJautin uaeeua 80

{ad1! uoinua80

ta 1{t6u 3,3 - [ (9,10-Dihydro9,lGDioxo-1,4

Anthracenediyt)Diimino I Bis [2,4,6-

TrimethytbenzenesutfonicAcidl,Disodium Satt

!xalarana 678.691 g/mot

nn:Ia:rairwrr$aii C H NOS.2Na3228242
,A

n16?1lta1?aaud{dn 626 urluurn:

Ia:laircrncra!'

2.3.2 Han:!yru!o$doldaS'lu.lodaurncddfiin
Han:vyrr.r,uordrialdodrurodou nrila:naudrll ovrflun'rrfildlfiuriar:rJ:vnar

ocI:rrfin Inunr:onn6uuoudtrrl{rrruouuaruovrJdouoonr.rluinunuu,a.i rirhilrlud
ro.ruiufriorfihuflunnrir.rrTuhj ua:nu.irddorrfluar:fiurnoionr:aarufi'rrrsirnru
usinrurtufiudorJardourir.rdr odr.:1:finutrpurdrfi'qto.:f,tiorlurfidlfloiriunLi'o{d
nrrrriufiuto.:f,dorurio{fituo.:rld.: rio.rornf,riorrfluar:fifidrrir d'.:riuurififlo{iurir

a -3-t1-i-es <, !r, o
r11U.:U:tu',rfura nu0 u n a 1r1t nvrl !ru1! a r!ufr ii Ln uotol{nu uiuld or6orfrnr:riro-ofrta r
rhfi".rriol!ei o uar(dr urodorL

2.3.2. 1 irgrarfi rfi r,ornf, douiurlrd.rornl:llru atrr:naTlldo-.1fi
r) riahirfi onruhiaruruyrr6'ruri'nfi unrn

-i a.z) ddorfr riuar:6uvriridouaarulfr rirlfiriraoniroua"o.,urLarao
3) rjntrr.rnr:u6uyl1 :1,o.rua.i 6riirriusionr:a-.irn:rcliua{ro.rt't
4) nr:arfimoonfrrouana r riolo rnnan:vyuornrio a f,lrirzua riod,n{#r
s) ntrr:iilufr uto.r d'rf, dorr I I rtfr n rfl uar:doly rS.l

o) ri'lrar:prdr.rfrueirzuatrianrrvto.ruyri,rrirl"irvr:rvrionr:sir:sfiinto.r

a {:.rlJ2 Fr
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o) rYrrundr.rfruailaralflanrrvtorurad{rllLiualrcdonr:rir:liiintro'l

a{!t2n
nan:vvruro.riltiouriod.:fi iin ddournfi aror{rdirrnrutol6l{ld' a vrrs

6o mrrnr:r,rrulorirunr:qooldfi{.rn:voruouluornrn ornnr:drda r.:fi1afi.:uacornnr:

rlvrlurirhliuorur: ar:urrtioluddouurnrdr{irrnruovltJavauo{nruluoiurvrirs1
tu rio d'? r!ua'r: fio!v r5.i rtu 2-naphthytamine uav NH2Benzidine a00ru't{tiJo ttu
d nzo rfludfirn'rtd'iruuavfi:rnrqn d.:idrurJ:cnauto{aravurinln:riulraraqj firta.rltllu
! a. - tr -- r 3 v . ,,
drovriludun:ruriorlaruac6.!!iinlurlrrirrtr{ir.rnruuqutitvrfluar:riouvrir

2.4 nr:u,nirul6an:ar
2.4.1 nrru?un1l!o{rdan:o!

rlolriun:vurunr:raron:o.lpnrhurrJ:vqndli'luraaru1 d'ru rtiu nr:rirriorh
nr:aouunfrritrlrlirdr nr:uunrn6onaanornfrrcra nr:rirlfirdr{u1uH6nflrudur nr:aBn
| ".. I r-.- - J

ulrJa uJtuJt Lluacnl:yr1u1 auJ[14116?1!B ruunu tan1lo{n5vu2!n']:tu0n50.t n0 al!'r:n
uunar:avaruloutri6'o':1dar:rnilun:curunr:u!::rJ atrr:nriri'nd.rrJur{outdraln uav

nlu'r:{:nu1n1
w i .hr u 1 .i f,annl:ta{n:vu2un'r:ru0n:0.:yr ltn21!nuruul,r:.lllu0u r6a0ua1:ru0.r01fl

ruadrrtalnrunju:cwirsrdan:0.: (Transmembrane pressure: TMP) ri?u6'2qnavaiuevon
.i - rv a

ru0n:0!nn t2 r:u n'11 ' ar:avara r{rdu (Concentrate)"16o n :orrinli riu n'ir "i ryuryryr " r,rio' ar:avara r{ldu (Concentrate)" drudrfi ravar u

uavfi'rnnavaruu'l.iti?udil:vnold'ruar:Ilranaturo16nfi riru r6on: o.r'hjki riu n'ir
"tnoitoo" airudrirltfl'trl:vlutiororf,uiryuryryr yio#raordruduo{nunrtjfro{n15

< cv.i
nr:n:orl,ou1{r0an:ol:vnTuoir.ll lduri :voTuhln:flarn{u (Microfittration: MF) dan:r
ila rnt'u (Uttrafi l.tration: UF) urluf, a rn{u (Nanofi ttration: t',lF) uacooaluiafiunan
(Reverse osmosis: RO)

2.4.2 nlyulunl:n:o{tluuda n:1fl arn:tu ( Uttrafi ttration: UF )
< .iay"i . iariun: vutun r:y-lf rE o ualufrI:nquturo ri n (Microporous) rita:nuunar:

hra-'ralvr! noaaouri (cottoid) oono",nrr'',nara.,:h ranarf;n r0ouaiuo'aq:rflsrn:f,ufirurer
g'n:utJ:vrirru 2-2o nm (20-200 A") u:,:rjud'ufi1d1unr:,runl"n'rn.jrooalliafiundr 6o
100-800 kPa (1 8 atm) finr:1{lruuunar:uiorfiln.:ur{ltul!:fiu noaaouri n rrriru-orlr
* " 11. - d . y
vr.: yt']u't L14u:ay0 nllytlu'ttJa L ty L6 rljunu

2.4.2.1 ydnnlifiuilu

n:srrunr:a'an:rilarn:t'ur{Jun:srrunr: uun6r:h ranalrani uiu Ll:6u
a.\ . ,a f, I c .i - n d .itou[rlJlravuu{ oonl1nuluaual:LtLanarandul d'lo utl6r:ava r ui oro rru n 145 orfrr:nr,l1:
,,,t,s !,. , -i-- Z tu c\ . X:rtlrl]uto [f'un:J!?unr:u loun ulu! ulslaLt] ar:aJalurdLltr.J a r:r.tfrtruv rrarrirfr ror n

i,I:i.iruonaT fl::lnr:1 rlu6u ni!!?un1:o'anrlila ln:t'u (UF) rilun:vrruniiyti{ nr un111
v u aa a

orniuu:lojufrsirrtuu: :tr oiuhi't o I ruaxr.jludo li1 rr0l 16on: os'lunr: uul aunrnurrua o udfi
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J --rulolrrlj :t!fl.!uunfiriuuarmiil6ul oanirn?anrrat n:ru?un1:o"an:rfla rn:{u (UF)
c, .ic v i .i ^ ItUun:ru2un1:rrhdrun:!u?unr: I.: rialornildn:rnr:at6nrirqln.jrn:vurunr:rEa n:o.rtr f, - | ),

dufrnrrrrri'urnurrYu rirfiairunr:n:0,:fi4runrndnilirfitdornn:yurunr:uunri'rhj rtiu nr:
qnflvnou nr:u.riuuafi4uti n1:n:a.:yr:1u rf,ufiu uonorndar:rafi ulurirrieuluqj oviruro
olnrnoglutir.r o.os-to llln:un: rirhiarur:onionldTnun:vurunr:dan:rflarq:{u (uF).;-
rlorornturoolnrnn-.:ndtoq'luriNdrfiriruuotaln:curunr:oan:rflarn:r'u (uF) ro6

n:curunr:aan:rfl arn:du rfl un:curunr: utrnd'rur6on:0.rfi iturn
gnlu?o.l16on:o{ud2{ 3G1,000 a".:an:ol rirulr.tqjr.l:vqndltrf,outrnorlnrnr,liodravaru
i- rfifiritarinlurarlalutirr 1,000-500,000 ff1anu lltirirurdan:o.roanhj 6stririoofinrru
unnrir.rlunrun"uoaallfinniol16an:ar n-,:rfuilaur:o,yirlrufinrru6'u1udr.:2-10 !1i
(69-483 kPa vio to-zo psi) rdan:aro-an:rflarn:durinrirlfin:lairlriluuuutrialrrrq:
Iouiturngrrlu 30-400 0".:dn:ou og'fifil,rrirrf,al 0.1-1.5 hn:ou dauturntordu:o.liu

, , J-
u!u1n turu n?1tuH20u1nt].tn

nr:: vqa"nuruvautBtal 6on:0.:o-a n:rfi a rn:f,urfl urtiurfi ur nTu r6 a n : ol
llln:fiarn:t'u 6o ia'nrifirirurdon:o.rtru1o:nlx R?.rrryrlu (porosity) a-nurucln:.!afi.:tol
t6on:o.: (Morphotogy) drnr:nsaqj-to.r dracaru (netention factor) d1 Molecutar weight
cutoffnrual Bnr',lrtuutil,4ritourL nlrrufliu:.:ri.:na (Mechanicat strengh) ra6a:nrlr
sioar:rnfiuavn'lr!iou (Chemical and thermal stabitity) uacar!r:nfrnlruavornpilu
ar:rnfitd (cteanabitity) nadruaifil{rniulrturEan:a,:a-an:rflarn:s'u Li'uri r,ro6r'alylu
rtaqlaauof,rvrn nodn:0fi6u luaou 6 no6rnn:vriaool:rofi6u yro6trianaol:ri rilufru
:r.lurrnolo'an:rflarn:dufuqafii,uruluviornaroivna'nbruc td'uri uuuuajuuavn:ou (ptate
and frame) uuuviorTrr (spirar. wound) uuuvia (Tubutar) uavuuurdulu (Hoou.ow fitter)
lil'lrovrfiulrrqaa-nuruclnfin,,,r,rf,olrifinr:rirulouurarrnfiao iirrfiufro.:hifinrruriluur
drrla (o-aq:ru:.rrdol) rirrrufirr,rriruo.:l0on:a.:ar i6nr:fi.irufiqn6o hiar:rJoulyantr
uutints (Cross flow) nd116o ar:rloun'uu.:yr,: n r:lraaturufiu fiaufrtor rdon:ol ua v
rn oi roo airurdon:orluuu'lofiorn riu 16on: o.r o-rnr:rlfi z.l lflu{oryarirunrua-nurucro,r
16on:oluavn:vueunr:a'an:rila rndu

z.q.2.z nalnn.nirn.turo.:n:y!.lunr:dan:rilarn:tu (UF)

nalnnr:rir.lruta{n:c!lunr:o-aor:rSJr rn:{u ( UF) oyunnrir.:or n
n:!!?1.lnt:n l0.t |rUlJ05 tr]o.t (Convectional Fittration) 6o lu:vul n r:nio.i rruuo:5]Jo 1

rfior.teiool#ur.lraarirudun:0.:ounlnur?uaouey0nriroio rouovfind.,ooqaa.,r..,u.,,rnru,
(surface Fittration) viofindrrlufunro ! (rn-Depth Fittration) dtulun: vrrunr:dan:.r
i/arn:t'u (UF) olnrnu,ruaouvioar:iuvridrconri,i'o1nuov6odr.:oqludo'i^ro.rr6o
n:o.uiun'jr " naln nr: uu nars [uua-orul n ounrn (Sieve Mechanism),, rirr,tir.lar:6uvrB d
ruiu }J:fiu uunfii5, ounlnurluaou oronnriro'oriaunatnnr:qofi ofi .:ratrror rdon:oruio
nru'luln:.:air{:u{roqri'liaqfil'ild',,,60n:o.rfio rlantrio uydropr,obic ovfiarrjfrlunr:nnfio
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n1r'l{d 2.3 n?eu2un,lrdartrfl arntiu (Uttrafi ltration processes)

Membrane

Uttrafiltration

1 Sy.."t "., fu)--,"t 1.

MWCO 103-105 Da

Driving force 2-10 bar

Separation principte Seiving mechanism

Separation goat - Solution

- Fractionation

- Concentration

Apptication - Anatyticat apptication

- Steritization (food and phamaceuticats

- Uttrapure water (semiconductors)

- Clarification (beverage)

dlt: Kovasin, 2Cft2:21

2.4.2.3:loo-afi fi tarion.t:1i1.:1ut o.trt:vuiunr:o-an:-tfl arn:fir (Ur)

riolor nnalnnr :rirdnoqnrn,o,r n:vu?un1:o,an:ifl a !ntdu!fl ,n1:n :o.l
urlun'n?u'ro d'.rriuilqrarirlnrfiodulunr:rirru 6a nr:qodufirfiolrnd.:rj:nrir.:1 drdl;tl.,
rirbio-n:rnr:r6qrir (permeate flux) uavarqnr:1fi',rooo.6onroouroo toloo-ua,t01"r.;od

1) a nuruvarilfi tro.lrlr6u arurduiuuacri^iosar:6uritiluriroc!'aa
6lanuruva,il6 'trolr.rrrfiovriru16an:0.:Ioun:r llranaar:6uvritjfi6o6'rrovr{llfrfiiurn-urdo
n:or rtiu nofin rfiqroadufiuBrrrufir,rol16on:alfrunrrlfi.,rr.,rn,,r1rirrrl,ro1 ;,
ord!:vnaurolar:ourErilurirovunnrirrryuluudavur.ir uacr!6uuuilarriuur.:n{fluuraei.l
rdurnn

z) iao,i{rirr6on:a.: iaofildlirrEonsa ir,,,1r1ro.:i1r:ur,o lrdon:0.:ua,
n15n5sn1ut1rl0inluhr0oa:o':firuarioa-nuzuvnr:oo m'ulun:vlrunr:oya n:r$h rn:tiu (ur)
iaqdl'firirrdon:oruil.:16'rilu z n{, 6o riaqdtoudr (Hydrophir.ic) uorri.qalr*uri.,
(Hydrophobic) Iour0on:o.rrinfitorrhovnrodr.,ar:duvritirioon.ir,0rnr..,nrrlrituuui.,
d":uu,rndiratrr:onrirrld.jr n.,:rnr,,r:oo,6,r.,ovduoqjniutiorrorar:AuyEdlur:.,, uartio
to.:iaqfildrir ur ru:urd o n:0.:

3) nr:rriranrnull!*osriu ar:rlurioufi vrlluuradr#ro::rrtrfi urrrtru
4 !iurnr fio ounrnuteuaou (rieutraqirfluar:oiuvi tiurios:r,, fiiar: duvi tidru) ln6o
afruyritiayaru ar:6uyritiasarula6,, 6tar r lurir floyrirtri,rfio nr:qr rirnr.,,6. n r.o uu,
danrnr:ariniiaoal isnr:rlo.:ryunr:ooniuorolirLi1run.,ru;uon.,n,l..,;.;;;,;;;;;;;;;;
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aaq'rn1: anu'rana.i ?0n1:ua.:fiun1:qnruo1nr.t t6l,nun1:u:ruanllru.tnaurfldn:vu?un1:
o'an:rfilarn:du (UD 16'uri nr:riro'oaunrautnuao uturolrar! nr:rfilar:Inuannuaugiulo
{nlunuuun n1:u:uR1n21!rlJun:O-n1! Uavqfuu4rj

4) nlrLon nr:rirru:rnnurnduocfrlfio-n:rnr:arf, nfruarqrunrnrh
ttel. - J .g , j
rnqtu uR01u:.iouryuJlunurnulnil'tnn0cil.] troqnlnuas ln:!ai1{rir.: 1 fr avauu5rrru

a e --?ni'rtonrEo n:o!d'qd'rrYuuiluoutirlfidrila'nrianal uavor uiraruln:la ir lnr ulurol
4 't, a i,.e- -luan:a{0uUJ01afiuan'l n't:n:0.!Ut l6d{rA!

5) nrurir,uo.:nr:1r.raua.:to.:ruar nr:lr,tato.:uo.:u,tarrirunrrlrirqs
-'-. i-. .r,- < -i r - j- v 4 --Xalluru0fl:an llylnou:. 00u d.:avt']uaonl:aodufr lxtltJo.:rtiofr:o.willfor-nr1n1:ildnril

rc
{.!iiu luni:U:vqnd[{o"n:rnr:rfiou:l16ouaur:nntuqrloufl!uavir.lirlrrlr:trnfinto.l
r6on:o.:ld

z.o.a tfiafuptaudan:or
qr.ln:oi1un:turun't: Bunal: 6o luqa (Modutes) raio uaiun:as (Cartridges)

nr:1dr6on:oldolrirfi.:ua-ndrdry 2 :rni: f,a (r) 16onldbignfiosqrri:vnntolr,don:ol
(2) Irlqafi'oraonuuulfinvra'o:"n aur:nu::luriurdan:ollrnfian ruEilail:sn.r:ufi.:fi6a
ovidufifirdryiluanuJ6trusioiliu.,orrlnfia, ninruona z r.J:cnr:dovdr\l{nr:ao
rirltiirulunr:drfnrirdorjilrn: udrfilrirldiirulunr:1dna-r.:rulun,r:u,unar:,iuoorn
nrtrtirurluriuuq.r iiufiurirfi'nrdnrirhiinr:qrgrf,uu:ld'ulrndu d.:ovdouarinfi{urirdqo

t drt e A
un [!nay1l!n0'iri1n{0.i6?1!nonnr:du1 dn rtiu.irudonr:frn?1uavo.to uav.irorionr:
tia! usiluavrU6uultoa

ll4alurio.:narnutjlrturl:vrnvrluqjl Li a rJ:yrnyr 6o uruuriu (ptate type)
rtruvio (Turbutar) ururiru (Spirat wound) uuurdutunar.: (Hottow fibers) r6on:o.:1drru
rirulr.rrylunr:rithhiuiqvrd unluartrdu16on:a.:qn1i1unr:drrjorLd.: :cuu6anry{ nr:6u
anrnlaycufin aoirlufrrara',u uavnr:6uanrnra.rdnr:rrirprfiulntarnr:t{rdon:o,r
nauauo{ys.!d'rurn:Bsfiouacd.rurodo! n:curunr:rOon:orlriiirrfludort{ar:rni:uu:r
aur:oldtfrluqrur4i#uo d.:urirhkou6.:uxrfi inr:rlurilou uavl{fi'ufi odrrfi rJ:rivrBnrn
ornfindmrro'':rirtirdon:orfinrurirauloviiludrurn:urnraqi finrr:yarnuarslfiarorn
nr:o-n 6ouroluro{lqa uav rduaitrnutinar.:tolrdulo

lunr:rirr6on:a.:r:rldoSr iirrill#olinr:u::ouriu (Hottow fibers) luiaq:olil
vr'Gon'jrlr:qahiavotntunr:rjrltfl{.rru 6.:Ilqafldriuiufl o$iunuoqj + a,nuruy kiuri

2.4.3.t rruuuriu (p(ate and Frame Modute)

uvrnfr ndr{Junr:t'nudur0on: o rfi irufi qo Ir:qavri.fiovfi a-nutuvrixrundru
rniorn:olvrI,{u:roiud'o pi'.rnrnfi z 2 uajurdon:0.:.rr.:oqjuuua,u:oriu6o;nlrrfoo,o* nua"l
r,rSouaiu:o.rilfifiio.rtri'rirlr.raoonloi ldon:0.:uayuc.iu:a.riuorrx{orfi'r,,oradr,,..u ,i.,on
u rriu'tyElzururEon: ol uavur.iu: olil udri.llya oono.nlloa
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.t trt.t tL.. r.Izrtr.uurrr.u 
Lil\7qb\

dur, Orurnr,2001: 18

r7orynfo.rfiu
2.4.3.2 tLl.Nia (Tubutar Modute)

i6driunr:riruudurdan:o.r hirfi uyaonuioyioturnrdn uav6ofi o1i
nruluiloSnouun'lfiyhiruaunulaa uioliruoinara d'.rnufi z.: uavfl.rrirfirflul6:{rait
:o'riuuriu16on:oilrihidntrnlu:cr,r'ir'rnr:1trru uavldrfluvrrloantra.:u'rararodru u8i6u
o;gn4uairurdrltlluviod'runlri6'uu:roiutro.:ririrlfilraqarLarlr:odrqirurdon:0.: uacyia
:a'riuoonhJ{nrouon rdorornrrnindarlr:nrirnruacorold'irud{iuil.fi1un:fififinr:
00nurna?ur:?

n'rud zs Ilqauuurio

dtr, oru.r,2OO1: 1g

Z.q.:,9 u!!ldulunai{ (Ho(tow Fiber ModuLe)

16on:o{rf, ur#ulunar,royifi rndrov,{o*irdor,:oufi r&rlu (6.:inrrryur
rfiu'i 0.t lrrn:ou) rirlounr:rirrdon:o.rururdulunarrrrrio:unnrfluryol ua;roniriflu;r.l
r1lonriruiayirv arursrao.i{r.:rorrdutugnl-n onn:'r6nriooqjfiuriruloriruvfir,6.nr..,ti,
frrvrrvrYurirfirfifinluan!:n r,oiororu{rro'orrua{ ur:rc.irr-do*irrrrrntvqi rir.lrifilonra

nllrri z.z llpuuuuriu
dur, Orurnr,2001: 18

khanitha
Rectangle
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qnn"ukiliou uavd.:arrr1tn{olrJuuunr:1.:Ir',qaldyarua'nusucuavrlourhrrirldraartrdnusu.v

o-.rnrnfi 2.4

ffiffi

nrrd z.o llcaruurdulunarr
dlr, or--r,2001: 18

2.4.3.4 uutlri?u (SpiraL Wound Modute)

TlqauuudrJ:vnordrur6on:oraoruaiuU:v v i r
aooo{n:lnar.::vra'jr.r16on:our'r{ ornrfuriruuriuuu"-.r-r#;;:.1::ffiHffili;
nryrfi 2.5 Inufiuniuncun:.:lir6'rulyr6lnfi6unqrilooiruuon rrau,o.!uriu!6on:aor"oarr,d'.,u
qn6otd'd'runrrfirnu uaufirr.16orjeiaoti'rionurjnfiuavdlfioriuviororvg a-nuruvrriudrirhi
qnrirri.rdulrilratJri.ryiororvvioac:rauo nr:frur6on:or uriu:a.:iuuavncun:{trara6n
rirlfildllqa;rJvr:.:n:vlonfiaur:nl::11uviovr:.:n:vrono::rLorld'hqauuudarofirurn
rdurirr4udnar.r#.:urd s to zo ra3o 30 rtu6un: uaufinauuradr.il riu udrTnhirf,ut ruo:
rir6uovqnri.:dubilraa'luuurunuto.rfuqartrhrnuur.iunvun:.: uavovqnu:.:ondolirh6l
airu16on:ornrluuriaia.:ho.ruilu:o.r:n 6lovri.:uirr:^qvrdhJu-.rviororr:rfiorjllroanrrn
Il4aoiohj

nrufi 2.5 llnauuuriru
vtul: Osamu, 2001: lg
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n:ru?un'nldon:o.iai!'r:0u !n:vu?un1:n:o.in'rrrlJuuuoirf,unr:
n:o{ uacfi nylr.!nr:lratosar:fl aulfl u 2 ;Uuuu f, o

1) nr:n:osuuuiltlolu (Dead-end fittration)

nr:n:osuuuioqru rfl unr:rlouar:avaro1ufi nyrrl#.rornryurdon:o.r
(nrvrfi z.o (r)) rirtirfinnr:ar6!?onolnin!ufil,rriruilu16on:0.: riun.jr rfr'n (cake) fieilara
tirir*a'nri (Rux) aoa{riufi uacidrnlufirumuto.:nr:n:olrf,rLdu nr:n:o.,uuudorrrlr,
driliuar:acarufifinmlrtudulrilrnrin uiooroldlunr:uunar:asaruluU:'urruriaurfionr:
irn:rvil

2) nr:n:0.:uuuluar:r.r (Cross-flow fi ttration)

nr:n:0.:urrlr,latmr r]ouar:avaru1ufi ayrrurururyrrOon:or r,tEov --d'rornrYufrnurlnr:luata.:rnoiiroo (nryrfi z.z (n)) nr:n:o.luuuha!?r{a1 1:naonltava
i- r; )toroqnrafifirr,ril6a16on:a,:kiin2uualrv6lrYuar:acarufifinlrur{ltuq.: uaciuul{

dlurnlu:v6'uqnarynt:rr rfiolornaur:naonrrlr{lduaval (concentration potariza

tion) uavnr:rfi ordnuuirurir16on:or uavldn6nrYrudiirJ3rLrrulrnld

PEN||EATE
Il!!&E-FlHlo.

(tor FrEde r*)
('u) nr:n:o.ruuutonro

ntrd z.o :rJuuun:;u,:unr:rdon:ol

orna'nuruvrarnr:n:o.ryr'.: 2 uru rirtrirfi onr:oonutorrdon:aruas
fi r.rasionr:6ilriru16on:0.: 6.:nr:ood'ufi a'nuruvo-roynritsiolild

2.4.4 d'nurucnr:qo6'uuurdan:o.r

nr:oo fi'ulu16on:o.riararianr:n:oll{luodrrun r.rrnrfronr:oonnudrrvdrHario
!:vivr6nrnlunr:n: o'ruruaiuudon:os ovrirlriy,la-ndfiilrurdon:orl'riraoal (Ftux decr.ine)
6':3.rfi rfi o:uYuni.:doc ndr:rioh rfl urJaQi,:rirh{nr:qo6'uli o-.:iI

2.4 4 1 a.lfi drhdnr:onstiuuurOon:0,:

bg.truCrE-F}lrEro.
(fxo gerrustE rab)

(n) nr:n:0.: uuulraarnr.:

t) rJ:rngnr:ninourturq:t-uIHar'[:rrtn (Concentration potarrzation:

cP) rih!:rnnnr:njfi vrrlou,"rhhurdan:or 6o nr:avar oqnrny:'ollranatorpj.:0fl asa1u
firirrrufirror16on:o{nruluciu Boundary ruy",.6*iu.f.uvr"'Lndfirr,rfirtol16onrr,,Iru cp
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ocrnoluar:avaltrhLdu4ofifiuritdon:o'r 6rlu.fudovrtu6a:vuavintrr.:nr:lraaairu
rdon:ar nrurriltuuirrrufirvrildon:0.: (Cw) dovfinrur{l{u6rn.iruinrufioqjr,ir.:oanhj
(cb)

. :) nr:rfintsuroa(GetLayer) rf,uiutasluranaifiturolvqjdavaloqj
ui rrrufi rurirtorrEan:aullrnlun:vurunr:dan:rfl arn:{u rionrrr r{lfutarar:
- , l- w t t -- "-n{nartril-?tlu'mo.rrEon:0.:6.:iuorof,sioiirrYntosar:avarufiaur:oavarald'(cg = 6"1
concentration) ro.:ar:irriul dldrnnavaroaroia'nurucadruduroafirfioiiuuufiryrir
r0on:o.rrirlfinlldruvrrunr:luariu4olrniiun'j.r,0'l uavu-rrirLirir Recovery ra{a.r:
16on:arul6uuhJdru nr:r6niuloaarrir:nrirhirirr6'nrfrirLduldtcunr:ruiuuanrav
nr:rirrruuianr:dr.:rir 6.rrfl un:vurunr:fi aTuna'uldriuro.:

a) nr:rfiodurdn (Cake Formation) rfrunalnfifinrulndr6ulfiuhnr:
-crfrntar{uroa uriinrtrunndrrriu:vr,rirlrdnuav loao qjfirinrflunr:aral rflut'uounrnto.r
ar:uioar:utruaou udroarilunr:asarro.:ar:Iura4aturolr.rqj drluar:fio11nrnfifituro
rinuavlurlrJun"uo{ aqnrnturnrdnovqnavalluprlutar r6on:0.:ruurju doornriuov rfi o
n1:ava!r,o.:oqflrafiiturnlraqjnrrLlr udrrfinrflurf,nfiuirrrufiryrilrosr6on:al ii.rrdoio
nlunur udlroaocinrr!uu{u:cn"uha:ouurirdn ocfi nlunur lfl uiaa ur n:

) nr:qod'ugn1u (pore Btockage) 6o nr:qonn;n1uta.:urjurdon:al
flsanusucnr:rinnr:qnd'utosuriurdon:asfii;n1u,urodr.:1 uiorfitrun-unrgnavaru

4.r) rirr0on:o.:itrurn;ti1ufi urju uavfi rurn16nn.j.rfi.rqna,aro
16nriatrocdrlfirfi o nr:qodufi fi rtolrdon:o.r

+.2) rir16on:0.:fi turogrrlufilraqjn.jrfi'rgna;aru16nrioo rirbirfi o
nr:qoo'ufi;nquriou oioornriuocriua"arrfiuirrrufirrri.,,r,oo16onio.: drulrnovfinr:andu
uufi ruriluor r6on:0.: rfl urirulraqj

+.a) rir16on,:o.rituro:nluluqjn.jrnrqnavararrrn1 ovrirlrirfi o
nr:ooniunrolu;nluriouudrrioornriuovrfinnr:ayaluirrsufiryriruo.:r6on:o.r

2. 4.4.2 dntsil.qlo.l n r: on d'uuur6o n : o.: arlr:nuj.:1d' q tio oid
1) Compt ete pore Blocking lf, unr:anal,ualr,,la-nd riol o r nfi ounrn

nnqcnouuavdr'!rufirr6on:o.:rfionr:iror4''r:nluuol16on:o.l drtri'druruqn:urao,6anr ro
aoaruarxlunrvrd 2.7 uacaur:orirurrurirnrrqonu

ntllrfi 2.7 a"nuruvnr:qorTuuuu comptete
d-yl 1: l,Uylo.t A!I5tnt, 2545:22

Pore Btocking
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2) Pore Constriction or Standard Bl.ocking rflunr:analtoly{a-nd
rdorrrn rfi onr:oodurirrrufi zto.r 16on:o.r uavgn:uta.i 16onro.:itulnaoa! d{n1rfi 2.g
ua v a u r : nrirutru ri r n r : q o n'u

nrrd Z.a dnuru;nr:qaduuuu pore Constiction or Standard Btocking
?llt1: ?uylo.! aufi:tn.t, 2545: 22

3) lntermediate Btocktng rtunr:ana.:,ua.:y{dnrilfiolornrnornr:

Qoi'u?o.rorn1nuufir.ufr,os r6o n: oslurir{: cuc raaruru raio aqnrnorotnurrdruro.r
fi,.,rrirrdon:o.:rirlri{r.rarruraurro.:nr:n:alriuu.,,nd, nao.,lrn.,rli ,, noru.,r,',*
r{rurrudrnr:qnn'u

nttd z.g anuruvnl:qaduuuu tntermediate Btocking
J-
YtLtl:,tUron 4url1n1, 2545: 22

4) Cake Formation Model ltlunr: rfio riou u6l u firtor 16o n:o.t
iiosornarurrir{u'olar:6uvritiiriurndu6.:fi rartrl#la;iarao uao.:1unrnfi 2. 10 uau
a rrrr: nrirurrudrn r:qo oiu

ntrfi z. to dnuru:nr:qonuuuu Cake Formation Mode[
vBll: tl.ylo.t auy5ln.t, 2545: 23
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2.4.s indudrialfi rfi anr:qafruuurdan:ar
{i< .i'rv- - 4 , !-a.:?r!Haylfl0114[nnn'l:qonuuutu0nl0{ua!r1[11R'Ifldngana.itu!xa1u 0du

v v i q - i v ! a. , .i
d'ttrd'u i.tfloiuri!fiJr.i'r01Rrun1 lo.lu'rfidurdrur0on:o.rRua"nuoJrro.irAon:oin2ilreY1l

n2r!tfllduro.:6']:ava1u R?'t!tr:.irJ:v1 (lonic Strengh) drfi rotuavaruynfiro.ia.]:ava.tU
tuiolilyfnlltanato{a1: a-ntrrucnr:n:0.:!,iru!6an:o{rtufru

,-2 1.5 : ;lq1J ?1J,?r:oql, rauru6r turnrduairu4urinatr.riorlr'romr!nir.!
ta.rilrl1l 0ruu ru0n:0.iBUU [! In:fla rn:tudo?1r.];rlu?u''to [xfu d1iliu0=a n:1fra rn:i'u
1ettururonarr rirturn;n1u16nn'jr 2 urlurln: fiulriun'jr rdon:o.luuuuilu!1nn,j1fi

riun'jrfigquturnrdn

- 2.4.5.2 r.l:v luion'lruirizto.irdo n:o.ii rnnr:fi0-n:r nr:lya uavril Recovery

fiuoqjrYuo'un:ffitn:vu'jtr0on:aruavn-?qnavaru rirti{ldfia.rfinrrluirlouacaur:nfioc
16on16on:oflriruurvalrTun"rqnavartrfi#alnr:ovrirnriuun rtiu rtaqlaaov0rnnuavlyr6
._!- -,, , q J a o r !s - ,i a *j<r0u,oiulran{a?1uluu?2lanu0u Lultfuvli lrtaiua:it!.] 0l0nvnafuarluErrtrunaln

2.4.5.3 a?'rrrniu ar:ararufiU:"noud'ruar:Irrraqa.trurnlurlifiau1:orfioroaki
A---..t". y. - u tr 1a i J -n?1!r?!?u(! nrr an062'ulnu?0{r{ant 60 liiint0!r]i!iudua?1ildu lut?.!rr:ny5afiou
nr:rnornauavtudrrrfioioa u:rolufirfildurirti{uroao'ouilu *d'ndd.:hjrfilduudiuurlfil
n.:r a?u10.!nr:nn61:w{u0qnuainuruct0tiuroa a2v:cuufrn2,lrlr.[rr.[uoiruaud'rqnavaru

hiatrr:nrfinroald nr:rfilarrunur'lifir{d'ndrir,du udo'n:rnr:rfilrTnoc{ralludtnrruoiu
JJ

4.i?u ru0.:01n a10.: cP

2.4.5.4 n?lurouriuarLjtaurir lHydrophiticity and Hydrophobicity) 16on:o.l

fiiqruautfitoufiulirlldlfia (contact angte) firfindu:vu.jrlfil.frtarr6on:o{rYuld!
!. u- ! - , I , w . j ,i . . t j
a! r.i ayuoulr]nr0q:y ?1.i 0-90 0.:fll lnunlLldl{afrti1ni.t lao{.j1d-t!.r:odllfloon:o.l
.:t- -.3-ty I ), j -!^- --_ -r-r.s ! - - * J ! - Jj-ruunul torJln?u ru0nsoivlrauuMnl li1l,rtrjtaqau'r!1:2!n]-ulnoruut'udruiavBfii21,rrir

t o.: rdon:ou,rurrdtnfi'uovarii'nllra qa!0.:ar:6u1fiilr{oantUnl nfi?rrirto{ r6on:0.r6,: rfiq
nr:rirulauronrclxtarlairr,i.urdon:o.ioanhjvrliln!u uiolun:firro.:l6on:o.ruu!rdouiu
ocrfionr:oerduhraqarirr{rhru,iu,6onraou**dilrur6on:o,:oanhj6nrirurai.r dru
ounrnfiutrlaoulurirrinfiarl-fihitoufr iuurhirtou6'u6'arTurfluounrnnaaaoud
(Coltoidat particte) uacroufiovrtrdufiorirfirr6on:or drarahialrlfinrrrLsouli.rro.irda
n:orrfluhrirtrilfinnr:oofr'utor:n:uuurdon:0,:risnrl:rnnnr:ojd.jr,,nrrlan :nrosfil
(Fouting)" (dlyol auy:tnr , 2545: 26)

2.4,5.5 nerruril{lro.iar:a uaru nrrrL r{u{ui rua rio nr:oo nnrol 16o fl:o.r itn
ntrtfio Concentration potarization trutorar:fi dlr.yafi l,tirrorr6on:0.:60 du Boundary
Layer urn6''r:aEarufi nrrr u{rriur,1n ni:6uauro,!a1:ava1u rtiu ar:6uvrsdovtrj nn o u'[u
'fud rt',l#'Arvrirtorr6on:orfinruitrL{u,0.:ar:duvridarniruinrq;.,.o.r.nrr,:.,rm
r6on:aroanlr-i ra.nhina^rflr.,r-rrurfiniurirrrufirvirto.:r6an:o.r oylirt#rfin
Concentration potarization 1d60rdu 6tdlzuanonr:ooriunrrlilrrioh
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2.4.5.6 f, ro!uayqolx{iha{a1:araru n1:ri!ontu4fi to.:irurdavorarlud'1.:
15-30 o.rf, 1rtarf, ua rilulfidan:rnr:illrirurdan:alirirlrndlnrlhjdrurl:vlrru 3-5%

rn:rvqrura4fifiruadanruufiotrosrir rirfirottorar:6uyrido::ltrfifiHariorirn.lrl6'u
ooahfinfidrfirm + iririrn'irfifirar 7 uav 1o i.rrirhirhatrr:nililruldd'rtroin:rfiasn.ir

Z.4.Sl atiminlltaqa (Mo(ecutar weight cutoff) Motecutar weight cutoff
6o rirrfirarinLraqato.:ar:fiqnnnaoud16on:0.:rYnbrtiilru 9G95% d.:urnfl,rrinlrrrarla
rfluioo'uud.:dovldrirnr:flnur6.rnr:qrrfi'utol16on:o.rlotrovdsrnnnr:njanartordrda-nd
-..J-1-.- 4- J" ' ; d .yrH'rLlru0ni0ny1na'r:ylu't!1n:0$l'lurU0nta.:utu'1fl h4rUnzlltrlu!in 1 li1[yrRonl:qndu[{i
drornnr:n:olcirurdon:oruu!o'an:rflarn:{udruar:6uritjyrr.:o::rrtrfififirirrarin1urana

i1i 6.5-22

z.s fi'rrJfrn:orirdan:asirnr

rY.:rJfrn:ni16on:0.:{rnrn (Membrane Bioreactor: MBR) 6on1::rrlrrur#uE.,raoo
rc!u (nr:douaaro rilirnrn uar nl:uuna1:d'2trrda n:o.r) rdrqj: vuu rd urn-u Inuar:

. ef , 1 eo )eumua0uuaclau lunuYl,t?tu'tylu0udaluytl.ii?n't uavQnlruna0no.]nulfrno.rn.t:U1ljn6?u

nr:n:a{ 1ur6on:or rraihnrrrrilrauu'.:aroglu:vuu :r1filaur:nRruquorqrorlir:nid
1u6'.: rJ fr n : oitrio th r fi rd u u ua c an Jsrr r ru r{olurl o o n n r :1{.!r ulo ui'rhJi o { z ;rJ uu u
uruu: nri.:rJfr n:o5irnrnuacrdon:orovrir.lrudurYunruuon druSnuuu16on:olocon:rrr

t) . i
t2tl]onunn:u S{uao{ lunrrL 2. 1 1

(n) uuufr t (t) ulufr z

,J.
nrrtfr 2.t1 nr:rirqruso.t MBR ti'{ 2 riluuu

lun:fiu:nnrvrfi 2.11(n) rwfi r rirrirovtraa{ri,rrJfrn:nfudon:olfirnrn 6rosa',ru-ariu
rJ1a6rn1rro.: ardovqnauornri'rr.Jfrn:ninruldu:rd'ulr]qnn:orilruroon:or rlrriaufir.iru
16on:olovluooonarn:v!u lutruv firLrafirn.,n#orl o o, q;n nanlilao'.rrJfr n: ni nvnou
drurfiuocnna!oon rdonlrnlorunvnou}inrfi uu*aunruurJnnrirarrrar orn drunl:dr.l
rioura'l (Backwashrng) drrriroar:rnfi yiorinpirario.:ornrn

lunrnfi z.tz (r) *uufi z rlrrdro;qnaurdrfilufl n:nir6on:0.:firnrn .fi 0fir:fiafrrtra
fitnrn uavn:0.:drurdon: or nr:rirolr flcorna,,r:nrirlffiouo1nrfl olnlfloynrlrkioa lrirhl
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rrrri'ruto.lqnr0on:a.r rf,oriro-nd.:and'ufifiladrto.:16on:a.: dranr:unfirto,:y{alarnrn
Girtift Effect) nr:ldrruuuun:olturunYufirrr':nr:lva (cross Ftow) uavyrlarornrRovtiru
rJosriud.iond'r{ornnvnoufiqnniufiladrtor16on:0.: unvornrau-rgnli'druiunr:oan0rofu
aar:uavnrlf,unrrJnrtrluto.rl6uvriti rirfiairunr:rjrrinudrluaaanornri.:rirunr:0nriru
16on:0.: 6.r1uf,o$iunr:Urdan:o.ryirhln:flarqt'uuavo-an:rilarorduoyl{:rJuuld

2.5.t iofitol:cwfrirJfrn:oidan:aGentt
-,.^^d-.^ -_ .- .- -f, .--_!--_;-,-, i d-?0o?o.::yuuu n0 u.'lrHiunl:UlUaovInfun.ty{d riiolorn:vuuifinn21!fl1u1:n

lunr :tiru-n uurirnrn uavriro-ordat:noonlrnriii'.r'o-.:ria\.Jd

2.5.1.I aur:nriro'oar:utruaould'odrraur;:ni uavnnrarru5to.:r.rrrrirunr:
. -h..J

lJ1Uo UltUnauta0u:n't1rt0{ovnou

z.s.t.z uuafi 6uuavtriaovqnrirdold'drun"rtorrdon:o.:ror Iooqruauuhvrrs-)
fl a?nlt0.!ru0fl :0.: (Dynamlc membrane)

z.s. r.l l6tvritjdroirpld'trarur:oinurlflun\lfr n:nid'ruorqnvnoliriurutd
z.s.r.+ l6unitidaur:ndouaaruar:fi rnu arur:oroiqrBulnuavn"r:.:6nogld,
2.5. 1.2 druUilrrutoliSriuoa raafi unn.ir rirtril'innlrlaur:nlunr:riruhaq

uav rfi onc nau.irurfi uriaun,ir
2.5.2 d?urJra?uaulursuurdonrailudrrJfr n:oirdon:alihnrr

.,i J
d.:fr nr:riru.:6.:l,un:vurunr:r6on:a.:1un".rrJfr n:nir6o n:alihnrn 6o

. 2.5.2.ttral,,nardqnuunrtu:vuuHarrfirj:;nou6'ru16uvr:-tjar:6uvridfifi
lilur]nUJranayarnyaru uavar:6uyriti

2.5.2.2 quatrfrra,:erar:ocr!duuuUalnaaor?ar rdolornfi on::lnr:uilna,o.:
16uvr5tj

zs.z.l irtuitilrurdon:alnr:ovlid.:aon'ur.riad.:fiaorj:vfyrBnrn,al,don:oo
ruil rdo:r rtudu

n-tu!:naunlto.ln:ruun.,:,don:ol 6o anrrylunr:1{.rru (r,tiu u:.lo-urolnr:
n:or) nrrrrrirtuadru (Cross-Flow Ve[ocity) uavanrnnr:dru-oyrlfitnti (rrju nlrLr{l{u
tua':$uvriti) dnurucrordru ar uavlnuronryRrrr:rtl{utorH6nrirudto.nauvrEdfiayaru
rh 6,::un-rrflut'urn6otrfi arariruorrdon:or

z.s.a n.r:rirri.rilfr n:oirdanroGrnt^iltlrJ:cqndltmu
vruio-ufi rfi u:ri'r16on:irlufirrlfr n:nju0on:0.:6rnu sr-,:uaorlunr:r.:d 2.4
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n1r1{d 2.4 .rruidadrdo,:frludan:ofludlrJfr n:oirdan:oril,mrn

nr:rhuqnrildmu nanrrilnvr a'l{a.t
" u;.1

- nllu'lutrul?ln

o2urau[tlJnln

tta:1

r{o : r ru ? fiI01t ril'rj : s?rBnrnlun r :riru-orS
tri ) t
vr.rvrff ?rurl,ururoriui0uac 95.6, 43.0 uav
qz.q nr!.irolu nruldnr:n"r riu:cuudi
uln:ort?n'rltuuunv l'luun?!a!v:ru
uavuu!roafia1i

iluinri inruf,vrr{

(254e)

- n'l:u'ruflRtufllYr

1r1y,l.!n1UIn:v!U

0ruln:urua
ni0n

fl n ur n r : riro"olaa r : n r u1fi : vu u rY.: r.l fr n: oJ

ilnttu'uumnru:u turo:rlu 0.5 lln:au
nu'iLJ:viyrBnrn nT :rirr"odr coo rvirrYu

99.79, 99.6t ua3 99.54% rl:ca7Bnrrnr:
riru-oa r:ntruaoa rvirr{u 98.88, 98.24 sar
98.36% qtLeir6'l

lrmuh.:B n!J:']
(2552)

n r:u1uoulklu
,d

uuruaun?un.i

ilfrn:ni16on:a.:

tl
:vuud'.:ilfr n: olrE on:a{ uuudan:1fl a rB:fu
a'rl:vEvrBnrnlunr:aoGlrrudr coo rvirrYu

97% di NH3.N titdu SO.ZX uavdrar:
u??uaou ryilriu 1oo%

C.H. Xing

and et aL. (2000)

-n1:nlnolurn:yr

Luuluu n1:

rJurdou

ltryralulaE uavr{aur :vw dsrJfr n:njr6o
n:o.r1unr: riri'olu ror:vrlurirdl

EJ. McAdam

and et aL- (2006)

- n'r:u0uaa1uu''l

rJ!6ruvrnuf,66u
roultiaur:otiouaaruurryrui06loviraa
16' Iouur rtuifi 6uavfi raaonn"nrfi ulilrnn.ir
90% nr u1fi : cul rT.:rJ fl n: olii o n : a.r 6rn rn
tfio hotLow fiber

l.G, Wenten

and et at. (2002)

2.6 rio6toln:su2unl1160nlo{

do fi to,: n : cuaunr : 16o n:or fi d'.:d

2.6.1 rtln,trBUnnrusurslrJrana (r.riogrJir,: yBotf,otalrj:v1) 6latLr:nlirlri
rirriunr:fiqrur,r4ir.infi (unriunr:na'uilrurdan:os)o'rrvurvdrviruunar:fiorordoranrn

rn:r:nruiould
z.o'z ldndrrrutunr:usndoudrrrir rr:rrarrr:nuonlfiToul:.ido,rrrl6uurv,ra

ri'rour.:uiu n:r!?unr:uunLfla'oornrlrniouraSorirvvla rirtfiEnr:ooah6azuTunfruyiodrFn
In:ovlaBa itokiu]iouvrrlfrrura-l :ru:Lrnn.irnr:nduyionr: dl:c ruu

2.6.a lririol#rfioso.rru6od.:ornrcuu dr1#a,r.,r:nuun,6ruirudfidornr:1d'arurro'i{
tj:vlutritd'ri'.:rnoiroo (rirufiilrurOon:o{) uacirvurvro (;irufihiilru16on:or) rtu nr:Hf,n
drarore,orndrvrsratdrrofiloo 6o rir6o druar:avarurn6ouriu{uaur:odrhrfir:sryu
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nn ar6n rdoHi nrn6o lunr:rirriorirdrurwfi ofil6'riracornna-ulil1.fi1un:vurunr:uavki
ar 6 nriruriri'r duQi.rl{rj: cluuid olJt6'

2.6.4 aiua!nllrir lrul6l'r u aru r:nrir riun r: u!u nr (Batch) raiauuudorfiol
(Continuous) qaonoufr q n.::vuunlunu nr :rirsruutudnluiB'16'hiur n

2,6.5 a'lrJ1:0rurururaorn:vduduuuu biriu:yduqnarunr:1lfl1*arn rfi olorna --qniUon:a.:ila-nuruvrfluln (Modutar) y:'oyrirulrufiriun.jrllqa 6onr:u::uiorJ:vnou
16on:o.rhififiufi16on:ornudolnr: uacarur:nrirmirutiou.l lrdariurfiarfrliiufilunr:
Iun

2.6,6 iiturancfl-aialriul6ardud qoqrJn:nlr6on:a.:inr:oonuuul#fi u,,tlun.,:n:ao
rdovrjrurJSnrn:ro.: qr.l n:niirira.: (inur i:vinuru ui, zsql: na)

zz rioil'rrintaln:surunr:utonral
2.7.1 aaurcurn:fiuft,rar1:irg{u (Concentration polarization: cp) u!1udn n.t:

ararto$lraqa/oqnrntalf,'rqnavarufihiaur:ndru16on:o.rld rirlfinlurdl{uuirrzu
firrafrtror16on:0.:qsn'ir1uu3rrrufio{r,irlaontr.lua;ocaoa::0uytolnr:uun#fluu.jta.:

ila"nd uacnr:rYnoqnrn ur:rvdsaralfirfi onr:qof,'u (Fouting)

2.7.2 n1lqailu (Foul.ing) nr:rfionr:qnnutol 16on:0.:ulr u6,: nr:avau,zqoroutas
n'rqnavaru#.ruufil,rrirtosr6on:0,:uavnrulu;n1u ii.:r'rLiridndanasuarn.,:rynll,,ana
luj6uuuilar (oroaoaruiorfi!tiu) rir16':rfiqdudrunalnfidr{auduaqjryu4rua-nuru"ta.r
tdan:0.:uacar:a"aro draraluarqof,'uovlriarur:ndr.roandrairld fio{dr{rirnrtravorer
o?ua"r:rn! [11u1Jflx

2.7.3 attuatdttalrdan:as tdo.rorn,don:ariil{airulraqja6nornno6uoi6lfinrru
nlnro'rrYo rdu 16on:oriirn':nrraqlaa (Cer.tur.ose) nssr"rdr{firat +-a riruh6t-aldu
(PotysuLfone) aur:n1{,:rulutjrlnirln.jr 6o firot t-13 qrur.r4l-iHariorOon:olur.lsfio
! , ; - .dturuq0na0:u 14t0n?ytlavalu0uyriu a?urron:altt:rlndlnrrr:n.ld'rdaorur,tniuay

, r e ,, !\-ai:ra d!'ln atrr:nrirriori'ro1odrld'rutialfruyridurinrt:arlr:olunr:uundlrioun.jr
f,-
rdon:oonoduoi (inur i:;:"nuruui, zsqz, :45)



Uild 3

?5n1IUUnlTInA0{

3.1 iaauacar:raii

3.1.1 unauuari'r

3.1.2 0.rl:dro,{o Potuto Dextrose Agar (PDA)

3.1.3 dtiol uo0ou4 ao

3.1.4 Sodium hydroxide (NaOH)

3.1.5 Hydrochtoric acid (HCt)

3.1.6 Monobasicsodium Phosphate (NaHrPO)

3.1.7 Dibasicsodium Phosphate (NazHPOJ

3.1.8 2,2' -azino-bi s (lethytbenzthiazoline-Gsutphonic acid) (ABTS)

3.1.9 Acetic Acid

3-1.10 Trichtoroacetic acid (TCA)

3.1.11 Bovine Serum ALbunin (BSA)

3.1.12 Sodium Carbonate (NazCOJ

3,1.13 Hottow Fiber Ultrafittration

3.2 qrJn:oiuavradasfi oira:rcil
3.2.1 rniolurirrriu finrnai, raoo oao.i, flnJn, trogiltu{ rflufru

3.2.2 rn5ol{t 4 druuil.:

3.2.3 rn':'o.r t-.1 2 druvrj.l
A'a.

3.2.4 Ln5o.ln?uuluuriru6nnforrrcrlfinrrufou (magnetic stiner / hot ptate )
i-,

3.2.5 rn5orinrirnruriun:o-rirl (pH meter)

:.2.0 rniolurdrdnluffi
i.:;

3.2.7 rn50.tllu14-u.: (Centrifuge)

3.2.8 d1{n't!n!q6uuli (water bath)

3.2.9 Lnio.ifl.in?rr:n'ulo (Autoctave)

a.2.to uniotiorir nr:flondu[6.t (UV-V|S spectrophotometer) iu UV mini 1240

6fio sntt',taozu

a.z.to rnio.rfrlusrdnlurlG (peristattic pump) !l uooel 7720\ 60 lCole-primer]
6rio MasterFtex
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3.3 raulori

lunr:flnurn{.rdldroultiuaaraa ornr{orria Lentinus polychrous t-ev. drrdiunr:
oqrn:rvforn o:.i:nr urtiau nrnitririvrar nruvirurnrani rurirura-uurarar:nru
Ina'yir nr: urr c raju{uaryr: u6ldrtriEnr:ra''.: rioltJd

a.3.t nr:rfiuinyr tla L"rtiru, polychrous Lev. (Stock cutture)
n r: rfi u:-nur rda r fia L enti nus potvch rous t-ev. rirdu lfi ohirifoin,rruiqnd

rJ:rRlrnnr:rJurdouua c rf,aavorndonr:rirhi rnrv rduiluol,r:ui.rriaunr:riurarynro r
roulsriuuru d.:i6nr:rniurorvr:ud':luorurnrvr{oriulfrvrnin!aoor{o aur:nrirki
nnn0 tuu

a.g.r.t i6nr:rqiu! potato Dextrose Agar (pDA)

Iaaaryr: pDA Uirrlru 19.5 nirr rfilrirnd'u 500 ia66n: ud'lirhflfi
nmlioulourirrtrraio.:tlla:rrr{ to urfi dqruraOu 5oo a.:n1rlariua ornrfurjrhJ:irrdo
luuriofi.rarrro"ulaiqruu4i rzr o':nrrgaiiua is urfi d.:1flriejudnri'nudrrya,ar:al
oruurr" rdur rdod'ru ryrnfi arJaonrdo

a.t.r,z iBnr:liur{a
ltriurtu l{ovr"rla oordo fi'o:iluiurdoornorurnrrr{olrfkiuurnil:vrrr su

5x5 fia6urn: udrrlrhjrduruuolr',r,duo,{u pol firniullilnulzird.aa.rrrj r dujudootar:JC
rdu.rrf,o 1 oru udrrfl:ouorudrunr:rfiriu rdulufifin qrura4irio.ruru t+ iu

3.3.2 nr:rnrcrCo tia Lentinus polychrous Lev. uuotm:ul6l
rniurarvr:udlunarriufrdrviurrrrrdouiouo ludn:rdruunauioir rvirryu

1:2 arlutlorj:-l1n:ru.to zso ia66q: lprufiljiur n::.lu t to niu oc :vnouriraunau
20 n:"1 fr qo r,:-, nartl', so ia66n:ararriu toarrlriafin rirruritiiod'ruraio,:firnruryuto
qruv4il t z t "c rilur':ar t s urfi 1{rvnfr nrjaoo riio riu rdo rfi qunallurroalar:d'rui6nr:
ruilrdurrYunr:rdtr,ioaouuoru,duor{o ioukiriiouiouaslrj 2-3 duriooryr: r rrq rnufi
qrura4irio.:uavlufifin rfi unar z &)n t"i

a.3.3 nr:arTaraukduoru
t:ie

rfroriurrfroufiounluorur:u6.:n:l t4 iu riurrr. udrrfilurrludn:rdau 1: 3 ruan
hirdrrYulouldrn:'olnauuuuuriruSnriu'ar q5 urfi orn#un:ardrurir,rrrl rirhrlu
rviurfi o,ooo:ollurfi riurrar to urfi rirulafikiornnr:fluryiu.r ,;,ni., ,rrir,:nuu,^u
r,luru16llirfi orirlil{'lunr:fl nurriohl

e.4 tqtaton:a.:dasr:rfl arn:t'u
rdon:orohn:rfla ln:fu 1'u MiniKroso sampler Filter Modutes part No. s02-s010-05-

-1 

r:.y3y SPECTRUM LABS ! is Lr nau:-go *in r ar6 no r nlnadalv,lx (porysutphone)
rufryirfi'o 1,000 anutnrilrlfilln: (cm3) rurn moteccutar weight cut off (MWCO)
to ilanrafi'u (koa) hqnuuudulunax (nrufi 3.1)
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3l (rrdl
roGa?o

]lcatg
I'Et'
t).e,

,t (ctrl)

2t
aL {cril

20

tcdt
tarlal'
tfL

,11yrd a.z :suu6'.:rJfrn:nirdan:or€rn.rr

nrnd a.r rdan:oluuudan:,rf,aratut'u MiniKros@Sampter Filter Modutes

Part No. S02-S01GO!P

3.5 :suudrrJfrn:nirdon:al

RctcDt2aa

Pcrmcatc Tlrk
Rctcntrtc Tank Fecd Tank

ornnrnfi 3.2 uaol:vuun"rr.lfr n:nj16on:o,r 6.:il:vnouriru 16on:oruuo-am:rfilarm:t'u
iu MiniKros' samp(er Fitter Modutes part No. 502-5010-05-p to.:ridyr SPECTRUM
LABS d'lrnol'roo (permeate Tank) rY.:touar: (Feed Tan[) fi.rrJflfrior (Reaction Tank) uav
rniorrirtunr:rir,iru,r,o.:rsulJ rir:ornrfiorilnrnioo,oioo,,Sr,orqiu.,lro"u.,ru;.qiuio,tr*,
ruar:rYrar:fioq1urftr.lfrfiSurilrur6on:oro'an:rflarn:fiu r'rar:ararufirirur6o'n:orriun.jr
tnoiroo (Permeate) d':uar:avarufihiairur6on:orriunir Errrrvro (Retentate) uay
ar:avartrfrtriairurdon:o.roylyaardrTnJfr 

fi iur uavoc rulu:cuu6nngi
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3.5.1 nlrrh{iutorqa a6au:ruuftrJfin:oirdan:ar
e.5.t.t riounr:1f,iru (q:?oaaunl:irtoldradrloonorn:vuu)

lfnl-ruiiu donar u rno! roo uavaruirvruryro rfiolt1riar uavarulya a,ir u
ornrfurilorndarria16u:vuu rjiunr:rir.:ruto.r:vuulfirunurfilur,ilnr udrrj:-udn:rnr:
luatrarar:rlou:vuur.J:vlrru z fia66n:zurfi rfianlunnro,r:vuu6rrJ:vlrru s r.Joudsio
nr:r.rdr (psi) tinnraunnr:rir.:ruta.::vuu ornusutidlrnnnruduto.r:vuu rioanarhirfiu
0.5 psi ulrufuhiinr:irluata.:ar:avaron-lotirlaonorn:!uu uavGlnr:1t:ruki

3.5. 1.2 n1:e't'1tOu:vuuld.lru
a - d .ic
rtnd"ruiiufr donarurnoiroouavaruirruryro rJiudn:rnr:luaralar:

tou:vuunrldornr:ilnur d.:rnnqnlloTuta.::vuufi'allriifiu 1o psi ur:1vfi.rR?ruojurfiu;"
ral0navuqnr't.!1u

:.5.t.a ya.rnr:1dsru 0eiornrnoonorn:vuu)
Uiunr:r'rlrutos:vurlfirurrurdlurilnr uarJiua'n:rnr:lyatolar :

flou:cuurj:v!rru t ila66n:/urfi udrd'rrnnqa:avaruluaruur.: rdahifiudrbinor,rqo
nr:rir.:rutal:vuuuacilo rnio.i

3.5.2 mnh6,lllauaraqauton:oqdan:rfl ara:tulu:ruun-rdfr n:oirdonzol
fi o#,:1u1o nr:vroa arr6on :aludrrdrr0u:vuudrunr :rirud'ruar:avaruls16uil

lso:ankri (ttaoH) arurdldu 0.0001 M drnrurflun:n-rirl ryirn-r 10 rxal 30 urfi udr
rjurdr.:oonlntrnr:drudrurirr.J:rnornu:v1 ornriuriruar:acarun:olo1n:naoin (Hct)
nrtrrdlriu 0.0001 M draruriun:n-dr.: rvirriu 4 r?a.r 30 urfi udrrirlrdrlaonrirtrir
rJ:roornrJ:v15nn{sriounr:rirluldlu:vuurysrJfln:ojr6on:o.r vroaorrirridn{6'ranr:rdrriu
:ruud'rurirrj:rnornrJ:;l riouuavua.:nr:1{srirlnn{.: r,ta'.rnr:rirnrrr,ay orouroan: as udr
rfi lrjrtl:rnornrJ:v11u16on:a.:uavrirhJrfi ul{fi qrurani 4 alnrrtardua

s.o t6osr

f,da,d.rrn:rvdff161unr:Flnurn:r.rd riudlun{rr6uouv:railuu Anthraquinone 6o
duo€olq.80 uacfrnr:6nurnr:riro-oddo,tinddru:vuun'.rrrfrn:nirdon:0.:*.rr;;
rY.rrJfrn:nirdon:0.:6rnrnnruldan,v 6o nr:flnurruato.:n,r,,rirdutolf,dar uavnr:6nur
arato.: a'n:r nr:lraa :ytu

3.7 n:auuurf,olruiia
lun r:finur ararornrrri rriutufldou ua co-o: r nr:lva,ol: vur rionr: rir{od rio r

roioue 80 riruuanrnalunh-,Jfln:nir0on.:ostrnrn ffi6nr:o'rrfiunr:io-u *anln:o!uur6q
n.inl yt 3.3 s{uu.:oonrtlu 5 rTuoou o"lfi
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I
I
II t.flntrrrada:nr talraulcduaaraalufiirJfin:ni

I

I
I
I

ila:rct
- fi on::ut o.loultirJiur ruLJ:6u

- Gurrulj:fiu

z. flntnnr:ririail fldou uoinua ao

ila:tsri
n?1!Lll l',uta{du011

Grirrull:sr'u

rur o i ra ori a'n d

nt^rfi 4.3 nrouuu?Ao{1ueiu
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a1!'r:0oBuiun:ouuurin nrnfi l.a d.ruri.roonrflu s duqau n-.:d

3.7. 1 ilnutadu:nrntalroultriuaaraaluri.:rjfl n:nJrdan:al lourautrrio;qnfi rLrdr{
4orlr0on:a{ 50!drud'} :rffn'rntJ:s1 tfiud'?od 1{a1:ara'tuludiutairyr oi roo uasi rur.tryto

rri rn:rvridr fi o n::! nr:rh.i1uto{ raulriuavilsrrlrulil:fi !
3l .2 dnvtnrdlo"oedo! uaioua 80 lurYrrJfr n :nldon: o.: riofi nr :iil6uuuda.r

R1'ur rtiulrutandu 0! tnuf,10u1id1:a raluarnt lcrRl.trl rt!tu?o.idEau ua; ril oi riusi
i,

n1:n't00duau t2a1fr1.:1

3.7.3 flnurnr:rirt'qdrio! uoinlq ao luri.:rJfr n:nlrdan:0.: rioinr:uJduuurJa.:an:r
nr:luato.r:vuu 16ln'rotir.lar:avaruirn:rc nrr!rdu{utortriol uav uJoir6uoinr:riro'o
au0!rt?a1n1.!61

3.2.4 ilnurnr:riri'ndtial roiouq 80 d'ruuanrnalurYlrJfln:nJr6an:olirnryr rfio
!n'l: ruauuBUann2r!rtu?ur0,tdu0! rfruq-20U1.ia1iava.t uaratlvl,inrru r.[uuutoldtiau
Grrruto$rJ:fi uuac riloitduinr: rir o'nddolfi rrardr.: 1

a.2.5 Flnurnr:riro'ndtiol uoinuq 80 d'ruuanrnaludrrJfrn:ni16on:alf,rnrn rfia
inr:uJduuur.Ja.:an:rnr:lya!0.::cru riudroeirrar:acaruira:rv{nru rriudutolddau
GlrrutorhJ: 6uuac rUoi16!,inr: riro'ndtialfi rrardr.: 1

a.8 iSa'tiunr:ilnwr
3.8. 1 n1:enM166a:ntrtotoulrrilu:;uuft rJfr n:oirdon:or

< r . t.i .j-rn5urroultnr,turu drhJdrur,[r:vurd.:rJIn:njrEan:0.:fi dn:rnr:lrna 300, 400
ltav 500 frafifiq:riourfi rdun'roeirlnn 30 urfi n:u q rrIil.: drsl'rodrlurn:roirn:rvrf
fion::rnr:rir.:ruua{routt{uacil3il1rul!:fiu#.ludlurnoiroouavirrurvo rr:'oraiodu
nr:yoao.:udavni{dr{rirnruacorr,y,rdon:ornrui6fi uaoflu{a a.s.z

a.a.z nr:rir{ail6audru:cuuft U[n:olrdan:ar
3.8.2. 1 n1:Anulraro.:nruuirriuuol6dou

rniula r :avarudrialnmu rrir:riu to, 20, 30, 40, 50 ia6nilado6 n:
luar:avaruu"vlrr',loifirirarurflun:orir.:rvirriu z 16r:a.:luty.rrJfrn:ojrdon:awua'rriu rirnr:
rdu:vuuti'srJfrn:njr6on:o.r rJiro-n:rnr:lvato.irrutr 3oo ii66n:oiourfi rfirfi'rod.x1n1
30 urfi rilurrar c d'rhr rir6'rodr{!rirn:rc,,{nrr r{rrlutordtior ,fioraioa'unr:vrnaor
rusiavnirdrrrirnmr.,aro',otordon:or mt:iBfiuaorturio a.5.2 iln:rclirirurofrroor,,ld,nciriou

v9;
tlavun{n1:a]{yt t1a1m1{.1

3.8.2.2 nr:6nutrarroldn:rnr:lraa:ylu

rn:'ular:avarudrlor:ntrlltlriu ao fi a6nirL riofi n: luar:avaruu-r,{rr,loi
firirn:..t.,rflun:qFirrrvirnjr z rfi,a.:1uri,:r1frn:nirdon:a.i drnr:16u:v,.,t,firrjfrn:ni,dor,:0.,
rlilo"n:rnr:lraaron:y!1r 300, 400, 500, 600 uav 700 frafian:riourfi nucirnr 16r
rilorrrrnl 30 urfi n:r q t"rl!r rir6'rodrrrrirn:rcliarrilrd,,dura.:6riol rfioraiodu
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, ! e o i adin'r: oao'!udavn:".td'r.rrirarrlavarnqnrEan:ar nui6fiuao.:1uda z.5.2i,nz:wia.t
eaLll0Xr0i antn0!mv11atn't:a't.tlir?a'tn1n1

3.8.a nr:rirdaddaudruoultiuaamalu:vuun'lrJfr n:nirdan:olihnru
3.8.3. 1 n1:enurararolartrrdlduto,rd6ol

rniurar:avaruddolnrrurdldu 30, 40, 50fiainirdodn: luar:
avarurlinioifidrnrrlrflun:ordrlrvirrYu z rfila.:luftrJfrn:nl16on:olnurird'uniouroulsil
sanrna lirnr:rou:vuurY.:ilfr n:nir6on:o.l rJiuo'n:rnr:luaro{:ruu aoo fi a66n:siourfi
rfiun'rodrlln 30 urfi a:u + f,rll.r rjrd'rotjrurirR:rvrinrur{lriuto.:tdouuacili!rru
LJ:fiu#rlueirurnoiroouaciryruryro riaraSodunr:yrsraosuriavntrdr.:riraaruacorFr

.i di v )qoru0n:0rnrrl2oytudo,t lur0 3.5.2 arR:1vria.]riloilro0riii'nrinauuavualsnr:dr.lfrr?a1d.t{.')

3.8.3.2 nliFlnultatola"n:rnr:lua:vuu
rniular:avaraf, tiorLnrrr:rdldu 30 iadnilrioin: luar:acarudti rr',1 ai

fidrnllrflun:orir.lryirrTu 7 rfiualluo\J[n:oir6on:orniolrouhriuanrna rirnr:r6u:vuu
n".rrJfln:oir6on:o,r rjira-n:rnr:lraaro.i:vuu 300,400,500, 600 uav 7oo fiad6n:rdourfi
qurirn'v riunroeir,:4n 30 urfi n:u o tr'rlls rirfrrodrurirn:rvriRrurdri{utordtiaruav
Gurruhj:fiuns{uriruuroiroouav.:'rvruryro rioraiodunr:rnaa{uriacnr'.,e.,orl-.,**u.r,
qo16on:owruiEfiuaofluda a.s.z irn:rvridtnoiraov{a-ndriouuayraa-rnr:drldrrarrdrll

l.g i6nr:im:rsfna
4.9. r nr:iadrfi on::lnr:ri'xrutalraulsf uaaraa

fio n::rnr:rirrruto.:roultriuaalnaarrLr: on:.loioldlo trnr:r"nn r:oo nilod
narslur.lfrfi3ur r ia66n: rj:cnaud'luar:avaruq'raeirlroulsi sohln:6n: tfirr 0.1 M
sodium acetate buffer pH q.5 Jirrrn: S+o lrJln:6n: uara.t:avatu 10 iafrIla ABTS

uirrn: t0 llIa:fin: ra-.:ornusurttirhir{rriuudrrjrhjutlueirlnrrnrrqrur.rnifi 30 orar
rrar6ua rflurrar t0 urfi raunrJflfiiurd'ru tcn (80 %w/v) r]ilrn: so hln:6n: c:rriodr
nr:no n6uuasfinr',r,ulndu 420 ullurun: rirHan:roiodtdrrriruerurirfion::r nr:rirlru
torraultri n.:arnr:

Enzyme Activity (u/ml) = 
(Ao,oX0.00lxl0 "XD) (3.1)

(e)(D(t)

rio 4ro . rirnr:oonfruuasfinrrr:ur rndu azo urlurrnr
D = Dilution factor

C = nra'lrl:vBv,dnr:on nf,uua.:finruurrn6u 420 ur1uu.,n:
uyirriu 3 6x104

V = rl3lrn:ta.i enzyme fldrirrJflfiiur (fra66n:)
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t = rrarfildlunl:fioilAn3ul (uifi)
Enzyme Activity irarj, oriugfr ndoia66n:

3.9.2 rnzitattclffilrsulil:f,ulaui6 Bradford

ira:rcdUir.ruhj:fi udruiEuu:nr{oin Iouldar:a var unradr.:fi rilfl fi :-u rryu
Braadford neagenr drriogr.Jto.russr srGMA-ALDRTcH rJ:vryrRuro:rrii drhliodrnr:qon6u
uarfinrruurrndu 595 ,,.,.rlur!n: udrr.litrurfiuun-un:rilrq:oru dorYururr..,rr..,iiuro,
Li:fiulduao.rotir.ravrdunlflunrnnurn n.2

3.9.3 nr:ira:rcrisrracarufl ria!
n r:i rn:r v rinr r, r{rriut or f, tioril{vdn n r: r"n dr n n n6 u ua.: rTr er rni ar

spectrophotomet"r dnrrlurrnatu 626 urlurln: uavrjrHahjrfiuuryurdun:rr{flriou
!'rnrtlu 66nr:rniuluavn:rr{urn:rruuanflrtntff nu.ln n.3)

3.10 mri,lu?runs

3.to.t m:i1u?olrJoir6uinr:riri'atdou (%Dye Removat ) dlaunr:d a.2 c-.rd

4n:nr:n'rurru :

% Dye Removal = I , rOO O.2)-r

c4 = n21ilrd!{utolfl dau6lfru (ia6n:hria6n:)
Cp = nrl uil{uto.rfl tiollu uraiiilao (ia6n irl rio6n:)

L!0

a.ro.z G!.rcuralitd
nr:rirurruriBrrzuroultrifi o{1u,:-ry,urro uariranoo nr1 n:v!u ar!1:n

rirurrulnul{'aunr:fr 3.3 ua" 3-c nurirnn 6.:rjirrruroukriuaorhgrJ,o.:drfr on::unr:
rir.:rutorroukri

% Remaining Activity = fl, ,OO

% Remaining Activity = fi, ,OO

rfi o Ao = rirfi rn::rnr:drrrutolroulrri (qfr nriofr aa-fi n:) lui ryuryro
An - rirfion::lnr:frrruro.rrou'ttil {qfrnriofrafifr n:).lurnofrroo
& - rirfion::lnr:rirlruto.:loultri (uflnrioiaafr n:) Gldu

o.3)

3.4)
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dryiu nr:rirurruurGlrruLJ:fi ufi aqlui rvrurro uavyrtuaoaonorn:=uv
rirrtiu16urniu unldrirarrrLrdltlto':Itt:f,ufiiold'lrurua,:luaunr:d 33 var 3.4 nua"ro-u

a.to.a nraiiroor,ldnd

n r : nhurrudr rn oi ro or{dnriua oiual n r : fi :. s ry.:d

rfio e = dn:rnr:lraasirurdon:o{r,o.iar: (frad6n:riourfi)

n = #ufifirro.:rdon:os (nr:rrrru6uq:)

rirrla'nri iur,iru rflu 6n:danr:r.:un:i'rlu.: (ym2.hr)

(3.s)Ftux = Q

A



UTd 4

HAnl:il9a0{uaJl[n:1!uHan1:?tnaa{

n1:ilnts'rn1:riia'ndtial uainr;a a0 6'ruraukrjuaRtRaaln Lentinus polychrous lu
:vuun'.rrJfln:nir6on:o{i2nliln+{d uti.:nr:flnuraonrflu 3 eiru 6a nr:6nurra6u:nryr
$olroult{uanraalu:vuuo',rrJfrn:njrEan:o.l nr:riro"oildaudru?,0.i:vuun-.tilrn:nj16on:os

uavnr:ririr"oddordru:vuun'.rrJfln:njrdon:o.rirnryr lounrrur{lriltosraultrifil{lunr:
rnaa.rgnnrrnrfi o.oc ginrioila66n: drarurflun:ori1iro.ra1:avalutyiiriu 7 uavrqaa!
lu:volurio.:rJfrilBnr: qrur4ilunr:flnuraqifi 2813 o!fl'rrrarfiua aranr:f,nuruao.:ki
-,q.!n{noluu

4.t nT :flnwrradu:nrnralroulrrilu:vuudlrJfrn:ojrdon:ol
nr:flnurradu:nrntorrauhriluni.rdldroultrinrurrirrdu o.oc ufr ndaiai6n: i

rJilrrulil:fiu qs.ss l!In:niridoia66q: rj3lrn:fi1d zzo ia66n: loudn:rnr:traatolar:
fiilrur6an:o.ririrrvirrYu 300,400 [av 500 ia66n:dourfi ruanr:flnuruao.:n-lntrfi 4.1

uavnrvrfr 4.2

l@.0

- 80.0

5

I al
=3
4.40.0
E

a

& zo.o

0.0

120 t50

rrne (m,n)

180

(n)



50.0

40.0

E

^. 100
.5
,s
E mo

,E.5 10.0
E

d 00

120 150

Turc (mln)

(tr)
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n''nd q.r utoirdufir.trfiudru6aaqi#rrarirll rdafinr:nJdauurJard'a:rnr:tratalart

dr{r:cuu 3oo, 4oo uar 5oo iia66a:iaurfi (n) luiruutvro (u) luutoiitao

ornnrnfi 4.t uanr6.ruJoir6udrJirrrsuLJ:fiufiru6oogluriruto':itvtutvto (nrnfi c.t
(n)) uavlulnoiroo (nrnfi c.t (t)) ovniudrrn'onarlunr:rirriu:rrur',nd, rJ3urruhj:6u

a.: lutruciilil:f, ulurrairaoa.rdu uao.rhiniu'jrfihJ:dulualu?a{:tlrurvrilr uu2l1r!arl

ur.:dluvanoo nor n:vuuuav riofinr:rurdr a-q:rnr:'[uador-Jiur o[rJ:6ufi rr,l6aoqj vru'Jr

firrar 240 urfi rjirrruhj:fiufiruaoluirnurmoriu 04.68, 67.43 \aa 71.70% .i?uilixlsu
Irl:fidurnoirao tilu 9.24,21.45 &ar 26.n% fidn11nr:lua 300, 400 uar soo ia66n:
riourfi nrrriroTu

ornnr:fl nurov rriuirnr:r!6 uuur.ia.:o-n:rnr:lr,rad.raadanr:n.:o dtolLJ:6u1u:vuu
c",.1 <i.l- :g.i

riluodr.r0r'lourfr orfi ro'n:rnr:lr.raovrirhiltl:fi uuaooonorn:vur rfi llrnfi u lutruvfi
,- s - .j va 's, d n

l51J1rU?Ja{LUsnuvrrvaa[u:r1]uLvrn!nllnarnu{nu uanntvL14u?'rLtJ:nuv lu['tJ1.r1{A1u
--i- , i

01n0n00tl.Jvtu:t?tuI?xu'ttJ0.!u utu0n:0.1
'tutru;rduri'urfi ofior:rur'[ugrJuorrirfion::r nr:rirlrutor roultd ludruto.:E rvrurvro

(nrnfi q.z (n)) racdruro.ilfloiloo (nrnfi 4.2 (r)) au'iruudrirr{Juh]lufinvrrs16u'ri'unn
.- s - - j g ,-

lJ5r'rruL1r:sru noruarlal Lunr:o'lruu5vu'llr1nflu ntnon::unrivt"t.rrutostoultrilud'luto.l

irvrurvofiuur}iraoar lounu'irfirrar 240 urfi rirfion::r:nr:lirsrutoltaultrifiru6o
luirvrurvorflu 59.20, 66.20 [as 63.66 oz6 drurirfio n::lnr:virlruto.: toultrilutnoi roo

r{lu 490, 15.61 ras 26.42oki'dn:nnt-lua aoo,4o0 uav 500 frafifin:riourfi nrr:;ir6'u
.i - i-

r!o11nr:onvroF:1n r: Lva ioo iaifrn:riaurfi rjir: rru}l:fiufirvf,aluiruurvor{Ju

64.68% uavluryroiroorilu 9.24% rii nan: irnrtrirrruto.r loutuifi tv fi o"lui rvutvlo tiju

59 200lo uaylurllofrrooliu 4.960,6 oytliuill3rLrru}l:frurravroultriluiivurvrouta;tl,,lofitoo
q Ji - .i -y1lL1r 11{uai noy n nontlryllr r rltufirvrjrtoq rraiu16o ni oi uav El-.tlllJirrlSrrruhl:fiufiraao
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oon!1lurilpi!aafi durnn'jrrirfi on::lnr:frlru?o.rroului Ioalu.rruio"tnros Luong N.p) el , -rNguyen uHleclv (2011: 149) nuirroulsriuantnaidixfnltrrarlaryiln"u s6 fiIanraou
(kDa) drturoro.rroultifi truroluqjn'jrturognlutasuaiu16on:orfi iru'rn 10 filanrafiu
(10 kDa) n-.:riuorondrrld'irrjSrrruhj:fiufiyrulurrairoolrnniloultriuanrnariruyiloro
riluhJ: fi uui o rouluitfi o 5ufi rluluar:ar a lurouh{d

nt^rd c.z rrJai16usifion::rnr:rirrrutorroulrriduraa'ooddr.rarcir.rl rfiofinrr
ruJdouurjaldsr:rnrrluarr orar:drrir:suu rfr u 300, 4oo [ra! 5oo fi a6fi sr:
siourfi (n) 'tuEryuryro (t) lurnosroo

t 00-0

80.0
5
c
c 60.0
s
i't
: 40.0

.5

e 20.o

*
o.o

m t20 150 lm 2to 240

Time(mitr)

(n)

300

! 25.0

E

^ 20.0
E

i.i r5 o

5 ro.o
E

f 5.0

00

----.- lm nrrlia

----.- 400 DYni,

120 150

r,ne (mn)

(t)
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q.z nr:rir dafl dali.:a:uuudrrJfr n:oirdan:ol
nr:frnurnr:ririoidaluaiauq 80 rirorY.:rJIn:oi16on:0.: utjlnr:Flnuroonrflu

z rlo,i'u 6o nr:ril6truuUalnrurdlduto.rtria!uacdq:rnr:lr.rato.:drioufirtr{16on:o.l
rdanrunudrnrrurfl un:odr.:trorar:avarufl riolrvirriu z

4.2. 1 Hata.ta2rurriudut aGtToln'onrtrir{cd,la dlUfr n:oiraaan:ol

nr:FlnulJ:vinBnrnnr:rironddouuoinr;a ao rirud.:rJfr n:nl16on:0.:lunf.:d
1da'n:rnr:lrato.:ddoldrdr(rdan:os 300 ia66n:daurfi lnunrrurriu{uuo.rfltiol firir
rvirn-u 10, 20,10, 40 uac 50 iaan:-!rio6n: Hanr:flnuruao.:1unrnyr" 4.3 uavnryrd c.a

+10tu9/L
+20.agn-
+30ns/L
+rfrmt/l
+SOnElL

90 lm 150

nmc(tEir)
180

ntrd q.a ujofrdudnr:ririeddaufietrfiirJfin:oiroton:ordrrarrirrl ur'afinr:rrJatsuu a,r
nrrurriu{uro.rddalrtu tO, 20,30,40 ua: 5o ia6niusia6n:

1.8

\.6

1.4

t.2

I

0.8

0.6

04

02

0

€

E

----.- 10 mBr-

-+- 20nvll-

--10 
ms/L

----.- 40 msl-

---.- 50 mBiL

l0 60 90 t20

T,me (m,n)

180 210

nt^rfi 4.4 rr.afiraov,ld'ncifir'laroirrl rntofinr:rrJ6uuurjarnerurriuduro.rf,riourflu
10, 20, 30,40 uar 50 fiafiniudoinr
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a'rnnlrd q.: ilu'ir6orra{unr:n'rriu:cuuurnduuJoi16udnr:riro-odtioufiriraoas
uaoflrirfiu'irar:avaraildorraaooanuon:vuulo0drur6on:a.ild'urndu uavriofior:rurfir
nrrnrrindutor6dordonr:rirdnddollurrroirao vru'irfirrar 240 r1,i nr:riro-oddorfirru
lurnoiroorflu 97.87,63.79,41.87,56.78 vat, 46.1296 finrur{ldutro.lddo! tO, ZO, :0,
40 Bar 50 ia6n:hdo6n: nurrird'u

o r nn r: flnur o v riil'ir nr: ul6 uu uila,: nrrl rdldutol d tiouziraa do n r: rili'orfl da u
Inurfio rfilalu r{lduto.:ddauovrirlriar:acaruddouqnriro-nd'rouaiu16o n:o{d'riaual
ei.raralfiuJoirdldnr:riro-oddoilurvrofirooaorar lutrruc16urryuriofior:rurrirrrofrroov,ldnri
d':uaoilunrnfi 4.4 nu'irnrrrrr{rduto':dJorrrfildu ri-:Hatririrrvroiroov,la-ndaoa.: rfiolorn;J
nr:rfr ututarnrrur{lduddol d{ararionr:acarrrosorlnrnt Joufi uirrrufi rr0o n:os rirbi
rir ryrai roorianriaoal (o:il:r rf, titou, 2552: 257)

4,2.2naroldn:rnrrlnadonr:rhi'ndrudsr{n:oin"an:al
nanr:Flnuro"n:rnr:lraatrolar:fir{r{:vuudonr:riro-odtialuoinla a0 d'rurys

,- ,i )-
Uf,n:0ilEon:o.t frolq:rnr:lya 3OO,4oo,5O0, 600 uar 7OO iadfin:daurfi d'.rlunrnd q.s

ua"nrnd +.0 Iounrrlrturluta.:driolqnnruqlfi ao ia6nirirda6n:

^ 70 00

i eo.oo

E l{l00

g 4o.ooo
3t).00

-.- 30O rhl,tnin

--- 400 mlrrlin

->- 500 mllrmn

+- 600 rnlrnin

+ 7i6 n 1,1,1n

20.m

0.00

10.00

t20 t50 180 210 240

rrin. (m,n)

nrnd a.s rrja{rdus{nr:riro-odtioudrud'.rrJfrn:nl16anro,:drrarrirrl rfiofinr:
,;.v{luasullua {on:.tn1t I ara{d6orJrrir:suurf,u ryirriu e00, 400, 500,600 [[aJ

zoO fia66sr:riourfi
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nT fld 4.6 utoiroor{f,nddrrarirrlrdafinr:uJaruuurJar6'n:rnr:luatarfldaurdrrutu
rvirriu aoo, 4oo, 5oo, 600 uar zoo ia66n:daurfi

4 - t . d . t)Eafro1:ru'tr oiriunnr:ririof,tlourold'.:rJf,n:nlr0onro.! (n1flfi q.5) nuitfionarlu
I J , .d . j .j

n T:rou:31JlJtlujt u ru0:ltumn'nrildnauarJtiu!?lutana.i uavtiiar duuurla.:oiq:rnr:lua
tola1:Ldiiuuulirtiriloir6uo{nr:rilt''ndriorruj6uuutja.:rdurdurrTu Ioufiraar 240 u1i
rrJoirdueinr:riro-odrlourvirnTu 47.87, 34.83, 30.76, 18.09 rav 8.68% fidn:rnr:lya 300,
400, 500, 600 uav zoo ia66n:dourfi nrliircn riof,nurrirrnoirooda'nri (nrilfi 4.6)

vru'jr dn:rnr:luafirfiudud.raraLidrryrafiroor,ldncirfiltju riiotornnr:rfila'q:rnr:lua
oro rfi nnr:acauto.:orlnrnfleiollua-nuuvuriufldufifir16on:or uav riorrar!rnduoc rfi o
____ -. i- a J ..re-n1:aua!vrH']lU0n:0n!1n1u r1[rraon 15 ufl5to.: d t]olu5 rrruilruaiun: o.rhldsrn al-ran
riri,ri'rr.J o irdurinr: nho'oddor: a oal (ra rriti rd nila tl a, 25 45: 25 t)

q.: nr:rir{o6doldruraulgduaarnalu::uufilrJfr n:nlr6on:0,:ilantt
nr:fi nuril:vByBn rntalo-lr.Jfr n:nl16 o n: ortrnryrfi fi si o nr:n r: riro-nf, Jor: uoior;a ao

ru .:nr:finuroonrtiu z rloo"u 6 onr: uJdauur.lar nrrr: rdr{u,trorf, rior: uavo-n:r nr:lyato.:
)v i -

d trorrfr r",ir a ty!u r0 o n: orlo u nr: flnur n:"rinrl ql rir ntu lflun:orir{.ro.iar:avaruf,do
ivirrYl 7 uayntrrLurir:riuuolloukri rvirri'u o.o+ uinriaia66n:

4.3. t r{ara{n?1lrdl{uuorttiousianr:rir{olufrqUfr n:nirdon:o€entr
orrilr{r:duto lf dorrfiltlur',:fi nryr rili'of, dorLdtufi :ilfl n:nil0on: o.rfi rnrnfi

16onl{nrurtl{uuorf, dorrfi 30, 40 uav 5o fr a6nf!sdo6n: rflo rornzuanr:riri'ofl dor
tuornrrlrdlrlufiriorLfi to rlav 20 flaanilriofrnr 1u:vruri'.rrJfrn:nlr6on:or (n-suanllu
frfia a.2.1\hiHanr:ri,o"orioutr.r6 o'rlilrirrirnrrrLr{rLiurorfriorlrirao.rrirdrrfinryr

. .:
[u : u u l rlr r.J fl n : ru r d o n : o : tr n r vr rita Yl o"n : r n r :lra a,u o l d do l ltr ( : r l r n n n a l n r., d

4.50

4.00

^ 3.5{)

t roo
g
3. 2e

3zm
d r50

L00

0.50

0.00

-.-.- 3OO mlrrltn

-.- 400 mlrniD

----r- JOo ml,tnin

--.- 600 dlrnin

.--.ts 700 mymin

120 l5l)
Trrn (rrin)
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300 fra66n:rdourfi nrrur{l{uroultri o.oa qinriaia66n: nanr:Flnuruao.rlunryrfi c,z 6s
nrrrd q.g

140.m

120-00

3100.00
I

pE ao.oo

o
60.@

,o.00

20.00

$ t20 150

IEDG (rnn)

n'md t.t ruairduinrtriro'afl6audeuf,lrjfrn:oira"an:aoilrnrndr,:arirll urtaiinr:
ruJaduuurJalaturdudutacddauriu 30, 40 uas 50 fi adnilda6nr

B

E

l6.m

t2.00

8.m

4.00

0.00

90 t20 150

Time (mrn)

nrnfi 4'8 Gursuhj:6udr^rulurnoiraofirrareir.rl rfiofinrrr 6uuu a{n,urduriu,o.r
ttiolrf,u 30, 40 ra! so fiadniusioisr:



4l

---.-n ngL

-.-.-40 mg -
----*.50 ngt-

n.'{C 4.9 utairooil#nddparirrlrndaiinr:uJajuuurjaratur{r{utorildorrflu 30,
40 ra! 50 fiadnirioin:

ornnrnfi 4.2 uansriloiriudnr:rir{nf,dorr nu.irnr:uJ6uuurla.rarrlrdudutor6dol
lurY.:rJIn:oir6on:arirnrrrfifinr:rfi!routsiuanrna 0.04 qindaija66n: ur'or6u:vuu
rflurrar 240 urfi arur:nriro-od6ol1d'6.r 94.25, 92.72 rar g6.69g6finlurfiuriuGudu
ta':dtiol 30, 40 ras s0 iadnirrdoiq: ntrriro-u drnr:riro'qddoufildnu.irLiunndr.rfi'u
rrn rfiorornroukffiGrrzulrnnofiovr{lilJfiffiurryudr]al1u:vuu uonorndruanr:ilnur
a-.:uan{riuiuirodr.:forou'jrnr:riro"ofldoldToo.rrJfln:oirdan:osihnryraur:orirdnddou

ld'rLrnnir 9ox ns.idrio{ornrauluiuanrnalud'.rr.lfln:nirEion:o.rirnryrfirJ:yiyBnul,unr:
douaa r uoqnrnuo.rf, riouki (raoa-nuni iq:oau, 2551, 47)

. r .;urofror:rurrl3rnruta.rroul,rrifiuao aonorn:vu u:rJ,uo.:rjil.rruhl:fiufinulurvrai rao
fi nrurdudltorddorLdr.rl d'ruaoilurnfi q.a vru'jrGurrul]:fi ufi r,,qooonrrrfi olt'dtlau
finrurrirtu 30, 40 uar s0 fra6n:"lriofin: fidrlndrFu.rr{u 6a n.oa, 11.64 uay 10.80
hln:n:"rriol-a66q: nrrrriror''r.r uaoflriuiudrnr:rfilnrurtrriurorttiorLlriei.:arariorlilrsu
nr:uaorolraultrioonorn:cuu rjir r rutor roultrilu:vuu u-r nlln #r6u r niu ri.: H ahi'rir
nr:riro"nf,tlolfild'l:"jusrnsir.:fiuilrnri'ra drrailrirryrofrroor,{a-niifinrurtl{udriolrirrl

' (nrnfi c.9) firuriovlfiunr:rilfiuuurJarfihit-orrurdolornnarlrrlrL{uro.rftiorLfi1"t'hirirrryu

rrn uriuurhirfinl6onlurtr{uto.rdtiorrfrrdurirurafrrooyla-ndaoaryirdororfinorn
n1:aya!ro:ounrnf,doufirlrnduuirrrufirrdon:ar uavriauliuuifiuurnofiroor,,/a-niitor
fi.rrJfrn:nir6on:or (nrnfi 4.4) ua;rftrjfln:ai16on:ortrnrn (nufi +.q) firirlilrir.rnTurrn
rdor ornrJilr ruroukrifll'tih"ilr nlirhi'nr:avar 6'erosroultriui nilfi: r6 o n:o.rfioydvr a
rioriril#ncidou

Sn,

9 040
E
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4.3.2 Ha!o{lo'n:rnr:luaianr:rhdaluftrJ!n:oirdon:aril.:nryr
nr:flnurrJ:vByrBnrnnr:riro"nddo!BoAouO ao d'rori.:rJIn:ojrdan:0.:irnrn

lfi ofi nr:uJa'uuurJaldn:rnr:1r.rarol6do!rdr:cuuni'.:d,60nl{nrurduriuto.:ddaufi
ao iainilrio6n: nllrilduto,:raultri o.oq gindaia66n: l.ranr:ilnuruan.ln-ld

nrnd q. to uJa{rdudnr:rirdafldau6?ud.rilfrn:nirodon:arirnttdrra.rirr l dafinr:
ruJduuuilarda:rnr:lyatalikiorr{r:cuur0u 3oo, 4oo, 5oo, 600 rlar 7oo

ia6niuioin:

ll0.m

3 100 fi)

?
6mm
E

.a Eo.m

----.- 300 nJrnm

----.-4@ mYn1ln

+5{x)nrlrtnin

-----6(),0 mlYnio

----.- 700 Dl.tnh

tm 150

Tlrhc (mb)

-b

a

8 0000

4.0000

0 0000

-.- 300 ml.4nur

----.-- 400 ml.tnir

-.-r- 500 arl/mrn

----.- 600 mymin

+-700 mYmrn

90 120 150

rim. (rtun)

I80 210 210

nt^rfi 4.1t Gurruhj:6ufir,rulurnofiuaodrrarrirrl ufiofinr:uJduuurJa,rdn:rnr:lraa
tolildour{r:yuurfru a0o, 4OO, 500, 600 rra! zoo fiaf,niuriofin:



43

2.54

.E

! 200
c
5 r.so

9

i roo
d

0.50

+ 300 rnlhin

-e400 mi.4nin

+500 mYmin

+600 ml,tnin

-..- 700 mlrnin

0.00

n1ild 4. 12 ryro0roor,rldnridrrardrlldoinr:nJduuurJalda:rrn:luatolfl riourillruu
lflu aoo, 400, 5oo, 600 uar zoo fiaGnildaia:

j ,j , w rn'rnn1fi$ 4.10 uao{ n1: Ll d rjuuJa.i d'q: r nr:lua1o{a1: r{1: cuud.ruins aj
.a..----t- , ' . u 4y ' .i : wruon:0{t2n't noRln1:nlaoduox yr1J2't t! 0rI!0n:1n1: lua!a{a1:r.[f n15 filo'qa t]o!

<iluurlrfuaoar Inurilorrarrfiu:cu!iliulil 240 u.]fi arrl.t:0ri16'oedo!1d' 94.00, 91.04,

91.20, 88.57 rav 86.59% fidq:rnr:lya 3oo, 4oo, 5oO, 600 rav 700 iaaan:rdourfi
J - .a B ..;nu.ild'u uacdof,or:ruril3lrruto.:roulrilfir,laooonorn:vuu1u;rJto.:rJilrruIU:6ufinu

i-
lurn oi roofi dn:rnr:1raardr.: 1 d'.r uaollunrrrfi q. t t nu.iriliurrulil:fi ufi yaoo onrLrlu
rroiroofidn:rnl:ltta 300, 400, 500, 600 uav 700 ladan:rdaurfi irirlndrEu.:riu 6o
11.66, 11.1g, 11.66, tz-16 lrav 11.75 lrL1n:nilrioiaddn: o-.lrfuarondrrld.irnr:uj6uu
.,-.e/ ,i .t J!, , ,. t ,.i[ua!anilnl: tua luni.iua.: anoUi!rfurou ttrlr aoo onorn:vuu [!nr lryuuoidrnr: rirr-o;, ;-AU0r.r n1.: nuUTeu rU!iJa0'tn:cuv t?a'tifuriAto.i rau [tr]dud UOr:lrnfo uqr rnYu Inafia"o:r
nr:lyatarar:rjou ov'yirli':c uyrrara'lr-a: vy'jrl roultrjri'lf,dor:urudurfio n r:rir!frfii ur
\y - 4], < . -t..i i - ,- ri- J J .!
tft:J1n au 0!Q.i0fl n10Fr [F]r11rJflu a tu:!n1Lyiotrr0iy{aintrrRor0uEo r!a=uurtrlal Jn:r n r: lraa

i ..d, - j i t -to{a tirl,rtyulJ (n1 yr 4.12) l]nlr lJ{uLtl00Ft:lnl1lya4{tuLtu,t=u

q.+ nr:rGuurfiuunr:rir{otdoldru:ruufr.rrJfrn:ri6an:ol$ac:uuufrrilfrn:n16on:o.r

txn'D'r

,rJairfrudnr:riro"ofrlor*ofiora 80 drun":rJfln:ni16on:oruavfi.rr.Jfrn:nj16on:ortrnrn

nnd',ur nFuurfiuuunuuaoflunrrl rfi 4.1 uavqr:r:d 4.2

t20 150 180 2t0 u0

T,rn. (min)
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n1:1{d 4.1 nr:rirdnddali.radrrJfln:oirdan:oruavrilrJ!n:oirdan:arihnrn drrar
zqo vrfi urtafi rn :uJdau urja laru riuiut a r €ldal

a?1l|n !tu6aa!
(my'L)

nr:rirdafldal (06)

t4
:JUUotUnn: l,Uon:a!

tA
:3UU0{Unnrolu0nto{r

ihnlr
30 47.87% 94.25%

40 56.78% 92.72%

50 46.12% 96.69%

a111{d 4.2 nr:riri'ntldord:aduJfrn:nirdon?o{ua!rY{ilAn:ojrdan:o.tflanm dr.:ar
24o utfr dofi nr:uJduuuUa ldn:rnr:lynt alildol rird:suu

da:rnr:lua
(mUmin)

nr:riri'addau (%)

tA
:JUU0{UAnt0JlUAn:O{t

tA:!uun{unn: ru0n:o{

ilznrr

300 47.87% 94.00%

400 34.83% 91.04%

500 30.76% 9t.20%

600 18.09% 88.57%

700 8.68% 86.59%

ornrr:.,ud 4.1 uao{ anr:rliurrfiarnr:riro-of,rjor:'lurnofrroorirud'rrJfrn:n16on:o.r
tzi d "iruavn'.:rJfln:ni16on:0.:dln1yr firrar 2qo urfr rfiofinr:rt)Huuur.Jarnrt:r{l{r.frlou ilui1ffio

finr: rGr loukrlua nrnaarhJtufrlr.Jfln:nl6 o n: osirnrvrdr ru ahinr:riroof,dorLrfilfiuriJu
1..96, 1.62 ras 2.09 rvir ornnr:dri'of,rior:rirud'.rrJfln:ni,don:or finruldrriudrlolrfirdu
rih 30, 40 uav 50 fraAn:-lriof,n: nrlrird'u zuanr:flnuruanr'lr.ir#u'jrnr:tdo'rrJfln:nir6o

n:oifi1nTnfin1:rGrLrouhrluanrnaa{hlu:ru!41ilr:nriro-nf,rlolkirfluotirrdlfioufiurfi'u

nr:riro-nlou1{r6on:a.irfiuiodr.!16rr drurirrnofiroov'ldnrifi16orn#laor:vuhifrnrrr
unnril!ri'u!1n d.:riuoronrirrld'jrrlSrrruroukrifil{lunr:finurn*'rdrirzuarionrror,6'uuu

Lthutu0n50.11-r0ul]1n
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i a 'A Y re.-. -'.3-
rfr or 5uurfr uunl:fi1n'oauol11.l!naIr0no2utI':tJr]n:olldan:0'iBavn{u0n:fllluon:a{

f,rnrnn:riififinr:uJ6truuilardn:rnr:lvatolar:rdr:3uu (n1:1{d q.z) nu'irnr:riri'od6ou

druri.nJfrn:oir[ion:o{6ln1rfifin'r:rfirlroultf uanrnarfildurflu 7.96, 2.67, 2.96, 4.oB ua:.,

9.97 ti'r u'afinr:uj6auurjaldn:rnr:1ua 300, 4oo, 500, 600 uav 700 iadfin:oiourfi
4torlr alnu ovruurroq:rnr:lr.rarol:c!udlruanr:riro-odtjou Iotrnr:rirdqfldoildrudsrJfrn:aj

i a f .i- t - e 'l ? B- -- g-f-- ^t^-.--.-.-.-.^^{rdan:o.rfrnraoarad1.i 1n tlo{a'lnr0nl'ln1: txac.i"'17'l t14u:il'lfudu0}]tl'lu:311lJ}]'1fl1'u lfl9l

n'l:;,-ardlro{edoluSrrrufirudrurndu rfionrrur{rriuuirroto-.rndrririurnovrirbirfio

---- nr:unit,o':ar:hlu-sinoitooldurnduriru lutruvfinr:rirt'oflriold'rurYlrJfln:nir6on:oq
4.1.

Brn1nfr rirqir.ir11tbr:J1nt 0.to1nn1:f 1.!'lutl0.:t0uttl.luanLna

4.5 nr:drr:vuui'rrJfrn:nltdan:alirntr
ti - C , 4 ^ Y < w ri

n1161.::vuu0-.:rJAn:rutE0n:a.id?nlrU l!u.i0antUu 3 ?,unau n0 n15a1.1lu afl5a{n0u
ujvX

1f.!1u n1:ii1{LEon:an d.i [i.l1un?0U1U:1fln']nU:vl uaralnn'lua'l:lnrj Yann'lnal{ua2
,- t) ,q '

vrodounlrso!ronrttintvrn?lrJriu?ro.i:uuudl.idu (psi) Hanr:flnuruao{d'.:n1rfi 4.13

n1ild 4.13 ruofiroor,,ld'nddnaT u6'urirrl rfiar6u:vuudaoJtJ:raornrJ:rTiounr:ld
{1u uasua-{n1fldcru ua;firaar:tnfi

.i - .- .d i n - i rtlnn1fl, 4.13 flu?lnr[1r0ur0nllldn$ rli tu ru0n?r outa.i:vu!ai$u [ou14;i{a1nu'r
.i .,q w

tq16on:o{fil{{lulu:vurrYrrJfrn:njudtLrd'r.rdaurjl irflarn iua rw'jreirlnafirarr',la-nd

ana{ Io u {v a naror nrir rGu"[unr:dr r riounr:t{lr u uaoc'lfirliuir n r:1{r.1rr]:rno r nr.h y o
Av

a1{r1lulaur:r9ru?U]rflu.i110n0n1:vr1nl1 av0'rotu0fl:o.i l"Iar!0a ].i10 ruo n 50,rFt1u61i rn
- .- .-, .r 3 " - la v-

ailrualirlrinrrvrofrroovldnrifrirrfiu4.rfiutu:uo1rfi"lndr6u.rfiuqortonrornounr:1drru zua

7.00

5.m

5.m

''e +.oo

5 l.oo
.9

E z.oo

1.00

0.00

0 2 0.4 0.6 0.8 I
dP (PnD

t.2 1.4 1.5
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"ttn1:flnuln{na1'IBao.i 1,14r1,t1t?1n1:a',t.to1ua1:rnlltllui6n1:7i1R?'utds0'tnt0tuan50{firi,l [,

qruartBro.irdon:o{ndu!raq1!anrnfiuaiaurfirildriorGerurfiuunnnr:drrri':orirrJ:rnorn

rJ:vlrfiarotirrrdur



u?tild 5

dIrJHa n1lilaa a,iuaudo [6tuo Buu

5.1 d?dHanlflinaa!

o1n an1:Flnurnr:rirtnddouuafr nla 80 d?uroilr uanrnaorn Lentinus potychrous
.r e .a t)
Iu:vuud'lr.lfln:oj16on:orf,rnrn Iouul{nr:flnuroonrflu n1:Flnuirafiu:nrlrroq!oulsxi
ranrn6lu:vr.rlrrYn!frn:ni16on:0,: nr:riro'nddoudruro.i:ruufl.iiAn:njrdon:ol uavnr:
rir{oflfior6'eu:vuurY.rrJfln:nii6on:orirnryr lnanruqrLnrrlrtr,{u,tro.:roulqrid o.o+ qfin
daladdn: nrRrrur ln:n rd1!ra.i6i:a va10 rvirrYu z uac oao{tu:vduriosrJfrtfi nr:
qrur,rnfrtunr:flnuroeifi zata o.lnrrra16ua aur:na1Jruanr:flnutd'd'.:siotild

5. 1. I nr:ilnura6s:nrutalroulcriluruuo'rrJfr n:oiultan:ar
nr:nJ6truurJa.lo'n:rnr:luatolar:dlHadonr:nraqito.rroultrilu:vuuftrJfrn:al

rdan:o$ourfiorfilo'q:rnr:lyarf,u 300, 400 uav 500 iaaao:riourfi firraro'tiu:;ru
zqo utfi nu'irrirfion::unr:rirlruro.lroukfd$16o1u:c!u6 a 59.2o, 66.20 uav 63.6696

lunsucfiraulrrilurirurnaiiroonu 4.96, 15.61 \ar 26.42%rrrutirdu drviurouluifirarulrj
r.irovrfinnr:auarfi'ru:'raruuaiur6an:os aranr:flnuruan,rli'r#u'ilauluiuanrnaa.rr.J.rs0

qnrTnlflu:vuu16on:o{drrrnn.jr zox
s.r.e nr:rirdoildoudru:cuud{ilfr n:nirdonror

nr:uJd uuuUar nau r{,duto.rf,dotuotolqfifi rio nr:ri,i'od riou6,ru:c ur ry.:

rJfrn:oirdan:0.:Iooarunra'n:rnr:1r4aro,:ar:r{r:cuud joo fia66n:riourfi nu.jrnr:rfil
nruyrll{uuolddorLrirlri'uloi16udnr:rirdo6rioranar IoufinrurtrL{utordeiou to, zo,
30, 40 rav 50 fradniroioan: nr:riro'nrdrioilrnv gt.at, 63.79, 4r.87,56.78 ria.:. 46.12%
nruriroTu firrar 240 urfi uacdrrrofirooy,ldnrifiuuahiuanaqdonatrr{ututoGriorrfirdu
.i ..irnortidriuu a.rd'n:rnr:luarorar:r{r:vlrlounrunr:nrrurtirduto.rf,rloud :o fia6nil

rioa'n: rirnr:rironddoraoasodrt'oroulfioo-q:rnr:l arnrdu 6.ruloir6usinr:rir6,oddol
fi zqoutfi rvirri! qz.8z, 34.83,30.76,18.09 uau 8.68% fio-rlirnlilraa aoo, 400, 500, 600
ruay 700 fraaaorriourfr d,a:-lrirrnofirooy,ldndo:rfir:durfiod.n:rnr:lyarfildu

s. t. a nr:rir ioEldoudruroulrdra nrnatur:uuo,.rrJfr n:air6on:o.r6rn,^r
nr:uJduurr a{nrurrirrjuuoldrior:lufi'.:rJfrn:Ii16on:osf,rnrvrfifinr:rfr1rou16j

Lranrna 0.04 ufiqriofia66fl: dn:rnr:lilaro.if,rlolr{rri:vrrnnnruqffi aoo iafi6n:riaurfi
rfiardu:surrflu na1 240 urfi arilr:niirr-nf,Jorlidw o)r, ,r.r, $av 96.690/0 frA1iu
r{r{uGrduuordriorL ao, co uas 50 fraaniilriofin: nrrrirriu uayrfiouliuulfiu,;urru,
ftrJfrn:oiEon:orrirnr:rir6'orfirdurilu t.so, 1.62 uau z,og rvir zuanr:6nrgruaori#uiuir
nr:t'finirJfln:nir6oa:o.i6rnrrfifi nr: rfirLroulril uan lnaa rltflu:yrr.laur:nriro-of;rloltririlu
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odr.:6riorfieruniunr:riro'nlnu1{l6on:o.:rfiuradrr16ar drudrrnairoo*a'nridloiornrf.raor
: vtubifi nru unn d rs n"ur r n

nr:ril6uuuUalo-n:rnr:luarasar:rdr:vuun-srJfr n:oir6on:a.:ihnrnriadrnr:
riro"oildorr uu'irru'orfiro-n:rnr:tr,ratolar:rirlfinr:riro'nidoll'uur1rirLaoa.r toufirrar
2o'0 utfi aur:nriro"ndriolld sa.oo, gr.o4, 91.20,88.57 uay 86.59% riioo'n:rnr:harflu
300, 400, 500, 600 rtar 7oo iaaanrrdaurfi nrucirri'u uavrioujiuurfiaunr:rirdrrddoilu
lrrairooriruri:rJfrn:qirdon:o.ruavd{rJ[n:nlrdan:0.:irnrnfio'n:rnr:lr,ladrr1 drnr:riro-o
rfrnfiuriJu r.96,2.67,2.96,4.08 sar g.97 rvir nrlrirnu aafirfioduuan.:triniuodr.:dorou
irdr n r: rir{of, doldrulrar!rfi oornnr:rir.:rutor raulrriuanraafi da uaaruidoulu:vuu

5,2 darauouus

5.2.1 a?:ri1n1:xoaorrYufrrotir.:uirriluornuildsJlo::ritrfi

5.2.2 ar:rirnr:ilnurlnuldroulrrifiarYnrrnrda:rtin6u1 n'oq1un{r oxidoreductase
rn'aujl autfiuuJ:vErBnryrlunr:riro-oEldal,a.::vuud'.rr.tfrn:oiiiion:a.rirnrn

5.2.a nr:ilnurrj:v?vrBn.rlunr:riro'ndtjoltin6ll rtiu flrioilun{rovlr n{lruin
uavn{15ufi nour{ rflu#u rfi arGuurfi auryuf, fildlunr:vrnao.:

5.2.+ nr:rirnr:flnudoi'uSuldrirararionr:riro-odriollu:cru(y.rilfln:cjr6on:al
6rnrn *tiu rjiurrurouk{fi1d drnrurfrun:odr,:ro.:ar:acarudrior', qrurrlnr,"ldlu:vuu
tuunu
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J-
tondl:a1{a{

daXannuurulvru. "rJ:vnrRn:vy:r':iyrurnrniualula6uavdlurodau afufi 3 (r.6.2539)
f, . i:r:o{ n'ruunrln:o1uR2unrn1::yu1ud1fr .:n1nuud.rri1liiorJ:vmyrl:slru

qnarun::luavin!ona,lxn::rt", nrr,r!1u. http:/Aaw.Longd o.com/law/Sl7 /
sub41976#. 22 ffin[1al, 2556.

- < < dJtu on au :'rn'I. t alrlauE,on:ornr:uonfirautlluru. n:{r1nlu]41unr:

dr{nfr lri:l,triyra'rajurnuntfl 1a ni, 2545.

ri'n0ru qnddr:rrp. n1:envrrinuauturatoriaqrudadrvrrlnr:nuaruara.:arrr:dii
ruaianr:eintoultftiauinOutol Pleurotus ostrec,tus OOef O rCaltnroln
tdau. nr:6unir6a:vGrgryrinrn::!ff 'ra n:u rirufi n: llrrir ura'u

rnrn:nrani 2552.

tu:"nri iorudnrf. rn:aaamurtufl daltiiaiuonfiytto$ltfl ua'rra:rcfiault
rdoztuB ilalulti1u6!rJfr n:olienrnuuuiir!,tan:ar a 316u norr ;?.
ivrurfinuriGrgrgriarn::lnran:lyrlhcrn, lr,triyrurdurnuqzataqi, 25qg.

-3-w110rulr.iu n!!:1. m:dntrtu:3alrldmlln,llti1uiu1raloalrr[a:13t46?1!r{!tu6{
.l u ,a ,d atlau:suu o"uJfrn:niirnrruuulf,ururu:u. irurinuffi qqriarn::u6ran:
lurfrufr n: u rirura'r,rnufr: ntani, 2552.

fiinna roiqvrinurulur4. 'raukri:rvraluladirnrn'. inurivrurirJiryrulqoaiyn::!n1an:
uurfrufi n: uuriyrurdurynlula6:rtu,:na,n:vun:, 2550. drl6lorn Sharma

and et a[. ln vivo enzymatic digestion, in vitro rytanase digestion,
metabotie ana togues, surfacfants a nd potyethytene gtycol a metiorate
taccase production from Ganoderma sp. kk-02. Kurukhetra: Kurukhetra
University, 2005

roulsti: rralula6iirnt^r. ivr urinur5rJ:-rgql a nal nii! ff ran:uurujrufi n:

uuriuurdurya1ula6:rt!.lnayr:cln:, 2550. dr.:dqorn Shin and et at.

Purification and Characterization of a Laccase from the White-Rot
FunSus Trametes mutticotor. Menna: University of AgricuLturaI Sciences,

2001.

roultri:runIuIa66rnrn. iyr uriviur5rlBryrprq natan: :lnraor:lurrirufi n:

lrarivruraulvrnlulad:rttlna tcl.JR:, 2550. di{a{o1n Novozyme.

Laccase from Myceliophthoro Thermophilo expressed in
Aspergillus Oryzoe. Bilthoven: Nationa[ lnstitute for pubtic Health and
the Environment, 1996.



51

rond1:dl{a{ (eio)

roultriryralula6ilentt. irurfrnudGqrgrqnarun::unraq: r rufi q:

rLrariyr gra'u riln1u1a6:rtulnal:vun:, 2550. drl6lorn campos and et at.

Decotorization of textite dyes and their efftuents using white rot fungi.
Tamil Nadu: University of Madras, 2001.

toultd: rvraluladflrnrn. ivrurinurirJiryqlonal n::!fl1an:ilfiidilfi n:

ilrariyrurduryrnlula6:rt!{nan:cun:, 2550. drqalorn Setti and et at.

Laccse: Properties and AppUcations. Mumbai: University lnstitute of
ChemicaI Technotogy, 1993.

roulcdualulaEilantr. in urfi nurffi rgrprqnatan::ln1an: u1ui fr q:

luriyrtrra"u unlula6:rsulaan:vun:, 2550. d.rs6lorn Mustafa and et at.

PhenoUc cotorants obtained by enzymatic synthesis using a fungat
laccase in a hydro-organic biphasic system. Damascus: At-Baath

University, 2005.
d , - t ^ . !4-5nu1 oft :nu1uuli. ntJltun1:uun5?ufiauiu6ira:ruri. fi Urin:'1fr Z_

nI.lryltr yluat: lvrurdl, 254:.
raodnuni in:oau uavq:nr 6:vrYvr:aqa. "nrudrriolunr:1drau1sddou6niurfin1uli",

inaar:rJ:ctraui6'c,. 15(132): 1 18-1 19; naln!, 2551.

anarura yorryra{ uavalirufiq firi:-nri. .n.t:triflu.r:v1Ju1iru"odn{lovltrirui6

a!r{a']u", ?1id1fl rne uldu:rtriXqtruniolfi . 1( 1 ): 1 0 1- 1 1 2; Hle.tul.l,
2557.

rarrfiti 16nilatrn uavnruv. " ovBnato.rturn:rluuavu:v1.uosur,iu16on:olo-anirflarq:tu
id, , ,-.
vr=Inorirridnduav ni:rYnnTu", ?,rra1riduuarfifl u1 u 06. 25(2) I 6t _ 7 84;
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n. I n1il1d1fi ontflIrntlil.nura.rraulsri (Enzyme Activity)

1. nr:rniuuar:
1.1 n1:lniuual:acarols160!oc0rovrrillrvlai (ntriEral Stott and Btanchard,

1990)

al:avaru n :0.2 M acetic acid (11.55 ia66n: lurind'u r 6q:) flHjqrr 28
ia66n:

a1:aca'tu r, : 0.2 M sodium acetate (C2H3O2Na tO.q n:"! avaraturLna,urlyu
r.l':^rrrn:hirtu 1 6n:) ilrUnur 22 ia66n:

rnia ouHalar:avaru n uay r nudodrurixfru rj:nrjiurn:1firtu 1 6n: uav
rJiurir pH biriu +.s

1.2 nr:rnEolar:aca1u ABTS
Ao

nl0.i01ftna.in1:tn5u!ar:acaru ngts finrrur{!du t0 mM Inufiolnr:rniuu 2
ia66n: uavrirvu"nluranatar ABTS rvilrYu s14.oz dri'.: ABTS x1 0.0103 n:-rr :ruriurir
nau 2 laaant

1.3 nr:raEalar:asalu TcA
tfiorornialnr:rniur,dr:avaru tca fi nl,r{ltu 80%w/w Inado.:nr:rniul

s ila66n: d,:,ri.: rca rJ.t 4 n:-! :un-urlrndu t ia66n:

2. nr:ira:rsrifi on::uralroultri
ar:avaru 6'ra eir.:roulti so llln:6 n: rfi rLkrfi uuo:irnvru-virdoi rriilrn: qqo

llln:6n: uar !firJ ABT5 uil,ln: 10 hln:6n: urtirbirrirriu udrdrh]ut'luiir.:n?un!
qura4n ao orarrrariaa rflunar to urfi ornriurail 80% w/v TCA r.lil]rn:so tlln:an:
rdoraqorJ[6iurrjrh]iodrnr:qnn6uuaofinrrrurr a6u 42ourluun: uavdufinaranr:
vroao.:riurriruarudrfi on::lnr:rirrruto.:roulgilo-lalnr:n- ( t )

Enzyme Activrty = 
(A"oX0 001x10")(D) (n't)

- (6)("V)(t)

rfio A.ro = rirnr:oonfiu uardnruurtndu 420 nm.
D = Ditution factor

e = rird'r:r.J:;fiydnr:non6uua.:dnllurrndu42Onm.ryirdu3.6xl0a

V rJirLrn:uor enzyme fi1d1i"!4ffiu1 (mt)

t = rrarfildlunr:rfiolifiiur (min.)

Enzyme Activity fiyrj:or{lu uniymt



n.2 nr:ira:rsfiJBlrsu1rJ:6uleai5 Bradford

1. nr:rniauar: Bradford reagent

1.1 avalu Coomassie brittiant btue G250 !3!1n:50 ia6n:"1 a{uromruoardudu
95% rjilrn: 25 5la66n:

1.2 rfilar:avara phosphoric ac,d rdu{u 85% (w/v) rjix.tq: 50 fiafrdn: ornustrreir
lrirdrri'uud'ntiuGun:rirurhnduhild' soo fr aF6n:

1.3 d1al:acaluurn:osrirun:vnrua:a.: Whatman ruof l r6uar:ayarolilutnrrdtr
iiqrura4fi q'c'l,{ld r r6ou

2. nr:rnialn:rrlurn:gruftJ:du
2. 1 lqEolar:avaru1u:fiurrrn:mu (Stock) nrultu{u t ia6niurdoia66n: rjilrot:

100 fraaan: Ioat'.rar: BSA (Bovine serum Atbumin) ill 0.1 flil, rj:"urliurq:6'rurirn&
,w roo fia66n:

2.2 fltr]nar:avaro B5A (Bovine Serum Atbumin) finllr{ltu 20G1oo0 hln:n:-}r
v. daia66n: tr1 40 hln:an:

2.3 lfirL Bradford reagent iurn: z fra66n: rudrhir{rnlu uavrirhl{orirqonfiuuas
fi ntrluren6u 595 urluurn:

a. iBirnrr:ri
tJu]nar:asarun-aotjrllr +o llln:6n: rfir,ar: Bradford reagent 2 fra66n: rteirtri'r{r

niu uacdrr-odrnr:qon6uua.:fi 595 urlumn:

E

-rs
E

=l6
C
G

.E

0.12

0.1

0.08

0.06

0.04

o.02

0

y - 0.00rx

R3 - 0-9993

10 30

BSA(ug,toi)

60

nrufi n.1 nrrl.lurot:gruftJ:6u



n.3 mlraiul|dlznsaluedarr uaaiua 80

20 mgA,30 myl, 4O mgA,

mglml loutlar: 0.002 n:h
t.z rJf,ffiur:rl#l yuet 6o 2 mt rniularurfiiduto,:drioilntrnr:iiiln stock dye h

irrn:aur:nrirurruorn

C,V,_C,V,

drotir.:nr:rirurrurtiufi nrrrr rdlduto.:dtiol
Stock dyeld'o".:d

=1Om8 r2ml* I
l00OnI

!
tlI:'lvOvUU V1=Q.Ql r6t =lQ p[

16 a o r.: nTu a r:a va r u1r 16 ol o v0 r nrr"u rrl o i luGri r rudr r 1
nllrdriu
arrlrdldu
R?',r!ttll?u

n?1!tllrJltu

n21 L?!l,U

2

1.8

1.6

1.4

7.2

1

0.8

0.5

0.4

o.2

o

nlnniurredo! (Stock Dye)

nzru rtnrdwo.:fl tjolfilt'60 r o rnyt,
1.1 rirnr:rnSulf,riou (stock dye) 2

10 mg,/t 1{ stock dye 10

20 mgA 1t stock dye 20

30 my't lt stock dye 30

40 mgA 1{ stock dye r}0

50 m/t 1d stock dye 50

40

Acid BlueB0 (rrg/mt)

(a.2)

10 mgll alill:ori1u?ru{irtrnradart

58

50 my'L o".:rfu

ararulurfi trnt

2!!xv,
mt

(n.3)

-i,NU

pt

pt

pL

pt

ut

=

f
c

y = o.o23x
R2 = 0.998

ntrfi n.2 nr1?,lil1rrg1uerjoillrofioua 80



59

,l'lnr{u?n I
ilan'r:ilaao{



60

oout

cl
EI)lo
€ls
orl
rldlEl
BIol
LI

oo
(f)

C'
IEo
E
0,
o-

s

c
ai
o
G

c!
o

\o
oq
L.)

st
ogo \o

No\
€d

F
oq
NN

F
F
q
N

Fq
LO
c!

\\o(\

D
.u
U

\o

o
q
st

Nul
F

o(-) sls
Fq
F

q
o
N

\oq
(o
N

Nq
\o
N

0,
t!
co
o
cx

s

.g
G'

o
o-

\o
@
+
@

\o

oi
F.

e
F.

\o
@

\o

oi
l.-

+
F-

o.1
F.

<i
o\
N
F-

o
.j
F

i.
E

9
N
o\

F\o
oi
F

6
oq
@
F-

o\q
F

sl\o
c.i
F

st
co
ct\o

@
oq
\o
\o

c!
st\o

\o
I
\o

rU

o
tu
E
0,
o-

s

c'd
o
o-

s,
C;

\ q
F.

@
oqo ri

F
oq
sf

\o\\o
sl\
o\

q
N

i.'t
E

@o
o

(')
N

Ns,s u-r
\o

q
@

s
,r')
o

\o
c!
N

og I
LO

0,
lU

c
0,
o
G,

s

c
6
o
o.

rr)
sf
oi(o

oo\
cd
F.

(\
@
oiF'

ro
.ci
F--

(\
,Q
F.
F

N\o\\o

\o
.r)

t-

N
F-
oi\o

I
t.-\o

.a

E

o\o
Fo\

@
F--
oi
ao

gq
\o
@

o\c!
o
@

o
u')

F

N
,J-1

o\\o

o\
t-\o

\oq
\o
\o

oc!
\o
\o

o
oo
E
q,
o.

s

.s
0,

o
q

Fg
o

c

"t
F-q
N a

L.).l
La)

oN6
F
d_r

F

o\N
d

<'c!
Or

D
tJ o

@\
O

N.4 cl
N

o\
o\
c.i c.i a

c!
g

\oq

o
lo

0)
ru
e.

s

c
p
o

CL

t-q
@
@

oq
$
@

O
o\
d
F*

,.Q
\o
\o

@\o
t\o

q
\o

q
\o

t-s
\o

@\o
t\o

do\

ul
@
|.-

<fc!
F
F.

@c!
\o
f..-

ul
N
F.

6\o
NF

o\

O
t--

(
\o

o
\
o\

(,
E
tr

o o O\o oo\
o
N O o

@
o
N

o$
N

.E
E

E
oorn
itt
G3
oot
oo
(r)
p
?ll
G)t
lE

=
(-c(-
E)(J-rt
G'

c
CJ

C
lG|

-a6,2v. -:!
c)coP-rg !:-aa
FE=

(GI Ei

,Ze
=.7-- core
:(-taF
EPO

tr !G;rEcar
Ze.gro
gAP

F-
v! 5ro__trG q>

::-
.(_

FIG



61

)
>,
E

c
o
t!
co
Uc
o
U

J
>'
E
o
ra)

?x43 .r_*S
\o
og
o

o,l
Lr)
c.l c! c!

c,l N o6l o\ \o

drfe6sb
CE

do\

o
d
F-

N
F-s
F

f.)

F\o

N
Gl

\o

<t\o
d

ra)
o\
oisl

oq
@c

N
6r+

)
E
ost

,t
x{
fN_ds

oq d]
@c!

\o
c! o

oJ
o
c,{ cl o\q F-.q

orta6sbct

c!
\o
o\

\o
oq
sl
co

\
o\
F

Nq
F

F:

F

c!
@
F\o

(.)
st\o

NIo\rn

@F
'ctra)

J
>,
E
o(.t

cx4
i-b

\oq Nq |..
d-]

Nq st
o.l

@
o.l c! o

c\l
\o

oroB6
sb

CL

st
og
\o
o\

oa
N
co

C\t\
F

<l\o
o
F.

Ng
r)\o

\oco\o
Fq s

.j
F.-
og
F-

J>
E
oN

x4
5 N_*s N6l <t

(..,|
F-c! st

\ c.l
@.1 ..1

N

$tsb
CE

Nq
\o
o\

rnq
o\

s,
oq
@
co

N9
st
@

\o
o
@

st
og
\o
F-

o.r:
F-

F
(r-)

F\o

o\
\
\o

)
E
o

x4
*S @

.,1
\oq st $.t \o.! @

(r 
.]

sfst o
(.?

e.3o9sb
G.

c\J
F-
d
o\

tr)

oi
o\

ot
o\

F--

Or
o\

F-

o\
o\

r'.-.4
ot
o\

F

oi
o,

N\
@o\

t-
oq
F-
o\

OJ?

FV
O O o\o oo\

O(\ O O
@

O
N

Osl(\

(-

=t.J

=i5'
e(-
G-ts
GI

c
G)aa

r:t

C
!ql
?
)G
.o
cor6
a
G)>D

TIG
6!r"(-oc
(-c
G3
(C
e2
colp
c\
P

-rs
(-
(-
6

rJ
C
6'ra
C;

C(qI
7
l6
a

)C
Gl?,, ",PF

ao:-!9 -E.E 
.E

derlq?6)6e
4.5
F.5

NGL
BEAD G)

IIG P
-6 cdc? 

=(-
F.:CN
ca

ni

:



62

.g
E

E
0,
tE

3o
IL

.s
E

E
ooF

ax4
5N_ds

sf
og

siI o\N
d

sl
d

oq \o
og
N

\o
oq
N

si\
N

o\\o
c.i

$E
\OEo\ c,

&.

@sf
oo\

c-1

\o

oc!
F
<f

@
d_]

@

Fc!
CAN

q
NN

F-9\o
oq @\q

@

.E
E

E
oo\o

ix4
JN-

'"s d
o
c"i

@o\
N

@I
N

fo
\q
N

<tI
N

u-r
N

\oq
N N

O.,Q
B9
-oEo. Olt

\
o\

o\o
F-\o

oq
ta)ro

o
(r')

sf

ro
\\o

\o
c.!
N ..i

N

\oq
N

6o
d

.E
E

tx4
f .i-*5 ro

9
N

\o
6i

\o
9c!

N\q
N

o\(.')
N

\o
c!
N 6i

Nq
N

q
N

E
oolrl E959

-oEo\ (U(r

<t
oq
No\

@u'l
sl
F

stc
\o

ocl
ro

@
La)

oist

oq
sf

c\!
o
d]
N

\o
Fo

.s
E

E
oosl

ax4
J N-ES

F
og q oq

N\ @9 o\
,l-)

@
u 

.1

<fq

sr969
-oEo\ d,

E.

|..-d
o\

o\ul
NF

o
F.-
r.i\o

Nqo\o
F-c{
<i

oq
Ft

\o
9
N
<t

@

d
@
sf

.E

xi
:, N-ds

\oq Nq Fdl N
(.1

st.J co
c.l c! Oc! \o

.1

E
oo(o arqhe.oEo- c,

cr

og
\o
o\

o
NO

(\
\
F.

t\o
o
F-

Nq
\o

\o

O\o

Fq st
9 F--

og
|.-

(u'>--=-!tr
Fv

O o o\o o
o, N O O

co
O
N

ost
N

5-
(-
e)
ta
a-r:,
3
.oro

ItE
o
P
G
5
(-
C
C

E,E
FAS3zrQ iIr=c
E,3{Ga E
-zc

aGl

ttZIFP
-q ri
EBLraaJ [lE-6 -G
G J('

(- (-cc
-(GE3rB 5,;:. co5'rSc

Pn -!s
(-
(-

a

I



63

E
;
E

co
t!
c
0,
lJco
U

J

E
oro

p€
ODr
o- 

-4

osfsl
Or

o
Or
oq
o\

oo\sto

oo\o
L.)
o

oo
Lr)
9o

o
Io\

oo
9o

oo\o
u'!
o

ooo
@o

:E
t3

@
@g
o

@oq
o

oog
o

ooq
o

oooo
C\Ioo
o

o\
o
o

NNIo
o\
q
o

g,9
69-oEo\ c,

E.

,J_1

No\

N(t')
o\
o\

og
oo

oqoo
oq
oo

e
Oro\

o\
Cio\ do\

o\
9\o
o\

)b
E
ort

g€
ODr
CL 

--

ooF
oqo

\o
Io

ooN
o

oo
La)
oJ

oo
q

oor.)
tr_]

oo
q

oo
@
c.{

oost
I

x^
>E
U]

o\
@oqo

N
@oo
o

@oq
o

No\oq
o

o\oq
o

<t
o\o
Io

coo
o

No\oo
o

rr)
o\oq
o

E969-otro\ o,
e.

Nq
o\

o\
\o\o\

\oq
@ ti

o\

@o\
do\

oF
(.i
o\

\o
cY

o\

sf
@
6i
o\

N
6i
o\

J

E
o
(a)

dlF
aJ \-Otr
o- 

-4

oo
o,
d

oN
u 

.]

o\

o<'q
o\

o
\o
O.

ost9
ot

o
F.-
F
o

o
F--
F.
o

o
L.)q

o\o
9

t-oq
O

@oq
@o
o

@oo
O

@oo
O

o\oq
o

o\oq
o

o,oq
o

o
qo

E!<.ou FroEo- (,
a.

F-
No\

a-\t9
or

co
6
o\

\o

.d
o\

co
9
o\

q
\o
o\

\
o\

Fg
o\

c!
sl
oi

o/>c.: o O o\o o
o\

oN O o
@

o
c\J

O
N

a,(-

=i.J

-AF'eFF
-rP e,.7c
EP 1=

TPG!--6:? FEts E
rS rEr tsrarq-LrG)E)6 ra
!5r E 'a
J -E Y.-., .l? c

'q -E (qt5E e,r :- )6
F:A
J-!:..
E: 16
lEG)=EE t#.=g rFP:",

=.P 
F9oS Eo:aGc"dR.6:.6

ra=anoa6:p
r9: p
)Bg q

t'F-nF
!$taL ti-(-
cdE



64

.E
E

E
oo
\C)

E€
Od!
c-4

oo
9o

ooo\(\.!

o

ooo
F
o

ooo
C,

oo
q]

oo
@

.-j

oo
c.i

ooo
c.i

oo\o
N

>E
t3

F\oq
o

N
g
o

@
s+oo

sfq
o

ra)
rog
o

Fco
Lr)
@q
o

o\
@go

@
@o
o

E989\otro\ c,
cc

o
(._)

o\

<f
og
Lr)
o\

F
F-rio\

q
s,o\

\o
oq
No\

N
,r')
oo\

\o
o\
(r'
@

<f

d
@

F
u_]

@
@

s
E

E

o
lo

E,
3o

lJ-

.g
E

E
ooro

'0E
6b

oo
\o
Ci

oo
@Io

oooFo

oo
@
c-1

oo
@

'j

oo
@
u')

ooFI
oo\oc!

o\oI

bc>E
u --'t<=

o
@ooo

N
@oq
o

o\
@oq
o

o\oo
o

Oroo
o

La)
o\oo
o

Lr)
o\og
o

N
coq
o

Lr)
o\oo
o

e989
-oEd. ol

G.

o\
Lr)

o\
\q
o\
Or

|.:
@o\

Nq
Fo\

N
6
o.

Fn
No\

N
oq
oo\

o\
9oo\

oc!
o\

.E
E

E
oost

E_EOdr
o- --

ooo
og
o

oostqo

ooo
oqo

ooo
\o

Oo
C!
o.l
o

ooo\
F
o

ooo
@o

oo
Lt)
oqo

ooo\\

>E
t3

@
@oq
o

o\
@oqo

@
@oq
o

6
@oo
o

st
@oq
O

@
@oq
o

@ooq
Fo\oq
o

\o
o\oq
o

orqhesotro- (D
CE

9oo\

\o
Oro\

(.')
@o\

q
F
o\

q
o\

c.lo
s
o\

N
N
o\

o\9
o\

rJq
o\

.E
E

E
oo(o

E€Otr
cL .i

O\oqo

<)o\oc!
o

oot-
oq
o

o
o\c!
o

oooF
Ci

ooo
oqo

oo
oq
o

oo\o
.,1

OoO9

.;F

i3
oo\oq
o

sfoOqo

o\
@oO
O

s
@oq
O

@
@OO
O

@
@
Oqo

@
@oO
O

otoq
o

o\
OO
O

E969
-oEo\ d,

e.

og
c!
o\

c 
..,t

o.
Or

N\o
oi
o\

\o
a]
ot
o\

oi
o\

@q
@
01

oq
\o
o,

$o
.ci
o\

Oq
t
or

u.>
L L

o o O\o oo\
O(\ o o

@
O
N

osN

s-
c-6
P)
ta
(-te
e
GIrD

M
6'
G5
(-c(-

-)oFrsFF
IPq

EBEFiac
.= G,6.la

rEr ts?c.2 (ql

.= aG

.qa

", ris
;- Gttroaa [tE'66
c !f"F"E
(- c-CCC(Evr;l

-EG
::ta
5tP5n tc! -!s

C
(-
6

?



65

nlrl!d s.5 touaeanrrrh5a6tiali,lao'lrlfrnrnirdon:aril,rntt ddnmnr:lnam$ldar
rdr:cuufill (io)

Time
(min)

Ftow Rate (ml./min)

700 mUmin

%We
RemovaI

Activity (U/mt) Protein

(u/m0
0 65.52 0.270 10.930

30 92.98 0.055 10.990

60 93.10 0.054 10.510

90 94.25 0.045 10.560

120 89.14 0.085 1 1.800

150 87.67 0.097 11.180

180 87.36 0.099 10 530

210 86.72 0.104 10.090

240 86.59 0.105 1 1.750

4. nr:drl:suufriUfr n:oiroian:al6rnrw

c

1 - v tAnr:rsii t.6 riolatatour:dru:uuftrJfrn:oir6anrarihnttdaarhU:raornrJ::giau
av

n1l ltlnutta3 a{fnt tt{t1uuaJd1:tal,

Ftow Rate dP (psi)
lllrnu DI 41flfr!r

J (t/m2.hr) J (vm2.hr) J (L/m2.hr)

300 U.J 1.2 0.87 1.104

500 0.7 2.7 2.034 2.628

700 1 3.84 2.94 ).btz

900 1.2 4.8 3.684 4.7 76

1100 1.5 6.12 4.878 6

3



66

to
rJ:gihnr:;lnul

nlu u.l

u:J?91fl?ou

urrarruiRr ri,t'u
$ -1. 2549 u"ou!fl nurnourJar u

1:.rriauf,iuo: oirainqiuvri
fi .fr . 2554 Uiryrgrni ivruraran:rinrfi n
artrlattivrar lurirurduqua:rtorfi

:-
un??1n1:a.rB2naa!

drrjnlruyr:"yr utn:o::ltr fi uacd.i u.:odouo-.:r,tr-oqiuvriaorudu'r.rruf,oliu

fplro( ,"@I;"
\r\/rr


