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Biosorption of Benewol Red Acid Dye by Immobilized Living Cell of Green Microalga
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Abstract

The benewol redacid dye sorption by immobilized living cell of Scenedesmus dimorphus was
studied in laboratory. The optimum pH for benewol red sorption by immobilized S. dimorphus was 3,
with significantly higher sorption ability (11.11+£1.12mg/g) than pH 4-8. The equilibrium time for benewol
red sorption by immobilizedS. dimorphus was 180 minwith sorption ability of 4.25+0.09 mg/g. The benewol
red adsorption capacity (qeq) was increased when the biomass of S. dimorphus decreased. The adsorption
of benewol red by immobilized S. dimorphus was fitted to Langmuir adsorptionisotherm with the maximum
uptake capacity (Qmax) of 31.92+0.34mg/g.The order of reaction of immobilized S. dimorphus was
pseudo-second order, indicating that this green microalga has a high potential for treating wastewater
at elevated acid dye concentration. The rate limiting step of benewol red adsorption reaction in immobilized
S. dimorphus was film diffusion rate and initial rate of intraparticle diffusion. The results indicated that S.

dimorphusis a potential biosorbent for water contaminated with benewol red in bioremoval systems
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1. MILATENAINGE
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Maske, 1982 “lwmﬂgummi1m‘uLmqmnummmﬂ@wmﬁum2me NmﬂwmmﬂLWfa'lummmuuumu
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Lﬂw,ufameﬂumnuu%m@m@mLmumﬁ@uﬂﬂmﬁq 2.0 Aadums gadounanaenaalilvanluaisazais
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Table 1 Benewol redsorption ability of immobilized S. dimorphus under different pH.

pH Sorption (%) a, (mg/g)
2 27.52+0.88" 10.92+0.53"
3 31.16+2.35" 11.41£1.12%
4 4.88+2.86° 2.09+1.20°
5 14.39+0.76° 6.71+0.38°
6 3.01£1.10° 1.26+0.46°
7 0.81+0.12° 0.37+0.05°
8 1.05+0.37° 0.49+0.18°

The different superscript letters in each column are significantly different (p<0.05).
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Fansy uaz 3 mimmumﬂmmﬂmmm 4.25+0.09 HaANTUFaNTY ummnuummméﬁm Aaudnensiaud
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Figure 1 Benewol redadsoption capacity of immobilized S. dimorphusat various exposure times.
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3. WBanuavsenunnzansanisaaduitan

nsgaduddionuines e Iag S. dimorphus NFEIEAS MEASAA LA NLFIAINNINARBILENI
amireimanzansanisinn ldaaduna 0.5 nfusedns ez ilsununisgadusieniugeign lagainnis
NAABINLIINNBLENI A UIANTUAIN 0.5 111 1-1.5 nFusiadas azdnlefidusinisgadudiamnuan nail
| | a' o [ o d‘ o 9 dlo/ a v 4 5 |ﬁl 1 1 o A
dumazdumsitaiwnkiiaduiviuwhiduadenliinnniu udilelianuamiegand 1.5 niusdediag
mmmmmammmLLmWUfnﬂ?mmmamnﬂmmu”l,mmmuuﬂmuma 103 (g, )uuum@mmm@ﬁmm
mmﬂmwmu‘imummmmmmmmn 0.32:0.18 wile 0.42:0.05 Radnusteniviinan Hethnos
Wiaan 0.5 1y 6 nfuthwiinansedns (Table 2)  weikilumazBunnaminafinannauduaasild
amdeagindiatiunniniull wazifianisinenguiwiniiamasainsiauedonlidudaddonndudnlu
& A K 1 o 3 tﬂ‘ o a v 2 o 4 & 1 o a v U s A & o :’/ a v 1
Windnadldanunsarinninduddantd inlisadansiadudden|Alidintamad daiuliunddianse

, o = = = : R = T o o '

aming 1 nin AlliFuaasauie i s suntut nanasAns g uineaiunis ldanudae
Enteromorphaprolifera Iuﬂﬂ?@mﬁﬁua‘élﬂmm%] (Ozer et al.,2005)

Table 2 Benewol redsorption ability and adsorption capacity of immobilized S. dimorphus at various

biomasses.

Algal biomass (g/l) Sorption (%) qg(mg/g)
0.5 85.33+1.67" 9.32+0.18"
1.0 87.53+0.70" 4.77+0.04°
15 87.39+1.03" 3.18+0.04°
20 82.46+1.16"° 2.25+0.03°
2.5 75.36+0.455° 1.64+0.01°
30 66.48+1.47° 1.21+0.03"
6.0 45.74+5.30° 0.42+0.05°

The different superscript letters in each column are significantly different (p<0.05).

4. AMNINTUIRIRERNITNAUNNRAAANITARTURE AN
v v aly a' % ] | o ] a v al' F7 7 a' 5
P ndinduresddanEnsudeasiaaug i unsgadusesaise Tas@dannaadnduinsm
aginlviauinagaduddontFunnsia 1 ﬂi?“mmmm'w”lrﬁl,ﬂumﬁu Tnannisdnadsiinudiauiiene
sﬁu@m@uvl,mmm 97.21+2.60 HAaANTNFABNTH ‘wmmLmumuwumummm'ﬂmmmm 1000 RaanFuADANT
(F|gure2)mumw,waw m@mmmmum@mmmumﬂf««wm‘luanwmmﬂumm@ﬂmmmmumLsmmmmfm
UNTUL LL@vﬂW@NﬂﬂTLﬂWUMQﬁI‘N@ﬂ'BN‘V]NQL“ﬁ@@@’]ﬁﬁﬁLL@ gnrasfaudaaunii liddengngadullann
mi@wﬂ’mmn"ﬂu (Ozer et al., 1999; Mehta and Gaur, 2001)
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Figure 2 Benewol redsorption ability of immobilized S. dimorphusat various dye concentrations.

5. Usz@vEnwgegnaasausiglunisaaduidan

ﬂfmﬂ'ﬁ?immvl,fa‘llmmmfuma@m%uwudqmmmﬁuﬁuﬁ' (") ARNANNNT Langmuir ﬁﬁhzgmdmuma
2984 Freundlich ﬁqﬁuﬁaﬁuﬁwgmié’dﬂm:r@msﬁuafﬁ@u‘imﬂmm'ﬁﬂaq@'ﬁﬁmmzﬁ“uﬁuﬁ'quwﬁmﬁ?@meﬁu
SN I_angmuir%andmiﬁdﬁmi@Wﬁuﬁé’@muﬁmﬁﬁaLsnmﬂ,ﬂumi@Wﬁmﬁm%wﬁm (monolayer) WaziAinn1s
@meﬁuuum"mmi\a@méﬁu%qﬁmmmﬁfauﬁu (homogenous binding site) (Weber, 1972)  Tnainsgaduaddian
LWWI9R LIAGRER (Q ) 199458 S. dimorphus ”Lums@mﬁm%@ﬁ Aia 31.92+0,34 faansusenutiwiin
am (Table 3)

ne/l&fiseaunsld s. quadricauda AilEAnsRadlunsedLAday reactive wudafinnspady
WUy Langmuir winfiu Inaddanisgadugegn 68.8 AaanFusiansinininuds (Ergenset al., 2009) n179A
FuRsian acid red 337 waz acid blue 324 Tagigvine@idan Enteromorphaprolifera %q@meﬁuiﬁ%ﬂ uaY 59.2
faansuseniutinuan sy (Ozer et al, 2005) nagatuddian acid blue329 uaracid blue 290
IA8@U1INe Spirogyra rhizopus %q@msﬁﬂé’ 367.00 LAY 1360.60 AaANFNABNFULNMTLTIALA" L
(Ozer et al., 2006b) LL@zﬁmmmmﬂ%ﬁmﬁﬁmm&fLm&i Azollarongpong apdu@dion acid dye Téun acid
red 88, acid green 3, acid orange 7, WAz acid blue 15 WuiNNsgAtugIgaRAINGL 81.30, 83.33, 76.92
WAz 76.34 Tiadnsusan T uinue musnaL (Padmesh et al., 2006) lagiAnuaN"s0 uNNIRAdUAL RN
m@amijLwi@mﬁm%%uﬁmﬁmLL@:fimeum@wgﬁqﬁﬁuﬁaqLsn@ﬁﬂmmm'm feazunnsineiulluaming
(Marungrueng and Pavasant, 2007)
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Table 3 Langmuir and Freundlich isotherm parameters for the adsorption of benewol red by immobilized

S. dimorphus.
Langmuir Freundlich
Q K. R® n r
31.92+0.34 0.02+0.00 0.93+0.01 1.2140.01 0.73+0.01

6. AaUNAAIARTMTARTURGDN

@@uwamammmmmmu (kinetics of adsorption) Lﬂuﬂﬁﬁ?ﬁﬂﬂﬁﬂavlﬂﬂ%‘mWﬁ‘i_lmﬂﬂ%‘l,ﬂ@ﬂuuﬂm
m’mwmummmimmumwuwmaLfammﬂLiﬂmmmmwmmmmu (rate of reaction) fu IATFNN ]
ﬂfaummmumnmmamummamwweummmﬂgmm (order of reaction) mwwumuummmmmm
msmmu(rate determmmg/rate ||m|t|ng step) LL@Ummmm@m‘ﬁmmmmmmu (rate constant) L‘W‘ﬂﬂﬂ‘l:f’]
ﬁ@@mmmwLﬁumuwmummmimmu‘wumm@@mmmmmmmmummumiﬂLﬂuﬂ@maiunwaéfa@ﬂl,tuu
wazszenaldiapaduliidssAninmimanziunisldeuszuusg < i bateh reactors ua fixed beds
\udiu (Masel, 1996; gHien, 2549) ms‘ﬁ'ﬂ:*‘fwﬁ@mﬁfj']muéfmﬁﬁuﬁmmﬂﬁﬁ?ﬂqma‘@mﬁﬁuﬁé’@mﬂuﬁuﬁu
InaziansnunanneAIrINdNiLs () 1esdnsidazestinsaniuanududuiesiaindizen Inun1mases
%ur?”mwud’]@mmuﬁﬁmﬂw@ﬂmiﬂu pseudo LATNANIINARBIWLIANAIMIEY S, dimorphus Hgtlwuunisga
Sﬁmmuﬂﬁﬁ?mﬁuﬁuﬁammﬁ@u (Pseudo- second orderreaction) TAefan0uNANN AR LS AN
unndnlnednlnduils °n<mmmwﬁuwuﬁmmmﬁﬂgmm@umuwuammu (Pseudo first-order reaction)
(Table 4) uumamwLifmmﬂgnimLﬂuﬂgmﬂnummmwmmmmmummmmwu muumm‘wummm
Fudngsruimtavinas mmumﬂmmewﬁummmmmi’mmumm'ﬂmS quadr/caudammwﬁ@@ Y uae b
Chlorella vulgaris lunsgadudfien reactive wudninnanaduifududuasaaiion WuAeaii (Aksu and
Tezer, 2005; Ergene et al., 2009)

Table 4 Determinationthe order of benewol red adsorption by immobilized S. dimorphus.

Pseudo-First Order Pseudo-Second Order
Dye concentra- -k k
tion (mg/l) (10*/min) = (x10°mg/l/min) ")
10 0.1 0.187 37.7 0.999
20 0.3 0.362 3.5 0.999
40 0.5 0.493 1.7 0.999
80 0.5 0.436 0.6 0.999
160 0.6 0.309 0.3 0.998
240 0.7 0.537 0.3 0.895
320 0.2 0.412 0.2 0.999

400 0.5 0.362 0.2 0.999
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%uﬁmumﬁm’]L?qmmma@mﬁuﬁ@%umu@mﬁmqL?quawmumﬁ%mmmmnﬂaiﬂmi@m%ﬁ'uﬂuma
LLW?’M’?@Lﬂ?ﬁlﬂu‘ﬁ'mmﬁqmmﬁﬁuﬁﬂﬂuﬁqmmﬁuﬁmﬂﬁmﬂu%umu4 Funevsasfasiaiy Ae 1) bulk transport
Lﬂumimmummmmmmmqnmmvmﬂiﬂmmw\l@umm@‘ﬁuLm@m‘wmmaummmu 2) film transport
Lﬂumim@@ummmmnmmummlaum"[ﬂmmmmmmu 3) intraparticle transport Flunsiaeufites
mr:mmmumﬂﬂmﬂmwmmmmmmsn‘uu,m 4) adsorption dunisgeduszudnedagnaaduiy active sites
uummmmsﬁummwmmn (Agrawal, 1990) LLmvmummvmmwmammﬂgmmmmamLLmnmqnu
Imﬂﬂuumummmmmnmm Lﬂumuﬂ’mumfammmmmmmmu (rate determining step)

"Lummﬂmuwmmummm@&mmmmmmmuwmmwummmmmmmmmmumuﬂamuﬂu
%u{iﬁ (film diffusion) LmemWﬂumwwm (Initial rate) °]J'ﬂ<1°ﬂumiLLWiLmzﬁn’mlquQu (Intra-particle
diffusion) Lﬂu%uﬁwumﬁmwL?fmmmi@mbﬁu(Table 5)

Table 5 Effects of initial benewol red concentration on dye sorption rate in film diffusion and intraparticle

diffusion.
Film diffusion Intraparticle diffusion
Dye concentration Initial rate Initial rate (mg/g Secondary rate (mg/g
(mg/l) (x10™*/min) biomass/min®®) biomass/min’®)
10 90 2.1 3.0
20 100 13.5 19.1
40 36 16.2 3.3
80 22 33.3 40.9
160 0.6 10.1 97.8
240 1 44.4 48.9
320 27 51.8 39.9
400 13 352.9 91.5
da9lnan1snaang

amse S. dimorphus TrRslugaRiue  Saanuamnanluniagaduddenueda alawiuaes nld
ﬁiwﬁ’uﬁmm 3 favtzinaaugaluniagadud 3 dalusisliuuiuly uaswudnidefidusinaneduddeniia
udleifinduauaadues S.dimomhus anas uananilidegaduddenuds Windaawnnsaamsnedediauna
Irgfasindaaninde lfieadhifinmsmndduumsnivlinssnusiedanaden fuhAaiuigadudanm

e ®)
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