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Biosorption of Heavy Metals by Biomass of Seaweeds, Laminaria species, Ecklonia
stolonifera, Gelidium amansii and Undaria pinnatifida

Ik-Won Choi, Sung-Un Kim", Dong-Cheol Seo?, Byung-Hwa Kang”, Bo-Kyoon Sohn”, Yo-Sup Rim, Jong-Soo
Heo”, and Ju-Sik Cho"” (Department of Chemical Engineering, Osaka Prefecture University, Sakai, Osaka, 599-8531,
Japan, YDivision of Applied life and Environmental Sciences, Sunchon National University, 315, Maegok-dong,
Sunchon, 540-742, Korea, ?Division of Applied Life Science, Gyeongsang National University, 900, Gajwa-dong,

Jinju, 660-701, Korea)

ABSTRACT: The characteristics of heavy metal biosorption on the seaweeds were investigated to develop
a biological treatment technology for wastewater polluted with heavy metals. The heavy metal biosorption
on seaweeds ranked in the following order: U. pinnatifida=E. stolonifera>Laminaria sp.>G. amansii. The
Pb was biosorbed in the range of 93~99%, and the Cu and Cd were biosorbed in the range of 70 ~80%
at the concentration of the heavy metal of 100mg/ ¢ respectively. The seaweed which was pretreated with
CaCl, solution improved the biosorption of the heavy metals. The temperature and pH didn’t affect the
biosorption of heavy metals. The Langmuir isotherm reasonably fit the data of heavy metal biosorption
compared to the Freundlich isotherm. The affinity of metals on the biosorption ranked in the following
order: Pb>Zn>Cu>Cd. The biosorption efficiency of the heavy metals on the U. pinnatifida decreased in the
multi-component rather than the single component. The heavy metals adsorbed on the U. pinnatifida were
recovered using 0.3%-NTA. U. pinnatifida among the seaweed used in this work showed the best performance

for the biosorption of the heavy metals.

Key Words: biosorption, seaweed, Undaria pinnatifida, Freundlich isotherm, Langmuir isotherms, adsorption/

desorption cycle
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Table 1. Biosorption rate of heavy metals by seaweed species
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Seaweed Removal rate of heavy metals (%)
species Pb Cu Cd Zn Co Ni Mn Cr
Laminaria sp. 100 83.2 72.6 58.2 62.3 481 452 53.7
U. pinnatifida 98.8 73.2 84.1 34.8 376 39.6 311 63.2
E. stolonifera 88.2 54.3 55.2 36.2 34.6 30.2 27.8 22.4
G. amansii 774 50.2 53.6 35.6 34.7 32.8 25.3 20.6
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Fig. 1. Biosorption of heavy metals by pretreated seaweeds.
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Fig. 2. Effect of pH on heavy metal biosorption by the seaweeds.
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Fig. 3. Effect of temperature on heavy metals biosorption by the seaweeds.
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H|El(Table 2, 3)5 ARgato] Alaket A3E nlwsle] Fig. 4
of ehigith £ A7 dsh= LangmuirZ3 S220] &
HEHN] i, EAGS o7 elERow M7y
AT} whebA] B Aol ARgE mld e AEEARE Pb S

Table 2. Langmuir constants for biosorption of heavy
metals by the Undaria pinnatifida

Heavy metals

Parameter
Pb Cu Cd Zn
Qo 6.97 3.20 4.03 1.28
b” 3.50 0.38 0.19 0.55
™ 0.95 0.99 0.99 0.99

Vqm : amount of heavy metals adsorbed per unit weight
of adsorbent, mg/g, ”b : constant related to the energy
of net enthalpy of adsorption, “r : particle radius, cm.

Table 3. Freundlich constants for biosorption of heavy
metals by the Undaria pinnatifida

Heavy metals

Parameter
Pb Cu cd Zn
K 451 1.25 0.95 0.95
1/n” 0.38 0.22 0.34 0.06
0 0.96 0.97 0.95 0.87

UK : indicator of sorption capacity, ™1/n : adsorption
intensity, U particle radius, c¢m.
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Fig. 4. Equilibrium isotherms of heavy metals on the Undaria pinnatifida.
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Fig. 6. Heavy metal uptake efficiency difference with adsorption-desorption repetition.
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