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Environmental problem, especially water pollution, causing from the growth of

industries has become increasingly alarming. The textile industry used a lot of water and chemical

agents especially azo dye which make up to 7Oo/o by weight of all known dyestuffs in the world.

Azo dye could be treated by physical, chemical and biological method. However, the physical and

chemical treatment give high cost, high volume of sludge and lead to the formation of toxic

by-products. Biodegradation using microorganisms is gaining importance as it is cost effective,

produces less sludge and environmentally friendly. The objective of this study was to investigate the

dye decolorizing potential of immobilized bacterial consortium, immobilized dead cells and alginate

gel bead to decolorize various azo dyes via blue BCC, Congo red, and Golden yellow RNL at each

concentration of 50 mg/L. and mix color at concentration of 60 mglL. Results revealed that

immobilized bacterial consortium PD-I decolorized blue BCC, mix color, Congo red and Golden

yellow RNL within 144h. up to 100.0%,97.60 , 90.5% and 69.00/o, respectively while the

immobilized bacterial consortium PD-II decolorized up to 99.20/o,96.90/0, 92.0% arrd 76.40/o,

respectively. In addition, immobilized dead cells and alginate gel bead also showed percentage of

decolorization. Immobilized dead cells PD-I decolorized tp to 92.3Yo, 94.10 , 78.3% and 54.8o/o,

respectively.Immobilized dead cells PD-II showed decolorization of 96.30 ,94.4yo,82.0% ar..d

60.10/0, respectively. While alginate gel bead showed 92.3yo,79.6o/o, 70.0% and 43.0%o,

respectively. Microscopic observation revealed that the bacterial consortiums have at least two types



n

of bacteria, rod and spherical shape, showing Gram positive and Gram negative. The study of

scaning electron microscopy also revealed that the bacteria were immobilized in alginate beads. The

results of efficiency in the decolorizded with all three azo dyes of cells immobilized. Congo red,

Golden yellow RNL and Blue BCC at each concentration of 50 mg/L. And mixture of dyes

(l% Congo red, lYo Golden yellow RNL and l% Blue BCC) at concentration 60 mg/L. within

144 h. Results that occurred in all cases. Cells immobilized, immobilized dead cells and alginate gel

bead. Which cells immobilized with life was the most efficient in decolorizing, dead cells

immobilized and immobilized without cells, respectively. And the color Blue BCC was the most

effrcient in decolorizing, mixture color, Congo red and Golden yellow RNL, respectively. The result

indicated that decolorization of these dyes was due to biological activity and adsorption. This

suggests the potential of using immobilized cells to treat an industrial dye wastewater.
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(a) ri o u n r : rir :irr (b) r a'.: n r : rir rin ruo o fi n u r s1': u n do.: 1 n m : : f, fA rf; n n : o u

urudorn:rn ririi'rtutu z,5oo tvir

18 a-nuilgln:safr.:fi'lnrulil immobilized bacterial consortium PD-I

(a) ri o u n r : ril u-n (b ) r ri'r n r : dr :t-n rfi o fi n u r rtr u n do.: 1 n m : : fl lio td n n : o u

rruudorn:rn rirdrturu z,soo tvir

lg ii'nuugln:.:aft':fi'lntuuofl immobilized bacterial consortium PD-II

(a) ri o u n r : rir rinr (u) u a-.: n r : rir rin rfi o fi nu rrl': u n do s 1 a m : : f, d6tf, n n : ou

ttrudo.: n:rn rita'.:t uru 7,500 tvir

20 a'nurusln:laflr.:firnrulu immobilized bacterial consortium PD-II

(a) ri ou nr : dr rin (u) fi a-.: fl 'l : dt u-n rfi o fi nu rrl': u n do I 1 a m : : fl f6tf; fl n : ou

ttuudorn: rn rirn'.:toto 7,500 tvir

2l dnuars]n:laft.:fi':ntouof'r immobili zed deadcell PD-I (a) riounr:rir:t-n

(u) r,r a's n r : rir rier rfi o fi n u r r1: u n do r 1 n m : : f, dA 16 n fl : o u uu u do { fl : r er

rird'stutu z,soo trir

22 finuarrln:sa#r.:firnrolu immobilized dead cell PD-I (a) riounr:rir:in
v o - i 4 9 I /ad I

(b) 14 O { n 1 : U 1 U 9r [U 0 fl fl U'r n ? U n n 0 { I n il : : fl U O rn n n : ou t [u u 610 { n :'r 9r

Oql

fl'la{1u]u 7,500 rYn

v
ltu1



a

ar:r.Ytynrrnr loio;

i
R1?tfl

23 dnuarcln:tcft.:fi'':nttluof't immobilized dead cell PD-II (a) riounr:ilrrin
@ o - i a 9t I /ad I

(b) fi a{ n 1 : Ur u n ruo fl fl u 1 9r ?u n A o rl 1 n m : : f, u o ta na : 0u t tu u do.: n : 1 el

rirdwuru 7,soo rvir

24 ii'nuorvln:.:4flr.:pl'enrulu immobilized dead cell PD-II (a) riounr:rirrirr (b)

- i a I I tad I

il o { n 1 : ulu 9r ru 0 fl fl u 1 9t ? un a o { 1 a m : : fl u 0 tn fl n : 0u ttu u 6Yo { fl : 1 fl

rird.:turu 7,soo rvir )t

a

t
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UYIYI 1

UYIUl

1.1 n2lilriluilruavn2ruiitf,arto.tnr:?fi'u

rlryr rm rrdru ?rrrrerd'oruln ornursruafium rt#rfirfin trnnr: tti ryror'ulnvrrl

qnGnfin::il minrugur,ror''ndu qndrfin::ur,londorur{.luqndrfln::urJ:vmvrr,rd.:fifinr:ld

,i'',,ura'lr,ofidru':urutn qnd'rHn::ilrn'nfi:Jriou?doruoon{?.:rt,lndol 6o qoratrnttu?unu

runeqndriln::ru?dol ?rioruil:srurtu 280,000 nlu qnrkiouoonrurd'rrirv,ltqnil (Jin and et al.,

zooz) lur^rdsrd'iu.?ia.:yto frorlwqnl#rurndsflooav 70 (Bella and et al., zoog) ?ovlrytjouaoru'ld
d dr a t v l-

urn ttavilnatrutlluttusionutta;dsti (Yoo and et al., 2000)

rhpiufinr:finriurvrnlulaEuacaGfilflunr:tiouaaru?tlouoslry dqfinesnr:rirrio
dl I Ad < o u d t I + ri
driou6'tuTiml{fl'luR1T{rravJinr:ilr:Jhm'r{rntJ ruu nr:elfl$tsnountual:tnu n1:ttnntilauu

'loourrasnr:1#lolryu (Selvam and et al., 2003) rtsiiiriu-nrt-lnrirrfirTo,irrinratuil:snr: tqiu

rirtdrirulunr:rir:inqr srynoufi'ld'nrnnr:rir:infirJBrturutn unsrir}flrfierr.rfifl,i'il.fr{noulrifi
a dr a , o o e I h td < | d S Q 9 a a dA d o @

IntrrurIJuyru 6ostirnr:rirunno-trjon rruouaaluyn.:s?tt1rI tnu t'f !num:u n{un?1rd1nq

ulndu ru'0.:rrnfioiu4ueir rfinnvnou#ou uacr{Jufifl:rio?surndor (Yang and et a1.,2003)

nr:ld1fiumid1unr:riu-nfrrloruosIry rfJuffifiorri'un?1udlu:otor1fiuvrid:l:stnyr
r d ,c, I 

"o 
Jc o v 49

ert.:1 Int:lftBolSqmBlunt:ritdnddoru (Chang and et a1.,2001; Zissi and et al., 1996; Hu and

et al., zo0t) usiu-.:hifinr:rirhJlfr1u:sr:rrirl-nritrfrtilr*.tJt.,uruqarrriln::il til:lsn?1il

unneirrto.rar:il:snorlrti',if,l drduriuntcu?unr:,{fin (wuhrmann and et ol., 1980;

Coughlin and et at.,2002;Sharma and et a1.,2004)nr:1d16uvrtdnaru6':1df1ln?1udu10ulndu
o - ia o 4l d I a a o o o d s l,li, t C o J

:uurdluhfr!1nuvr5tinaruosurJ:sdmrnrulunr:rirnndov tw'tn4rnrItS0uiqmr (Khehra

and et al., 200s) uon0rnddunui',nr:l#rryndqfiuilirin3.:;rJlunr:riru-ertosr?ufirJ:c?mGnrr{
, i d q la . d 4 ta9 d | 4 - A

urnn?lrilorvrurnutryoaoet:c (wan g,2002),ru,iri.,grJ#6nu''or.t:vn'l: noo (t) aut:otfiru

o'sr:rnr:tioudnluludnrrsfifiar:6uvr3dqJ': (2) drur:nnruqukl.iru (3) arrut:ntirfinn::ru'ld

odxsioru^0.:Jnu hido.:fi0'sr:',n',r,6uoluq{ (4) rJ6ffiurfin':trun.:fi rtaon0ufifl?run{mueio
, j d, a ! a I t o e, daa q

dt:il:enouytt:Junu u0fln1nuflt:gt:.:lctraa 0vy?u tl4rcraaun0fl::ilttaen?'liln{n?q{ dltJ1:t)

ruu n rry a dsri r g :J o o n r t n rir rfr o ki{ r u ua u d r lr l : it rjr n ii'u ru r lfrllr ri 1 d'



2

rruiir'oil6srirnr:flnurrJ:s?vrGnrun{uurnfifiuni.rgrJlunr:drrinfidouoclqfi

lfr1unr:r,lontlou narruin-ufildocr{Juuu:mrrlunr:nioturnr:drir'nrsoanrjiursrfidoulurir

d{r,oqI:rnuqn d1fl n: :uv'londouciolil

u a I aU
1.2 anqu:vo{n1o{Rr:?ot

t . z. t,v*ou fi n u r :J : c 3 m i n r u n { ru r tu n fi fi u n€ s g rJ 1 u n t : rir o-n ? do I o s I ry

zi a q c qa s r.l I -- dd 4 I

I 2.2 ttl o fl nu 1 : u u & t? a 1 lu n r : rir 6'n ? o v Iuril u n { u uu n fr G u nT I g tJ

r.r aurufigrutotnr:?fftt

vaY
1.3.1 9l?llu:9111

1.3. 1. 1 rfi nfi mn{rurtlnfi fi unt.rgrJ

1.3.1.2 :euut?41

r.l.z frauil:fltil

r.3.2.r nJ o irfi u ein r : rir i'n 3
vl

1.3.3 gl?ltu:n?UqU

1.3.3. 1 rl3lraufi nfi vrn{ruuunfi r3on3lg:J

1.3.3.2 nrrur{u{utol?dou

AV
1.4 1tOUl.U9l'UO{Rl:?OU

.: r u i'fi'u drfl u n 1 : m fl n o.r 1 u rflo.: :J fi rio^ n r : (Laboratory scale) dr u : v I u u u n d
o 4 | a a o u d S o a !lt, I

rirnr:dnuril:gdmtnrnnr:rirtneov lrydruru 4 Tun lottfl congo red, Blue BCC, Golden yellow

a r dd A ls q | 3 4.---- t..q'-.t-.<l.-.1--
nNl rrav?neu n{ruulnfi13un5.:grJyflsrurtrnn"'rodt.:ftr?utrn:vllriruhdtt?u]:.t.tturirrlu
o A o q @ 4 ---.-9--Y--t--+-.: aq
drrno:r3u"ir:rl f,srr-nqta:rrtrfi ttas:eUrtilr:InurtSul:.:ilU'l1J'lnq4lvr:frdu
O Aq @ U a

rt'rrR oomilY{:tI du o.t?1 ?nf,: de tfl uqq

Co av
1.5 flolunnlRl:?ou

' ' ornr:if,o nrucimuraran$ rurrivrurduqra:rrrrfi drrnorr3u'fr:rl t-':rfn

. , EUn:lSnlU



r.o rj:vluuridnroirov'lfiYu

t . o. t n r : dr n { l uu n fi fi u or?.r g rJ ru r rl : v q n rild1 u n r : rir'fi'n ? o s I qr

r .O.Z rir}?m : r u : e u u tl CI t fi tr u r s aru lu n r : rir'fi'n ?o v lwrir u n { ru uu n fi fi un3.: g rJ

t.o.: rfior{Juuurmxlunr:niruurnt:rir'il'rr?tIorun?rluri',d.: I:IIruQnalfifl::xJ
ty

?'lonuou

a

a

a

t
I

a!



,nd,
o- j j y

to nfl]:uav{'tu?0untnu?{o{

z.t dfroru (Dyestuff)

dy a <da- dt 4 4 d o'-Aat a dda a dd
duou fio cY'r:dmuonuilurljuHaflil:0r{{aet0u9r uYr{Ytrlju6Y'r:0uYl:u1.1:00uuvl:u

- 13 A d 4 q s oqy | 4 6l a 9, v I a
Qnd.:rn:1&t4xuultT,loqncuil il:0enGruucl{ tounr:7r1 tiloquu?1:0 [uH?14u11,0{?nq tta?tn9r

I d ,, t q s I v i; oql,v 3 oo.t 4-9t a
nl:tty{:uyr:ncrur{1qn'lu tu tn:{d:1':fl0{?nq riloYr0sYl1 n4?flquuildluu'l cYuoull'l{$u9l

9" n gt 6 t4 r t t q u o a d an 9 d-i d d-
aenluil't t9t lJ1{sun0v tudllJl:naealuulrrgr0sasalu tugl?m'lauo'ru0u1r:u tfi dYln4u01fld
gt '- a ad q - ,A rq s d4 a q o t

Uoruuurnnrlneirann:oulufluruflwroq tu [rurnqatora ufl?rucYrur:CIqnnaufla{{1u tur?,r

anjnsrfirsir.:riufl"srrsi 400-700 urlurrun: ?dorfifiln:.:aflr.:vrr.:lilranaunneir.:6'utvfiJvru?

rraefl?1ridlrJr:0lunr:qnnf,uvrd.r.nuud.:fid?{n?ruur?ndusir.:ri'uriru (nri #qafi n,2545)

2.2 n"r:6iluunrj:smnto.rdfroru

nr:,irrrun:J:vrnmr0.:adorursriruunfl'ruurri{fiilrro.:Adoriusinsrfin rni.:kirflu
,

t u4
2 il:crnm n{u

av a dr a9 i t a 4
z,z.t dtitoufi::rrrrA (Naturat dyestuff) rflu?tiorufiru'r0'rnttrd{r::u$16fltnfrvttnv

e dag j r | 4 r t o I tA o q t I d o

GIsr? rluouyrrJlrrna?uil:sflouflo{?t'ry rdu Gy?untflu non t:JAon lU oirodr.:r.fu anrorn

nnusrndo ?rirGuorndun:rru ?rrfiomrnrdoh?l8n ?uanrrnnonn::tinrf ?unrnrng

9 4 t d9 i v 4 r d r & < r v I
:'lnautfltJ rY?urYUoriTUl0lnflfl? tsu flu?{tt9t{10.:n:{ du?.t0]fl?touct{lJ14u'llJ ariolu:tar

?dorur::rrrsr' fiururirlddorusrnusi.rrnarunrrrudrurrlh{riur#ofrrrn6osrjwiu lno?d0rufil.f,1u
9- a, d9 i o a 4 a9 | 4:euutiu tsrllud6orufranhornr::ilur6 uauilnr:lfat:si:u0n (mordant) rn^orirul#frdolfin

oudgt i - adr io , j
fr{mu nl: tsrYuotJvrGYfTaur0rnD::rJrtfrriluyruuueroru0{u'r !un:efi'{:Jaruf,n?::ufi l9 n?lil
A d, o j d - i r I t n I r

uuu6YU0Ir::ilT'r9ro9ro{ ru0{0'lnn::u?rn1:6Ynnmfl0u11{q.:u1n n?1u tlJrruu0ufl0{rfl9t
d9 dc i d d
?dor rrnvfiflrurrGorn?riln{mu lnri ffiqnfi n,2545)

'orvd

2.2.2 Sdoruatrn:tum (Synthetic dyestuff) ?tlou:J:ymvrdrflur.rfisrnhq{trn#rniu

flIsr:rduru nraorhniuflIn:16urr.irunr:arinudrnslriar:'laIn:n'rfuou kiuri ruufiu uaulsAu

d.:t{luar:laln:nr$rou'hidrusr-r ar:nrrirdovqnrirhJritlfl'fi3orri:ufl:er?un1: 'lurn:fu

t
I

It

a

I



uorufirufu (nitrationamination) tfior:J6uuanrvrh?rfllua'r:er-?flar{ fi.rovqnuJduuriju?t7orurtru

rvrnfinrir.:1 firo.:?dorud.:rn:rs#fiasrtouoonrurlirt#srrtorruqutlruorr#u'ldrfintrn

osriil:snou z dtu n'o ln:1rrr{o$ 1.hro-ophores),iiuuolnorlruunnsirrto.:n{rIn:lldofii

rirl#?dorudrrn:tv#gnurirnrln{ruIn:llv,lof kiuri n{ruovIw (azo group) n{ruoum:rn

iluu (anthraquinone sroup) d':rfJrar:n{rufifiuru1drurnfiqn ua;n{ru6u1 niu n{l6u61n

(indigo group) nrjrurtulu6{tt:u-Iuu (benzodituranone group) n{rulu1n:Iry (nitroso goup)

n{ru'lulor: (nitro group) n{rutofrBu (ethylene group) n{runrfuoua (carbonyl goup) n{runrflo

fia-luln:rou (carbonylnitrogen groupl n{rud'arv'lof (sutptrur group) uovn{lvlofrurryru

(formazan group) uciilrn?d0ilil:;nour?':uJn:Jruv'lo$rfi0.:otjrr16urosrirl#kirfiu.:frdour
,t,ztog$rrdAosYad'AYa

tytluu fi1ngto{n]:dt1uflu0e9t0{ufl'l:tlllJt9llt tft:{d:1{Yl1{rfiulj0{rY]:rnunqilou9r?u [:ufl

ar:nrjrud'jr oonlryln:ru (auxochromes) rilun{rufiair.:nrtrtdru ttocn?rud'ir{to{A fio* 
I

nildilil?nr:aualudr unvr.lfurJ;.:gnraruil6tunr:qnGnri':rrdulul#ri'u?dol m{iiuru''ori',
"r44a

tTU -SOrNa, -COONa, -OH (nli f,5Qonn,2545)

23 nl:.iruunrj:vrnntifloruffirn:rv#

z.:. t,ilruunnrun?rrd1il1:0lunr: au nrudr lnufr dorufi aru'r: nauarurir niu ?ln
la

nflyt (Direct dye) dluan (Basic dye) ffirtonfir,l (Reactire dye) uayddorufi'lrjacarutir rdu

?tt'tn (vat Aye) ?6arvro$a loisperse dye) (Joseph, 1992)

z.3.2,fl r rru n n r ru Jn : r af r.r vr r r rn fi fi do l lu rJn l riu fi qn : In : { fl Yr { yn.: rn fi r{J u

In:.:air.:ndn1 oqjrurnn'jr :o sfin usifild':ruriulrnrSrl fioqilil6r to ryfin orfimiu ?doruoylry

?rloruuouvt:rniluu ?dorudarv,loi frdoru6u6nouri SdouluJsr:]ry ?douluJsr: ?doru
rldd

v'loirurryru lnri a3qnfio, 2543)

2.3.2.1 ?doru ov Jry (Azo dye) rflu ?doru frqrn : rv #fi fi n {ru or Iw (-N:Nr, do

n{rur3olrnn'jroqjluln:.:afrmro.:? rirrr?rfirfluIn:1rrylo$ uasfioonlryln:l'k1narun{ru
e dt t < j< o q, j o
0nnluna:..rdmrnr:u1ur tTilrnildn tuoercyrilnr:u]nurqilrslunr:r,lonrioru fidoruoslryfih?
d o 

o 
ai 

q 
'

tfron'luuntnn?tfiortrnn{ruorIw (N:N) rvriooqjrirln:{dgr{ro.:rxuAu ruilil16u ]n:':aflr.:

*o*uti" t"terocyclic rtoln:.:ai1'l aliphatic ltavu-.:il:enounl:arr,jfisioti'uIn:{afrqrilrird rsiu

u{to.:rlmonfi (methoxy; 'lan:onfi (hydroxy) nr$uonfia (.*uo*vr) luJn: (nitro) naol:
(chloro) 6alyfuuvr (sulphonate) d.:o.:rirj:rnortrcird,flust-eritmunl#rfinln:':aix?rru:r oirrl

(Razo-Flores and et a1.,1997)trsitvfiull#luri:.:?nra*o.r ttder rrn.:lirflrarrayrir ?doruoslryrflu

a
a

aa
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frfid.:rn:rsri'ls1iru asarurirlffi fin:rra'irranlarrnvnarrunrmusiorra.:otilurnnr.yf rJrunnx

616 rray:rnr'hirrvr.: tnri ffi qafi n, 2543)

dn-o@.,:,.-r&
SOr!{i SOjNr

In:sair.:? congo red

ln:.:afr{? Blue BCC

+Ne-orsocN:cu:olsg
,*.cocllr

*"n6*n,
3or- nf'

]n:sa#r.:3 Golden yellow RNL

iqrqgdsRtiln I a?ou]{ tn5{d5'1.:6Yoe l9r

2.3.2.2 S dot uouvt: rniluu (Anthraquinone ayes) r{J u? tlorufi fi r rouyr :rnilu u

riluJn:.:afr.rrii'noqjtulurarln unvri':uluqjosri'un:rv#Inuorf,uuouvr:rniluurfluar:Gruotu
a.2l--.- -'-.{g-- o- s dt v v 4y s s 4 q 9 t Iflu0unqiluiln?'rudlniurlJu0u9rud0{:0.:01ndg0rJ0u lry tnurunr:lfilruil:sruru5ouau 25 lJo{

duoun{l'tun tnnrYmcY]flEu n0 rur': 1{r llju?uavlr9t{an riluayrnfl?1ud?1{rTnlan trnsrunrrn

nlmusioua.:o{turnor.ri6 rrsinlur{rr?r?oun'ir?doruocJry unsflifi:rnrrril.:6nd':u (nri

fl:QAn0,2543)

I
3

at
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2.3.2.3 ?riorufiatr,lof (srtptr. ayes) ttlu?dorufifi.i'au{o$riJuorr{rJ:vnouoqj

luln:.ra#xtorlrrraqn fiurulddoru?vr'r1 fidornr:nerruuhqr uiu ?rir frrirsrra uavfrrirN^u

?doudarv,lo{ fi:rnrqn ucifirnn?1#r6on'hirurnrin rirururnn-nhi?fiuhian1a lnri #qafit,

2s43)

2.3.2.4 ?dol6u6noud (rnaieoid dyes) r{lufriifi6u6lnfiu (indieotin) rflu
s , u 49 a a /dl ai< I q d I q
ln:sa5rwl0n d60u 0uan0ugtrIudilun?lild?'r.1 do td :]n1Qn un?1un{Ylu9l0fl1:crflttosfl1:

ll o nt r 16 6uil u fi do.: nl: I o { qn nr u n : : ilvl on tIo u (n ri at qa fi o, zs+: )

2.3.2.s fr dorululsr: Iry (Nitroso dyes) fi Jn:.:aixmr.:tnfi t{.luar::J :snol

osI:rurEnfifim{lu1or:Iry GNo) rravu:,jnlon:onlrydlurirufiri{ficr^nn-uuu?{ur?utrLufiu lu
, o q ra I a , q s I t d S d S d a a

nr:forunsritlfrnnar::J:vnourr.:.founu larvnrrl [Tu rHan ln:tuuu tnxoafl ttavufltnn

lnri #qnfin,2s43)

2.3.2.6 ?doru'lu]sr: (Niro dyes) filn:.raflr.:vrt.:tnfir{Juat:il:vnouosl:ruro'n

;ifin4lulr: (-No,) ua;n:,j'lan:on'lryri (-ou) nion{ovn^Iu (-NH2) lusirurrjlfifinri'ur3o

ot:rr?rruuu'xrrrrur:rufiu (nri a3qafi o, zs+:)

2.3.7 ?doruylo$rurryru (Formazan dyes) riju?fi fi ln:.: afr.:torn{ru1n : lw
Adtotta9o

nfin6rasr oqjlugilar:il:snourfr.:dounr*uyro.:uex drulrqjnrlufidoruto?er uavddollrronfir{

Jn ufi rq n Sriru 1r qjril u ?rir r.:^u 1n ri d q a fi n, zs 43)

6t a 4r)
2.4 n?riltuul'tut o{fluolt

{ e s r.:luocrd114fl::ilrlny a qrn 'rne'o r?donluilUilu t:{.:tuEetdliln::ruttnvn:un?uqurailu u{ tu trlfl 11{unuln:n1t

tildu Jrorrqrfiu.:'jrrirvi.:ri'0.:hifi?dolriJufifi.rfsriuo nrioufiuurfiuuducix:J:stvrsfifin:tr

ru?ru.:':nrto.:nr:inurfi.:u:ndor niu tuo:niu drlu travfiln}J$ nl'it o-.:'hifiltor:gru
d9 E 3 i I d v Aa9 o 3 3ula1 A Y e '
drioulurirfrlrdurdu':rYu arnrqfi?dorulurirfr.:'tririJufruirur,lnlucirtil:stmf,fu tfio.:rurtrn
d9 d dt a i ,o I a
fluourifli?'uJruurruen rrerfluolJUl'rrunornrilfiuutt:Jarnnrut{luar:fin^uld niu ?doldfi

In : s af rr r uJ :L o v Iry (o'.r n nr t q a fln : fn rf , 2s4o)

z.s narurilufiu{o{frfrouoslt

drr.rfufidouoslryfirirrr.iruoqjlugrJro.:rfln? rfJun.: uasr{Jurfinavt6urr ?dol

arrur:oulr{ir.:nru'ld 3 ml{ noo vrxrrynr1runt:qnnru?fifl.:n:voruluornrn rio}flrfinnr:



araoaqsvvoqgarj
:vfilurno{9ro:suuvrl{rnur.ilu [0 Yr't{r'r?l.tu{ tqunl:dur.rdYt't tll:snlurno{910ru01_1911 rlas

vrrrrJrnlqu:JsilulilrYuorrr: fi fril: smrurr?r'[:J rfio.: ornSyfir'drs: rrtsr-:ri':J]il:6ulu
t/Aarari
drrnroruqudfigorr4frrJn6to{dr.:nru fir'[:Jn:v{un?rud'rur:ntunr:iuf,ro{:s1JUyr1{r6u

o o o raillult 0ufitlftnnnr::snrut6o{ luiJ lggt uurin'l, ETAD (Ecological and Toxicology

Association of Dyes and Organic Pigment Manufactureo)'lgloon:..l:entflt6u?fiunrrrur{luyt^uto.:
4g s A @ @ s a q a 9 h r

ddo ru o v lry rru-o du nlal n u fi r n ri.: rS o qn n l r{r "t rJ n a o n 0 u uu ? m r.: il A il61u n r : 1d?r7o u o e Iry
t € i - id ,laoa ,q /rn e I '- v4

0u1{Qnln rfl oqlnnuiucmal0{ rduaufl .:]u (0{nil1 E0u tel: :etu, 2540) u0n0]fl uuu{u: 1u{lu

torr Gottlieb ttauflorv (2003) fifinutnrrrurilun^uro.:?tloruosIryuii"rornnl:dourYaru ilu'jl

n'rrdoudaru?rioruovJry os'ls1ar:il:unorou]:ur6n rofiu dqiJuar:rirflur{ uavfin'rrr.lfjuyr'u
I r q ,^ a d Ut yu ! at dt v I I t4 rd '-lnunohirnnornl:T{[?uu Hrn [n:uGTr:urijur?nruru0sriludun:rosio:vuuil:sdtyt ler oflyt{

u-.:rfjuar:riolvrB.:6nri':u odx'l:fisrru rofiufirfinduTrildriJun^u#.rrln r,iu n:norfilufir{lu

o': riil : u n o u t o r }J : 6 u ua s il o Aro'h r{ d'r hi ril u d'u sr : r u (Diaz, 2oo4)

z.r no'lnfi fi iracionr:ril6su:rho{dfioruovIry

na'lnfifir.rnsionr:nJ6uu;:Jto.:3tioruovIufluna'lnnr:rfinrJfrffiurrir.: .'l 1Jo.:A

uouoe tcrcr{mr tiltnnnl:til6uurrilarto.r]n:':aflrwra'n ]n:.raflx:0.: r.ru nr:ril6uurnJa.:rio

n1:n-noofll,o.rfiriiIei :'ru#.:nr:r:J6uuu:Ja.:In:sair':firirh?3doruovIryfin'rrrufiudouto.r

ln:':afr':r1oun.: rdu n1:douflaru6rn-nryrirt#n:rrurflufiuto.:ar:ann': nar'[nnr:nJ6au::J

to{?dorov]mJ:snoldtu nt:til6ou;:,,lmr.:tnfi (chemical transformation) vrr.:nrun]T{

(physical transformation) ttasmt.:fi'lnrn iuioo*rror-ation) (o6dr irlu, 2550) uytlllytflo{

na'lnfifinrasiont:nJ6uug:Jto.:?tIoruoslrysionr:rirrinfitToloslryfi:Jurf,outu?ruandoru nr:
,itd9

rrJduu:ilmr.:tnfiuaunlunrflfu rirulnqinsrfinornnr:rinrJfrffiurrtonr:aflrsyfurcro.:

a,iurur:, drmirnr:uJ6ougr.lvrruaro''nuho;,;rilr,r.;',r-*lu',unu.:*rnfiGt,ravd.:fifiisr

rir.:1 lur::rrrn nt:ril6uugrJmr.r6rnrurfJunr:nJ6ournJa.:In:rairrar:d':ui6 riluiluoA6il

rir.:1 to':urnfiGa drl#?doruos1ryfiIn:.:aixfifin:rur{Jun'ufioua{ uasflavrnou'ldnrn

rJ6ffiurvrr.:6rntnruritdn'ouunfifio ldfuar:orfir:rraeiln-rrrunrnil6^ffiurd',rnrirr il1fl

tuunfiGoatilr:ndoudarofitTolovlmr.rrirdotjr.rau:;:nl rs'ldnrfrou'lnoon'[ryd,,urri''

tuiut6o:riuriunr:tjouaaroar:6uvr3dsi'r{1 lur::uryrsr' u:LnfiGuos'kifrrJ:vlomfqlqnrrn

:Jfrffiurdlnunr:ldfitioruoslryrrrird,flua',ru',?n:lunr:dfr.: 6:Jruraqaoir.:1 uasl#nd.:{ru

ornrJ6^ffiurrurird1ue6ruumuofi6ll ::rrrisnr:Eioilumlryaddrsl (ofiar ':-slu, 2ss0)

a

I

a
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JJov4aOoA
2.7 R1:UlUOOIUU'l?l(t

A a I o 3 .| 9 I q s I I X' r. 6t t 4t-.4.y
d{r0olJu [uu'lyt{01nn1:uorufl1luI:.rlrur,{ondoUriu rieulilEliosrilutluoUttav

aA dl i 4, 9 rq 3icrrq a tr --'--g^^4^d]:lnnB{rilufl?uytrl,to=oflna1{oqtuu'ryrtTtun:su?un1:flnn tloc0sQnila0un{tlila{u1Yl{

rur?ocfinr:Isir6urriu'ir?douhinr:qn6'ntr?riludr:riouanrrvlurir uciru^o{trnrirl#tfin
yarqd,&Utclt----.-?--i----

nrrruf frnrirf.:rfiuosionurhlil flriln?rutuil:snrqn:vyr:?{qnd'l?tn::riiltet:g1udlr={01n

I:r.rruqora1iln::u rirmunl#?trri'ld.:hi,{lufirirfsrfior riqriu rird':o',nltr.:tuv,londotriou

ilrioooonnrnl:s.:ru do.:ilru:vrrrir:inrirrfru tniorirnr:rir,fi'nar:sir'rt:':lri.:?fisrnrfi.:
r<oe4a--j

NOU?T fl 1: UIUfI CIUfi A lU2TA {U
dr o - <io,

2.7.1 nr:nnnynoufiaufllrrnfi (Chemical coagulation) tflun:su'lunr:riruIndfrl{

d'uodr.:n{xu?r{ Jsrun-nl#i'rrurYrLnr::Jfurirfirov unedlilr:6rldtflun:v:L?uflr:drtl-noiu,tu

rioun:sr :unr:dlfnmr.:6rivr ur dr:fl nfl enouiifi ul1d6o :Jutrr at: dt tr'{o$icn ao'l:d

niorv,loifadarr,ln nr:rir:r-ndIn0n:su?un1:nnnun0urtruar:dru rflunoornnr:rirhilruraqa
d q 9 o q rra 4 - t a lv I e

flo{flofl9lncrruuouRlnlo.:cIl:6Yil ytl [Hrnanufloulo{fl0u9r?a{ 0lfluut':u:uu'lm{l#fifirovqqq

rilunarsriourJriouoqviu#rf,*u rvrnfindarrur:orir:r-n?'[riodr.rfi:J:v?vrGnrvr ,,ti,fiu.ornti,du
du t !l

oyfia-nuorvusrnsir{"tilflrrurfinroc1rrroqo?doru dr?dorufiIlrnqarf;n rdu ?uo?n ffiuonfivl

n r : rfi n n e n o u x o.: A J n u ldar : dru o s'hi a r ru r : o rir'[d ;u #u,i'u. rJ ir :J ; r rJ : v ?m G n r n t o.:

rJfrffiurnr:nnrlenoul#rfJu'hJodrqaru:g:ni lnul#ar:riruh?rfinnr::erusi'rro.:msnou reiu ly{
dA s h I A g '
aoran rfl: ram rywb.:ldlu:J3lrordntrrrraru rujorornnrrrur{r{uro'rlvr66rnnIsr:larifi

nr6ooqjlurirvf.: ovri.:r.rarfiurion:vu?unr:'[un3flrn'f'u (fufiti ?nxsr6, 2sss)

v v t v v a dr - io o,
2.7.2 n"l:qlncnugt?uEr"luflurJugt (Activated carbon) tijun:cu2un1:nncruYluuu t${'

odxuniuaru arrur:oldrirrinfrlrlodr.:fi:.J:y?mGnrvr usifirTo,frrinfi#rnrinlruraqarorto':rAu

dosonnnd'u dorfi#ruu-nfurannrl:surol 400 drInurirl:J#rurinJrrannIo{xo{rAuluq{qq

d d 3 , - 
t- , o @ dgt

oerflT{fl:::..rd0&rJu1fiu-nJrtanacirn'ir +oo rrncd{n'ir 1200 o""rriuriounr:ilriletflel?utqq

n:uu?uflr:nn.fi'ruurituriruniuoi osdorfinr:rJirLrurnluronaro.:1ro.:r?01#lmlryaruriou Jnogq

nr:'luln:'[afiar1'rurJurrr d.:do.:ldrJux1?il3u1il:.rrnlunr:rJf:Lfirostorar: nuarut#od
q r n t q }rd 9. I - 

t- I a tv d o rdr I r | 3"luri'rs to-t t fi.:rirr.rah{firorro'rrirfi.:q.: n''.:riu d'0.:ilnr:ililfirorl#rfJunnxriou:Jrioufil

nt:ritl-n?rirun:uil?unr:0nduuuriruriuniuei rilun:s:t':unr:firirl#Iilranaxo.:Aoncfi'u{ '''q- - _qi''--

Arvvl-lrraaud:8ar
uuil?xo{61]ufllJLru9r 9r{uu il:&flyrrRlflnl:encrud0urlrtJluglluil:ultu:fl?ulJ0{ filu
9, @ a C io o J & r oqrl d a , e.

nrjilu91 tll:lev{umfl?0-rrY'l1su'rnfluuuro{ rr9lfl1:yr1 t1.1 tilraQn10.rdilqa00n01nr{?1,0{6t1uuu
q lt9 9 o t @ v I q qirq 14 I t o vyrl [nurn nuUunt:uto'lunuuuglnauil'l t.irtt4u0.:qtlrutn rn:rvr{0.:r{tun'l:rr.n tragn'l:titUpt
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nrnd.rfirirlddroar :r16.:rirldiirulurirufifinr::Jir firos riouildouoonornl:.:.rrur1ru rirl#s
ajurdrjo9,ltaao@dd.eala

lmnunu-[uriluvruunrrri0srJil:sdvrDR]iln1:lilufldql.:nnllj (:auu ?nx1101, 2555)

2.2.3 nl:oonfi'lodfiaslolru (ozone treatmenO lnorfu hJhroqa?dorunrfi u r,j

ln:Iru-yloifiriluar::J:vnou6umSdr{luvr:n:':ufi?u ri'rniurcril,riovlutv16or n-r#unt:fios
o s oZ, I o rs s I lAat - '4t - j 

' -i o v
riraru ltJranato.:duu 9ro.:fila]uilu [n: tulI0:YtlllulluIUfit4:ollurstnu?n0u Gx{n1:il1u91

- ^ 
;, o he 

t 

o 

u

ytl{ry??ytu'l rudlul:0yt1 [n n:eu?un1:u1r-na]nuldlolryurilurmnfinfirirurld'lriururin fi.:

oro'[dfrnrrufiuurdorulfl:$run1::Jriourirdrroiuurudu nr:]oluu#u (ozonation) tilunt:

oonfi'lrrdvr-urv{firilurt'unernfiro':14r,lIn:fuv'lo$ro{Jrrarlarl'roIolryu usirfiosnrnJoJryu
drualnlAorae@rq3{rdiota€
rilust?00nry'[nryyrrr:ttrtnnvillil0n:u'rnudl:il:en0u tuulYr{ou1{:?9rr:?ru0rnnilan:u100fl

firn#ulrurannro.:Adou drriaulnairin:J:snourhu'lulsr:r0unn03u rtodarv,lo$ ostfinr{lu
,"oor'

fl1:il:enousfinlrrifir{lun^usio?.:u:ndorururnn'itat:sr3.rdu (ftfiti ?ntr1A, 2s5s)

z.z.l rnnluladrdouaiu (Membrane technology) fl:eu?unt:rirrin?rteutdottr.iu

(membrane) duJ'r:o1frlunr:rirl-nft rirar:rnfifil#lunr:doru? uos?doruur':vfinnduurl#

lrrild' uriroonr{lu + :J :vmvrn"'.rd

2.7 .4.1'h l n : fl a rsr : fu (Microfi ltration) l#lu n r : rir l-n ?do ru fi fi ii'nu or s til u

nonaoud (colloid) fiqnrJriouoon0lnilr?odolra''rotnr.itunr:dr.: Jnuldrirripr?6auroiafil#

dorurdulu:J:ernmlfl6rodryroi uav?r1orurJ:urnmA,fi'ntv,lof ?ursr uas?ovlry6nfit#dotrdulu

'rJru rrayian0d (viscose) ?rloru6aruofarn'or.irun:eu?uflr:'lruIn:flarsr:'fi'u rtdaatlt:ndt

n nir l rldlu ri }i' tfrfi ri ? nx srer', 2sss )

2.7 .4.2 o o a ll fi atlo u n ii'u (Reverse osmosis) tl't il 1 v iit il fl l#rir'fi'o 6o o u
d9 s d gt Aa q r dr i I t i ' - !, q i
a60il rrac [ruranntola60ilytufluln [ilfl tilun:&u?ufll:vt0u9l0{Hlutuour'lu 2l,uglou n0tu0

rur.iuooalruGadouna'rfiu::lrirniou tractish water) uastdouniuooallfiadouna'ufiu::1

#lruu (sea water) du,6o,,oiu,,:n0ud1u1:nrirfnfrlrifisfouas 90 n?rxt{urluto.:?firfi4^o
r r m ro j , .[ o o dh94 9 | U d ag AqlrC)

0eQnd{H1u'hJu{rt 0rrHuytd0{ lrasry'rtJt:nIlund tfio.::0uau 94 0u'r.: l:nflluduouYltuuou

rdulu'[rjarru r: nldn: v:r u n',, d'[d (frfi ti ? nxr]6, 2s5s)

2.7 .4.3'[n u r t'n ru u ru : u (Dynamic membrane) l#rir u-n fr doru fi fi a-nu ar s ril u

noaooueifiufl?uaouodJoul#sr-::o.:fufifi;n;u uiu rxSn trdnutad iaqnrfuou rtorry:rfin

d.rdoilrlrirf,flurrurl# Hydrous zirconium (IV) oxide ttaen:nlilAocn6find (zrlPAA) rfio

rJfurJq.:turnflo{Jr'{?u n:uu?ufll:darlr:nrirrinfrki6qiouae 9s r.rtorurnn'it tirfitl qntmn,

2ss5)

,



ll

2.7.s urluflarsr:*u lN"ronttration) l#rirrin?dorurJ:ctnmffiuonfir,{fil#dorutdu

lu'rJru ,u'uuo',nn',rdoruffiuonfiv,ldorl#ar:6ranlsr:'[aririrulunr:r1oru r,ilu Iu6orunao'l:r{

(Nacl) Iu6urudarv,ln (Na,Soo) dunrrrrrn,rdolu',rouundl:1I?flornnIsr:'lnrirrlrirdoonrur
o v E9w|9J9J -q dd a

rlaeilrnduur ts tner?u (5yuu lnrslel,2555)

z.z.o rn nlulafl rnri (New Technology) rv n Ju ln6lr ri ru r nu r ufi rfi , d, fi du g',,
{ , 4 t @ rdu t da q 4 i r o 9, 4 c, A
9r{oguurYrnunnl{l nu rrgru?nqil:sd{nlnu?nu norilooar{afl:uYrugrl{1 tl.rr146r0uouilq9l

@lt

9l?0u'l'ttsu

2.7 .6. t n"'r q n du ru n o fi u vrS tid.r q n rJ fr rJ g .: hfl6 du u a s fi n r : d r u r l #riu o qj l u

I:.:.:ru fi:J:y?vrinrnlunr:dru-er?dour?r{6 o-n:rnr:riru-nrflu'lilotir.::rnrir h?ruanr:rirrin
rq I A o ngt , d r q s) gt aA A d A r d

0q turnolcvnJlsr:glumnrfiun ti rrx0&ufi?tultil:Huxo{n?lrrljUrudmq{ H50udt:mior.JuflfntJ

ri'uauffidoirn'irrmnfin6ur findruri'u ri":#u rmnfind6.:d'ilrirsionr:firr:onrirru^unr:siolil
u al a(5yuu ?nrsrei,2555)

io.J
2.7 .6.2 : v u u fi fi ff u g 1 u x o { o ra n I sr : 1 a 6 4 fi o qj l u : v rj r r rir d.: rt'sr u r n ds n u

ioY 3, o d u < aehgA ooc,a @ |

Ylt,iroud{ ttnuil1.:n:{010[n9fln0:u ttnu tun:oncrt:nfla tn cx{0em1t?ltflnn]:ttglflT{u[e0ul':

orrUrlrld al"'rqn,fi'urfinouvrtrinion^mr#r niu rinnrr':rryfio.rrirJ:enoufidrriq n^o

* A a rq lv q hg li a 4 * a dcb 9 -v d" 

u 

a
rrynqIa6I fi.rfir{f,rri.i'urio'tiunnr:Jhuudoou rtohraqaro,rdr:0uyr3rlld' (frfid ?nrylgr-,

2sss)

2.7.7 nlvu?iln1tnt{ia?nst (Biological treatment) n:uu?untrderf,ulfiuvririlu

nr:rir:insJnul6uvrSdfimiqdururlnrhvfinr:qerd'ufrhJsiru rirh?arrur:orirrin?'[d iGnr:
d a r dr oai dr a q A , a a d I qgry I

vl 1 { $ ? R 1 y{ 0 0 ?'l t lJ u ? I vt t:J u il sr : n u d { rr ? fi 6 0 u a n u a Y'l u d 1 : 0 u yt : u rl n u t,r9t u 4 u 9r 1

dr:il:unouovlm{lufiIuluJo6n (xenobiotic) lur::rurrfi (Gill and Strauch, tgg+) 6sarilr:6t

tjouaaru'[d lfiuvrtdraruryfin lriuri r#o:r urnfirSu 6as{uasd'rilirudrur:nriru-nfros]ryilaru
a Uy qy I t u d 4 ad o s d, S 9- o

TUn tnRlU tfldRl?ett?na0uttgtfl9t1.:nu ilfl1::1u{1uit.:?rn1:ulund00u0g tcryt{yt1.:tnu-
4.

nlUi'llT{ ttAeS?RlT{ (Banat and et a1.,1996; Delee and et al., 1998; Vandevivere and et al., 1998;

O'Neill and et al., 1999; McMullan and et al., 2001; Stolz, 2001; Rai and et al., 2005;Van der Zee

and villaverde, 2005) d':rjtuiuna'lnfildornra uav'hil#oonfittuto{urnfiGulunr:rirn-nfi

ov lry uas:J fr ffi urnr: douov I: rusr^nrofi ulu #l?u

nr: douaoruSov JryJnuuunfi Gu rijuiGnr: fi o1d'un?1ildrlJ'r: 0ro{uunfi G o

lunt:tjouaa'lufl-uDso&1ry ttnlrurarlalrilld'rilufurarlafirf;nar (rorgacs and et al., 2004) uei

luanrrvfifioonfirouoqjdru (aerobic condition) nr:doudaru?oslrylnuurnfiGuovriJuhJ16'
A o dr - i- o < ia t r I 'urnrfro{ 0rno onBr0u 0urilun"'rfifuorfinn: oufi6n'jru{ov Iw (N:N) n"'rriuurnfirSurvh?
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adarar4ictjhtd
orann: ouod:yrrnoonSrnuurnn'jr?oc lry 1u an rrsfi "[rjfi oonfi rou (anaerobic condition)

6rf,nsr: ouoa:vfirfin ornuunfiG u0vrirh?rr,joc Iryrrnnoon rdoqornrou'lryritoIryiri'nrvra
- jo o lI s a - hY a 4 s a

(azoreductase) fitfinlu'lry]vrvrarafifllilutu:u (cyoplasmic membrane) tor{49{4fl flo ouI:Ulcln
d j I , o 9d4 F I s a 4

rorJu uaeornn'r:lrl.rilovJurnnoonfirorrirt?fifiil3rurnrana.r rriovl:rutsrnrtrrfinfirfintrn
{q

nr:unnro{r,rrioslry or0fin?1ilrilufiun3ofin?rudurl:nlunr:riousrE.:ld rrsiar:rrrird
a

a,i
dlrir:odarursorUauuJn:.:aflr':h?riluar:fihjfrfiu Jnunr:drl-nurrtdoonfittu (Frijter and

et aI.,2006) dqortrirlnu:Jfrffiorlan:onfirn,fi'u (Hydroxylation) rtonr:rirhflx ovl:lro'ntflpr
d < 4 j tr9, ia qY a h tq, a t u00fl n1:daludoe [cu0{t?1tJ1&yl1& t.rdRl?gmrnl: tTooflcutituttae til tuooncrtou:?lJflu

(Jirasripongpun and et al., 2007) nr:rirfnJnonr:t#rou'lwrilSqvrtihjfiuutirrfio.:0rnfi:rnrfl{q

flaon0urcradto.:rrrnfiGufin:rru a'rilr:01unr: fllorriudufl:ru0rna{u':ndoilsioroulryrild
jcadrjatvl44-ada

rfro{0tnflildrJilsrn?rurIJurUorn=onr.nuxo{r.ru{rcrodxo.:ttunyrt:u (flf,n.:u alu[{u, 2550)

n a'l n 1 u n r : rir l-n ?do ru I er u r ru n fi r1 a fi z n a'l n u a'n fi o

( I ) n r : q n,fi'u (Bioadsorption) tfl u n i : q n d'l ?tr7r ru r lu rdodru rrya dua s fi

il 1 { ri?u 
Q 

nqn fru n r ulu'lrylvr n a r dru

ln o O a I d, S a dd v
n a 

-ln 
n I : q n ryu lu n r n: : u n 1 : u o uda 1 u d0 0 u 0 u I stn n 0'l fl t tu n m t: u Q 

a cru

d 9 t J o a 9 I alt '- A , dt o '- Ul t

finirqiruaii rirhinlruuiruto.:ddouaon.:{uilfrc ueiriJurfru{:uuer?ardu 1 trJarrur:oasr?ld
a i < i dd v d 4 A v 9 I d d
lu:eueul? 0utlj00{lnmttunmt:uqncuud0u6r.:1no}J9l?tta? tGIaa0eufl:uu?ufl'l:Yl1.ls?R1Y'l
A r oo 3

tfiouoUdalgdtnntu (Silveira and et al., 2009)

(2) nr:doudalu (Biodegradation) nr:n6nrou'lryrifivrs.rroulwrifioqjnruturryad

(intracellular enzyme) uavrou'lryrifiilriouoonrutuontcrad (extracellular enzyme) roulurifioqj
odzc,tnaiogtArolArvrqrrd

R1U tUtcraA n0 t0u tcxltytytl?1u1m0qn1u tutcxnntfl0d:1{Y{n.:{1u ttnudl:9t1{dl t?lttfltcrna

(rarrfid r::rJdn^fi, zs+z) rounlryrifirJrioooonilrn'ruuoflrryad 6o roulryrifiaflr.rduudrgn

:Jriouoonr.lruonrarad rirtrrhfitiouryr:or{r:doqiuonrwad rfioov'lr1qndruriruuirlrjlurryndld
r dl a
iru (rar:fi d [::rurYfier^, 2547)

I fi u vrt dar ru r : fl ,{ A rr r0 u 1 vrifi o qj n r u t u rry a dua v ro u 1,rrifi rJ ri o u o o n u l
,nuuonrcuad r$iord.:rJq-ffiornr:tiooaaru?doru Inulunr:ri.rrJ6^ffiurnr:tjouaaru?doru orn

:J:vnolrhutou'lryritratosfisr Gon:rrjr ligninolytic enzymer ldlrri rou'l$fanuur:Jof-oonfi

lnd (lignin peroxidases; Lip) ttantfld (laccases; Lac) trastrru{nrfiarilo$oonfitnd (manganese

peroxidases; unp) rilurou'lryrifirfinornna'lnnr:dou6yo'rurruuoonfirnfiv,l rirrfurou'lryrirolryt

Fl-ntmd (azoreductas") r{Jurou'lryrIfirn^nornna'lnnr:tjoudoluuuuSn-nfiy,l lnolfiuvritinds,du

trasrJriouoonurdoudarue r:,ilru:nosJ:ilrsr'n d.rfilruranatursrlmai roulryrirolry irr-nrmd

I
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dolnr: NADH rrns NADpu rflulnru{nrflof lunr:douaaruftrlol (Nishiya and Yamamoto,

2007) lou'lryriro]ry3ri'nrmafiytelryfind,fl, i,r,ru"ellular enzyme (Hsueh and chen, 2008) ttae

extracellular enzyme (Dafale and et al., 2008)

rou'lry]ianfiur:Jo$oonfirnd (Lignin peroxidase; I-ip) t{luno'[nnr:r*lrJfrffiur

ilo{rou'[ryr10;rir:J6ffiurri'r Hro, rfinnr:oon6'lndar::J:vnouov]:ruro^n rsiu veratryl alcohol

'ldouruaurnuoSo dua',u',roonoonfi'lndsiobJld'rfiofioonGtnu :uuudoudnro6nfiufi

;nr*r1r;t'ur{1&r0're0,r ,l'.r1,t'a'lu',rnrirrou'lryrfn4lflllt#oon6lndar::J:enou osl:ruro^n
i herd o6ut "lffinrutfliltu n"'todr.rrdu cr::J:snou polycyclic aromatic hydrocarbons, polychlorinated

phenol, dioxins ttrt& synthetic dye (o:6:t rfiry:dou, zSSz)

rou'lryriuanrna (Laccase; Lac)ttantnfl fi:J:ssvrGnrnnr:oonfi'lnd

dr:il:unoufifiJn:.:afr{nd'rufinfiu vrsrfirflun:ofillufin uav'hir{lun:or$llufin naon0ud'r:
r a a r ngrb ia a 4 a t dqg q o v 3 o-

floilailuyunat{."l tft tudnt?uy[J00ncutou 0.:un'l:tJ:utlnfl t'fttafltnd tunl:uluflultdulj0{

1:wruqorarilns:illnurflilruodr.:tl..rrirrfiuornI:{{1ufl:venuttauldon:eflru I:.:stuSruo

]:.rrruflJn:rnfi ar:rir,fi'nliryvtos lravdr:fir,fi'nttrunr (Eichlerova et al., 2003)

ro u'lryrfi nr s n r fi anj o $o o n 6tn d (Manganese Peroxidase; urp) rfj u'ln a ln -

}J : 6 u fi rd r :J 6 ffi u r n r : o o n fi 'ln da r : il : v n o r o v l : ru r 6 n l rlo rl ry ail u o n drt o o r.r ry a u ? n t roS a

-dd9(o:u:t rflT:fou,2552)

rou'lvrirolryiri'ntvra (Azoreducrase) ttunfiGuaflr.:rou'lryriroIryid'ntmatfio

douaaruyflursroJryh?uflfloofl rirl#llrnqaro.:?ovJryrf;na.:uaslutlrruudorrirhnnrrrur{l
A9
flana.:a?u n:uu?uflr:dooanro?ovlryJnuroulryrirolrySri'nrmarfin'lrlns'rluantnrfi'rur,riohi

rsi^:Jornrs chen (2006) nu'jr uunfiGuuxsfiqarur:odouaaru?derurolryld netluanr':sfifi
c ih ro s dd d I h / r d- j r

01fl]f,UnU tUdRl?sYr trJil01n1fl [nUrrUgtytt:u0uilnl:6151{tou lcrilto lry:9tntmdlv,lou0udalu

nhtvroJrylufuraqato.r?tieul#usrnoon drl#'ldar:rJ:ynouovl:rrsrnrofiu odr.:'l:fisrrl

Dong-lei and et al. (2007)finurnr:tjouaatu?doruosJryyt'.:luanrrcfifiornrguavtuanr:vd

'lrifiornrn rw'ir luanr':vfi'[rifio'rfl'rfloun4urvarusionr:doudnluAro]ryrrnn'ir rr0u chen

(2002) rrl'jr nt:t6roonfit0uas'lil:sil'jrl,nlrduu,#u Pseudomonas luteola teannt:dgt{

toulryriroIrySsr-ntmafiaixdunrrlu,,rad rirh{nr:tiou?munas lumrrsr:rri'u{rrunr:rillu
j

dfl1?sn{r (static condition) ilStriuoonfiroutsfitfiorrdnriuoirS,'r*^rr#rorrr:ovriol#rfipr
qogrtn/sd-AJ

nr:fnilrnr:aSxtou'tryrltoIffin-ntvrarutn8.:fiu Zimmermann and et al. (1982) rduonalnnt:

tjou?n{ltoIrylnuuunfifiu'i16u:{o':riunr:sr-nnhruflo.:14lirolrysl:urou'lryriroJry3d'nryrdfild
,

NADH r3o Neops lu antn'hifi ornrsuSofi oon8rou ilSrrudrn-n osiu rilrsrdartuanrrv

I



t4

j i a o I j dt s Gl ,a d dr q /a -Y a u I
n{yt) B{ NADH rt0 NADPH rumll4ulyrrllugt? tl,ro[Ann:OU r]JUHA tflrflfln]:d:l{r4nnRilcvl
dr s ^ 4 A I o d a I l,l 4 1 l,l ro
rlludl:os l:rursrnronu Bloagnuoudaruluflnl?{uooflryttufl?ulou tcru lJ:stRYl tu0ltfl1e

gtetl
t0re0.:tlilGifl:su?un1l hydroxylation ttasnl:tfln?{oeI:ul9lnluanr':sfifioonBttu

I

fl:eu?un'l:tiouaaruos16nu:tldrrurc rray0edo.rrfindulu:sr:Lfitilu:vuusiorfio.r 0un:evt"{
I I h d s dq A o o r d- S q, 40 {--o I

riuanfl:1{rou rexuro [cu:gnlmcy cr{rin?lu,flrurssioSovJrynrUldanr,]sfirirrun 6lmrnr:uou

dalufiunerolryld luyrr{er:.rri'u{rudrrfinnr:dnruludnr':vfi'hjfioonfitou nr:rfinrJfl'ffior
dv v a o u ro A 4 a q r s I A i ed
Snnyu0srnn Iur[uu tu01r1I1&cx{1{}J1u:?ui].1fl1:rnflnufi{r0 tqxn?un1:tnn0uYll0{0tann:ou

:su'jr.:?doruovlrylu?qr?ndouuaBrqndurlnfifiufin:rrudrur{uf,riuJnun-nnstfirrfirdori'rurryad

r1ruuon (outer membrane) rrrnfiGodarrut:naflr.:rou'lryritolry-3d'nrvralunt:tiouaatufliooet

frt7ontolry'ld tEiu Xenophilus azovorans (Blumel and et a1.,2002) Rhodobacter sphaeroides (Bin

and et a1.,2004) Staphylococcus aureus (Chen and et al., 2005) Bacillus velezensis (Bafana and et

al., 2008) [[Ctz Pseudomon(N aeruginosa (Dafale and et al., 2008)

ogt{ dd ^ 3 g i A d ei tl-
2.7 .7 . I n'l : [sr"ror [u n yt [: uu : qm r u rr { 0 1 n q n d] fi fl : : lJ d{ vl o u fi ? 1 u cru cro u

aq d a - lA r r s - 4
ft?11Jfia1fl?t01uxo{cid'{rn:lefirrau,.tanrinrq{6u 1 niu ar:ri?un:c01ud'? fl:n tud tflao ttau
j j rr d r j o ,f, oEi, 9 9 o i q 3 oq,
ou1 riloilaouto{rdurfialua{ lurtuilr rir tfinrrilrlilrut0{00ncur0umaealu tuulnna{ il1 tl,l

drfiiisrfiorfiuoqjluumri.r#rn',u n:eu?un1:yn':fi?n1flt{lunr.r16onfiovldrvrnlula6fifioqi
d I A A dr 6 q A gt A o J o ro Y !

rT{:1yuil:ucYytfiRllld.: r:luun:nud{u?aa0iltlagflun0uYrtfl9rfllJlJ1J:u10lu0u uon0lnunl:g

o s 4s d< a r d i d - i q o s 4.9
ulu9tfl tgturrunflr:u lflnou1{:?ar:?$jolytuunu:uuutYo:1tun1:u'lugld8ououIs n?1il

flururildrsuunrdouunfiGuusqvrflunr:dooanro?tlouovJry iirudutufl tqzo (wuhrmann and

et al., 1980) n1:a,u"'ulu13o.:t0{flr:dru-nSldfurirrfiunr:Iprul#rdouunfiGut3qvrf rriuI

i
Proteus mirabilis, Pseudomonas luteola LLd!, Pseudomonas sp. ltdUttUfltoi0 Pseudomonas SP SUKI

s, o s d S EY cl a
lrdn{uu? lilrunt:ilt:tndoe lryRtuldanrrsosuonryn (Chang and et al., 2001; Chen and et al.,

1999; Kalyani and et al., 2008; Yu and et al., 2001) nr:ldr#ouiqvrflunr:mnnol .itutunr:

et:?0dounn'ln :runs16unro{nr:doudnru leruldrn3o.:fiotorfirrnfirrasfi':Jruranattae{oua{
9-

fioroosfirJ:sluryflunr:n?uqil:surroulryrirfion6nuri'ltaruvrTuffififion::rroulryri,n^udu
A da F 

" 

" 
o v d9 s s dd r o a

n1:irn:1e?ir${il:ul0lUlninuflofllrYn:10{n1:illund0oil0e tcr tnulnilluttunmr:ulj:e01f'tu

kiirnr:finu11u:runsr6unlu:sniur{0.:rJ6r]Gnl: (chang and Kuo,2000;Telke and et al.,2008)

2.7 .7 .2 n r : l#ur n fi G u n aru 1 u n r : rir rin ?fi fi :J : v ?vrB n r u ua s : r n ri': ln urdo

urnfiGur3qvrf,n-nrv'hidlu'r:odouaaru?doruov1ulrial:g:nl uacrvfiovl:ru6ntofiurfiordu
,t

dsrfluar:riolvrtr rvdo':rirnr:tjouanrueio'hj (lostri and et al., 2008) il"'.rriu:sulnr:rir:t-nfi
t 9, t a dl o e9 t 4 r a- a X i d

il:snol6aufl ail r aun5 unar 0e fl r [f n1: u0uda ruulJ: u dyrf R rlld{lJu tu o{ 0]nufl 1:'a--E--''''- - q
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naruncrufinn::runr:tiouGro'rul,o{1fiuvr3tiunvfi{o6lrnn'irnr:1#r#oriqvrflunr:tjouda'ru

to.:?osJry (Chen and Chang, 2007; Khehra and et al., 2005; Saratale una .t ut- 20lO) tun?rilriJu
r a a I v d r a r < ai r @ o t a q I j o

nqillauytiri d'luiluqlrnacsunreuoudalu tulaQadmrrnnal{nu erlrr?ru.tfi:ooln ti,dl:Yrp{afi
t - j< to v I o s I

:?unuyttJoqludluiluqdruilnr:ooucYalu (Chang and et a1., 2004; Forgacs and et al., 2004;

Jadhav and et al., 2008; Saratale and et al., zooq) Inu$"a'hJlunr:tjoudaluAdoilosJry Gldurhu

nr:daruflIureouJcr d,rri':r.rnl#rfinovI:nr6nrofiud.:rijur{lun'utut::urtei^

2.7 .7 .3 n r : 1 #rry n dn { ru uu n fi G u n3 .r ; :J n r : er3.r rw n dq n rj r ru r l fr1 u n t : fll o s nlu

4 a 4d a 4 ri , 
' 

I
rcraaro{laum:untndl:uafrufi3onr:rilauurriln.:anrurnndoU finr:tdo-n6tusrlunr:0r3.:;il
A - d 4 I s l'- lae i

rfroinurcnrilro{rcrn(i :rrunril:slordri.:rrunto.:rJflfrSurfrrtqrnsirlfiu (Tal and et al., 2001)

4 4 a al
n r : er : { tcro o I n u mE d (Cell immobilization)'ldfl n :rru au t t rn^ru du

q o @ a A a - o rq r I a a d i o"[unr:drulnxo{rAu firfiflnunrnlunr:rJf:LrJ;r:J:vfrvrGnrr'r0rnn:&u?unr:B?Rrfl rfrotfruil

ritrryad6a:& (wang, zooz) rvodsrsrgrJfi{oGxnrurl:vnr: 6o (r) drur:otv{Audn:'rnt:doudatu
o ja a I d h rl o a l,l 9, I t zi S
luanrrsfifiar:ouvritiq.: (2) drur:on?uqru'[diro (3) cyrur:odrfr0n::il'[dour.:ciorfiollnu
tJl rY 4q 4 ,. t^4 4 i a t - I i<f -'trud'orilolsr:rnr:rn-or1{qr (+) :lflffiurfin:rrun.:fr naon0uln?liln':vrueiodt::J:vnoufitiluvru

rrndni.:;r.l'lr1irnr:n-srurrnioh?doudnrudr:rJan^u'ldr3:n'ir:vrurit:inrirr?ur::r,nrtn:1ufi

n?'rruHu1uiluflo':lauyritififi:J:v?vm^nrnq.r nr:sri.:rryadnkifunr:1#odr.:n{xtrt.:lunt:dou
, ia

dntudl:il:snoufitiiun^u t'du fluon (Wang and et al., 1995), 4-chlorophenol (Wang and et al.,

1997a; Wang and Qian, 1999),2,4-dichlorophenol (Quan and et a1.,2003), quinoline (Wang and

et al., 2001), phthalic acid esters (Wang and et al., 2003)

il o A ru o ux yr vri n dn n rir ru r 1 #ri r r fu n t : sri s trya do d r.: n {r.: t r I { d'l :
A a dv d o 

t 

o cl ,6t 4 d
t: :uslgrrtaur{oaru 05 d{rn: ]sfi ila]u1unQnillx] lT [ufl 1: gl:.:trya 0 (wang and Liu, 1996;

- A t AVII t

Wang and Shi, 1998; Wang and et al., 2000) noatruo:l::tJs19l lnttn agar, agarose, alginate,

kappa-carrag..,* finrruu{rrr:rr8.:nafi6uncfin2ruyruynu '[rirflun^usiol6uvrtrin:.tti'u{lil
q a 4v 44 d tq dt a I a alv I I

fludt:T{0atro:d.:tn:1efi un?trutrfl{rr:{ua&iluyt1u uflilnterilu?{ugr0laum:u 9l?0u1rlt$u v{o

Ahaddroias
ril:uauoanosoa (pvA) nJuruptyrnrru? t#rJxo{n'r:ti'.:rn:rvr{nodrruodlfr:rntqnttnc'lilrfJu
A t a dl o v A a </
T{U001AUm : U tfi lJ'le rTlfi : iln1:91:,1 I AUm: U

o- ii e,
2.8 {ru?ountRU?,uo.t

r fi u g r #u fn u r'r : : at (2s s2) tir n r : fi n u r n t : Q n du Al u rir t? u o r n J : s.: r u ll o n do ru

{oryavieqfiu

9 a al 4 r q u d o adi<aa
6runvnoulau1liu ,{afl'r:rinurillj?1 n?'r:Jdltjr:o tunl:8ncrudflo{flenoulaum:uru'Gu?el

a

I

t

a

admin
Rectangle

admin
Rectangle
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riunvnoulauvrSdiihjfifiinfinrrrrunnsirr6'u ervnoulfiuvGtidfiBasrfin:rruarrur:nlunr:
o Al[I t a a/A I @ 4 I o </dL-'

qndtflldqrn'jrflsnoulaum:uyrenuuo? uavoinudn'jrorvnoulfiuvrStifirirrurtrnl:.rrirrirr

rirrftu:eru?n:surfin:rruarru:olunr:qndr?'[rirrnn'irnvnoulfiuvrSti firurornI:.:v'lonrlot

drnfuflsnoulfiumSdfirurornl:rriru-n#rrfiu:rrdnrro',0v1#:cograardlpia o rirlils
oia
rulrarsyrflsnouraumSdrrnl:r.:rur,londolldrearri'ruriatfiut r f:fu.r n?1ud1tJt:olunr:en
ulsaaqrl

GUUq{qntm 1 n1J 6.12 il aafl : il91 0touaa

qn-a ur ui qmf (2ss3) f,nu r:J : s fi vrG n rnt or B. subtilis oRBT I 06 lun t: douaoru?

dOlOglryfJ:VtRyl Azobenzene, Methyl red, Orange G ttoc Congo red fin':f ff frlrur?U

a a s r a s 4 r dy q i , q a t, I
l0-200 ilnan:ilaonfl: [nuflnu1n1:u0udaluduou [udnl?&Yrttgrflgl1.:nu1o.:qilH8u 9l.tttgl

d id d q

25-45 o{f,lrcrntBud rra&ytlIt0$ 5-9 uu01141:rr{'1ltou [u01141:tHa? 0'1flfl1:mndouuu01141:
drald

rr{{ iluat B. subtilisoRBT106 drur:CIt05iuttosuoodalud Methyl red ttos Congo.ea lffi fir1n

I I4@fr?llJrflrJlluflfl{lflflrlnri':ula:ou]nlnfi nl:doudalu?dorluorfll:riln? ilu'il .8. subtilis

oRB7106 dtrJt:ndoudaruA methyl red uau congo ,.a 'kifilfouas 80.25-97.15 lu:vuvtrnr
& * t d9 _ r UIrd d 9t I

48 f? lrut A?Ud6OU Azobenzene ttaU Orange G UoUdnlU tntflU{tAnUOU 0lflr{nfll:Uoudalu

ul'ir a. subtitis oRB7106 fr:J:y?vrr-nryrlunt:tiouanru?doilovJry6n'ir B. subtilis JH642 0ti1{

firiurirn"'ry Ino r. subtilisoRBTl06 afr.rrou'lryrltoJry1n-ntma (AzoRl) tfin intracellular enzyme

fidornr: NADH r{Julnur{nrsroilunr:douanru?tlori uaeflu'ir rJ:v?vrinlr{xo.ttou"lryf
<doaJdrtjiciod-----dtvvo

[0 tcr:nnrmryrlrllllurilu 2 ryrl rtiorn ul B. subtilis JH6421uanrrsfifi3 Methyl rea rilucli?f,ndt

nlnHanr:finurudn.:1#rfiu'irrou'lryriroJryiri'nrvrd (AzoRl) firJ:sfrmt^ntnlunt:tjoudnluA
I
UOU

.1. (2009) titnt:finurnt:dtu-n?doruovlwlnun{ru

rulnfiGuldornrf, z n{ru d':rt'silurnrfl:vuudru-nrirr?u nu'jrn{luunfitiu sKB-II fi
r a a o o q4 lrt, rd ja a ,t -", o q j

rJ:vdmrnrnlunr:rirlndraflle-tnq{n?rdr{fltJ TUnl:teruttil{ 1.3 n:iln0aa: a{ tuo1fi1:tau{

,do finarqprytru tzo rirfu.: firJ:yfivrGnry{nl:dr:ia?oqjlurie.:3ouae 80-e6 to.:?dol + ryu^o

otn 6Tfin'lglttri.oneo red, bordeaux, ranocid fast blue ttrl& blue BCC (finlrutr?il{uto mgl-')

rracil:c?minty{n1:d1fn#ouas 50-60 to{anau'ldtrri congo red, Bordeaux, Ranocid Fast Blue

rude Blue BCC fin:urr{ru{u:?u r0 finfinfirsiofifl: uunfirtun{il sKB-II il:snolrt':u

rrunfiGu s arurt'uf d'r'kTrrnnr:t'irrunr1euii tos rDNA sequence alignment lilnrl nacltus

vallismortis, Bacillus pumilus, Bacillus cereus, Bacillus subtilis LLflZ Bacillus megaterium

Daizong Cui and et al. (2012) rirnr:finstIn:lafrllfiuvrtdlun{rurrlnfiGur^raudt'fl

lunr:rirrin?rlolovlrynrotdanrrsldornrauov'[ri1#orn1fl ,.rCInt:finulflu'ir rtunfiGorfiol

a

t

I

a
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e /dt l,|

rlnfllur{ufruuuuu nildornra fin{luunfifio z n{l drarrur:srrirrindnrfior:nldri{anrrsld

ornrauasnhildornrn o-n:rnr:drrin?ovlrql.rduotir.:firiurirrYrylunr:1#n{rlauvrSti
E a @ o i { , 

to 

a d s j L, t q I d
lil:ulJrytuunild1uiluqtaflls yt{ 2 nqildlu1:i]u'lu9rdos tGUmn?1ilttlJtultgrnnl{nuoul,lu

rJ : v ? vr i n r r r l u : s u s r a a r o'u #u r t o r vr u si o n : r l r{ru {u t o.: ? tru fi a r: er'k?c.ra,

Kannan Pakshirajan and Sumeet Kheria (2012)titnt:finurnr:rirrinrirrfiuorn

q n dt r'r n : : u ?I n o1# Phanerochaete chrysosporiun n3.: g :J lu dl rJ 
6^ 

ffi ur t 1 u fl ry u6? n lil,{ a
"arov'trtlltaa
fl'l:flnuly{1j?'l fll:u1u9lflu]fln?t:ounu 64 rn^onaUnolnaluorur:16u':rfio rrnuil:udvlrRlv{

nr:rirl-n?q.:qn rvirniriouas sr finrruuIrurluto.:nqIna ro nfildofin: nt:drtt-n61od

donndo.:rir:J:s?vrinrfln1:dr:J-a?lurirrfiu uon01ndflafildri.:aonnflo'rnfufi0n::ilto{

rou'lryrfrru.:nrruar:Jofoonfirnry (Mnp) uavfinfiurilo$oonfirna (rip) trnt#o:t d.rvr:L'jrfi
o o o o q dq I o

ilYrulvrdlfiflI tun1:ulu9td tuultdu

ruo-cn.ng chen and et al. (2003) finu I n r: rir:in?ov IryIn uldl fi uvrS tior€ I gil I u
44 '| I 3 ada q o sd' " InurryadnS{:ild1rir:6rnnAldY{?ro T,lu?l nq}Jlnum:uufi?1ud1u1:0q{ tufll:ulundoe tcr q

louav ls finllr{l{ud{de ryirri'u soo r^afinfirciofin: Rlulur?ar tz'i'rfuq Jnrunr:t6u

:ruusiorfio.:lu:suvrru'' ,r, rirll.: ti'm:tnt:v?oqiluri'r.r z4o-6ofiafinfildosi:Iil.:

rJ:s?vrBnrvrlunr:rirriprrfiufloons qo d:vovr'rnrdruniaqlrn'jr to 'i'rJu': Ino'hivru'irdnfimqn

rirarulunr:r6u:vuusio,dou,iJu,':a1 6 t6ou n',rrrroo"uuna'lntoqn:er?ufl'l:anftJnurrynd
4 ' L a 

i:nrrrdurrirnr:nndu3a.:lurryadrrasd1:rru{uaugt:uu lIU tu0{9lutfln01nn:gu?ufl1:111.11 . iufla{ lutcuoatlagfll: qt 

a 9 9 d I d r a dd t 9 - q, rE d d
0 1 n n 1 : dnu 1 6? un a 0.: 1 a m : : f,il 1I u ?1 1l nqil 1 au m : u 0 u 1.: u 0 u 3 dl ur{ u I 0 q tu til n u Yl

Cristovao Raquel and et al. (20It) flnututvtt.:ta^ontunr:n€Irol'lryritrasnr:1##r
A q ya o h 9r q o - 9o o. y A 4 q I o 4

rn-olt{u:rnrQn r[aed'lu1:0ill [Fl.:1u [un1:Ilu91lilrrYu:enuqndl?ln::ilcI{vl0 0{ t9lm1n1:91:{

roru'lryrilranrnarulurynfr:6rL iaqnrdovf.:ornqfldriln::ilrflusr: lnunr:qn,fi'uvr1{flruil1rI

,.raflo{dRr?e01nnr:eri.:g:J kirrri n:rrurr?ru{uto.:roru'lryrI:suvt:ardrfia uasrirfitou uu
v v r ta6 d ;o i q tl la I o a
anuuvtolflat:lilgn:u1yn.:T?Rty'lyrfltilufi tuoafluile10{t0lJ tcxtJn:{AilQfl91ltuun1:tta&
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3.1.2.1 Flask
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h{rirur#o:Jiurer: l0 fio66n: 1ria.:luornlrdou,du BHB-cy medium d.rr6'ru l% congo red
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a rflutrar t++ rirlls uyir immobilized bacterialan: mqililQil?t 0.:rmlnu 30 0.:fl'ltcratryu

consortium pD-II dtilt:oriru-n'ld6fidn naon:vuet?arlunt:rir:in lnurfio:sust?a'lflt:dlu-et
: J I a a o o - i , s dr a a q o q - i

rrrrJflu :J:srimrnrillunl:Ulunq{uu9t?u [nuu]J:edmtRlT{ tunl:u]ljnq{qnm:cuvt?n1

t++ .i":Irul il:s?mt^nrvrlunr:ritu-nflooav gz.o dfl immobilized bacterial consortium PD-I fi

:J:v?mBnrnlunr:riru-nfouav 90.5 immobilized dead cells PD-I ttGt& immobilized dead cells

po{I firJ:s?vrr^nrnlunr:rir:r-n'lrliouae 78.3 rlacgouae 82.0 enudr6'u tlGlu alginate gel beads

o q Ul 9l I - '
fl llJ 1 : 0 1J 1 Ugt t9t :l 1 U n A 1 r f O UO C 70.0 ii'.: r rd9t.: lU n rn fi z
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i A -q- -. I t ---- ^--ia<-Rl?rn 6 n'l:tillerau{ Immobilized bacterial consortium po-I luorrt:taulrfro BHB-GY frfra

congo rea fi : vriu n r rru rrhr du rvi r 6'l so fi n fi n ir ci o fi n :

I

I

t

a

100

0)
L
o
00

o()
(E
-(Ld-
(-
e{
tF(-
G
s

80

60

40

.+ PD-I

.+ PD-II

+- dead cell PD-I

+ dead cell PD-II

+ gel bead

:cuer?n'l (5ri.)

ieo
n1flfr z fouacnr:rirrier? congo red fi:v6'tnrrlt{u{urvilti'il 50 n^afinilciofin:

. u.l I e
4.4 nl:UlUflCI Golden yellow RNL O?UlvUUtlUglcU

4laao@d
n1:flnu 1il:s dm r n1ilfl1: u1lJ9rd

Av99t@
RNL Yr : s9rUn?lilrfl lJtUlmlnun1:frnuril:sdmrRrilnl:il1ilnd Golden yellow RNL Yt:enUn?1ilt{lJ'[ulTlnu

A A q r a j oy t q d dr &s r

50 ilann:ugtoafl: ytofitl{fltJl,t0{ril]nil 30 o{f,ltcratcrud tllut?a1 l44yx ttJ{ T{u?1 immobilizedqq

bacterial consortium PD-II drilr:nrirrinlffififln naoa:euet?attunt:rirrin ]notdo:suvtrnt
o v : .J r a a q o q d J I o q u gd j j

n1:illr.JnrT{ilru u:ydyrrRlT{ tunl:u1lJ9tnq{rua?u rrnvdlrJl:0lJ1lJn tnnmqnm:euer?41
drS 4 r ^ a O o q g I - a

144 ix [ul nU:sAmrRlfl [un1:rirlnSo0av 76.4 cllu immobilized bacterial consortium PD-I u

:J:y?vrGnrnlunr:riru-nfouay 69.0 immobilized dead cells PD-I ttCI& immobilized dead cells

"t

t
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I

po-II firJ:s?vrfinrvrlunr:riru-nfouns 54.8 rroviouas oo.t srrrurirprir rr0& alginate gel beads

o q !nYd I
GT'ru1:ouluer tnranuou Souay 43.0 sr-rrranrlunrnfi g

dl"i&iaanlilii 8 n1:tll'lst6u.: Immobilized bacterial consortium PD-I luornr:tdu{tfro BHB-GY fifi4
i-Ygr@aaqra

Golden yellow RNL Yl : & 9r U n ?'l x t'[ U I u tm 1 n U 5 0 U n a n : U n 0 An :

100
Ez
d
)80
o
o

?60
c)

oo40
Tt;
.G

"= 20
lrn-G
So

.-}PDI

{ po-rr

--F dead cell PD-I

*dead cell PD-II

--ii- gel bead

:susr?a1(ru.)

24 48 72 96 t20 144

i 9 o q4
nrilii 9 Souavnr:rirl-n? Golden yellow RNL fi:ssr-ufl?rilr{x{uryirril so fiafinfruriofin:

4.5 nl:dlflflti nt,," nCC das:vuuuund

Araa
nr:frnuril:s?yrinrnnr:rirrinfr Blue BCC fi:cn"'un:ruuTrurTurvirrYu so ilafinfirsio

a^n: fiqorr4fi#osrvirri'r 30 o{flrrerarfioa r{lurr ffi t44riaJl.: flu'ir drilr:nriru-n1d6#.:uci
o-i

:&uet?41fl1:rir:infr z+ #':Jru.r trdrrioal rn^ruduourfioun{fi lurXn1 nr:mnao{ uaudrlJl:o
o q h 9< j i & a e

lJlUn tnnmdnm:&Uvt?al 144 11[U.: InU immobilized bacterial consortium PD-I ttae

immobilized ou.,.nu, consortium po-II fi:J:s?vrGnrntunr:dtt-er?'lEiiooay 100 rrnufouau

t



a

a

!

a

30

99.2 gtltJdlriu riru immobilized dead cells PD-I tto& immobilized dead cells PD-II firj:s?vrfinrvr

lunr:rirrinlr1fouas g23 uasgouae 96.3 ntrurirsriu uou alginate gel beads firJ:s?vrinrvrlu

nr:rirrinflo uas, gz.3 ri'rrranrlunrr^rfi t t

.itoiti.d
nrilfi 10 nt:tyrvtfrul Immobilized bacterial consortium po-t luorr1:tAu.:tfio BHB-GY fifi?

Blue BCC fi : v ri'u n :ur r{l {u rvi r ri'r so fi a 6n irr si o 6n :

O
Q
H

.360
ca

IlG:c 40

-
F{

tr
E20
s

+
PD.I+
PD-II

--t
dead cell PD-I

dead cell PD-II

gel bead

:euvr?a] (TrJ.)

24 48 72 96 120 144

nrfld rt iounvnr:rirrin? Blue BCC fi:vn-un:rurdrur?urvirniu so fiadnilriofin:

4.6 nr:dtfioiiruou fias:vutuund

nt:flnutil:v?vrt^ntvrnr:riru-n?ru4ru kirrri 1% Congo red, to/o Btue BCC $av ryo

Golden yellow RNL d : s n-u n a rru r{ru{u : rru rvir riu oo fi a a^n fil ri o fi n : fi q ar r 4 fi #ol rvi r ri'l

30 o.tiltcratdufl tilur?nr t++ 'fi':fu.: uu'ir immobilized bacterial consortium PD-I 6ytut:n:it:-.1-n

a
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lffidan arru:nrirrinlrisi.:usi z+ r?'1fu.: uavrioul rn*rudutuusins:vusr?a'r ourdounrfi lerufi
q

:J:s?vrGnrrrtunr:riru-nauerdrrorr?o1 144 ,fi'rfu'r il:s?minrr^rlunr:rirrinSouac gl.a cttu

immobilized bacterial consortium po-[ flrj:c?vrinrvrlunr:rir:info uav 96.9 immobilized dead

cells PD-I u0& immobilized dead cells PD-II fi:J:v?vrinrnlunr:rirrin'lrifouav g+.t rtasiouns

94.4 rnud1n'r rtas alginate gel beads dtut:ndlu-akiiouns 79.6 d.:ttdn.:1untufi t:

a

a

a

I

.iloitia<
nrilfi 12 fll:rflteriu.: Immobilized bacterial consortium po-I tuotrt:tAu.:t8o BHB-GY vlufl

r00

80

-
E60

!lG
-6d-

o= 40
tn-G
szo

PD-II
{

dead cell PD-I
-

dead cell PD-I
-+

- 
gel bead

:euur?a1(T.rJ.)

t20 t44

i I o q4
Rlrrlr 13 :ouaen1:lJluarYr.rdu

adaa
4.7 Rl:?rnt1ufi 3{an1{oogt

,dldrilnlrmnno{ z #rnr:mnno{ uae g #r tuurnl:rnao{ flanr:

mnao{urrn{6lrirrn6uto{ 3 nr:mnaorfiuunrrsiavln rieurfiu{ruuil1n:nrurrasrirnrrrurf;oriu
A sg) Au
m:enu: oua& 95 cr{ trinrnnr: rituanr Inuld Microsoft ExcellTM
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* 
4.8 nrrf,nurflnuarrn{ruuunfiGufiaunfro.rqan:tarir::ruor Isrsnr:froru Gram stain

4 @ ' 44 ?) e ' :ilf,r lgrunr:doil Gram stainn 1 : fl nu 1 a fl u iu e n q il ltu fi Yl t: u a ? u n n 0 { 1 o vl : : flu r :

ul'jr n{rurrunfifiunrn:cuudrfntirr?ul:qlruvlonfloru (Bacterial consortium PD-I) ttne:suu
o v 3 o s ----.oJ 

t lu-. . a !'
iltUnilttdU [:lUUrUtA (Bacterial consortium PD-X) UYl.:tlUUnOUttAUttUUttyl{ UOll ttn:Innm{

d4 | I v d v
un:xJU?fllrasrrn:uau rrouilulrunfri5uoux#ou 2 druyfuf rY.ragrJlunr:r{fi 3 ttaentr{fi 14

i @' ..'^e.4-'^--^E^^^-rvt::eft::runrlnunr:douGramstain9t1:l{n 3 anu6uenqilttufiYlt: utlnna0{14

aRUOtV bacterial consortium PD-I bacterial consortium PD-II

;rJdr.:
t

flnilttaetlYl{
I

nnruavttYt{

a dy
fl1:AqdUOUttn:il tln:ilu?flttasltn:uou ttn:uu?nrroutlfl:uau

o dd

01u?utt]Jnilt:u
r9,,6

oul.tuou 2,iun odxr?oo z ryfin

:rlirnau
untuil'tn

grJirnau
unSuu2n

;iliruuir
un:!alJ

:rlirrrrvil
rrnttnu

(a) (b)

i a I dd r dd .-. r dd L)
nry{fi tl ii'nuorsndruurnfiGu (a) n{ruunfiriu pD-I (b) ndruu:LnfiGu pD-II 6rundo.:

,"=","q

lail::flfn::ilnr Inunr:doru Gram stain

4.9 nr:fl nulanuorv ln:.€di1{nqiltlunnffi u9r:{grJo?unAo{qan::fl uoraRn:0uuuucro{n:1o

a-iasgol
n1:frnutnhuiuen-url=?nruuonrtou]n:{dil.:nluluto.: alginate gel bead nou[av

ua'.:nr:riru-n?dou nu'ir dufirRruuonro{rfisrfimnY.:riouuauild'{nr:rir:infiii'nuusnarilu

a

t

.

a

I



odrnu'', ri'.:rran.:lunrrrfi ts riruii'nunrsJn:rairuroluto.:rfinfimneqriou,,avrdlnr:rirrin

frtIor nyirfiii'nunrvrilurio.rl:Jisfiarrur:nh??riorup.irut{toon'kilYruanllunrrrfi to

ii'nuarsdun^?Rluuonttnvnruluto.:rfinfivr immobilized bacterial consortium PD-I

r t e o v ag i o d q t du a dt A q
ul'ir riourrauilii'{nt:iltund60il yt'ur.rrnrouonflo.:[r]nn{nnt? ilanuilvr.l?tilunauilulu fl{

o i r s s I q d o '- ' v o q 4.9 I d
lrdn{luttlTtyt tz aruanuile [n:{6t5r.:Rtu [uro{runumm.:n0utlncro{n1:ulunrYUou YtlJ?1u

a'nunrsrfluriorl:Ji.:fiarrur:nh1?riorurituuhoon'ls?rnaonr:rir:Jfrffiur travflurtunfifiug:Jdrs
rr r 4 r Gl d d u q i --

n a il r [a u g :J : 1.1 r tvr { Q 
neli { 0 qn 1 u tu til 9l u m a { ttdft { tu R l?t Yl I 8

-laqdaanUguuy{up.t^?RtuuoflttauRtululo{rfinfivr immobilized bacterial consortium PD-II

I r v o u a9) J ^ d v I dq a 4f d q
T{r'it riourraeilii"{nt:ilruhd60rJ n-ur.rrnruuoflx0.:tilnet{flot? ilanuilvH?tUunnuilulu rl.:

" 
j I q q 9 e d o )- t v o s d., I d

rrdn.:luRty{fr tg atudnuilc [n:{d5t{Rru [u1,0{[uFnJvtm{n0uttavila{n'l:ulrnduou v{u?1u

a-nurusrf,lu,io.:l:Ji.rfiarrur:otr??dorurirur{roon'lrtrnionr:rir:Jfl^ffiur tta&ytuttunfiGugrJdx
tr r 4 r 6l d a q q i --

n o u ua e g :J : 1 { r rvr { 
Q 

nn5.: 0 qn 1 u [u tri n il m a { t tdel.: tu R lTt Yl 20

-Coqdarr
a nu Rlvy{ u fi ?R tuu ofl rra en lulut o'ltfi nfi m immobilized dead cell PD-I ilU'il riou

q o v ag C o d v I dq a dt i q 
-

rra&fia{n1:il'lugtfluolJ T{ur.r?ft1uuofllJo{tilnn{fln1? }Jaflufllur4?t:Jun6iul'lulu n{ttdnlluntvt

fi zr rirudnunrcln:rafr{nruluflo{rfinfivrnu.rriourraefid'{nr:dtl-nfidoru uu'irfidnuilvt{Ju

rio.:Jild{fiarlr:nl#?doruriruuhoon'ldrnionr:rirrJ6ffiur uauiluuunfiGug:Jixnnuttn&

: :J i r.: r rvi r o n ni r o ti n r u lu rfi n fi vr ri't uaer I 1 u n mfi 22oq{
-laqdatr

o nu ilerru fi ?R I uu ofl lrau n rulufl o{ rfi n fi vr immobilized dead cell PD-II Yujil riou
e o q a9 I ^ d v I 4u a dt A 9

ttaufla{fl'l:ulunfluolJ lIufl?Rluuonlo{tilnn{fla1? uanuiler{?tilunciul'1ulx fi.:ttdnllunryt

fi zg rirua'nutuvln:.:ail.:Rruluxo{rfinfivrn'{rioutta&il4-.in1:rirrin?t?0ru rt:l'irfiii'nuuvtflu

rio r hJ i r fi a r ru r : n h??do ru ni r u ulr o o n l rilfi o n r : rir rJ fr ffi u r ua e fl u t ru n fi G u g rJ d r.: n a u t ra u

rr r 4 r o d d s o i
5 lJ : 1': r tm { n nfl : { o uR 1 u tu tu o 1J Yt a { ttd9t { tu R 1T,l Yt 24o{s

a

I

t

a

al
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iqsrantflfi rs dnunrvln:lafrlnrnluuon alginate gel bead (a) riount:iltu-n (b) nd.:ni:rirrin
i 4 I I /ad r o q r

rfr o f, n u r d'r u n do { q a m : : ef 6rfi n fl : o u uu u do { n : r er rir ii'.: t u 1 u 7,s 00 rvi l

a

t

ius
nrilfr ro ai'nunrvln:.:df1{n1ulu alginate gel bead (a) riounr:rirrin (b) rii',:nr:drrin

i 4 I t, lad r o s r

tu o fl nu 1 9r ? u n a 0 { 1 o yt : : fl u 0 [a n n : 0 u t tu u cYo { n : ]n n 1 a.: I u 1 u 7,500 tll 1

dqs96nrflti tz ii'nunrsInS{dil.trl-?Rluuon immobilized bacterial consortium pD-I (a) riounr:rirl-rr

(b) ra-tnt:dtu-n truiofinurdrondorlavr::flfo'rfina:ourruudo.:n:rn fird{ruru

7,500 ryi1

l!

a

(a)
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i q s I o -,. I o q
ntTlyt 18 nnuils tn:.:d31.:nlotu immobilized bacterial consortium PD-I (a) riount:drfrr

(b) il d's n r: dr u-o rfi ofi nu r dr un do r 1 n m : : fl far6 nfl : o u rru u do{ fl : 1n rir a-{ I u'l u

7,500 rVir

a

I

a

a

i q s ,, a --.. t o q
R'lyt1t 19 AnUily tn:{d:1{fl?RlUUOn immobilized bacterial consortium PD-II (a) riOUnr:ritfn

(u) n ii'rnr:rirfn rfi ofi nu rd:undor 1am : : f,fdrf; nn: ouuuudo{n:14 rirfr{fl u1u

7,500 rvir

i@<nlilfi ZO dnuruvln:{dil{ntulu immobilized bacterial consortium PD-II (a) riounr:rirrin
s o - A < ,) I lad I o q

(b) fi4.:n1:u'ru9 [u0flnu19t?un6o{1am::f,u0[ann:0uuuufto.1fl:'t9t r]1a,:1u1u

7,500 rYil

tl

a

(a)
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a

t

a

a

iqsntflii Zr ii'nuarvJn:sair.:fr'rnruuon immobilized dead cell PD-I (a) riounr:rir:t-n

(b) nii'.:nr:rirfrr rruaofinurr1rundo':1nm::flfarf,na:ouuuxdo{n:Ier ririi'rtoru

7,500 lvi1

iqsyq@@nlilfi zz a'nunrsln:{di1{nru1u immobili zed deadcell PD-I (a) riounr:rilu-n (b) fla-{fll:
o c A 4 9 9 /ad r o q I

ulu9r ttJ0f,nurn?unn0{1am::flu0tann:0urruuflo{fl 5la fl 1a{1u]u 7,500 lyt1

iq<
nrilfr zs ii'nunrvJn:laitlfirntuuon immobilized dead cell PD-II (a) riounr:rirrin (b) ra'.:

o q i 4 I 9) /ad
nr:drur-n rnoHnurri'rundoIqnm::grio^r6nsr:ourruudo{n:rn rird{ruIu 7,500 ryil

nau

I

ttYt{

(b)

a

a

1..
.j

(b)

(b)
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iusrorovntrlfi zl ii'nunrsln:.:dg1{nrulu immobilized dead cell PD-II (a) riount:ritl-o (U) Hn{fl1:
o q A 4 9) I dad r o v I

u1u9r ttJoflfl u't9r?unao{ 1am::f,u0tanfl :outtuudo{fl :Ia fl Ia{fl ulu 7,500 tYt'l

a

t

I

a

a

I

(a)



,nd s

aqrJ uarofi ilmuHanr:iloao{

trnnanr:riru-n?ovJry f rfier 'lr1uri congo red Golden yellow RNL ttas Blue BCC
j v I 9 r v a a @ r a d u9 t

m:cnun?lUtllutJiltmlnU 50 ilAAn:!flOdn: ttfledr.l6YlJ tflttn 1% Congo red,l%o Blue BCC tt0U

l% Golden yellow nNr fi:vpriun':rruu?ldu:'rrutyirriu oo fiafinfrudofin: r?au immobilized

bacterial consortium, immobilized dead cells ttou alginate gel bead tntl'jrnr:riru-o?oclrytfindu
'- - ^ 

n-o s ^ - o vVlg
Yl-.: 3 sfrn:?ilvis?flAU ]nu immobilized bacterial consortium PD-I ttas PD-II dlu1:ilU'lUFt [9t

6n'jr irn*obilized dead cells ttou alginate gel bead nrrurirrYl d.raqillriniil

5.1 nr:fifl uruasRr:n€{nciuuunfi rtsrirrioti

nrjruulnfiGuvt&l z ryfin 6o bacterial consortium PD-I ttau bacterial consortium PD-II fild
01nnr:rf,euu10rn:euudrrinrirr?un'.: 2 rrfiri{ rfiorirlrsrird'':ulryr6urud'niruvr rfinanrnr{lu
d d d q I t I a a ln rd a d a j o o s arilnril ilanuilsnau tduH'luqJuunnl.: 2 uaatu9l: tuufl'r:tntvnnflo.:rilnuil nJ0yt1fl1::Jluftd

gddsal,trdSA
udrtfrnilmuin{dRlv{tdu 'lriilnr:u':rtitrrosrrnn 6r wang and et al. (2000)'lri:ru.:ru'jr rryad

or3':;:Jarlr:nrirfion::rulslotjr.:siorfio.r Jflu'hido.:fi0-sr:rnr:16001{qs rJfl'ffiurfin?run.:fi
: , , Aa,

rtn& ilfi1ru fi {yr u9l0 d1 : 1J : y n ou yt ril u1\u

5.2 nl:dtfioti Corgo red rleu:vuuuufld

01nr{ant:dr:r-onu'jr rfir,fivrvr'q s yun dtil1:CId'1il-n? Congo red ld ]pru

immobilized bacterial consortium PD-II rir:t-n1ffidqe, oqjturia.:fl0 uax,74.3-92.0 :o.:a{illfio

immobilized bacterial consortium PD-I dlut:nriru-nfr Congo rea o{luri,llSouav 66.5 - 90.5

immobilized dead cell pD-II ilru-no{lurixio uav 52.0-.82.0 immobilized dead cell pD-I rir:t-noqj

luri':.:ioun x st.7-78.3 u6r& gel bead rirrinoqjluri':liou av 41.6-70.0 enildlnlu ovr#u'jr n{ru
4d 4 tiaao . o @ dt4t, I I dd 4 ljh,aao jm ra 

o 
,ttunmt:uel:{:lJmriry?nd1u1:0illund-[iid{n?tnailrlunylr:um5.:grJfr"triilBTn rrasfr"[nilrryad., -ci -.' - "'-C-----

srrrurirniu nr:fin{ruuunfi6un€rg:Jhjfifiinunsrfinfivrnruqr tlrifirryndl drur:ndrfnAld'riu
r - _ - <-Uyi e d o icya tulternn0lnn:&u?ufl't:encxud t?ytr.lu':rcuaa [rnsuu?9tq111,ffl5.:9il (Kuo-cheng chen and

a

I

!

a
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a

a

et al., 2003) dr ul u ldo r n ?t o.r rfi q fi m fi njd uu lil m rl ?tlo ru fi rir n r : rirrin ua s ao n n do r ri'u

rruin-uto.:tuugr fufnurr:: at (zssz) firirnr:finurnr:grnrfi?turirr?urrnI:1.:ruy{ont?0ru
2, + dl I a a#<aa o 

t 
Gr u au9 ro?uncnoulnull:u lIU?1flvn0u0ouYt:uvllj5?9lu9t?1ucl]u1:0lun'l:gtncrud ti{u1flfl?'t9tcflou

qaumSdfi'tilfiBTn riaun{ruuunfiGun5.rg:Jfififiisrarrur:nrirrind'lddn'irrfro.rornfirJ6'ffior

toltryaddeld':u lnuarilr:0,{Aflroulwrifioqjnrulurryaduasrou'lryrifi:JriouoonrulRruuon
4 A I tA+ | 49 - 4 d I

tryad tn^otdrr.lfl^ffiurnr:uoudorudoorJ (o:s:'r rfly:you, 2ss2) rrrnfiGuafxroulryrirolffi

sr-fltyrd tfrodouaarurt'utvrolryl#usrnoon rirhflfuraqarorfroslryrf;nar rirl#n:rrr{ru{utos

?nnard:tl (Chen and et al.,2006) Bella and et al. (2009) titnr:finut:J:a?vrt^nrvrnr:rirriprfros

lu1nut#n{uuunfiGo n:r'irarrur:nriru-nfi congo red lsirvirnfuflo aav 49.2fin'rrur{lr?u
I@AAqIA

tm'lnu 50 ilanfl:rnonn:

oual
53 nt:dniofi Golden yellow nNl das:yuutrund

0 1 n fl a n] : ilr u-el n u'i t immobilized bacterial consortium PD-II d1 il 1 : o rir :t-n d Golden

yellow RNL lli6fiqno{turixYouns 47.516.4:0.:o{u'l6o immobilized bacterial consortium

pD-I riru-noqjlurixflo aav 44.0 - 69.0 immobilized dead cell PD-II rirrinoqitusi':t$ouav

36.0 - 60.1 immobilized dead cell PD-I rirriooqilud':.:$ouas 30.0 - 54.8 tlas ,.t U"ua rirriprld
dYrot9J

rdnrioooqlu,s':.:iouas 15.8-43.0 srrrurirri'u na"'lnnr:qn,fi'ulufinn::un1:do0darufrdouovIry
o 

t 
oo @ d I t d o o, 9 dgt Y- A r dr d

lnn0lnttunmtSu8ocxudlxlqrg[ao mltfifi?ltJr,tjtJlJ0{duouana{1u1.ru.r rtgttljutT{u{:cus[?n1
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n:vu?ufl1:m1{fi?Rtfltfiotjo0aaru?tfindu (Silveira and et al., 2009) ovrfiu'jr nr:rirrind

Golden yellow RNL ritl-n'ldrfiu.:r6nriou oGrrolr?'jtlurarlato.:fit10ru Golden yellow RNL fi

turorlrqj finrot#Jrutnqnto.:?doruuirhJlugnqulrir7ou 6urllt#urludrrJ1:nlunl: endilA
hr, - a @ v
louou (tuuS1 TU:slu1?:: at,2552)ttoeo10rfio{t'r101nln:.:airsrrayniudiluGflo{ifiruo

aatu'ls1urn (wackerow-Kouzova, 2005) Bella and et al. (2009) ,irn''rfinr,il:v?vrGnrnnt:

rirrin?ovlwlorutdn{ruuunfiGu u:r'jrarrur:oriru-n? Gotden yellow nNr lrirfiu.rrdnrlou

ttsiaur:otn3tyluotnr:rd'orrdold':Jruflnr{ uan.rtr{ulu'jr? cota"n yellow nNr. hirilun'usio
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0lnr{nnl:ulu9tY{u?1 tuaumT{ 5 $u9t d]u1: nu'tu9r tfr9rcr{rrgt:sus[?alnl:r'tu9rYt

& s ' { A 4 { 6l o s ner<f, j
24 s? tu{ uaen0u6l q{1utrio:cuer?alrTruiu tuunl nl:Tna0{ uaedlul:ftil1ilnlafilidnli

:eUet?41 t++ #rlul \ro irn oUilized bacterial consortium PD-I 6I1u'l:nrirrin? efue eCC lffi
dqooqjlurir{iouac 94.0-100.0:o{a{ilr6o immobilized bacterial consortium PD-II uluaoq

tud:':fouav g2.5-gg.2 immobilized dead cell PD-II riru-noqjlu'dr.rfouac 7t.9-96.3

immobilized dead cell po-I rirrinoqjluri:.:flou av 66.0-92: ttoe gel bead rjrrinoqjluria.:iouav

65.0 - 92.3 enrJ6irrriu rcrfiu'ir nriruuunfiGusrir:rJfififiisrarrur:orir:r-rr?'lda.:n'irnrirr

rurnfrGusr6.:gildlilfifiin uasfi'[ril,ru,i flrurirdu lnun{ruuunfiGuni.rgrJorn]:r.:ruv,lon

doru (immobilized bacterial consortium PD-I) rirl-n'ld6n'j',n{r,,rofiGuniirJnrnl:lilururo

(immobilized bacterial consortium PD-II) rravrirrinlrifiqfouav rOo dl Bella and et al. (2009) 'k{
t r A ag d r I a a o - <j t a s s ,, AdA
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t v dt a d r a , tn I r d< o d
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4 I 6 a o q d s s o, I da I o @ I
01nn1:f,nu]il:edmnRlv{nl:I'rljer6tou lry [nu t$nqulrufiYrr:u T{lJ?1d1il1:0il]ilnd Blue BCC

'lsiio u a v zg. s fi : s ri'r n': r ru r{ru r?u ? ryi r nlu s o ru^ a fi n iru si o fi n :

o ud I I
5.5 n]:uruoflr{du o?u:ciluuugtcu

rjru-onrjr rfirrfimrf.: s uu^er dlil:odrfn'lffisrsrrrd z+ sirlil': rrnsrioul

rvrAruduluusiav:vuvrrar lnufiil:y?vrr^nrnlun1:d'rfnd{flnfi:&uer?ar t++ #':Itrr Inro

immobilized bacterial consortium PD-l dtut:oriru-n?natld6liqruqilurie.:iouas 94.lg-g7.55

immobilized bacterial consortium PD-II riru-noqjturir.:io uav gl.qZ-g6.93 immobilized dead cell

PD-I riru-noqjluriasflouas 88.18-94.06 immobilized dead cell PD-II rirrin oqjlud':r fooas

87.44-g4.3g u0u gel beaa rirriproqiluri:.:flouav 7s.84-7g.sg ovr#u'ir?ruaruarrur:nrir:r-ng.:6r
Y A d o doogtdds I d a , 
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:ouas 97.55 ol0ruo.rrJ'r!'rfl nJomrnl:r.raru?rirtrflafiJn:ra#r.rrurnrana{ rnnn'r:u0uryn1u

rra;lruraqator?uTrhJlugrrgulr?iru draoerndo.:riu.:ruio-uflo{ xu'uSr fofnurr::i}l (2552)

finrir:'ir?fifiln: ': air{ Jn:r aflrrtu rnrf,nrirl#nrrru arrur:nlu nr: rfinnr: qnfrurr?rl:Jtu

sfrttrill active size to.:n{ru1fiuvr3d6.:rfinld6n'jr?fifi1n:.:aflr.:1ilqi Bella and et al. (2009)
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Congo red, Bordeaux, Ranocid Fast Blue ttou Blue gCC 'ldflou av 3.7-5.6ttae iouac 1.9-3.5 fi
v9r, leaaqlaov

:uaun?1ilrl,u,tru:?urYrlnu 50 [tau 75 ilaafl:lJn0an: n1ruo10u

4 v I 4l4l I Y I 4, v < Y
5.6 nrrflnuranuorsnquuunnr:uo2unAo{qan::fluf::uo] uavn"r:flnuranuilv ln:.ifl:1.1

nquuunnr:u9r:{3uo?unao{?an::fl u0raRnr0uuuufl o{n:1o

,, - - t r dd o - 'o o S I I
0rnn1: 6ou Gram stain vru'jr n{rurrunfi G uorn:euudru:ndtrdu l:rrrur,london

(Bacterial consortium PD-I) ttns:vlurit:t-rr#rr?ul:lvrutuln (Bacterial consortium PD-II) fi

uu n fi fi u : :J i r { uu u n a r r ro e r ru u uyi.: do l ?r rn : l 6 n #s un : il u ? n uo s un : u a il uryn.: 6 r,ilr u : u{
AA t 9 v lAa q o q 49 * & a

rrunfrrTuorjr{fou 2 druvr-uf fifin'lrruarrur:olunr:dt:IndtioruosIryrir : tun lourreias
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dluilu!0cuoudolu tilrnnnrYmrrflnnl.:nu 010 tydl:vrfloel:?unuililoq tud'rulIuqdlil:unl:

t.;urou* (Chang and et uti., rOOo,Forgacs and et al.,2OO4;Jadhav and et al., 2008; Saratale and

et al., zoog) drl#nr:doudalufirJ:vfimBnrvrqrdu rfio.:ornfin1:,.rdru,.rdrufion::runr:dou

daluto{QAuvrSdlunr:dooanruto{?oy]ry (Chen and Chang, 2007; Khehra and et a1.,2005;

Saratale and et al., 2010)
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xururraun'r:r{iorurro.:ndurrunfiGulurfinfivror0fidrrflnril0rnn?rilr{uriuto.:?doil (Kuo-
aq

Cheng Chen and et al., 2003 ) ril r.r n si o :JE ru r ilx o { uu n fi fi ulu rfi n fi vr
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Congo red, Golden yellow RNL ttne Blue BCC fi:vniunrtrur{rur?u so fiaa'nftdofifl: ttneAfldil
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tAzulta4sAeta+

il0n:u1[r]JUrrugrcI lIU?1tnn01nd0.:n:uu?ufl1: no n1:qnGruduu?nqrraeu0n:u1flo.:

rou'lryri

s.z frorsuouuv

flanr:io-r,drflunr:f,nurrJ:s?vrinrvrnr:rirrinSdoruoslryInun{ruuunfiGun3tg:J

z yfin nrulurflor:J6rl6nr: nrnosrir'hJrJ:rqnoilfrlurirrfiuI:.n1uqnd1iln::ruv,lontIor n::fi
d A a -tfl1:flnu1tT{utglu9r{u

s.z. t finurnr:rir:r-nInuld#rr?uornJ:.:sruv,londou ,noovn aourl:s?vrin'rfltunr:
o v ai I a r dd 4 t 9- a

u 1 u 9r dYr uYr 0 : { fl o { n q u r rlj n m r: ugr : { g 1J vl { 2,nufll
4 o o d9 s o jo A - L) ag A

5.7.2 ?lnu1fl]:I1Xndoorou [ry [udRl?emrufl1:rilu:enrfl?lurxu,t,uxo{duoLr rT{0

do I e y 9 d
1l fi d 0 r n ? 1 il d 1 u : 0 1, o'1 tTo tu n 1 : n { Yt u a 0 : c ar u n ? 1 u tI u lJ u fl 0 { d

Aaat
s.7.3 flnuroyrry,taIo.rar:ilurf,ou6iuluti',liu?douirfinasion?rrJd1tJr:0lunr:

rir:r-n?tlorto.:n{uurLnfiGoorl.:grJri.r z ryfin riohi ,du,iJr,,urmxlunt:drl:Jil:vqnoildlu

u 1r6YU01fl t:{{lUOel d'Ifi n: : uv,l ondoilsio lil
s. z.+ ri r n r n sr s n o u fi rfi n du l:J rir :ier lrtrr n et n-n u nr ssq

aa

a

I

a



It

I

,
a

t

!Ya
lonfll:o1.to.l



44

9',^lonfllt0'l'to{

d d a 49 s t d . - 4
n1? fl5nano. "d6oil', ?'l:fl1:naraott?ti. 7(34) : 14-19; ufl:1nil-uu1nu, 2543.

v Y dd s 6 I t J a o - - -

r o n n 1 : 00 u d6iwl o. n ? { tyl ?I.4 : [ :'1 v{ u 11 [ tl't { 1 w] CI { n : il u fi 1 ?vl u] o u, 25 45.

rfiugr ,fi'ofnurr::iu. "nr:qq.fi'u?lu#rr?untnl:.:.rtuv{ontlorud'runvnoul6uvG#', ?t:GYt:

5(l):7-25; tJflllfilJ,

v 4 d a d g o q dq 9" I a - I 4
5ruu ;ntrtfl . "6f8outtn&n1: ulu9td [uu]Yl.:", fl : u?Ylulflldgl:Ylfi 1: t: o':.

http://www.navy.mi.th/science/BrithDay46lBithday_data/biology.htm. 18 Enlnu, 2555

adatdss44aa/na
f,fly{{u nrur{u. nr:douaaru?oslryJnurrunfiGu,{au. Tmutfrvtu,f rJTryqrTvrulfll6Yel:

I r r fnr fr- sr : r r r im u r du rm n I u I a6yr : u n o il tn dt D u U3, 2 5 5 0.

saX
df1a01 u:dylr.qq

aaJFAqaaq-al
ORBT 1 06. im orriu u r il : iUiU 1 ?Yl u lfl 1 del : tJ 1{ lu 0l c?l el : lJ fi 'l ?Yl u] n ud'qfl a 1 u n : ufl :,

2553.

rd1?fi ri r : :il d46. rrlnfi G uvrrqrmnlu la66rnru : rqrn dunv rufi sr d'ar.ritoltryad. un : ilgl :

l:rvr^ruv(aor:.t-unhutdtrl:ilqxo1[dau,zsql.
A oo 6 s a 4 s a d I I a v

onar filu. n]:illund]:ilnv{uyt'1.:$Rlfl. n?{rYlY{ : [5{Y{uT{[tl4.tlma.ln:iulll4'l?mu1nu,

2s50.
s ttr v 4 A 9, q q9da 4d-- v ? d
d'lntut nad'lsr:fsttj. "fltn]flttavdlttrndorurilLnt:1{douYl5tj", ?l:d1:nCItao5t?t . 2(2):qq

d
29-34 ; ilulnU-T{qUR1nil, 2540.

a d I I ag d d tS I
o:T:1 rilu:ryou. ntSaan?lurljrJfYl:avnlurYUou:uonmil [nur5o5ltduluax'l? D4rlor2,4 rp.

KApI0039. ivrurfivrudrJBiuiuramurflrder:ur{ruTolfin 
' 
urtivturdutnun:fl1dn$,

2552.

Bafana, A., Chakrabarti, T. and Devi, S.S. "Azoreductase and dye detoxification activities",

Bacillus velezensis strain AB. Applied Biochemistry and Microbiolog,t. 7(7): ll39-

1 144; Spring, 2008.

Banat,I. M., Nigam, P., Singh, D., and Marchant, R. "Microbial Decolorization of Textile-Dye-

Containting Effluents: A Review", Bioresource Technologr. 5(8):217-227; Winter,

t996.

j

,



45

ronm:dr{6.r tsiol

Bella, D.T., Goyal, D. and Khanna, S. "Decolorization of textile azo dyes by aerobic bacterial

consortium", Intemational Biodeterioration and Biodegradation. 6(3): 462-469; Spring,

2009.

Bin, Y., Jiti, and et al. "Expressionand characteristic of the gene encoding azoreductase",

Rhodobacter sphaeroides ASlj737 FEMS Microbiologr Letters. 2(36):129-136;

Winter,2004.

Blumel, S. and et al. "Molecular cloning and characteization of the gene coding for aerobic

azoreductase", Xenophilus azovorans KF46F. Applied Environment and Microbiology.

6(8): 3948-3955; August-December, 2002.

Chang, J. and et al. "Stimulation of Bacterial Decolorization of an Azo Dye by Extracellular

Metabolite", Escherichia coli Strain NO. Bioresource Technologr. 9(1): 243-248;

March,2004.

Chang, J.S., Chou, C. and Chen, S.Y. "Decolorization of azo dyes with immobilized Pseudornonas

luteola", Process Biochemistry. 3(6): 757-763; May, 2001.

Chang, J. S. and Kuo, T. S. "Kinetics of Bacterial Decolorization of Azo Dye with Es cherichia coli

NOr", Bioresource Technolow. 7(5): 107-l I l; Spring, 2000.

Chen, B. Y. and Chang, J. S. "Assessment Upon Species Evolution of Mixed Consortia for Azo

Dye Decolorization", Journal of Chinese Institute of Chemical Engineers. 3(8):

259-266; Winter,2007.

Chen, H. "Recent advances in azo dye degrading enzyme research", Current Protein and Peptide

Science. I l(8): 101-l I l; August, 2006.

Chen, H., Hopper, S.L. and Cerniglia, C.E. "Biochemical and molecular characterization of an

azoreductase", Staphylococcocus aureus a tetrameic NADPH - dependent

flav oprotein. Mic robiolo gr. 1 5( I ) : 1 433- 1 44 I ; Spring, 2005.

Chen, Y.B. "Understanding decolorization characteristics of reactive azo dyes by Pseudomonas

luteola: toxicity and kinetics", Process Biochemistry. 3(8): 437-46; Winter, 2002.



46

ronilrdr{6.r tsiol

Chen, K. C., and et al. "Microbial Decolorization of Azo Dyes by Proteus mirabilis", Joumal of

Industrial Microbiology and Biotechnology . 2(3): 686-690; Spring, 1 999.

Coughlin, M. F., Kinkle, B. K. and Bishop, P. L. "Degradation of Acid Orange 7 in an Aerobic

Biolm", Chemosphere. a(6): 1 1-19; Spring, 2002.

Cristovao, R. O., and et al. "Immobilization of commercial laccase onto green coconut fiber by

adsorption and its application forreactive textile dyes degradation", Journal of

Molecular Catalysis B : Enzymatic . 7 (2): 6-12; March, 201 l.

Daizong, C., and et al. "Microbial community structures in mixed bacterial consortia for azo dye

treatment under aerobic and anaerobic conditions", Joumal of Hazardous Materials.

2(21): I 85- 192; Jtne, 2012.

Dafale, N., and et al. "Decolorization of azo dyes and simulated dye bath wastewater using

acclimatized microbial consortium-biostimulation and halo tolerance", Bioresource

Technology. 9(9): 2552-2558; Winter, 2008.

Delee, W., and et al. "Anaerobic treatment of textile effluents: a review", Journal of Chemical

Technology and Biotechnology. 7(3): 323-35; March, 1998.

Diaz,E. "Bacterial degradation of aromatic pollutants: a paradigm of metabolic diversity",

International Microbiology . I (2): I 73- I 80; Winter, 2004.

Dong-lei, W., and et al. "Amoxic biodegradation of dimethyl phathalate (DMP) by activated sludge

cultures under nitrate-reducing conditions", Journal of Environmental Science. 1(9):

1252-1256; July,2007.

Eichlerova, I., Homolka, L. and Nerud, F. "Decolorization of orange Gby Pleurotus ostreatus

monokaryotic isolates with different laccase activity", Folia Microbiology. a(8):

775-779; Winter,2003.

Forgacs, E., Cserhati, T. and Oros, G. "Removal of synthetic dyes from wastewaters: a review",

Environment International. 5(30): 953-971; July, 2004.

Frijters, C.T.M.J., and et al. "Decolorizing and detoxiffing textile wastewater containing both

soluble and insoluble dye in a full scale combined anaerobic/aerobic system", WdgI

Research. 9(40): 1249-1257; Winter, 2006.



47

ranfll:d1{6.r tsiol

Gottlieb, A., and et al. "The toxicity of textile azo dyes after hydrolysis and decolourisation",

Journal of Biotechnology. 8 : 49-56; July, 2003'

Gill M. and Strauch R. J. "Constituents of Agaricus xanthodermus Genevier: the first naturally

endogenous azo compound and toxic phenolic metabolites", Z Naturforsch C.

39 (11-12): 1009-1027; August, 1984.

Hu, W., and et al. "Cosmic Microwavebackground Observables and Their Cosmological

Implications", The Astrophysical Journal, 5(49): 669-680; May, 200 1.

Hsueh, C.C. and Chen, B.Y. "Exploring effect of chemical structure on azo dye decolorization

characteristicsby Pseudomonas luteola", Joumal of Hazardous Materials. 15(a):

703-710; Winter,2008.

Jadhav, S. U., and et al. "Biodegradation of Disperse Dye Brown 3 REL by Microbial Consortium

of Galactomyces geotrichumMTCC 1360 and Bacillus sp", YUS. Biotechnology and

Bioprocess Engineering. 1 3(5): 232'239 ; July-August, 2008.

Jin, X., Liu, G., Xu,Z. and Tao, W. "Decolourisation of a Dye Industry Effluent by Aspergillus

fumigatus XC6', Applied Microbiology and Biotechnology. 7(4):239-243; Winter,

2007.

Jirasripongpun, K. and et al. "Decolorizationand degradation of C.I. reactive red 195 by

Enterobacter sp" Thammasart Intemational Journal of Science Technology. 12:6'13;

May,2007.

Joseph, R. "The dyeing of textile fibers: theory and practice", Philadelphia College of Textiles and

Science, Pennsylvania, I 5(8): 30-35 ; July-August, 1992.

Joshi, T., and et al. "Isolation, Identification and Application of Novel Bacterial Consortium TJ-l

for the Decolourization of Structurally Different Azo Dyes", Bioresource Technology.

9(9): 7115-7121; Winter, 2008.

Kalyani, D.C and et al. "Biodegradation of reactive textile dye Red BLI by an isolated bacterium

Pseudomonas sp", SlJKl. Bioresource Technolog,t 9(9): 46354641; July,2008.

t

a



ronm:dr{6s tgiol

Kannan, P. and Sumeet, K. "Continuous treatment of coloured industry wastewater using

immobilized Phanerochaete chrysosporium in a rotating biological contactor reactor",

Journal of Environmental Management. 10(1): I 18-123; February, 2012..

Kuo-Cheng, C.and et al. "Decolorization of azo dye using PVA-immobilized microorganisms"

Journal of Biotechnologr. 10(1): 241-252; Winter,2003.

Khehra, M.S. and et al. "Decolorization of various azo dyes by bacterial consortia", Dyes

Pigments. 6(7): 55-61; June,2005.

McMullan, G. and et al. "Microbial decolorizationand degradation of textile dyes", Applied

Microbiology and Biotechnology. 5(6): 8 1-87; February, 200 1.

Nishiya, Y. and Yamamoto, Y. "Characterization of a NADH : dichroindophynol oxidoreductase

from Bacillus subtilis", Biotechnology. 7(1): 611-614; Winter, 2007.

O'Neill, C., and et al. "Colour in textile effluentsdsources, measurements, discharge consents and

simulation: a review", Joumal of Chemical Technology and Biotechnology. l(4):

1009-1018; July, 1999.

Quan, X. C., Shi, H. C., Wang, J. L. "Biodegradation of 2,4-dichlorophenol in sequencing batch

reactors augmented with immobilized mixed culture", Chemosphere. 50(8):

1069-107 4; March-May, 2003.

Rai, H., and et al. "Removal of Dyes from the Effluent of Textile and Dyestuff Manufacturing

Industry: A Review of Emerging Techniques with Reference to Biological Treatrnent"

Critical Reviews in Environmental Science and Technology. 3(5):219-238; May, 2005.

Razo-Flores, E. and et al. "Biodegradation of select azo dyes under methanogenic condition",

Water Science Technology. 3(6):65-72; March, 1997.

Saratale, R.G., and et al. "Bacterail decolorization and degradation of azo dyes: A review", Joumal

of the Taiwan Institute of Chemical Engineers. 4(2): 138-157; April-June, 2011.

"Decolorization and Biodegradation of Reactive Dyes and Dye Wastewater by a

Developed Bacterial Consortium", Biodegradation. 10(5): 32-010-; July, 2010.

48

a

t

a



49

rondl:dl{o^.r tsiol

Saratale, R.G., and et al. "Ecofriendly Decolorization and Degradation of Reactive Green l9A

Using Micrococcus glutamicus NCIM- 2168" , Bioresource Technology. I I (20): 3897-

3905; April-May,2009.

Selvam, K., Swaminathan, K. and Keo, S.C., "Microbial decolourization of azo dyes and dye

industry effluent by Fomes lividus", World Journal of Microbiology and

Biotechnology. I (9): 59 l-593; Winter, 2003.

Sharma, D.K., and et al. "Isolation and characteization of microorganisms capable of decolorizing

various triphenylmethane dyes", Journal of Basic Microbiology. 4(4): 59-65; April,

2004.

Silveira, E., and et al. "Selection of Pseudomonas for industrial textile dyes decolouizatiorf',

International Biodeterioration and Biodegradation. 6(3):230-235; July-August,2009.

Stolz, A. "Basic and applied aspects in the microbial degradation of azo dyes", Applied

Microbiology and Biotechnology. 5(6) : 69-80; Winter, 200 1.

Sung-Hwa, L., and et al. "Kinetic theory of biostimulation for azo dye decolorization using

immobilized cell system", Joumal of the Taiwan Institute of Chemical Engineers. 4(3):

399-408; November, 2012.

Tal, Y., and et al. "Enumeration and factors influencing the relative abundance of a denitrifier,

Pseudomonas sp JRl2. entrapped in alginate beads", Environmental Pollution. 11(2):

99-106; June,200l.

Telke, A.A., and et al. "Kinetics and mechanism of Reactive Red 141 degradation by a bacterial

isolate Rhizobium radiobacter MTCC 8 16 I ", Acta Chimica Slovenica . 55: 32V329;

November,2008.

Tony, B. D., Goyal, D. and Khanna, S. "Decolorization of Textile Azo Dyes by Aerobic Bacterial

Consortium", Intemational Biodeterioration and Biodegradation. 6(3): 462-469;July,

2009.

Van der Zee,F. P. and Villaverde, S. "Combined Anaerobic-Aerobic Treatment of Azo Dyes-A

Short. Review of Bioreactor Studies", Water Research. 3(9): 1425-1440; May, 2005.



50

rondr:dr{16s tsiol

Vandevivere, P. C., Bianchi, R. and Verstraete, W. "Treatment and Reuse of Wastewater from the

Textile Wet-processing Industry: Review of Emerging Technologies", Journal

Chemical Technology and Biotechnology . 7 (2): 289 -302; June-July, 1 998.

Wackerow-Kouzova, N.D. "Isolation and study of azobenzene-transforming soil bacteria",

Applied Biochemistry and Microbiology. a(l): 62-1641' Winter,2005.

W*g, J. L., Ye, Y. C. and Wu, W. Z. "Immobilization of microbial cells using polyvinyl alcohol

(PVA)-polyacrylamide gels", Biotechnology Techniques. l0:203208; Winter, 1995.

"Comparison of citric acid production by Aspergillus niger immobilized in gels and

cryogels of polyacrylamide", Joumal of Industrial Microbiology. l(6): 351-353;

November, 1996.

"Immobilization of microorganisms using carrageenan gels coated with chitosan and

application to biodegradation of 4-chlorophenol", Joumal of Environmental Sciences.

9(5): 283-287; Winter, 1 997.

"The research and development of microbial immobilization using polyvinyl alcohol

(PVA) gel", Journal of Industrial Microbiology. 28(2):35-39; Decemeber, 1998.

"Microbial degradation of 4-chlorophenol by microorganisms entrapped in

carrageenan-chitosan gels", Chemosphere. 3(8): 3 1 09-3 1 l 7; May, 1 999.

"The radial distribution and bioactivity of Pseudomonos sp. immobilized in calcium

alginate beads", Process Biochemistry. 3(5): 465469; June, 2000.

"Biodegradation of quinoline by gel immobilized Burkholderia sp", Chemosphere.

4a(5): 1041-1046; Winter, 2001.

Microbial immobilization technioues and water nollution control. Beiiine: Science

Press,2002.

"Comparison of biodegradation of di-n-methyl phthalate by free and immobilized

microbial cells", Biomedical and Environmental Science. l(6): 126-132; Winter, 2003.

:



51

ronmidlq6.t teiol

r ' 
Wuhrmann, K., Mechsner, K. and Kappeler, T. "Investigation on rate-determining factor in the

microbial reduction of azo dyes", European Joumal of Applied Microbiology and

Biotechnology. 9(15): 325-338; May-June, 1980.

Yang, Q., and et al. "Decolorization of synthetic dyes and production of manganese-dependent

peroxidiase by new fungal isolates", Biotechnolog;v Letters. 2(5): 709--713;May,

2003.

Ying, C., and et al. "Biodegradation of crystal violet wingBurkholderiavietnamiensis C09Y

immobilized on PVA-sodium alginate-kaolin gel beads", Ecotoxicolory and

Environmental Safety. 8(3): 108-114; Winter, 2012.

Yoo, E.S., Libra, J., and Wiesmann, U. "Reduction of azo dyes by Desulfovibrio desulfuricans",

Water Science and Technology. l(3): 1512; June, 2000.

, 
tu, J., Wang, X. and Yue, P. "Optimal Decolorization and Kinetic Modeling of Synthetic Dyes by

Pseudornonas Strains", Water Research. 3(5): 3579-3586; May, 2001.

. Zimmermann, T., Kulla, H.G. and Leisinger, T. "Properties of purified orange II azoreductase, the

enzyme initiating azo dye degradation by PseudomonasW46", Journal of

Biochemistry. 12(9):197 -203; Winter, 1982.

Zissi, U. and Lyberatos, G. "Azo-dye biodegradation under anoxic conditions", Water Science and

Technology. 3(a): 495-500; March, 1996'



R1n9{U2n



53

sn:r.rd + flouavto.rnr:rirrin? congo red

,,lrrud s Sounvto.:nr:rirrin? Golden yellow RNL

:vuvt?41

tialusl

u.y9lv_aavla-
rvd'unatttt{u'tlutnrnu 50 ilaanlilnoafl I

PD-I PD-II dead cell PD-I dead cell PD-II gel bead

0 0.00r0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

24 66.50+1.50 74.33+4.04 51.67*2.89 52.00+2.00 4156L0.96

48 73.50+1.50 80.67+2.31 65.67+6.66 65.00*3.00 47.89+2.36

72 75.50+0.50 82.67+2.31 71.00+4.58 71.00+1.00 57.00+3.00

96 82.50*1.50 85.33+1.15 72.33*4.04 75.00+1.00 61.00+1.00

120 87.50+1.50 89.00*4.58 76.00+3.46 79.00+1.00 65.50+1.50

144 90.50+0.50 92.00+3.46 78.33+2.08 82.00+2.00 70.00+2.00

:stJv12al

t*alu.rl

v Y Y I v -- a a v l-a--
:v glunatrut'tru'tlutmrnu 50 ilaan:ilfl 0ofl I

PD-I PD.II dead cell PD-I dead cell PD-II gel bead

0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

24 44.00+5.34 47.50+3.45 30.04+2.76 35.96+4.77 17.75+2.73

48 59.33+ 1.89 58.76+',7.48 35.30+0.99 39.76+3.16 26.52+4.45

72 62.67+2.83 64.78+4.83 38.64+4.75 45.24+3.91 30.00+0.48

96 66.00+0.00 69.60+4.45 45.57+3.43 49.9312.92 35.51+0.95

t20 67.33+0.00 74.28+5.35 50.17+0.24 56.28+1.73 40.79+l.ll

t44 69.00+0.47 76.44+5.04 54.75*l-06 60.t0+2.69 43.02*1.45
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en:r{d o flouastosnr:rirrin? Blue BCC

,lrlud z fouastolnr:ritfn?r^raru

:vuvt?41

(ffalrl.r)

v ,, I t v -^a 
q v l-e---

:cdunatilt,tu'lulnlnu 50 ilaanlilnoant

PD-I PD.II dead cell PD-I dead cell PD-II gel bead

0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

24 93.97+0.05 92.48*4.30 66.00+4.44 71.90+2.14 64.98+0.48

48 96.55+0.86 95.90+1.44 79.14+3.01 89.10+1.15 74.25*1.05

72 96.90*0.30 97.24+1.35 85.33+1.15 91.38+1.61 83.02+1.24

96 98.10+0.16 98.67+1.29 91.14+1.31 93.00+1.00 89.29+1.00

t20 99.35+0.31 98.76+1.29 91.33+1.84 95.90+0.16 90.71+0.62

t44 100.00+0.00 99.24+1.32 92.29+2.00 96.29+0.29 92.29+0.29

:suut?a'l

t*alru.rl

v Y Y t v ,-a A v ! a
:vd'unatut'[,u{,util]nr 60 uaaR:ilnoafl :

PD-I PD-II dead cell PD-I dead cell PD-II gel bead

0 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

24 94.19+1.69 9t.42+0.49 88.18+1.16 87.44+0.97 75.8411.47

48 94.96+1.16 92.17+0.41 86.43+3.36 89.10+0.09 77.65+0.98

72 94.70+0.45 94.58+2.33 90.83+0.09 92.17+0.14 78.68+0.39

96 95.87+0.81 95.82+1.17 92.89+0.81 92.75+0.23 78.4211.19

r20 97.29*1.03 95.92+0.97 93.80+0.39 93.21+0.19 79.59+1.61

144 97.55+ 1 . 18 96.93+0.78 94.06+0.45 94.39+0.19 79.59+1.57
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i tY o q d.9' s !' a
erl:r{ii 8 d?il5ouaeflo{nl:il]una6oruov tsYl{ 3 Yuel

a.t
TU9r1,0{Ct

v91, lvaavla
:sdufl ?lttt'[il'tutnrnu 60 uaaR:unoanl

PD.I PD.II
dead cell

PD.I

dead cell

PD.II

Alginate

gel bead

Blue BCC 100.0+0.00 99.2+1.32 92.3+2.00 96.3+0.29 92.3+0.29

Congo red 90.5+0.05 92.0+3.46 78.3+2.08 82.0+2.00 70.0+2.00

Golden yellow RNL 69.0+0.47 76.4+5.04 54.8+1.06 60.t+2.61 43.0+1.45

dr.rdrJ 97.6+ l.I8 96.9+0.78 94.1+0.45 94.4+0.19 79.6+1.57

-
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5 n:il

10 fl::J

10 fl:u
', ,- o q9, a o & t C-d---^--^e

aealuci?uil:unoufi'{fl ruo ttouil ;Uil; u ln :lffl :u t dn: drurill'}irttsofr qruu4tl

fl:u

N:U

n:il

n:ru

fl:u

fl:U

fl:il

N:U

fl:1r

t

!

't, h o, a o & , C i a
aearuci?uil:unouvr&{il iln uauilfuil3rurn:l#n:l t fi sr: rjrrutfr l'lirtfi ofi qorrqfr

ddrdtq
121 0{f,llcrotcruCY tl]Ut?41 l5 u'lYl pH tYl1flU 7

3. R"l:ust:uilfl 1:avalgfluollov lctr

t% congo red stock solution Eh? o.r nfir avotulurir to ru^afifrn: rir}flrJnontdolnu

nl:n:o.:d?u Millipore filter 0.45 'hln:rugr:
ola u o 3 o oo oqr,

l% Golden yellow RNL stock solution S{d 0.1 n:il AYA1U tUUl l0 UAAAfl: m1tfi

nr : tn? u il o't t{ 1 : t ta u fl 1 r a v a luAiilfflu nr : m o a o.t

1. LB medium drnYu r 6fl:

:J:snolrltu Yeast extract

Peptone

NaCl

adtdte
121 0{f,ltcrorcrud tIJut?al 15 u11l pH t?l1f]u 7

2. Bushnell and Hass basal medium supplemented with glucose and yeast extract (BHB-GY

medium) drnYu r 6n:

il:vnorr1ru MgSoo 0.2

CaCl, 0.02

KH2PO4 1.0

ItPOo 1.0

NHNO3 1.0

FeCl, 0.05

NaCl 0.4

Glucose 1.0

Yeast extacts 1.0

rJ a on tdo In un r : n: o{ 11? u Millipore fi lter 0.45'h ln : ru n :



I

l% Blue BCC stock solution rhA o.r nfru avartllrri', tO fiafifin: rirl#:Jooprrdulru

nl:n:o{el?u Millipore filter 0.45 'hIn:tlsr:

rfl3 uil ar: a c a ru?doruos Irydrn filnr:irn: rs#1uy,l a r aritu'lrt 250 fi afi fi n :

:J:cnoue1euo'rfi1: BHB-Gy too finfi6n: LLav tyofrdoroslry soo'hJn:6sr: tv'ldn:rlrrfu{u
dsaasradtadl9.^-oaa
?oslry so uaanirusionn: toldusiavrun rravdnaru rj:snoudruo'Il41: BHB-GY 100 ilaaan:

LLav tvo fr dou os lry ?a s zoo'[l ]n : fi sr : t s'lrln r rl trhr {u ?: :l oo fi a fi n fu ci o fi n :

I

I

r
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