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Abstract 

The first year research has been focused on parameter affecting the immobilization of 

nitrite oxidizing bacteria (NOB) on chitosan biomaterial i.e. immobilization time, surface charge 

modification by pH pretreatment and particle size of chitosan. The results demonstrated that the 

amount of NOB immobilized on chitosan, as indicated by nitrite removal rate, increased with the 

incubation time (up to 24 h). In slightly acidic treatment (pH 5.5-6.5), positive charges 

dominated on the surface of chitosan particles enhanced NOB attachment on chitosan surface. As 

a result, nitrite removal rate was therefore enhanced when compared with control and pH 7.5. In 

addition, size of chitosan particles also affected the immobilization of NOB. Smaller particle size 

of chitosan provided larger surface area for NOB attachment hence higher nitrite removal was 

found. In conclusion, immobilization time, pH pretreatment and size of chitosan affects the 

immobilization of NOB on chitosan and the optimal condition for NOB immobilization was 1-5 

mm chitosan particles with pH 6.5 pre-treatment and incubating for the duration of24 hours. 
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~'W~ !CJfnn eueJ~ 11 

q 
n'W 'VI) tJ ~ ~ 'Yl1 ~ 11 lJ fl11lJ!11lJ1~ bnJ'Ylll~'W llJ 1 ~ G)f!,U'W ~1fln1~G)f1fl1~!~ eJ~) ~!G)feJ 

iI iI iI iI , 

UlJflii!~ tJff111 i'lJfl1)ihD~flWfl1'W'tJ11'W) ~DD!~l~!~tJ~ff~l'tJ1!¢l'1~ tJ~l'W l;ij'tJU ij 1J~11~11lJ1mVieJ 
q q q 

iI 

~~'W1fl)~D1'Wfl1)~~~!t;;eJ1 'W~~cyJ1tJ~~UDfll1!~ Vfl~lJ1'W 1 'VI)~eJeJflcil~ci~uDflii!~ tJD'W 1 fll~CJfl'W 
q 


, iI iI iI 


!VieJu) ~ tJfl~1~~ 1'W 1'W) ~ DD1111J~ flWfl1~'tJ 1ff111 i'DD eJ!~ tJ~ ff~l'tJ1 1 ~ tJYl1fl1) 'Yl~f1 eJ~ fl1tJ 1~ 
q q 


iI , iI 


bYfl11~ ~ln eJ~eu B~DeJ !~(J~ n~Yi ~1!U'Wfl1)!11 :UeJ'W 1J~ ~ ¢l'1tJ) ~lJlJfl1)!~ tJ~ U DDDeJ 1 ~~'W nn1~U~~ 
q 

!~eH~'W~'W!!DDeueJ~fl1)ffflfn l~v:u~!u'WU)~ lVG)fUfl1)'tJ1 1 tlrifl1)1~~1'W 1¢l'1l~~ l:UcHlJ~B'W Un~ 
q ~ 

, iI 

1.2.2 !VieJ~~'W1111!t;;eJ1'W ~~1cyJ~~!!lJflii!~ VlJ'W~1fln1~;1fl1~~~eJlJ1~~1'W!!n~Yi1fl1) 
iI 

'Vl~bYBDfl1t'1~bYfl11~!11)j eJ'W fl1) 1 ~~1'W 1J~~euB~) ~lJlJlhD~f1Wfl1'WU l'tYl11 i'lJDeJ 
q 

iI , 

!~tJ~n~ (1H12)
q 

iI , , 

1.2.3 ffflfni~fl1)!nDi'fl'l:l1!t;;eJ 1'W~~lcyJ~~UlJflYh~VVi~~~D1,J1ff~
q 
lfll~CJf1'W (1Iii 2) 

iI , 

~ 1'W 1~tJU! ~ 'W fll) 1~ tJ 1 'W) ~ ~D 'Vl ~"eJ~ ~ l! iJ'W fll) W ~ru 11 JJ jJ11'eJ~ Yi11'eJ ~ tl B1J~lfll 'j 

J' QI eI -: eI d 31 <:!<:! "'" eI
!~1~mtJ~bY~1'Wl f1'WmG)ftJ1G)flt1H~'Wl~'Yl1~~1'W!'Vlf11'W lntJG)f1fl1'W'VI1~'Vl~m f1W~1'VltJlf11ff~) u,,~ 

~ u 

r1' B~ u ~1J~ fl1) ~'W 61bY~;1fll~ 1 f1 ~'W -1 fll~ CJfl 'W bYtl11J'W i~ tJ 1 "11 ~ U" ~ 1bYfJ 
iI 

lJlnl'Yl{Jl~tJ 1~{Jijfl1)fh11'W~eueJ1J!eu~euB~~1'Wl~{J~~u 
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1.3.1 

t'Vlfl!U!~V~';lf)1YrYll'l1'1~nl flW~i'VlVlfflL1~{ tOW1~'lflcHUlJlni'YlVl~tI 
q 

1.3.2 ~lfl1 'fl'l~ 1 ~1 'W fl11 'Ylfl ~'fl'lt~ U ~lfl~l'l'W~l'ff~ fl! 'W~t'fln~ 'W G)$U flGJflt1fl1 ~ tOltl 

" ,"''
fl11iYi~~'fl'l'll11l1''VlT~1'lViU~b (Random Flow Plastic Media) ~'W BCN-009 (2H, 

Gennany) 
'JI I 

1.3.3 'Ill'Yl~t~Yil~1U fl11 'Ylfl ~ 'fl'llJfllfll1:JJ t~:JJt'Yhn'U 30 ~~Yi 

_I 'i" o! ct , \II vv 
1.4 1Jj~ m')f'U't1fllVl111l~ AVljiJ 

1.4.1 i~! 1'1 fl! U ! ~V1 'W fl11 ~ j '1 i U i 'Yl1 ~'fl'flfl~ ifl ~'l U 'Ufl Yl!1 tI'U U ~lfl~ l'lH~1'W ~'fl tI~ 
'JI 'JI 'JI I 

V'flVL1~ltli~~ 1:JJ1l 1 1lJG)fl~rllYi i''U 1~fll'Ufl:JJflWfll'W'Ill1 'W ti'fl!~ V'la'~1'1l1 (1JYi 1)
q q 

~I ')) "'" Q.I o'Q.I <=! d ..,g II) II) 0' ""'II) "'" <=! <=! ')) 6) '))
1.4.2 !lJ'W~UU'U'U~~~flWCVl~ln~1'lG)flfll'W1'1~1'l !'W !'Yl1~'fl{)fl9f tfl9f'lH'Ufl'YH1V'W1'fllJ tG)f 

'l1'W L11:JJ11t11~'llU i~t01'l i~i1Jcfftl'W U~~t~'WiJ~1n'U~'l!nfl~'fllJ tvi'flt~'W'Yll'ltfl'flfl 
'JI 'JI 'JI I 

1'Wfl11thUflflWfll~'Ill1'Wtim~V'la'~1Ul (llYi 2)
q 
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ct 
'UfIfI 2 

, , 
o "'" "'" QJ .<::1.<::1 v 

fll~tJl~1<UU'U1fl1UJfl~Utl~fll~1<Utlfltfltl16ijel-.3 

~lfH"t11'Ufll'.iWflTjI~Y'H)eJfltl'H!~!~'UU~u~~~Jfl~1'Vltl1 'U~1~ 5 1J~~l'UlJl 'VnJ'~h ihJ~lJ1W
q 

, ,~ 

fll'l d ~eJeJfl!cWlJ~'U eJvl~~eJ!ileJ~ l~tJlw1J 'VL ff. 2550 ihHlJ1W fll'l d~eJeJfltl~U~!~'Uu~u~~rvhn1J 
q 

196,997 ~'U ~~lJlflfli11'W1J CW.ff. 2546 ~~~eJtI~~ 65 ~~U{Y~~1'U\P11'l1~~ 2.1 l~tI~~l~d~eJeJfl~ 

bYlfity'UeJ~1h~!'Vlffl 'Vw '~un 11'l~!'VIff{yl1i'JImlJ~fllU~~~~'U (fl'llJfl'~fllf1'l, 2551) 

1J CW.ft'. 11~lJ1W (~'U) 

2546 118,921 

2547 135,952 

2548 157,985 

2549 178,246 

2550 196,997 

., ., 
o G') , .<::I v 

2.1 fjtufll'W'Ul A'U'U8mtl-.3fJ~ 

11'l~lJ1W ~fltl~~ 80 ~~~f11l1~flV1 'UtJfl 1 'U'l116ijfl~tft'1:1eJ1Yil'l !t~~~~~1Jciltl'Ufl~tl~~1J~ !1Wtl'UUeJ 
<u <u q 

1 ~ tI' 'W 1~'l t~ 'U ~ {y~ {ylJ flvl 'U tJ eJ ~ ~!11 ~ tI'U!!11 ~ ~ ~ lf1 'l11 {yl'l ~'U 'Vl~ 6i 'U 1~ 'l t ~ 'U ~~!~'U fllYi 1'l6ij fl~ 
<u <u 

U1J fl'Yh~ tit! ~ ~ ~ ~ iHfl ~ 6ij 'U 1 ~! ~ f1111 fl v1 'U 'l11 UfllJ llJ ru tI u~ ~ l'U 1 'VI 'l ~~ dJ 'U cW 1:1 ~ fl ti'~ 1 ~HJ 
<u <u q 

AI 11] '1 nl ' "'" <:t 1I]nl9 "'" '" ,.1 'j).:9
{Yl'llJ'l~f1eJ1J A'W !~'lt~'W~lJ~l~~ ~~!f1~f11'lYilc!'Untl'W!lJ !'U'l~1J1J'Wnft''W6ijeJ~1JeJwtl~fJ~C}$~ 

1Jl~d1'W~~tlf1!11~tI'Ut~'Wun{Y''U 1~'l!~'U ~~tt{Y~~''UfllCW~ 2.1 
<u 

http:lfH"t11'Ufll'.iW
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mWli' 

6.4(2.5) 0.1(>0.1) 

'1J1i1'lL~1Jyf~\.uJA~L,j1~1't1Jti~L~fJ~~~ 
257.0 (100) 

250.5 L-_________......I 

'1JtML~1J11JJ1 
23',1 (9.0) 

(97.5) ! 174 (69.2) 

! 
'h.t'l~'1li: \A1UU~~'~ 

23.1 (9.D) 

n~l~un~,.".u~+l\JL~1L"1\.\n'1'i1"1'lnVf\Jnu.u't1 
174 (69.2) 

• I 	 'jJ 

fl1~li 2.1 	U~1I1W '1 tJ l~~ !l1lJ li ~~11!~1 '1 UU~~?(~'tnJ~~1tHi1tJ~h.:J~ 6ij~,nj~!~ tI.:J ~.:J~~lJ'UiI~ 
(~'Vl1) ci~NU'N.:J~lJ~l, 2549)

q 

I 	 I 'jJ 

!~'W Yl'Vl~ l'U tl'W ~111hJ1 ~~lJ fl~ l.:JU~.:J!~ tJ,.j ~Yl1~i'lJfl111liJ tl1Iffl't'i i''U fl1~!~ tI.:Jn'~u 'UlJ 
q 

I .J I ~ I.::S rI.:!:t I "'" d.::S J 'J} 91 "'" 
fll11111'W lUtJ'W 'N.:J 91.:J ~ 

QI 

flll W~6ij~.:JlJ~rU lJ 'UeJ91!1I'W ~ 11 ~ ~'U~~lJ 'Vl1lfl1~ 1J~tJ ~ lt1~l~ ~ l'N~fl ~~ 'U'U 
~ 	 ~ 

e1 II)I'::s "'" 91 I.J 	 II) II) rI"", eX I e1 91 
tJ 11~ t1l 11~~ fleJtJ ~'W fl'U'U eJ91.:J 11~~'U t1tl.1111fl1~ 'N~'N1I 6ijeJ.:J tlJ ~ 'Vl~ ~!fl~6ijtJ1 tJ ~ ~1111.:J fl1~ !~tI.:Jfl.:J 

u 	 q 

!~~.:J111fl!n~fl~~'UltJfll~ 1lJ~~VJ!flitJ~ i,j'N1IlJ~Wflltl1 tJUeJ (11~i11~6 fl~~1fl U~~flW~, 2550)
~ 	 q 

I II) 'J}QI "'" 0 GJ 91 "'" rI.:!:t .J I 	 : 
U~ fll~ ~~ ~lJ U'N.:J ~ 111 1) ~ ~ 1IGJf1~ 11 ~'Vll t 11 !fl~U~ ~.:J fl~ eJtJ ~ '1t91\l 'N1lJ 1 ~ tlGJfl tlfll'UfllJflW fll~tJ 1 

q q 

'jJ 

fl1 tl1 tJ ,.j eJ i rill~ tI ! ! ~ ~ .:J tl~ eJ lJ VI GJf 11 ~1~ 'N 1~ eJ UlJ 'Vl~ 61tJ 1~ ~ !11 tJ ff 111 i''U fl1 ~ !11 ~ tl.I !~ lJ 1~ r1~1 tJ ~ U 
u ~ 

I 	 'jJ 

6ijeJ~UeJ1I 11l!U tlU~~ i tJ!'Vl~~ U~!ijeJ!!~~~tl~eJlJij ~ltJ ltJ 1I1fl~tJ l1~Yh1,r!n~fll~'U~1T.:Ju'N \ltltJ!eJ\l 

u~~~ltl1lJ~ft~ 
q 

'jJ • 

111flfll~ ftlJrltJ ~~11~ ~'U11 ijfl1~ ffflll11riltleJ(h~fll1~6ijl1\l1 tJ fll~ih1T~u l!VleJnlril~6ijeJ\l
~ 

'jJ 	 I 'jJ 

f1'l11~lmC}f~~!~tllill1~1~6ijeJ\l!ffm~1\lflcil1!1JlJU11ri\l i tJ 1~~ !'iltJ!VleJfll~! l1~ty!~lJ l~ ~-:j,rtJ fll~ !Wfl 
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, 'j) , 

, 'U)~'lJ'lJiJ'tYlldlVlJlfHn'U1 tll1~l1l! ..1tI~lJ1W ~H)flcJf!l1'U Vl ~~'tnv! 'UU l~~~~ fl'UrW~NlJll1lflfll) 

111U! 11~ V~ ~ll'i ~ lu1 'U! 1~ 1 fl~ 1~~'U U~~ !rlv 'tYl 11 ~ 1 U~lU~ ~ n11~ VVU'tY~lUU~~tI~~tJ ~ v u 
'j) 'j) , 

'tYl)tJ)~flV'U1 'U 1~) !1l'U fl~'lJ~'UlJ1Vv1 'U Ul 'U Vfll1lfli'Hr~iJ~l'U l<UU~fllJlfllJ1Uli~V1VllJfffl1:Jl~~ 
'11 ' 

'j) , 

1~ fll)U lU~ ~l)tJ) ~ fl V'lJ 1 'U 1~)!11'U VVfl111flU 1~1Ul~ fll) B'W ~ !~'U fll)! ~ftl) G)$1V 1 'U fll) 

~fl~~flV'UGJfU~~l~~ (Pan et al., 2006) U~~fll)1~u'Ufllitju~ftllJl)tlVm:J'tY~lU~V~!iYu1'U 1~)!11'U 
'j) 'j) 

!'UUV!~U~ff~rJUl (Liu et al., 2000) 

'j) 'j) 

fll)U1U~ftl) tJ) ~ flV'lJ ~'U 'Vlj tl 'U 1~)!11l-J 1'UUlVi~ ftllJl) tll1l 1 ~1~u1~1~fll)'Vll~;1fll~ 
'jI i Q~ Q/ & Q/ 0 .::t .::t .% .::t .::t 'jI GJ 
~1Ufl)~'lJ1'Wfl1) UVlJ ~lJ'U-n!flGJf'U 9f~VlfftJfll)'Vl1~1'W ~v~U'lJfl 'Vl!) U !GJfV)" 1U~~U'Ufl'Vl!) mft'U ~U'Ul~ 

'j) , 

fl~lJ l~Ul1~'U'Vlj 6tl'i~TW 11 ~!tJ~U'U) tI'tY1)tI)~flV'lJV'U 'Vlj tl 'U 1~) !11'U 111'vv1'U )tI~ V~t!V]J llJ!UU 
q q '11 '11 '11 

, 'j) 'j) 

'1 'U 1 ~)! 11 'U Vl iJ fl11 lJ! 1J 'U ~1:J ~ Vff ~ 1111 lJ 1 fl ~~ U'U ~ ~ ~ 1 t~ 'U Jl V~ n1 <U ~ UVlJ 1 lJ tij U1 ~ tl N1'U 

fl) ~'U1'U fll) '1 'U~~l\J!fli'U ~~1 l-J ~~l'J1tJ~~ U'UflVltj Ul1~ VVflcJf'1~CJfUVlJ llJtutJ111'!~'U '1 l-J '1 'Vl)~U~~ 
, 'j) 

'1 'U rvn ~ ~llJih~'U 1'U 'tYfl11~~HJfl1) !~lJVVflcJf! l1lJ 111flU'U l1~!n~fl)~'lJ 1'U fl1)~ '1 'U ~~l\J tfli'W ~V 

1~Ufl1)111~1'U 6lJV~~1 'U ~~l'J1tJ~~t!'UflVltj tJ ~~ '1 'Wt'Vl)~~!n~~'U 11~tlfl~~)tJ111't~'Un1CJl''1 'U 1~)!11'U
'11 '11 

, ,'j) 'j) 

, l-J ~fl11~Vl '1 ~VVflcJft11'U 1 ~tJ)lU~~ !~U~L11l'ii''lJt!~~~fl) ~1J1'U fl1)li!n~~l-J iJ~~u 

2.2.1 n'j~1JJunl'jUfJU luuwmiu (Ammonification) 

~I tid ~ I ~ I ""'.::t <I'll] i d ~ cI Q/ cI 
!u'Ufl)~'U1'Ufl1)t ~tJ'U)uft1)u)~flV1JV'U'Vl)U rw ~~)tl1'U~1mff1:JV1l'in'Vl!l'i~V !9f~~'tY~1 

'II 

~~lUU~1 ~~vv1'W)tJltJ)~l-J l~~ttltl'1'Vl~ U~~fl)~v~iJll-J "UV~1'UJtI~V~f(1)lh~flV1JVU'U'Vlj6
'II 'II '11 'II 

'j) 'j) 'j) 'j) 'j) , 

IrJ 'jI <l.J! <l.J 0 "'" 'jI I i Q:':7I <l.J Q & IrJ 'jI <l.J .::t .::t 
ft1lJ1) tl~ 1J !~'Vl~ 'UGJfl-J 'U 1U~~~l-J ~~ flV'U fl'U 'U V UVlJ !lJ'Ul"i!flGJfl-J ft1lJ 1) tl!f1~ 6lJ'U ~ ~'Vl~ ftfl11~'YllJ 

VVncJf!11'UU~~'tYfl11~ '1 ~VVflcJf!11'W u~rdV~111fl'tY1Ji)'U 'Vlj 6u~~uUflVltj tJlJfl~UlJ1n1l-J~'U~~nVl-J 
'j), 'j) 'j) ,'j) 'j) 

nl1 H~~UVlJ llJ!UU-ff1'W 1l'itY~~!n~~'W Vl ~hi''W ~l-J ~~flV'U1Jlll1 -ffTWUVlJ llJ!ij Uyitn~' 'Ui'W 11111~ 
~ -: & IrJ G]'jId I QQ d d IrJ 'jI

\lfl~ GJf'W 1~ ~9flJ !tJ !GJft tl'W V1l'i 1) U~~ 1J l~ ft1'U 11~ \l flU 1Jfl 'Vl!) mtJ~ UtHtl'U ! 'W! 'Vl) ~~1tJfl) ~'U 1'U 

n1J '1'W ~~:rJ!fli''W 
'j) 'j) , 

L11l'ii' 'Un) ~1J1'W fll) UVlJ llJul\J !fli'W 1 'UtJV!~tJ~ti~ll~ !n~~'U !ijViJfll)111V1',-1 1) n'lJti~ 1~U 
q q 

, 'j) ,'j) 

ti~ Yh~ U~1 'W U V 11 ~ Jl V~ '1 ~i''lJ V vncH! 11 'W 1'W tJ~lJ 1 W -vi ~ V!~ tJ~ 1 ~ tJ 1 'W 11lfl1) iJ tI~lJ 1W VV flcH! 11'W 
q 

'j) , 

lJlnfl,;h 4 lJn.~v~~J (GJf~V ~lJft1))W, 2535) t~vyh1t1'ti~ftllJ1)tlff~1~~~~~1'W'thl'ii''lJfl1)
q q 
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~11~;i~U~~lJf1l'Hll~UJt~hJ 1~~~ ~~~~1l1flfll1t~1~~lru l1h~'\.H~'Ofll1tll~tUt~U l~6ijeHti'~ll~lJ
tI tI U q 

~~lh'M~ fl ~ U'O lJ llJ ru tI ~~ II ~ t~'WVhHiu ~~ iJ ;i~ f1~J'W ti'~ ~ ~ ~'O~,r1JH'OlJ llJtUtI'O'O fllJ 1'W '0 fl 
'I 

, 
11~fllt1 

2.2.2 n'j~1JJ'tJn1'j 1'tJ~~;:hfli'tJ (Nitrification) 

t~'W fl1 ~U1'W fll1 ~lhfl1'V'l ~ ~ U~ tI'WU'OlJ llJ!U m1~ 'OU'OlJ llJtUtllJ U V'O'W ~~iJfll1lJ ~~'WYi1:J ff ~ 
cu 

~Vff~1Jl'Mt~'W!'Wt'VI1~fl1t1'~fffl11~~iJ'O'Oflc)$t1l'W 1 ~tlVlfftlfll1lh~ 1'W 6ij 'O~U1JflYlt~ fJ 2 fl~lJ ~~ 
'I 

?I .:s .:s , 1 1 ~.I.d, 'JI "".:s '" ?I ' '" lIJ 'JI' '" lIJ lIJ '" tu'WUUflYH1t1fl']lJVV ~ 'VI1rfYI G)fffl1V'W'W'VI1mu'WUl1~~fl111J'O'W ~~Ufl fll1UV'W ~~VVfl ~C)f~ 

" 11~'O1Ufll{1JVt'W~U~~!~'V'l~~~TWVVfllJl1~tlDBfl~til!'W~~Yhfli'WiJ 2 fl1~1Jl'Wf)11VVtlf1~U 

1) fl1 ~Ul'W fll1! 'W! 'VI 1 ~Yhfli'W l1~VU'OlJ llJLUtllJV Vfl~t~i'W t~'W fl1 ~1Jl'W fll1 tD~tI'W 

!tVlJ llJ!Uti!Dt1!'W!'W!'VI 1 ~ ~~'Olfftlfll1111~1'W 6ijV~!!UflYlt~ tlfl~lJttVlJ llJtUtl'Ovflc)$!~c)$~11~ '0 AOB 
'I 

, 
(Ammonium Oxidizing Bacteria) f1~fflJfll1111 

(1) 

2) fl1~1Jl'Wfll1!'Wt'VI1~YJtfli'Wl1~V1 'W 1'V1'j~VVflc)$t~i'W t~'Wfl'j~1Jl'W fll'jLl1~tI'W 1'W 1'Vl'j~ 

1 UL~ 'W! 'W rVl1 ~ ~~Vlfftlfll'j Yh~l'W 6ijV~U1Jflli L~ tlfl~lJ i'W '1 'VI 'j ~'OVflc)$'1~C}f~l1 ~V NOB (Nitrite
'I 

Oxidizing Bacteria) f1~fflJfll111 2 

II ~ 'W 'V]'j 6~ lJU 'VIU 1'VI , 'W fl1 ~ UTW fll 'j '1 'W ~~YJ tfl i'W ! ~Utl 1 'W ~~Yh tlU~ uUflVl t~ tll1 ~ '0 
'I 

II] <=> '" & lIJ'JI~ "" :~: ~: .:s ~ 'W~'jrJlmtH)J (Nitrifying bacteria or Nitrifier) C)f~'V'l1J ~~'VI~' 'W ~'W 'W 1lj)~ 'Wl'V1~tfl l1'jV' 'W'Wltffti 

tL UflVlt'j tlfl~lJtftlj)~ ruL~1J1 ~ '1 ~1~ tI'~VVflc)$t1l'W' 'W f11 'jl11 fJ' II Lt l1 ~~fll{1J 'O'W '1 ~11lflffl1 'OU 'W 'Vl~ 6 
'I u 

fll {U V'W '1 ~ 'O'Ofl i C)f~11 ~V'11J fll {1J Vt 'W ~ tt fl ~,~f)11 VVf1c)$'1~9f'ffl'j U 1 ~ fl'01J '1 'W 1 ~'j tll 'W' ML~ 'W 

'V'l~~~1'W t1J'Wfl~lJU1JflVl!'j tI~!ll~ru!~1J 1~~1 1~mlj)~ruL~1J 1~ i~~~vwl1 fliJ 25-30 0C)f Ufl~~!VG)f
'I u u II cu 
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v 
d .c:oliJ.c:o dd .d.d '.d 

1) UenJ TlJA'tJ(Jf)f)nCJf s~CJf.JUlJflCYU)(J (Ammonia-oxidizing Bacteria: AOB) U1Jfll1!'HJf)~lJlJ 

=11) cI l.d II)~I~I II) II) cI.d~Q.I Q.I.d~
ff1lJl'HHH)f)Clf ~~Clf~!f)lJ ~lHlJtI A'LI~U'U ~'U ~'Vl'j~ l1~"f)f)'U~fleJ fffJrl Nitrosomonas, Nitrosospira, 

Nitrosococcus Hrl~ Nitrosolobus 'lJ~lJ1tlHW ~ fff)rl~'WlIt~'U G}$iJ~ ~~'W ~'U eJdtl1J~f)1:l W~"eJ~ 
Q ~ 

" U1tiYf/\'W'j~1JlIDTU~ 

AOB t~'WU lIflYl t~ tI~llJiii 'Vll 'Vl'jeyJG}$iJ~~~~~l~ (Obligate chemolithotroph) U~ 
v , 

1J1~flf~ AOB 'ff1lJ1'jtli~ffl'jlh~f)eJ1Jfl'U11~61~ lI""1J'W~1J';h AOB 1I1~G}$iJ~tijeJeJdi'U
Q ~ 

ff fl1l ~ eJ eJ fl elf t lj} 'U ~ 1 ff llJ 1'j tl , ~L lJ i'VI 'j ~~ ~ 'W ~1 f 11 fl t~ fl ~ 'j eJ 'U tf) ~ ~ ~ 'W L'W ~ f ff eJ eJ f) i Clf f1 

(N20) 'l11eJ i 'W~~f)eJeJf)LClff1 (NO) ~1eJdl~tGJf'U Nitrosomonas eutropha Url~ Nitrosomonas 
" , 

europaea ffllJ1'j ()'vh'M!f)~ i~l1~'lJBf)~ til i 'W ~~~tfli''WUrl~~L'U~~~!fli''WtjjeJ!''~ty' 'W 

.d .d Q 0 Q.I 1 = II) cI l.d GJ ~ ~I II) II) cllI) ~ GJ ~ 
ffflll~l1lJeJeJf)Clf~"'Wlj}lfl~ ~~tlff1lJ1'jtleJeJf)Clf !~ClfUeJlJ !lJ!'WtI nHu'W !'W !'VI'j~ ~~fl1t1!~ 

d Q 

fffl1l~UeJ'WeJf)Clff) (Anoxic) 

2) 1u 1'Y1'i~f)f)nC;1~C;.JHlJflriA~(J (Nitrite-oxidizing Bacteria: NOB) i~un U1JflYi~~tlf)~lJ 

~'ff1lJ1'jtleJeJf)~i~Clf1'UL'Vl'j~'M!~'UL'W!11'j~ '~un U1JflYi~~tI{l'f)rl Nitrococcus Nitrobacter Url~ 
Q 

, ,v 
1 .d~Q.I Q.I .d~ GJ ~ Q.I '.d.d GJ 0 ~ 

Nitrospira ~~tI{l'fJrll1~"f)f)'W~fleJ Nitrobacter !'WlJ"~1J'U'WlIl1 {l'fJrll1lJlI'Vlllll1lJlf) !'U'Wl'Vl~!rl fleJ 

.::k II) II) cI QII).c:o .d .d "" "" 1 GJ ~ ~ ~ ;:
Nitrospira Clf~ !'U !l1'j~eJeJf)Clf ~~Clf~UlIfl'VH'jtl{l'llJl'jtl!lj}'jtyt~lI !~ ~'W{l'~H1~rleJlJ'l1'jeJeJ1'111'jtrltl~ 

!~eJ~~tJ~lJ1W L'U i 'VI'j~~~l~tl'W 1~ tI Nitrobacter ,,~t"~ru''W~~~tJ~lJ1W i'U i 'VI'j~{l' ~ ('Vl'U i~i1~ 
u ~ 

14 lJrliiilJrl1{ 'l11eJtJ'j~lJ1W 196 lJf)."wL'Vl'j~1'W l~'jt"'U~eJii~'j) U~ Nitrospira lj}~t"~ty''W~~~ 

tJ~lJ1WL 'W' 'Vl 'j ~~1~ ('Vl'W L~ 0.5 lJ~ ~ilJrl1{ '111 eJtJ'j~lJ1W 7 lJf). L'W' 'Vl'j~i 'W i~'j t"'W~eJii~'j) 

{l'flll~~!'l1lJ1~{l'lJtlllf)1'jt"~tyt~'lJ i~~eJ~ Nitrospira moscoviensis fieJ i'WeJ1'111'j~ijtJ1lJ1W i'W L'Vl'j~ 

0.35 lJrl~llJrl1{ (tJ'j~lJ1W 4.9 lJfl.' 'U i 'Vl'j~' 'W l~'j!"'U~eJ~~'j) WWG}$ 7.6-8.0 YleJW'I1 rdJ 39 °Clf 
Q ~ 

(Ehrich et al. ,1995) 

NOB 1Jl~G}$iJ~H~'WeJeJ 1~111'jeyJ (Autotrophs) Url~UeJ'WUeJ1'j1Jf) i~tI{l'llJ1'jtl'~{l'1'jfl'W11~6 

ti'U , 'W~n~ i~ Url~ Nitrobacter ~fl11lJffllJ1'jtl i 'W fll'j~~1CJ1' 'U L'Vl'j~!~'W L'U!11'j~i'W'lJ~fl~ til 

~''U~~~tfli'lJ,~ 

2.2.3 n'i~1JJ'tJn1'i~1'tJ~~WAfI;'tJ (Denitrification) 

f)'j ~UllJ fl1'j ~,'U~1~tfli''Wt~'W fl'j ~lIl'U f)1'j~~lClf1'W~11'j~ i'U i 'Vl'j~'MeJdi'W'jtJ~eJ~n1Clf
~ ~ 

(Denitrifying bacteria) ~~'lJ'j~fleJU~ltl Pseudomonas Achromobacter, Bacillus, Micrococcus 
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.<!i <:1<:1 QI '9J "" <:1c1 cI ?t ' 
Ut't~ Thiobacillus denitrificans! 'W fl-:J lij1fU!'U'fI 'YH 'HJ~-:J flt't11~ tl-:Jfl1'j ffl'H)'W 'Vl'HJ'fI1'jlH)1~ !U'W U'VIt't-:J 

'fI1f1J tl'W !!t't~'~' 'W! 'Vl'j ~!~ 'W ;{1i'1J ~!~ fl~ 'j fl'W #I-:JJ'W ~-:J #1tl-:J lJ fl1'j !~lJ ff1'j ~'W'Vl~ V'fI1f1Jtl'W t't-:J d 
'II 

I ~ 
~ 9J 9J ,cI Ii) 0 <:1 Ii] , <:1 0 QI "" 

'j ~ 1J 1J! 'W fl-:J lij 1 fl 'fI11lJ!" lJ " 'W " tl-:J U11 'tl-:J 'fI1 'j 1J fl 'W ! 'W 'W 1! ff tl fl1lij L lJ! 1'1 tl-:J 1'1 fl ff 111 'j 1J fl1 'j t fl rl 

fl'j~1J1'W fl1'j~''W~~vh'fl~'W Ut't~H1J'fIcVh~ rJlij~#1tl-:J1~'fI1f1Jfl'W if,ut'twnJtltlflen!lij'W "tl-:J''W!'Vl'j~'11' 
'II 

~11i]1i] rI t:'J Ii] "" Ii] rI ~ Ii] QI Ii] cI ..g~ li]i
!lJ'W L'W L'Vl'j~ (N02) fl1C)1 L'W~'jflfltlfl LC)1~ (NO) fl1C)1 L'W~'jfftlflfl tC)f~ (N 0) lij'Wtl-:Jfl1C)1 1'W !~'jtlij'W

2

i "" <:1c1 cI d<:1 li)9JQI ~ Ii] 1i]9J , <:1 "" 9J 
(N2) !~tlff1'jtl'W'Vl'jtl'fl1'j1Jfl'W'VllJfll'j !6}ffl'W 1~rJ'Vl1 tU t~Ufl tlJ1i1'Wflt't lC)1t~tllJfl~C)ft~'Vl tl1'V1nfJ-:J 

~ : d 9J
'VI'jtlfllfl'W1~1'tl tll'W~'W 

(Submerged filters) U1J1J 11l'itlfl'jfl-:J (Trickling filter) U1J1J~1fl'jfl-:Jl1lJ'W (Rotating media filters) 
~ 

Ut't~U'U1JvJ'tlfl~ !~rl' (Fluidized bed) t~'W~'W th'YYi'1Jfl'tl iflfll'jtll'U~tlltffrJ~1tl~1fl'jtl-:J~1f111'1lij~
'II 


~ I ~ 


tn~~'W1 ~rJffl'j il'W 'Vl~ 6~'tl~ 'tll rJ' 'W t'J 1tfftl'VI~ flffl 'j il'W 'Vl ~ rJU"1'W" fltllij~tl flVflrJfft'tl tlll'W 1~llJt'tlfl'tl 
'II q 

~ ~ ~ 

!~fl"l 1J~t1W~1~h{lJu1J'fIVit~ rJ 1l1flt!'Wtl1tiYrJll~ i 'YY'tl rh'W~'WVJ~lJtt1J'fIcVit~ rJ~1rJl~fl1'ju1'1illJmfJ'tl 

(Molecular Diffusion) U~1\lflU1Jf1~t~mtl~m.j'tu'YY~tlVtltlff"ltl~tl1u 

fl1'j t 1l~ tu!~1J 1~" tl-:JU 1J'fI~!~ m1J'WVJ~lJ~lhfl11'1 ~-:J tld~ ~1" fl-:J~1fl'j tl-:Jll~ tfi~~'W 1l1flfll'jV~ 
u 'II 

<:1 <:1 ,.:!t , i i n.l & Ii) 9J "" <:1 cI ~I ' rI 
!fl1~"tl-:JU1J'fI'YH'jrJ 2 fl"tJlJ 'fItl (1) fl~lJtm'Vltl!'j !'Vl'jY'f C)f-:J !6}fffl'jtl'W'Vl'jmlJ'WUl1'tl-:J"tl-:J'fI1'j'Utl'WUt't~ 

U'YY~-:J1'1 ~-:J-:J 1'W 1 ~ rJll ~,~tltl flen! tl'W t~ 'W ~1i'1J fl t~f)~ 'j fl'W ~-:J tJ~ lJ1W tlfl flent 'il'W ~1~1l ~tlV' 'W 'jtJ SU tl-:J 
'II 'II 

fl1 iJ 1 tl ~ U'tl ~ (2) fl ~ 
q 

11 tl tl 1 ~ 1'Vl 'j vJ ~ -:J 1~Utl11 1lJ!lJ m11 'W U 'YY ~ -:J 1'1 ~-:J -:J 1'W U 'tl ~ 1'U 1 ~ 'j ttl 'U t11 'W 
~ 

ff1'Wlh ~ flfl1J 1'W f) 1 'j ff~1-:J !C)1t't ~ Vi l'M'tfl~ fl'j ~ 1J 1 'W fl1 'j 1 'W ~~VJ t'fl ~'W ~'W 'U 'U ~10 'j tl-:J~1f111'1 

ttfllJ 1 11t lJ tl tl ~ tl fl! tJ~ rJ'W t~'W' 'W 1'Vl 'j ~1~ rJ tt 1J 'fI Vi t~ tl fl~ lJtt tllJ 111 t t1 tltl tlflcH! ~cH -:J tt1J 'fI Yi!~ tl!tt't~ 
'II q 

~ I 

'j~1J1JihiJ~ tJ 'j ~ tfl'VllJ 1rltl111 ! Utl fltltlflU 1J1J tl1'YY i'1J fl'j ~ 1J 1'U fl1 'j i 'W ~~VJ t'fl~'W 'j ~1J1JihiJ~ 
'II 
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"" , dd d ~ .J d d ~ QI 9J 
'VHnff~fl ~G)fU 'VrJ9f Polyethylene 111tl Polypropylene CJ1 'H}~]Jfl11lJfI~'YI'W lJlJty111fl11~~~'W'Wtl{J 

'jI 	 , 

~~~~ 1~Yi1tJiin~{J1nlJ ff11tJ'j~ fltllJ 1 1..1 11 1 t)V1~1 'j ~~llJlff~fl'j tl~ VlYl1 ~ 1fl'W~ 1ff~flifflJJ'j1f11!!'W~ 
, . 	 " , 

U~~VtlfH"~lV1 ~£J1f111..1 1j'j'jlJG)f1~ flW ~fl1:lW~Vl'ff1f1tu'\J t)~lff~~lfl'jtl~~lf)l'W~tl~tl~JJ.wUVlr:bff~ 
q u q 	 'II 

d ~ ~ 9 9J1i] ""~.I "" d d ~ "" )' 6] ~ I"" d 
lJfll1lJ'W'j'W11'jtl'\J1'\J'j~lJ1fl !'Wtl ~11 ~U~'jY'f1Vtl~UlJfI'VIt'jVlJ1t1~!fl1~U~~!~lJ ~~ !UlJ'jlJ1W'VI

q q 

2.4 ~l"j'lh~fn)'U''Wl~"jt~u 

2.4.1 HVU lUfi1CJ 
, 'jI 

UtllJ ilJrUtlVl'WlJiu111JJ 2 ~tJ ~t) Utlll ilJ!UtllJi)t)t)U (Ammonium ion, NH4+) U~~ 
, 	 'jI 

!~t)lJ ilJ~UtlVlllJJJi)tltlU (Un-ionized ammonia, NH) UeJlJ ilJ~UVJJfll1lJ~~'W~1:l~tliY~1111i~V~1:l 

'\Jtl~tWlJ ilJ!UtI~~ Jj ~~~tlfl11 ~ ~~tu!~ 'lJ i ~ d~lJ1JtJ 'j~ ffl'VI fflJ ~ ~ ~~ ~ 1j l~ fl'j ~lJ1U fl1'j ~lJ~l'lJ eJi19flJ 
u 	 q q 

QI 9J 	 .J "" d ~ .1 'QI

!~~~tl~'jlfll'j'jtl~'\Jtl~fl~ (Heath, 1995) CJ1~fl1'j~fl~UtllJ ilJ!'WtI'YI~ 2 'jtJU1J1J'\JlJtltlf1lJfll1lJfflJ~~
q 'II 'II q 

'jI 'jI 'jI 

rutl~tlWl1f)iJu~~~lcW~eJG)f'\Jtl~111 i~tllU11m~tI~iY~lUl'U~lJltlH!tllJ ilJ!UtI'jllJ (Total ammonia) 
q 'II 

llJfll'j!nU 1 lJfl.lu i~'j!lIu~eJi1~'j 

2.4.2 	 11.1 1'Y1'j~ 

11..1 1 'YI'j~!iJlJ ffl'j~lfl~l~'\Jtl~1Jiin~tillU~1YJ!fli'lJ ~~fll'j ff~'fflJrueJ~ 11..1 1 'VI'j ~f)lviUUeJ 
'jI 'jI 	 , 

~~ V~ iY~lu 1~n~ 111 flfl'j ~'lJ l'W fl 1 'j 1 1..1 ~ ~YJ !fli'U VlllJ 'fflJ 'lJ d wi ~ tliilU 1 '11 uiiffl'W 1J 11..111 eJ 1 r~u 
'II 	 u 

fl~l~!~~~ (lJ~i11~6 fI~~ ifl U~~flW~, 2550) i~tlfll1lJ!iJUYil:l'\Jtl~ 11..1 1 'YId~!n~~lfl1U1 'V]'j~11J
q 

'jI , 'jI 

cilVeJ eJflci! 11 'W ii~ ~~ ll1'tn~ 'fff) 11~ '\J 1~ eJtl flcit 11 'W 11..1 ~11tlt~eJ ~~ iJ~ iJ ~~~ t) d~lJlJ fl 1 'j 111t11~ t!~ ~~~ 
'jI 

fll1lJ'VIU'YI1U ~ eJtlW 11 f)iJ'\JeJ~~1ti'~~1V 1~tll 'W 11 eJt~tI~ti'~'YI~!~ llJfll'j Jj 1'W 1 'VI'j ~~nu 0.1 lJfl. 
q 'II q 	 q 

1'W i~dt~'W~eJil~1 (Chen and Chin,1992) 
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2.4.3 1urn'j~ 
iii ~I "" ~ iii ""~I cv d "'1 ~I n I
nH'Vl'j ~ ~ lJ'U J:-H'HH1~'tlfl'Vll£J1J tl.:J tl'j~Ul1H)1'j A'U ~'j-n!fl6J1'W 'Vl1.111'Y ';itU !flV! lJ'U 1.11'j u 'j~tltl1J 

! 'W 1~'j ~1)U ~~fll111!1.1~ £J'j ~1.1fl ~.:J 'j~ ~U 1Jtl.:J! 'W ~l'1'j ~~£Jtlll l'u'-h1l~tlflfi£J~e),ff~1Jl$ltl !JJ~n'W 50 
q 

lltl.!'W l~'j~1)'W~tl~~'j H~t1'liU~l'1'j~ljfll11H~1J~'U!n'U 75 lltl.lw l~'j!1)'U~tl~~'j 1)~lj~'W~tlfl~'jl 
~ ~ 

tll'j ~1.11J~'W£ tll'j~tl!~l111M~l~l~'U lI~1Jltu i ~~fl~'l l1.:JO.:Jci.:J~~~tlfl~'jltll'j~1)~tlH~1J l~1Jtl~\Pll 
q u 

V'e)'W~l£J (Gutierrez-Wing and Malone, 2006) 

2.5 1fllVl9flU 

2.5.1 t1n1:Jf)J~iJ 1U6f/fN 'f}~UHtl~ 1fJ T~CJf1U 
iii "" ~I """ ",.,9 cv '61' "'1 iii I ~ .,., '" :
Afl~U! lJU ~tl~!ll'e)'j9f.:J 1) fl'e) £J ~'W tl~1J 1J'e).:J fll'j ~1J HHfl 'j ~ 

n

lJ 'j ~ tltlU fll£J'e)U~ U1i1J 'e).:JU1~1 ~ 
'1.1 q q 

tl~ lfl1.1~~1il~ 1'W l~'j!1)U~tll~'e)~fl1£Jlul1J~~fJ(;l lfl£Jlfl~'W~~'e)'Vll.:J!fl~11 poly-[~-(l ~4)-2-
1 ~ iii"" ~.,., 1''''' d

acetamido-2-deoxy-D-glucopyranose] H(;l~ ~fl'j.:J1.1'jl.:J1Jtl~ Afl~'W,\)~fl~l£JtllH9f(;l~ !~1.1 ~l.:JtlU~'j~l'1 

l1~i~fl'jtlf1cli~~~lUl1U.:J C-2 1Jtl.:J!9f(;l~ l(;l1.1tJf)U'VlU~~l£Jl1~'e)~cli'Yl1iJlfl (acetamido group) ~.:J 
U1.1fl.:Jlufll~~ 2.2(tl) U'l~ 2.2(1J) 'U1i'j'j1l6J11~,\)~~1Jlfl~ul'W lfl'j.:J1.1!1.:J1J'e).:JiY~1~lj~tl-u'ti'tl.:J 
1iI~ , .<!! ~ .dl .,., '" Q """ .1.,.,
!flUf1 nJ'l 'e)tlfJ.:J tl'j ~ fltl~~ Utl'W U(;lll11Jtl 

d

iJm~1J{l.:JH{l~ ~U.:J!9f{l-a1Jtl.:J!11 fl'jlUl.:J6J1U flU tltl'\)ltl'W £J.:J 

~lJ';h ifl~'W~1Jltl~~U'eJ'W~U1.1'e).:J'jtl~1)lm9f~Hll'l1.1 (1.11~ .ijUl'1{tl'j~~l.:J, 2543)
'1.1 q 

(fl) !fll~9fl'U 


fll~~ 2.21fl'j.:J1.1!1.:Jl'11~!fl~1J'e).:J~CJf'l{l1'l1.1 !fl~U H{l~!fll~9flU (f111{lm ~'W1iU£J~, 2546)

'1.1 
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1fll ~ CJf1 'U 11~ tl poly-[~-(l ~4)-2-amino-2-deoxy-D-glucopyranose] !~ 'W tl'4 ~ 'W.fi~ tl.:) 

1fl ~'W ~!tl~ \I 1tl tJ Btl~v1 fl1 J tl1 ~~ 11~ tl~ ~Yl~ (deacetylation) ~ tl':) 1fI ~'U ~1V~1':)!~lJ ~ 'U Yll1l1' 
1flJ .:){1~l,:)~tl,:)1f1~'W1Jl.:)ri1'W!tJ~V'W!! 11~.:)11Il~m'Q ~l~l1~cW.:)ni''W~]j1il~ i 'W l~J !\I'W1'W J1I~tl':)

'U q 'U 

'I1~tl~C)f'Vl1lJl~ (-NHCOCH) !1I~v'W i 1I!~'WitJ6ijtl':)11~tl~lJl 'W (-NH) ~~lU'l1U':)f11{1Jtl'W~1~ 2 

~,:)U{1~~1'Wfl1~~ 2.2(f1) 

2.5.2.1 n1Jtt~tt1(J (Solubility) 

1IJ ~?I ~ ." d.d Q.I &.<:9 ~.d 
~ fI ~ 'W! 1J 'W ~ tl ~! lJ tl J l1lJ ~ tllJ W ~ tl.:) ~ ~ fl (Semicrytalline) ! 'W tl':) \I 1 flll 

, " 
1flJ .:){1~l.:)Yi~1Jti'U l~v~'W 1i ~ 1~l~J !\I'W ~1V{1lJ1J~'VI1':)fllVfll~UYll1M'i f1~'U Vlfl~tl 

GJ ~ ~,~ Q.I 0 ~.d .,..~ q "I ~ 
fllJ~~~ltl ~ 'W flJ~!\ltHn':)l1Jtl~l':)!\ltl\ll':)U~~~ 1111~ ~~ lVtl'W 'VI J tltl'W~ ~ 'U {1f111~1Jfl~ 

fl11lJtllfl1'WfllJ~~~lV6ijtl~1f1~'W1'W~1Yll~~~1t1~1':)~ ]j~~lJ1\11tl{11VlctfllJ!~fJ~~tl~ 
~ fj/ " t 

tl'W 11'W lUU'U ]j~'U 1i ~ !tl~ ~'W l1~fll tI 1'U U~~ J ~ 'I111~ llJ!~ n~ n4tl~ \l1tl'l1 ~cW .:)ni''W Vl 
q 'U 

" U~~ i~Jfl~tll J tl~~~tl (Trichloroacetic) (35:36) U~~1'Vh~~~lml1~lU ]jfl11lJ!~'U 

Yi1:H!~~Yll1t1'{1lJ1T~6ijtl~ ifl~'W!1I~V'WutJ~\) i11 tllJ tll~~l1~tl~~Yl~1'U {1f111~~ !~'U 
'U 

~l\)!~'W tll J!tJ~tI'W \I ltl i fl~'W!~'U1fll~CJfl'W ~\) \llfl fllJ !1I~tI'U U tJ ~\)~.:) fl-cil1Yl1 1M' 

1flJ ~ff~l.:)6ijtl\)1fll~9n'W]j11 ~tl~lJl'W~{1J ~U~~]jfl11lJ{11lJ1J fl 1'W fl1J~~~lV~~!tlGJ$ 
, " 

'U 

~~htll1 6.5 ~\)iT'UtllJ!~~ V1J!~'W{11J~~~lV{11lJ1Jfl!~~VlJ 1'W {11J~~~ltltlJ~~'W 'VI~ 6 
!~B\ll\) l~wl tlJ~yJtl{iJflu~~tlJ~tl~clf~fl !1J'W~'W (Austin, 1988) 

~ 

2.5.2.2 fl11lJl1'W~ (Viscosity) 

" fl11lJl1U~6ijtl~{11J~~~lV1fll~CJfl'W ~'W tl~tl1J1J\I~Vl1~ltltJJ~fllJ tllYl J~~U 
" 

'U 

, 
fl1J tl1~~ '11 ~ tl~ clfVi~ '\11'11 iTtlllJ !~tl~ fl11lJ! ~lJ ~'U ~1~ !tlGJ$ H~~tlW '11 filJ 1~V1111tJ 

'U q q 'U 

~ ~.,.. ~ ~.% J'~ 
fll1lJl1 'W ~6ij tl~ {11J ~ ~~1 tJ'W tl?HlJ tlJ '0 ~ ~~ ~\)!lJ tH)W 11 filJ 'ff~ 6ij 'W 'U tlfl1l1fl'W GJ$'U ~6ij tl~ 

q 'U 'U 

flJ~~1~ U~~fllJ !t1~V'WHtI~~~1~!tl9f6ijtl~{11J ~~~lV~tlil!lJtl{ci\)~~1t1'{11J~~~ltlij 
, , " , 

fll1lJ 11 U~ Yiu~ tl~l\) tl'W !~'W fl11lJ 11 U~ 6ij tl':) 1fll~ 9fl'W 1'W flJ ~B~clf~n!YilJ;i'W !~tl 



13 

, 'JJ , , " 

rWlJ~tH~tlfhvhtlGJf6ijtl,nn'H'I~~lmVilJ~'W (tJfJi'~.w tll'j~ffl~, 2550)
q 

QJ'" .,..,. 0 '1 IIJ tI 
2.5.2.3 fflJU~~tl~m~fl ~ 'Vn ~~~ (Polyelectrolyte properties) 

lfl1~CJ11'W!~'WfflfJ~tl~hlJtl{'tJtl~Utl'Wi~l~'Jfl~ 1flCJ11iJ'W (Anhydrogiucosamine) 

?I .,..,. 0 '1 IIJ tid ?I did I QJ IIJ '1 GJ 
H~~!lJ'WfflfJ~tl~tl!~fl !'Vl'j !~~'VIfffll1~!lJ'Wfl'j~lJfll~!tlGJf!'Vl1nU 6.5 tfl ~~CJ1TW t'W 

ff1'J~~r;nfJihh~ lij!~'WUlfl !~tl~ lijlfl 1 fl1~CJ11'W!~'W~tl~!lJtl{~iJfll1lJl1 'Wlullu 6ijtl~
q 

" " .
l1'j~~1Jlfl1il~ ~~iJfffWfll~!'Wfl1'JU1i,jiti'Wl1~lfJ~ ~1'W l1~lhutl~lj)lfllh~~Ulfl6ijtl~ 

" i fl1~CJ11'W lij~~1Jn1J,j'j~lij~U'U'W~l6ijtl~ lijii'W 'Vl~ 6vl11,r!fl~fll1:lniJ'W flr;n~ ~~ir'W fll'J ~1J 
q q 

6ijtl~ ifl1~CJ11'Wn1J!CJ1~~~~iJ;1~!~tf"'lJU~~ fflf1tylJlfl i 'Wfl1'JU1il1itl'W'VI1~fll'j u~'VI6 
" U~~fl1'jlhu~Ul (Hon, 1996) 

" 2.5.2.4 Ull1irfl1lJ!~fl~ (Molecular weight) 

fl 1 llJ fJ 1 1 'tJ tI ~ ff 1 fJ 1 CJi1lJ t [;'I fl ~ iJ fl 1 llJ ff 1f1ill! 'W fl 1 'j Vi ~ 1'J W 1 ff lJ 1J~ 6ij tI ~ 
q u 

~U~!lJtl{ ~U~!lJU{~l i 1JiJ6ij'Wl~ i l1ql u~ilJ ~1!~'W~tl~iJfll1lJfJl1!'Vhn'W fll'jth 

" ifl1~CJ11'W leu i tlh ~ 1fJGJf.w~ 1~~ iJf)'JllJfflJ'w\ni'nucW111 Ufl llJt~fl[;'l 'j~~'Ufl1'jtil~~ 

l1lJ U~c15Y1~ ~~ iJ ~~~ tln~ i flfl1'J vh~ 1'W u~~ i1'lJ1J~'VI1~tf)iJ trlU! tlfl1~ CJ11'W i'W fl1'J 
'1.1 

" " ~ii~YJ~lJ !lJ:lHlJ'J'W U~~!'ff'W ifJ~ 1~~ U111Ufl llJWfl~ffllJ1'Jt11tfl'j1~lri~\1~'Vl1~~'J ~ 
'j) &: QJ d IIJ"'~ 6.,g 6 QJ

U~~'VI1~UtllJ 91~'Wll1'Wfl1lJ!~fl[;'ltlQ[;'IfJttltI~ !f)~'Wf)U 1.03x10 t1~ 2.50x10 ~1~~'W 
q 

" 
H[;'I ~U 111 Ufl llJ!~ fl~ 'tJ tl~ fl1 {1J tlflGHtlJYl ~ i f)~'W (Carboxymethylchitin) lh ~ lJ1W 

,9J I • 

1.33x10
6 ~1~~'W (Muzzarrelli, 1977) 1~fJ111i,jt1111Ufl1lJ!~fl~m~fJ6ijtl~1fl1~CJ11'WVi

q 

QJIIJ'J} _I~ 'J}dl_1 5 QJ _ldl_1 
fffl~ t~~lfltlJ[;'Itlflfl~lJf)llJ'J~lJ1W 4.40-5.00 x10 ~1"'~'W U"'~6ijtl~lJlJf)llJ'j~lJ1W

q '1.1 

5.00-8.505.00 x10
5 ~1"'~'W (W11fl1 1111~~1J, 2534) 

2.5.2.5 'J~~'Uflnti1~~11~tl~91Y1'" (Degree of deacetylation) 

~~~~tl~ihu ':HrltlcW1 Lf) 1~CJ11'WlJl'~11'j~ lfJGJfU ~tl 'j~~1Jfl1'jti1~~11~ 

U~c15Yl'" ~~tiJ'W ~11Jtlfl~~f)Wfl1~6ijtl~ i f) 1~CJ11'W ~~J'W~~iJfl1'jl~'j~~1JU~9fil"'6ijU~
q 

if) 1~CJ11'W !~UVi~1'jW1~~fll'~!~-:)1'W ~-:)fl1'j1!fl'J1~MiJl1"'lfJ11j i~Hri ~'Wvh!'J~i1'!,jfl 

1~'jff1fliJ (Infrared spectroscopy; IR) !CJ1Ufll"'l{L~ 1f)'j~91lJ (Circular dichroism; CD) 

http:5.00-8.505.00
http:4.40-5.00
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fll'l1!fl'j1~Mli1~ (Elemental analysis; EA) n1'jl",u'Vl'j~ H~~v~~~1111tH~~~nl1fl1~'j

ff1nll (First derivation ultraviolet spectroscopy) fl1'jfffllJ1H'lJ'lJ IR 1fl~Vi1fl1'j1tfl'j1~M 
IIj 9J d 1ft 9Jd 1 9J d dt ~ d 9J 0 QI q
~~HJ1fl H~~~~'YI !~lJUlJl lJlJ'Vlfl~l~!fl~H)'W fl1'jft'fllJ1U1J1J CD lJ6ijfl1fl1fl~ ~lJfl1'j 

v , 

~~~lV6ijfl-:J~il~JlW en ~-:JirlJ~-:J lJJff1lJ1'j tl1tfl'j1~M'VnflYl iJJ~~~lV u~~'Vnfl Highly 

acetylated polymeric compound 1~ 1~fl1'ji'Vlt'Vl'j~ijfll1lJ~-:Jtl1flU~~lt!1~llJ1lJ 

cillJ fl1'j~'jllflfffl1J'V'Jlflfl~lJfl~ijl 'W Uff'j' ~ 1~wfl1'j1tvJ~flflt'i fftC}$'W ~ (Fluorescence) ij
q ~ 

dtd ~ 9J9J 1 d 1Ij'?I9J
fl1'j~fl'lJfflJ fl-:JtlJfllJfll'H~lJfll11H6ijlJ6ij'W 6ijtl~fl~ flC}$llJlJU1J1J ~lJ!1JlJ tff'W ~'j -:J U"~fl1'j 

~ 

v , 

QI QI' d "'" ~ 'QI' d9J QI 


1~~lfltJ1-:Jtl1\)lJfl1'jtlfltl1fl1~6ijlJfl~fl'lJfl1'Vl~tl~fl1'jl~ (Miyoshi et al., 1992) 

2.5.3 nn' 1fV'i~ 1{J61f11111n lfl IfP7CJf1U 

1fl1 fl ff lJ,j~~ 1 ~ ~ t~ lJ 6ij tl ~ , fl 1 ~ C}$ llJ tl1 cVl ij fll1lJ !~ lJ lh ~ 1fl1J 1 fl ff -:J llJ ff fl11 ~ fl 'j ~ ri tl 1,,1 
q ~ 

v v 

ff1lJ1'j' tlVfltJff~ltJ '~~llJli 'j 'jlJG)f1~ V1JV-:J fll'Hlfl~tlH~1J 1~'\J tl-:J t~tllfl~lJ'Vl~ 61J1-:JG)fU~ U~~!~lJij~'j'u q 

QI ~ 9J 0 G) 9J1Ij i 0 G) 9J , 
fl'lJff~Ul~~fllJ (Plascencia et al., 2000; Seo et al., 1992) 'Vl1!11 ~fl !~C}$llJ\1fllJ1lJ1 !G)ffltl1-:J 

v v v 

fl11-:J6ijl1-:J ~lflV1-:JtGJflJ It!i1lJ'ft1'jiJ1JV~fl1'j'tlfl~t1!t~'lJ l~6ijtl~t~fl'j'l (Seo et al., 1992) !~'W'ft1'j'V'lJV-:J 
v 

fll'Hlfl~tut~1J l~6ij-eN E. coli !~lJff1'j~fl~~fltllJU"~LYl'Hl~ci''lJi11lJfl~ff1Yifl'j'jlJih~1'' (Pan et al., 
u ~ q 

v v, 

1998) 'W fl fl1fl1 fl U, fll ~ C}$ 1 'W V-:J ff llJ 1 'j tll tllJ fl1 'j ~ fl ~ ~ fl fllJ U1 t iY tJ llJ 1'j -:J -:J llJ Yi ij fl1 'j ~ , C}$! ~" 
v v, 

fl'j~~llJ (Ramos et al., 1997) u,,~llJfl1'j'th,j~tJ11lJUlhCht~fl'~''Wfl1'j'lJ~lflfl (Divakaran and 

Pillai, 2002) U~~ff1lJ1'j() ltt~lJff1'j'~h11f1J~fl~'lJ l~'I1~11Ufl (Cardenas et al., 2001) ~l11f1J 
v v v 

fl'j' ~1JllJ fl1'j 11111~ ill! iYmt1J 'lJ fl'j ~'lJ 114 fl1'j ilJ ~ ~fltl'W ~illJ 'Vl~ 6i~fl1fl1ft'U1J1J i11 ~ ~'W (Upflow 

Anaerobic Sludge Bed System, UASB) ~1J':h'fll~9f1'W~llJ1'jtH~lJftfltJfl1~U~~~~'j~tJ~!1~11lJ 

QlQI ~I cl a. do' 
fl1'j!fl1~~lfllHlJlJtlJ~'\Jtl~~~lJ'Vl'jtJ (Kaseamchochoung et al., 2006; Lertsittichai et al., 2007) 

v 

'Utlfl1fl1fli1~1Ji1 'fll~C}$llJ!m~ ifll~9f1'W~~U 'lhff1lJ1'jtlltl'Wfl1'j~fl~~fltl'W ff1'j U'tIllJ~tltJ (Wang 

" et al., 2006) 'jllJ'tJ~~u~~~n~tl'W~G)f (Lertsutthiwong et al., 2009) lJflfl1fl1fli1ifll~C}$llJ~llJ1'jtl 
G)9J' QI 0'1 d a.QI . IIj 0' .J ~IQJ

!G)f'j'llJfl'lJff1'jff~!fl'j1~11 ~~fl~t1lJ'WlJfl~fl n~ (Polyaluminum chloride: PACI) C}$~t1JlJUlJl'Vl1-:J 

11~-:J 1'Ufl1'j~~tl~lJ1Wfl1'j1 t P ACI llJfl'j~1JllJfl1'j lflutlflflmilJ (Pan et al., 1999) 
'II 

• 
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• 


JI 

2.6.1 ilfJU{)6fJeN 1f1 T~JC1fl'I-J~Vnl'i~f-Jt;V 
Kaseamchochoung et al. (2006) 1~111n1'jf1n1:l1~'YI~'V'Hn/'eJ~ lf11~C)11'WU~~fffl11~Ul~~tlU 

~tln11~n~~ntl'W ffl'H!tlTW fltlv~ilu 'YI~ vl ~tl1n1fl' (anaerobic sludge) 'V'nJ':h lf11~C)11U ff1U11t) 
!II 

GJflV1 un11 ~n~~ntl'W ff11 U "1'W fltlVl\)il'W 'YI~ 61~v1h~iY'YI~fll'W 1'W n11 ~n~~ntl'W ~'W tlciti1J1~fl1J 
q ~ 

!II !II. 

n11fh~~YI:Jtl~tiYlfl u~~tl1'tn1n lu!flnfl"tl~ i fll ~C)11'W 'W tlnl\)lnl1 tJ~~1J':h1fll ~C)11'WYi~1 ~fl1J n11 
~ q 

fh~~l"Ilitl~tiYl~~tl Vfl~ 85 ihh~iY'YI~fl1~1un11~n~~ntlUU1nfl':h1f11~C)11'W~ih~fl1Jn11fh~~
~ 

• !II • " 

YI:Jtl~tiYifl ~tlVfl~ 70 Hfl~!jjtlnJ~ V1J! Vi V'JJ ~H'ltltl~tll'l1 t!n lU!fl flfl~1J ':h 1 fll~C)11U Vi~tl1Y1t!n 
~ q 

• t , fJJ 

lU!flf)fl~l ff1U11 t)GJflm~U1h ~iY'V1~fll'W1un11 ~n~~ntlUi~~n':hlf11~C)11U Yl~U1Y1Un lu!flnfl 
q 

". - . 

q 

ff~ 'Wtlnl\)lnUn11!Yiufll1UU1~"tl~~tltlU (ff~i1~ 0.1 lUfl1{) 1'Wff11H"1'WfltlVl\)il'W'V1~Vff1U11t)
~ ~ q 

fl~1~~1Jn11U~n"tl~rJ~tln1Ufffl11~~!~U1f11~C)11'Wu1mnulu 

" Chen et al. (1998) 11V~lUl1 n11fh~~ff1Y1~lVtltlf)l\)lnUl"l~~tl1~lm'VlfllJfln11l'11111'fltltl 

l~vn11 !~Utl1n1fl'fll1J~n11n111~ff11~tlil!utl{U1 ~ l\)1Jln i fll~C)11'W !~U ~1111111'ff1'11 ~lV~1J~l 
" 

~ q . 
tiu UlJ 1 11'~fl~f)11n 11 1 ~!'Vlfl iJfI~~ n~11f1111 ~ ti11~tlil!:JJ tl{U1 ~ l\) flU Hfl~'Wtl il!lJ tl {Vi ili~U1 ~ l\)

~ q q 

". !II 

lJtlnl\)1f)i1tJ~'W1Jl1~lHU1 Ylii ~fl~tlf)11 fh~~ff111 ~ 1Vtltlnl\)lnUl1~~U1 i~ufi cW mGJf fll1JJU 1 ~~tltlU 

tl~11n11!~lJVln1fl' !W~~Tfffll'W~l~ 

JI 

2.6.2 nl'i1f"lfl T~Flf1'I-J 1'I-Jnl'i1'hu~flWf)lW1-h
q 

ff'VliYl111J1U1f1 (2547) ~f)1:I1fll11~!n~~ ifll~C)11Ul\)lfl!U~Vnn~1un11fh~~ If11!ihJlJ 
q q 

• !II • 

(!~nC)1~n!fluCJ1') iJn!nfl Hfl~~~til1UU 1!ff(JV~ff1Y1tl11lJ l~v i fll~C)11UVii ~ii1~fl1Jn11fh~~Ylli 
q ~ 

!II • 
c>c> 'jJ ~ 0 Q.I '1 ~ I Q.I 5 Q.I 'jJ 'jJ '1.c:! 

V~C)1'V1fl1Vtlfl~ 90 Ufl~UU111Uf) ~lJ!~fJfl!tl~m'YIln11 1.8xl0 ~lfl~lJ fll1lJ!"lJ"'W"f)~ ~fl1!lJtllJ 
• !II 

(wnC)1~nmuCJ1') lJn!nfl !W~~~til1'Wtl1!ffVf)~ff1Y1n11U!'Vhti11 50-80 lJf) . ~tlil~1 30-50 lJn.~f)il~1
q 

Ufl~ 1.5-3.5 Uf).~Vil~1 ~llJih~1J ~H'ltll1'Vl~~V~'W111Tfffl11~~!l1lJl~~lJl'Wnl'H~h~~ Ifll1~Ylt!n 
!II !II 

11~ 3 G)flJ~ ~f) ui'1JcW!f)G)f6j.JV~U1!ff(Ji11'rvhti1J 4 i~!f)~~ifll~C)11U"lJl~ 710-850 ilJlf11!lJ~1 i'W 
!II. ." 

11~lJ1W 20 ni'lJ~f)U1!ffV 1 il~1 nl'WVifl111H~1 150 1f)1J~t)'W1Yl !~Unfll 3 il1JN Ufl~Yl~l11' 

~n~~f)f)'W!~'t-H1fll 1 ~11lJ~ 1~tlU'j~i1'Vl~fll'Wl'Wf)1'jfh~~9f1f)~ 1f1'j!lJtllJ (!~f)C)1~nwuc;) 
C> C> ~ II] 'jJ'jJ 0 Q.I I 'j/ 'j/ 

Ufl!f)fl Ufl~~~nl ~~'jf)Vfl~ 84.65, 85.45 , 93.54 Ufl~ 94.32 ~llJr;}l~1J U~fl11lJ!"lJ"'U"tl~ 

" " " 1 fI 'j tn VlJ (!~nC)1~n!r;}lJ c;) u fl~iJ n!nr;} V~ i:J ~1'W lJl~ 'j 511 U tllYl~ f;!~ bl'111 fl'j 'j lJ fl~ t!'W ~~Yhnl1 
!II !II. " !II 

Ul1J~9'h~n 1 fli'~ !~f)i11'1~flWfll'WU1Yl~f)ci1'W!f)tu~lJl~'j~1'W
q <u ... 
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'J/ 

~CVllyh'~6 fH~'W'Vl{1J1ff (2549) fffnnfl1)~~-:)n)l"! i9f1J1~n1Jtllpl1fl ifll~C}f1'W1'Ufll'nhiJ~lh 
t::! t::! 'j) l' GJ 'j)1I) l' d II) l' d IIJ l' d d.:!l 9J II) tI d t::! 

nHHHW1J ~~tJ ~Glf ~fl ~~9f1'W!fl~~ tfl ~~C}f1'W!1J~ U~~ tfl ~~9f1tH1J~'YItJ~!f11~~1mt)'W t9f1J 'YIVHt)~ 

5.52 )~tJ~n~l 5 i111J-:) V41J';h 'fll~9f1'W!f1~l1ff11J1)tml1iY111 (Reactive black 5) 1J1fl~ffl1~t) ~t)tJ
q 

<:!i t::! t::! <:!i t::! A I "" "" 
~~ 93.8 )t)-:)~-:)1J1flt) ffU~-:) (Reactive red 198) U~~ff!l1~t)~ (Reactive yellow 176) 1J1J)~ff'YI1ifllV4 

t::!'j) 0 QI 'j) 9J <:!i t::!, t::! IIJ l' d 
fl1)~l1ff)t)tJ~~ 66 U~~ 59.4 ~11J~1111J fl111J!SUlj6U'W'tIt)-:)!f1~t)1J~~~t)fl1)~~ffSUt)~ tfl ~~9f1'W!f1~~ 

9J 'IIJ l' d IIJ l' d d, .:!l 9J IIJ tI 't::!AI "" "" 
'Wt)tJ1J1fl ff1'W tfl ~~C}f1'W!1J~U~~ ~fl ~~9fnH1J11'YI~1'Wfl1)~)~~1mt)'U t9f1J V41J111JlJ)~ff'YI1ifl1V4fl1) 

~~iY~~l1fl~!~tJ~n'U 

~~) 1'W1 ~'WYI{~t)'U Un'W (2550) fffl1:J 1fl1) ~ l1c}$U iY~t)1J ~11J) ~!flYl~ !Wf)~yJ$l1tJ1J1~~1fl1V4
'IJ 

~'l!~l~~t)~ Rhizopus arrhizus ~tJfl~~-:)t)~1'W!~11!fij~ifll~9f1'W 111tJYi1fl1)~~~ff1Jt){U)~~lt)fftJt){ 
'J/ , , 'J/ 'J/ 

1'W!~l1!fij~1 fll~C}f1'Wu~TW 1 1 tJ!~tJ~ 1'W t)l111) t~t)t-W1J1J1~~1fllV4~tl~t~t))lfij1flir'WU11J1'Vll1fft)1J 

fl1)l1l1c}$UiY~t)1J 111tJ1~iY~t)lItJ)~tfl'YI~Ut)fl~yJ 2 ~Ul1 i$lun iY~1I1C}ft)~ If)~!$l'W W~lriu~~~ 
'IJ 

, , , 
t::! 'j)'j)",,'j) 'QI ''''' t::! 0 QI QI 

'Vl fl111J!SU 1JSU'U t) lJ~'W! 'Vl1 fllJ 50 11 f). ~t)~~) fij1flfl1) 'YI11 fftl1J'111ff fl11~ 'Vl! '111J 1~ ffll ff1'11) U fl1) 11 ifi9flJ 
'IJ 

, ,, • I 

~fi1~W~~~U~ 1-1 0 V4Ul1~!t)~~!'111J1~ff1Jbhl1 i'lJfl1)ifil1911J1J1fl~ffifi ~tl~!t)~ 3 lifitJff1Jl1~SUtl~ 
'IJ q q 

f) 1)~ific}$U~t)~1J1~~1fl1V4)1~~~ -:) 1'W!~l1!fij~ifll~9f1'W~lh~rfYlnfl1V4fl1)~1191lJ~ -:)bl l1 (qrna) SUtl-:) 

1I1~~1fl1V4)1~~~-:)1'W!~11!fij~1fll~9f1'Wrvhnu 294.12 lIfl.~tlfli'lJ ff111i'UiY~1J1C}ft)~ lfl~!$l'W W~ 

lri t)l{~1j u~~rvhnu 278 1Jf).~t)fli'1J ff111i'1JiYCJf1J1fl)tl'W !'Vlt){fl1tltJCJ1 !t)~~!~'W ~~fl1)'Vll1fft)U 

fflll1 ~ fl1) 11 11 91U ff1'11 i'lJiY~1Jl9ft) ~ 1f)~H$l'W W~1ri t)l{~1j bl'tll1fl ~tl~nlJfflJfl1) ~t)-:)!yJ)'W 11 il flCJ1 
q 'IJ 

, t::! t::! tI tI t::! d 9J Q.I t::! tI n.l "" cI 
ff1'Wff9flJ1fl)t)'W !'YIt))fl1VtJ9f !t)~fijW'W b1'tll1fl ~ t)-:) f)Ub1'1J fl1) ~t)-:)U~-:)!1JtI) U~~!Y'i)'W~~fI~ 

EI-Mamouni et al. (1998) fffl1:J11h~rf'YInfl1V4~t)-:)~1!~-:)h1'tfll1!~11~~fltl'W1'W)~uU UASB 

l' nit::! t::! , "" cI "" <:!i II) l' "" cI QI tI, 
! l1m1J)tJU!'VltJ1J)~1111-:)V4t)~!lIt))1i))1J~1~ fltl tfl !~9f1'W U~~V4t)~!1Jtl)ff-:)!fI,;)l~l1 l"l1J11 

fl1';)!1J~tJ'Wutl~-:)~t)-:)~1~!tl~~~~~t) ifll~9f1'Wt)~h-:)1J1fl 111 tI~l~ !t)GJf~!111J1~ff1Jff1'11i'cUifl1~9f1'W 
'J/ , 

tlv1 'WGJf1-:) 4-6 ci1'Wl"lt)il!1Jv{bY-:) !fI)l~r1ir'U~WGJfci ~ ~~ fl)~'YI1JU't)tJ1J1fl tlj1l1W ~!111J l~ffll~tl-:)
'IJ 

!fl1~9f1'WVV~ 25 1Jfl.ifll~9f1'W~tlf)i'lJ'tIV~U~-:)Wtl1'W~t)tI U~~l"ltlil!1Jt){bY-:)!fl)l~r1t)V~ 2 1Jfl.~t)
'IJ 'IJ 

fli'1J'tIt)-:)U ~-:)USU1'W ~tl tI l"l t)il!1J t){~~ fftl~ GJfU11 ff11J 1) tH~1Jtl) ~ rf'VlTI fl1V4 1'W fl1,;) ~U~1!~'W nt)'W SU t)~ 
bY1)U'tl1'W~VtJ~i1'WYl~61'Wt1~ UASB 

'J/ 

Lertsittichi et al. (2007) Yi1fl1';)fffl1:J1~mSUt)-:)1f11~C}f1'W1'Wfl1)11i'utl'j-:))~UUt1~ihiJl1U1!iYtJ
q 

'J/ ,
l' GJ 'j) 0 t::! l' "I 'j) ~I ' QI t::! t::! q 'j)

UlJ 1J UASB !ifitJ !GJf'W1!fftlfij1fl !)-:)-:)l'W~W !1Jfl)~1Jtl~fij1flvWfl1)Yll1~tl~V41J11 tl-:) UASB 'Vl1Jfl1,;)!~ 
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" '" I 

37 'U tlf1~lf1{jiJ~~1JilU l!ffVVi~l'U fll'j iilU~tJl1fJtl~ Vi 1~ifl1~CJfl'U ~~ijf11f11'jnl ~~C]i1tl~ !!C1~U~'j1 

f11'j~i1~Unt1'~1f11~t1'~f1iltl~ UASB ~i:u1~1f11~CJfl'Ulh~lJ1WreHm~ 4-1 0 nC1~ 35 ~lllihl1U 
'U 
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, 
q 

'U1111 3 

~ 	 ~ ~ ~ J ~ 

3.1 'i)VI't111V1QVI'UHtl~1~fl~1~lUnJ'UVi 
I I v 

'fl~hJtrtl~'fll~9fl'W~lUTU 6 ~1tl~1~ l~W~,;)tl~l~Yl 1-4 if~c)ftllJl~1f)U~1:1'Vl m tUU u~tl 

~ltl~ ~1tl~1-:)~ 5 '~fUfl11lJtl'Wtfl'n~M~1f)'U~1:1'Vl Vtn'l1~~ fltlttltltji'W ~ltl~ U~~~1tl~1-:)~ 6 
q 

V 	 I 

fftl~~'W!tl-:)1ul1'tl-:)l1iiD~f)lj ~-:)Uff~-:)1'W~ljl-:)Vi 3.1 'Y4~tllJYilf)lj1!fljl~MfflJU~*lJtl-:) 'fll~9fl'W 
v I 	 v 

11~'VilJ~Yi1~1'W-:)lU1~V '~!tri fl11lJ~'W 1~{J~~Ul1f1-:)1~lJl~1f) AOAC (2000), j~~Uf)ljfh~~ 
, Q 	 Q "'" rI 'jJ ""''''' 't CV Q 'jJrI

11~tl~9f'Vlf11!fljl~11~lVl1j UV-Spectroscopy Uf1~'Wll1Uf) llJtf1~f11tfljl~111~vlG)f Gel Permeation 

Chromatograpy 

I 	 '" 

~ljl-:)Yi 3.1 ~ltl~1-:)'fll~9fl'W11~l1lJ~Vll~lu~1'W1~V 
~ • .J 
Vl1eltll~11 ;el'fllViCUlu 

• .J 
H't1l1~11'JJ1 

1 Chitin 2114/09 ~-:)qftl~1f)'U~1:1'Vl ttl t~'W u~l1 ~ltl~ 

2 Chitosan D82 

3 Chitosan EX II 

4 Chitosan 10/01111 

5 Chitosan Lot A '~f'Ufll1lJtl'Wtfljl~M~1f)U~1:I'Vl ~Hf1'W~ fl'fHtltlni'W ~lti~ 
q 

6 Chitosan B 
cv rI& 1 =cv ,;: 
ff-:)!fljl~'Y1"lJ'WtV-:) U~l'Wl~VU 

jI 

I 	 'II 

3.2 ftfl'lJlif'i)~tlHl1~ l1'ft11~nij~l1vielfll~Vlj~~;fel'U, 'YI~~elelfl9f'Vl9f~H'Ufln!~tI'Uu'fllViculu 

3.2.1 	 nl'jt~1(nJtrf)lW6fJf)-JiJn'jf)-J~hfnW 1lJ~JWtf1ifU 

-	 iJn~n-JWttltr~mW:tnl'jt~1(nJiJn~l1-Jrif)Unl'j 1W-JllJ 

~1f)f11-:)'Y4~lff~f)~1~1U f)lj'Vl~f1tl~til'W 1ff~'Y4f11ff~f)1'Y4~tv'Vln~'W (PE) G)fiJ~GJflV
q 

" 	 I V v 
f)'j~~ltJf)ljll1f1"lJV~Ul,,r11111,:r~'W~:h (Random Flow Plastic Media) ~'W BCN-009 (2H,

q 

I 	 v I 

Germany) ~~!!ff~~''Wfn~Vl 3.1 ~nY'Uf-h'Wff'WrJf)f11-:) 10 lJlJ. ff~ 8 lJlJ. ~fhV1'WVi~1~1!'Y41~ 
'II 	 'II 

" rvhtl'U 864 ~j .lJ.~tlf1U.lJ. 1~{JritlU'~''Wf)1'j'Vl~f1fN~~Ul~1f)f11~'Y4f11ff~f) 'tlC!il!~tl~'JV 

http:lJ.~tlf1U.lJ
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", ,'JI 

cy'j 1f) 1'J ~~,ni1!~tlUUfl Yh~m~lJ~'W U'W ~1f) '0 1~'W '0 l~&l f)eVi ~1'W f)1'J ~l ~~t) 1flO 

'1 '1 QQ "'" rI rI "'" tV d tV ~ 
!'Vlfl ~'W ~'OtlG)11.f)1'W'Vll~'Vl~m fltU~1'VltllffT"'~'J lj)Wl'O~f)'JtUlJ'VI11'Vltl1'OtI 'YI'J~~1Jfl1llJ'Of)

q 

'JI , ,., 

1h~lJltU 10 9flJ. !i)1f)N1Ul!1I'W!1'01 45 1'W !~tl111!flflf)1'J!f)1~&lfl6ijtl~111!~m:~~lJ 1tJ~~"vJ~~ 

UUflYl!~tI (Ammonia-oxidizing Bacteria; AOB u'O~ Nitrite-oxidizing Bacteria; NOB) 
'J/ , 'JI"', 
tV otV .QQ, ~tV~ 91 Q ,~ 

(Sesuk et al., 2009) !illf)'W'W 'W 1~1f)'01~'W'01~~f)'YIH1'W f)1'J~ 'J ~'VI1~G)1tlH'01lJl!~tI~~tl!'Wtl 
, 

flfl!~tlf)111!'VI~t)m'Wl~UUflYl!~tlfl~lJ NOB 1'Wt:1~11Bfl'JW'W'01~&lf)6ijtJlf\ 6 ~~'J Yl1J'J'J~ 
'JI 'J/ 


Q ~ 


tll'V1l'H'OtI~!G)1tl! 'VI '0 1 

, 'W 1 'Vl'J~~~1'Wfll'J~1!4tlu~1!!~~'iJi'1J~lfl1llJ!~lJ!1I'W 30 .w!tl'fftl 
'\I 

~&llJ 19f!~tllJ1 'W i'Vl'J~!~tl 
!lI'Wu11ri~ 1'W i 'Vl'J~1f\tlfl11JfllJ111iifl1llJ!~lJ,j'W 10 lJf).1 'W 1~ 'J ~!il'W~tl~~'J~~tlflfll'J'V\fl~tl~ 
,'''

q 

, 
1'W 'tlfll1~Yliif)1'J !&llJtllf)lfft'WU1~1t1111'Vl'Jlt1~~tl~n~1 (f1l'WYl 3.2) 'Vlfl'tltlU11'J~ff'Vl~f11~ 

6ijtl~~1fl~ 1~'W ~ lff&l f)~f1f\!~ tlf) t 11t11 ~ tlAl! 'W 1~ A! UflYl!~ tlf)ri
q 
lJ NOB 1fl tlf)l 'J ~ 'J 1!il If\ tl~ 'J 1 
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,'JI , 

ih~lfn'll~VHn'tY~flVl~TWfll'j~~~~~VU~llJl~Wf)1ritl~1'W6ijl~ 111t1'VHn'tY~f)1'tY Vl 
'JI 'JI 

1J'j'j1)iiTVl~mfll11J~~1J 30 ~W'tYV Utl~~l'Wfll'j~l!~VU~l1J~lJl~'j 1 i1~'j !~lJ 1C}f!~fJlJ1'W
q cu 

'JI , 

~1~6ijV~iil1Mvv1'W~1~ 100-150 1Jf).~vi1~'j Yllf)l'j!~1Jtllf)lfl~lfJl1TVl'jlfJVh-Atllf)lffYi~V
cu 

~~ln1JGJt~Hfl~V~!~1JVlf)lff (Aqua Tech, Model A-T 2001) ~ijl~f)'jV~Vlf)lff6ij'Wl~ 0.3 

11Jfl'jtllJ (PURE PE Capsile Filter) !~tl1MVlfllff~!~1t1~1Jiif)'jwv~1'W'tYfil1~'iJtlV~!~V 
, 'JI 'JI 

(fil~Vl3.3) 1~VYllf)1'jl'l~tltl~~l'UTU 3 cih ~'jl'),1~flWfil~iil1'W 111t1~tll'tY~f)!~lJ'j~fJ~
q 

!~V~~~l1Jf)l'j !11~V'WU'iJtI~fll11J!~1J~'W6ijV~1 'W 1l'l'j~ 1~fJfll11J~1lJ f)1'j !~1J~lVV1~Jllj)~ 
& I,", <lI 91 91 lJ] 11] cI ~ <>I I : ~ lJ] I 

6ij'W VfJf)1JV~'j If)l'jtl~tI~6ij tl~fll11J!6ijlJ6ij'W ~ 'W !l'l'j ~ Uti ~11 (J~!f)1J~lVV1~'W l!lJ V ~1J'tYllJl'jtlcu 

cI: 
q 

<>II 9191 91
~'jl1)1~fllfll11J!6ij1J6ij'W6ijV.:)1'W1l'l'j~1lJ'Wl1~ 
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:v 

- nl'j~r;U:;f) 1u 1'Y1'jsP1'f)f)ncff1~cff-Jullfl'n{~{I1l'l-J 1f1 T~CJfltJ 
,91 91 

~ ~ "'" 

'U'j'j~1'ft'~~1f)~1.;j'VHn'ft'~fl BCN-009 
.c1.c1 ~ .:!:I 
'YllJ111~G}fV NOB 

"'" ~ "'" 0 

~lij'jtylJtJ'WtJ~1lijltJTW 
91 ,91 91 , 91 

20 ;'W ~.;jlUl1~5~'Yl~~5.;jYllJ'j'jlij51111'j~~£J.;j~~m11~11 tJ 1 'Vl'j~1Il~ltJfll'jCJJ1~~5Uft111~lJl~'j
Q 

91 	 , 
~ 0 	 , ~ , 

40 lJ~. lijlfl'W'W'Vllfll'j sonication U~~~6ij£Jl11~5~'Yl~~5.;j'UU~fI'j5.;j!6ij£Jl (Vortex-Genie 

mixers) !~tJn~l 4 Ull1l U£Jfl~1fl~1.;j'W~1'ft'~f)55fH15U~lij~lhM1~4v NOB ~~~~l£Jvd"u 
cu 

, 91 

51111'j !11~1~J1!6ijdl'j1lJn'U1 fll~C}f1'W11~lJ1W 0.60 f)i'lJ Yl~ltJfl1'jCJ,h~~V~1£J'ff1'j ~~~1£J 
"'" cl .c1 0 ~.J""'9I!V'Yl1UV~ 70% l1'jlJl~'j 20 lJ~J'th.H1~1 2 U1'Yl U~~'VI1f)1'jlh'U'w'W~1~1£J'ff1'j~~~1£J 

QI 	 rI "'" cl .c1 91 .t "'" d rI 9IdvJV'ft'rvJ~'UvJ!vJV'jl1'jlJl~'j 20 lJ~. ~lItJn~l 2 U1'Yl!W1 lijlf)UtJ~~lJ lC}f!~£JlJ1'W1Vl'j~111lJ 

, 	 ,91 

lnlll YlVWl1fllJ 25 0C}f !VlV1MM1!~5 NOB !f11~~~lJU1f11~C}f1U
Q cu 

:v 

3.2.2 	 'j:;:CJ:;:ntl11tJnl'j~f-Jt:;f) 

'l111f11~C}f1'W~ih~~lJf)1'jn1<ij~11t1B~91Vl~~V£J~~ 91.13±0.S7 111lJ~ u~~'iV'W~l'W 
'U 


I 91 


~~Ufl'j .;j!.wBfl~6ijUl~1 MBdl tJGJf1.;j 1-2 lJlJ. lijlnuu'l11 1f11~C}fl'W~.;jfl~11~lU1tJ 0.60 ni'lJ 
'U 


,91 91 


1Il~ltJfll'jCJJ1!~B 1~£Jfl1'j UGJfl 'W 70% !5Vll'WB~U~~11i'lJ4J'W~16ijB.;j 1f11~C}fl'W~1£JvJB'ff!.w~ 
v 	 ,91 

DvJ!.wB{~!BG}f 6.5 111~~.;j!~V1u1'V1'j~vvfl911~c]1.;jUlJfllIl!~£JlIln~1~1.;j<>'1 ~.;jU ~V 0 3 6 
91 

12 24 U~~ 72 GJflJ. lij1f)t!'W~'j1lij'ffVlJf)1'j !fll~~~6ijV.;jU1JfllIi1~ £JlJ'W~~h1f11~C}fl'W~1£JflftV.;j 

lij~'Yl'j 'jfl'tfV!~fI~'jVU!!'UUffV.;jfl'j1~ U~~'Vl~'ff5lJl1'j~iY'VI~fl1'Wf)1'jlh1J~ 1'W 1 'VI'j ~!'~V111 
Q 

'j~ £J~!1~1~!11lJ1~'fflJ1 tJ f)1'j ~j.;j14v1U 1 'VI 'j~VVf)c]1'~c]1~!!'UflYl1~ £JlJ'W 'fll~C}fl'W 

http:91.13�0.S7
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~ 

3.2.3 Nr:J6f/fJ-Jnl'JV1UW'tJN'J6f/'f.N 1f1 T~CJfl'tJ 
ill1fll\91CJfltJ~ih· ~~tJfll'j fil~~'I1llt)~~Yl~~f.HJ~~ 91.13±0.S7 'lJlJl~~!'I1lJl~'fflJ 

'II 

I ." 

tllfHH1fll'j'VI~~f.)~l1~llJlJl~ltJltJ 0.60 fli'lJ l1~ltJfll'jCJh~t}ftll~£Jfll'jU~1lJ 70% 

" I 

!f.)'VlltJ f.)~ 1tJYilfll 'j1li"uVitJ Hl'lJ f.)~ 1 fll\91CJfllJ $11 VUerJ !erJf.)1Yl~ !f.)G)f!!\91 fl~l~f)lJ 3 'j ~~1J 
" " ~~U ~f.) ~!f.)G)f S.S (1~f.)~~!\91\91lTerJ!erJf.)11tJfll'j1li'uYl'WHTtlf.)~!fll\91CJfl'W) u~~ ~nJG)f 6.S 

" U~~ 7.S (1~erJtl'ffrrJ\91lTerJ !erJ f.) 11'W fll'j 11 i'DeWtJ Hl6ijf.)~1fll \91CJfltJ) cillJ G)f~fll1JfllJ tl~ U~1 'W 

" . "" 
q q .

cWlfl~'W!!'VI'WuerJ!erJf.)1 tllflU'W1jll11\91~~!t}ft)1 tJ 1 'Vl'j~f.)t)fl~1~~~ !!1JflYl!~ £J$ll£J~l~!l~lfl 
I " 

!'I1lJ l~ 'fflJ u~~ ~ 'j 1 tl 'fff.)D 'lh ~ -ff'Vl iifll 'W fll'j 1hlT~ 1'W1'Vl'j ~ !eW t)'I11'ffflll~ fll'j tJ i'DeWlJ Hl 

. " 
1 fl 1\91 CJfltJ Vl!'I1lJl~'fflJ1'W fll'j~~~ !t}ft) 1'W 1 'Vl'j~f.)t)fl~1~~~ !!1Jflfl!~ £JtJtJ 1 fll~CJfllJ 

cW 1 1 fll~CJfltJ~ ih~~Dfll'j ill ~~'I11l t)~~Yl~~t)v~~ 91.13±0.S7 1tJ1J~U~~~ t)lJ
'II 

~ltJ\91~ufl'j~!~ml~6ij'Wl~ ll1'1$13 'j~~D 1$1utl 'lJ'Wl~!~fl (t)dl'W~l~ 1-2 lJlJ.) 'lJ'Wl~fl~l~ 
'II 

" (t)~1'W~1~ 3-S lJlJ.) U~~6ij'Wl~l'11uJ (f.)dllJ~l~ 8-10 lJlJ.) tllflU'WcW11fll~CJfllJU~~~ 
'II U 'II 

," " 
6ij'Wl~~l'WllJ 0.60 fli'lJ Yi~l'Wfll'jCJh!t}ft) l~vfll'ju~l'U 70% nJ'VI1'Wt)~U~~tJi'1JeW'WH1'lJtl~ 

" 1fl1~CJfl'W $I1£JerJ t)'ff!erJ~11erJ !erJt)1~!t)G)f 6.S 1 11~ j ~!9$B 1 'W 1 'Vl'j ~t)t)fl~1 ~~~U1JflYi!~ £J\911lJ 
I , " 

n~lfl!'I1lJl~fflJYi 1$11l1flfll'jUlhfll'j~£J~n~11lJ fll'j~j~!9$t) U~~~'j l,\)'fft)1JtJ'j~iY'Vlii fll'W 

fll'j 11111~ 1'W 1 'VI 'j ~ !~ t)'I1l'lJ 'W l~ 6ij t)~1 fl1 ~CJfllJ ~! 'I1lJ 1~ 'fflJ 1 'W fll'j ~j~!~f.) 1'W 1 'VI 'j ~t)f.)fl~ 
1~c]1~UDflVl!~£J1J'W1fl1~CJfl'W 

" 1I'j~-ff'VIiiflT~1'Wfll'jlhu~1 'W 1'Vl'j~UlJ!~'Wfll'j!m £J1J!Yi£JDV~'jlfll'j1hu~1'W 1'Vl'j~ 

~ f.) fli'lJ ~wj'W 

" " "" , 

fll'jfffllJ1 1 'Wfli' ~iJYilfll'j'Vl~~f.) ,nl~'I1lJ'fl 3 9h Ut'l~~f.)lJt'lYi'~Utt'~~!i1'Wfll!'Q ~£J 
'II 

I " I

U~~fllfll'j !1j£J~!D'W lJl~ 'jl~ 1'W 'W t)fltll flU ~t)1q!~Yi 1~U~\1flcW llJl1!fl'j 1~11'Vll~'fffl&i1~£J1~ 

analysis of variance with a further Duncan's multiple range test , 

I 

http:91.13�0.S7
http:91.13�0.S7
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.:t 
'U'YI'YI 4 

f-I~fll'J1~tlU~~fll'H)jhhltlf-l~ 

, ~ ~.d 
~1'i1~'Vl 4.1 U'ff~ ~ 'fflJ 1J~ 6ij t)~ 1 rl ~h-.l U~ ~ 1 rll ~C}f1 tl'Vl i i'h..! n1'i fffnnrl i'~ij 1~ tlU ~ ~ 

fj) , ,!j.I, , 

t)t)m~'W 6 ~lt)th~~~ij ~1t)V1~Yi 1 !~'W1rl~'WYiijrll1lJ~'W'flVfhh~lJ1W 6% ~1t)V1~-Vl 2 U~~ 3 
cu 

!~'W~1t)V1~1 rll~C}f1'W~u llJ1 i i'i 'W n1'iffn1J1r--m6ijt)~ 'i ~~1J n1'i ih ~~ l111t)~c3fi1~~'fllh ~iY'Vln fl1111 'W 
cu 

~ ~ 
5n1'i~~~!~'fl1 'W 1 'Vl'i~'flt)nc3f1 ~c3f~ u 1JrlYl{j tl 1~ tlrll1JrllJU 111 tTnllJ!~ n~ i 11''fl vi 'W GJfl~ 3.10x 10 

q q cu 
, , ~ 

4.10x10
5 ~1~~'W U~~~lflV1~Yi 4-6 !~U~lflV1~1rll~C}fl'WYiU1lJ1ii'iun1'iffn1J1~~6ijfl~U111t1n 

~ 

llJ!~n~~'fl,j 'i~ iY'Vlnfl111 i 'W n1'i~~~!~fl!'W 1'Vl 'i ~flflflc3f1 ~c3f~!!1J rl-Vl!~ tl 1~tlrll1JrllJ 'i ~~1Jn1'i n1~~ 
q q 

QJ , d 

~lt)tll~'Vl 
, .J' 

rl1rll1lJGJf'W 'i~~1Jn1'in1~~1111t)~c3fi1~
cu 

J111unllJ!~n~
q 

(%) (%) (~1~~'W) 

c-----
1 

2 

Chitin 2114/09 

Chitosan Lot A 

5.83±1.15 

10.21±0.85 

-

91.13 ±0.57 

-

4.10x 10
5 

3 Chitosan D82 8.63±0.19 82.20±0.71 3.10x10
5 

4 Chitosan EX II 13.13±1.02 85.41±0.73 5.80x10
5 

5 Chitosan 10101111 11.64±1.21 91.72±0.32 7.10x10
5 

6 Chitosan B 
., 

12.71±0.41 92.43±0.61 2.00xl0
5 

'I1JJlfJHN}: nl'JflnJ:J1NflifJeN'l1TrrU n Imflf)flufl~'J~ivn1'Jfhu~ '11Jjv~cEnflifJeN iff IW1f1U 1J~~lliJU nl'i'11tl~1Jln 

ilfv't]u1uiJ# 2 

, ,~ ~, ~ 

!li'flUl~ln~l~'W~l'ff~nYl ~1'W n1'i CJJ1 !~m!~11j11,j !!GJfl 'W ~fJ!~tl~ti'~-Vlij'i~1J1Jl'IlJ'W (ltl'WU1
q q 

, ,~ 

H1J1JtI~-Vlijn'i~1Jl'WnTj 1'W~1Yhrli'W'fflJ\!'iw!~Un~1 45 iu !Vl'fli M!n~n1'i!n1~~~6ijt)~Ml!~t)~'fflJ 
~ 

1'W~1'VJ1tlfl~!!1JrlcVh~ tl 'W1J':h ~ln'it)~iji'W:rJ~lJ1J1~~ 11'W U'Vl1JlJB~111!l1U !rli1t)1Jt)~1J'W~b6ijt)~i'ff~ 
~ ~ , 

~lfl'i t)~ 111ntT'W U1~ln'iB~~lhfl111lJ1!~tl~~ t) i 'W t1~,j~ fl'iWl1~l'ff~mVlt)fl~!fl fln i M!l'Iflt)!U 111~ 

U1JrlYl!~tlnrilJ NOB u~~cy'hn1'i~'i111i~U1lJ1W!!t)lJ llJ!utl 1'W1'Vl'i~ u~~1'WrYl'i~!~'W'i~tl~ ~~n1'i 
q 
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4.1 

, iI , iI 

""'~ <!t 9191 "j QQ' ~ liJ"j ,"'" ~ 


~VnJeu'WrH)tl~ ~ra~fll1lJ~eulJeu'Weutl~UtllJ !lH'WfJlJfll1;l~eu'W"lfl 0.13 lJfl.!'W ~~'H"'W~tl~H9l'HlJ'W 0.87 

lJfl.! 'W !~'H"'W~tli1~)1'Wl'W~ 6 eu~Nfln'VI~H'1tl~ ~~tl~\llmflflfll)lhWl1J~flfJUfllJ !lJtilfJ~t~'W~~lJl 

"lflfll) tlflfJ~HnfJ'ffl)fl'W'VI~ 6U~~9$lfl~~ij;1~Yill,r~flflfll) ~~lJ~'W eutl~~H)lJ!lJtUfJ' 'W Jl ~~f11'W~ 

;;l 
(7 

~ 
(2; 
~ 
;;l 

~0 
1I~ ~ 

~';!
;;l 

a;;l ~ 
r.J~ 
;:I (2; 
r.J~ 
c;:;;l 
~;,) s-: 
~ c;: 
~ri 
r~ 

~ 

C 
r 

-<>- LL ell.! Ll.! L'U £J -6- LULVl'S"~ -[}- LUL Vl'S"~ 

8 

7 

6 

5 

4 

3 

1 

0~ 
0 2 4 6 8 10 12 14 

L1~1 (iu) 

f11'W~ 4.1 fll)tU~fJ'WUU~~eutl~HtllJ !lJtilrJ 1'W!'Vl)~ U~~!'WrVl)~ eufl~~lfl'jfl~;1f11'Wl'W~~VJtfli''Wl'W 

t1~f1flt~tlm~tl NOB !flrJ ( ~) tr(t'~~l'W~Yilfll)t~lJ1'W 1 'Vl)~1tJl'Wt1~U~n)tU'W~lTI'~fleu'Wlfl 
6 il~) 

~rlflVllfll)~lJ~ltltll~~lfl) tl~;1f11'WfltlfllJl'VlflTI'tl'UtJ) ~ iY'Vl ijfll'W fll'j'l11'lJ~ 1'W 1 'Vl) ~ 'W'U,;h
II 

11~~ "lm~lJ !9$t~ rJlJ lw lVl)~fll1lJL~lJsU''Wt~lJ~'W 2 lJfl.! 'W !~) t"'W~tlil~)~~1'Weulfl l""~'W~l~~fl 

l'ff !'Wl'Vl)~tlfl'l1TUfl~~~~,,'Wihl1~lfl';h 0.5 lJfl.!'W !~)!"'W~flil~) fllfJl'W)~rJ~n~l 7 G)flJ. !~rJij
cu 

, iI 

l'WrYl)~ij~ltVilJlJlfl~'W "lfl 0.78 lJfl.! 'W !~)tro'W~flil~) L~'W 3.10 lJfl.l 'W !~)t"'W ~tli1~) U~~fll1lJ 
iI , 

!~lJ~'W eutl~UtllJ !lJ til Witl'W V11fll'l 'Vl ~~tl\H~~~ ~ ~~ roiYu fll)'Vl~ ~ tl~iJ fll) !tJ~ rJ'WU tJ~~ lJJlJlflUfl ~~ 

U'ff~~l'Wfll'W~ 4.2 
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;:s 
(T 6 ~ 
<=> 

It-";:s 5 
~0 
~~ cc; 
~-- 4;:s;:S 
G;l~ 
r.J~ 
;:I<=> 3
r.J1r-"
C;:S 
~~ s-': 
~c 2 
~;:l
r'-'" 
~ 1C 
r 

0~ 

...0-1.'tiLV1'SGl 

0 2 4 6 8 10 
L1~1 ("l1lJ.) 

flTW~ 4.2 flTHtl~m,'!UU't'l~6ijfNtWlJ llJtUtI "wi'YI';i~ U't'l~i'Wt'YI';i~ ';i~cW;h~fll';i'YI~HH)'lJ 
, v 

1h~iY'V1nfll'W6ijV~~lfl';i fN~lfll'W i 'W ~~VJ tfli''W YiYhflnf1~t~Vfl'~tl1~Vtt~tGjJV NOB 

, v, 

~lV~l~ ifll~C)$l'WYi'~l'Wfll';ifffl'l:Jl';i~tI~tTr;n' 'Wfll';i~~~t~V fiv Chitosan Lot A tUV~lijlfl 

chitosan Lot A lh~~'lJfll';inl.u~l1tJv~CifYi'flff~f111ifll~C)$1'W~lg'WC1 1~tI';i~~1Jfll';inl.u~l1tJV~~ ~ I ~ 

CifYi'fliftt ff~ ~ O~ ~1'W 1'W 11 tJV~nl 'W 'lJ'W 1 fl';i ~ff~1~ i fl1 ~C)$1'W ~~, 'W fffll1~ fl';i~riV'W '1 fl1~911'W ~iJ 
~ 

<:! I 

~fll1 

.:: .k <:! cv 0 cv I ""'''''' 9J 0 

Iijlfl'W'W Chitosan Lot A 91~lJ';i~~'lJfll';if111ij~l1lJV~C)$'YI'fl';iVtI'fl~ 91 6ij'Wl~ 1-2 lJlJ. Iijl'WTW 
~ 

,v v 

0.60 fli'lJ Yi~TWf11';i~lt~Vl~tlflntt~''W 70% W'YI1'WV't'lU'fl~tli'1JVl'W~16ijV-:Jifll~C)$1'W~lt1iTvJt'rJfl{ 

~tVGJf 6.5 '1tl~~-:Jt~V '1 'W i 'YI';i~vvflCif'1~Cif~tt1Jf1Yit1 m~'Wt1'fll~l-:J~ '1~ttn 3 6 12 24 tt'fl~ 72 G)flJ. 
v 

t'U1 tl1JtVitl1Jn1JG)f~f11'lJf1lJ (itJ~~~t~V) tt't'l~Yilf11';i'V1~ffV'lJU';i~iY'V1n fll'Wfll';iihiT~ i'W i 'V1';i~6ijV-:J ifl 
q q 

l~C)$l'W~~l'Wfll';i~~-:Jt~Vtt~l 'W'lJl1 if11~911'W~~1'Wfll';i~~~t~mrJ'Wn'flltvhn1J 72 G)flJ. ffllJl';itl 

ihiT~i'Wi'V1';i~<j)lfl 1.70 lJfl.i'W 1~';itlij'W~V~~';i 't'l~'fl~tl1ilV 0046 lJfl.i'W l~';itlij'W~V~~';i flltl''W 

';i~tI~t1'flltl';i~lJ1W 3 G)flJ. l~tlih)~';ilfll';iihiT~ '1'W i'V1';i~m ~mvhn'lJ 0.70±0.02 lJfl. i 'W 1~';it<j)'W~V 
, , v 

flflJ~vl'W ''W6ijW~Yiifll~9111~Yi~1'Wfll';i~~-:jt~m~1,!tl'fll 24 G)flJ. ffllJl';itlihiT~i'Wi'YI';i~<j)lfl 1048 
, 

lJfl. i'W l~';it<j)'W~V~~';i "~'fl~tl1ilv,jVtlfll1 0040 lJfl. i 'W 1~';i tlij'W~fl~~';i flltJ' 'W';i~tJ~ n't'l11h~lJ1W 

3 G)flJ.l~tJiJB~';ilfll';i'tiTU~ i'Wi'YI';i~m~tJt'Vhn1J 0.66±O.02 lJfl.i'W 1~';it<j)'W~vfli'lJ~V1'W -ffl'Wifll~C)fl'W 

http:0.66�O.02
http:0.70�0.02
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~~1'Wfll'j\91~~~4v!~'Wn'11 3 6 12 GJf]J.ltn~nl'Wfll'jlhu~i'Wlvn~lJlflfl'h 6 GJflJ. l~tJihj\91'jlfll'j 
lhu~ i 'W i 'Vl'j~!'i! ~m'Vhnu O.18±O.03 O.20±O.03 U(l~ O.33±O.05 lJfl. i'W 1\91'j ~"'W~Vfli'lJ~tl')'W 
~llJ~l~1J ~~U'ff~~h'!fll~~ 4.3 U(l~ 4.4 

-<>-~~~1lJ~),J -0-3 ti),J. --k-611),J. 
-x-1211),J. --- 24 11),J. --+-7211),J.

2. 0 .-'======:::::::::::===:====================::::::::::::::::::==~ 

0.0 +-------~------~------~~------~--~~ 

o 	 2 4 6 8 10 
L1t'l1 (till.) 

fll~~ 4.3 fll'j !,U~V'WUt1(l~fll1lJ!~lJ,j''W~V~i 'W i'Vl'j~~lt1 ifl i\91C}fl'W~~l'Wfll'j\91~~~4vi tJ i'Vl'j~vvflcH-
• 	 'j) 

i~cH~U1Jfl~h~tlYl!i1'Wn"l 3 6 12 24 U"~ 72 GJflJ. ~t1~tl1J!'Vitl1JnUGJf~fll1Jfl]J (i~\91~~!~V)
q q 

0.9 
.......... 


~~ 0.8 
"6 ---ri1f'O~1f'O 0.7 
s;~

s-";!
;! 0.6(T 

s-"-Ji
If'O 

~6 6 0.5;;:::lit"""

·S ;! 0.41f'O~ 
r If'O 

~s; 0.3 
Gs;i 

~(QJ so-: 0.2 

c:: 

ri 
"-'" 0.1 

0.0 

-
O.70 

d 
O.66 

d 
- -

~ 
-

-
c- 0.33 

- b r--y
b 

0.18 0.20 

jr- r---r-

- a 
0.00 

I I I 

o 3 6 12 24 72 

L1t'lltUfll'jGl~\lLiJf) (~lJ.) 

fll~~ 4.4 -5\91'jlf)l'nJl'U~i 'W i'V1'j~'\Jv~ if) 1\91C}fl'W~~1'Wfll'j\91~~~4v i'W i'V1'j~vvfl~i~cH~uufll1!~m~'W 
'j) 

n"13 6 12 24 u,,~ 72 GJflJ. ttJ1mJ!'Vitl1Jn1JGJf~f)11Jfl]J (i~\91~~!~eJ) 1~V~T5f)1:J'j a-d Uff~~ 
q q 

dl , , ~~,.ct. QJ' 0 QJ 

tl~f)lfll1]J!t~f)~ 1~'V11~'fftl\91 VV1~]J'W V{1'lf) ty (P<O.05) 

http:O.33�O.05
http:O.20�O.03
http:O.18�O.03
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"'" ,,~ ""'''''' I ItJ <r .d I dl J cl .:1

~lflfll'jl~fl'jl~l1tJtllJfI'Vll'lbHl~~Ul1 tfl ~~Clfl'W'VlHl'Wfll'j~'j~~6JftHlllHlf11 72 Ufl~ 24 6JflJ. lJ 
'\I 

V~'jlfll'jlhu~1'W 1'Vl'j~bY~fl';h1fll~Clfl'W~ Nl'W fll'j~~'l~;fftH~'W nfll 3-12 6JflJ. tldl'l~,rtJalfltU
'\I u 

, ~, y 

(P<0.05) l~tJfll'j !.wlJ'j~tJ~nfl11 'W fll'j~~'l~;;;tltJtl'l NOB ~~tntJleUtl~tlUlh~ff'Vl1ifll~fll'jcilm'Vlt~tl 

~!~'U l~tld~ NltJtl~-)bY~~lfl'jtl'l~fllbY~fllJlrilfll~Clfl'W1 ~ tJ ll1iJ HfI~lflfll'j !~'U l~H~lJ~l'W 1'W tJtl~ 
'\I q '\I 

UUflYi!~tJ t~tl~~lfl NOB t~l,IU'UflYit~tJ~ijV~'jlfll'j!~'U l~~llJlfl 'j~tJ~nfll 24 i'11lJ~~~tl'W1Jl'W 
q 

• v, • 

l~-;)1!Clfflfl1l1iJfll'j t.wlJ ~1'W 1'W ~'W tjj tliJ~l'W1'W NOB Yil1f1~tltlfl~lfl~lfl'j tl'l~fllbY~fllJl~~tldtl'U 
q '\I 

Y ~ 

If) l~Clfl'WlJlfl~'W ~~ri~Hfl1111l1'v~'jlfll'j1Jl'lJfl i'W i 'YI'j~iJ~lbY'l~'W
'\I 

y ,~, 

111t~tl i 'W ~~i~~~U'UflYl!~ tJ il1,!tltJfl -;)1 30-45 -)'W tU tl'l111flU 1JflYl!~ tJfl~lJiHJV~ 'j lfll'H~U l~Yi 
q 

I 9J ~ .:1"'" 9J.J olf]<r c9.J
fltl'W6ijl~~l (Ruiz et aI., 2006) Ufl~lJlI'jlJ1W'WtltJ Clf'lfll'j'Wl !fl ~~Clfl'WlJl~'j'l!6JftlbYllJl'jtlflfl 

'j~tJ~tlf111 'Wf11'j t~~tJlJ~lfl'jtl'l;lfll~1'W~~YJtfli''W 1~ ~'ltl'jlfltlfll'jill~'lfl~lltn~~lflvf'W HltJtl'l 

lfll~9fl'W~tl fltli'1JbYfll~~ltJ~ ~tl6Jf 6.5 iJtI'j ~l1t~'W1Jlfl Ufl~bYllJl'jtl!n~Yr'W 1i~~!flfll~'jbYU~~fl
'\I q 

Q.I J "'" .:1.:1 If] 9J.:1 I Q.I Q.I " ~ 
(Electrostatic Interaction) fl 'U 11 'j ~ ~ 

q 
fI 'U 1J 'W ~ 'W H 1 tJ tl'l U 1J fl 'Vl!'j tJ !~ fl fll1l bY ~ 

q 
bY'l!fl 'j 1 ~ 1111 'j tl 

I I iI 91 , 

~fllbY~ flYi1 ~1 'W iJ ~ ~(U'W Yl il1iJtI'j ~ 11 Hfl111flfl 1 'j 'Vlfl fI tl'lU tll ~ bY'j 111~-;)l'j~tJ~!lf111 'W fll'j ~~~!;;;tlYi
q q q 

cl .d ~ dl J ~ J' ~ .:1 Q.I 0 Q.I ItJ 
24 6JflJ. ~1l'W bYflll~'VHl1lJ l~bYlJ ~~tlfl~'j ~ tJ~ nfl11 'W fll'j~'j 'I!9ftlfl 'I 'YI'l'Wt'Wtl'l111fllJtl~'j lfll'J 1J1U~ !'W 

i'YI'j~1l1u~fl~1'ln'U~nfll 72 9flJ. tldl'l~trtJbhflty 
, y, 

~jj tlYi lfll'j~ 'j 111 bYtl'U~flf:l W~6ijtl~ t~tl NOB Yltfll~~~ U'W HltJ tl'l' fll~9fl'W ~ltJfl~tl~ 

l1fl'Vl'j'jfl"Wfl!~fl~'jtl'WU'U1Jritl'lfl'j l~ ~1J-;)1 'jtl11'lU1JflYi!~ tJ~~~'l1J'WHl6ijtl~1fll~9fl'W!~'Wn~l 3 
q '\I 

Ufl~ 24 6JflJ. ~~flI:lW~fI~ltJfl~'l n'W 1~tJ~u ~~ 1JflYh~ tJ'jll'Vltl'W (Rod) U~tJ~lJ1W fll'j !fll~~~tJtl'l 
'\I 

UUflYi~~ m!~ fl~l'ltl'W 1~ tJ~'Uil 'j~ tJ~n~11'W f11'j ~~~ 3 6JflJ. iJlI~lJ1WU1JflYl!~ tJ~!fll~~~1J'W ~1 

ifll~C)11'W'!tltJflil~nfll 24 6JflJ. (fll~~ 4.5) 
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" 

• 'J/. 

fll~Yi 4.5 fll~~l(J~';Wtlti'B~ ~H1'Vl J Jft'lH)~?1fl~'H)'WU'U'U~B~ tlJ l~UbY~~~'W ~~h6ijB~1fll ~C}fl'WYi 111 
q 

'J/ • 'J/ 

~hlJtllJ~~~!~B (GJf~fll'UfllJ) U?1~ 1fll~C}fl'WYi~1'WtllJ~~~~~B1'W 1'VlJ~Btltl9$1~9$~ 
q q 

U'UflYi!~miJ'Wn?11 3 U?1~ 24 GJflJ. (ihtl~6ij(Jl(J 5,000 t'vh) 
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" 
4.1.2 friJ1JeNnTiVfvwUN';J61fiJ-J 1f1 T~CJf1U 

, " 
~ltl~h~1 fll~GJfl'Wl1'~' 1,1 fll'j~fl1:Jl~H'PUtl~fll'j11i'uvhJ~~h'fll~GJfl'W fitl Chitosan Lot A 

& ~ Q.I 0 Q.I , QQ 'JI 0 Q.I d, , 
GJf~lJ'j~~Ufll'jfllll~l1lJtl~GJf(VH1'jtltl~~ 91.13 ±0.57 6ij'Wl~ 1-2. lJlJ. 1l1'Ul'W 0.60 fl'jlJ 'Vl~l'Wfll'jCjJl 

" 
<u 

" ,
~~tJ l~tlfll'jUGJi'hi 70% !tl'Vllhltl~ , lhl1fll'j11i'uVh.l Hl6ijtl~' fll~GJflhl~ltliTvJt'rJtl{c¥i~~tl6JfU~fl~l~ 

" , " 
flhl 3 'j~~'U 1~uri 5.5 6.5 U~~ 7.5 ~l'U6ijtl~6Jf~fll'UfllJll~HGJi'hllhflr;lhlU'VlhliTvJ!'rJtl{

q 
1l1fltJ'U 

q 

" ill1u~~~!~tl1h1lvn~tltlfl9f1~9f~U'Ufll1!~m~lHl~1 24 6JflJ. U~~Yilfll'j'Vl~fftl'UU'j~iY'Vl~fll~fll'j
," ," ,

lhiT~1h1 ''Vl'j~6ijtl~ 1fll~GJflhlYi~lhlfll'j~~~!~tlUJl ~'Ul1 'fll~GJflhll111i'uY;hlHl~ltlUvhvJtl{l1~ 

!tl6Jf 5.5 U~~ 6.5 ffllJl'jtl~~fllllJ!~lJ~'W6ijtl~ihl''Vl'j~~~!l1iitlUtltlfll1 0.10 lJfl.1h11~'j!1l'W flltl''U 

'j~tl~n~l!~tl~ 6 6JflJ. l~tl~U~'jlfll'jihiT~''U''Vl'j~rQ~tlrvhflU 0.55±0.05 U~~ 0.60±0.05 lJfl. 

i'U l~'j!ll'U~tlfli'lJ~tll'U ~llJ~l~'U ''W6ijW~~~!tl6Jf 7.5 '~n~l'hlfll'jlhiT~'hI ''Vl'j~lJlflfll1 6 6JflJ. 

'i~tl~U~'jlfll'jlhiT~''W1 'Vl'j~!lQ ~m'Vhflu OAO±O.OI lJfl.'hll~'j!llhl~tlfli'lJ~tllh1 ~~fll~~ 4.6 
" ,

U~~ 4.7 1l1flfll'j'Vl~fftlU'Vll~ffi1~~'Ul1fll'j11i''UcWhlHl6ijtl~'fll~GJflhl~ltlUvJ!vJtl{Yi~!tl6Jf 5.5 U~~ 
" " ,

6.5 ~U~'jlfll'jthiT~' 'U' 'Vl'j ~1tJU~fl~ l~fl'W tl~h~~tJtlfflfi'ru'Vll~ffi1~ (P>0.05) 'V1~iJnjtl~1l1fl' 1,1
u 

1l~'W'Vl{6~ihh~1l!~hI~ui~ l~tlfftl~flJtl~fllJ~lhli~tl6ijtl~ Strand et al. (2003) ~'Uilfll'j~~~U
q q <u 

", " 
E. coli Uhl'fll~GJfl'W~'WtlVfl'U~~tl6Jf n1tl~1l1fl'fll~GJfl'W!~'W~tl~fl!~fll~'j'~f1'!~UlJ~tl'W ~~tJ'U 

<u 

" ,
fl11lJl1'W1Ull'W6ijtl~11'j ~ ll~~~hltlVflUfh~!tlG)f tl~h~1 'jn~llJ~cWtl'M'~l1lJl~fflJfllJfll'jUl'11'~'hI~tl 

q <u 

.1 '1J & ~ ~ .:? ~ d Q.I.J Q 11] '1J Q.I d'd ~ & ~ 
mtl~fl~GJf~lJ~!tl6JfU'j~lJ1W 6-9 ll~!~tlfl'Vlll~11'jlJ~'W~l'lJtl~ !fll~GJfl'W~ntlUvJ!vJtl'j'Vl~!tl6Jf 6.5 GJf~lJ 

q 

~'~'jlfll'j'lhiT~'hi 1 'Vl'j~ff~~ff~~1J'U ffflll~~!l1lJl~fflJ!~tl'~1'Wfll'j'Vl~~tl~~l~lJ~tl'U 
<u q 

http:OAO�O.OI
http:0.60�0.05
http:0.55�0.05
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1--0--- 'll~A11J~lJ _ .0- . 'W Lfl"lI 5.5 ---6---' 'W Lfl"lI 6.5-0- 'W Lfl"lI 7.~ 
2.0 .....------------------------, 

~6"" .......... 
~ ~ 
~ a<?; 1.6 
;l COl 
~-6
?;:s
r.J (T 1.2~ -J> 

);l ~ 
6=1.,.... 

)ri ;l 
~~ 0.8 
ri C 
r ri 
~'-" 0.4 

0.0 
0 2 4 6 8 10 12 

L1~1 ("lIlJ.) 

fll'W~ 4.6 flTH tJ~ trw utJ~~fl11lJ!~lJ ~ 'U 6ij tl~' 'U, 'VI) ~~,;w,fl1 ~C}fl'U ~Yi1 fll 'j tJ -r1Jlfu ~1~1fJ 
, " 

U~~ 7.5 'YI~~cUl'tJ~1~!~tl' 'U 1'Vl'j~tltlflctl'~ctl~U1JflYl!~ m~'U,j'VJrrJtl{VjyhtlGJf 5.5 6.5 
" ,

!J~l 24 GJflJ. !tJ~fJ1HYlfJ1Jtl1JGJf~fl11JfllJ (UGJfcUlfl~'U)
q q 

0.8 

c c 0.60 

0.0 

- 0.55 .... 

-

0.40 b 
.... 

a 
- 0.04 

I .... I 
I I I 

5.5 6.5 7.5 

, , " , 
fiTWlIi 4.7 e1~'jlfll'jth1J~' 'U ''Vl'j~6ijtl~ 'fl1~9fl'UlIiYilfll'j1Ji'iJ'rhJ ~b~1(J1JvJ!'vJtl{lIivhtlG}f 5.5 6.5 

" U~~ 7.5 l'i~~Ul'tJ~1~!~tl' 'U''Vl'j~tltlflctl'~ctl~U1JflYl!~mll'U!Jfll 24 GJflJ. !1l~ fJ1HYlfJU 
" ,

n1JGJf~fl11JfllJ (UGJfcUlfl~'U) 1~(J~1e1fl1J'j a-c U{Y~~i1~~lfl11lJU~fl~1~'Vll~{Y()~tlth~ij
q q 

irfJ~hf1ty (P<0.05) 
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,. 


~ltJf.h-:)1 f1i~C)f1l-!~1 t1l-! fll'j~f1fj1f-W~tJ-:)~'W 1~tJl-!fl1f1~tJ-:J 1f1i~C)f1l-! ftU Chitosan Lot 
q 

& et QJ 0 QJ I ""'''''' 3) et QJ QJ;f ~ d I 

A C)f-:)lJ'j~~lJfl1'jfl1t1~'VilJtJ~C)f'Yl~'jtJtl~~ 91.13 ±0.57 U~~lJ~'U1~ 3 'j~~1J~-:Jl-! flU ~l-!l~mfl (tJU 
~ ~ 

y 

1'W~1-:) 1-2lJlJ.) ~l-!l~fl~l-:) (tJ~1l-!~1-:) 3-5 lJlJ.) n~~EUl-!1~1'Viqj (tJ~1l-!~1-:) 8-10 lJlJ.) tl1flU'Wt'h 
, y 

1f1i~C)f1l-!U~~~~l-!1~~1l-!1l-! 0.60 fli'lJ li~1'Wf11'jCJJ1~G)ftJ i~tlfl1'j~~~1l-! 70% ~tJ'VI1l-!tJ~ u~~tli'u 
y y 

Vll-!th~tJ-:)1 fli~C)f1l-! ~1tlDcyJrvJtJ{~ ~tJGJf 6.5 1 U~~ -:)!G)ftJ 1 l-! 1 'Vl'j~tJtJf1~1~~-:) UlJfI~(1 m~l-!n~l 24 
, y 

GJflJ. U~~Yl1f11 'j 'VI~~tJlJ1h ~ iY'Vl~ fl1~f11'j lhD~ 1 l-! 1 'VI 'j~~ tJ-:) 1 f1i ~C)f1'W li ~1l-! f11'j ~~ -:) ~t]ftJU~l 

~lJ';h1f1i~C)f1l-!EUl-!1~ 1-2 lJlJ. ~~~~ 3-5 ~JlJ.b1'llJ1'jfllhD~1l-!1'V1'j~~~~-:)~11~tJUtJtlf111 0.30 lJf1. 

1'Wi~'j!tll-!~tJ~~'j fl1tl1l-!'j~tl~n~1~~U-:) 2 GJflJ.i~vi:h)~'j1f11'jihD~1l-!1'V1'j~~~~vryhtilJ 

1.18±0.03 U~~ 1.12±0.05 lJf1 .1 'W i~'j! til-! ~tJfli'lJ~tJll-! ~llJih~lJ 1l-! ~w~~1 f1i~C)f1l-! EU'W1~ 8-10 

lJlJ. , t~1~ 11l-! fl1 'j 11 111~ 1'W 1 'Vl'j ~lJ 1f1 f1 11 2 GJflJ. 1 ~ tl~ V~ 'j 1 fl1 'j 11 1D~ 1 l-! 1 'Vl'j~!~ ~m vhtilJ 
, y y 

0.84±0.03 lJfl.1l-! 1~'j !tll-! ~tJfli'lJ~tJll-! ~-:)Ub1'~-:) 1l-!fl1~~ 4.8 U~~ 4.9 ..;-:)u U1t1~'jtli~11EUl-! 1~ 
q 

EUtJ-:) 1 f1i~C)f1l-! iJ ~~~tJf11'j ~~-:)!4u tT'W'Vi lJ 1tl~-:)trltJ6ij'W1~ '1 f11~C)f1l-!t~f1~-:)lh1l1'iJ~'U ~ ~l~lt~l~ 
y 

lJ1fl~'W tJ~1-:)'1'j~~llJtl1flf11'j'Vl~b1'tJlJ'VI1-:)~i1~'VilJ11'1f1i~C)f1'W6ij'W1~ 1-2 lJlJ. n~~ 3-5 lJlJ. iJfJ~'j1 
, y, 

f)l'jihD~ '1l-! '1 'Vl'j~1:UU~f)~1-:)til-!tJ~1-:)iJUf.rtl1flt)1'Vll-:J~O~ (P>0.05) !ihN tl1f1Vl'Wli~h~lt~1~6ijtJ-:J 
Ii] i et'G] 3)et QJ &et, I QJ I QJ 

!f1 !~C)fl'W6ijl-!l~ 1-2 lJlJ. U~~ 3-5 lJlJ. lJfl1 !f1fHfltl-:)f1l-! C)f-:)lJfll!'Vl1f11J 2.41 tm~ 2.39 ~'j .lJ.~tJf)'jlJ 
, y 

~llJ~l~1J tl1flfl1'j'jltl-:J1l-!EUtJ-:) Manju et al. (2009) ~'1~'Vl~~tJ-:)~~ -:)!G)ftJ '1 'W~~cyJ1VV-:)U1Jfllit~f.JlJ'W 

tJ'Wfl1f1EUtJ-:) '1~~U~fl~l-:)ti'W 5 EU'W 1~ tt~~t'h'1l1ihu~'1 'W 1 'Vl'j ~ ~1J11tJ'Wfl1f1!1itJ '1~~'W 1~ 0.3-1.5 
q q 

lJlJ. ~-:)lj~'W~~l 1.87 ~'j .lJ.~tJfli'lJ lj1h~iY'Vl~fll~1 'W f)l'jihD~ 1'W 1 'VI'j~1~~~~~ tllflH~fl1'j
q 

http:0.84�0.03
http:1.12�0.05
http:1.18�0.03
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-e- 1-2 lJlJ. ---f:s--- 3-5 lJlJ. _ .D-. 8-10 lJlJ. 

2.0 ~--------------------------------------~ 

,1.6 

"<~ 
1.2 <:::::>, 

" ' 
0.8 

0.4 

0.0 +---------~--------~~--,~--~~--------~ 

o 1 2 3 4 
L1~1 (~UJ.) 

d ~ Id ~ I ')I 'J) II) II) rI 'J) II) i Q,I 0 II) ~ I .t::!i 
fll'W'YI 4.8 fll'HlJflITUU1Jfl-:Jfl11lJttllJtI'WtI'e)-:J ru ~'YI'j~~1V ~fl ~~CJfl'W 3 tI'Wl~ fllVl1fl-:Jfll'j'Wl tlJ~'j-:J 

v 

t~'e)1'W 1'YI'j~'e)'e)flctl1~ctl-:JUlJfl~h~ mlJu t1fll 24 GJflJ . 

• 
1.6 

,.-... 
-~~ 1.4 b 

b"G --ri ~~~ 1.18 1.12~c:: 1.2 
s-"';t
;::! (T a 

s-"' 1.0 
~G 

..JJ

G 0.84 
;:::!Ir' 0.8oS ;::! 

~~ 
c:: ~ 0.6 

r ~ 

~s-"' 

-~G ;l 0.4CQls-: 

ri 
c:: 0.2 -

"-'" 

0.0 
1-2 3-5 8-10 

..L 

.1. 

.J.. 

, v 

flTWl14.9 e1~'jlflnlh1J~ ''W1'Y1'j~6ij'e)-:J1fl1~CJflU 3 6ijUl~ fllVl1~-:Jfll'j1l1'U~~-:Jt~'e)''W1'Y1'j~elelfl 

ctl'~ctl'HttJfl.yh~V~t1J'Wnfll 24 GJflJ. i~V~1e1fnl'j a Ufl~ b Uff~-:Jf)-:J~lfl11lJU~fl~1':)'YI1':) 

ffil~el~T~ihrVthr1ty (P<O.05) 

r 
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i fll ~ 9$1 'W li flO tlfl1~1~~~ 'W 1'ff~1 'W f)1'.l ~ j 'H4tl i'W i 'Vl '.l ~tltl f)~ i ~~~U11 fl.yj!~ tI 
~ 

'JI 11 	 11 , 

1.h~iY'Vl~fll~1Uf)l'.l~~~~~tl~'Wt)dn1l '.l~tI~n~l1'Wf)1'.l~~~!~tl ~!tlG)fVi1~1 'W f)1'.l11i''U'fffl1~~b~tl~
'II 

~'Vhn1l }-5 lJ1J. ~l~tl~1 fll~9$l'W fll'.lDi'U'fffl1~~ltI'UvJ rvJtl{ ~!tlG)f 6.5 u~~n~1~1~1'Wf)l'.l~j~ 

~'Vhn1l 24 il1lJ~ 

11 	 'JI " , 'JI 

~1 0 f) 1 '.l fff)E1 11 'W fl i'~U~U ';h iJ~ lit] ~ <U £1U'W ~ .yj fll'.lfff)E1 1~ tl! V1 tl 1 11'~ 1'W l<U£1u lifll1lJ 

<I J ""> ~ ""> '"" <I'j) 'j) 'j) 'j)

'fflJU'.l WlJ1n"'WH~~'ff1111'.ltHf)~!th.J ~~~flWCVl~UU1lU~ '.l tllJ 1 G)f~lU 1~ £1'ff1lJ1'.l tl 'ff'.ltJ~m'ff'W tlUU~ .. 'U 	 ~ 

11 
C>I .<::!. 

~~u 

11 

1. 	 fll'.l ffOE1 1~~" tl~ '.l ~ ~1J f)1 '.l ill <U~ l111tl~~Yl ~ u~~'ih'l1 11f) llJ!~ f1~~tl~ 1 fll~C}f1'W ~ tl 
'U 	 q 

11 	 , 

tJ'.l~iY'Vl~J11~1'Wf)1'.l~~~!~tl i'W i 'Vl'.l~t)tlf)~i~~~!!1JflVi!~tJ (!!~'W~l!U'Wf)l'.l1 uu.yj 2) 
'JI 

"g ~ I""> 	 "">.<::!. .<::!. '"".:!t 
2. 	 fll'.lf11'.lfff1E11~~"t)~lJ'.llJ1W nitrite-oxidizing bacteria (NOB) U~~Tfif)1'.l!~'.l£1lJl11tG)ftl 

'JI 

~tlf11'.l~~~!~tl NOB cU'Wl'ff~ 
q 
ifll~C}f1'W 

11 

4. 	 fll'.l fff1E1 11~ f)1'.lf11'.lfll1JfllJflWfl1~ ~ ~t)111h ~ iY'Yl~fl1~"tl~!~tl i ui 'Yl'.l~tltlf1~i~~~ 
q 	 q 

UUfl.yj~~ tJ~~j~'U'Wl'ff~1 fll~C}f1Ul1~~f)1'.l~fhJi'fnn1'W'fffl11~~1~~ 
'JI 

5. 	 fll'.l 't11f)1 '.l" £11 £1'ff~f1~ f) 1'.l ~~~ tllJ! ~t) i 'W leVI '.l ~t)tlf)~i~~~H'Ufll1!~ tI'U'W 1'ff~ 1 fll~C}f1'W 

1~tJ1~~fl11~~1~~1f)TI~ 1 
, 'JI 

6. 	 fll'.l't11f11'.lfff1lJ1 1 'W '.l ~~U fl1fl 'ff'W 111~':)U'J~iY'Yl ~fl1~" t).:) i fll ~C}f1'i.J.yj~1'W f)1'.l ~~~!~t) i 'W 
11 'JI 'JI 

1 'Vl'.l~tlt)f)~i~clf~ ~~'Ufl.yj ~~ til'Wf11'.lfll1Jfl11flWfl1~U1lutJt)!~£1~iY~lu1
q q 
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fll'tJ1 i yltl 

f)lJ~ff~ ~'U'fiil(J~. 2546. if1~lJ-'f11~C}fllJ [t),Cl'Ui~tf]. 1Yl(Jlft'1'ff~{,r1'tJ. UlHi\)~lJl: 

http://guru.sanook.com/pedialtopic/Lf1~lJ-if11~C}fl'Wl [2552, fJlJfll~lJ11 17] 

f)'jlJfl'~f)lf)'j. 2551. tJ~lJ1WU~~~~~ lfll'jff\)VVf)t1,nh~!flYl~ l-:JU] 11 2542-2550 [VVlJ L~tf]. 'ff() ~fll'j 

, 'j) , d QI rI 

'ff-:JVVf)fl-:J. U'I1~-:JYllJl: http://www.thailandshrimp.comlstat.html[2552.fJlJfll.\AIlJ.fi10] 

Rhizopus arrhizus ~fJfl~~-:JVQ'lJ!~~Wij~ if11~C}fllJ. 1Yl(JTW'\AIlJ11tJ~tytyl1JWcVl~, 'fflE\n1G)fl~~ 
;11Yl(Jl 'ffl(J1G)f11Yl(Jlft'1'ff~{ f1ru~ff~tJft'1'ff~{U~~1Yl(JlffTff~{ lJln1Yl(Jl~(J !flll~'jft'l'ff~{ 

iijCV11Yl'\AIV f1!G)f'WYl{lJlft'. 2549. fll'j '~Lf11~C}fllJ~V~!fll~~1mUlJ iC}f1fl 'Wfl'j~'U1'W fll'j~~irllJJ1!ir(J
q 

~llJ!ft''jlJ~niij ~lti'~. 

11 (J1'~tf 11 l'j -:J'ffl~. 2550. fll 'j dV(J'ff~ 1(J6ij V-:J Lf11~C}fl'W1'W ~'W fll(Jl1~-:J iij lfl fll 'j ~ ~ ~u ir~VlJUVc)$~
q ~ 

"" QI rI "" QI

1Yl (Jl~ (J iij
q 
Wl ~-:J fl 'j unJ 1111Yl (Jl~ (J. 

I "" QI rI ef 'j) "" rI
'\AIYl'fi 'ffV-:JU'ff-:Jiij'W~l. 2549. fll'jiij~fll'j'ffl'jtJ'j~flWULlJ l~'j!iij'WllJl'Jl'jlJ!tW-:Jfl-:J'j~U1Jil~ [VV'WL~lJ].

q .. 

Ul1~-:Jl1lJl: http://www.allvetgroup.comIKungThailcon_detail.php [2551, ~~lfllJ 31] 

lJ~i\l~v fI~~ lf1, UtJHl ft'~ftlJf)Yli, ff'j1ff !~lYlV-:Jft'6ij Ut'l~!tJ(JlJrYfl~ !lJlJ~!ft'1~. 2550. fll'jl~~1fl'jV-:J
q q "I q 

v v 

;1fll'\AI LlJ~~YJ!flilJ1'Wfll'jlh1J~L'W l~'j!iij'W h,lt1-:J!~(J-:Jft~lUlfl~l-:JU~-:J. 11'j'ffl'j1~(J'fffl11~ 

U1~~VlJ 29: 23-45. 

W11fll L111'\A1~1J. 2534. 

lJ1111JW cVl~, fllfl1G)fl!Ylfll 'W 1~VYll-:JVl111'j f1ru~1Yl(Jlft'1'ff~{ ~Wl~-:Jfl'jWlJ1111Yl(Jl~(J. 

'ffYlfYl'j11J1lJlfl.2547. fll'jnl~~ lf1'jtij(JlJ (!~flC}f~!1t~'W9f') lJfltn~ U~~~~~11'WJll'ff(J
qr 

V~ 'ff111 f)'j 'j lJ 1 ~ (J 1~tf)~ ~Lfll ~ C}fl'W iij 1 f)t tJ i'lVf) n-:J. 1Yl (J llJ '\AI 'W 11tJ~ tu tullJ 1111JW cVl~,
q q tI V 

http://www.allvetgroup.comIKungThailcon_detail.php
http://www.thailandshrimp.comlstat.html[2552.fJlJfll.\AIlJ.fi10
http://guru.sanook.com/pedialtopic/Lf1~lJ-if11~C}fl'Wl
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illflNU1fl fl 

UVl'Hn111'l!~tI~!~f)m,n'Ufll'l'YIV1tm~ 

... ... 
.:t ~ \.II \.II <!

fl.l f)111T'ntltl~!'lff)!l1tl1 ~'U ~'YI'lVl (Nitrite broth) 

NaN02 1.0 fli'lJ 

(11 

NaCl 0.5 fl'jlJ 

NaC03 1.0 fli'lJ 

~HP04 1.0 fli'lJ 

MgS04 0.3 fli'lJ 

FeS04 0.01 fli'lJ 

"'" ""'''''' Distilled water 1000 lJ~HHWI'j 

I I V V v 

i"HYl'j !flij~l~~ eVi! ~ hi V~ r11h ~fl V1J6ij V~Vl111'j !~V~!;;;V~ llJ iY~dTW UllJl(l~(llVth1l1' 

(l~~lVU~~!~lrlhl~ tJi'1J~!eJG)f1Mvu1 tJ~'N 7-8 UliUd~CJJ1!~V~';Wl1~VtJi'1Jfl11lJ~tJ~VW l1f1iJ 
'1.1 ~ '1.1 

v 

121 0CJ$ fl11lJ~tJ 15 UVhI~~V~1'jl~U1 !~tJn~l 20 tneVi 

gJ v 

l1lJ1(Jrl1~ V1Yll'j !~V~!;;;ViJfl11lJ!~lJ~tJ i hi i 'Yl'j~lh~lJ1W 203 lJfl. i hi i 'V11~1hi 1~'jH)hI~vil~'j
Q 
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, 
1. tlU crucible !'W~tl1JtlWVifliJ 105 09f tldl ,nJtlV 2 i'11lJ~ 

'U q 'U 

o Q.I" ~ 11)31 3Jd .& 31
2. 'Wl crucible ~~fHnllJl! ff!'W desiccator U~~'YI~ n !l1W'W~~ t)f~Ij)~ !G)fn~11h~lJ1W 

, :11 

.:::!, Q.I 0 Q.I 


30 - 60 'Wl'Yl fltlUGJf~'W1Vi'Wfl 

3. i.;j~ltldl.;jifll~9fl'Wlh~lJ1W 1 fli'lJ lff!'W crucible ~.;jfl~ll U~~Ij)~iTU.yjflJll1Ufl 
fitl'WU1'1UtllJ~ 105 09f ~~'Wn~l 24 il1lJ.;j 

4. Ulln!d!'W desiccator!M'tlWl1 fliJ~~~.;j~.;jtlW 11 fliJM'tl.;j ~.;j !~n~lU'j~lJ1W 30 - 60 
q 'U q 'U 

, :11 
d 0 Q,I 0 QJ

'W TY] ~ ~~ ~ 'YI1fll'j G}f.;j 'W 1Vi 'W fl 

:II :II 

fll'l,nW U1lJ1W f111lJtjf'W~.;j fflJfll'j~l.;j~l~i1: 
:II 
~ 

fll1lJGJf'W (%) (B - C) x 100 

(B-A) 

:II , , 

Ull1Ufl crucible 11~.;jtl1JYll05 0t)f ~~'Wn~ltldl~UtlV 2 i'11lJ~ 
:11, , 

B 'I1111Ufl crucible Yiij~ltldl~'1f11~t)fl'Wtldfifl'Wtl1Jli 105 09f 
'U 

:II, , 

C Ull1Ufl crucible Yiij~ltldl~'1f11~t)fl'Wtldl1~.;jtl1JYi 105 0t)f ~~'Wn~l 
'U 

, :11 

l1lJ1(JH1~: fll'ji~'I1111Ufllj)~ 1~'YIf1'iJVlJ 4 ~lUrnJ~ ~~tl~fll'j'YI~~fl'l 
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1992) 

, 	 " 
1. 	 i'~1f) !~9fl'W 1 ni'lJ lffl'W6ijlfl'jl1~lJvJ6ij'Wlfl 250 lJ{l. 1l1f1U'W~~lJffl'j{l~{llVn'jfl 'el~ 

cu cu 

9S~nf)11lJ~,j'lJ,j''W~'elV{l~ 1 tJ~lJl~'j 100 lJ{l. U{l~l1flUlfl6ijlfl~lV~l'jlYJ-ellJl1~'el 

~{llff~f1 

2. 	 ul1tJ~6ijdl~lmf)t'el~!6ijth~ 100 'j'el1J~m-JTVi 'elWl1f)~l1'tJ'I (25 09f) ~~'Wn{ll 24 
q 	 cu 

. 	 " " 
3. 	 Yilf11'j'el1Jf1'j~fll'l:Jf1'j'el'l GF/C 'Vi 105 09f ~~'Wn{ll'eldl'1UtJV 2 i'l!lJ'I U{l~i''1lhl1Uf1 

QI ~ 'JId d 	 c!

f1'j~fll'l:Jf1'j'el'll1{l~lNll1w'W{l'll'W desiccator ~lhHl{l111'j~lJ1W 30 'W1'Vl 

4. 	 ~rl'el!6ijdlff1'j{l~'(llVlf) !~9fl'Wf)'jlJ 24 ~l!lJ'I UTtY1'j{l~'(llV~'1f1~11lJ1f1'jtJ'I~lV 

f1'j~fll'l:Jf1'jtJ'I~~~~VlJl~ !flVl~ suction ~lvl'Wf11'jfl'j'el~ 

5. 	 U1f1'j~fll'l:Jf1'jtJ~~ij'f) 1~9fl'WH){l~W~~~~~tJl1'U~n'jtJ~'~111tJ1J~ 105 09f ~~'Wn{ll 

24 ~11lJ'I 
, " 

6. 	 UllJ1lci'~1'W desiccator 11'j~lJ1W 30 - 60 'W111 n'el'Ui''1U1lnJf1 

" 
f11'W lWf)11lJff1lJl'j til 'W f11'j (l~{llV~~fflJf11'j,j'1~~1~it 

f)11lJff1lJl'jtll 'Wf11'j{l~{llV (%) x 100 

" U111 Uf1f1'j~fl11:lf1'j tJ'I (f1i'lJ) 
", 	 , 

Ull1Uf1cil'Wl1f1'j tJ'I '~H{l~f)'j~~l'l:Jf1'j'el~l1~~tJ1Jl1 105 09f 

'Wl'W 24 ~11lJ~ (f1i'lJ) 
'j/ 	 , 

Ull1Uf1!f) 1~9fl'W!~lJ~'U (f11lJ)C 

, 'j/ 

11U1{)fl1~: f)l'ji'~Ull1Uf1ro~l~'VlffiJVlJ 4 ~lHl1,J~~{ltJ~f1TJ'Vl~'(l'el~
q 
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, 

fl.4 fll~~~~tI~~';nldl~!cWij'Hlfh~~~'Ufll~fh.uVl'H~ij~~n~ (Degree of Deacetylation) (rr~tn 

t'VlflUfHt'tl~~~HtJ'tl'llJl~lfl Muzzarelli U'tl~ Rocchetti, 1985) 

1. 	 'tl~'tlltJ 0.2 fli'lJ 6ij'V'I~1'Vvl'l1f1 1~C)fl'W ,'W 100 lJ'tl. 6ij'V'I 0.2 1lJ~n{fl'j~'V~c]1~fl 1~tJ 

tlllJlt6ijVl~ 100 'j'V1J~'VlJ1Yi t~lJn'tll 24 i11lJ'I Yl1'Vu'Wf)';hlf1 1~9fl'W~~'tl~'tlltJ 
" 

2. 	 tll{1'l'j'tl~'tlltJlf1 1~9fl'W~'Ifl~11lJl 5 lJ~. U~~t~lJtll'..rl~ 100 lJ'tl. lu volumetric 

flask f111lJteij'lJeij''W{1'~Y11tJ'U'V'I't'Yl'j'tl~'tllVlf1 1~9S1'W ~'V 0.01 fli'lJ lf1 1~9fl'W''U 100 
q 

"i rI ""'''''' lJ'tl. 'UfN 0.01 !lJ~l'jfl'j~tl~9f~fl 

o .JIIJ ')J "i G! ')J d! 	 ,
3. 	 'Wl{1'l'j~~~ltJ'Vl !~Yll the first derivative !~tJ !~tfl'j'V'I spectrophotometer U~~'I11fll 

d! 	 0 , ')J ')J CI.I CI.I rI 
H !~ tl'W llJl'l11fllfl11lJ t6ij lJ 'U lJ 6ij tl'l N -acetyl-D-glucosamine ~ lfl {1'lJ fl 1 'j f111lJ {1'lJ~ lJ 1) 

6ij'V'Ifl'jl'VJlJl~'j~l'U (standard calibration curve) 'Utl'l N-acetyl-D-glucosamine 

o , 	 CI.I ')J' t::\ " 
f11lJ1Wfll degree of deacetylation ~'I'fflJfll'j'Ul'l~l'llJ: 

x 100 

«(10 x W) - 204 A) + A 

161 

% degree of deacetylation (%DD) = 1 A 

')J ')J 	 .JIV IIJ')J IV' "'" ')J

fll1lJt\llJ\llJ\ltl'l N-acetyl-D-glucosamine 'Vl1~ !~ (fl'jJJ~tl~~'j) Yll'j~lV 204 

" 
W tllYll1fl\ltl'l~1'VV1'l1f1 1~9S1'W (fli'lJ)''W 100 JJ'tl. \I'V'I 0.01 1lJ~1{ fl'j~tl~c]1~fl 

" 
204 = tllYll1flllJ!~fJ'tl'Utl'l N-acetyl-D-glucosamine 

" 161 = tllYll1fl 1lJ!~fJ~\I'V'I D-glucosamine 

, 




44 

fllflN'U1fl " 

~q~ <! <i' q

".1 1fi1~fl'l1~'tU!t)lJ n.u'UtI 

<=:> rI 'JI 'JI l' .:s 9 -: 9 'JI<=:>.:s <=:> rI d 'JI <=:> 
f)1'j'HfI'jl~11f111lJ!6ijlJ6ij'W6ijtl.:JUtllJ !lJ~'WU !'W'Wl !G)1Tfi1!f1'jl~l1lJl~'jll'U'Vltll.:Jtl.:J'Olf) 

v 

Strickland H~~ Parsons (I 972) i~H.H~U~1tl~1.:JtJ llJl'l'11f)1'jf)'j tl.:JriU'W!~U1-ff6ij1~'W~1~~f)6ij'Wl~ 

30 lJ~. f11'j'l'11f)1'j1!f1'jl~M~'UcVll1~~!~U~1tl~1.:J U~111f)V.:J 'J,j~llJl'j tl111f)1'j 1!f1'j 1~111~~'WVlfl1'j 
v , 

ih~1tl~l-:jtJ1U6JfU~-:j' lcVltlWl1flJJ -15 09f 
q 	 <u 

..:s ..:s nTiUWi(J 1.1ff1'Jm1.1 

1. 	 ffl'j~~~lUVJ'Wtl~ !~~UlJi~Uf)l'j~~~lUVJ'Wtl~ 20 f)i'lJ 1'W 95 !tJtl1!C]}\,I~WVl~ 

~~tl~f)tl~tl~ u~~'!Ji'uh1"~tJ~lJ1~'j 200 lJ~. 

2. 	 ~l'j~~~lUi9f!~UlJ"W i~'j'W~ff'9f~ !~~UlJ i~W~~~lU N~Fe(CN)5NO.2H20 1 f)i'lJ 
v 

1'UU1 D.1. U~~'!Ji'UtJ~lJ1~'j1,r!'vhflU 200 lJ~. 
<=:>li] 	 rI<=:> rI .:s l' IV II] rI.:s rI 1'.:s <=:> 

3. 	 ff1'j~~~lUtltlf)9f !~9f9f-:jfl !~'jUlJ !~Uf)1'jv.tfflJtl~f11 !~'W'j!tl!'O\,I~ (~~~1t1 !9f!~tllJ9f 
v 

!~'j~ 100 f)i'lJ U~~ i9f!~tllJ'~~)'jtlf)'9f~ 5 f)i'lJ 1'WU1 D.1. tJ~lJ1~'j 500 lJ~.) flU 

ff1'j~~~1t1 i 9f!~UlJ'~ i tJ'jfl~tl''j~ (1 ~ff1'j~~~1t1'~ i '!JfI~tl' 'j~'Vl1-:jf)1'jri1~-:jijfl11lJ 

v 

lh'!J~U1~1tl~1\l 5 lJ~. 1-ff~\l1'W11~tl~'Vl~~tl-:j !~lJb11'j~~~1t1VJ\,Itl~'!J~lJl~'j 0.2 lJ~. U~~ 
v 

ffl'j~~ ~1t1 i9f!~tllJ' 'W i~'j'W~ff'9f~tJ~lJ1~'j 0.2 lJ~. ~llJ~l~U 'Olf)U'W!~lJff1'j~~~1t1Utlf)cil~9S' 

v v, 	 v , 

~-:j~1tl~1\lV\\l11cVltlWl1fliJ,rtl'HthJn~1 1 G)1lJ. tltl'WYi1f)1'j1!f1'jl~M ri111i'U Blank '~Ulf)~'W (De
q 	 <u 

, 	 V v 

ionized water) Yi1-ffff1'j!fI ijUU11!~ U1flU ~';w ~1\lU1 I\) 1f)U'U ~.:J U1~TO ~1\l , '!J1~ ~1f) 1 'j ~~ f)~'WUff \l 
<u 

~1mfl~ tl\l ff! tJ fI i ~ 'j i 'Vn~iJ!~ tl1~f111lJ tll1f1 ~'U 640 lJ1 i 'W !lJ~ 'j ri111i' U ff1'j ~~~lt1Utl]J ilJ d1 tI 

lJ1~'jl1'W!~~UlJ~f111lJ!,j'lJ,j''W 0.1 0.2 0.4 0.6 U~~ 1.0 lJf).-''W i~'j!'O'W~tli1~'j ~llJih~U 'Olf) 

ff1'j~~~1t1111~'j!1'WUtllJ ilJ!um,j'lJ~'W (f111lJ!,j'lJ,j''W 1 00 lJf). -1 'W i~'j ~ I\)'W ~tlil~'j) ~-:juff~\l1'W~'!J~ 
6ij-l 

., 
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<=> cI 'JI 'JI II] II] clG) : 'JI<=>.:::t"'" cI .::! 'JI "'" 
f11'jltfl'jl~l"ifll1lJtSUlJSU'WSU'O~ ~'W ~'Vl'j~ !'U'Ul 'G)5Tfiltfl'jl~l"ilJl~'j~1'W'YI'01~t1~lJl1l1f1 

jI 

Strickland UI1~ Parsons (1972) 1~m~iJ~1t1£h~UllJlvllf11'jf1'jtl~rltl'Wt~1J'riSU1~~I1l{l'~f1SU'Ul~ 

30 lJ~. f11'jvllf11'j 1tfl'jl~Ml1'W Vll"i~~t~1J~lt1Vl~ U~l"ilf1V~11l{l'llJl'j tlvllf11'j 1!f1'j 1~l"i1~11'WVlfll'j 
jI , 

Ul~1t1Vl~U1U~U~~1iYitlWl"ifllJ -15 °95 
'I cu 


.<::f .<::f 


n lYl~YCJl.Iffl'Jlf1l.1 

1. {l'1'j~~~lVcJr~vhl1~11lJ~ !~~VlJ 1~W~~~lVcJr~'Vhl1~11lJ~ 5 f1flJ , 'Wf1'j~ 1~l~'jfl~tJ 
jI jI, 

~f1!~lJ~'W 50 lJ~. 1l1f1U'W!~lJUlf1~'WU~~llfiJtJ~lJl~'j'M'rvhniJ 500 lJ~. tSUV1' M'!~1 
jI jI 

n'WU~l~~Yi~1i2 ~~ 8 'Wl-V; 

d d .:::t.:::t .:::t i 
2. {l'l'j~~~lV!tJ'W!tJ'WtI~ !~'jVlJ !~tl~~~lV N-(1-Naphthyl)-Ethylenediamine 

jI , 

Dihydrochloride 0.5 f1i'lJ ''WUlf)~'U u~~llf1JtJ~lJl~'j'M'rvhn1J 500 lJ~. 
: "'" cI 
~'l-J~f)'l-JnlYJlf1Yl~l1 

jI 

lIttJ~Ul~ltJV1~ 5 lJ~. 'ri~~''Ul''i~t1~'Vl~~t1~ vllf11'jt~lJ{l'1'j~~~lVcJr~'Vhl1~11lJ~ 

jI jI jI 

YJ~lJU~~ tSUV1' M'!~ln'W (vllf11'jl!f1'j l~M~lt1Vl~I1~ 3 cifl) ~~~lt1fh~Yl~ 1i!i1'Ut1~1 30 'Ulli rltl'W 
jI , 

Yilf)1'j1!f1'jl~M l~tl'~Ulf1~'W (De-ionized water) til'W Blank UI1~'ri{l'l'j!f1~U1J1J!~tlln'Un1J 
~ :II , ., 

~lt1Vl~U1 11 lf1 U'W U1111 i~~ lf1 1'j ~ ~ f1il'U U{l' ~~lV!f1 ~tJ~ {l'!tJ f11~ 'j 1 Vn~lJ!~t1{Vlfll1lJV11f1~'U
cu 

543 'Wl1'W!lJ~'j rll'11fiJ{l'1'j~~~ltl1'W1'Vl'j~lJl~'jJ11'U!~~V:lI~f111lJ!~lJ~'W 0.05 0.1 0.2 0.3 0.4 

II] i ' "'" 0 II] II] rI 'JI 'JI 'JI 'JIQ.I

U~~ 0.5 lJf1.- ~'W ~~'j!11'U~t1~~'j ~llJ~l~1J 111f1b(1'j~~~ltllJl~'j~1'W ~'W !'Vl'j~!SUlJ61.1'W (f111lJ!SUlJSU'U 

100 lJf1.-1 'W 1~'j !11'U~t1i1~'j) ~~U{l'~~''W'j1l~ SU-2 
cu 
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c. rI 'JI 'JI ItJ 9 'JIc..dc. rI cl 'JI c. 

f)1'j 1!'fI 'j1~ 11'f1111WmJEtl U Etltl~ !U! 'YI'j \PI ~ GJ111i 1!'fI'j1~11lJ1~'jj1U 'YItl1~ tl~lJ l~lfl Strickland 
v 

U~~ Parsons (1972) 1~HJ!nU\Plltl~1\rW1lJ1Vl1f)1'jfl'jtl~ritlu!nul~Etl1~'Vi~lff~flEtlU1~ 30 lJ~. 'fIl'j 

Vl1fl1'j i!'fI 'j l~Ml1UYi 11 ~~!nU \Pl1tl~1~ U~111 fl rJ~ i~ ff1lJ1'j tl Vl1 f) 1'ji!'fI 'j 1~111~l'lU Yi 'fI1'j 11 l\Plltl~l~ 
-: ,d IIJ 'JIcl c. 


U1UGJ1UEtl~ !1'Y1tlW11.fllJ -15 0C)f

q 'II 

c. rI 'JI 'JI ItJ 0 "" i Q.I , ~ 'JI ~ 
f)1'j 1!'fI'j 1~11111fl11lJ!EtllJEtlU Etltl~ !U! 'YI 'j ~ ~1!U U f) 1 'j ~ ~ (Jl~ 'fI1fl1'j ~~ f)~ lH!ff ~~ lV!fl 'j tl~ 

'II 

• , 'j/ • 

ff!1jfll~'j lvJl~iJ!\PItl1Yifl11lJ(J11fliiu 220 U~~ 275 U11U!lJ\PI'j \PI1lJihllU u~~1~1l1f)~U!~U 
v v 

Blank 1~(J1~iJfl1'j !~lJff1'j!'fIij ~lfl,rU ~~U l~~~l~Etltl~~ 1f)1'j~~f)iiU!!ff~l'l~fftl~~l i ui~iU fl1'j
'II 

f11U1W111t1~lJ1W i l-H'YI'j~ ~~~1 i U!'YI'j~~f11U 1W i~~tl~U 1itl"1J~1(JU~lJ1W1 U '1'YI'j~'U\Plltl~l~ 
-:.d Q.I ~ c..t1fJ 'JI "">.d ,f c:: c. rllIJ ItJ rI lIJtI 'JI
U1!~(J1f)U !'Wtl~~lflf)1'j1!fl'j1~11 !U!'VI'j\PI~1(J11if)1'jU~~!1l'Wfl1'j1!fl'j1~11 !u !'VI'j\PI'j1lJ! ~ltJ 

o Q.I ItJ lIJ 'JI.d lIJ 'JIcl 'JI 'JI 
ff111'j1Jff1'j~~~1(J !U!'YI'j\PIlJ1\P1'jllU !~!\PI'j(JlJ !TYlfll1lJ!EtlljEtl'\.-J 1.0 1.5 2.0 2.5 3.0 U~~ 3.5 lJfl. 

• '1U 1 ~ 'j!~'W ~ tlil\PI 'j ~ llJ i\ 1~1J ~lfl ffl 'j ~ ~ ~ 1(Jljl~ 'j J! lU i U! 'VI 'j ~!~lj~U (fll1lJ!~lJ~'W 100 lJ fl. 

iu l~'j!~'U~tlil~'j) ~~uff~~1u'ju~ Etl-3 
'II 
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• j/ • j/ j/ 

(1998) 1~Wf11'jUlf1'j~fllfjf1'jtl-3 GFIC 6ij'Wlfl 47 lJlJ. lJltlUH"~~,rWll1Uf11l'Ufl-3111)1f)U'WU1Ul 

~1tlrh-3lJlf)'jtl-3~l'Wf)'j~fllfjfl'jtl-3 H~1~-3U1111tlU~OWl1fllJ 105 0C}f tU'Wt1"l 24 6JflJ. trttlth 
q 'U 

fI'j~flThlf)'jtl-30tlf)1)1f1~tlu1,rih1111d1~1u lf1flflfl11lJ4u 1)'WfI'j~flThlf)'jtl-3t~'W"-3 U~1~-3lh 111~-3 
'U 'U 
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Abstract 

The effects of chitosan characteristics including the degree of deacetylation, molecular weight, particle size, pH pretreatment and 
immobilization time on the immobilization of nitrite-oxidizing bacteria (NOB) on biopolymeric chitosan were investigated. Nitrite 
removal efficiency of immobilized NOB depended on the degree of deacetylation, particle size, pH pretreatment on the surface of 
chitosan and immobilization time. Scanning electron microscope characterization illustrated that the number of NOB cells attached to 
the surface of chitosan increased with an increment of immobilization time. The optimal condition for NOB immobilization on chitosan 
was achieved during a 24-hr immobilization period using chitosan with the degree of deacetylation larger than 80% and various particle 
size ranges between 1-5 mm at pH 6.5. In general, the NOB immobilized on chitosan flakes has a high potential to remove excess 
nitrite from wastewater and aquaculture systems. 

Key words: chitosan; immobilization; nitrite-oxidizing bacteria; pH adjustment 
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Introduction 

Over the last decade, outdoor-lining ponds have become 
an alternative aquaculture system instead of earthen ponds 
because of the low risk of water leakage and ease of 
cleaning after each crop. However, the accumulation of 
nitrogenous waste, especially nitrite which is commonly 
found in outdoor-lining ponds can directly harm aquatic 
animals and this is claimed to be a drawback of this 
lining pond system. To solve this problem, several tech
niques have been applied, for example, nitrogen uptake 
by phytoplankton (Chuntapa et al., 2003; Hargreaves, 
2006; Lertsutthiwong et al., 2009) has been applied for 
nitrogen removal in aquaculture systems but planktonic 
algae cells are difficult to remove from aquaculture systems 
by conventional gravity or filtration. Consequently, the 
high density of algae in the pond also depletes dissolved 
oxygen in the pond at night time. Hence, the most common 
technique for nitrogenous waste removal is water exchange 
but it leads not only to an increase in production costs and 
the risk of pathogen outbreak but also to water discharge 
polluting the water resources. Among several techniques 

* Corresponding author. E-mail: Pranee.L@chula.ac .th • 

applied for nitrogen removal from aquaculture systems 
(Crab et al., 2007; De Schryver et al., 2008; De Schryver 
and Verstraete, 2009; Fierro et aI., 2008; Liu et al., 2000; 
Ruiz et al., 2006), biofiltration using nitrification process is 
accepted as the most feasible nitrogen treatment process. 

Biofiltration or the conversion of ammonia to nitrate by 
nitrifying bacteria is one of the most efficient processes 
for nitrogen treatment in recirculating aquaculture sys
tems (RAS). Nitrification takes place with two groups of 
autotrophic bacteria, ammonia oxidizing bacteria (AOB) 
and nitrite oxidizing bacteria (NOB), both of which com
prise slow-growing species and are highly sensitive to the 
changing environment. Setting up a new RAS requires a 
long bacteria acclimation period, e.g. 3-4 weeks, until both 
the AOB and NOB are fully activated (Shan and Obbard, 
2001). Without complete acclimation, an accumulation of 
highly toxic nitrite is generally found due to the incomplete 
nitrification process. Biofiltration in the RAS represents an 
immobilization of AOB and NOB on a certain media in 
order to maintain the water quality in aquaculture system 
(Dong et aI., 2011; Manju et al., 2009; Sumino et al., 
1992). Moreover, most of the biofilter devices are applied 
to indoor RAS such as aquariums or indoor intensive 

mailto:Pranee.L@chula.ac.th
mailto:Pranee.L@chula.ac.th
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fish tanks. Conventional biofiltration RAS using nitrifying 
bacteria immobilized on plastic or other materials such as 
ceramic or beads is not applicable for outdoor lining-ponds 
which are generally large (up to 1 Hectare) and exposed to 
direct sunlight. Other immobilization techniques based on 
microbial cell entrapment were also reported. For example, 
poly(vinyl alcohol) matrices in the forms of particle (Ros
tron et aI., 2001), cryogel (Lozinsky and Plieva, 1998) and 
hydrogel (Nishio et aI., 1998) were developed using freeze
thawing technique. Although poly(vinyl alcohol) matrices 
performed good cell immobilization, but the preparation 
by freeze-thawing technique is quite expensive and may 
danger to some bacteria that sensitive to temperature 
(Lozinsky and Plieva, 1998). Moreover, these entrapment 
cells are not suitable for the mass production. Hence, this 
study proposes the use of nitrifying bacterial immobilizing 
on biopolymeric material.s ~s an alternative biofilter for 
large aquaCUlture ponds. 

Biopolymeric chitosan or poly [B-(1 ~4)-2-amino-2-
deoxy-D-glucopyranose] is mainly extracted from shrimp 
biowaste (Lertsutthiwong et a1.;, 2002). It is composed of 
N-acetyl-D-glucosamine and D-glucosamine units linked 
by B-(l ~4)-glycosidic bonds as shown in Fig. 1. Due to 
its properties such as biodegradability, biocompatibility, 
cationic character and non-toxicity, chitosan can be used • 
in various applications including water and wastewater 
treatments (Franco and Peter, 2011; Rinaudo, 2006). For 
example, chitosan can form complexes with microorgan
ism (EI-Mamouni et aI., 1998; Strand et aI., 2003) due to 
its cationic character. Various studies have focused on floc
culation and the immobilization of microorganisms (Fierro 
et aI., 2008; Kaseamchochoung et aI., 2006; Lertsittichai 
et aI., 2007; Lertsutthiwong et aI., 2009; Wang et aI., 
2008), but the use of chitosan as a biofilter media for NOB 
immobilization has not been evaluated. Therefore, the 
present work was undertaken to optimize immobilization 
conditions by investigating the effects of chitosan char
acteristics, pH pretreatment and the immobilization time 
on the nitrite removal rate of NOB immobilized chitosan. 
The chitosan with attached nitrifying bacteria is therefore 
a novel practical technique for water quality control in 
outdoor-lining aquaculture ponds because it can be directly 
added into the pond to enhance nitrification process so the 
toxic ammonia and nitrite during the first month of the crop 
could be controlled. 

1 Materials and method 

1.1 Chitosan 
Chitosan with a degree of deacetylation (DD) of 91 % and 

0CH3 
H 9

--OH~#O~ 
H H H OH H 

Fig. 1 Chemical structure of chitosan. 

molecular weight of 410,000 g/mol was supplied by Ebase 
(Bangkok, Thailand). Chitosan with molecular weight of 
310,000 and 580,000 g/mol and chitin were supplied by 
A.N. Laboratory (Samut Sakorn, Thailand). The DD of 
these chitosans was controlled at 85% ± 5%. Chitosan with 
a DD of 92% having molecular weight of 200,000 g/mol 
was prepared by alkaline deacety lation of shrimp chitin 
(Lertsutthiwong et aI., 2002). Prior to use, the chitosan 
flakes were sterilized with 70% ethanol for 2 min and 
their surface charges modified by soaking with buffer at 
the required pH. 

1.2 Nitrifying bacteria 

The mix-culture of nitrifying bacteria naturally attached as 
biofilm on polyethylene media (BCN-009, 2H GmbH, Ger
many) was collected from an indoor recirculating shrimp 
tank with 30 PSU salinity at the Center of Excellence 
for Marine Biotechnology, Chulalongkorn University in 
Bangkok, Thailand. This media was porous plastic with a 
10 mm diameter, 8 mm in height and 864 m2/m3 in specific 
surface area. Incubation of the NOB in the laboratory at 
28 ± 3°C was performed by mixing the biofilter media 
from the shrimp tank with the new filter media in 30 PSU 
seawater. The new biofilter media was disinfected with 
chlorine before being incubated with natural nitrifying 
bacteria population under selective conditions for NOB in 
which 10 mg-NIL sodium nitrite was added as the sole 
nitrogen source. Alkalinity in the water was maintained 
between 100-120 mg/L and oxygen was continuously 
supplied to the system by aeration. 

1.3 ImmobiJization of NOB on chitosan 

Twenty pieces of plastic biofilter media (BCN-009) with 
active NOB biofilm were transferred into a container 
containing 40 mL of sterilized 30 PSU seawater with 2 
mg-NIL nitrite and sonicated for 4 min to the detached 
NOB cells. Thereafter, the biofilter media were replaced 
with 0.60 g of sterilized chitosan flakes under 150 r/min 
agitation at 25°C. With this immobilization process, a 
significant number of bacterial cells could be transferred 
from the biofilter media to the chitosan flakes. The chitosan 
agitation period was varied at 3, 6, 12 and 24 hr. The 
efficiency of NOB immobilized chitosan on nitrite removal 
was determined by placing 0.60 g of NOB immobilized 
chitosan flakes in 40 mL seawater containing 2 mg NIL of 
nitrite. The decrease in nitrite concentration was monitored 
using the standard method of seawater analysis (Strickland 
and Parson, 1972). Moreover, bacterial attachment on the 
surface of the chitosan flakes was visualized by scanning 
electron microscope (SEM). 

To study the effect of pH pretreatment on NOB immo
bilization, the sterilized chitosan was soaked in a buffer 
solution at pH 5.5,6.5 or 7.5 for 2 min before immobilizing 
with NOB as mentioned above. Nitrite removal rates were 
then evaluated to find an appropriate condition for bacterial 
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• 	 immobilization. After achieving a suitable condition, the 
effect of DD (Le. 82% and 91 %), molecular weight (i.e. 
200,000,410,000 and 580,000 g/mol) and size of chitosan 
(i.e. 1-2,3-5 and 8-10 mm) were then investigated. • 
1.4 Statistical analysis 

All of the tests were performed in tri plicate and data was 
expressed as mean values ± standard deviation. Statistical 
analysis was performed by analysis of variance with a 
further Duncan's multiple range test. 

2 Results and discussion 

Mixed culture of nitrifying bacteria from RAS biofilters 
was immobilized on plastic media after 45 days incu
bation in shrimp culture tanks. This was following by 
NOB selection in nitrite broth under laboratory conditions. 
The desired condition for NOB selection is presented in 
Table 1 (Hart and O'sullivan, 1993; Lawson, 1995; Satoh 
et aI., 2000; Timmons and Losordo, 1994). The activity of 
selected NOB on plastic media is shown in Fig. 2. It was 
found that nitrite concentration in the water was reduced to 
0.20 mg-NfL within 8 hr and nitrite removal rate was about 
28.09 ± 0.58 mg-N/(m2·day). Consequently, nitrate con
centration in the test chamber increased in proportion to 
the decrease of nitrite while ammonia remained constant. 
This indicated the complete nitrite oxidation process. 

2.1 Effect of immobilization time 

The results in Fig. 3 illustrate that the variation of immo
bilization time influenced the nitrite removal efficiency of 
the NOB immobilized chitosan. The reduction of nitrite 

Table 1 Quality of nitrite broth used for selection of nitrite-oxidizing 
bacteria (NOB) 

Parameter 	 Value 

Alkalinity (mg/L) 113.33 ± 8.16 
Salinity (PSU) 30.33 ± 0.52 
Temperature (0C) 26.50 ± 0.15 
Dissolved oxygen (mg/L) 5.43 ± 0.21 
pH 7.34 ± 0.18 
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Fig. 2 Activity of selected NOB stock culture in terms of ammonia. 
nitrite and nitrate concentrations. 

concentration was a function of incubation time (Fig. 3a) . 
A longer immobilization time exhibited a faster nitrite re
moval rate (Fig. 3b). As expected, a greater immobilization 
time allowed more NOB cells to be attached to the surface 
of chitosan. This was confirmed by SEM analysis as shown 
in Fig. 4. It was clear that a higher number of NOB were 
found on the chitosan surface after 24 hr immobilization 
time, hence a higher nitrite removal rate was the result of 
cell coverage on chitosan surface. 

In general, the incubation period of NOB on conven
tional nitrification biofilter media takes about 30-45 days 
because of the limitation of NOB cells in natural waters 
and the substantially lower growth rate of the nitrifying 
bacteria (Ruiz et aI., 2006). According to the results of this 
study (Fig. 3), the use of chitosan as a biofilter media can 
reduce the immobilization time by the immediate transfer 
of NOB from pre-acclimated stock of NOB into the chi
tosan flakes. This phenomenon might be explained by the 
cationic character of chitosan in slightly acidic conditions. 
In the beginning, sterilized chitosan modified its surface 
through soaking in buffer at pH 6.5 that resulted in high 
cationic charges on the chitosan surface. Consequently, 
this treated chitosan could interact with the anionic charges 
of the bacterial cell wall (Lertsutthiwong et aI., 2009; 
Strand et aI., 2003). On the other hand, conventional plastic 
biofilter media are non-ionic polymers, so the attachment 
of NOB to plastic surfaces without electrostatic interaction 
requires a longer time with, probably, a lower in adhesion 
strength. 

2.2 Effect of pH pretreatment 

As expected, the nitrite removal efficiency of NOB im
mobilized on chitosan strongly depended on the pH 
pretreatment of the chitosan surface (Fig. 5). Compared 
with the control (without pH adjustment), pH adjustment 
between 5.5 to 7.5 significantly affected nitrite removal 
of the immobilized NOB on chitosan. Statistical analysis 
revealed that the pH adjustment to acidic (pH 5.5-6.5) 
could enhance the NOB attachment to the chitosan surface 
and, hence, nitrite removal was significantly enhanced. 
This might be explained by the fact that more protons 
are available at lower pH and resulting in more positive 
charge on -NH2 on the chitosan molecules (Chatterjee 
et aI., 2007). In the other words, the charge density of 
chitosan depends on pH pretreatment (Kasemchochoung et 
aI., 2006). With a pH of less than 7, chitosan contains high 
cationic charges which allow ionic bonding to anionic cell 
wall of the bacteria. In practice, chitosan surface should 
be treated with the buffer at pH 6.5 before the NOB 
immobilization process. 

2.3 Effect of particle size of chitosan 

Figure 6 illustrates the reduction of nitrite concentration 
as a function of the particle size of chitosan. NOB immo
bilized on chitosan with a size of 1-2 mm and 3-5 mm 
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could reduce almost 100% of nitrite concentration within chitosan with a size of 1-2 mm and 3-5 mm (P > 0.05) but 
2.5 hr (Fig. 6a) with a nitrite reduction rate of 1.18 ± these two particle sizes showed significant difference from 
0.03 and 1.12 ± 0.05 mg-Nj(g·day) (Fig. 6b), respectively. those sized 8-10 mm (P < 0.05). According to the results, 

However, chitosan with a size of 8-10 mm took about 3 hr the optimal size of chitosan used for the immobilization of 

to remove nitrite with a rate of 0.84 ± 0.03 mg-Nj(g·day). NOB should be lower than 5 mm. 

Similar results were also observed in nitrifying bacteria 


2.4 Effect of degree of deacetylation of chitosan
immobilized on wood particles reported by Manju et al. 

(2009). Wood particles with a size of 0.3-1.5 mm gave It was clear that deacetylation enhanced the NOB attach

the best efficiency of nitrite removal. However, statistical ment to the chitosan surface. Figure 7 demonstrates that 

analysis did not show a significant difference between NOB immobilized on chitosan with either DD 82% or DD 
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91 % (molecular weight of 310,000-410,000 gjmol) had a 
significantly higher nitrite removal rate compared to that of 
chitin. For example, NOB immobilized on chitosan with a 
DD of 91 % could remove nitrite at a rate of 0.82 ± 0.05 
mg-N/(g·day) whereas NOB immobilized on chitin only 
managed 0.44 ± 0.03 mg-N/(g·day). From the statistical 
analysis, chitosan with DD of 82% and 91 % did not have 
a significant effect on nitrite removal rate (P > 0.05). In 
other words, chitosan used as a biofilter should contain 
DD at above 80%. This observation can be explained by 
charge density. After adjusting the surface of chitosan with 
a buffer at pH 6.5, chitosan with a DD above 80% contains 
higher cationic charges than chitin which has DD 10%
15% (Lertsutthiwong et aI., 2002). This results in more 
IOnic bonding with the anionic surface of the bacterial cell 
wall. 

2.5 Effect of molecular weight of chitosan 

As shown in Fig. 8, the molecular weight of chitosan 
between 200,000-600,000 gjmol (controlled DD of 85% 
± 5%) gave a similar nitrite removal rate of approximately 
0.80 mg-N/(g·day) (P > 0.05). It may be concluded that the 
molecular weight of chitosan did not affect the nitrite re
moval efficiency of NOB immobilized on chitosan whereas 
the degree of deacetylation had a significant effect on the • 
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Fig. 8 Effect of molecular weight of chitosan on nitrite removal rate. The 
letters in a graph represent no significant difference (P > 0.05). 

nitrite removal rate as discussed above. 

3 Conclusions 

Chitosan is a promising biopolymer that can be used as 
an alternative biofilter media for nitrite oxidizing bacte
ria (NOB). The immobilization of NOB on the surface 
of chitosan flakes depends on immobilization time, pH 
pretreatment, particle size and degree of the deacetylation 
of chitosan. On the other hand, the molecular weight of 
chitosan did not affect nitrite removal efficiency. With 
this study, the optimal immobilizing process was the use 
of chitosan flakes with a size between 1-5 mm with a 
degree of deacetylation higher than 80% and the chitosan 
pretreated with a buffer at pH 6.5 to modify surface 
charges. An optimal immobilization period of 24 hr is 
required. The NOB immobilized on chitosan flakes has 
a high potential to remove excess nitrite from wastewater 
and aquaculture ponds. 
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Abstract - Influence of immobilization time and pH 
adjustment on the surface of chitosan on the 
immobilization of nitrite-oxidizing bacteria (NOB) was 
investigated. The results indicated that immobilization 
of NOB on chitosan surface depends on immobilization 
time and chitosan surface modification by pH 
adjustment. The amount of NOB attached on chitosan 
surface increased with increasing immobilization time. 
Immobilization of chitosan with NOB for 24 hr and 
surface adjustment with buffer pH between 5.5 and 6.5 
appeared as an optimal condition. 

Keywords: Chitosan; Immobilization; Nitrite-oxidizing 
bacteria; pH adjustment 

I. INTRODUCTION 

Outdoor-lining pond is now widely used in aquacultures 
because it prevents water leakage and eases of pond 
cleaning. A common problem associated with lining ponds 
is an accumulation of nitrogenous compounds especially 
ammonia and nitrite, which are hannful toward aquatic 
animals. To overcome this problem, water exchange is 
needed, leading to higher production cost and increasing 
risk of pathogen outbreak. 

Biofiltration integrating with nitrification process is 
effective for nitrogen treatment in recirculating aquaculture 
systems. Nitrification is responsible by two groups of 
autotrophic bacteria namely ammonia-oxidizing bacteria 
(AOB) and nitrite-oxidizing bacteria (NOB), both of which 
possess slow growth rate and are sensitive to changing 
environment. Both bacterial populations naturally exist in 
culture water but are easily washed out by the frequent 
water exchange during the production cycle [1]. Microbial 
immobilization on the surface of certain media was 
suggested as means to retain slow-growing nitrifiers and 
consequently improving water quality in aquaculture 
systems [2]. Conventional materials for immobilized media 
are plastic or artificial fiber, which are difficult to degrade 
and may pose environmental concern during their disposal. 
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Therefore, the use of natural materials may be a good 
alternative to avoid those problems. 

Chitosan is a naturally occurring polymer, which can be 
extracted from shrimp biowaste. From the distinctive 
characteristics of chitosan including biodegradability, high 
positive charges and environmental friendly character, 
chitosan should be attractive for the treatment of wastewater 
from aquacultures [3, 4]. Literature review indicated that 
limited research had focused on parameters affecting the 
immobilization of nitrifiers on chitosan. Therefore, this 
study aims to evaluate the effects of immobilization time 
and pH adjustment on the ability of chitosan surface to 
mediate the nitrite removal. 

II. MATERIALS AND METHODS 

A. Chitosan 

Chitosan with degree of deacetylation of 90% and 
molecular weight of 4.1 x 105 dalton was provided by A.N. 
Laboratory Co., Ltd., Samutprakan, Thailand. The size of 
chitosan was about 1-2 mm. 

E. Nitrifying bacteria 

Nitrifying bacteria used in this study was the mix-culture 
collected from indoor recirculating tanks for shrimp 
cultivation (30 ppt salinity) at the Center of Excellence for 
Marine Biotechnology, Chulalongkom University. Nitrifying 
bacterial sample was incorporated with biofilm on BCN-009 
polyethylene media (2H GmbH, Germany; diameter 10 mm; 
height 8 mm; specific surface area 864 m2/m\ Nitrifying 
bacteria are residing in biofilm, which is attached on 
surface of BCN-009. New biofilter media were disinfected 
with chlorine before acclimated with natural nitrifying 
bacterial population under specific condition favoring 
NOB growth (i.e., Sodium nitrite 10 mg NOrN/L; alkalinity 
100 - 120 mg CaC03/L; pH = 7.5-8, Temperature = 25°C). 
Furthennore, oxygen was continuously supplied to the 
system by aeration through air stones. 
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C. Immobilization ofNOB on chitosan 

Twenty pieces of NOB immobilized BCN-009 media 

were transferred into a test tube containing 40 mL of 

sterilized nitrite broth and sonicated for 4 minutes. 

Thereafter, biofilter media were removed from the test tube 

and replaced with 0.60 g of sterilized chitosan flake (pH 

6.5) under 150 rpm agitation in a rotary shaker at 25°C. 

Chitosan acclimation period was varied at 3, 6, 12 and 24 

hr. Bacterial attachment on chitosan surface was confirmed 

using the Scanning Electron Microscope (SEM). 


The effect of pH adjustment on NOB immobilization on 

chitosan was determined at pH 5.5, 6.5, and 7.5. It was 

conducted by soaking sterilized chitosan in buffer solution 

at the indicated pH for 2 minutes before proceeding with 

NOB immobilization mentioned earlier. 


D. Nitrite removal rate 

Nitrite removal experiment was conducted to determine 

the effect of immobilization time and pH adjustment on 

NOB immobilization on chitosan surface. Nitrite removal 

rate was determined by placing immobilized chitosan 

In 2.0 mg-NIL nitrite and 30 gIL NaCI solution. Nitrite 

concentration was measured according to Strickland and 

Parsons [5]. All tests was performed in triplicate. Analysis 

of variance (ANOY A) with further Duncan's multiple-range 
, test was used to compare the differences between 

treatments. 


Ill. RESULTS AND DISCUSSION 

The extent of nitrite reduction was clearly influenced by 

acclimation period of chitosan (Fig. 1). The maximum 

nitrite reduction rate was observed when chitosan was 

acclimated for 24 hr. At this condition (i.e., 24 hr 

acclimation), NOB immobilized on chitosan surface could 

remove almost 100% of nitrite within 6 hr. SEM results also 

indicated a larger number of bacteria on chitosan surface 

after 24 hr of incubation compared to other treatments (c) 


(Fig. 2). 

Figure 2. Scanning electron micrographs of bacteria immobilized on the 
surface of chitosan after incubation for (a) control, (b) 3 hr and (c) 24 hr. 
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Figure 1. Nitrite concentrations after being treated with immobilized NOB 

on chitosan surface. 
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Figure J. Nitrite removal rates of NOB immobilized chitosan as a function 
of immobilization time, the letter a, band c indicate significant differences 
in statistics (P>O.05) of the data. 

Fig. 4 indicates the extent of nitrite reduction as a 
function of pH adjustment of chitosan surface. The pH 
adjustment between 5.5 and 6.5 yielded a comparable nitrite 
reduction rate ranged from 0.3177 - 0.3498 mg-NlLlhr 
while increasing the pH to 7.5 reduced the nitrite reduction 
rate to 0.2382 mg-N/Llhr. This observation was probably 
due to the charge density of chitosan after pH adjustment 
[6]. With the pH less than 7.0 chitosan contains high , 	 cationic charges, which make an ionic bonding to anionic 
cell wall of bacteria. 
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Figure 4. Nitrite concentration after being treated with immobilized NOB 
on chitosan surface at pH 5.5, 6.5 and 7.5. 

IV. CONCLUSIONS 

Chitosan can be employed to immobilize NOB. The 
extent of NOB immobilization on chitosan surface depends 
on immobilization time and pH adjustment on the surface of 
chitosan. In this experiment, immobilization time of 24 hr 
and surface adjustment with the pH between 5.5 and 6.5 
yielded the maximum nitrite reduction rate . 
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