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Abstract
Chaisuksant, Y.
Biosorption of lead (II) and copper (II) by biomass of some marine algae
Songklanakarin J. Sci. Technol., 2004, 26(5) : 727-740

Biosorption of heavy metal ions by algae is a potential technology for treating wastewater contami-
nated with heavy metals. Adsorption of lead (II) and copper (II) in aqueous solutions by some marine algae
available in large quantities in Pattani Bay including Gracilaria fisheri, Ulva reticulata and Chaetomorpha sp.
were investigated. The effect of pH on metal sorption of the algal biomass and the metal uptake capacity of
the algal biomass comparing to that of synthetic adsorbents including activated carbon and siliga gel were
studied by using batch equilibrium experiments. Each dried adsorbent was stirred in metal ions solutions
with different pH or different concentration at room temperature for 24 hours and the residual metal ions
were analysed using atomic absorption spectrophotometer. The initial concentrations of lead and copper ions
were 70 pg/l and 20 mg/l, respectively. It was found that the effect of pH on metal sorption was similar in
each algal biomass. The metal uptake capacity increased as pH of the solution increased from 2.0 to 4.0 and
reached a plateau at pH 5.0-7.0. The metal uptake capacities of each algal biomass were similar. At low con-
centrations of metal ions, the metal adsorption occurred rapidly while at higher metal concentration less
metal adsorption by each algal biomass was observed. The metal adsorption of activated carbon and silica
gel occurred gradually and was less than those of algal biomass. The equilibrium data of copper and lead
ions fitted well to the Langmuir and Freundlich isotherm models. The maximum sorption capacity (Q )
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values (meanSD) of Chaetomorpha sp., U. reticulata, G. fisheri, activated carbon and silica gel for lead ions
were 1.26+0.14, 1.19+0.14, 1.18+0.15, 1.14+0.11 and 1.15+0.12 mg/g, respectively. For copper adsorption, the
Q,, values for G. fisheri, U. reticulata and Chaetomorpha biomass were 15.87+1.03, 14.71+1.02 and 12.35+
1.03 mg/g, respectively. While those of activated carbon and silica gel were not different (Q _ = 8.64£0.95 and
8.1610.97 mg/g, respectively).

The removal of metals (lead and copper) by each algal biosorbents and activated carbon were also
studied using a continuous flow system. The concentration of each metal was 20 mg/l. It was found that the
column packed with Chaetomorpha biomass had lead removal capacity (1.90 mg/g) higher than those for
U. reticulata and G. fisheri (1.20 and 1.04 mg/g, respectively). For copper, the three algal adsorbents exhibited
similar removal capacities within a range of 7.00-9.60 mg/g, whereas activated carbon column had least
sorption capacity for lead and copper

Key words : biosorption, algal biosorbents, wastewater treatment, heavy metal removal
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Table 1. Lead and copper content in samples. (meanzSD)

Samples Lead (mg/kg) Copper (mg/kg)
Gracilaria fisheri 0.48+0.04 2.4040.03
Ulva reticulata 0.55+0.02 7.35+0.02
Chaetomorpha sp. 0.2610.05 7.6210.03
Activated carbon 0.25+0.05 2.004+0.08

Number of samples = 3
nd. = not detected

detection limit of AAS = 8.6 pg/l (Pb, Graphite AAS), 0.085 mg/l (Cu, Flame AAS)
limit of determination (LOQ) = 0.05 mg/kg (Pb), 0.25 mg/kg (Cu)
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Figure 1. Lead uptake capacity (Q, ug/g) by Ulva reticulata, Gracilaria fisheri and
Chaetomorpha sp. in lead (II) solution (70 pg/l) at different pH. Bars represent
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Figure 2. Copper uptake capacity (Q, mg/g) by U. reticulata, G. fisheri and Chaetomorpha
sp. in copper (II) solution (20 mg/l) at different pH. Bars represent + 1 SD.
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Table 3. Copper uptake capacity (Q, mg/g) and %adsorption (% Ad) at initial concentrations (C, mg/
1) of copper by G. fisheri, U. reticulata, Chaetomorpha sp., activated carbon and silica gel.

C, G. fisheri U. reticulata Chaetomorpha sp. activated carbon silica gel
Mg "Q (mgly) %Ad Q(mglg) %Ad Q(mgly) %Ad Q(mglp) %Ad Q(mglg) %Ad
5 175 700 180 720 188 754 153  6LS5 170 68.0
10 330 660 335 670 360 720 276 552 255 510
IS 468 624 460 613 494 659 371 495 361 480
20 600 600 600 600 635 635 440 440 430 430
25 733 586 745 596 748 598 545 436 570 456

% Adsorption (% Ad) = adsorbed metal concentration (mg/l) / initial metal concentration (C,, mg/l) x 100
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Table 2. Lead uptake capacity (Q, mg/g) and %adsorption (%Ad) at initial concentrations (C,, mg/l)
of lead by G. fisheri, U. reticulata, Chaetomorpha sp., activated carbon and silica gel.

C, G. fisheri U. reticulata Chaetomorpha sp. activated carbon silica gel

mg/) ' mg/g) %Ad Q(mglg) %Ad Q(mgly %Ad Q(mgly) %Ad Q(mgly) %Ad
0.25 0.112 89.6 0.113 90.4 0.115 92.0 0.095 76.0 0.09 72.0
0.5 0.226 91.0 0.22 88.0 0.215 86.0 0.195 78.0 0.17 68.0
1.0 0.42 84.6 0.43 86.0 0.43 86.9 0.37 74.0 0.325 65.0
2.0 0.75 75.0 0.75 75.3 0.76 76.0 0.58 58.0 0.51 51.0
4.0 1.04 52.0 1.07 53.5 1.10 55.0 0.89 447 0.85 42.5

% Adsorption (% Ad) = adsorbed metal concentration (mg/l) / initial metal concentration (C,, mg/l) x 100
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Figure 3. Lead uptake capacity (Q, mg/g) at equilibrium lead concentrations (C,p mg/l) by
various adsorbents. Bars represent £ 1 SD.
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Figure 4. Copper uptake capacity (Q, mg/g) at equilibrium copper concentrations (Ceq,
mg/l) by various adsorbents. Bars represent £ 1 SD.
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Table 4. Langmuir isotherm and Freundlich isotherm of lead and copper uptake by bio-
mass of algae and synthetic adsorbents.

Langmuir isotherm (meantSD)

Freundlich isotherm (mean+SD)

Qm(mg/g) b r? K (mg/g) n r?
Pb: G. fisheri 1.18+£0.15 3.74£0.06  0.999 0.91£0.05 1.93+0.17 0.954
U. reticulata 1.1940.14 3.94+£0.06  0.999 0.94+£0.06 1.93£0.15 0.955
Chaetomorpha sp. 1.26£0.14  3.59+£0.09  0.995 0.96£0.08 1.92+0.14 0.965
activated carbon 1.14£0.11  1.62+0.04 0.984 0.6410.06 1.71£0.14 0.948
silica gel 1.15+£0.12  1.05£0.05 0.967 0.53£0.04 1.56£0.12 0.984
Cu: G. fisheri 15.87£1.03 0.08+£0.02 0.966 1.31+£0.17 1.3620.11  0.999
U. reticulata 14.71£1.02 0.09£0.03  0.901 1.4240.18 1.43+0.15 0.996
Chaetomorpha sp.  12.35£1.03  0.15£0.05  0.966 1.70+£0.20  1.53+0.15 0.993
activated carbon 8.64+0.95 0.10£0.03  0.966 1.04+£0.12  1.61+0.10 0.994
silica gel 8.16£0.97 0.12+0.03  0.809 1.23+0.11  1.86£0.12 0.953
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Table 5. Adsorption capacities (Q_, mg/g) of Pb and Cu by the algal samples com-

pared to those of previous work.

Samples Q,, (mg/g) Reference
Pb: Three algal biomass 1.18-1.26 This study
Xanthated Undaria pinnatifida 1.21 Kim et al., 1984
Natural zeolites 16.6 Blanchard et al., 1984
Pseudomonas aeruginosa PU21 70.0 Chang et al., 1997
Ecklonia radiata 282 Matheickal and Yu, 1996
Ecklonia maxima 227-243 Feng and Aldrich, 2004
Cu: Three algal biomass 12.3-15.9 This study
Aspergillus oryzae 4.40 Huang et al., 1991
Streptomyces noursei 13.3 Mattuschka and Strabe, 1993
Rhizopus arrhizus 159 Tobin et al., 1984
Penicillium chrysogenum 24.7 Fourest et al., 1994
Pseudomonas aeruginosa PU21 23.0 Chang et al., 1997
Scenedesmus obliquus 26.7 Donmez et al., 1999
Synechocystis sp. 324 Donmez et al., 1999
Ecklonia radiata 70.5 Matheickal et al., 1997
Ecklonia maxima 85.0-94.0 Feng and Aldrich, 2004
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Figure 5. Lead uptake capacity (Q, ug/g) by biomass of U. reticulata, G. fisheri and
Chaetomorpha sp. at different sorption time (min) using 15 pg/l (dash line) and 50
ug/1 (solid line) of lead (IT) solutions. Bars represent + 1 SD.
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Figure 6. Copper uptake capacity (Q, mg/g) by biomass of U. reticulata, G. fisheri and
Chaetomorpha sp. at different sorption time (min) using 10 mg/l (dash line) and
20 mg/1 (solid line) of copper (II) solutions. Bars represent + 1 SD.
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Figure 7. Breakthrough curve of lead removal by algae biomass using continuous flow

system. Bars represent + 1 SD.
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