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Abstract

The optimum conditions and adsorption kinetic for bioremoval of benefix red by immobilized cell of
Nannochloropsis oculata were studied. The results showed that the optimum pH for bioremoval of dye was at
2 with the highest adsorption capacity of 0.90+0.01 mg/g. The equilibrium time of adsorption was 2 h with
adsorption capacity of 1.80+0.02 mg/g. The optimum biomass was 2 ¢/l with adsorption capacity of 3.98+0.02
mg/g. The adsorption capacity (qe,) decreased when the algal biomass increased. The adsorption characteristics
fitted well with the Langmuir adsorption isotherm with maximum adsorption capacity (Q,.,) of 106.58+20.22
me/g. Dye removal correlated with pseudo first-order, while the adsorption rate was limited by film and
intraparticle diffusion at secondary step. It can be concluded that alginate immobilized cell of N. oculata may
be used as an alternative for removal of benefix red contaminated in wastewater.
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Figure 1 Structure of reactive dye
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Table 1 Effect of pH on benefix red removal by alginate immobilized cell of Nannochloropsis

oculata (algae 10 g/|, exposure time 180 min, initial dye concentration 10 mg/l, n=4)

Adsorption
Initial pH Removal (%) Final pH
capacity (mg/g)
2 89.60+0.64 ¢ 0.90+0.01 © 3.40+0.01
3 40.22+1.52 * 0.40+0.02 > 5.51+0.02
4 32.30+4.70 *° 0.32+0.05 * 5.97+0.05
5 45.19+0.68 © 0.45+0.01 ¢ 6.11+0.02
6 40.60+0.60 ™ 0.41+0.01 « 6.17+0.01
7 35.69+0.69 " 0.36+0.01 ™ 6.26+0.02
8 27.42+0.57 ° 0.27+0.01 ° 6.36+0.06

The different superscript letters (a,b,...) in each column are significantly different (p<0.05).
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2021a; Sarwa et al., 2014)

q (mg/g)

0 50 100 150 200 250 300 350 400
Time (min)
Figure 2 Effect of contact time on benefix red removal by immobilized cell of Nannochloropsis

oculata (algae 10 ¢/|, pH 2, initial dye concentration 10 mg/(, n=4)
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upnAseEtEAAYNIEnA ”Unﬂsqmmimaadﬁmﬁa (Table 2) uasnuidleUsinauwadamsedfivduan 2 nfude
dns lauds 10 nSusodns ﬁ?umﬂ'%mmmﬁamﬂ’uamadmﬂ 3.98+0.02 13U 0.85+0.01 fadnsuronsuamsie ieswin
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Table 2 Effect of biomass concentration on benefix red removal by alginate immobilized cell of

Nannochloropsis oculata (pH 2, exposure time 120 min, initial dye concentration 10 mg/l, n=4)

Biomass (g/L) Removal (%) Adsorption capacity (mg/g)
2 79.61+0.34 ° 3.98+0.02 ©
4 86.17+0.35 ° 2.15+0.01 ¢
6 84.40+1.45° 1.41+0.02
8 85.28+0.61 ° 1.07+0.01°
10 85.28+0.84 ° 0.85+0.01 °

The different superscript letters (a,b,...) in each column are significantly different (p<0.05).
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navaspMUdutuiuAuvasasazaneddouiunzausdanisgadu
INNTNAADIRUBUTAIUTUTUS UAUYDIAI DU 20-100 TadN5UADANT NUIIANULIUTULSUAUVRIF DY

o

wiriu 100 fiadinsusedns Wuanududusuduiinzausenisgaduddeuuuiin 1sa lnenuindiauiuiunisgadu

o o aa v

WU 36.82+0.54 HaanTusansuaining S?fuﬂumﬂ%mmmi@m%’uqqﬁqm Tnesauane1aegRitedAgynadanu
ynyan1IAResiiude (Table 3) pududuisuduvesddondifisutuain 20 &1 100 fadndusedng dunuindean
duduresdfouiiutuardmaliinsgaduadonsonsuvesamsefifivtuiosnnifausmdn (repulsive force) fifn
Tnmudufusudureddeniiinndwilfddeuiusmanfuewasiilrddendlndamseldunty Suudunsdiy

nsgaduddenriliansivanunsagaduddenanaisaraielad (Sarwa et al, 2014)

Table 3 Effect of initial concentration on benefix red removal by immobilized cell of Nannochloropsis

oculata (algae 2 ¢/|, pH 2, exposure time 120 min, n=4)

Initial concentration (mg/L) Removal (%) Adsorption capacity (mg/g)
20 77.01+0.41 ° 7.70£0.04 °
40 73.60+0.50 ° 14.72+0.10 °
60 72.97+0.59 ° 21.89+0.18 ©
80 71.70+£0.79 ° 28.68+0.31 ¢
100 73.63£1.09 ° 36.82+0.54 ¢

The different superscript letters (a,b,...) in each column are significantly different (p<0.05).
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nsdnwlelemesunisgaduadouuiiin isa vesamns N oculata fikunisnishudindadumiunudi dn
r* 91@UN15U9 Langmuir (0.9925) ﬁguﬁﬁ’lq&ﬂ’hﬁﬂ  91n@un15ves Freundlich (0.9900) (Table 4) fatiudsanunsa
Fuivgiulddinisgaduuiszaenadosfuannisnisgaduees Langmuir Aefdnwmgnisgaduiduuvudu
LA (monomolecular layer) LLasv{uﬁ'ﬁﬂumiam%’UﬁyuﬁﬁhLmu'mazﬂalﬂ n1sagumiouiy (homogeneous
surface) S’Juﬁawﬁ“amuuawﬁLmﬂﬂumiamsﬁ’uﬂgu%mﬁauﬁ’unm;fwLmﬂwmﬁuﬁﬁaﬁ’uﬁa Faduly mamquijves
Langmuir kazilA1N130ATuasan (Qn,, ) 7l 106.58+20.22  fadnsusensu Inedsieeufindreadeiulunisii
Spirogyra majuscule 11U UndgouTUaATIN L15A 120 waz Swoadin lwald 81 wuinsaaduddensioniin Lsn 120 way
Juoniin wald 81 tuaonndesivaunisves Langmuir LWutfigniu laedian Q. 11Au 251.94 way 254.77 fadnsuse
n$u Audy (Celekli et al, 2012) daunns@nwisatuanuanunsalunisgaduddeuniianeiiudvosainsne
Nannochloropsis sp. WUINANFURUUENN15YS Langmuir Hugiein Qrrax WINAU 76.48 fiadnsusiansy (Aldegs et al.,

2008; Buhani et al., 2021a) uanandgnunisAneiiinganunisiaavsiy Chlorella vugaris Tunisiidnddensuen

Fnitudeuludidenuingddn Qe W11V 50.89+0.46 (Radwan et al., 2020)
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Table 4 Langmuir and Freundlich isotherm parameters for the adsorption of benefix red by
immobilized cell of Nannochloropsis oculata (algae 2 ¢/|, pH 2, exposure time 120 min,

Temp 25 °C, n=4)

Langmuir Freundlich
Qmax (Mg/8) K, (L/mg) R? Ke n R?
106.58+20.22  0.02+0.00 0.9925+0.00 4.851+0.40 1.15+0.03  0.9900+0.00

Inunaransn1sgaduddou

saunaransnisgaduiudunisfnviieatunsidsuanududuresarsrenimiienavsesnsinis

3 LY <

\inUf)i3e (reaction rate) A3en1IMaURUYBIUATEN (order of reaction) JUMMMUATATNIIVOINTAATULALAIAITN

1998051159109N139AdU dmsuraunamansnisgaduadenuiuiin 1sa aefinrsananaArauduius () Tamsne

s

duiiduduresfisendunuule annmanisdinwaznuindefiarsanainaiauduiiug () udrunuinvaunamans

=

n1sgaduddouuiuiinigs lasamsie N. oculata n3dludndadiuniuduwuy pseudo first-order (Table 5) &4l
nsfnwmsthamsedidernuindngaduddon napthol green-B Wiavin1sinszriniseaunamansudatunuindu
WUU pseudo first-order (Celekli et al., 2012; Gunasundari et al., 2020; Ozer et al., 2005) wani21lun15W1Y

Uszgndldlunistidaiidessimafinvinaaivieausadiuanusilunisgedulavindulsunaamseiiiugy

=]

wadmsunsfnwlunisunamsiedidens Nannochloropsis sp. ikunsaawlasundudigaduddeuuiiaduuguas
leouuInues Cull) dunwuieaunamansiuwuu second order (Buhani et al., 2021b)

%uﬁmumﬁmwL%qsummigm%“uﬁamﬁmwﬁmé’mwL%’mawmumﬁawﬁ’usuadsum‘umsﬁmmLLaxmﬂmi‘wmam

v
& o

fnundufmuadasiiweinisgeduiuduistunisunsiiuvesduildy (film diffusion) WuAeduih Aeduneuiiddon

wdsuikuduilduhiedovsguulindadunuavindeuiiudindadiundiludusadainse uazdunisunsidngsngu

q
‘:4 v

(Intraparticle diffusion) Aeleddoududaiwadainsiowdilaunsitng snguiieg uugadansiguwaziinn15duiu

q

v

binding site Aelugniu wasilefiarsananaunistuimuasasuitlutuifonisgaduyisiiaes (secondary rate)
WieanndiAanusalunisgeduiioaninved initial rate lnsnisiiarsanindulafedufimuadnsiis farsanaindund

anuslunisaeduinfiantiuies (Table 6)

Table 5 The order of reaction of benefix red adsorption by immobilized cell of Nannochloropsis oculata

(algae 2 ¢/\, pH 2, exposure time 120 min, Temp 25 °C, n=4)

Dye Concentration Pseudo first-order Pseudo second-order
(mg/L) k (min™) r’ k (g/mg min) r’
20 0.029 0.9940 0.0064 0.9830
40 0.026 0.9896 0.0038 0.9737
60 0.026 0.9907 0.0023 0.9722
80 0.025 0.9900 0.1801 0.9710
100 0.025 0.9910 0.0013 0.9707

v
LYK

setiulunsihludssgndldindauidesssiesdinsiiunsmyudsureaiviefiunsfividiemunnusaly

v
o

nsgaduty film diffusion wasfeunsnsagadansslugadiunaIsvinsusulsawadamseieiingnuliundu
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Wy n1sevaneu nisimdednnnudu n1suynse Wudu Feazdreiiunnuialunisgadudu secondary rate ¥4

intraparticle diffusion &

Table 6 Film diffusion and intraparticle diffusion rate of benefix red adsorption by immobilized cell

of Nannochloropsis oculata

Film diffusion Intraparticle diffusion
ConceD::ation Initial Initial rate Secondary rate
(mg/L) rate -r (mg/g -r (mg/g r
(min™) biomass/min®?) biomass/min®?)
20 0.0147  0.9267 0.9009 0.9918 0.8084 0.9977
40 0.0131  0.9006 1.6177 0.9982 1.4557 0.9989
60 0.013 0.9102 2.2734 0.9939 2.1881 0.9986
80 0.0126  0.9112 3.0194 0.9991 2.8773 0.9987
100 0.0129 0.9134 4.0410 0.9982 3.7357 0.9991
ayUnanIsANe

@918 N. oculata Tiunsedagadludindadiundanuaunsalumsgaduddenuwiin i ldffasazane
ddonien 2 uasiiszoznaningauna 120 uil Uinaawseianzaue 2 niudedns uazwuindlonndudues
doufudy amsioasdidnuinaunisgeduadoniifinduiasnisgaduidonaonadosiulolumesunisgadures
Langmuir Tneisusuuifsenisgaduifuuuiinduatiou (pseudo first-order) wagditutmunsnsnidonmaundidy
rutuitduarnaunsiignelumadiuiiaesauandlidiuinamans N. oculata Wushgadumsdanmindenndsd

a1unsathanvrdnindeniddeuludoule
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