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Biosorption Characteristics of Pb and Cu by
Ca—alginate Immobilized Algae Spirulina platensis

Taek-Soo Shin - Byoung-Sung Woo - Byung-Seo Lim - Kwang-Yul Kim'

Department of Environmental Engineering, Chungbuk National University

ABSTRACT : This study was conducted to research the biosorption characteristics using algae, Spirulina platensis, for the removal of
Pb and Cu ions in wastewater. Both of free algal cell and immobilized algae by Ca-alginate were used as bioadsorbent, and experi-
ment was proceed in batch reactor for Pb and Cu ions removal, respectively. In the biosorption of Pb and Cu ions by free Spirulina
platensis cell, the adsorption equilibrium reached within 20 minute. The higher adsorbed amount of Pb and Cu was shown as increas-
ing of initial concentration of Pb and Cu, and pH of solution, respectively, and the optimum pH was 4.5~5.0. Under the conditions of
initial concentration of Pb or Cu are 200 mg/L, the maximum amounts of Pb and Cu adsorbed to the unit weight of Spirulina platensis
were 86.43 and 57.02 mg/g, respectively, and these values were 1.94 and 1.48 times higher than those of activated carbon under same
conditions, respectively. The biosorption kinetics of Pb and Cu ions by free Spirulina platensis cell fitted very well to the Freundlich
and Langmuir isotherm. The maximum amount of Pb or Cu adsorbed to the unit mass of adsorbent by the Langmuir isotherm(qma) repre-
sented as 95.24 and 62.50 mg/g, respectively. The FT-IR results of free Spirulina platensis biomass showed that biomass has different
functional groups and these functional groups are able to react with metal ions in aqueous solution. In the biosorption of Pb and Cu ions
by Ca-alginate immobilized algae Spirulina platensis, the adsorption equilibrium reached within 40 min. and observed a little diffusion
limitation differed from the free algal cell adsorption.
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Fig. 1. The concentration profiles of (a) Pb and (b) Cu for
biosorption by Spirulina platensis according to the
reaction time in the different concentration solutions
of Pb and Cu, respectively.
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Fig. 2. The uptake capacity of (a) Pb and (b) Cu by Spi-
rulina platensis or activated carbon in the different
concentration solutions of Pb and Cu, respectively.
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Fig. 3. The removal efficiency of (a) Pb and (b) Cu ions by

biosorption depend on biosorbent dosage and reaction
time in 200 mg/L of Pb and Cu ions, respectively.

mg/L?l 1 Lo 5% &Ho FFAQ Spirulina platensis
o] & 03 gollA 2.0 g7HA] WMFATIAA FJE w), uk
ATt WE FEE AAE(%)S YERH g Zo|th Pb
st Cusl A% B FAA ) g3t @Al oF 10~20

I oliell B =t on, FAA s T/HNESF
5 555 %“’“4 F2a 80| FolA Spirulina platensiss
20 g A% YT v, Pb= F 76%, Cue F 52%2] A
EES YR

Fig. 45 9] A9 L3 204 3027 F2HA
2 W Spirulina platensis @9 A#He)d T2H F55Y
YHmg)S Ueld Ao =Z Pbe} Cud A BT Spirulina
platensis 4] F7Hghell @49 AHg T FFEH=
FTEEY Hme)2 HATS & 7 ATk o A=
T
&
i
E
)
5
B
E
E
s

23 a5 | .5 2 L3 05 1 .5 I
Weight of alzae (oL}
ial L}

Fig. 4. The biosorption capacity of (a) Pb and (b) Cu by
Spirulina platensis depend on biosorbent dosage in the
Pb and Cu ions solution, respectively.



Ca-alginate®]]

Horikoshi 5

TehE 54

o] 54 vAES olgstel FAFl we
Fe AR Ak TS S & Uk

1.3, 2

55 299 pH WA WE Spirulina platensis®] %
w4 FEE Wstel] g 4P2AHAE Fig. 5ol HERAITH
ojf W=7 Pbe} Cuel F=7F 47 200 mg/LO]_T’_
HES-2 == 20T, SFA<l Splmlma platensis®] FY&FS
1.0 g/LZ 3}tk Pbe} Cud] A% EF pHZ} S71sh
w2} Spirulina platensis &%) g9 F2E T35 Hmg)
= Z7h5ke] pH 4.5~5.0004 Hth FHFE ERR, P
T2k B97F Cu Bot pHell B & 932 ie Ae
S ATk ph7l Bolgel wek FAAE ol 715

jur)

W

o] Dolye 5% Gong 5'"°] 43 n}

QE]_

ol Ay

28 F3% FHANA AZER] EASE 7]
7

g

lo
Ny

=

$7150] pH Wlel o8] Fast A7} wsky] Bl
O, saolen Fhelec] 2o AR W U 4
el F2 #AE A7) dEe] e pHAANE
A weE Roz Azaw.

3.1.4. 5% F& vk 45k S|4

]Ilo\l
£
ol

& F24% ZA3E Freundlich®t Langmuir

2 3|4% AHE Fig. 63 70 Ztz A EPom,
HZAI} = Freundlich®} Langmuir S350 &
=

ehol, o] F AT sla) Faa

= P
£ 10 sl 1
- —
= 20 A
3 60 T 5 .
_::'F- "
ul .-'."'.-F
-
20 o
i
) 1.5 i 15 >

pH

Fig. 5. The effects of pHs on the biosorption capacity of
heavy metals by Spirulina platensis in 200 mg/L of
Pb and Cu ions solution.

Fig. 6. Freundlich isotherms of Pb and Cu biosorption by
Spirulina platensis.
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Fig. 7. Langmuir isotherms of Pb and Cu biosorption by
Spirulina platensis.

Table 1. Isotherm parameters for Pb and Cu biosorption by
Spirulina platensis

Freundlich Langmuir
Type of metal
R Sq K I/n R Sq a (max
Pb 0.9399 | 0.1764 | 0.2083 | 0.9816 | 0.1047 | 95.24
Cu 0.9804 | 0.1486 | 0.1701 | 0.8431 | 0.1213 | 62.50

2ol Hgshed 3 oI 4 MFE Table
19 AAISFA T Freundlich ‘6;}59_/\]0”}\ 1 :TLQ} Kgte: Pb
7b Cutth A UEREL InghE 0.1 ol 05 ofse

EF35S Yo, Langmuir 25220
5 &34 T g% %—%@4 ) FHF quas PbO] 3

2 4 e Tﬂﬁu Wmpel B BEE 2L % SIic

3.1.5. F#A 943} FT-IR £4]

Ao A AMESE Spirulina platensisS} EEE/Jete] Bl
AT 7)1 FRAE FAG AAE Table 20 JERNY
o} RagAdete] A4S wuwds 73RS} Spirulina

)
platensis®l P13 Y53 A el oy, APATA A=
Spirulina platensisl 2] & FFage] o =4 YE
Y Spirulina platensis®] a4 &2 WlAYUFE2 pore size
o HIEHA Y P Wt W
o o) olwoldg A%e 4 Uk

YutH o 2 F2 n|E] 93 =
face binding@} polymer binding and transport ¥}73o] &3}
Hog goju AVer deA Uvk wAEY] FFE
=2 7172 AZWRY Faga Alxde] duid gl
A gRHEE W Hev)e AgyAPoen FET &

o, 1 % carboxyl group, phosphoryl group 2 sul-
fahydryl groupo] 83 T84 APF-AZ d2ix Yo"
B Ao AVEE Spirulina platensis®l 23+ $5% &

o
ofy
P

A2 9] functional group

Table 2. Physical properties of adsorbent

Adsorbent SBET[mz/g] V Tot[cc/g]
Activated Carbon(powder) 1339 0.503
Sp. platensis(powder) 560.1 0.220
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Fig. 9. The concentration profiles of (a) Pb and (b) Cu for
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alginate bead according to the reaction time in the di-
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