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Removal of copper, nickel and zinc by ion exchange resin produced from 

water hyacinth was studied. The water hyacinth was treated with two dyestuffs, 

Reactive Red 31 and Direct Blue 71. The ion exchange capacity of untreated and treated 

water hyacinth was studied with batch experiment under various concentrations of 

heavy metals in synthetic wastewater, 10, 25 and 50 mgll, respectively. The results 

showed that the dye treating of water hyacinth with 0.002% Reactive Red 31 and 0.001% 

Direct Blue 71 dyestuff could increase in ion exchange capacity of water hyacinth. For 

the effect of concentration of synthetic wastewater on the efficiency of heavy metals 

removal it showed that increasing of the heavy metal concentration led to a decreasing 

of removal efficiency in both treated and untreated water hyacinths and the values of ion 

exchange of copper were higher than zinc and nickel, respectively. Furthermore, the 

various quantities of water hyacinth used for the study of zinc removal from synthetic 

wastewater at concentration of zinc 50 mgll with 1 g of both dye-treated water 

hyacinths could decrease the concentration of zinc to a level below the water quality 

standard. For the experiment on Zn-electroplating wastewater treatment, both dye- 

treated water hyacinths could remove zinc from the wastewater effectively. 
. - 

Furthermore, this study was carried out by using sawdust of Iron wood, 

Siamese sal and Yang and the results showed that the removal of heavy metals by 

sawdusts were lower than of water hyacinth. 
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2aSn?udaSws 
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2.1.1 W'NbLW! 

maun4 (Copper) ~ S U ~ F I M Y $ D $ ~ M ~  03 ~ ,WI I~JB~~J  LFI.da%ma~ 29 
- 
iiiwiina~nau 63.54 qnitan 2595 DJ~ILB~L%JR ~mnasa~lmq 1083 E)~RILBRL%JFI 

Ain7iuri?~4iai:: 8.96 iaslaan%iniu t i  oa: t z  ~qruauu'3iau gminjiu di~vJdikiG 

nid.6"i I ' B Y T F I ~  
na~nnaZ~rwaai8Iurn~di"bdfii~ba::~aiaiau ijnaiuKiuluniioms 

rimniauira:i.i udamsb~dsld rnsI2disIumrivaa~a4~in~ "b6ri7-i nini~Idvi~~-i.Insd 

B t~n~.iaTind un:h4$Ii ~a"lun1~6arr;~~ai~ii ~~a:rnda~$njns %ii~ud?udzsnaurms~ 

uidnun'nl4.a ~'1iin3Iu~nninnssuidu"bu~ia:i"11~ifin 

naiaisSvfiw 
. . 

riilfli?mkn Wilson Disease ~4i~un?iNfimdn~L6a991n$5::6fl~a~bbfl~ 

firoaaq'Iuiiamua-nn lunsri$LEnqi8inolf ~ ~ n i u ' b ~ ~ u ~ a ~ ~ i m ~ ~ u " i ~ ~ ~ ~ i n ~ : : ~ E m ~ ) ~ n i ~  

i3uGaibuuwEiu iis aii4uu n"aai94 nfl~ai~a~SuiBsn nqia~uIa~mdi i i~::a-~i l~i~lMI 

l,3u3?w'b& 

2.1.2 Qnbk 

ant?a (Nickel) du~aM:$afiMd IIB ( L U B ~ ~ ~ B I ~  LR1IE)VPlsU 28 
Y 

rii~iina:nau 58.70 9nGan 2732 oa+~iigaigutl ynmaaan? 1453 D J C ~ I L ~ ~ L ~ U R  



2.1.3 8snd 

8 ~ 1 d  (Zinc) L~~uI~M~~M-~~I~IuM~ IIB IUFII~IJBI~ LE~VDYB~DN 30 JiMiin 

azmau 65.37 $ m ~ i i a m  906 a~~li i ,%a~G~a ~ R Y I ~ ~ U L Y I R ?  419.5 ~ . J C ~ L B B L ~ U E (  n'i 

n~iuriadiiniz 7.14 ~auaan9~miu +2 ijqm~u~Snudam5yniau!6$ 

ni~liilJxlumi 

3~n~8iqmsruCGnun'anisyniau nisI+dsdumili !m"~rri ninii8dnu"Wui 

~ i i m l a u i j ~ ~ a ~ z d ~ i i m a G u 4 i u ~ ~ d ~ n a i u ~ ~ ~ ~ b ~ ~ ~ n u ~ i u u i n n i  nixl~ms~8dnz81a"lu 

m~ii8Cau n17 L L ~ ~ L S U ~ ~  

R ~ I ~ J L ~ U ~ ~ J .  

knd~mi,3ulaMzdijna7uL3v~&i udf i i l6~ulu~uim~inez~f im~3u 

6miaii~niuI.m" Wa i,iinaimzd~mn"a.~ n6uM a i ~ k u  ~i imm~yniaura~~da~ 

nid~Guaiais ImIivi i~iu iaftm9id Ban ~mu"ai;liidmidn" (Bailey, 1986) 



2 -  A 
2.2.1.2 riibibaaudid q !n--xiar~BuBuqaarin q ~iudrnuunnau~5d 

ain16~ia::airnuGa niiaGa Iaaaudr?nfiqinaansinaisa::aiu stvlgnaananiiu 

fli3~1:~n~?nubuansud (Regenerant) 'Lusmiiamwii~nubuabs%u (Regeneration) 

~daasinfisnasaaaw5a::aiu~bsubuab~$u6 hini i f iarim~m~a::aiu4a~~uda~~~ar.aa~ 
u 

I aaau  naiar1+ar+u2vlduadaaau8d~darin hwm::~4iuii~i i f iu~5uni~iIf iaaau~~ 
' A  

~Gar~~asiaarin inaiar~Bar~u~Gar~91~aiu~ii 

~ n s a a h ~ u a a n ~ u ~ n a i a r d i 6 ~ d a n 1 ~ ~ i ~ u m a a r ~ ~ ~ 1 n i ~ " b ~ n i ~ ~ ~ a n ~ d d u u  

Iaaau n$uiIn-rJniiadds~nau~audaudi~~ 2 dauta InudiadIiid-i::aIdqibba:: 

M~hXm~d!ds::~ldfli (Functional Group) ~ n s a d i ~ u a a b ~ ~ ~ ~ ~ d ~ u d r i i ~ ~ " ~ u ~ ~ d ~ i ~  

b5ua d i~dds in~ ira:naZdiiao&3(il ulda::ai o d i  u~a::li~~~ln~nlmuiiu Insafia; 

a ~ i ~ ~ u i 1 i n ~ i d s e n a u ~ ~ b m ~ n i ~ ~  aui iua~~ind~~u~i~m~$uafiu~adafiu~~ubduuia 
P I e C I C I I  

~ m : : d ~ ~ m ~ n ~ ~ ~ a u ~ n % ~ m ~ ~ ; ~ s ] ~ ~ i ~ ~ i d d ~ : : a i u ~ ~ a ~ w " b ~ m b ~ ~ ~ d  3 arwiajR?iar%d$d 
dl 

M~anaiuw~ nai~~~~ i~uoabs~uuua~f i~~na i~b~~uabbuuua~nisdsef l~u  (Degree of 

Crosslinkage) $a~m!~i?infis]i~~~aa~ads::aiu ~nlw"~rnwd 2.1 duhad~adsznau 

i i a h i u  



cn - CH, ,CH --. CHI - CH - CHI - CH - CH, - 
I I 

PLPL V 

~unz&m?dT:mute DVB (Divinylbenzene) ~~Wd$us:bme<U~iu~ 

uduMuiriu;Lniu duadriufiuicu.aad DVB ;I% ni=ii?wa 61a.n" DVB uin inuiia 

~~4bT%%Wbb~dLLa:~¶J bbd61I% DVB ' ~ I O  b R ~ d < 1 ~ ~ 1 ~ d b ' d ~ ~ 9 : ~ 0 ~ b b a ~ r b ' d < ~  bnudn~ 2h 

IGS~UG Degree of Crosslinkage d ~ f l i ~  8-12% DVB ~ ~ M U I U R ? I U ~ I G  DVB 

Js:uicu 8 -12 % mjl~11n-iniiuau6sMwm (!lwjla"bm%ds:annr 88-92%) 

Iums~mntdduu (Exchange Capacity) LL~:~~~MUR%~UW$U 7 P I D J L S ~ U ~ ~ E I  L ~ U  
Y 

n ~ i u Q u I u ~ f i  du6u nidne u3u~~5a~ian?iuw~uwab4tl~ds~i~daaauici . j  q 
A l, 

Lninun tu iaan!m"a~nan~ds:~n~~bbanbdduu~aaau!~ ~ s 3 u d ~  Degree of 



Crosslinkage $dLfi~ld $::!R31bl~~~di ?!ll$$$l (R7IU$U) O E ~ ~ U L T ~ U I ~ I  u UDM?fla 

~ d b ~ B l n i i n i l U $ n c 2 ~  LT$U$d Degree of Crosslinkage hllfiU!d ~ : R R ~ I U W T U U I ~  
vi i 1 ~ a a r ~ 1 ~ ~ ~ 1 n u d ~ a 1 ~ ~ ~ 1 ~ i i ~ 1 b d a d ' i ] 1 n ~ ~ s ~ d m b ~ d ~ ~ " ~ 1 ? a ~ b ~ ~ d s : ~ 1 u d  I uanwn8 

,A <A& fidGa~8uffa viildaaau$ijuuimlMd ( ~ d u  lu~a~alaaais?unsunuds:~!~rlfii) 

R l ~ l ~ 6 ) b ~ l ~ d 6 1 l ~ ~ ~ b ~ ~ d ~ 1 d  b b a ~ ? ! l ~ $ b ' d ~ ~ b 8 U ' b d ~ b 2 ~ 1 d ~ ~ l  

" V ~ ~ ! ~ D B U  (Functional Group) . U O J L ' ~ U  ~ ~ ~ ~ 2 f i l ~ ~ ~ ~ f l ~ f l ~ 8 - 1 d 1 9 q  

ra~1s3u ~ d u  n~~armuisn~?ai~ui~~unis~~an~d~uu'baaau r i lub  w$aaau~m::rju 

odudnsaiida~msmillnu iiil$~s$u$ds::~u2np9?aau m-iiinunds::rnnuaa~s3u 

aan~3u  4 d swn  i i~~u~d~liar%Gmua~silqlaaaud~a.j u n h a t i i ~  idu ~ ~ % a l d G n  

(-SO,-) ~ i a ~ d m i u a n q G n  (-COO-) viilfi~s3uids::?auds::i16a r~a::dunii cationic 
Y 

Resin $~f lun l s r i l~m~aaauu2naan~Ind i  d?u~qai$u  (Arnine) %ihdidy bdu 

RRNH,' vii'hiis3udds::?u2nds::4 7 t h  bba::G~na'~ Anionic Resin R I U I ~ ~ ) ~ % I < ~  
Y 

Iaaauauaan~ind1!6 

ds::noun12s~aa~s~ uaz i i r ~u~a ia . J~aaau~as : : d i~~sz~ms~ i i u i i ~  uiviiI;~shbilu 
C 23 naia Lsquqbldiq::~ H+, ~ a * ,  ci, O H  ~2Im~aMdJL~uIaaau~as::  nduauaiiiuaam 

PI P I Y  

uaa~- r3u~~as~~~ma~n is f i i <maan~ in~ . i  Yaaau~as-66ua~uadiiuwd~aaau (Functional 



mwd 2.2 m3aanrddudaaau~a~b3%ubbfl~ln~mbbd (iuau %ruqnnnu', 2535) 



RH, + 2NaOH A RNa, + 2H20 

niwd 2.4 m5~~~nbd~~u\aaau"11adb~3ubbuun3mdau (iu8u %mqab?~ii, 2535) 

2.2.3.3 b5~~bb~lf ldlSbLfi 

L32uLLuudiaLrn'~M~idMgn~a Idaaauauslaaslu (ain~2u OH- 
w  

M% CI)  aaniiuraaauauIu~id6adni5fii~maan idu H C O ~ ,  ~i ~fiu6u MM~'  

\aaauraa L3?~~niudidbLfiu'fi Quaternary Arnine ~2adlSbdu (cH,),cH,N~ 

Ioaau~aszfin~3u ci ~ ~ a a 1 ~ ~ 2 u  OH- 

d j i i i u i ~um- i r~an~da~u~aaau~~az~~au~u~~~%u  i3ud$iiiui 

fiauna"Ellsn"u~~az-iYu &niw?i 2.5 

Y W  

H I ~ % W L U ~ L L T U ~ O I ~ L ~ ~  NaCl W$O HC1 ~ 9 %  NaOH f i " s L b i h  
W P I P I P I  LJ~V~$~~IR L ~ Q ~ L L U U ~ I J L L ~ ~  mNi3nI8mmiwiaqyns2:~u d52:~an~~niwIurn~ 

fi.suluaatiud1~s.J 18-30 idaiigud viil$6a~~~~n~rnisnu~uai~$~6~in uanwn8 
w 

Ls%uLLuudid~~riije;laiNe;l~~udi viiI$ijaiqmzI~diu8u usneinm-iaan~l)~uu'1.aa0uaf1 
1V '=i iGa nQu~iuudiaunu~~~a1~~i~i~nIuni~~ian~dduu3~ni a miuauInaanIqn' 

2n6w 



2.2.3.4 b % ~ ~ b b f l ~ 1 6 l d d a ~  

msrh'jnraaaualiradi53uii~lua G ~ i i i m n i i . ~ s i n n ? u Z n  3 
Y 

d x m n  ~~a~qinli!jrm"$msbban~f~duulaaau a%urGn~fi15n!m"~awi:nsm~~~ d u  HCI, 

H,SO,, HNO, a a n q i n i i  b i a % ~ ~ ~ i ~ i s n T i i ~ m n s m d a u  bdu CO,, SiO, b 9 u h  m%rii5m 
u 

nsnu~i~m~u~nudnsmbbn'w"db~ba~ab<i;Mi~fln"flbs~u gmxi iu I~ i a in rnwd  2.6 

n$urGm8~di2aa5Iaaau~a~:5I6 i i ~ u i u a i ~ m n "  
Y 9, 

6 v v . 4  
~ 7 q b h  NaOH NqCO, M% NH,OH n b  M J U L W ~ I ~ L ~ ; ~ U F ~ U ~ ~ U ~ % ~ ~ ~ L ~ ~ U M ~ I  

R + HCI A RHCl 

RHCl + NaOH ---------+ R + NaCl + H,O 

= us4 ~ m u d n i r s 3 u u ~ ~ d u 6 a u ~ n ~ ~ u n i s T i i ~ ~  ci an:: so, Yam 

ijvniuds:nis idu ds~3n8rnw~um~~i~nubua~~.a"uq~~ftopl 100 1daii8ud ~iilM* 
~ d ~ a ~ n s m i j h u  a a : ~ ~ n a n s n l +  N ~ ~ C O ,  16 ( n n i g n n i i  NaOH) ~~s: :an~mwlum-r  

TiiQmIaaau;~ ( ~ u d k n r i q u a d  j ~ u i v h )  



2.2.4.2 ~ 2 l N 9 9 ~ l b b < ~ d 3 1 ~ ~  (Bulk Density) 

n~iunui~ru'ura.sa3u~3un~iu~uir~Gud~in~da"~M5~~~neiiu 
u U 

ni38iaiiaumnmznau u n : ~ . ~ M ~ : ~ W n ~ i a i h  antuanuiid~iMiinvodb33uMis~ao 
A d?uim-i$dMunraabln.ih r~s~arnnuw~ud~iin~inni~~aun"u~o~r53u n~iut luiudu 

Y 

dnnpiiliunii Bulk Density M%I Shipping W6ight W 1 3 i l j b ~ ~ ~ ~ i ~ 2 i ~ W ~ i u R 6 7 U  

fi¶JR?l%Jvl~lb!,<~ ~ ? l l l ( i ? d ~ l b ~ l Z  ( n . ~ . )  I ~ U ~ ~ A L T ~ U B Y ~  t l . ~  .~TVUIN 1.3 &dl 
9, u u 

ni1o.w .radnnunsad (n.w . 2.65) uin f l d ~ b ~ ~ i ~ f l i u ~ ~ ~ 6 ~ b 3 % ~ ~ ~ 1 0 ~ d ~ : : ~ i b l b  40-50 

bdD$L8~'6 

d 
2.2.4.3 9 1 ~ 1 0 8 N ~ ~ :  (Effective Size) ~bi ld~d3dMn~0dn2id~a~7bH;~D 

(Uniformity Coefficient) 



2.2.4.4 ; ~ R ~ ~ u R I u I T ~ I u ~ s L L ~ ~ L ~ ~ u u I ~ ~ ~ P - ~ Y o ~ L ~ % u   on Exchange 

Capacity) 

~ ~ i u a i u i s n I u m s u a n ~ d ~ u u I a a a ~ ~ a ~ i ~ 3 u  M U I U R ~  f i u i m  

IoaaudLsquiiananqinXi (rininii2uauya ~ia~mIuvlriauiiIain3uaadqu~u) via 

PI 

rn - r id  ~unli?uri  i n i i n ~ a ~ a i ~ I m I ~ " ~ f i u n u a u a u ~ a  muim 
Y * 

n r ~ i ~ ~ m u ~ i - i i i ~ . u " n " 1 1 a ~ ~ i ~ . u " u 6 a ~ ~ 1 ~ 1 ~ ~ n ~ 8 . ~ ~ a  (Equivalent weight) I ~ U  

Y 

nna~%au%aiaildm (case,) ciiniinauy amiiiiu 68 

n~ai~uu%aLda 18 n% = 18/68 = 0.26 8uya (eq) 

rns~d~uu~~?uauya~w"bfiun liau'11aGu4u (CaCO,) nst7iil6 
Inuhru&?u 50 unG?atiia~siu 



2.3 ~ ~ ~ s L B R ~ ~ R ~ ~ u ~ ~ L ~ ~ u ~ ~ ~ ~ B o O ~  (Cellulose Ion Exchanger) 

' L n - i a a 9 i ~ ~ a ~ ~ ~ ~ ~ d a q I a ~ ( I u ~ ~ ~ u ~ 1 ~ ~ z Q ~ y ' n i 5 u a n % a r ~ u a ~ ~ d ~ z n a u  &viiI.< 
b % a q ~ n a ~ ~ n r a u ~ ~ ~ u n i ~ b ~ a n b d ~ u ~ " b s a a u  ms84mn:?iwlimm F(is-nsnrii!6huI* 

6.4 Y dfifi?^suiaan$Lmiu N ~ ~ ~ ~ ~ b d 3 : n a l r h  Hydroxy celluloses rraz COOH-group 

15 ~daiigu$ REin~mz~f lu~~  Ia.ia:muJi F ( l t n ~ ~ d I ! d ~ ~ ~ ~ 3 b b R n b d ~ 0 ~ ~ ~ ~ ~ ~ ! 6  

~ s % u d ~ 6 ~ 1 n ~ s i a ~ l a a  ~::iiqmau~6~~1i7afiu~~%p.l8~~n~i::~~inn~:uaunim1~ 

rni adszianwru:uiads::ni3dnmnii.sfiu u l~.i~n?7dsa~~aa~lnaq::bBu 

Hydrophilic b ~ d ~ ~ 4 ~ ~ 1 4 s l ~ ~ b 3 % ~ a " 4 b R 3 1 ~ ~ : : b f l ~  Hydrophobic W B ~ ~ ~ ~ ? N Q U ¶ % ? ~ Y O P  

b ~uafluimqlaa wuiiRni~1~s:niun"u6~ uw"un:!alm~~ilu ~~~sssudauannil:ad 

miuci I ~ali4di.J 7 uupniisua ~~n~4i ia~4~3:u~s :u i rn  5 0 " ~  QJay'.ua;laaadri 

aiui~ndir::aam~iuswSuaa~~ns~~i~aa.j~~3u~6 

Fnn~ilvnuwlnna~i~aadb'~~a~laa~\jniwi 2.7 wuii ~ L R ~ ~ ~ I L I J L ~ F I ~ ~ ~ F ( !  ~ l j  
I APL Iam~an8a (Hydroxyl group) i ; n i ~ u a ~ a m ~ c i i i ~ w l i ~ d  2, 3 LLR: 6 ~ L ~ ~ U Q ~ I L L M U J M U  

I, 

wqIaaauuimrn:.juogi mduand i~rwtiad trriuau~~1!6uin ~isinrnsilnw7~1~1nii 



aaal.an9Ta~wuiiniiuaua::waud 2 LLR:: 6 ~~udau$$~~ i imd~~u ia r i nd~m O ~ C I  

E 2.2 
saai.aatjTaaBrlnm 15 - 20 larnsau nduauajfiu2d<i~~a~bqaBlaa nimj%d!a 

dnwnrzu aaln~aeha ~ i a z  haa$aarnui~nvi 118m u\+nsaaunisnia~nB 

~~s::~~uni~~dards::~~^sn~~"buni~~~diubba::na~uaiui~n~uni~bbanbflduu"baaau~~~~ 

$u nn~iiu?nwiaisna~~aa~ban~dduu~aaau uii1~mum3ibdluai3a::aiu NaH,PO, 
A 

~{ar{u 0.5 M bba:: NaOH b & h  1 N % d 8 ~ a i ~ i $ ~ b ~ ~ l " b ~ 6 ~ 1 9 1 9 9 a i ~ b ~ ~ ~  naw$n 

d ualajlKirns3u ~niium.io::~n udiinmu~3unm~a I u m i  i$r~lu~uan%u~~IQai3 

a::aiu NaOH L < B . J ~ ~  0.5 N 19% acid buffers M%I i373a::alU HC1 ~~0819 na7;M 

~lu13n~ums~~dluuad~i3bbanbfl~~u~aaauaV"bu~ad 0.25 - 1.00 rneq/g dry wt. 

nlwd 2.7 In~a? i~n i .~~~W'~a~b .aa~baa  (Shore, 1995) 

Serva Cellulose Ion Exchangers b f i  ~ ~ U R I T L % R ~ ~ ~ ~ L L R ~ I  bdd U U ~ D ~ ~ ' U % G ~  
ti W G  A ~nndwtmru~m::m~~~n~~'~9ii~'b~u~;~i~arin B~LLandIMrvunarnsoaarj.u~ba::~a7~ 

~ ~ i ~ l u n i s ( i i l ~ l + . ~ ~ u ~ a ~ ~ i ~ ~ " ~ ~ a ~ l a a ~ ~ a n ~ ~ ~ ~ ] u l a a a u  qnraanjm^ddi6y~a~ s e ~ v a  

Cellulose Ion Exchangers bb~fld~~131dd 2.1 



@is744 2.1 n ~ a ~ u ' ? ~ a a  Serva Cellulose Ion Exchangers 

(CE = cation exchanger, AE = anion exchanger) 

4841 : Dorfner, 1977 

Enmu'6?1 ( W a t e r  H y a c i n t h )  <na~'lu~adfinmuai (FAMILY 
.=id A 

PONTEDERIACEAE) U " S O ? n ~ l ~ n l P l ~  80 ~ichhornia crassipes Solms. L&44%;1 
Y 

Cju~iiaauaanida ~u in i l6  Ruri iiGna ~lud3annulan $aaxYyrnwiknqwaa 

finnumi fiariiL~nuiainnandiaa3u imdanan~$iufhman HYACINTH 63unqia.1 
Y 

lJd Y . w uaiurmaanancin~lu~aiC~aa~iIws]~ uiEnm~'~~~i\dd~n~a~rsiia 7 taTan 'lug w.n. 

2424 aiGwind dinn3aad3zmniuIntLquI~tiifinplu.aqi lt]~~~n~~ual?Yurrqu 
Y 

6.4 a wrlnwnnn~mua~lud d a b l i \ u ' u i u ~ ~ w ~ n ~ z a i ~ \ ~ ~ ~ i ~ ~ i ~ i ~ ~ ~  7 h d ~ z ~ n n  

fi~Pl~'II~lci'UL~lUl~Ud3~LM~~M~~~JLLT~~Ui] W.n. 2444 ~ @ l ~ m l ~ l ~ ~ l ~ l ~ l ~  
Y 

Y U  u 
dszmaiu~niids wia~rjaaaqi ia\nna;aii -finnu.a3in n5au~n~iuid~naa~u as21 

Prevailing 

particle 

size (mm) 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

50 - 200 

Name 

CM-Cellulose 

P-Cellulose 

SE -Cellulose 

DEAD-Cellulose 

TEAE-Cellulose 

PAB-Cellulose 

AE -Cellulose 

BD-Cellulose 

GE -Cellulose 

BND-Cellulose 

Properties 

CE, weak acid 

CE, medium acid 

CE, strong acid 

AE, strong base 

AE, medium base 

AE, weak base 

AE, weak base 

AE, medium base 

AE, strong base 

AE, medium base 

Ion Exchanging 

gsoUP 

-COH,COOH 

-OP03H2 

-C02H2S03H 

-OC2H4N(C2H5)2 

-OC,H,N+B~ 

-OCH,C&,NH, 

-OC2H,NH2 

-C02H4N(C2HJ2 

-OC,H,NH~C=NH~+CI 

-OC2H4N(C2HJ2 

Capacity 

(meq/g) 

0.62 + 0.1 

0.8 - 0.9 

0.2 - 0.3 

0.4 - 0.55 

0.55 - 0.75 

0.15 - 0.2 

0.33 + 0.1 

0.8 + 0.05 

0.2 - 0.3 

0.8 + 0.05 



d d 
1, 

~inum~k~I~uaafinolua~ii~uwa~ieirya~1fi~ii <mtdu!aaaulii 
Y 1 ,  

(Floating plant) %%YI:J Ifl~dn~37nF)Zl~'dfl?nn"4~F;"U?Ul6il L~ULL~GI~~BU$I~ 
.:a X i u  31nii~u.~n.swui& gnwuz~s~inol~.aa, uamdurnwi; 2.8 

2.4.1.1 6% 
Finuw~fiunadsznau6aun(;ulu ~uaGan"ut5ua~ (rossette) ns 

1, 3 Ir 

6 u v ~ ~ f i b u P i n s J ~ ~ u u ~ d  n o ~ u ~ d a s n a ; l z ~ ~ i ~ ~ i 6 u ~ a l i l ~ d o l i ~ ~ a i i i  f iunii h a  
u 

(stolon) i i u ? u ~ d L d a d ~ i i ~ ~ n i u  7 K M ~  daniiJna6uBuIlvli ~nui l~amis?mn"uh 

bb.dl?N 



2.4.1.2 s i n  

~s?tya d r n d 6 n a 6 u  ~nurwzuedsin~~u~ruu3inda u (fibrous 
A pl P l P l U  

root) nausindau q irmntBunsz?n s in ldd ihanumzaau jauq~a  i L a z ~ d o L - ~ ~ u i n  

Y 
6101-1 B ~ I ~ ~ ~ J ~ ~ ~ ~ ~ L L ~ ~ ~ I ~ ~ U P I ~ ~ ~ ~ ~ ~ ~ ~ P I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ ~ " ~ Y ~ I ~ " I I ~ ~ ~ ~ ~ ~  

A A finnr~am aisbfiudaman~cr6&i~noniau6a 60 nan ~saunandaudaa:: 4 - 5 n a n 6 i  



Y Y  Y 

adlniiu ~ a e i n i i u n " i u I u i l z ~ i a ~ u ~ u n ~ u d ~ u a a n u i  wiau;iartiuIundrnJaan 
C Y Y  Y B d A d  

~ubdn~ai~uin$u$Iunbvu"liunau muIu%duaLslu?unuda;lq::bdduub~u~$imiabbnu 

~nmua71d~q5syadiiu~i~ 7 ~uhilzwaddadmu~u!dadaini@iiuauuin L L ~ &  



(0292 '~~~inn~egvu ?= PM~P~) i~apntou~ro~u~r~~nhan epp~e!~~p~ L eyiulpr~ LF R 

~~to~e~lt~~c~~p~~eueuep~pe~~~~~p,~z~ueuep.n~,ui~ep -,a ?7 ~~~\~~u~rt~~eun~u~~lb R "P 
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Rangnekar LbRt: Singh (1980) 4 i ~ ~ u n d 5 ~ n w ~ a f i a a  2 blllU Wil 

2.5.1 .I n 1 s ~ i ~ ~ u n ~ f i o a ~ i n ~ n w ~ l b ~ l n ~ ~ a i i ~ w i ~ ~ n ~ ~ a ~ ~ a 8 f i a a  lmu 
L L U ' P ~ U  chromophoric system hl~La~abLlad8 a1~73nbu'dd3Zm~bLl~d~~an"b6b~~ 21 

nq'a "b6~u-i 
1) Nitro $'XId19bdU Napthol Yellow S 

2) Nitroso @d~dl~bdP.L Fast Green 0 

3) Azo L b ~ d b h  7 f l $ ~ d d i l ~  

- monoazo %X1d19bd9.1 Acid Orange I1 

- bisazo $'XIdldbdu Congo Red 

- trisazo %~adl~bdP.L Direct Black EW 

- polyazo 

- mordant azo hi?1d19bdP.L Eriochrome Black T 

- stilbene azo fi20dldbd~ Chrysophenine G 

- pyrazolone azo ~~~d19bdP.L Tartrazine 

4) Diphenylmethane 470dldbd~ Auramine 0 

5) Triphenylmethane ~~Dd1~bdP.L Malachite Green 

6) Xanthene Gh3dldbdu Fluorescein 

7) Acridine $?au'lJb%P.L Acridine Orange NO 

8) Thiazole $20dldbdP.L Basic Yellow T 

9) Indamine & Indophenol 6aDdldbdU Toluylene Blue 

10) Azine ~ ' X I ~ I J L ~ U  Safranine T 

11) Oxazine 690d'lJb%U Capri Blue GN 

12) Thiazine f iai ld~dbd~ Methylene Blue 

13) Cyanine L L Y ' J L ~ U  2 f l 4 ~ d ~ ( 1  



- Methine dl4 bd~ Astrafloxine FF 

- Quinoline % a ~ d ? ~ b d ~  Kryptocyanine 

14) Sulphur 420dl;lbdu Sulphur black T 

15) Lactone $'33dld b d ~  Resoflavine W 

16) Aminoketone 6%3 dldbdu Helindon Brown CR 

17) Hydroxy ketone & a d l d L d ~  Alizarin Dark Green W 

18) Anthraquinonoid 42adldLdu Perlon Fast Green 3B 

19) Indigoid 62adidbd~ Indigo 

20) Sulphurized vat dyes 6'2a~ldbdu Hydron Blue R 

21) Phthalocyanine $'ladldbd~ Monastral Fast Blue BS 

2.5.1.2 nis4i~~un8iausin^a"sis~un15iau8~miiu~8u"bu 

1) a k a h  (Acid dyes) I # ~ a u L ~ u . ~ u 8 m j  IMU uazb8ulu 

I d3~u Iu~ i i aud~3u rn  ui~Gd%fiauAiuI6 h3dsiiamdmsilad8Iunfiu6ds::nau 

6~u~aj.ua~mm(iiald~n v?aui~Gai7a~~nsnniiuan95n ~u13n~a~Wua~majIunq'u 

Ins~ni i~wia~ni j~mu~nnfiu lmuau18ndkin"~ansinn~ua::lq (azo) nq'dolsrrl~a 

&wu (triphenyl methane) b~m$8hauYlnn?I~ (anthraquinone) 

3) &,uE(FI (Basic dyes) I # ~ ~ ~ U Y U ~ ~ ? P ~ ? C ~ ~ I O " ~ ~ ~ ~ ~ U T ~ ~ I ~ V " % ~  

b3unsndau b~a::1+fiaufii u h  o!.a"i315$3u?m bdu iu5-wW~;R (tannio acid) bba:: 

m ~ n i ~ a f t n  ( tar taremetic)  luiPn"2Iun(u&~u'au~iju9ulwla::nilaIuolin 

(polyacrylonitrile) 16 ~ b ~ ~ ~ l i j a u i ~ n u i s i n n ~ u ~ n ~ ; I ~ i i d ~ i ~ d  bd~a i jbnu 



(diphenylrnethane) !B~~LY~CR~IMU (triphenylrnethane) LL%U~U (xantene) az$u 

(azine) i l i ln~zqu (oxazine) IMDZ~U (thiazine) oa"zl% (azo) 

4) a!ml;n (Direct cotton dyes) M ~ i l 8 ~ i l N b Y l ~  ~ % ~ 8 d f i a N ~ m  

~ 8 u I u f i i u ! ~ m u m ~ ~ l m u a i 8 u ~ u ~ z ! ~ 6 m ~ ~ ~ u ~ ~ a z ~ ~ ~ . j a " u ~ m a f a i a  In;1%~a$idmd8~3u6a 

n'aItl"~iimnislmrnril~3!& 3 I m  dnln uiaIdia~n;-mgaTdCn i~azui~Gai~q'nsm 

m i u a n l ~  naiIulnsaa?i~g~.ji 1 1 ~ 8 ~ z i l i u I ~ u ~ i  8 I u n ~ ~ l n s ~ a ~ ~ a w i ~ ~ n i v a i u n ~ 8 . ~  

L$U 9~1% (azo) L L ~ ~ U M ~ I ~ T ~ U U  (anthraquinone) W I ~ I ~ ~ ! ~ ~ I ~ U ~  (pthalocyanine) 

~5u61.i ~m~Su8!m~in l m  u~ua~iiu4m~~fi6rnra.j6a8~uni36~rnra~3 ~ISRYFIIU ~Su6u 

6) ~ U B L L R U ~  (Mordant dyes) ~62i?XL~u8iaiNi~ndau"bsj;6muu 

~~uld~muIulu~arlaua~8~~~~ai~i~n~u~afi~law::Tmum~niiavju~::~ftmr5u~is 

Js:nau&am JGaai$!ndrnraa o.o~-Mansnnl ~~~~~b'lam~anBob azI%-o-!anmn2 

miuan88nualn ~mz 0-lamsan2!ulm~l"11 B::~~u8fiaa;LuniuB mla~a~laMtd'9a"~3u 

ai~d2uIm !&id m~aua~a::p5iCuu IRTL~~U MOJLLR.I ~nuaa6 an~iia ivlgn Lm:: 

iiyn nsmi~ulmd~#aiui~naii~w"u~tiiu~u~aqa~a~8~~a::~~u"bu daudiudyni5fiaarim 

Yn~lIsj;ii$u i "$ lums f i a ' nu~~mu~~a i5dauGm6~ i~ i~n i i ~~  3 iS fla rns~m~usrlia'aud 

i ja isd~uGn~~uni~~~: :n0uIa~: :"~~~8f iau  ni3Gad~~a::nis$2uGmaduu~8uIuwia8.~ q 
u a  u 

iiu ~~a : :n is f i auJa~uu~~u~udau~~a~~ ; luauw"uA~ua~~d~u?m~~d l~~ l~a"~  

7) a j m  (vat dyes) rijugi?I,ia::aiui;i ~winiunnii~sj;a~aiuIu 

~Ll.&m u~ i~~ innn is~t~ : :nau ~ d n  (leuco compounds) n j u m ~ ~ ~ ~ k ~ ~ a ~ ? i i I s j ; ~ f t m n i s  



I I I I 
C = O  C-OH C - ONa C =  0 

I I  II I 
AH Na$$O, CH NaOH CH h (0) CH 
II - 1  - I - II 
CH NaOH CH CH CH 

II 
C - ONa 

nwd 2.9 ns:u7umsTm (Rangnekar and Singh, 1980) 

8) ~bdjlaE?~!~d%~ (Salubillised Vat dyes) ~n%~l%ralz~~~~lildCT~~ 
6" A d~:naufi~bra.j45mr~u5nw1~6uin~da~~intiimaan%~m~u~uaini~~& 41qQ~larasramqd 

15u%a$nranmai~a.j~i~n]s:na~l~a~ninai~r~flusannni1 rta:~iiuimtiiuinwi"b~6 

loula.iriinaan%~m~u n1~u"au~nuu1du~du~n]~a.j4a"mi1I~munisaan3ImR6aun~m 

(nsm$a$nrtaai.j) oa:ti?aan%lmd (rnsa:aiu~qriiuu\u~m) ~ . S H U ~ I S ~ I W ~  2.10 

n w d  2.10 msaan31md4bqr?~IaRa"w (Rangnekar and Singh, 1980) 

9) ~ I I N Y ~ U  (Sulphur dyes) L S U E I ~ ~ ~ R S R I U ~ I  

l u Z I J ~ a ~ ~ n 8 a l q ~ G u u  imumsi IIJ ji~ui?2iadiiuT~~G~u;ii~I~d9~~11a::d1~~~1.j 

mu~~.jni~~aiaar~1:~naan3~mdna"u8.11rfi~~a81da88.~~fliiuani 8ri~u:tiur&uuI6 





PI A ZCI 
14) ~ W ~ ~ L W D $ & L L D R ~ ~  (Disperse Reactive dyes) CI%uflUU 

6'nww 2 a t i i a a j b u i i u  Wa ~5ua:aa~a::luaaauhad"buXi m ~ & ~ ~ a T i . ~ a a +  

i a a n i r i  S ~ i a a r u u ~ ~ u I i I w ~ ~ a I w i  B::aauhbwins:~1iua~~uii~aarbdUb~uaiiu~ 
1 )/ 

$ana$n  na:~:~au~muur8u~ub~~auiiu%bbanftd~unia~~i~aub~udidb~ada~ 

lum~iftrnE]~~ui~t~a'1~8fiub8u~u 

d d d  

15) 8 a n n ~ a a u  (Cation dyes) b~~&~d' iZ~i l l l?nat i id~r iaU 1 

5 :  n'?u~~~X~~iil~'aiuisnfiauGmuu~~u"bul~Ba::n~laIuIw~a~6 ~ ~ I ~ u i l u  

.uu~~u~us: i i~Pri id~~uhln~~~~5uIJ~::~uanniu~6niad~~ui:a hukaYn~qxSud 

r l ruvqi jp ( IuJib~am) ua=:I+gami?u~ndi115=:~ 8 ~ m n ~ a a u i n a ~ I u n ~ u I ~ ~ ~ a i i ~ n i ~  

~n iawunq 'u  ~ d u  n$uo=:h uau~nn?i~uuaun' ~ w s d u ~ a G m u  a:$% aanadu aa:: 

Iwaz$u b5u&u 

IiInrin~5ufida::aiuIuci"i 'Liifia~inn~in::aiu~~nom~~~~j;~u~6iii~n]niu"bu 
Y 

~ $ u l s n a ~ l a n  w k a a n i i ~ ~ i s ~ ~ u n k ~ ~ s n l u  w.n. 2427 Imu Biittiger GIi~~m~Wun4i 

Congo Red ~(1~15n~+~a~~6~"u~~d6a~fia~ki6aunisdasG(il6au (pre-mordanting) 
a d 

a i j au f i u3h&  7 d~~iiiiuadn'au~d~-iunfiu$~ fl&n M% 8fiau~nw-rd 





1) ~ 4 ~ 0  (Class A) 
I "  ,=is pl 

I6anmaa~dunaiuadibaualu~abad (self-levelling) fimsLniau 

hW nisGauszuz6uaiqdi.~ rrni~da~auuiu~elsunm~iMumbaai 3qzadiiaaral"laa 

2) M ~ O  (Class B) 

3~u~~din21ua~irnua\u52~a~~i &ad\$mda~Qu62nau~uI$3 
Y Y Y  ad ~ a ~ a  (salt controlling) m ~ d m u ~ a u d i d q z k n " l ~ ~ ~ " 3 a i  I ~ a a l m u ~ ~ ~ j m Y ~ i n  





3) M;% (Class C) 
v d B  A ,, uanqins::inaiuadi~auaIu~aba~iibba"a ik;llfiunaamudgmu? 

ia~nlaIamiu 6~~u~~juauBis::na~l~unisb~ubn~aaii~b~uaIdwa iiaanauquqru~qi 

nisGau6au 

reactive 
gm'4' 

u 

%bban~ivlddnaa~ub~u~azmasl~~ua ~daa:aiuli~~daGaus::biimd~%ui 

'In" 2 b~uu &niw$ 2.14 



4 LiMU triazine ring 

tr 

'LuInsoa$iod 1 viidji iTuii iuaa~ba hunhod 2 viidfi~uiiiuriilai 

eiansns:n?uqul~i~md~^n~ui%~m~m%~mwdofmubawiz~6 

h#%odnaa?u 2 aznaurtmdjn?u1\6waiurr~1u ~za@iirfiuwdmrruu 

vd&.iiajr6 ~da~~nr~uIurl::rftnais1~s::nau~oTns\~a~iod 3 ~raz 4 ~~8d?ma~jiiy~duau 
.A Y Y  

~munaa~uazmaari~snDn~bwud;3~upia~uaun~s~~%ui d fiiiiui~aonaaliuo::moudaao 

s3::C~w~~a~~u~~a"nU"au"bu~uauni~u"~usz~u i a Id  6iu"aurSudliiiod0~ awChso 
3 G 

a?ioaiurruud 3 diarmmns~fiu~oln~oaiiod 5 Cnsaa&rh-~!h uaziii~fiudiourid 

qnrvl~u l oo  aomna due azttndfi~uiIabms'!,ad Isainl~ds::nau~ofamaiiod 6 

aae~-dC~doufu~d ~.juau6r~uaglzwu~an1~~8bms"1,a~~aodio'b6~ rra::wupianmdm" 

YY7o'LuuionsG 
. - 



mwd 2.15 ri j~ tns la5~uan~ddinaa5u 2 azmau ( ~ - ~ a s i w s  kezqn, 2519) 



- Ldfladfi (Randall and Garrett, 1974; Kumar and Dara, 1980, 1982) 

- Li&mi'-d (Randall, Hautala and Mcdonald, 1978; Nakajima and 

Sakaguchi, 1990; Said, Shalmor and Egila, 1993) 

- bl.&lTlw"3~03d (Kumar and Dara, 1981, 1982) 

- dld$13 (Larsen and Schierup, 1981) 

- WU$OU (Kumar and Dara, 1982; Sharma and Forster, 1994) 
u I 

- ! b f i i l ~  (Bhargava, Gupta and Varshney, 1987; Sharma and Forster, 

1994) 

- Ldfl~nLa~fi~~~OIdla (Okieimen and Ongenkpa, 1989) 
Y 

- nintb~dbh (Maranon and Sastre, 1991, 1992) 

- ~ i n h f i ~  (Sharma and Forster, 1994; Ozer, Tumen and Bildik, 

1997) 

- Lbnafl (Said, Shalmor and Egila; 1993; Munaf and Zein, 1997) 

- ~ d U " i ? l w m  (Sharma and Forster, 1994; Bosinco et al., 1996) 

- niniiAu (Tan, Lee and Ng, 1996) L ~ & U  





Chawakitchareon, Pulkum bbRz Aitthipornkowit (1995) 8nw 

naiaraiar~sn~svunIuni~rii~da~z~u'n~asa~ui~a::~d~uu~aaaudvii~inrjnm~a~i 

~ra:nu~a"aunuI~uu~um~~vamwwi~~ni 4 aQn i i a  a~ndd'varnw69un~n aitn 
P, 

niivanG~u% ~Qn%ald~a?a ~~az~Qmnsos(E~-~b~ubwm v i i n i m n a a s ~ v ~ a v ~ a ~ ~ ~ o ~  

QmRa uazkn-Ei niumsnnaas~ruuha~ulivnau 1nu1%~i~Wud8in~iarbiuiu"ua;I1ap9m~n 
5, 10, 20 iba::50 ija~njar~iasms ~ams~n~i~~ii~?iu~iarisn~unisbbanbdd~u~aaau 

sasa~ui;viisinfinmvsai.a~ndeiiunis~~vaniw6aunsn aQnmivanB~arCa mrQn 

%aId~a?a rra:q~nnsaa~s-ib?rubwm in'iadludaa 0.686 - 0.809, 0.330 - 0.496, 

0.233 - 0.503 iba:: 0.279 - 0.595 meqlg onu6ih d?un?lar~unn~umsbbanbdduu 

laoaurasn%udi isinnu~audw'iumsdYvaniw&aunsn ~~a~QnniiuanBbuta 

a$ud7s 0.065 - 0.086 L L ~ :  0.052 - 0.056 meq/g pnuA16u Tnuda7u?~~nd 

d~uamw62unsm ~~a:~QnniiuanG~u!a dn'in~iuaiuimIums~~anbd~uuIaaaaufiv 
P, 

wasunaqsnii8snxP nazinrfta hu~s4uqin%a~dia?ia aa::~QansaaAs-~~quiwm 

ijdin7iunuisnlunisbbanidiuuIaaaufiv8sn::P tjsniiQntRa ibaenaauna 

;nnms~lnaitl~suui?iuudnaiu~iuiu~a;lTaw::~CndbbmnGiisfiu wvii 
P, 

naius(iu~sn~unis~innid~udaaaus::~~u~utdan~iuihiu~a;l~aw::~Cn1u4iiWu 
6 l J  L, 

anas d~unis~i~ubuais~uaiuisnvi i I ~ n u 9 i a i s ~ i ~ u ~ ~ a i ~ m m  illuuu 0.5 uat i ia 

fiuims 2 - 3 Gui~sisQu 

Krasinsri (1996) iin%im~rii~n~aaau~as~av::w~n~nu~iib~~ubbanbdiuu 

I a a a u r ~ n t n I u i . a a ~ I a ~ n ~ a i i i a ~ I a ~ d ~ i s i n f i n m v ~ a i  Inuriimmnaas~iuaniw 

innur?in"?uaisa::aiu~as"~a~la6;d~na~ai~"ariu 2, 5, 10, 20, 30 LL~:: 37 ~daiduA 

wuiinisd~aniw~nssas"?~~n~u~a16~udas"GaG~a6 5 ~daii4uol" ~ Y ~ S S ~ M E ~ I W G  
Y 

Iunisriifinlaaauuosbav~Cn waniswnaa~~~~~~na~uu'wui i  fiaia~iuisnflu.~~8.~n"Iu 

ms~ianid~uu~aaauaa~w"nmu'11aidds"vfiniw~~udas"~a~~a6 5 ~dai~8ud ihfiu 

1.0962, 0.6983 LL~:: 1.0375 meqlg d i ~ ~ d a ~ a ~ ~ ~ a d ~ a ~ i b ~ d  h i 5 a  ~bn::8snd mu 

Bi6u ~m::~~'~wuiim~i~anid~~u~aaa~aaswa~~~0~~eii~~nii~aai]u~11a~Qn~5a1~a:: 

3;ln::iI 



A 
Suemitsu et al. (1986) ~ ~ W I ~ I T ~ ~ ~ L ~ ~ U % ~ ~ ~ ~ R ~ I W ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~  

Y Y u siA 

fii<mbav:vylinsinJiiWu aria~dI#Iui lum38n~1~~d~~a Procion Red H - 3 ~  rba: 

Procion Yellow H-5G ~ m ~ i i m ~ n ~ a a d ~ ~ i a v : n a ~ b b m d  R E ~ J  8dn:a a~nmtdou 
9, 

n u  dsan ~~a:%ntKa ~inm3dn~i~?iumui~n~"~filu(il~unisbbanbdduu!aaau 

6aunisnmaa~~buuq~-1~ nu i i  n?i~~i~i~n~um~~banbd~uu~aa~u~odbbnaud"b~~6 

w'iumzd?unmwad!'udad 3.58 - 8.09 mg/g a~naudd?uamw&uacau Procion ~ e d  

LLR:. Procion Yellow ! ~ ? ~ u ~ i u i ~ n ~ ~ n i ~ ~ ~ a n ~ d i ~ u " b a a a u a ~ ~ u d a d  5.95 - 13.00 bba: 
Y I 

5.87 - 12-13 mg/g 8nuiigu iumunaiumui.jnIuni~baanb~iuuIaaau~a~b~nau~"~~I~ 

l6~i ium~?uamw uazddiuaniw6qulfiu 2 6" !d~~~-;mbdaiim~~maaJiiu 
I I 

a :  nnmiauu natdsan miudigu ~~a:~nnuaiui~n"Iuni~~~an~dfuu"baaaui~~~a 

wmaa~n"ubns~$uu 

iia:"bn"~nw waaa~~j~aeaa:~or~~ijoian~iuman~nIumr~~anb~~F;uu 

IaaauEud~an wui7il:irii;adt~aeuinnii 4 d~uqnrvlr?i~d!waciia~aiuaiuisn 
Y 

Ium-ruLamdiuuIaaau uaninn~~~INminirnmaa.j~buu~aa"uG imuI3aisazaiud~an 
Y 0 

n ~ i u ~ G u h  150 ppm iiuunnuc~ 3 eair nu i i  naiutGuGuqm~iu~a~ai~a:aiu~diu 

naa"uiuliuad~maui~aj~6diunisd~~1adliw aaz~maudd%anlw6q~a Procion Red LL~:: 

Procion Yellow $61 1.25, 0.06 LLa: 0.05 ppm niu6itiu w:bdal+aimzmfld 

n21u&$u 500 ppm wuii n ~ i r m i u i ~ n f u n i - i ~ ~ a n ~ ~ i ~ u I a a a u ~ ~ ~ ~ q m d  50 - 400 



ijafifins~~sn inn~uil::in'iiitld daums8nw~~uu~~u.u~~E~l~9.~nis1~~n~f]duu1aaau 

rmaaunaudw'iunisd?u~niw6au4 Procion Red 6aum(?5aaaiu11ad~tl~"~mai~1u"~~u 
" d l  

75 ppm ~ ~ ~ l G i ~ ~ M ~ l ~ d ~ ~ 1 ~ ~ 9 b b @ d  LIRRLB~ uu LLE~$~L?I m1uEiiEu 

Shukla a Sakhardande (1990) flnwimsfl i i d a a a ~ ~ a d ~ a 9 b l m h  
Y l  

l%.8u~uihu ~ t a r ~ j  r~u lu~ans: :~s i  ~~az!~Gau ddiuaniw6auXau Reactive Red 

31, Reactive Orange 13 bba:: Reactive Yellow 18 ~ini~~@ilaadbwU~a::b'/1n"~l 

Shukla LLa:: Sakhardande (1991) ~ ~ Y I ~ ~ I T A  l~cil~a00~"1]~;1laM::b~ 

18u~iu'-1u itayw' ~ ~ u ~ u d a n z z n ?  bLFl::%&w drliunmwi;?~lg;au Reactive Red 31, 

Reactive Orange 13 LLaz Reactive Yellow 18 q i m ~ ~ @ a a d I ~ ~ f l i l $ ~ n " f ] " b a ~ a ' U  

Shukla LLR: Sakhardande (1992) Anwinisliiim!aaaurma~~aw::~mu~.a" 

t8aIr.i r8uIudans:uin ~~a::4dao d d ~ m r n h s ~ l b u  Reactive Orange 13 i i m ~  

n n n a ~ ~ ~ u u n a Q 6  i iuna~um~ mzia d ~ a n  ~da$-?n ~(da%n 8 ~ n - 8  ~mtGmAn Flinmz 
P I  I 

A n ~ i w u i i n ~ i u n w i ~ n I u n i z ~ ~ a n ~ ~ ~ t l ~ I a a ~  i ~ u I u d a m z n i  uaAi%uG 



Low, Lee LLR:: Lee (1993) ~ ~ W l ~ l 3 ~ l ~ ~ W ~ J L L ~ J ~ ~ ~ ~ ~ b f i ~ ~ ~ d i a " ~ ~ 1 ~ ~  

~ d ~ u ~ n l w 6 9 ~ ~ 6 a u  Reactive Yellow 2 6~uni3~naadbbuu~a::bW ill~~l38nWlwucdl 

naiu~iu1~n1um~~~an~d$uu!aaau"~a~~8u"b~d1a"u~i~ud~~~6eiiunid~anw i~a:: 

ifiuIu9udilum3d~urcmw~aua~a8.~ ijdi 1.62 f 0.30 LL~:: 6.67 + 0.20 mg/g 

Low, Lee bba:: Wong (1995) 8n~iwa"11dni3d~u~ni~niuu::wi1a6au~ 

bu9ud~dan?iU~ui3n~uni~~~6iiu~adb~nd hUiirnsnnaadha 3 $2 i?a Reactive 

Yellow 2, Acid Blue 29 Lba:: Acid Blue 25 ~ 1 ~ ~ 1 3 ~ ~ ~ ~ ~ c d i  ~?1~~1~1361"bun19 

m n ~ ~ ~ a ~ u n ~ . u a ~ m u u ~ i i ~ d l s i l & ~ ~ u ~ n i w ~ ~ i  11 ida%u6 d~umuurwii2d 

d%Hn&hi?ua Acid Blue 25 LLR:: Acid Blue -29 B~F;IL~U&ILSU 40 ~diliigu6 LLR:: 

niuuzwii?dd~ui3niw~ul Reactive Yellow 2 !diBddqn i?a 60 LIID~L~IA~ Imud 

b&sn?iarh$uqadvsdbbndda::aiuadlu~i~dib~;U~u ds::8n%mwlun13~n%u~a~~b~.~ 
Y Y 

sadmuuzw$i2fi~dldl6d5u ~ n i w  ~azrnu uzwiiaddTuaniw&~~8~"~ 3 a9n 51::Bn'i 

anad 





- n~drdai (II) &wbl (Copper (11) sulphate; CuSO,SH,O) 

- fin~iia (11) %aLdn (Nickel (II) sulphate; NiS04.6YO) 

- $an' (II) % ~ L ~ P I  (Zinc (11) sulphate; ZnS04.7H,0) 

- Reactive Red 31 (Procion Red P-8B) 

- Direct Blue 71 (Sirius Blue S-BRR) 

3.1.3 813Lcl~Z~q 

- ~ ~ ~ ~ ? ~ L ~ / u u ~ D ~ ~ L Y I P I  (Trisodiurn phosphate; N%P04) 

- KLZIUU%~LYII (Sodium sulphate; NqSO,) 

- Nonionic detergent (NP-9) 

I 

- bm?il~~m gild Mulinex 

- wzun~a~ouiimrmuim (Sieve) mil: 60 ha:: 80 PlOJ Endecotts tm:: 

LR$~JW€!~ (Sieve shaker) 'lad Josef Deckelmann 

- Ln%sJn~ulurin 



- i~"sdLYiii?!?fl (Flask shaker) U 8 P  Janke & Kunkel $i HS500 

- tn#ama-4au~mrauaa5wiuaLdnIwsIdIm2Lma ?!ad Varian 

Spectr AA-300 

Y 

3.4.1 ~TI~;~I~~U%LLOR!~ ~ ~ ~ T I ~ ? ! D J  Shukla LLRSakhardande (1990) -41~$%4 
Y 

mau&fi :a 



- nsadbra:tiid6?u~id~i<m!aaaubb~a 

- 6~iifl nonionic detergent 9~b&lVlbthba~l 20 UI; 
Y 9, 

- gid%~R?i . l&u~ l l<  detergent DDflBUMUW d i a ( ; J ~ ~ b b $ d d ~ m ~ ~ ~ $ a d  

nlwd 3.1 ~ R 5 d d i l d ~ l d b R d  Reactive Red 31 

(Shukla bbaz Sakhardande, 1990) 

nlwA 3.2 IF~~~&IJII IP~~~PI~ Direct Blue 71 

(The Society of Dyers and Colourists, 1971) 



~ i ~ ~ ~ ~ % ? i ~ l d ? ~ ~ 6 1 1 ~ 6 7 ~ ~ ~ ~ ~  Reactive Red 31 bba:: Direct Blue 71 

~3::6un?iardu~u 0.010, 0.100 aa:: 1.000 idai~8ud ward1611 iuiniuwnaaun?~~ 

~iui.inlum.i~anLd~UdaaauYa4k~u%?i~diU~i3d?~a611W6?~8&~8.1bbd~::"d~ Iu  
U U 

bda::n?1unarrmufiu~ib~~8~~m~1::w'va~~~w::~ai.j Cnriia ~m::3dn::fi dT::siun?iar~Gar 

Cu lo, 25 im:: 50 2aSniudaSn~ dn~aaiiliiu 5.0 lnuciinirnnaa.j~~uu!a::~~ I+ 
cinmua?~ 0.5 nqu ddaii~u~4m'ii:fi l o o  oaag~s  viimmrnaaJIu~?mwtlia~ndie~i~n 

vuin 400 BjalSm3 ~a t i 162~  flask shaker dnqiuLi? 120 saudau~! i ih i?a i  2 PI"alard 

ri1uinsa~iutGim~a::ai~d~dd3~m~i::w'~im~iar~u"~~u"11a~~a~::~u"ndi~~aa~~a~~nf OJ 

atmauiinuaunraiw~uaidncb~s~dcbm~~wa viirnsnnaa4 3 1 diu~ru~in~iuaii7uisnlu 
Y 

m.iuan~~buulaaau~a~finn~'11a1ilinmaiu~i~u"~va.jla~::~Cnlu~1i~udana~9~~~~~ 
Y 

2a~n?~~a~' ia~:wu"ndan5uva~w"nmu~i ~ia:5aua::~a~maiar~Caru"u~a~~av::wu"n~uiii 

Lgudana~ 



~n~inaiu~iu~~n~un~sbbanbd~uu~aaau~adfinmu%a~dn]?uasli~~au~ 

Reactive Red 31 bba:: Direct Blue 71 %::6umaiu~iuiu 0.001, 0.002, 0.005, 0.010 

bba: 0.020 idaidun' iiinimmaadbbuu6ia::bwbdub$uafiunimmaadbEad6u ?bnnGwi 

d^~sridaw::w~ndm~aad ua-6 ~ ~ ~ m ~ i ~ a i u ~ ~ u i ~ n ~ u m ~ ~ ~ a n ~ d ~ u u ~ a a a u ~ a ~  

finmu.aai~Gawinaiu~u"uu"u~a~3u"au~~wui:au 

U 

~nwi~&ou~~uuds~3~^sni~6b~nisffi5m~a~9z8~n::3~a~finmu6aaifl~ 3 %Gm {a 

hwu%aii~d!hl?uaniw cjnnuraiddiumiw6au 0.002% Reactive Red 31 LLR:: 

cinmu.aaiddiuaniw~i?u 0.001% Direct Blue 71 B~~~unaiu~~uivdY~~innimmaa.~Iu 
U w 

i a  3.6 ~ 1 ~ 3 ~ ~ ~ ~ d b ~ ~ ~ ~ ~ E b ~ b d ~ b ~ ~ ~ n " ~ n l 5 ~ f l a ~ ~ b d ~ d 6 ~  I ~ ~ i i a u ~ ~ ~ ~ n G d i n a w  

~ i u i u  50 .%6n?um'agms Cj~ardifiu 5 bu\~irTuirufinau.aai~~wnii~fiu~a 0.5, 1.0 
U 

bba- 2.0 n?u m'a~ib8~8~bn3i~irTuims 100 SaSSms 

iinwidzz~~̂ sniwIuni~rPli~mIaw::8.~n::8 I u ~ i ~ i n i u 8 n  ImuI; 
44 w f inwu%~i~n]~uaniw~i?~ 0.002% Reactive Red 31 ~ ~ a ~ m a ~ a i d l l i ~ ~ n i w 6 a o  

0.001% Direct Blue 71 ).iimTwflaaJLL~u~a::IWbdUb~uafiunimmaa~bdaJ6u 1; 
i /  

finauaaifiuim 1.0 LLEI:: 2.0 niu ~daduGi~3~~iaaiu~iuiu~0~8~n::% 50 jiaEn5uvia 

Bas fiuiws loo inat  w~ Q~arin ' i i iu 5.0 1fiuub~wwanimmaa.jdI6fiueJanimmaaJ 
A w :  
wI%ulb8u8Jbas13i 



8nwi b&uflb%.~u ~aYadni3diu~niw~ncglu"lia16au8~au Reactive Red 31 6u 

&;au 3 a%m Wa Ifiw:mzuuna~ Ifi~4.1 oazlu'ui~ Imul<~7iu~<uhuad8Caa 1 
w a  Y 

~tlai~3un' nrnsaunaiuniuisnlunis~ban~d~uulaaau~a~!~~~uw"~ 3 ~ G r n  ~d~Ia.iI6diy 

aniwnaeddiuamw6au8fiaa Reactive Red 31 6~~1~8~8d~nfzduad~ap9::wadb~md 

GnrRa im:kn:8 ds:~unaiu~$u$u 10 aa:: 50 RaAnium'aGas viimmmaaaumuflaz 
Y 

L M ~ ~ U ~ ~ ? % ~ ~ ~ P I U L $ ~ ~ ~ ~ ~ ~ M ~ ~ ~ ~ L ~ ~  L ~ ? U U L ~ U ~ N ~ ~ ~ V ~ B O ~ ~ ! & ~ " E ~ W R ~ I ~  

nmnadsladcjnnu.aa1 dnaiu~G~GuuadlCau~~a:naiubu"8-]Gu~a~Ia~~~nb~uan"u 

1 ) ~d"su~~uun1i~a~uraanaiuai~ i . in~umzr i  ia"mhcmYnrmaJ 

fincglu"liain'aubba:niu~a"dnisdiuaniw bnu%.a"ni~i~ns1:dnaiubbtl3dsauii~bun~buu 

MldL$u7 (One-Way Analysis of Variance) Llaz ~ ~ ~ ~ ~ ~ 1 7 l ~ ~ L ~ ~ ~ i d Y ~ d ~ 1 b ~ ~ ~ Y a d  

naiuinuisnlumzri i~mIa~:~~nua~finwu.a~ii~ium-i~iuarnw~au~~a~Iuu~er. 

naiuduGu 6aumsnmaauvtyQru~@u"b~%~ad Duncan's new multiple range test d 
~:t%jiun~iu~$a;u 95 rdai~3ud 

2) ~ 1 ~ ~ u u ~ ~ i u u d i ~ a ~ u ~ a ~ d s r . ~ ~ ^ s n i ~ ~ u n i s ~ ~ ~ m ~ ~ n : 8 u a ~ ~ n ~ u a a i d  

diuaniw6ai?u8iaiaark 2 aitn "bu~iduktnnti  iiu i-t~au64 hu~%nimnaaud~~aiu 

62u Independent-Samples T Test ~ S H G ~ U R ~ I U L ~ Q ~ U  95 ~11ai~3u6 



~ 1 n l 3 ~ ~ a a d d ? u ~ ~ 1 1 ~ ~ n ~ ; l ~ 1 " 1 i l 6 ? ~ ~ ~ a ~  Reactive Red 31 Lba:: 

Direct Blue 71 I ~ U ~ ; C ~ ~ I N L $ Y $ U Y ~ ~ ~ ; ~ ~ . J  3 3-511 iiia 0.01, 0.10 ~ia: 1.00 

~ i l a i d u i  ain~uriiWlnmu~ai6I6niu~~~n1.rdTusniwa~wmsau~inaiaaiu1~~Iun1.r 
r i i j n I a ~ : : ~ i i n n a ~ ~ w  aa::sdn:fi Iut-ilil~u~d~nn::~d.r:~unaiaL~"N~"u lo, 25 

Y 

Lie: 50 3agnTadaSns d ~ i t a a  milrill 5.0 lmul%ijnnuaai~~n 0.5 n ~ a  iiirfiu 

i1~7~m;-i::~'fiuim3 100 Zaslms ~aa::riimmmaa~t~uuta::~wdnaiu~~a"11a~nisnau 120 
u 

3audauifi ~ 3 u ~ a a i  2 ia:?Tu~ wEimmmaaa6d6L9uK;IG Ba 

4.1 .I .I c l a ~ u ~ ~ ~ ~ n " b u m ~ ~ ~ ~ n n a ~ ~ ~ n ~ ? i a ~ f i n m u a a i d e i i u n i d ~ ~ n ~ w  

6'Wfih~ Reactive Red 31 !,LEI:: Direct Blue 71 LLi3~d~a"%~81131dd 4.1 LLtl:: 4.2 LLa:: 
u 

mwd 4.1 LLae 4.2 se~Cid6i1 fin~luaaidd?uarnw6au$dau~".j 2 aitn i ~ ~ s e ~ ~ v k i w  

"bumsf? iinnadLmatduGa8u rdardiuurtuudiuirulaM::nadunddOnriiinhu 
1, 

cj,mua~id~iuaniw63~]~Gi)u~"~ 2 T C ~  iiufinmuaaidajm"eiivnid%aniw wuii 

ni~d?~a611~cnm~%3163~a Reactive Red 31 bba:: Direct Blue 71 ~ l " b ~ ' 2 l ~ a l ~  
' 3  I I 

~ u m ~ A i i m n a ~ ~ m ~ ~ a ~ ~ n m ~ ~ a a ~ ~ ~ u ~ ~ ? ~ u a ~ i ~ i ~ ~ d i ~ ~ w i ~ ~ ~ ~  d~::5unaiu~3aiu 

95 ~dai~8uA ~~a~~dafia~lib~iIu~~~a::clai~~u"~u"u?~a~~~aud"b~un~d~aniw s ~ ~ i i u  

Imi'i dddn,ixL~xh~a~~ii iau 0.01, 0.10 !,La:: 1.00 rda i~ht i  naiumui3dun13 



3 
4.1 .I .2 d3::~w~mwlumsriiinCnrKaua~finmu.aaiid7~a"IIu~Raiiu 

msd?uHmwGi?u3fia~fiau Reactive Red 31 LL~:: Direct Blue 71 wnaisiad 4.3 

LLag4.4 L~aemwd 4.3 LLa:: 4.4 ~ULM~UISI finmuqqidiium~?uaniw~au3fiaNid 2 

din in~iuaiuisnlum3uanidduuIaaauiiulav:CnKa 3~niifinmtla~i~lai16iiu 

m~diuamwadiaiiu"udi6ywiaaGG dsz~uiunaiui4ai 95 idaidui Tmutda~in3ml 

LGsuL~iuuuda::naiubiuiuvad3CaNdlm"bunisd?uaniw wuii cinmu.aaidd?tlrimw 
9, 0 

Reactive Red 31 L~a"rnumiddiuaniw&au3 Direct Blue 71 qd?! 
6 G  6 pl 

n-na-r~$~$u 0.01, 0.10 La:: 1.00 idasmum NnqiN~ciNis~lunI~bianbdd~~"baaap.liiu 

Gnrkdnb~iiuaiiu ~adnaiarL~u~u9adGnLiia 10, 25 rraz 50 ~abnTariabn~ ~ . J ? G W ~  

b d ~ L ~ ~ ~ ~ ~ W ~ ~ l 3 ~ ~ ~ 0 ~ % ~ ~ ~ 9 5 f l O ~ b b ~ d  

4.1.1.3 Fl1%19~ 4.5 bbRZ 4.6 !,bag b l l ~? i  4.5 Lb% 4.6 b b ~ ~ S ~ ' 2 l N A l ~ l T ~  

Ium-irii'jmh~t.~an2:$qa~~nau~aideiiuni3d%an1w&au3fiau Reactive Red 31 

LL~:: Direct Blue 71 muFii~u lmu~Ra~Gtlu~?i~ufi~inlap9::~~n::$d~nrii<m6au 

w"nnuraidlail%iuni3d?uaniw ~u ~nmu~aideiiums~~tlaniw~u~fiau6a 2 qGm 
9, 

9::b6udi n i ~ d ? t l ~ ~ i ~ f i n ~ ~ % a i & ~ ~ $ f i ~ ~ ~ d 8  Reactive Red 31 bb8"virect Blue 71 

viiI~ds::3n^amwIumsrP1i~m3an::3~a~finmurai~~~~a~u ~ ~ 1 ~ ~ 7 ~ n : : 8 d ~ n r i i i n ~ m u  

~ n m u r ~ i r i a u ~ m t v a " a n ~ s d ? u a n i w ~ ~ ~ n d i ~ i i u a d i ~ ~ u " ~ d i ~ ~ ~ i ~ a R ~  ds::gunqiur4a 

ku 95 ~daidud ~ ~ a ~ i ~ ~ s m i ~ u r r d a : : n ~ i ~ ~ u " ~ u " i r ~ a ~ ~ u " a ~ d ~ ~ u n i s d % a n i w  wuii 

iddnqiu$a{ugaPatiau 0.01, 0.10 ua:: 1.00 ~da i ih6  nqiarnan~nlunlsrilkisnIunisfii~n 
vel v 

8~nz~rma~hmur~ i id i~na"~~u~ i iu  wamsnnaa.~~~muanwwaa(ilna"a~iiu lur?n 
Y 

~ ~ ~ I N L $ N $ ~ ' u ~ J G I L ~ u ~ ~ L ~ z I : : ~  ~du~Gi~anv~ w a n i ~ ~ ( i l a a ~ b b u h ~ n a ~ ~ b n ~ ~ ~ a ~ n b i i a  



msiad 4.1 1~suin;la~mod~md G;gnf i i ' jnmucjnmu"l ia id~iuni~~aniw~au~~o8:  
Y 

Reactive Red 31 ~n? i~ l$~$Udid  7 (f%lpl¶J~'lIl 0.5 g : $ll& 100 mi) 

rn5744 4.2 l~^su~mTa~tna.~~ima G ; g n r i ~ ~ ~ d l l ~ u c j n ~ u ~ a ~ d e i ~ ~ n i ~ ~ a n i w ~ a u ~ f i o u  
Y 

Ditect Blue 71 ~flal~L6u$U~?d 7 6U (finplu~al 0.5 g : ~ l d u  100 ml) 

~aiu~iu+u 

~os%k~u(%) 

0.00 

0.01 

0.10 

1 .OO 

1 r ~ z ~ ~ ~ n 1 ~ 9 u n i f i i  (a) 

10 mgll 

90.20 

98.65 

96.17 

97.58 

f i ~ ~ n r  CU(II) dgnrii<m (rng10.5g kmuaai: 

m ~ u ~ i u i u  

~09%08(%) 

0.00 

0.01 

0.10 

1 .OO 

10 mgA 

0.950~ 

1.039' 

1.013~ 

1.027' 

ils:~w&iw9uniniiCm (%) 

25 mgll 

84.67 

94.95 

93.98 

94.77 

f iu~nr CU(II) dpnfi-ijn (mg10.5g Cnmuaat 

25 mg/l 

2.231a 

2.502' 

2 .477b 

2.497' 

50 mgll 

82.33 

88.50 

88.21 

90.45 

10 mgll 

0.950~ 

1 . 0 2 7 ~  

1.014~ 

1 .03lc 

50 mgll 

82.33 

90.19 

86.04 

92.13 

10 mg/l 

90.20 

96.86 

96.27 

97.88 

50 mgll 

4.483a 

4.818 

4.803~ 

4.925' 

25 mgll 

84.76 

93.27 

91.67 

96.35 

25 mgll 

2.231a 

2.458' 

2.416~ 

2.53gd 

50 mgll 

4.483a 

4.911'. 

4.685b 

5.017~ 



Untreated 

la 0.01% 

0.10% 

10 mgll 25 mgll 50 mgll 

nai~~iu"tiufi~6u 

niwd 4.1 t 1 ~ ~ ~ n i ~ 1 w ~ u m ~ ~ i ~ m w a ~ ~ ~ m ~ I e , ~ f i n m ~ ] ~ a 1 d e i i u n 1 ~ ~ a n i w ~ a ~ ~ ~ a ~  

Reactive Red 31 

a i d  4.2 d ~ n ^ s a ~ ~ ~ . ~ m ~ i n 6 ~ ~ a ~ ~ ~ ~ ~ ~ ( i l u w " n g l ~ ' 1 1 a ~ d ~ i ~ u n ~ ~ ~ ~ a ~ w ~ a u 8 f i a ~  

Direct Blue 71 



m i 5 1 4 4  4.3 f i~ imIa~zi in~f ia  dQnf i i~mImu~Biugaide j iun i~~aniw~au~f i~a 
Y 

Reactive Red 31 ~ C I ~ I U L $ N $ U ~ W  7 (finBi~~j71 0.5 g : ( i lb&l  100 mi) 

m i w i  4.4 f i u i d a ~ t i n r ~ a  i;Qnrj7~nImuijnnuqa7deiiuni~~aaiw~a~gfi~~ 

Ditect Blue 71 dnaiur$N$udia 7 (finmu%qi 0.5 g : 61$il 100 mi) 

naiudah 

~as$Cau(%) 

0.00 

0.01 

0.10 

1 .OO 

d ~ f i l r n w ~ u n i 2 f i i k  (%) 

10 m g ~  

85.07 

93.06 

94.39 

94.87 

d?a.iru Ni(E) dgnfii% (rnglo.5g fininauaai) 

nna~$a.arX 

Y ~ ~ ~ C E O . J ( % )  

0.00 

0.01 

0.10 

1.00 

10 mgn 

0.971~ 

1.062~ 

1.077' 

1.082' 

I ~ ~ I W U I I  (%) 

25 m g ~  

77.33 

81.07 

84.17 

85.72 

fia~icw Ni(Q dgnrii5n (mg10.5g cjninaum~) 

10 mgn 

85.07 

93.17 

92.62 

94.43 

50 m g ~  

64.36 

68.91 

69.82 

72.55 

25 mgn 

2.022~ 

2.120~ 

2.201' 

2.242d 

50 m g ~  

3.453a 

3.658b 

3.746' 

3 .892d 

50 mgn 

3.453a 

3.780: 

3.720~ 

3.778' 

25 mg11 

77.33 

83.70 

83.01 

84.95 

10 mgn 

0.971a 

1.063' 

1.057~ 

1.078~ 

50 m g ~  

64.36 

70.46 

69.34 

70.41 

25 mgn 

2.022~ 

2.189' 

2.171b 

2.222d 



1 Untreated 

a 0.01% 

B 0 . 1 0 ~  1 
EI*.w* 1 

nlwd 4.3 d;~3~~rnw~um~~15mfin~~a~mu~nw3~~aideiiuni~%~a~w6au3~a~ 

Reactive Red 31 

10 mgn 25 mgfl 50 m g ~  

~ai~liuiu6~r;iu 

Untreated 

(B 0.01% 

BB 0.10% 

61 1.00% 

mwd 4.4 ~~::~w^~n~wIun~~i~~~in~iiaI(ilufin~~'~~a~de*i~un~~~~niw~au~iia~ 

Direct Blue 71 



R I ~ I J ~  4.5 I E N I N ~ ~ M Y E X ~ ~ Y ~  dl?nrii~m'imufinjnrm~aiiejiuni~~aniw6au$~aa 

Reactive Red 31 6R2lNL~N~Udld 7 (fiTlollI%'ll 0.5 g : i?L&I 100 ml) 

s t ~ m d  4.6 f i ~ i m I a ~ ~ 8 ~ n : a  dqnfii~mIrnu~mu~~idei1P-Lni~~an~w~auafiaN 

Ditect Blue 71 dR?lNL$Y$Ud14 7 (k~1lI%21 0.5 g : &LaU 100 rnl) 

naiuibubu 

Y09~fi0~.](%) 

0.00 

0.01 

0.10 

1 .OO 

n~iu~bu4iu 

mo.~fiGau(%) 

0.00 

0.01 

0.10 

1 .OO 

l/iuim Z~( I I )  d;nriirjn (mg/o.sg Enmuaai) d r 8 w i n i w ~ u m s ~ i i ~  (%) 

10 mgil 

1.029~ 

1.064~ 

1.068~ 

1.076~ 

10 mgil 

94.20 

97.39 

97.72 

98.49 

d5uitu ZIIUI) dQnrii<n (mg10.5g E~~I IVJI )  

25 mg/l 

2.62E1~ 

2.691b 

2.728' 

2.75gd 

10 mgil 

1.029~ 

1.059" 

1 .04gb 

1.055h 

d i i i  (%) 

50 mgil 

4.200~ 

4.372b 

4.368b 

4.489' 

25 mgil 

87.01 

89.20 

90.45 

91.47 

10 mg/l 

94.20 

96.99 

96.05 

96.59 

50 mgil 

74.92 

77.99 

77.92 

80.08 

25 mgil 

2.625a 

2.732d 

2.673b 

2.704' 

25 mgil 

87.01 

90.55 

88.63 

89.63 

50 mg/l 

4.200~ 

4.534, 
d 

4.305~ 

4.500' 

50 mg/l 

74.92 

80.88 

76.80 

80.28 



Untreated 

es 0.01% 
f30.10% 

1.00% 

10 mgA 25 mgll 50 mgll 

~ ~ I W L ~ X ~ U ~ U ~ U  

n~wd 4.5 d5:8nim~l~ni~~j16m~~n::8bmuknm~"11aidii'uni~~aniw&au8da~ 

Reactive Red 31 

10 mgll 25 mgll 50 mgll 

u u  ' 
R ~ I N L Y N Y U ~ U ~ U  

Untreated 

Q 0.01% 

0.10% 

1.00% 

nwd 4.6 ~ ~ ~ ~ ~ ~ ~ I ~ ~ U ~ I ~ ~ I ~ ~ ~ ~ ~ : : ~ % ~ U W " ~ ~ Y " I I ~ I ~ ~ I U ~ I ~ ~ ~ ~ I W ~ ~ U ~ U " O ~  

Direct Blue 71 



~ i n ~ a m ~ n m ~ a a d l 8 u n 1 s ' / 1 n ~ a ~ ~ m a i a a i a i s ~ 1 l u n 1 s ~ ~ ~ n ~ ~ ~ ~ u ~ s s a u  

aaa~n~luaa1di1urn3~_l5~1aniw&aud~aa Reactive Red 31 !,LEI:: Direct Blue 71 d 
s, 

s z G u n a i ~ a i a i u  0.01, 0.10 ~a:: 1.00 ~ d a % u i  fi~~d1~du8a~m~1zss"aa~'ba~9::naa~~m~ 

Gni?ia ~ ~ a z 8 d n z d  4s::G~~a1abiatu 10, 25 !,LA:: 50 Ca~n?adaG~l j l~  w~liiGnmum14 

i i u n l s d 5 u a r n w b u i ~ a N 6 a  2 aGm ina~aaiu~snIun~sn~an~~iuuIaaaufipJ~a"vI:: 

naaiind R n ~ f i a  im::knzd naniiCnmura~$ld6iiun~jlSd%aniw ~ d s ~ ~ u u ~ g u u  

nai~aixi~n~um~L~an~d~uu~aaauaaaiin~uaaidd5uani~6aud~aarnaiu~~~~u 

0.01 rdairgu9i i iu~nwuaa~dd~uamw6au~~"aN 0.10 ~dairgui (10 iv-ii) LLaz 1.00 

~daidud (100 !,dl) W U ~ I  ~ ~ l ~ ~ l N l ~ ~ ~ ~ ~ 3 ! , L ~ ~ b d ~ ~ ~ ~ ~ ~ ~ ~ ' 1 1 ~ d k ~ ~ ~ " d ~ 7 ~ d 1 ~ ~ a "  

~duofiu i d ~ n m u a a i d t l ~ u a n i w 6 a u 3  Reactive Red 31 ~az~inmuaaiC;d5ua6)iw&au 
l, Y 

I Direct Blue 71 f i d ~  iumsCaarIi;inaiu~~"~~"u~~ i m u t i t w i i n a i u ~ $ ~ U " u  1.00 
Y 

i d a i d u d  e::f 3~~laa~'luriiCa~niu~a"~einIu~mns::~1auni~u"a~~~~~iuau~1n~~az 

g"dldlnulai~n"l%Ji::~u~~ oa:ms6ia~ai~aanni~~a"~n1sf ia~i i~6uin  riaamnG4 

d n n n n ~ u ~ a " n i u ~ u ~ n ~ d a i i d ' b n 0 ~ a i ~ 6 ~ a ~ ~ n f i u ~ n ~ u a i  U U ( m u i s n a o n ~ 9 ~ n ~ ~ ~ d a ~ i ~  
Y 

m"?u$i) ~i1.j;6s~~urdiiadbaai ~~a~i~3u41~au~in~daa"1~3dau6aan1w"wam & U L M ~  

P, w P I 0  6+:j;l~L~ani~nijlS8nw7Imu1~~fiaNIu~a;lnaiNb~aauV;BIiad tis 0.001, 0.002, 0.005, 

0.010 bLa=: 0.020 t,da{~8u& dab 

Y 

~ n n m r n n a a ~ 5 ~ 6 u . i i  i~w"nsiuc~'i n7iuria~uirsaal~audr~aizaa~unis 

d?ui3fii~h~~i%?ldi3U%U"0%.l Reactive Red 31 LLR: Direct Blue 71 d18"$~d7.j$ 

'LniYrGiu.jiiu 0.01 ~ d a i ~ 8 u d  id 'vi imsnnaa~~~u~~u~nu~~~aiu~u"~~u"~?1a~3u"asld 

sz6u 0.001, 0.002, 0.005 ua:: 0.02 ~da%u6 u~~nn~ou~aiu~iui~n'Lumsrban 

~~ioubsauiiuIa~zni1. j~~m.j ihli?~ L L E I Y ~ J ~ S ~  IuiiLau8JiJLFm~i;s::~uRaTuLiu~"u 
u 

10, 25 ua=: 50 9aGn?adaGsls ~ i n i s w n a a ~ ~ ~ u u ~ ~ 1 : : ~ n ~ d u ~ ~ o a ~ m m m a a . j 5  wa 

msnnaaaCiYnL~u6Jdta 



4.1.2.1 n??u~?~i?nl~n?~~~~nbdduuraa8u"IIa~~nmfl"II21deiiunisd5u 

Bni~6il~8fi8u Reactive Red 31 d ~ : ~ 2 1 1  7 

naJlLmJuadcjnmua2iddiunis d%amwm"?u8 Reactive Red 31 d~~uniy~?iu&$u 

~ i ~ q  I~UBI~~~~I~W~~D~B::L~"U~I I U ~ ~ R ~ I U L ~ ~ " I I I E ~ J ~ ~ M : M ~ ; I L L ~ ~  bjnmul2iiljium~ 

d~u~niw6'x~z Reactive Red 31 f i d 3 ~ ~ ~ ~ ~ i ~ % ~ ~ i ~ r ~ 1 i ~ ~ ~ ~ ~ ~ ~ ~ d l l ~ d M i ~ ~ a ' 1  

~nmua?id!u'Im"diunisd5u~niw f i lncu~a~~ms~~nf i i6m~mufinmu~ainiuwa"~ni~ 

d5unrnwf in ' i~~u~uau ' i~ f iu 'u~ in '~wi~a~~  ds~6unqiu~iadu 95 ~da$~8u i  

n71u ~ i u h a a ~ a ~ a u d  ~nui:au~umsdiusmw finolurqi 1,dalfluni3fli~mlanz 

naarn~iin.iaq4 0.002 idaidugi ~~a~ain~Ral~n~iu~. l iuu"u"11a;14faud~.~~u 

~1aiuaiu isn~~mi3f l i6m~a~:~a~~~m~"11a~f inmur i  i inaiu~~mnn'i~fiu~i~s~$~uuid61 
4 d  I 8 a b a i i i i d i I n ~ ~ u  ua::n2iutbiiu 0.002 idai~lun' a~~un4u$ayanurngddqm 

2) n~iumuisnIums~~an~dauuIaaaui iuIa~~nif ts  

wnmndd 4.8 na: mwd 4.8 ds"~$niwlurnsrii6mbaw:: 
ti ~m~aua~finmu~~ideiiuni~d~u~niw6au8iau Reactive Red 31 !F;IL~u$~~u 

cj,mumidiiumsd~uaniw6au~ Reactive Red 31 w u i ~ n ~ i i i m ~ a ~ ~ ~ n ~ R a \ 6 u ~ n  
n i i c j , m ~ a a i i I i \ ~ e i i u n i ~ ~ i ~ ~ n i w a ~ i ~ ~ ~ u ~ i ~ ~ ~ i ~ ~ ~ ~  ds::6unaiudaiu 95 

~ d a i d u i  Iunnnnul$u+uua~laM6nb~a na~a~$~;~qada~a~d 0.002 idafdud 

~ I ~ : : ~ ~ ~ ~ ~ ~ ~ ~ ~ N $ ~ ~ ~ M N I : : ~ ~ ~ ~ ~ I ~ ~ ? I I ~ ~ I W ~ " ~ ~ ~ ~ ~ ~ ~ ~ U ~  Reactive Red 31 d a d  
l 4 Y d  ~inn~iu~iui~nIuni~riiG(ilTa~~~n~iia"11a~w"nm~'11iidl6~innisI~~u"audn~iu~~u"11u~ 

B ~ u  ii6iInn"liiu~fiu 

3) ~ ~ 1 ~ ~ 1 ~ 1 3 ~ ~ ~ M Z I L ~ n b d ~  ~ U ~ ~ ~ ~ ~ f i ~ l ~ ~ ~ ~ 8 . j ~ ~ ~  

m i . i i ~ d  4.9 ~a:: mwi 4.9 L ~ ~ J ~ ? I N ~ ~ M ~ ~ ~ u ~ I s ~ ~ I Q ~  

L~::~~n::~iua~tjnm~~a1dljiuni~~~aniw6a0~u"au Reactive Red 31 ~ ~ : : G Y  

naiar ~iuarMiaq ?in wamrnnaa~nam~~~~fiua'i ds::3v%niw~umsriiGe,8~n::%'11a~ 

cj,mumidljmrnsd5;u~niw6a~l~ Reactive ~ e d  31 ji~ii~dniifinm~r3idbI~~~ 

amw ~uirw8~n~~dQnfi~G(ilb(il~w"nm~%aid~d~6d?~~niw~~a::n~u~n"~ni.nl~~aniw 



e~i.iisd 4.7 f i ~ ~ r u T a v t n a . ~ ~ ~ n . ~  dnniii~nlmucjnmuaaidiiunid%~niw&au3~a8-1 

Reactive Red 31 dTr3lNL$%Jh~iId 7 f i ~  (%BIu'~?I 0.5 g-:¶hb% 100 ml) 

mwi 4.7 d ~ ~ ~ i ~ n i w ~ ~ m ~ f i i ~ m ~ a ~ ~ b m ~ ~ ~ ~ l ~ n ~ ~ 1 % a 1 d ~ i ~ n 1 ~ ~ ~ n i w 6 a u ~ u " a ~  

Reactive Red 31 ~CI~IU~$U$U~IJ q fiu 



mi.ilad 4.8 f i ~ i r n l a ~ ~ n ~ i i t i  d Q n f i ~ ~ m I m ~ f i n ~ u ~ a i d w i u n i ~ ~ ~ n i w ~ a ~ ~ ~ a a  

Reactive Red 31 ~cI~INL$N$~~uP~IP 7 fh ( f kP l~T21 0.5 g:~l~&.l 100 ml) 

n w d  4.8 ~ ~ ~ n ^ ~ n i ~ h i ~ ~ ~ ~ ~ ~ n 1 ~ a 6 ~ ~ l ~ " n m ~ 1 ' 1 1 a ~ d ~ i ~ n i ~ ~ a n ~ ~ 6 ~ ~ ] d u " 0 a  

Reactive Red 31 d ~ ~ ~ i a ~ ~ ~ i u d i ~  7 fiu 



maad 4.9 fiuimIa~aadna3 dnnr i i<nhur jnmu~2id i~uni~~~niw6au~~au 

Reactive Red 31 d ~ ? i ~ L ~ U u " ~ d i d  7 %A ( ~ B I ~ T ~ I  0.5 g: i l i&~ 100 rnl) 

mwi 4.9 ~ x ~ w ^ ~ ~ ~ I w ~ u ~ T ~ I ~ ~ ~ " . ~ ~ : : ~ ~ ~ u w " ~ ~ L I ' I I ~ I ~  ~iun~sl]%aniw6a u$fiaa.~ 

Reactive Red 31 ~~+I?IuL~~J~u~I~ q 6~ 



~rmnd1aiiuadi~i jGud16~~?1a~EZ d s ~ u n ~ i u ~ ~ a k u  95 rdair8ud ~J;R~I~L$~.IGu 

uodinz3 10, 25 w:: 50 Gafin?u8ioi?ns n71u~BuBuuaa$~audb~aizaud~mIunis 

d?uQ61iwinolu%2162u$ Reactive Red 31 ~ I ~ ~ ~ B U ~ R ~ I U L ~ ~ ~ U  0.002 Ld~iL%ud 

1wsiziin~1u~1u1snIun13~1~mjmkn:~uadinoluaa1dI~~inn1sr~~uaniw~au~~aud 
u u . 4  2 

n~iurruuungagu !n~iu~rmndia6urn~aRZ~~uauian'i uaziisiii~un'iilngb~ua6u 

~nu;naiu~$uBu 0.002 ~dai~qu6 i3udidaj~un~uGaYad!na~uai~~sn~un~5fliQm 

b~ziianz$gdd~m 

~ n ~ ~ m 3 ~ m ~ a ~ $ i ~ ~ ~ 8 : i ~ ~ ~ 6 a ' 1  ~nubC~$~iuraa8 Reactive Red 31 d 
~~uiz~a;ium-idiuanimfinnu~airdal~un~sfl~~mIa~~aa~im~ Qn~fia nrrz8and Wa 

dnmurBu~u 0.002 idaiigud na1uaiuisn9um~~ian~~lduulaaauuaainmu~a1d~du 
2 aur i ims~nrn- ida~ i ran~~Iu Ins~a i ia~aa~ Reactive Red 31 ~$iiiid;j%uiiiY~d 

~amsan8asaa1.aa~~aa~ia:~nQu n5"iavjuaz~n~imun'daudaihr3ud~u~~du 

hsaahauaacinnuqai S0,Na ~u~nsa~hdiuraa~fiau.iiiw~~drflu~dLbanbdduu 

laaau Baaamn~aaiillnuaiuuaa Suernitsu et al. (1986) dlG8nwiIm ~ l ~ ~ ~ n a ~ n " u 3  
P, 

f i w  4 ?bbafl$d 2 ~5m &I Procion Red H-3B \La$ Procion Yellow H-5G U O ~ I B ~ ~ U U J N ~ ~ $  
Y #  

~nwiIm lnu~#i8ulu81 u bdalw' dm3:iin n~az*adau Imu Shukla LLaE Sakhardande 

(1990; 1991; 1992) b L ~ ~ 1 ~ 8 ~ ~ l ~ ~ ~ ~ ~ ~ d i a " ~ ~ ~ 9  Low, Lee LLaZ Lee (1993) &I 
wuiiia?1a$iardaw'~umsdiuabi1w6au%bban!d ezviil~!naiua~m~n~un~srpl~Gm 

lav :Miiniu;a$ua ~w"u"b63m 

4.1.2.2 n ? ~ u ~ ~ ~ i ~ n ~ u m ~ ~ ~ n n b d # ~ u ~ a a a u " ~ ~ a a w " n ~ u % a ~ d w ' ~ u n ~ s d ~ ~ ~  

~mwn"?U8fiaN Direot Blue 71 ~S$¶JR~UR?IU~$N$UUP~IJ 7 

1) R ~ l ~ ~ l ~ l 3 ~ ~ U ~ ~ ~ L ~ ~ b d # ~ ~ ~ ~ ~ ~ ~ n " f l ~ ~ ~ ~ ~ ~ b b ~ ~  

sinonmad 4.10 rra: mwd 4.10 s:iw"u"b641 1~s:3w~n~wlu 

m~riiimIa~tnaaunava~finmu"11a1i~iuni~~an1w~au~fiau Direct Blue 71 !dl 

g ~ n i ~ f i n n u r a a ~ i I i I d i ~ i u a n i ~  fi~suirunaa~mad~nrii~mImu~n(al~~a~d~iun~~~~v 

aaiwdi~;?d Direct Blue 71 ~ f i i u i n n i i c i n w u ~ a i d I ~ I ~ e i ~ u n ~ s ~ ~ a n m  a d i d  
aa 6 G  

i iu~i~ywiaann i-i:gumaiu~daiiu 95 rda-irauol nannaiu~$aCu~aanaa~imd 10, 25 



~ r a z  50 RaAn?udaAms naiur~u~u"11a.r~~aud~~uizau"buni~d~uaniwfinm~1"11a16a~1~ 

Direct Blue 71 ~ i i ~ z ~ ~ u d ~ a i ~ ~ ~ u ~ u  0.001 ~dair3uA ~ W ~ ~ ~ I R ~ ~ U R I U I S ~ ~ U ~ ~  

P / w $  '3 
rii<mnaa~rm.r~aaEn~u,aid!6~inn1s~l~u~niw6au8Gaudn31unuutm~auu sinaiu 

~mniiumaabG?~Ljuainan'i 4ai ia i i r~udidlnh~~~uan"u imznaiu~9uCu 0.001 

dai~8un' r5udida ~ ~ u n q ' u ~ a  adinaiuaiui~n"buni~~mbiiula~~aam tjqdqm 

2 )  ~ a i u ~ i u i ~ n S u m ~ ~ ~ a n ~ d ~ u u I a a a u n " ~ l T a ~ ~ n ~ 6 a  

m i ~ i d d  4.1 1 LLRWIW~ 4.1 1 ~ ~ a m ~ n a i ~ a i ~ i ~ n ~ u n i ~ ~ i ~ m  

bnz~n~iiarrnaacjnmu~aideiiuni~~~Tuaniw~au8 Direct Blue 71 ~ S ~ E ~ R ~ I U L < ~ J ^ ~ U  

Biia 7 buinnwam-innaaas:~Gua'i 9unnnaiu~iu<u~aala~zGn~iia c~nmuaaidtiiu 

m3d?uaniw&u8 Direct Blue 71 dd3z8n~nm~lUm3fll<fl~nbiiaLi~~~9$U ~ a n m  

~ n ~ i i a d ~ n r i  iGmlmuw"nmusaidIairn"~iuni~d?u~ni~n"11w"n~u~aid1~?~1an1wn"~~8 

Direct Blue 71 ~~mndi~ i iua~ ia~Qud16~wiaaR~ ~5Y~¶Ji~h?lblL$aiu 95 ~daS~8~6 

~ a i u ~ ~ u ~ u ~ a . r ~ ~ a u d ~ ~ u ~ z a u ~ u m ~ d ~ u a n i w ~ n m u ~ a ~ ~ ~ a " b n " b u n ~ ~ ~ ~ G m ~ a ~ ~ n ~ i i a  
Y 

riiszidiadd 0.001 ~ d a i d u i  rwnzr&al<~aiuLGuiuv~a8~auG;~a"IIu n~iumunn 
Y 

6:: P1 ~ u m ~ r i i < m ~ a ~ z ~ n ~ 6 a " 1 1 a d ~ n ~ u " 1 1 a i ~ u k i b 8 u 8 a b ~ ~ 1 z ~ n . r w ~ z ~ ~ n a 1 u ~ ~ u ~ ~  10, 25 
CIe .d 

uaz 50 %=6n?uiaâ mils inaiu~~mndi.rn"uni~anm~wuauiadi ~~a:~aiir?Iudi~ 

Inb~iiuaiiu imudnaiu i~~ iu  0.001 L ~ E I S L ~ U ~  adlun~uGstjadi~iBad4m 

3) ~ )a i~~ui~nIum~~mn~d~uuIssaun"u lan : :a"anz~  

naiumuisolumsrii6mla~zkn~haacinn~'lra1di1ums 

d?u~niwn'?uabu Direct Blue 71 ds~6unaiu b$u$udia q sinmnai 4.12 uau 
di ' mwi 4.12 aamj l~b~u i i  d3dw~mw'lumsrii6(il~~nz~~a~inmu"dai~~1qa"1]ub~a 

w'iunisd?u;unmw ~ a r i n r k n z ~ d Q n ~ i ~ m l m u w " n m ~ ~ a ~ d ~ ~ u n ~ s ~ ~ a n ~ w 6 a ~ ~  Direct 

Blue 71 ~n'iuinn~iw"nolu'11aid"b~i~6w'1un1sd~uan1wsu'1~~~0d16~~1aa~~ 4 s : : ~ ~  

naiudadu 95 n~ai~%um' Iuynnaiurm;U$uirmla~Ia~::3~nz~ nalu~:a:u~aaafis8.1d 

0.001 dai~gu6 r i i s z ~ ~ u n a i u ~ ~ u G u d ~ ~ u i ~ ~ u ' l u n i ~ ~ a n i w i n ~ ~ ~ a 1 6 a u f i  Direct 

Blue 71 ~i;sasinnaiumui~n'lunisr~li<mT~wz~an::~~sainolu~ai~Y~s~nn~sI~~Cau 
* A  di 

dnaiuiiu.aunna~u !u;ibasa"aLnnz~dTz6unalubiu$u 10, 25 LLRY 50 ppm Gnai~ 

~~olnpiiaiiunianii~Iu3~ia~i irazftaiiL5un'idIn~~iiuafiu Imsdnaiu~Guiu 0.001 

~dai~%um' s ~~unq'uu"a yadiidiB~G;4m 



R I ~ I J ~  4.10 GUIN~~M~MDJLIII d9nfii<m~mU~~u~aideiiunid%~niw6au3fiau 

Ditect Blue 71 ~ R ~ I N L G U G ~ ~ ~ ~  7 iill (~RU%?I 0.5 ~ : ~ I L S U  100 rnl) 

nlwd 4.10 d ~ ~ ~ v % m ~ u n i ~ ~ ~ ~ ( i l v a ~ i i ( i l ~ 6 ~ 0 w " n m ~ ' 1 1 a i ~ ~ i i u n i ~ % a n i w ~ a ~ ~ u " a ~  

Direct Blue 71 d n ? i ~ i f ~ t i ~ ~ i ~  7 fiu 



~ I I I ~  4.11 f i u i ( U ~ a ~ ~ n ~ ~ ~ l i $ ? n ~ i ~ ~ ~ ~ u f i n m f l " 1 i a i ~ ~ i ~ n i d ~ ~ n ~ w 6 a u ~ ~ a u  

Ditect Blue 71 d n a i u ~ h ~ u g i i ~  7 iiu (ijnnu%a-~ 0.5 g:&8u 100 rnl) 



m i . i i ~ 4  4.12 fibnmTa~18an1$ fiqniii5mlmuGnrn~%3i~eiiunid%an1w6au$~ay 

Ditect Blue 71 d@?iNL6a.~6Udia 7 (f?fM~.a?l 0.5 g-:iIL$u 100 rnl) 

nlwd 412 ~ S ~ ~ ^ S ~ I ~ ~ ~ ~ I S ~ I ~ ~ Q ~ ~ ~ : : ~ ~ ~ U ~ ~ ~ L I ' I I ~ ~ I ~ I U ~ ~ ~ ~ ~ ~ I W ~ ~ U ~ ~ O N  
Direct Blue 71 &~?IULCN$UQ~~~ 7 6 4  



ni~wmaadl.d"8 Direct Blue 71 1un15d5uan1~finmuaai~u WU~CI?IU 

~ < ~ ~ u d ~ v a n z a u u a d 8 ~ a ~ d l . d " a ~ d  0.001 ~dai~lum' Imud;ilmLinimj S0,Na adlu 

hi-aaiiaidutdu~iiuffrianM'rl ~ a u i i ~ ~ a i a n ~ n ~ ~ a r n ? ~ u a ~ u i ~ n ~ u n i ~ ~ ~ ~ n ~ d d u u " b a a a u  
62, 5; 

l$iiu w'nmua?i"b61du~duan"u 9z~rcndi~fiuitn'~Guda'i 8"bmdnlaiind4dnauwqzi I 

dfj%uiL$i!d~~a~?mfi~lIn3~aiiduadfinmuaaiI6 ni-ru"aar~muod8In~i~9~ufinmuaai 

~firneintn~ia~nai?iauaz~uadaIm3tsu %ain?iut1~~11-ieiiauni11~3d~mbvduaqad 

~uaz~naiLaudYad%bbanfi9^1Nln (Ing-arnells, 1993) W a n l 5 ~ ~ ~ a d ~ ~ 6 ~ ~ ~ C I ~ ~ d f i ~ n i 3  

anwirad LOW, Lee a Wong (1995) I un15Rnw~a~a~m~dYuan iw6au3~a~  
&pi  I 

~umamsnm~u'uMaa~m~ua~niuuzwiia kuI+~tra%m~~~iln~da~idn61ufiu8Im~in IL~: 

ti wuiimui~nti1Icin1uu:wi1~aiui~~1~m~u~a~~~n~l6~~u~~~u 



ns'u ~ 3 u  I ~ia: 2 n?ar iinmua~i$ddlailm;i%aniw iin:dd?uamw6au o.ooa% 
' HI 

Reactive Red 31 iba: 0.001% Direct Blue 71 id5:2wAsniw6buni3~16lpla"dn:3ifiu"11~ 

m s ~ a d  4.13 ~ a m ~ f i  ~~m8~n~aan~in~~tdu8d~e\~i::.~r"6auw"nm~.aai~~d~6di~a~1iw 

(NWH) uns~nnuw-aidd?ufimw6au 0.002% Reactive Red 31 

(RRWH) LLn::0.001% Direct Blue 71(DBWH) 6 b ~ f l b l l [ ~ $ ~ i i d ~  tk 

.afim9a9 

chwuam 

NWH 

RRWH 

DBWH 

Y 

61 w Gn 
hwua?~(g )  

0.5 

1 .O 

2.0 

0.5 

1 .O 

2.0 

0.5 

1 .O 

2.0 

~ a i a  ~ h i u  

qnfiiu(ms11) 

14.059 

4.755 

2.843 

11.976 

3.963 

1.207 

10.212 

3.150 

1.635 

f iu imq 

gngn+u(g) 

4.200 

4.495 

4.686 

-4.408 

4.601 

4.849 

4.584 

4.655 

4.807 

da:3w$mw 

'Lun~a~iin~(%) 

74.92 

90.43 

94.28 

78.64 

92.57 

97.57 

81.78 

93.66 

96.71 

da:3w%rnw 
2 2  3 
mwaau(%) 

4.97 

2.37 

3.48 

9.16 

3.57 

2.58 



~ i n r n s n m a a d ~ i ~ n a u ~ a 1 d ~ l ~ u I - s ( n i w ~ a u  0.002% Reactive Red 31 bra:: 

ij,au.aaid d5uiuamwh 0.001 % Direct Blue 71 ~113un1sljiljmil~auq?.jil1nTsdd1~ 
slclpl  augdnzI-s(iunaiuLCuCu~ad~dnza 50.2 aatniuviatm mul+finmu~al 1 ~ m z  2 nisr 

via;i6?ufianns l o o  Gallas ~inwamsnmaahmis~~d 4.14 ~umdw"~w"ui~ 
Y 

1j,mu~317& 2 .a~m~iu~snSfl~msii.iim~i~3u~1n'~s~~iu~~13~nz3~6~ ri~dui!n"mu 
Y 

Hkeinmsljlljmij6idina'i61uins~ IU i~aztdar~uu~Ciuuiiuwan1swmaad"buri7L3uq5d 

iiuwamsMnaoduii~3u3dbns1zw"bumisidd 4.13 qz~fiui1n1siiljm$1~4uq?d$dsz 
9, Y Y 

~n5n~w~ums~~~m~iniimsljiljm~~~8uk~nsi::6dnCau <~ii~aai.~~da~u1inn"buri7 

~ ~ u - ~ ~ ~ a l - J ~ T a j l n M z ~ ~ m d ~ ~ : : ~ ~ u ~ ~ a u ~ ~ n n s : : ~ l a u n ~ s ~ u I a  4~TajlnMzrMiituiiq::qnmn 

%ubuw"nmu.aai!6~$u~Guaiiu i I % M Y ~ ~ ~ B I E I ~ ~ I ~ ~ s ~ ~ P ? ~ ~ I w Q ~ U ~ I ~ I U ~ F ~ ~ ~ ~ ~ % ! ~ C ~ ~ ~ J  
am'q~nnisi~nnzm'Ca~a~i.jafiG ~ ~ ~ m m d ~ u n ~ n w u a n  a (ons~dd 9-5-6) wuii  dsz 

Y 

8n~n1w~un1sli16m8dnz~"11a~finmu?ia1~d 2 d i m  "burilr~udaLmti1b8u8dbnsi::9/1"bi~ 

n a i u u ~ l n d 1 d h w i d a ~ 8  i~anjkr"~~uiifin~lu?ia~d~~~nis~iuaniw~au Reactive 
9, 

Red 31 bba:: Direct Blue 71 a1~1snd1!dl~um5i1ljm~1bau~1n~sd~1~~~a1~ns~srq~ 

%awz!6od-id!ds::i?w ŝn1w 

Y 

a i t i i~d  4.14 wam~lj~ljmri~~~u~~n'is~aiu~u~an::~~a~~r.iiu~"~ 50 rng/l&~ufinmu?i21 

$ d ? L l ~ n l ~ 6 9 u  0.002% Reactive Red 31(RRWH) bba: 0.001% Direct 

Blue 71(DBWH) 

.aftcil~odw"nrsluqai 

RRWH 

DBWH 

Y 

Gi~Gninrslu"~la~ 

(9) 

1 .O 

2.0 

1 .O 

2.0 

na~~~C~Cu~n"jii~.; i( i l  

(mgfl) 

3.750 

2.117 

3.806 

2.211 

~]5:i3~%n1w%Uniaiji9jv~lcil 

(%I 
92.53 

95.78 

92.42 

95.59 



W l  Y 

n~siinw~naiarmbns~1~un7~~m6ii~l~a~zpllCn~as3~Gau5s 3 3rir ndad5uamw 
Y I 

?r~au&ui%au Reactive Red 31 e7aiu~$u$u 1 idai~8ud viimmmaadfiuii!au 

k ~ n s i : ~ ~ a s ~ a ~ z n a s ~ ~ n ~  Qn~iia ua:3snz$ dnaiuiGuGu 10 mz 50 Ra5nTuialms 

ds:fjw5niwIun~,rii~mTa~z~Cn~asI~~au~~ 3 aQmuPTuu~~uuriuCnmu"~~ai LL~NR 
IU W15156; 4.15 LLa: 4.16 ~I~WE~~IT~~FIOJ~YL~UI~~I 

Y ,  Y 

- StAaufis 3 .aQm~w'iumrd';~amw6au~Caar Bfls:$w%mwIumsriijn 
' 3  

Iavz~iinr~jugduu 
Y l  Y 
d A 

- u~aauGs 3 ~9~idsz3n5mw~um~rii~mTavz~5nhin<7finmu~a~ 

- ~~dau~u'n:r~uunasinaiu~iui~o~unis~~an~d6uu~aaau~sni1~u'~~s 

~~azICuis mia~ii5u 

- ~ ~ I ~ E ( I ~ I ~ O ~ ~ ~ ~ S L L ~ ~ L ~ ] ~ ~ U ~ ~ ~ ~ ~ Y ~ ~ $ L ~ ~ ~ ~  3 % ' d a ~ f i f ] ~ a ~ ~ f l L 8 &  

n'igsnEc18snd uatnasnna 













v A 2  3 mwd 4.19 ~ ~ ~ ~ ~ ~ ~ I W ~ U ~ I ~ ~ I Q ~ ~ ~ M ~ U ~ ~ I , W ~ . I " ~ I ~ I U W ~ " J ~ ] I ~ ~ I ~ ~ ~ ~ I W  
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1.012 

0.078 

1.170 

1.395 

1.425 

1.330 

miwriunduni~rii~a 

(mg/~ .5gc inm~~ i :  

2.234 

2.230 

2.230 ".".."...."" .... " ........ .." .............. 
2.231 

0.002 

2.517 

2.517 

2.51 9 ................................................................. 
2.517 

0.001 

2.548 

2.535 

2.537 ".."." ...................... " ................ ' 
2.540 

0.007 

2.543 

2.532 

2.528 .................................. " ..... " ..... " 
2.534 

0.008 

2.518 

2.496 

2.493 

2.502 

C U ( ~  

(%) 

84.78 

84.63 

84.61 
4. ..... "..."" ......... " ........ ".. 

84.67 

0.09 

95.50 

95.52 

95.58 
" ................ "" ................ " 

95.53 

0.04 

96.68 

96.20 

96.28 ........... " ...... " .................... " 
96.39 

0.25 

96.49 

96.07 

95.92 ....... ".." .... " ...... "..."......." .... 
96.16 

0.29 

95.56 

94.71 

94.59 

94.95 

26.350 

26.350 

26.350 ..... "".""".".." 

0.139 

0.945 

1.055 

1.105 
...l.U" .... l.".."..l...... 

1.035 

0.082 

0.014 

2.541 

2.530 

2.525 .." .... " ..... 
2.532 

0.008 

0.53 

96.41 

96.00 

95.81 
...................................... 

96.07 

0.31 



cRin.si a-3 msfiik Cu(II) ~rnucjnn~~2idcj,unid%~niw6au8fiaN Reactive Red 31 

~ ? ~ u n m l i ~ n r n w ( x )  
Untreated 

................................... ., ......................... 
d l d u  

d~u~du~ruwia.r~u 
0.001 

,...* ................. m........... .,.... 
~ I L S ~ C U  

d a ~ r d u ~  ~ w i m ~ i u  
0.002 

................................... *.,.... .................... 
d7LCbih 

d ? u ~ d ~ ~ l ~ ~ u  
0.005 

............... * ................... ..................... " 
~ILQ%J 

~ ~ U I , ~ U P  LVUUIP~~U 

0.010 

T 

L 

risunmnn~ 
54.450 

54.450 

54.450 .. ............................................................. 

54.450 

54.450 

54.450 ......................................................................................... 

54.450 

54.450 

54.450 
" .......................................... 

54.450 

54.450 

54.450 
'a'............. " .............. '..." .... 

54.450 

54.450 

54.450 

~ & n ~ l n n t  
9.330 

9.770 

9.760 
" ...... .. ............ 

9.620 

0.251 

5.420 

5.330 

5.370 .""'....... " 

5.373 

0.045 

4.000 

4.440 

4.590 ....... "." .................. .'.......... 
4.343 

0.307 

4.420 

4.840 

4.980 ." .............. "..... ............. "... 
4.747 

0.291 
- .  

5.830 

6.180 

6.770 

6.260 

0.87 

92.67 

91.81 

91.75 "..." .... .-.... ..-..--.. ....."... 
92.08 

0.51 

(mg/~.5gchau.aai; 

4.512 

4.468 

4.469 
" ..... " ......................................... 

4.483 

0.025 

4.903 

4.912 

4.908 ............................................................................... 
4.908 

0.005 

5.045 

5.001 

4.986 ...... " ................................................. 
5.011 

0.031 

5.003 

4.961 

4.947 ."" .......... ' .... " ........ ,.. ................. 
4.970 

0.029 

4.862 

4.827 

4.768 
-9 

4.819 

d 2 u ~ d ~ ~ ~ l c i n ~ %  

0.020 

..... ............... "...'....".*..",Y."."....... ................... 
dlLQEiff 

~%L~UJUMR,~U 

(%I 
82.87 

82.06 

82.08 
"" ......... " ............................. 

82.33 

0.46 

90.05 

90.21 

90.14 
"" ................. 

90.13 

0.08 

92.65 

91.85 

91.57 
" ................................... 

92.02 

0.56 

91.88 

91.11 

90.85 
" ............................ .. ...... ".., 

91.28 

0.54 

89.29 

88.65 

87.57 
~,"UW,",,UIIUWU,U,,,,I,",. 

88.50 

54.450 

54.450 

54.450 
" ..... ".".""...YY.YYY.YYYY 

0.475 

3.990 

4.460 

4.490 .....*. ............................ 
4.313 

0.280 

0.048 

5.046 

4.999 

4.996 .." ......... """.." ..... "...""......" ....' 
5.014 

: 0.028 



~ 7 5 7 ~ 4  Y-4 fI151j?% Ni(m ~ ~ E ~ ~ R u ~ [ ~ I ~ ~ I U ~ I ~ ~ ~ ~ F ~ I W  62 O%ON Reactive red 3 1 
* 

n?iar~Garcucriia q ~u i i ~~u~~mmdn~ ia r~~a r i u  l o  mg/i 

~ n u i t u h ~ a t j u  

~ ~ a u u i n l i u ~ n ~ w ( % )  

Untreated 

............................................ ..... 
d~miu 

~ ~ U L ~ U U L Y W I ~ ~ ~ ~ ~ U  

0.001 

" ............ " ....... " .......,,.x................ 
dlL4.b~~ 

dm~du4 L V W I C ~ ~ U  

0.002 

...... " .... """ ............* " . .  
dlLQ~u 

dqud w ~uw~crnyu 
0.005 

.................... "".." ....................... " 

d l ~ ~ $ t ~  

~ ~ U L ~ U S  ~WJWWJIU 

0.010 

...................................... . " . 
dlKbfiEl 

~ ~ ~ U P W W ~ ~ I U  

0.020 

" "."...".."..".... r'I".".. ""...".... .......... 
d1UUiu 

d ? u r j u s u n ~ n ~ ~  

'cinaua?~ 0.5 niu; 

R?iu~~i-i~~~n13?il& Ni(II) ~ ? i N ~ ~ ~ h n P 6 1 d c l  

rinunnao~ 
11.410 

11.410 

11.410 .......................................... ". .. " 

11.410 

11.410 

11.410 ... " .................................. ".. 

11.410 

11.410 

11.410 .." "..".... " ...................... " ... 

11.410 

11.410 

11.410 ..... "l .a,...... ".."..........."a. 

11.410 

11.410 

11.410 ..I. ".-"..I""."...""." ......." 

11.410 

11.410 

11.410 ......................... '"..".....".. 

ii:1Ldclfiuia3 100 

(mg/0.5gcjn~l~"p1?11 

0.975 

0.973 

0.964 .................................... " . . . .  
0.971 

0.006 

1.058 

1.058 

1.064 .." .............................................. 
1.060 

0.003 

1.067 

1.066 

1.069 ................................... " .. ' . "  
1.067 

0.001 

1.064 

1.064 

1.065 ......................... ........................................... 
1.064 

0.000 

1.061 

1.062 

1.063 ... .................................... 
1.062 

0.001 

1.072 

1.072 

1.077 .." ...-. "..'""."." ........ "."." .-.. 
1.074 

0.003 

(mgA) 

~ % w n a o ~  

1.664 

1.678 

1.770 .................... " ............ "....'.. 
1.704 

0.058 

0.833 

0.828 

0.774 .... " .......... '" ...... " .......... " .... 
0.812 

0.033 

0.736 

0.747 

0.724 ." ... "." ...................... " ....... 
0.736 

0.012 

0.766 

0.769 

0.761 ........ "..".I ............. ".."...". 
0.765 

0.004 

0.798 

0.793 

0.784 
.".."..'.-C..I"."^*.."".."- 

0.792 

0.007 

0.687 

0.692 

0.644 .......... '"."""".I.....--..... 
0.674 

0.026 

~ R G G P ~ S ;  rim 5.0 

(%) 

85.42 

85.29 

84.49 
" .................. .. ..................... 

85.07 

0.50 

92.70 

92.74 

93.22 
" ..".."" "..........................a". 

92.89 

0.29 

93.55 

93.45 

93.65 ..".... "" .............................. 
93.55 

0.10 

93.29 

93.26 

93.33 ""..'...." ...... ".. 
93.29 

0.04 

93.01 

93.06 

93.13 ..... ...... W....."..".." ..... ".."... 
93.06 

0.06 

93.98 

93.94 

94.36 "I"....""......"..""".".""""' 
94.09 

0.23 



a m ~ d  TI-5 nnrii'jn Ni(II) b u f i n ~ u ~ 2 i d r j i u m ~ ~ a n 1 w ~ a u ~ ~ a ~  Reactive red 31 

n n u ~ 4 ~ 4 u ~ a ~ 8 t a u  

~ ~ f i u n i ~ a " ~ l a n i w ( % )  

Untreated 

................................................... I 
dl&u 

dnuju4 L¶JUUI.~~IU 

0.001 

................ " 
dlLQiU 

t h u ~ d ~ ~ u n u n ~ ~ u  
0.002 

........................................ "................. 
dlL4du 

d?%~dtlt LYJWIGWJIU 

0.005 

............................... " .... ... " 
dlLQ&l 

d ~ u d ~ ~ r n w 8 \ ~ ~ u  
0.010 

I 

.... ..... .................................. .... 
d l d u  

h~Ld.4 ~ 1 ~ 1 9 1 5 ~ ~  

0.020 

.... ...... "...........I" ..... .....a,. ........ "I." *.a,. J 
~ I ~ I L I  

dmd W L Y M C ~ ~ ~ U  
Y 

'~nwua310.5 n 3 ;  

rn lu~4%+uaar i i f i u  

r iaunmna~ 

26.150 

26.150 

26.150 ............................................................. 

26.150 

26.150 

26.150 ..................................................................................................................................................... 

26.150 

26.150 

26.150 .................. ............. " "..." 

26.150 

26.150 

26.150 ............................ ............ ".....a ".. 

26.150 

26.150 

26.150 ................................... 

26.150 

26.150 

26.150 ....... ..... ... "-.-I "...I .I 

r i i ~ ~ u f i a i m  100 

(mg/l) 

~ 5 ~ v m a n ~  

5.910 

6.025 

5.850 
......................................... 

5.928 

0.089 

4.880 

, 4.870 

4.750 

4.833 

0.072 

4.480 

4.500 

4.385 

4.455 

0.061 

4.605 

4.660 

4.615 .... ................................. " ". 
4.627 

0.029 

4.985 

4.970 

4.895 ....... ."....."I."..... I."....,.... 

4.950 

0.048 

4.400 

4.320 

4.235 
........................... ... ".. ...a 

4.318 

0.083 

finGGwa; rim 5.0 

na iua iu ian~un ia f i i ~m Ni(II) 

(mg/o .sgrjncnua?il 

2.024 

2.013 

2.030 

2.022 

0.009 

2.127 

2.128 

2.140 
I.......,., ........................... 
2.132 

0.007 

2.167 

2.165 

2.177 ......................................................................................................................................... 
2.170 

0.006 

2.155 

2.149 

2.154 '.." ................ .. 
2.152 

0.003 

2.117 

2.118 

2.126 ............................... "....I."..... 

2.120 

0.005 

2.175 

2.183 

2.192 ... 1 .......... 1."-.."... ".".............. 
2.183 

0.008 

(%I 
77.40 

76.96 

77.63 .................................................................................. 
77.33 

0.34 

81.34 

81.38 

81.84 .................................... " 

81.52 

0.28 

82.87 

82.79 

83.23 ". 
82.96 

0.23 

82.39 

82.18 

82.35 ........... ....................................................... " 
82.31 

0.11 

80.94 

80.99 

81.28 ..... ........... " ......................... 
81.07 

0.18 

83.17 

83.48 

83.80 ......... .... ".." "."..." ......,.,.,,... 
83.49 

0.32 



a~nad  a-6 rn~rii5m Ni(m ~ n t l ~ m u . a ? i ~ d i u n i ~ % ~ n i w 6 a ~ 8 ~ a ~  Reactive red 31 

n?iu~~a.I$u'udid q \uiidu8dIRn$naiub~N.;iu 50 rng/l' 

n i u u  

~ " b f l u n ~ ~ d ? ~ a n i w ( % )  

Untreated 

...I... " ......................... ., ........................ 
dlLQ&l 

dau~du~~vu;u7as~u 
0.001 

........ " ...... " ..... .. ....... .....* .... " 
dlLi6tJ 

~I~MLEUP u w V u  
0.002 

"...". " ......................... ", ........................................ 
d7Kb&l 

~aurdut r n ~ ~ ~  
0.005 

................................... ............ 
dlLQatl 

huid~0 UMGIS~U 

0.010 

".. ""."..... "..." .... " .... "", .......... " 
d l d ~  

hdr ununlmyu 
0.020 

.-""" ..". """."...." .."...""...".. 
dlLQ1~ 

c h ~ d t J P ~ l ~ \ s ~ u  

naiu6u.tiu"11aspii~4~ 

rinunmass 

53.650 

53.650 

53.650 
" ............... " 

53.650 

53.650 

53.650 .......................................................... 

53.650 

53.650 

53.650 "." 

53.650 

53.650 

53.650 
" ............................ " ................ 

53.650 

53.650 

53.650 ........ " ....... " ...... " .......... ".. 

53.650 

53.650 

53.650 ....... "."" ................-. "" ..... 

- 
(mgil) 

~ G s n m a a ~  

19.270 

19.170 

18.930 ........................................................................................... 
19.123 

0.175 

16.510 

16.600 

16.400 
'" 

16.503 

0.100 

15.170 

15.120 

14.460 ................................................... " 
14.917 

0.396 

16.700 

16.630 

16.430 
".....".........".......I' ........... 

16.587 

0.140 

17.000 ' 

17.260 

16.940 .................................................. 
17.067 

0.170 

17.040 

16.840 

16.980 .."" ..". "." .... "..."." .... " ..-. 
16.953 

0.103 

~aia.~aiui~~~"bum~rii~m 

(mg/~.5gcinwuaa~: 

3.438 

3.448 

3.472 ...................................... ".* 
3.453 

0.017 

3.714 

3.705 

3.725 ....................................................................................................................................... 
3.715 

0.010 

3.848 

3.853 

3.919 .................................. ..'......... " 

3.873 

0.040 

3.695 

3.702 

3.722 
""" .... " .... "...I'.I'.I'"..I' .......... " . "  

3.706 

0.014 

3.665 

3.639 

3.671 .............. . .  "'".".. 
3.658 

0.017 

3.661 

3.681 

3.667 .. ................................................ 
3.670 

0.010 

Ni(II) 

(%I 
64.08 

64.27 

64.72 .......................... 
64.36 

0.33 

69.23 

69.06 

69.43 

69.24 

0.19 

71.72 

71.82 

73.05 ....................... .................................... " 
72.20 

0.74 

68.87 

69.00 

69.38 ............................ ............ " 
69.08 

0.26 

68.31 

67.83 

68.42 ........... ....-. " .....-...... "..... 
68.19 

0.32 

68.24 

68.61 

68.35 

68.40 

0.19 



.I.IIJ$ TI-7 m.iriik Zn(ll) ~nuhnu%ai~~iiunid%86119~6au~~a8.1 Reactive red 31 

n~iar~i~GuQii4 q Midu3~inntuCnai~bi~ip.l10 rnsi  

~~iar!,i~iu"uu.~dfiuar 

~ ~ f l u n i n l 5 u n n i w ( % )  

Untreated 

.................................... Y.. 

8;lKb$ll 

r h ~ b d l l P L Y l ~ l ~ n ~ ~  

0.001 

........................................ .............................. .'." 

8;lLQ$ll 

daudar wuui~w~~u 
0.002 

.............. " ......... .................................. 
d1LQ:ll 

dawdau wuuiswpu 
0.005 

.... " ............................ ............. " .......... 
dlmG0 

d3~kduP LYJWlwryu 

0.010 

..". " ........ " ...... "." .... "". . 
d ~ m ~ l ~  

~ ~ U L ~ U P L Y J W I ~ ~ ~  

0.020 

-.. ""."."..." ......"".." .;r' "." ............. .." 
~ I W U  

d~udw L W ~ ~ U  

m i u ~ i r n 3 h 1 - i r i 1 ~  

(ms/~.5g<naum~) 

1.026 

1.029 

1.032 
" ................................ 

1.029 

0.003 

1.056 

1.060 

1.060 ...................................... " ........... " .  
1.059 

0.002 

1.076 

1.078 

1.078 ............................ " "".......... . . "  
1.077 

0.001 

1.072 

1.073 

1.073 ...... " ............................ ".."..... 
1.073 

0.001 

1.063 

1.064 

1.065 
'" ..-. ".." -... " .....-.-.-. 

1.064 

0.001 

1.076 

1.076 

1.076 
."....I ........... 

1.076 

0.000 

Zn(m 

(%) 

93.94 

94.22 

94.43 
" .............................. ..........a 

94.20 

0.24 

96.66 

97.02 

97.05 .......................... .... ......... "..." .... 
96.91 

0.22 

98.50 

98.64 

98.70 ...... " .............. ". ........... "..,. 
98.61 

0.10 

98.11 

98.21 

98.22 ..... "......"... " ..... "".." .... " ..... 
98.18 

0.06 

97.31 

97.38 

97.48 ".".<"..""."....."......," ....-.-. -'- 
97.39 

0.09 

98.50 

98.50 

98.47 

98.49 

0.02 

n n a r ~ i a r i ~ ~ a . ~ d i ~ h  

rinunnaad 

10.924 

10.924 

10.924 ................................................. "."'.............. 

10.924 

10.924 

10.924 
" .... " .....'............. . 

10.924 

10.924 

10.924 ....." ............ " ....................... 

10.924 

10.924 

10.924 ." .... " .......... " ..... ,.,." ........... 

10.924 

10.924 

10.924 -.-...... ".& ........ ".".".."." 

10.924 

10.924 

10.924 
"I"......"..." ".".....- 

(mgn) 

~rXnmau4 

0.662 

0.631 

0.609 ...................................................... 
0.634 

0.027 

0.365 

0.326 

0.322 .."" ..................... " 
0.338 

0.024 

0.164 

0.149 

0.142 
"" .................................. 

0.152 

0.011 

0.206 

0.195 

0.194 .......... " ..... "..." ........ '......'.... 
0.198 

0.007 

0.294- ' 

0.286 

0.275 -.."." .... " ........... " .-... "-' 
0.285 

0.010 

0.164 

0.164 

0.167 ...... ....,..,"...a .... "."..I...... 
0.165 

0.002 



m i n ~ ( i  1-8 msri16m Zn(m kur jnwumi~wiurn~~~~11~6au8f io~ Reactive red 31 

~~INLGNGUP~IJ q ~u~idu8~mntll'n~i~~u"~u"u 25 r n g i  

n?iu~CuCaa.rBbar 

~"baun i~d%8ni f i (%)  

Untreated 

.................................................... 
dim% 

dau~dut w w ~ s l s ~ u  

0.001 

.................. ".........."..y.,.. 
dlL&EI 

dau~dut L I I U U I R ~ ~  

0.002 

" ..-. " -... .,, ....... ..." ......,"........ ........ " 
dlLafitl 

dau~dut ununwryu 
0.005 

....................................y......................... 
d?LiaGtl 

rhudut WUNWWJIU 

0.010 

...... ...................................... ..................... 
d l d u  

d?u~dut ~ ~ 1 8 1 4 ~ ~  

0.020 

............ I".".."."...."..I.. *"... " . .  
d l d € l  

d?ucdut ~ ~ 7 9 1 4 ~ ~  

n ? i a r w u i m h n i ~ f i i ~ j n  

(mg/0.5gcjnnmi) 

2.618 

2.621 

2.636 
" ...................... 

2.625 

0.010 

2.691 

2.716 

2.694 

2.700 

0.014 

2.720 

2.768 

2.766 

2.751 

0.027 

2.737 

2.745 

2.748 ................ ........... " " .................... 
2.743 

0.005 

2.688 

2.685 

2.700 ...................... "." ...... .. ...... " 
2.691 

0.008 

2.747 

2.754 

2.769 ................... ". ..'""".."."."......".. 
2.757 

0.011 

zn(u 

(%I 
86.78 

86.88 

87.39 ." ........... " .... .. .................... 
87.01 

0.33 

89.20 

90.03 

89.32 
" ........... ...................... 

89.52 

0.45 

90.16 

91.75 

91.68 
r ........................a. 

91.20 

0.90 

90.75 

91 .OO 

91.09 
" ......................................... 

90.95 

0.18 

89.11 

89.01 

89.50 ................ W." ............. ................. 
89.20 

0.26 

91.07 

91.30 

91.80 ......... -... " .... ""..." ........... 
91.39 

0.37 

n ? i u ~ C u $ u ~ a a ~ i &  

riaunnnoa 

30.165 

30.165 

30.165 .......................................................... 

30.165 

30.165 

30.165 

30.165 

30.165 

30.165 

30.165 

30.165 

30.165 ..................................................... 

30.165 

30.165 

30.165 
" ............ ...."'....." ............. 

30.165 

30.165 

30.165 ............. .."."..... "....." ...... "..." 

(mg-11) 

~i'annnaa 

3.989 

3.958 

3.805 
" ..................................................... 
3.917 

0.099 

3.259 

3.006 

3.221 ........................................................................................................................................................................ 
3.162 

0.136 

2.968 

2.490 

2.509 .......................................................................................................................................................... 
2.656 

0.271 

2.791 

2.716 

2.687 
"" ...................... " 

2.731 

0.054 

3.285 - . 

3.316 

3.168 ."" ......... "." .... ".."" ..,," ...- 
3.256 

0.078 

2.693 

2.625 

2.474 
........-a............. ".".".." ..... 

2.597 

0.112 



W I ~ . I $  Y-9 m5fl7Gm zn(n) k u i i n m ~ a ~ i b c i i u n i d ~ ~ s l i w ~ a u ~ ~ a a  Reactive red 31 

~~iar~iuvi i . r  7 I u i i ~ W u ~ ~ m n t i r n n a ~ u  50 mgn' 

na iu~$u$u~o~d f inu  

~ ~ ~ u n i x l 5 u n m w ( x )  

Untreated 

.......a. " ................... "'T ..... ,.a ........................................... 
dlMb%J 

d a w d u ~ ~ ~ u u i ~ ~ ~ u  
0.001 

............................... ""qm.... ............................. 
dirnC~ 

siau~du~ ~ w i c n ~ u  
0.002 

.............................. .....y ... ..".....". 
~ILQ%J 

dader~ununcul~u 
0.005 

" ............................... ""," .... " ............... 
dlLQ% 

dau~duo u n u n ~ ~ s ~ u  
0.010 

."".."".."""..""". ...... rr"".."."......" 
~ILQREJ 

dawdu~ ununmFu 
0.020 

""."".~.".."."""..".."I""."".II"." 
~'ILQREJ 

~ U L ~ U U  W I W ~ U  

R?I~L~~$~"U~JGIL~U 

rinunnnna 

56.055 

56.055 

56.055 
" .......... " 

56.055 

56.055 

56.055 
" .... " .............. ....".. 

56.055 

56.055 

56.055 .... "." .... ".." ...... ".." .... " 

56.055 

56.055 

56.055 .."".. " ................ ............... ". 

56.055 

56.055 

56.055 *"......." ...... "" .......... " .... ",". 

56.055 

56.055 

56.055 .. ........................... "..... 

(mg/l) 

~rXlnnaa4 

14.135 

14.106 

13.935 .............................. " .............. "..". 
14.059 

0.108 

13.799 

13.823 

13.526 ................................ "" ... 
13.716 

0.165 

11.892 

12.117 

11.919 .................... "...... .... " .................... 
11.976 

0.123 

12.313 

12.175 

12.141 ." d................. .....*..*.. " 

12.210 

0.091 

12.782- ' 

12.099 

12.134 
a"." a,...... " .... " .... ".""""..." 

12.338 

0.385 

12.211 

11.727 

11.718 
"".."...."'"...."..'""""I.""I 

11.885 

0.282 

n a ~ ~ ~ i ~ i m ~ u n i l r i 1 . 4 1 " m  

( m g / ~ . ~ g b j n ~ ~ )  

4.192 

4.195 

4.212 ............. ..... " .......................... n. 

4.200 

0.011 

4.226 

4.223 

4.253 ... 
4.234 

0.016 

4.416 

4.394 

4.414 
" ............................................. 

4.408 

0.012 

4.374 

4.388 

4.391 ........................................... ................ "... ...... .. 
4.385 

0.009 

4.327 

4.396 

4.392 ............................. " .-.. .." 
4.372 

0.038 

4.384 

4.433 

4.434 
..-".".".""..'""II.II" I".....," 

4.417 

0.028 

Zn(D) 

(%I 
74.78 

74.84 

75.14 ............ .... .................. ,.." " .r 

74.92 

0.19 

75.38 

75.34 

75.87 ............ ,.."" "" ........ " .,...... ". 
75.53 

0.29 

78.79 

78.38 

78.74 . ....... ............ '." ........... " ".."" 
78.64 

0.22 

78.03 

78.28 

78.34 ......... ".."..... 
78.22 

0.16 

77.20 

78.42 

78.35 ....... "" ......................... ".. 
77.99 

0.69 

78.22 

79.08 

79.10 .... ". ..." .."" a*.... -" .,,.I.." 
78.80 

0.60 



R I ~ I J ~  a-10 rn$iGm cum Inuf inmua~i~ i1uni~~aniw6au~6aa Direct blue 71 

n21a~+ia+uiu q Iu~i~fiu8~~e,mdnai~~u"~~+u 10 mg/l' 

nnrr~4~4uvadf i i iaar  

d ~ f i u n i n l ? u a r n ( % )  

0.000 

." ................................ .'. 
dlLQfi~ 

d r * d ~ 9  WWI(AS~U 

0.001 

............................................ " 
,J 

~IRSIU 

~ N ~ ~ U P ~ Y W W ~ U  

0.002 

......... ""'" ........... ...."."'...'..." .............................. 
d l d ~  

+nudua~uurnmqiu 
0.005 

............................................ ........................ 
d'lmfiu 

dqudu4  WIRI~U 

0.010 

".." ".."~.."".....~..."I" ..... .... " ...... .... 
d~mau 

daudud ununaqp 

0.020 

... "....."."... .... ".,. ".,"." ..-. "....."....".... J 
d1LQ~lu 

~ ~ U L ~ I I P  UIWM~U 

m i r r ~ i r n 3 h 3 r i i < n  

( m s / o . s g ~ n ~ ~ ~ ~ i )  

0.942 

0.951 

0.957 ................................................ 
0.950 

0.007 

1.039 

1.032 

1.029 ."..." ............ " ........ ...... .... 
1.033 

0.005 

1.037 

1.030 

1.021 ... ..................... '. ..... . .  
1.029 

0.008 

1.033 

1.026 

1.026 ...."". "........... " ........... "." ............... 
1.028 

0.004 

1.023 

1.025 

1.012 
.""-."...."...""."."..I" I..... 

1.020 

0.067 

1.037 

1.037 

1.031 
.".."."a.....""..."""....".."..."......, 

1.035 

0.004 

n~ iardr r t i iaadGidu 

r imnnaad 

10.530 

10.530 

10.530 ................................................... ".' 

10.530 

10.530 

10.530 .................................................................................... 

10.530 

10.530 

10.530 
" ......a ..................... 

10.530 

10.530 

10.530 
"" .... L..".." ....... ....... 

10.530 

10.530 

10.530 
" ...... "..."..."".." .."" I... I.. " I .  

10.530 

10.530 

10.530 ..... "........-".-...."-.... ....... 

cu(n) 
(%I 

89.46 

90.30 

90.84 ...... ...................................... 
90.20 

0.69 

98.63 

98.03 

97.70 .." ......................... .. ............. 
98.12 

0.47 

98.44 

97.82 

96.92 '..." ....... .. ............................. 
97.73 

0.76 

98.10 

97.45 

97.40 
" ................................ 

97.65 

0.39 

97.15 

97.30 

96.13 ...,""""."."" ..""..... "."..".."... 
96.86 

0.64 

98.49 

98.43 

97.88 ................................. ..... 
98.27 

0.34 

(rngn) 

~ 5 m n a a ~  

1.110 

1.021 

0.965 ........ " .............................. . "  
1.032 

0.073 

0.144 

0.207 

0.242 
" .......... "*.. 

0.198 

0.050 

0.164 

0.230 

0.324 ........... ........... " ..... " " .................... 
0.239 

0.080 

0.200 

0.268 

0.274 ....... " ..... " ...." .......... ............ 
0.247 

0.041 
. . 

0.300 

0.284 

0.408 ..." ........-- ""-.......... 
0.331 

0.067 

0.159 

0.165 

0.223 .... .... "..."..,,........."...".".,." 
0.182 

0.035 



mm~d 9-11 msfil<m cu(m ku~ninnua2licilunid%aniw6aua~a~ Direct blue 71 

~nari$u$u~uau~Bt!iau 
d\fiunmsdiu~niw(%) 

Untreated 

"".. " ..................... " .... ......... " 
d'lLQ%J 

dau~dut L Y J W I ~ ~ ~ ~  

0.001 

.............. " ............. .,.".",, .................. " 
dlLQ%J 

dawd~14 rmcnsp  

0.002 

................... * ........... "...,." ...................... 
d7LQg~ 

d a u ~ d u t u ~ n ~ s ~ ~  

0.005 

.................. "...'..'..T..""" ..................... 
~ I L Q ~ u  

dau~dut w 7 ( ~ 5 p u  

0.010 

............. "".".."-.-""a'a'a'..a'.a'..a' 
dlLQ~€l 

~ ~ U U L W I R ~ ~ U  

0.020 

.".".."."""""".""."";3;3";3."." .... 
d i ~ ~  

~ d t c ~ ~ i ~ n ~ ~  
Y 

'cinwm 0.5 niu; 

n . n u ~ : l r n s n ~ u n ~ s ~ : l  

(mg10.5gcinwuaai) 

2.234 

2.230 

2.230 
" ............ " .......... " ....." 

2.231 

0.002 

2.503 

2.480 

2.467 ........................... ' .......................... 
2.483 

0.019 

2.486 

2.464 

2.454 ..................................................... 
2.468 

0.016 

2.488 

2.469 

2.459 "........... " ........................ " 
2.472 

0.015 

2.476 

2.455 

2.443 .......--... ""...-"".".a'..."" .... "..a 
2.458 

0.017 

2.509 

2.489 

2.483 
."""".."."""..s..'" ....... ";3,.";3"."'...""'" 

2.494 

0.014 

CU(D) 

(%) 

84.78 

84.63 

84.61 ........................................................... 
84.67 

0.09 

94.99 

94.10 

93.61 "..."" ................................... 
94.23 

0.70 

94.33 

93.49 

93.13 
.a,......... .." a........ 

93.65 

0.61 

94.40 

93.68 

93.30 .................. " ................. "..." ........ 
93.80 

0.56 

93.95 

93.17 

92.69 
""'" ......".. 4. a'........... " ........... 

93.27 

0.63 

95.22 

94.46 

94.21 .... '".."..."""."." ...... 
94.63 

0.52 

~nar1$arCu6ua~6lde 
riaunn~aa 

26.350 

26.350 

26.350 ................................................................. 

26.350 

26.350 

26.350 ." ................ "..." .................. 

26.350 

26.350 

26.350 ....." ..................................... 

26.350 

26.350 

26.350 
" ................... " ................... 

26.350 

26.350 

26.350 ..". ". ..."..."~"."......".-.. 

26.350 

26.350 

26.350 .." ......... "."." ........ " ......... ".. 

rii~i1u1~uiw3 100 

(mgn) 

v i ' ~ m ~ a ~  
4.010 

4.050 

4.055 
" ....................... ."'..'.. 

4.038 

0.025 

1.320 

1.555 

1.685 ".." ........,." ........"....... " 
1.520 

0.185 

1.495 

1.715 

1.810 ..................................................... 
1.673 

0.162 

1.475 

1.665 

1.765 
" ......................... "*."" ..... 

1.635 

0.147 

1.595 ' 

1.800 

1.925 ...-..-... " ..-. " .-.-. ".-. 
1.773 

0.167 

1.260 

1 .460 

1.525 ""." -.... "......" ...... .. ......... 
1.415 

0.138 

fiiin~ws; ilaa 5.0 



a75744 91-12 ~ T T ~ I G ~  cu(m Imu~nu~21d~iiuni~~';1niw6au8fiau Direct blue 71 

~ n a r L $ u q a ~ % i a u  

d~%hnixJ5unn1w(%) 
Untreated 

......... " ................... " ..... .................................................... 
d l ~ f  0 

~ a u d u ~ ~ u u i a ~ p u  
0.001 

...... " ................ .. ..........,....... .. " ...................... 
dlcibf8 

~ ? U ~ U P  LYWIW~U 

0.002 

................................ .Y. 

d.lLi&a"u 

~ ~ ~ ~ U P L Y W I ~ ~ ~ U  

0.005 

........ " ............. " ................. " 
d l d ~  

d d ~ ~  U IWI~S~U 

0.010 

".." " ""2 ."." ....................... 
d i ~ ~ 0  

rl?~dut UIUUIO\S~U 

0.020 

................................... y Y Y . Y Y " . Y Y . . " , . . . .  

d i ~ ~ f ~  
~ ~ ~ ~ P U I W I O H ~ U  

0 

*cinolua?i 0.5 nirr; 

naiu~iarisn~unnrii<m 

(rng/0.5~8nin.u%?1) 

4.512 

4.468 

4.469 
" ....... ..................... " 

4.483 

0.025 

5.057 

5.007 

4.983 
" ..... ....................... 
5.016 

0.038 

5.015 

4.974 

4.935 ............................................................................................................... 
4.975 

0.040 

5.046 

5.023 

4.994 ".." .................. '.'.............. " . . .  
5.021 

0.026 

4.979 

4.897 

4.856 ........... " .... "." " ......... " .......... " 
4.911 

0.063 

5.072 

5.025 

4.991 "."..'...""".."."."..." ...... "Y....'. 

5.029 

0.041 

CU(D) 

(%I 
82.87 

82.06 

82.08 ..................................................... 
82.33 

0.46 

92.87 

91.96 

91.52 ...................................... " .... 
92.12 

0.69 

92.10 

91.35 

90.63 "... 
91.36 

0.73 

92.67 

92.25 

91.72 '.." ....................... ............... 
92.21 

0.48 

91.44 

89.94 

89.18 .,....,..... ""..".".."" ..,.,-...,-. 
90.19 

1.15 

93.15 

92.29 

91.66 ".-."..*.. ......... "" .... .-I.."." 
92.37 

0.75 

n n u ~ ~ i r a a ~ G i ~ a s  
riounnna~ 

54.450 

54.450 

54.450 ."'......... " 

54.450 

54.450 

54.450 
" ............................................. 

54.450 

54.450 

54.450 ................................................................... " 

54.450 

54.450 

54.450 ................................................ " 

54.450 

54.450 

54.450 ....- " .......... " .......... " -... .. 

54.450 

54.450 

54.450 .."""" ...... ".".." ........ YY."... 

~iildsfiuierr loo 

(rng/l) 

~ 6 ~ w m n a ~  
9.330 

9.770 

9.760 ........................................................ 
9.620 

0.251 

3.880 

4.380 

4.620 .............................................. "" 

4.293 

0.378 

4.300 

4.710 

5.100 ........ "." .... " 
4.703 

0.400 

3.990 

4.220 

4.510 ..... ............... " .... ".." " ............ 
4.240 

0.261 

4.660 ' 

5.480 

5.890 ......... "." ..... """ .............. ".. 
5.343 

0.626 

3.730 

4.200 

4.540 ............................ .... 
4.157 

0.407 

~cliiols; i im 5.0 



mwlsd TJ-13 m-irii<m Ni(@ kucinwu.a?idciiun7~~';1n7~6au~u"a8.~ Direct blue 71 
e 

na~ar~C~Cuoii4 q Iuii7du8~rrmdnnar~CCu 10 ms/< 

miar~iar<uuat lbar 

~ " b ~ u n i ~ d 5 u a n m ( % )  

Untreated 

.... " ...................... " ...... ................. " 
d1LQ:PJ 

~ ~ ~ E I U L I I W I ~ ~ ~ U  

0.001 

...... " ......... "....'....." ..... .,.." 
d1Kbiu 

d a u ~ d a ~ r m ~ v p u  
0.002 

" ....................................... ........................................ 
d l L d 0  

h L ~ U J  U J W I W ~ U  

0.005 

......................... "." .......,......... .................. 
~ I L C ~ ~ U  

d q ~ ~ d  EM L U W I R ~ ~ U  

0.010 

.." ..... " .... " ..... ".""'..."Y" ...... " 
 did^ 

~ ~ U L ~ P J P  LUWM~N 

0.020 

........ "... ""." .... ".." ,,...r .".."." 
dlrc\EltJ 

~ ~ ~ P J U W W ~  

n a i a r ~ i ~ i ~ n h i ~ r i i ~ a  

(mg/0.5ghcnu.a?i) 

0.975 

0.973 

0.964 ........... " ......... " ........ " ...................................... 
0.971 

0.006 

1.076 

1.076 

1.080 ............................................ "" . . .  . "  
1.077 

0.002 

1.056 

1.056 

1.059 ................................... ....... " . .  
1.057 

0.002 

1.057 

1.060 

1.063 ................................................... 
1.060 

0.003 

1.061 

1.062 

1.067 .... " ....?.......... ".."."." ...." ........... 
1.063 

0.003 

1.071 

1.069 

1.073 
.a- .... "." ......... ""."......" ....... "".. 

1.071 

0.002 

Ni(Q 

(%) 

85.42 

85.29 

84.49 
" ........................ 

85.07 

0.50 

94.30 

94.32 

94.61 .......................................... 
94.41 

0.17 

92.52 

92.56 

92.80 ............................................ 
92.63 

0.15 

92.65 

92.90 

93.13 .......................................... 
92.89 

0.24 

92.96 

93.07 

93.48 ...... " .... ".""" ............ " ......... 
93.17 

0.27 

93.85 

93.70 

94.04 ........................... ". 
93.86 

0.17 

n~iar~i'utiraat41~llde 

rinuwaaod 

11.410 

11.410 

11.410 .............................. ..................... 

11.410 

11.410 

11.410 ........................................................................... 

11.410 

11.410 

11.410 ..'........ " ............... 

11.410 

11.410 

11.410 
" .................... "."...." 

11.410 

11.410 

11.410 ............................. " ..... " ......... ..... " 

11.410 

11.410 

11.410 ........ "." ......... "" ............. ".. 

(mgn) 

~avJnmant 

1.664 

1.678 

1.770 ..................................... " 
1.704 

0.058 

0.650 

0.648 

0.615 
" ................. "." 

0.638 

0.020 

0.853 

0.849 

0.822 
" ...................................... 

0.841 

0.017 

0.839 

0.810 

0.784 .......... " ............ "..." ............ 
0.811 

0.028 

0.803' 

0.791 

0.744 ............ " ........ " ..... "" .,,...,. ".". 
0.779 

0.031 

0.702 

0.719 

0.680 .'..." .-.... "."'.."."..","..."... 
0.700 

0.020 



mimad a-14 mzri15a Ni(@ I ~ u i i n g l u . a ? i d ~ i u n ~ ~ ~ ' . ~ n i w ~ a u ~ ~ a a  Direct blue 71 

n~ia~+a$uiid q Iuiib3uaJbRm~aaiab+N~u 25 mg/i' 

n ? i u ~ < u $ u ~ u ~ a b u  
~ I - + I U ~ I ~ ~ U ~ ~ I W ( % )  

Untreated 

............................ ".. "..., 
dlmtiu 

dau~du~umuicin~u 
0.001 

................................................ " d 
F/lLi&Ml 

dau~du~ wwi(ilwpu 
0.002 

........... Y ......... " ..... W..," 

dlLQ%l 

dawdu~ wurnaspu 
0.005 

... "" ..... " ................ ...y ...... " 
dlLi&%l 

dawduo ~uwic in~u  
0.010 

..". ""..."." ........ "." .... ...".* .................." 
6 1 ~ ~  

d ~ d  w wu.nonyu 
0.020 

......... ................................ 
d l d ~  

daud w ununaryu 

nairriGuGuaasj7du 

I ~ ~ U Y I R R ~ J  

26.150 

26.150 

26.150 .......................................................... '.' 

26.150 

26.150 

26.150 

26.150 

26.150 

26.150 ..................................................... " 

26.150 

26.150 

26.150 ............................................. "...... 

26.150 

26.150 

26.150 
dl'..... ............................. 

26.150 

26.150 

26.150 ..... .. "..."..... ......... " "."...".." 

(mgtl) 

M ~ J W R R D J  

5.910 

6.025 

5.850 ...................................... 
5.928 

0.089 

3.880 

3.940 

3.810 .......................................................................................................................................... 
3.877 

0.065 

4.350 

4.425 

4.280 

4.352 

0.073 

4.070 

4.055 

3.955 ............................... " ........................ 
4.027 

0.063 

4.260 . 

4.280 

4.245 .-........ """..."....dl'...... "."dl'. 

4.262 

0.018 

3.980 

3.875 

3.750 ........ ........ ..... ""."--""". 
3.868 

0.115 

n?iuw~i~nhnnri i jn  
( m g - / ~ . ~ ~ C j f l m ~ ~ i :  

2.024 

2.013 

2.030 ................................................. 
2.022 

0.009 

2.227 

2.221 

2.234 
" ........ 

2.227 

0.007 

2.180 

2.173 

2.187 ......................................................................................................................... 
2.180 

0.007 

2.208 

2.210 

2.220 
..................... ........... 

2.212 

0.006 

2.189 

2.187 

2.191 .... """"a. ..". """.....dl'.".*"."" ...... " 
2.189 

0.002 

2.217 

2.228 

2.240 .... ... "..."..."".*.."."."...." ".".".. 
2.228 

0.012 

Ni(lI) 

(%I 
77.40 

76.96 

77.63 ....... ................... " "  " .. ....... " 
77.33 

0.34 

85.16 

84.93 

85.43 .......................................... " 

85.18 

0.25 

83.37 

83.08 

83.63 .... " ................... " 
83.36 

0.28 

84.44 

84.49 

84.88 ............................ " ......... " ". 
84.60 

0.24 

83.71 

83.63 

83.77 "......dl'........ "'Y." .."" .... " ".". 
83.70 

0.07 

84.78 

85.18 

85.66 ........ ..... ... ".,...i """...... "."." 
85.21 

0.44 



m n d  a-15 r n x h j m  Ni(II) ~mu~nnlra~idci iumd~~~11~6au3~a8.~ Direct blue 71 

n7ia-r ~ia-riu~adiasr 

~~~unisi5unniw(%) 
Untreated 

... " ......................................................... 
dim.% 

daukdur wwna"dfflu 
0.001 

," ............ " 
~ILQ~U 

d?ur:ut t.UWlmql% 

0.002 

................................ ".. d 
dl~Q~€l  

dau~duq ~wiorr~u 

0.005 

..." ..... " ...-................ .1 
dl@~€I 

dq~bdu4 L U W I ~ ~ U  

0.010 

,..".."..""".".." .... "" ....,........... " .......... 
d l d t l  

~ ? U L ~ E N  WIM~U 

0.020 

.." ....... " ......" ............,,",. ".." . " 

d i ~ & ~  
dq~du4 UJWIM+JIU 

Y 

*finmumi 0.5 ns"~; 

mirr~ian~n~unisrii~m 

( m g / o . s g ~ n ~ ~ m ~ )  

3.438 

3.448 

3.472 ............................................................................................. 
3.453 

0.017 

3.869 

3.862 

3.894 ......................................................................... 
3.875 

0.017 

3.779 

3.759 

3.802 
...................... 

3.780 

0.022 

3.905 

3.901 

3.929 .......... " ............... "... .................. 
3.912 

0.015 

3.708 

3.733 

3.720 ....... " .... "......"""......1. 

3.720 

0.013 

3.776 

3.858 

3.845 ..............". ................................ 
3.826 

0.044 

Ni(II) 

("4 
64.08 

64.27 

64.72 

64.36 

0.33 

72.12 

71.99 

72.58 
"..I ...................... .I ......a 

72.23 

0.31 

70.44 

70.07 

70.87 .................................................. " .............. 
70.46 

0.40 

72.79 

72.71 

73.23 
...................... ....... .. ....a. 

72.91 

0.28 

69.11 

69.58 

69.34 ........... 1 ...... 1 ...... I .... .I .... 
69.34 

0.23 

70.38 

71.91 

71.67 "..."..""."" ......... ........I.. 
71.32 

0.82 

miu~~a-r~oadfiii8u 

fiaunnna~ 
53.650 

53.650 

53.650 ..... ""..."..." .............................. 

53.650 

53.650 

53.650 .............................................................................................................. 

53.650 

53.650 

53.650 ........................................................................ 

53.650 

53.650 

53.650 ..................................................................... 

53.650 

53.650 

53.650 .... "." ............. "... " ...... """... 

53.650 

53.650 

53.650 ....... "... " ....... "."",."".".."..'.. 

tiir~ud5uim-s 100 

(mgn) 
M G J ~  maas 

19.270 

19.170 

18.930 
"" ..... " ..................... ..... 

19.123 

0.175 

14.960 

15.030 

14.710 
" 

14.900 

0.168 

15.860 

16.060 

15.630 
" ....... " ............. .. ............... 

15.850 

0.215 

14.600 

14.640 

14.360 
" .... " ...................... "..... 

14.533 

0.151 
. . 

16.570 

16.320 

16.450 .. .......................................... 
16.447 

0.125 

15.890 

15.070 

15.200 .. ....""...."."I ..... " ....... "... 
15.387 

0.441 

fiai%cm; $LEI% 5.0 



m i s i ~ d  9-16 ni~Tii<m zn(m I m u i n s l u a ~ i i c i i u n i ~ ~ ~ n i w ~ a u a ~ a ~  Direct blue 71 

n~ iu~i i~$uui i~  q lu~idu~Jmn&n3iubu"ub$u l o  ms/l' 

n~iu&uCu"11a~8iau 
~ ~ u n i ~ ~ u n m w ( % )  

Untreated 

....................... .."'...... ".,.,.."... 
d l d t l  

d2~ifiut L U W ~ U  

0.001 

................................. ".., ... " . "  
d 7 ~ 3 0  

~ u d u ~ u n u n ~  
0.002 

...... " .......................... ' ........ " 
dlmC(l 

dau~ifin~uw7m5~u 

0.005 

.."." .............................. .., .... " ............. 
dlLQg~ 

dnu:tlt 1 ~ 7 6 \ 3 ~ ~  

0.010 

..".." .............. ".." ..... ....,""" ...... ""..... 
dlLQ%J 

dau~dat wuuicjnFu 
0.020 

.."" ".,".-"""" ......" dl"dl""....".."..".dl"" 
dlri\au 

~ ~ U J U M M ~ U  

rn iu~$u$aa~<i~au 

riaunmns~ 
10.924 

10.924 

10.924 ........................................................................... 

10.924 

10.924 

10.924 ....................... " .................... .... 

10.924 

10.924 

10.924 ............................................................. 

10.924 

10.924 

10.924 .".." ..... " .... " ...... ".... ..... ....... 

10.924 

10.924 

10.924 .................... "...".""."" ....... 

10.924 

10.924 

10.924 ".. """.""""..........".dl".....# dl".... 

(mgn) 

wi%wmnnaa 
0.662 

0.631 

0.609 "." ............... " .......... 
0.634 

0.027 

0.171 

0.177 

0.155 ........ "..." ........... ".. ................ 
0.168 

0.011 

0.353 

0.297 

0.292 
" ...... "." ........... ".." .......... 

0.314 

0.034 

0.290 

0.307 

0.327 .. ".".......... ....... ".-"" ....... 
0.308 

0.019 
. . 

0.468 

0.256 

0.264 .......... "....I," .... ".""," .... ". 
0.329 

0.120 

0.216 

0.224 

0.267 """"."."""""""""'""."'"" 
0.236 

0.027 

n~iurn~ir&nirfii~m Z~(I I )  

( m g / ~ . 5 g h * ~ ~ 2 1 1  

1.026 

1.029 

1.032 
................................ " ............ 

1.029 

0.003 

1.075 

1.075 

1.077 
" ........... ".."."" .... ......'..... ....... 

1.076 

0.001 

1.057 

1.063 

1.063 .. ....." ....... ... ....... "..... ..... " 
1.061 

0.003 

1.063 

1.062 

1.060 .."-."." ....... ... ....... "........ ".,"" .... 
1.062 

0.002 

1.046 

1.067 

1.066 
"...,...."......."...I ....... 1 ....... ".....,..... 

1.059 

0.012 

1.071 

1.070 

1.066 
".......dl" "~~""~....'".."".""""'" 

1.069 

0.003 

(%I 

93.94 

94.22 

94.43 ,'...... ..................................... 
94.20 

0.24 

98.43 

98.38 

98.58 
" ...... " ............................ 

98.47 

0.10 

96.77 

97.28 

97.33 ........................................ '".. 
97.13 

0.31 

97.35 

97.19 

97.01 
" ............. "."."..." .... " ....... ". 

97.18 

0.17 

95.72 

97.66 

97.58 .......... "...""..,......̂ -...".", 
96.99 

1.10 

98.02 

97.95 

97.56 -... "7." 
97.84 

0.25 



nl.ild 91-17 flllifilb Zn(II) ~flinnu%2l~~lumd~i611W6au$fiO8.J Direct blue 71 

naiu ~iuiu~a4BCau 
d l f i u n ~ x l ~ f ~ n i w ( % )  

Untreated 

" ......"... """.".." .........r " 

dl~EieJ 
d ~ d w  UM-U 

0.001 

'...." ........ "" ...... "."".,.., ............................................ 
~lb$b$tJ 

~ ~ U L ~ U P  LYJUUIU~~~U 

0.002 

... " ............ " ...... "." ..... ., 
dlLQ$tl 

$?U~~HPLUWIM~U 

0.005 

"...... """" ..". " ...... " ,..r" .............. 
hLMitJ 

d 2 ~ d e J P ~ ~ c i r r ~ ~  

0.010 

." .................................................. 
~ ~IUL$U 

d~ude~d ununmp 
0.020 

........................... ."....-a,." ..... "... dl 
~ I W U  

d 2 ~ d ~ ~ u n ~ n ~  
tr 

'cin~umi 0.5 niu; 

nqiu ~ ~ ~ i u ~ o a J i l d u  

riaunnaat 
30.165 

30.165 

30.165 ............................................................................. 

30.165 

30.165 

30.165 .. ............ "" 

30.165 

30.165 ~ 

30.165 ........................................................ ""...'...... 

30.165 

30.165 

30.165 
" ............ " ...... " ......"..".... ".. 

30.165 

30.165 

30.165 .. "."........ .... w.."..'...... .W'* 

30.165 

30.165 

30.165 .. ""..".".....".........-""". 

ri7~2ufisnols 100 

(mgn) 
~54wmand 

3.989 

3.958 

3.805 "." ......... ".,".. 
3.917 

0.099 

2.569 

2.668 

2.559 ................... " ........... "...... ........ 
2.599 

0.060 

2.901 

2.920 

2.799 ... ............... " ................... ".. 
2.873 

0.065 

2.725 

2.831 

2.713 .... ""."..."..".." ..". " ,.,.,,."". 
2.756 

0.065 
. . 

2.902 

2.865 

2.782 ............................... ..... 
2.850 

0.061 

2.750 

2.780 

2.758 .--.....-. ..."........",...... 
2.763 

0.016 

ringfiorr; vj~aa 5.0 

m ~ u f ~ ~ u n n b n r i i < m  

(mg/~.5g~nmu%a~: 
2.618 

2.621 

2.636 ............. "." .......................................................... 
2.625 

0.010 

2.760 

2.750 

2.761 
" ............................................................ 

2.757 

0.006 

2.726 

2.725 

2.737 ............ ".."................" ............................. 
2.729 

0.007 

2.744 

2.733 

2.745 
" "".."... """" ............................ 

2.741 

0.006 

2.726 

2.730 

2.738 
* ...... ...... "" .... U"'.".."..."..".."." 

2.732 

0.006 

2.742 

2.739 

2.741 ,"-.....-.-......."""".--.". 
2.740 

0.002 

jnn(H) 

(%) 

86.78 

86.88 

87.39 
" ........ "." .... 

87.01 

0.33 

91.48 

91.16 

91.52 
" .............. " .... ."." .... 

91.39 

0.20 

90.38 

90.32 

90.72 
" ........................... 
90.47 

0.22 

90.97 

90.61 

91.01 ""." "................... " ..... """"' 
90.86 

0.22 

90.38 

90.50 

90.78 ............ .". ....... ","..."..".."... 
90.55 

0.20 

90.88 

90.78 

90.86 .............................. ...... 
90.84 

0.05 



aimad a-is ni5riirjm zn(m I n a ~ ~ u n . i i d t i i u m ~ ~ a n i w & a a ~ ~ a ~  Direct blue 71 
U 

R?IUL~~~U~I.J 1 ~ U ~ 1 ~ ~ ~ 8 d i R f l d ~ 3 1 N b u " N ~ f l  50 mg/i 

nnar~$~$uaa~f iha r  

fkfh.inid%an~w(%) 

Untreated 

........... "..." ..,,.." .,.." ...r"..... ...". 
dimau 

d2~dtlt U J W I B \ S ~  

0.001 

""" .......... "" .............. " 
d~mau 

~ ~ U L ~ U O  W I R ~ ~ U  

0.002 

.......................... " ..... "..," . . . .  " ................ 
d7dEJ 

d3~Ldtlt L U W I ~ %  

0.005 

..". ""..""." ....,...." "...".".." ........ 
d i ~ 5 1 ~  

~ U L ~ U J L W I G I ~ ~ U  

0.010 

..... "."." ..... ""........".". ....I""" ....... 
J d i ~ ~  

~ ~ U J W U U I R I ~ U  

0.020 

.."..... "..-"-"." ...""".""...,....r'.".r'. 
d l ~ ~  

1 h d ~ 4 ~ l m ~ ~  

c n i u n i ~ i a o " b ~ f l i ~ f i i ~ m  

(mg/~.5gtjnglu~ai; 

4.192 

4.195 

4.212 .... "" .... "'..." ....... "."..'......."'.. 
4.200 

0.011 

4.580 

4.570 

4.603 ..".... " .... "m.."...""." .... " ..... " ... " 
4.584 

0.017 

4.503 

4.544 

4.504 ... "..* ...." .... ............................ 
4.517 

0.024 

4.620 

4.615 

4.624 "..".." ...-" " ....,.... "" m............. 

4.620 

0.005 

4.541 

4.527 

4.534 .. l..".,... """."l.......... ""..".""...I 

4.534 

0.007 

4.567 

4.585 

4.556 ..." ..a. ".." ."."" -..- " r'...r'r'r' 

4.569 

0.015 

m i u ~ t ~ h a t 6 1 ~ a u  

daunmna~ 

56.055 

56.055 

56.055 ........................... "." .... " ...... 

56.055 

56.055 

56.055 .................. "" ................... " ........ 

56.055 

56.055 

56.055 
" .......... "" ..... "... "... " 

56.055 

56.055 

56.055 .-.. '"..." ........ "".."."""."." 

56.055 

56.055 

56.055 "."...".""."."....-"."""..."..".". 

56.055 

56.055 

56.055 .".. "."." ...... "..."" ,..,.."...."., 

Zn(II) 

(%) 

74.78 

74.84 

75.14 ........ " .......... "" ............a. " .... 
74.92 

0.19 

81.70 

81.53 

82.12 
"" .."."... ........................... 

81.78 

0.30 

80.32 

81.06 

80.34 ............. " ........ " ............... " .... 
80.58 

0.42 

82.41 

82.33 

82.50 
" ....".... " ....... " ............. " ...... 

82.41 

0.08 

81 .O1 

80.75 

80.88 .... " ......... d" ............... ".. ..... 
80.88 

0.13 

81.47 

81.79 

81.28 
'" ..". " ................ " ...... "...".. 

81.52 

0.26 

(mgn) 

n 5 w m a a  

14.135 

14.106 

13.935 .............. " .......... ".." ........... 
14.059 

0.108 

10.259 

10.353 

10.025 ." ........ " ...... '" ..... " ......... "... 
10.212 

0.169 

11.029 

10.615 

11.020 ............. "....." .... ",.," ......... "... 
10.888 

0.236 

9.859 

9.906 

9.812 "...... "."" ......... ".."".." .......... 
9.859 

0.047 

10.645 

10.788 

10.716 
I"... l."."I"."l..... "..... 

10.716 

0.072 

10.387 

10.205 

10.493 .. ............................. ......... 
10.362 

0.146 





Y 

m m 4 i  R-2 n i ~ r i i ~ m 8 ~ n ~ ~ ~ 1 n ~ i ~ ~ u ~ ~ ~ ~ m ~ ~ a i u b u " ~ i ~  50 mg11 ti?uejnmu~31 
I 

~d%asliw6au 0.002% Reactive Red 31 ~ ~ N I N  1 LbaP 2 g I 100 ml 



m i n ~ F /  R-3 m5~i~rnt~~nza~iniiLaus~bnm&naiabi~iu 50 mg/l t;?ufin~~um? 

!d'hsrsl1~62El 0.001% Direct Blue 71 f i a 7 ~  1 LLbaZ 2 g / 100 rnl 





m m 4 d  4-1 n 1 s ~ i ~ n 8 ~ n ~ ~ ~ i n ~ 1 ~ 3 ~ ~ i n ~ ~ ~ ~ i ~ ~ u a " ; l n : : 3  E;-rukoluwi 

?ifl%Mbl1~62U 0.002% Reactive Red 31 fiN761b 1 LbaE 2 g 1 100 ml 

mimad 4-2 rnsk~ma"~n~sin~i~lduilin~s~~iu~u8~n::~ 62ufinwuaqi 

?id%k%l1~6Xl 0.001% Direct Blue 71 fiNl61b 1 Lba: 2 g I 100 ml 

d5rrimcinmua21 

(9) 

1 .OO 

............. " ................ ......,......... 
dlK&Z€l 

thud ua ~uurnsn~iu 

2.00 

.................................................................... 
dl  WiU 

d - a u ~ d u a ~ u w i n ~ i u  

~nu~$u$u l iub  

(mgfl) 

50.20 

50.20 

50.20 ........................................ ".'................ " 

50.20 

50.20 

50.20 .." ...................... " 

rniar~$aCuqmM"ie 

(mg~) 

3.880 

3.740 

3.630 ........... " ........... .. ....... ,.. 
3.750 

0.125 

2.329 

2.014 

2.008 ............................................ " 
2.117 

0.184 

lliuim Zn(u 

idonfii<m (mg) 

4.632 

4.646 

4.657 ............................................................................. 
4.645 

0.013 

4.787 

4.819 

4.819 ............................................. " ......... ". 
4.808 

0.018 

d=i:i3n%iw 

~~ni5fii<m(a) 

92.27 

92.55 

92.77 
" ................ 

92.53 

0.25 

95.36 

95.99 

96.00 ....................................... ".,, 
95.78 

0.37 





iumiu~Gutuqsr;iiu 

(msfl) 

2.330 

2.412 

2.558 
"........."..."......................I......... 

2.433 

0.115 

1.335 

1.317 

1.334 ............................................................. .......... " 
1.329 

0.010 

2.745 

2.825 

2.722 ............................................... " 

2.764 

0.054 

2.140 

2.143 

2.137 ........................................... .................. "." 
2.140 

0.003 . 

3.032 

2.986 

2.875 ...""....... " ...... "....... "."".."... 
2.964 

0.081 

0.871 

0.807 

0.742 ..... ""..""."""..""...... " ...... 
0.807 

0.065 

RnGBm3; kaa 5.0 

&im~asiaq 

%F;~:LGUUWOS 
b%id?¶~aniw 

.............................................. " 
dlUaC0 

d~uci luawwn~s~u 
~ ~ Y ~ : I ~ U U W D S  

d?¶~aniw63u 1% 

Reactive red 31 ........... " ........ " .................................. 
dlUb&l 

~ ( ~ M ~ ~ I P L Y J U U I ~ ~ ~ U  
9, G 

bLQl4 

bl6d?uarnw 

............................................. ................................ " ., 
d l ~ ~ t l  

d?~bdut LUWI~IU 
I, (i 

I~.II%s 

d?uan~w63u 1% 

Reactive red 31 ." .................... " .......... ,"", ........... " . 
d~mCu 

~ ~ U ~ ~ U O L U W I R ~ ~ U  

h~19 
9, 

'bi\6d5usniw 

.................... ..."..........I ............... " . .  
di~aih  

ku~dua LIIWJI~~U 

'k-luis 9, 

d ~ s n i w 6 ~ u  1% 

Reactive red 31 ""-."" .......... " ..... "..7 
dlUa8u 

dwdua WWIM~U 
~ 

'&&u 0.5 niu;  

~ ~ i ~ a i u i ~ ~ ~ u m ~ r i i ~ m  

(mgl0.Q ?a?) 
0.820 

0.812 

0.797 
' ....... " 

0.810 

0.012 

0.920 

0.921 

0.920 
"..a ................ " 

0.920 

0.001 

0.779 

0.771 

0.781 
" .................................... 

0.777 

0.005 

0.839 

0.839 

0.839 
.......a,........... " .... " 

0.839 

0.000 

0.750 

0.754 

0.766 .. "...."..".........I .......... I.......... 
0.757 

0.008 

0.966 

0.972 

0.979 ..."......... ............................. 
0.972 

0.006 

rn iu~Guku6u 

(msfl) 

10.530 

10.530 

10.530 ................................................................................... 

10.530 

10.530 

10.530 ................................. "...". 

10.530 

10.530 

10.530 ............ ' .............. " 

10.530 

10.530 

10.530 ..................... .. ........ ".."" 

10.530 

10.530 

10.530 ....... "." ...." ........ " .......... "...".. 

10.530 

10.530 

10.530 ......- ".." ............ " .......,,-,.. 

-- - 

tiidufixiols 100 

cdn) 
(%) 

77.87 

77.09 

75.71 .................................. "." .............. 
76.89 

1.10 

87.32 

87.49 

87.33 .......................................... * 
87.38 

0.10 

73.93 

73.17 

74.15 ..." ....................................... 
73.75 

0.51 

79.68 

79.65 

79.71 .......................... "9 ..... " .............. 
79.68 

0.03 

71.21 

71.64 

72.70 ... " ...... 1.1 ............. "...-....I.( 
71.85 

0.77 

91.73 

92.34 

92.95 ......" ""a-"......."....-.".* 
92.34 

0.61 



* 

miu~iuGuqn;iiu 

(msfl) 

39.660 

40.000 

39.210 
" ........... " .... "..".".." 

39.623 

0.396 

36.690 

36.610 

36.390 ........................ " ............." ".. 
36.563 

0.155 

40.370 

40.460 

39.930 ...................................................... " 
40.253 

0.284 

36.240 

36.640 

36.800 
" ..... " ....... " 

36.560 

0.288 . 

40.260 

40.830 

40.940 ... ".....".." ................ " ...... ""... 
40.677 

0.365 

34.660 

34.960 

35.330 ..".... " ............. " ......... "..."".... 
34.983 

0.336 

iini%as; irm 5.0 

aGm~o6'aq 

~&~:LGUUWO~ 
b~6d%an1w 

...................................I 

d i d a  
dau~d~l4 L Y J U U I ~ ~ ~ I %  

~ W : L ~ H U M O S  

fj?uamw;au 1% 

Reactive red 31 ... " ................. .. ......... .,, ....................... 
d1LaC~ 

d m l i ~ d u n u u u i ~  
P, C 

~ L W S  

b f l ? ~ l a n i w  

." .............................. ..,, .... " ........ " . . .  
dlLQ.&l 

dau~dus u n u n ~ 5 ~ u  
P, G 

hlwd 

fj?uaniw6au 1% 

Reactive red 31 ......................................... 
dlLQCu 

&%L~UPLYJWI~~I% 

h u 1 . ~  P, 

'ki'b6r]?~anlw 

""..." ...... " ....... ... .......... ".." ..................... d 6lbik.1~ 
~ ~ % L ~ u ~ u I u ~ ~ ( R I ~ %  

bu1s )I 

i15lJrdn1~82~ 1% 

Reactive red 31 ......... ."." .......-..... "..".".....'.... 
d~mQu 

dawd w ununaqFu 
Y 

'idau 0.5 niu; 

n ~ i u n u i ~ x i i ~  

(mg/o.!jg 

1.209 

1.175 

1.254 ............. " .................................................................. 
1.213 

0.040 

1.506 

1.514 

1.536 ............................ ..... "..."...... 
1.519 

0.016 

1.138 

1.129 

1.182 ....................................... " . .  .............. 
1.150 

0.028 

1.551 

1.511 

1.495 ........................ ...."... " ...... .'...""'.... 
1.519 

0.029 

1.149 

1.092 

1.081 .................................... I . . .  
1.107 

0.037 

1.709 

1.679 

1.642 ..... 
1.677 

0.034 

rniu~GaGuku&u 

(mgll) 

51.750 

51.750 

51.750 ................................................................................ 

51.750 

51.750 

51.750 
" ........ " ........................... . ' .  

51.750 

51.750 

51.750 
" ........ "." ........... " 

51.750 

51.750 

51.750 .................................................................................... 

51.750 

51.750 

51.750 .".."... " ............ " ............. " 

51.750 

51.750 

51.750 .... ... ..... "..."" ..,,.."...... ".."..".. 

riii8ud5uia3 loo 

CU(D) 

(%I 
23.36 

22.71 

24.23 
" ........ 

23.43 

0.77 

29.10 

29.26 

29.68 ........... " .................. l.U ....... 
29.35 

0.30 

21.99 

21.82 

22.84 
" ......................... " .'. 

22.22 

0.55 

29.97 

29.20 

28.89 ........................ I.." ............. 
29.35 

0.56 

22.20 

21.10 

20.89 ........ "..... .... ...."..." ..... ". ..... 
21.40 

0.71 

33.02 

32.44 

31.73 ......................................................................... 
32.40 

0.65 



r n i u ~ ~ ~ ~ ~ q s w " i l 8  

(mg/l) 

4.348 

4.321 

4.221 ............................................................................................................ 
4.297 

0.067 

3.416 

3.399 

3.303 ........... " ................ " .......... ",. 
3.373 

0.061 

4.446 

4.482 

4.326 .." ................. ..'............ " ................ 
4.418 

0.082 

2.880 

2.917 

2.730 ......................... "."." 
2.842 

0.099 . 

4.688 

4.667 

4.458 ."..".... ............................. 
4.604 

0.127 

2.224 

2.225 

2.025 ..."........U"....... .... "........"" 
2.158 

0.115 

aa%orr; iulaa 5.0 

a6s~&? 

~ C ~ U , L ~ ~ U U W O S  

bl6d5uaniw 

........................................................... 
dim% 

d ~ ~ d ~ ~ ~ u ~ l c i n ~ ~  

~ ~ % J U W O S  

d5uaniw6au 1% 

Reactive red 31 .................. " ......... " .... ..................... 
d1KbsU 

d n u : . ~ L l l u ~ l ~ ~ ~  
Y G 

b m d  

k~6d5ufiniw 

........................................................ 
dlL&tl 

d2~Ldclt ~ ~ 1 c R . l ~ l u  
s, G 

b m d  

d3aniwhu 1% 

Reactive red 31 ..... .............................. 
dim% 

d2ukd~4 L Y J W ~ R ~ ~ U  

bu14 
Y 

l,ail6d%asl1w 

.................................. ..... .... ......... 
dlLQ%l 

~ ~ U L ~ S O L ¶ J W I R ~ ~ I U  
Ir 

b-luld 

~]%aniw67u 1% 

Reactive red 31 ...-. "."..."." ...... 
d l d t l  

d m ~ ~ d u 4  LYJusl76NF~ 
Y 

' idau 0.5 nia; 

nnnan?lrn7n~unl~r ' l~s 

(mgIO.5g :a?) 
0.706 

0.709 

0.719 
" 

0.711 

0.007 

0.799 

0.801 

0.811 ................................... " 

0.804 

0.006 

0.696 

0.693 

0.708 ...................................................... " 

0.699 

0.008 

0.853 

0.849 

0.868 ....................................................... " 

0.857 

0.010 

0.672 

0.674 

0.695 .. ................................... 
0.681 

0.013 

0.919 

0.919 

0.939 -.. ................................. 
0.925 

0.012 

n ? i u ~ ~ ~ q u k u 6 u  

(ms/l) 

11.410 

11.410 

11.410 

11.410 

11.410 

11.410 ...... ".." ............................... " 

11.410 

11.410 

11.410 .......... " ..................... .. ............. 

11.410 

11.410 

11.410 .................................................... .. 

11.410 

11.410 

11.410 ........ "."..."............. ".","."."" 

11.410 

11.410 

11.410 ."....................."."""I" 

riil~sfian~13 100 

~ i ( n )  ' 

(%I 
61.89 

62.13 

63.01 ........................................................................... 
62.34 

0.59 

70.06 

70.21 

71.05 ............................... " .................,, 
70.44 

0.53 

61.03 

60.72 

62.09 
" ..... " .................... 
61.28 

0.72 

74.76 

74.43 

76.07 .......................................... ". ....... ". 
75.09 

0.87 

58.91 

59.10 

60.93 .."." .... Y."."."...."""..".. 

59.65 

1.11 

80.51 

80.50 

82.25 
................................ 

81.09 

1.01 



iurniu~$u4uqnfii t 

(ms A) 

40.980 

40.970 

40.760 ............. " .... " ............. " .... " 
40.903 

0.124 

38.010 

37.710 

37.250 ...................... .................. ".. 
37.657 

0.383 

40.250 

40.930 

39.420 ......................................................... ." 
40.200 

0.756 

36.040 

36.290 

36.300 ....................... " ........................ 
36.210 

0.147- 

40.040 

40.270 

39.790 ........ ".."" ...... ".." ....... "..... 
40.033 

0.240 

35.770 

34.810 

35.340 ..... ".."."."".."...."." ..... "..",... 
35.307 

0.481 

ijflftfipl5; h X l  5.0 

~ ~ n u o d % q  

~ ~ ~ ~ ~ G u u v o s  
'ki16~1521arn w 

................................................ " 
d ~ m i u  

d?u~du t O J W I ~ ~ % ~ U  

Emz~Guuvos 
d?uanlw67iau 1% 

Reactive red 31 ........................ .................................... .... " 
d l d ~  

daudut~urnm~u 
9, G 

~ L @ S  

k!6d?¶~an1 w 

......................................... " d 
~ I L Q W U  

dawduowuui~~~u 
* G 

b l w d  

da"yt%l1~6?~ 1% 

Reactive red 31 ......... " ................ "" ..................... " 

d ~ m i u  
hwduu unw~elq~u 

hiauld 
w 

bJ~6d%aniw 

....-....... "...........I..." ." ........ " .._."... d d~mati 
dawduu L Y J W I ~  

~ U I J  
* 

d%fml~6%.l 1% 

Reactive red 31 .".".."."."" ..... " ............. ".."".."".""" A d l ~ t r  
r h u d t l t ~ c ~ ~ ~ ~  
';dsu 0.5 n%: 

n ? l u ~ l u ~ ~ n ~ u n ~ ~ ~ ~ ~ n  

(mglO.5g %I:) 

1.267 

1.268 

1.289 .............................................. " . .  
1.275 

0.012 

1.564 

1.594 

1.640 
"......."..."......I ..... -. 

1.599 

0.038 

1.340 

1.272 

1.423 
" ...... .. 

1.345 

0.076 

1.761 

1.736 

1.735 ... "," ...................... ... ..... ".. 
1.744 

0.015 

1.361 

1.338 

1.386 ............. "...."..."........... "..."."..... 
1.362 

0.024 

1.788 

1.884 

1.831 .. ".."...."..........."-"..-.""." 
1.834 

0.048 

* * n  rniu~uu~lu~irr~u 

(ms A) 

53.650 

53.650 

53.650 ........................... " ............ " .... " 

53.650 

53.650 

53.650 
" ............................... 

53.650 

53.650 

53.650 ............................... " ............. ".. .......... 

53.650 

53.650 

53.650 . . .  ........ " " ...... .. .... ",."."..." 

53.650 

53.650 

53.650 ... ...".".."...."..,. .........., " .."..... 

53.650 

53.650 

53.650 .--. " -........ """" ....-.... "." 

~l lduf iu lms  100 

Ni(m 

(%I 
23.62 

23.63 

24.03 ............................... ... .......... 
23.76 

0.23 

29.15 

29.71 

30.57 ................................................. "".. 
29.81 

0.71 

24.98 

23.71 

26.52 .................................................................. 
25.07 

1.41 

32.82 

32.36 

32.34 ...................... "." ...... .r ........ 
32.51 

0.27 

25.37 

24.94 

25.83 ."....."..."#........"...... "...... .... 
25.38 

0.45 

33.33 

35.12 

34.13 -. "1.11.1."..*...."...."--.. 

34.19 

0.90 



.A 

aGmliadUaq 

~ W : L ~ U U W O J  

b.i!6d5uanm 

.................................................................................................................... 
d l d U  

d d u a  ~ ~ u r n s v r ~ ? u  

'Uwz~Guuvlas 
el5uaslm6au 1% 

Reactive red 31 ......................................... . 9.. .... " 
d7~Gt.1 

d d u t  L Y W B ~ ~ ~  
0 G 

b ~ ~ d  

bi!6d5uaniw 

...... l....."." d 
F~IRSIU 

~ ~ U L ~ U ~ L Y M W ~ %  
W G  

b N l d  

l15uamw6au 1% 

Reactive red 31 ."."." ................... ".".. ................. " d 
~IIAQU 

~ W ~ U O W W ~ ~ ~ U  

buu w 

'M6djfiHnl~ 

" .... '"." "......." ............J.".. "'. 
dlLQEitr 

d q w d u s ~ u u a ~ ~ w p  

'trrrerld 
w 

da"YHn1~620 1% 

Reactive red 31 ".................. ..... " ."."."...,...... .a. ..... ..... d 
d7LWtl 

d q d ~ q ~ ~ ~ u  
* u  I u 

QlGou 0.5 n%; 

naiu~iuiu~ar6u 

(msll) 

10.924 

10.924 

10.924 

10.924 

10.924 

10.924 ................. " .... " ......... "...Y ... " 

10.924 

10.924 

10.924 .................................................................................................. 

10.924 

10.924 

10.924 .......... ... ........... " ...... " ..... .._..." 

10.924 

10.924 

10.924 ..-..".-"."-""'.'"-.".."""" 

10.924 

10.924 

10.924 
""..""..""....,P, 

iiir4ufiaims 100 

naia~iuiuqmG~ilu 

(mgn) 

4.744 

4.766 

4.607 ".."... ............................ 
4.706 

0.086 

3.540 

3.570 

3.537 .." ........ " ...... ... ........... .'........ 
3.549 

0.018 

5.077 

4.992 

4.967 
" ........ " 

5.012 

0.058 

3.195 

3.243 

2.954 ........... ..." .................... ..".. 
3.131 

0.155 _ 
5.505 

5.579 

5.505 ..-....... " ........".. " -..,,.-.... 
5.530 

0.043 

2.391 

2.422 

2.254 .......""."."."...""........"......".. 
2.356 

0.089 

i h G G m 3 ;  4 ~ a n  5.0 

aaiuaia113n"Ip1n13rii<n 

(mg10.5g %q) 
0.618 

0.616 

0.632 
........................... ............................... 

0.622 

0.009 

0.738 

0.735 

0.739 ........... ".. " .... .."..". ........... ".. 
0.738 

0.002 

0.585 

0.593 

0.596 ............................................................... " . .  . 
0.591 

0.006 

0.773 

0.768 

0.797 .................... ".." .................... ".. 
0.779 

0.015 

0.542 

0.535 

0.542 ..... " ....- ......." ........ "."..."" .... 
0.539 

0.604 

0.853 

0.850 

0.867 ...... .............................. 
0.857 

0.009 

ZII(II) 

(%I 
56.57 

56.37 

57.83 ... ..... " .................... 
56.92 

0.79 

67.59 

67.32 

67.62 .." .... ".."." ........ "..". ..... .,.." 
67.51 

0.17 

53.52 

54.30 

54.53 -........... " .......................... 
54.12 

0.53 

70.75 

70.31 

72.96 
.........*.....I.........,,. " ..... " ...... 

71.34 

1.42 

49.61 

48.93 

49.61 ...... ""........" ...--.-. --. 
49.38 

0.39 

78.11 

77.83 

79.37 
..a. ".""""-.-"".".." 

78.44 

0.82 



6im~atisq 

%rsl:b;u~~t 

k!6d?uaniw 

.................................................. " 
dlMk& 

d q ~ ~ d u t  L W ? R $ ~ U  

% ~ ~ ~ : L ~ u u w o s  

d%vElaniw6au 1% 

Reactive red 31 .............................. ............................. 
hlLQ&l 

d ~ b d  w W I ~ % ~ I U  
1, G 

b ~ m d  

bi!6d?u~niw 

......... "......... " ..... .. .... .( 
dlLQ#€J 

daurd~aunrma~u 
1, G 

b b ~ d  

d?1~aniw6~~ 1% 

Reactive red 31 
.ae............. ,..".. ..................... ".. ...... "... d 

d . l b 1 ~  

daudua L W I ~ ~ ~ U  
* 

~ U I J  

k!.6d%~mw 

.,".."".." ........ "...".,.". .""."..".....,"". J 
6lUbb3~ 

d q ~ ~ d u d  L U W I ( ~ \ ~ ~ U  

bEl ld  
L, 

di(Y~n?wGi?~ 1% 

Reactive red 31 .-- UU_"..,. 

"ZZL" 
J 

~(~UU~UUWUMIO\ . I~U 
* u  I Y 

G o u  0.5 n5a.I; 

nsiu~Zuiuqmriiu 

(msll) 

45.315 

45.220 

44.835 .................................................................................... 
45.123 

0.254 

42.715 

41.440 

43.790 
"" .................. .'." .."..........,... 

42.648 

1.176 

45.775 

46.790 

44.340 .. ................................ 
45.635 

1.231 

43.320 

42.245 

41 .I45 "...... " ................................ 
42.237 

1.088 . 

48.400 

47.935 

48.020 
" .......... ".....".". ..... "" ..... ".." 

48.118 

0.248 

41.565 

41.150 

40.805 .... ..."......"...I".".."",.."." ...... 
41.173 

0.381 

2aGGols; film 5.0 

nsiu~isl~udrrtiu 

(msll) 

56.055 

56.055 

56.055 .............................. " 

56.055 

56.055 

56.055 
" ............. " ................................ 

56.055 

56.055 

56.055 ............................................... .. ....................................... 

56.055 

56.055 

, 56.055 ..................................................... 

56.055 

56.055 

56.055 ...... "...."..... ................................ 

56.055 

56.055 

56.055 ... 1" ................... ".".....".."... 

- - 

~ i ~ ~ u f i a . ~ i r s l ~  100 

naiurnrmn'iuni~rii~m 

(mglO.5g '%I?) 

1.074 

1.084 

1.122 ".....".......... 
1.093 

0.025 

1.334 

1.462 

1.227 
d."" .... " ........................... ". 

1.341 

0.118 

1.028 

0.927 

1.172 
" ......................... .'."...... 

1.042 

0.123 

1.274 

1.381 

1.491 
".......".a".. m...... ".............".... 

1.382 

0.109 

0.766 

0.812 

0.804 .... ........................... ............... 
0.794 

0.025 

1.449 

1.491 

1.525 
""......III..IU...,U."... 

1.488 

0.038 
- 

zn(D) 

(%I 
19.16 

19.33 

20.02 ......................................................... 
19.50 

0.45 

23.80 

26.07 

21.88 
" .................. " ...................... 

23.92 

2.10 

18.34 

16.53 

....... " .... " .......... ... 20.90 ................ 
18.59 

2.20 

22.72 

24.64 

26.60 ....................... "...... ............. 
24.65 

1.94 

13.66 

14.49 

14.33 "".." ........................... " 
14.16 

0.44 

25.85 

26.59 

27.21 ...."....-. -....-... .."... ".. 
26.55 

0.68 





amtd a-1 m~mn&flaiarbbddsaubb'Ufl~ibbunwidb~uadi~~~n~f]%a1d~7uni3 

~ ~ ~ ~ X I I W ~ ~ ~ ~ ~ I N  Reactive Red 31 ~ ; l a ~ ~ b u " s l h  0.00 - 1.00 b d 0 ~ b ~ ~ 6  

ANOVA 

F 

106.830 

958.770 

122.728 

701 .A54 

462.993 

458.885 

30.126 

140.005 

17.049 

CulO Between 
Groups 
Within 
Groups 
Total 

Cu25 Between 
Groups 
Within 
Groups 
Total 

Cu50 Between 
Groups 

Groups 
Total 

Nil0 Between 
Groups 

Groups 
Total 

Ni25 Between 
Groups 

Groups 
Total 

Ni50 Between 
Groups 
Within 
Groups 
Total 

ZnlO Between 
Groups 

Groups 
Total 

Zn25 Between 
Groups 
Within 
Groups 
Total 

Zn50 Between 
Groups 
Within 
Groups 
Total 

Sig. 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.001 

df 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

Sum of 
Squares 

1.41 5E-02 

3.533E-04 

1.45 1 E-02 

-1 54 

4.287E-04 

.I55 

.328 

7.122E-03 

.335 

2.472E-02 

9.400E-05 

2.481 E-02 

8.450E-02 

4.867E-04 

8.498E-02 

.304 

1.767E-03 

.306 

3.834E-03 

3.393E-04 

4.1 73E-03 

2.996E-02 

5.707E-04 

3.053E-02 

.I28 

1.995E-02 

.I47 

Mean 
Square 

4.718E-03 

4.417E-05 

5.137E-02 

5.358E-05 

.I09 

8.902E-04 

8.239E-03 

1.175E-05 

2.817E-02 

6.083E-05 

.I01 

2.208E-04 

1.278E-03 

4.242E-05 

9.987E-03 

7.133E-05 

4.251E-02 

2.494E-03 



@mad a-2 m~~~nn~n~1ur~dd3au~~fl~~1bbun~1~b~0ad1~~finmfl%a1dd1un1~ 

f l - % f l ~ 1 ~ 6 ' ~ f ~ ~ f i a ~  Direct Blue 71 aa-iubu"uiu 0.00 - 1.00 ~da5~8u6 

ANOVA 

CulO Between 
Groups 
Within 
Groups 
Total 

Cu25 Between 
Groups 
Within 
Groups 
Total 

Cu50 Between 
Groups 
Within 
Groups 
Total 

Nil0 Between 
Groups 
Within 
Groups 
Total 

Ni25 Between 
Groups 
Within 
Groups 
Total 

Ni50 Between 
Groups 
Within 
Groups 
Total 

ZnlO Between 
Groups 
Within 
Groups 
Total 

Zn25 Between 
Groups 
Within 
Groups 
Total 

Zn50 Between 
Groups 
Within 
Groups 
Total 

Sum of 
Squares 

1.198E-02 

4.187E-04 

1.240E-02 

.I53 

6.913E-04 

.I53 

.511 

1.357E-02 

524 

2.109E-02 

9.667E-05 

2.1 19E-02 

7.01 8E-02 

2.233E-04 

7.040E-02 

.219 

1.249E-03 

.220 

1.643E-03 

3.053E-04 

1.948E-03 

1.866E-02 

6.540E-04 

1.931 E-02 

.229 

2.552E-03 

.231 

d f 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

3 

8 

11 

Mean 
Square 

3.994E-03 

5.233E-05 

5.089E-02 

8.642E-05 

.I70 

1.697E-03 

7.031E-03 

1.208E-05 

2.339E-02 

2.792E-05 

7.288E-02 

1.561E-04 

5.476E-04 

3.817E-05 

6.220E-03 

8.175E-05 

7.62OE-02 

3.1 90E-04 

F 

76.318 

588.948 

100.295 

581.855 

837.954 

466.946 

14.349 

76.088 

238.865 

Sig. 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.001 

.OW 

.OOO 



a13144 a-3 m~?~am&~~~~~~dd3aubbflfl~~bbun~i;~b~uad~~%finwfl%aid~~un?~ 

d%i%l1~62~~$98.1 Reactive Red 31 ~ 2 l U b $ ~ $ u  0.000 - 0.020 bd03b8~6 

ANOVA 

CulO Between 
Groups 
Within 
Groups 
Total 

Cu25 Between 
Groups 
Within 
Groups 
Total 

Cu50 Between 
Groups 
Within 
Groups 
Total 

Nil 0 Between 
Groups 
Within 
Groups 
Total 

Ni25 Between 
Groups 

Within Groups 
Total 

Ni50 Between 
Groups 
Within 
Groups 
Total 

Zn1O 
Groups 
Within 
Groups 
Total 

Zn25 Between 
Groups 
Within 
Groups 
Total 

Zn50 Between 
Groups 
Within 
Groups 
Total 

d f 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

Sum of 
Squares 

2.001 E-02 

1.667E-04 

2.01 7E-02 

.219 

7.387E-04 

.220 

.613 

1.097E-02 

.624 

2.281 E-02 

1.167E-04 

2.293E-02 

4.986E-02 

5.500E-04 

5.041 E-02 

.275 

5.134E-03 

.280 

4.931 E-03 

3.400E-05 

4.965E-03 

3.800E-02 

2.477E-03 

4.048E-02 

.I33 

5.874E-03 

.I39 

Mean 
Square 

4.001 E-03 

1.389E-05 

4.376E-02 

6.156E-05 

.I23 

9.141E-04 

4.562E-03 

9.722E-06 

9.972E-03 

4.583E-05 

5.492E-02 

4.278E-04 

9.862~-04 

2.833E-06 

7.600E-03 

2.064E-04 

2.661E-02 

4.895E-04 

F 

288.102 

710.828 

134.067 

469.221 

217.571 

128.357 

348.067 

36.825 

54.354 

Sig. 

.OOO 

.OOO 

.OOO 

.OOO 

,000 

.OOO 

-000 

.OOO 

.OOO 



mnd a-4 m$imndn?~arbLdnisauLb~u~ibbunw19b~ua~iM%~n~fl"11aiid1uni~ 

d k 8 n 1 ~ $ 2 u ~ ~ a a !  Direct Blue 71 ~?ia.Jbga.Jif.l 0.000 - 0.020 bd~$b$u& 

ANOVA 

Sig. 

.OOO 

.OOO 

,000 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

.OOO 

CulO Between 
Groups 
Within 
Groups 
Total 

Cu25 Between 
Groups 
Within 
Groups 
Total 

Cu50 Between 
Groups 
within 
Groups 
Total 

Nil0 
Groups 
Within 
Groups 
Total 

Ni25 Between 
Groups 
Within 
Groups 
Total 

Ni50 Between 
Groups 
Within 
Groups 
Total 

ZnlO Between 
Groups 
Within 
Groups 
Total 

Zn25 Between 
Groups 

Within Groups 
Total 

Zn50 Between 
Groups 
Within 
Groups 
Total 

Sum of 
Squares 

2.307E-02 

1.31 4E-03 

2.438E-02 

.I51 

2.574E-03 

.A53 

.689 

2.065~42 

.710 

2.343E-02 

1.320E-04 

2.356E-02 

9.154E-02 

6.867E-04 

9.223E-02 

.406 

6.751 E-03 

.412 

3.866E-03 

3,440E-04 

4.21 0E-03 

3.438E-02 

5.167E-04 

3.490E-02 

.353 

2.467E-03 

.356 

F 

42.130 

140.539 

80.119 

425.923 

319.958 

144.166 

26.972 

159.716 

343.815 

df 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

17 

5 

12 

1 7  

Mean 
Square 

4.613E-03 

1.095E-04 

3.015E-02 

2.145E-04 

.I38 

1.721 E-03 

4.685E-03 

1.100E-05 

1.831E-02 

5.722E-05 

8.110E-02 

5.626E-04 

7.732E-04 

2.867E-05 

6.877E-03 

4.306E-05 

7.067E-02 

2.056E-04 
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