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Biosorption of Basic and Reactive Dyes by Living Cyanobacterium Nostoc muscorum
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Abstract

To find out the best cyanobacteria for basic dye (malachite green) and reactive dye (benefix
blue and benefix red) removal, dye sorption ability of 8 genera of living cyanobacteria (Hapalosiphon sp.,
Phormidium angustissimum, Fischerella sp., Mastigocladopsis sp., Nostoc muscorum, Calothrix marchica,
Oscillatoria limnetica and Gloeocapsa gelatinosa) was studied in laboratory. The result showed that N.
muscorum had high dyes removal ability and easy to remove from wastewater treatment system. Then the
optimum condition and adsorption isotherm of dyes by living N. muscorum were studied. The optimum pH
for malachite green and benefix blue removal by N. muscorum was 7 and 2 with significantly higher
removal ability than others pH (5.71+0.14 and 124.84+6.04 mg/g, respectively),. The equilibrium time for
malachite green and benefix blue removal was 6 and 24 h with removal ability of 89.49+9.16 and 336.73+8.60
mag/g, respectively. The dyes adsorption capacity (qeq) was increased when the biomass of N. muscorum

decreased and initial dye concentration increased. The adsorption of malachite green and benefix blue
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by N. muscorum fitted to Langmuir adsorption isotherm with the maximum uptake capacity (Qmax)
of 267.68+5.26 and 322.80+6.01 mg/g.

Keywords : Nostoc, cyanobacteria, malachite green, dye, dye treatment
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aaduAfianusazilsznmuanseii AINNINARBINLAN N. muscorum Hn19gatu malachite green Qﬁiqm
58.05+2.26 faAnusanFUTNITNL 891 Phormidium sp. AL benefix b|ue”Lc-3’m1‘7im 57.12+3.67 AaANTN
sanfininuinudie taafipanuunnsncetnadidednfyneadany e luuueiiGesiagu 7 daunagedy
benefix red WU Mastigocladopsis sp. mmmmmﬂmwmm 40+1.50 mamummuu’mumma
(Table 1) ImﬂwmﬂﬁnmiuuumwLa‘ﬂumimmmumﬂﬂﬁum ARdL benefix red #Rnann m"tu‘lfﬂmmmw
wanzandwiuAdeni Adlivimsinmddensinisie

dauiflen malachite green uaz benefix blue T TuuuAfiFaaansagedules Tnadlefiarsan
dedenlzeuiewiadeslunsAnmsenudn N. muscorum Wusagaiuddieaiiaesiailldn wne
aedliing Lmwﬁqmi@msi?uaé’@m”qmmmﬁﬁmﬁvqiﬁdwLﬁmmﬂﬁnwmmq N. muscorum azlasayLau s
anuiufuusiu snldesenisfiuifius Audenloenhwunidesiatiiednmnsidaddesiudusely

EAnsssaunsgeduddentaeloenluuuafiGastingu - dun1emaseses Sadettin and Donmez
(2006, 2007) lFRnnsmaasunsanduadion reactive black Inglaantuuuanises Synechococcus sp. way
Phormidium sp. wudﬁﬁmﬂfﬁ@meﬁuqqqmﬁ 10.50 U 3.15 FaAnsumenTu TN AaAAL

Table 1 Dyes removal ability (mg/g DW) of 8 genera of cyanobacteria.

Cyanobacteria Malachite green Benefix blue Benefix red
Hapalosiphon sp. 14.44+1.41° 38.81+1.70° 10.20+0.62°
Phormidium angustisssimum 29.09+2.20° 57.12+3.67" 16.23+1.04"
Fischerella sp. 22.83+1.86° 38.60+2.63° 10.54+1.18°
Mastigocladopsis sp. 16.23+1.25" 48.16+3.47° 18.40+1.50"
Nostoc muscorum 58.05+2.26" 42.95+2.71° 8.80+1.02°
Calothrix marchica 52.26+3.92" 22.20+1.46" 0.00+0.00°
Oscillatoria limnetica 25.96+1.71° 18.13+1.54° 5.33+0.96°
Gloeocapsa gelatinosa 41.66+3.19° 25.33+1.23° 1.40+0.90°

The different superscript letters in each column are significantly different (p<0.05).
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Inand uaznsanazneu anidedenasenisliufresingaduiiiiinuazauasnsnlumsgedLandat
Wiat 14 NeNgInasaANAa N30 TUN9A ATUN TN WA HaF BATNAIN1T0 TUNNTa A8 898
annismaaasldlaenTunuaiiFe N. muscorum (Léﬁ@ﬁ'ﬁ'ﬁ%ﬁm lunsgedusiden wudilzentuuueiiGed
n13gadu malachite green Tmmmammmmvmmu oH 7 Aiiinnnsgaduaii 24.20+0.26 wefifus vise
5.71+0.14 m@mmfﬂmmmuummq mmmwLLMﬂmq@mwuﬂmmmmmmmnmmuwmmuj dau
benefix blue ummmmummmwmm“mﬂ pH 2 HFnsgaduedii 84.86:0.83 ulafifiusi viie 124.84:6.04
fadnsusensutmnudi Gﬁ\mmmLLmﬂmmm\muﬂmmmmmmmﬂmmuwm‘n@uj (Table 2)
Daneshvar et al. (2007) 1#nanq91 malachite green °NL1JLL basic dye Lwﬂ@w@wm@”l,l,mnmslﬁl@@ﬂu
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19N LAZWLATEAL pH ‘1’71lmﬂd’1 pH 3 mm\iN@‘Lﬁu’%mmﬁwi’imm%mimmmﬁGﬂﬁﬂiv%u Aedana i
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IuLLUﬂVlL?ﬂ@yuﬂﬁ‘v'ﬂ‘i_l'mm"lﬂ%wL@‘ﬁ[ﬁl"lﬂ"ﬁ 3 LLmLmWmemﬁ 3 %u‘ﬂa‘v@@ummu Fouile pH Aaz
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AR THENENARANNTUANFNT89dNTaz AN At BN Lﬁ@ﬁLmjVf’ﬁmmv‘iﬂﬁﬁuﬂ?mmndmu@mﬂ
(H") ua hydronium ions (H 0 )VIU?LQMNQLﬁ@@“ﬂ@\ﬂsﬂﬂﬂtuLL‘UﬂVlLi‘ﬂLLZ\]yLﬂmﬂ{]@NW’LAﬁ (interaction) UM
ﬂmuﬂiwmmmmwﬂmum wﬂummmmmmmﬂmu mm@uumumwﬂﬁlmmimmmLim‘wumwmmm
Iuma‘cg]muﬂa‘wg@umgwmmﬂgslmumuwL@fmnm FaviuAn pH Tuansararzasiuiladedrdnylunisasuny
nszuaunzgadulne A pH G'uﬁummmmzmmﬁ%w%wamnﬂdﬂﬁL@m@mﬁw (Ozer et al., 2006 a, b)

Table 2 Dyes removal ability of N. muscorum under different pH.

pH Removal (%) a,, (mg/g DW)
Malachite green Benefix blue Malachite green Benefix blue

2 5.15+0.11° 84.86+0.83" 0.69+0.04° 124.84+6.04"

3 16.93+1.45° 59.34+1.70° 3.35+0.37° 86.18+5.41°

4 1.46+1.55° 19.04+1.75° 0.18+0.18" 5.40+0.42°

5 21.72+0.00° 0o° 4.32+0.26° o°

6 21.86+0.52° o° 4.43+0.34° 0°

7 24.29+0.26" o° 5.71£0.14" 0°

8 7.0820.70° 03 0.43%0.06" 0°

The different superscript letters in each column are significantly different (p<0.05).
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And (naanduneuntii) wudnlaenluuuafize N. muscorum annnsngaduddanldatineganiialudag

a

o

doluusnndudatiuarsazaneddon (Figure 1A) wazBudiauianaiullausEudngqnannavesnis
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sianiu Anlunnsgady 98.19+0.39 wlasidus uay benefix blue ﬁi:ﬁ:mwzﬁmu@@mi@mﬁuﬁ 24 dalag
(Figure 1B) Tmﬂﬁmi@msﬁuﬁ 336.73+8.60 Naaniusanin Andunisgedy 92.75+0.78 1lafidus A9
lrenTuuuafiGuaunsagadudden|dedesanialugasusnidesansumisiivaniisuuuiamad
VLSﬁmTuLLmﬁGm%uﬁqu@g mn&umi@méﬁuG'u%’]ml,'wm:rﬁ’]Lmﬂqﬁﬁuémm%@ﬁ@ﬂmLL@:LﬁI@ﬁ’nmﬂqﬁﬁu
nnaumbsduddanliifinatqaannaraeniInady (Guezguez et al., 2009)
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Figure 1 Dyes removal ability of N. muscorum at various exposure times (A-exposure time 0-3 h,

B-exposure time 0-120 h).
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Table 3 Dyes removal ability of N. muscorum at various biomass concentrations.

Cyanobacterial Removal (%) a, (mg/g DW)

biomass (g/l) Malachite green Benefix blue Malachite green Benefix blue

0.5 94.80+1.64° 95.32+2.04"° 45.42+4.26" 235.10+18.36"
1.0 97.88+0.31" 98.09+0.62" 25.83+1.58° 140.82+2.97°
15 97.04+0.59" 96.88+0.73"® 17.71+0.95° 08.77+2.55°
2.0 97.68+0.12" 93.43+2.59° 14.24+0.51° 73.21+2.81°
2.5 97.63+0.27* 96.94+0.24"° 9.27+0.14"F 65.56+0.57°
3.0 96.32+0.10™ 94.44+0.23"° 8.42+0.12° 58.89+2.91°
6.0 97.22+0.37* 85.32+0.51° 4.46+0.12° 29.24+1.03F

The different superscript letters in each column are significantly different (0<0.05).
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(Ozer et al., 2005)
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Figure 2 Dyes removal ability of N. muscorum at various dye concentrations.

6. lalmmasulunsanduddan

Talsinefunisgadu (adsorptionisotherm) aMnaxNn199@3 Langmuir kaz Freundlich Tuenfildesune
nalnniagaduddanuayisvifiulszdninwgeanlunisgeduddenteclian lunnaiite annimaseany
dﬂmi@meﬁ"uﬁﬁfamm N. muscorum RAPMHENALE () 1B9ENNITNTAATLURY Langmuir adsorption
isotherm §1NN91 Freundlich adsorption isotherm (Table 4) ﬁqﬁuﬁiqﬁuﬁmmﬁdﬂmmmsﬁuﬁfﬁ@uimﬂsﬁm
‘[uLL‘umnLiﬂmaummmﬁuwuﬁquwgmimmeﬁmm LangmuwGn\'mmﬁqmmmmsﬁummmvmmmmma@
Lﬂummmsnmwwnumm (monolayer) A ANNIAATULUAIUMNAATUGITA MR WAL (homogenous
binding site) (Padmesh et al., 2006) ma@mmmmm N. muscorum mnmumﬂahmmuma@mmm
Langmuir iFn1agadugeqn (Q ) dwmFuddan malachite green waz benefix blue wirriu 267.68+51.26
WA 322.80+6.01 NAANTUABNTUTNLNLAY ANNAAL

Table 4 Langmuir and Freundlich isotherm parameters for the adsorption of dyes by N. muscorum.

Langmuir Freundlich
Q - K, r n r
Malachite green 267.68+5.26° 0.22+0.02" 0.989 2.18+0.07" 0.915
Benefix blue 322.80+6.01° 0.71+0.34" 0.958 2.39+0.08" 0.947

The different superscript letters in each column are significantly different (p<0.05).
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(Ozer et al., 2005) mi@]ﬂ“ﬁmﬁﬂ@u acid blue 329 waz acid blue 290 latiasNe Spirogyra rhizopus @Wm_l
1% 367.00 uaz 1360.60 AaaAnsusansut WU AAAIFL (Ozer et al., 2006b) Uaziseuns e
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