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Biosorption of Metal Ions by Seaweed Alginate, Polyguluronate, and Polymannuronate

Dae-Young Jung1,2, Chang-Woo Son1, Sung-Koo Kim2, Yi-Joon Kim3, Chung-Han Chung3,4 and 

Jin-Woo Lee
3,4
*

1Korea Bio-Solution Co. Busan 612-020, Korea
2Department of Biotechnology & Bioengineering, Graduate School of Pukyung National University, Pusan 608-737, Korea
3BK21 Bio-Silver Project of Dong-A University, and 4Department of Biotechnology, Dong-A University, Pusan 604-714, Korea

Received January 29, 2009 /Accepted March 16, 2009

Based on P1/2 values, relative affinities of alginate, polyguluronate, and polymannuronate for metal 
ions are, in order, as follows; 1) seaweed alginate: Cu2+ ＞ Cd2+ ＞ Pb2+ ＞ Fe3+ ＞＞ Zn2+ ＞ Sr2+ ＞ 
Ca2+ ＞ Co2+ ＞＞ Cr6+ ＞ Mn2+ ＞＞ Hg2+, Mg2+, Rb+, 2) polyguluronate: Cd2+ ＞ Cu2+ ＞ Pb2+ ＞ Fe3+ 

＞＞ Ca2+ ＞ Sr2+, Zn2+, Co2+ ＞＞ Mn2+ ＞ Cr6+ ＞＞ Hg2+, Mg2+, Rb+ , and 3) polymannuronate: Cd2+, 
Cu2+ ＞ Fe3+ ＞ Pb2+ ＞ Ca2+ ＞ Zn2+ ＞ Sr2+ ＞ Co2+ ＞ Cr6+ ＞＞ Mn2+ ＞＞ Hg2+, Mg2+, Rb+. Amounts 
of the metal ions, Cd2+, Cu2+, Fe3+, Pb2+, and Zn2+, bound to 1 g of seaweed alginate, were measured 
as 363.5±45.0, 226.3±9.2, 1,299.4±81.3, 500.7±27.7, and 165.9±11.4 mg, respectively. Amounts of the met-
al ions, Cd2+, Cu2+, Fe3+, Pb2+, and Zn2+, bound to 1g of polyguluronate, were 354.5±26.5, 177.6±8.7, 
1,288.6±60.1, 424.0±7.4, and 140.2±28.5 mg, respectively, whereas those bound to 1 g of poly-
mannuronate were 329.0±10.3, 206.9±1.9, 1,635.6±11.1, 419.8±12.6, and 251.0±49.1 mg, respectively. Due 
to its higher solubility than alginate and higher affinity for metal ions than polyguluronate, poly-
mannuronate can be used for bioremediation or biosorption of toxic and/or noble metal ions.
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Introduction

Seaweed alginate is a linear copolymer with homopoly-

meric blocks of (1→4) -linked β-D-mannuronate and its C-5 
epimer, α-L-guluronate [12,17,21]. The molecular weight 
(MW) and molar ratio of D-mannuronate to L-guluronate 

(M/G ratio) in alginate are dependent on algal species and 

harvest time, as well as the location of the polymer in plants 

[7]. The affinity of seaweed alginate for divalent ions has 

been studied since the discovery that the addition of calcium 

ions to a solution of seaweed alginate caused gel formation 

and precipitation. The minimum amount of divalent metal 

ions that initiate precipitation of alginate isolated from L. 

Hyperborea stipe and A. nodosum increased in the following 

order: Pb2+, Cu2+, Ca2+, Ni2+, Co2+, Zn2+, and Mn2+ [8]. But 

smaller amounts of Pb2+ and Ca2+ were required to precip-

itate alginate from L. hyoerborea stripe (rich in guluronate 

residues) than that which was required to precipitate algi-

nate from A. modosum (rich in mannuronate residues). 

Alginate is used in foods and generally applied in many 

fields of industries because of its unique colloidal ability to 

thicken, stabilize, emulsify, suspend, and produce gel with 

high safety [2]. The potential of biopolymers as safe and 

cost-effective materials to remove heavy metals from dilute 

aqueous solutions has long been recognized [10,26]. And al-

so, seaweed alginate has been one of the most extensively 

investigated biopolymers for binding heavy metals 

[11,23,24]. Recently, biosorption of heavy metals has received 

a lot of concerns about application of hazardous waste 

treatment. We are interested in the role of polyguluronate 

and polymannuronate, which have a lower molecular 

weight than alginate, to remove of heavy metals as another 

biosorption material. The metal biosorption characteristics 

of polymannuronate and polymannuronate were inves-

tigated in this study and compared with that of alginate. 

Materials and Methods

Seaweed alginate, polyguluronate and poly-

mannuronate

Alginate from brown seaweed Macrocystis pyrifera was 

purchased from Sigma-Aldrich Chemicals (St. Louis MO). 

The molecular weight (MW) of alginate was about 1,300 kDa. 

Polyguluronate and polymannuronate were kindly donated 

by Korea Bio-solution Co., Ltd (Busan, Korea). The molec-
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ular weights of polyguluronate and polymannuronate, iso-

lated from partially hydrolyzed alginate, ranged from 30 to 

50 kDa. The molar percentages of guluronate in poly-

guluronate and mannuronate in polymannuronate were 

more than 98% by HPLC analysis, respectively [13].

Precipitation of alginate, polyguluronate, and 

polymannuronate by metal ions

Metal salts were dissolved in deionized water at concen-

trations of 0 to 100 or 500 mM with 4 intermediate 

concentrations. Metal salts used in this study were CaCl2, 

CdCl2, CoCl2, CrCl6, CuCl2, FeCl3, HgCl2, MgCl2, MnCl2, 

PbCl2, RbCl, SrCl2, and ZnCl2. All metal salts were pur-

chased from Sigma-Aldrich Chemical Co. (St. Louis, MO, 

USA). The concentrations of alginate, polyguluronate, and 

polymannuronate were adjusted to 500 µg/ml. Four vol-
umes of alginate, polyguluronate, and polymannuronate 

were mixed with one volume of each metal salt solution. 

The mixture was incubated for 2 hr at room temperature 

and centrifuged at 4,500× g for 20 min to precipitate the mix-

ture of metal ion and alginate, polyguluronate, or 

polymannuronate. Unbound metal ions in the supernatant 

were removed by NAPTM 25 columns (Amersham Pharmacia 

Biotech AB, Sweden). The concentrations of polymers in 

each supernatant were measured by the phenol-sulfuric acid 

method [3]. The concentration of precipitated polymers was 

calculated and its value was used to determine the relative 

affinity of alginate, polyguluronate, and polymannuronate 

for metal ions.

Biosorption of metal ions by alginate, polyguluronate, 

and polymannuronate

Metal salts of CdCl2, CuCl2, FeCl3, PbCl2, and ZnCl2 were 

dissolved in deionized water at concentrations ranging from 

0 to 500 or 4,000 µg/ml with 6 intermediate concentrations. 
The concentrations of alginate, polyguluronate, and poly-

mannuronate were fixed to 500 µg/ml. Four volumes of algi-
nate, polyguluronate, and polymannuronate were also 

mixed with one volume of metal salt solution. The mixture 

was incubated for 2 hr at room temperature and centrifuged 

at 4,500× g for 20 min. The concentration of metal ions in 

each supernatant was measured by atomic absorption spec-

trophotometer (Perkin Elmer Analyst 300).

Analytic methods

The molecular weights of polyguluronate and poly-

mannuronate were measured by gel chromatography equip-

ped with Sepharose CL-6B and Sepharose CL-4B [27]. The 

size of the column was 97.6×1.2 i. d. cm. The calibration 

curve for determining total sugar was plotted by the pul-

lulans (Showa Denko, Japan). Deionized water was used as 

a mobile phase at a flow rate of 1.0 ml/min. The sample 

concentration and injection volume were 5.0 mg/ml and 100 

µl, respectively. All of the sample solutions were filtered 
through 0.45 µm-pore-size filters (Adbentec MFS, Inc., Japan) 
before injection.

The molar compositions of polyguluronate and poly-

mannuronate were measured with high pressure liquid 

chromatography (HPLC) using a Spectra Physics P2000 sys-

tem controller equipped with a Whatman partisil 10-SAX 

anion exchange column (250×4.6 mm i. d.) [4]. The L-gulu-

curonic acid lactone and D-mannuronic acid lactone used 

for standard materials were purchased from Sigma-Aldrich 

Chemical Co. (St. Louis, MO, USA). The elution buffer was 

0.02 M KH2PO4 (pH 4.6) solution containing 5% methanol.

Results and Discussion

Precipitation of alginate, polyguluronate, and 

polymannuronate by metal ions

The relative abilities of metal ions to precipitate alginate, 

polyguluronate and polymannuronate were examined. 

Metals used in this study were CaCl2, CdCl2, CoCl2, CrCl6, 

CuCl2, FeCl3, HgCl2, MgCl2, MnCl2, PbCl2, RbCl, SrCl2, and 

ZnCl2. About 80% of alginate, polyguluronate, and poly-

mannuronate in the mixture were precipitated by 25 mM 

CaCl2 and more than 60% of these biopolymers were pre-

cipitated by 10 mM CaCl2, as shown in Fig. 1. The relative 

affinity of calcium ions for polymannuronate was higher 

than those for alginate and polyguluronate. More than 80% 

of alginate, polyguluronate, and polymannuronate in the 

mixture were precipitated by 25 mM CdCl2. Cadmium ions 

showed relatively high affinity for alginate, polyguluronate, 

and polymannuronate as shown in Fig. 2. About 90% of al-

ginate and polymannuronate in the mixture were pre-

cipitated by 20 mM CoCl2, whereas less than 80% poly-

guluronate was precipitated by the same concentration of 

CoCl2, as shown in Fig. 3. The relative affinity of cobalt ions 

for polyguluronate was lower than those for alginate and 

polymannuronate. 

More than 70% of polymannuronate in the mixture was 

precipitated by 40 mM CrCl2, whereas about 60% of alginate 
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Fig. 1. Precipitation of alginate, polyguluronate, and poly-

mannuronate by CaCl2 (●; alginate, █; poly-

guluronate, and ▲; polymannuronate).
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Fig. 2. Precipitation of alginate, polyguluronate, and poly-

mannuronate by CdCl2 (●; alginate, █; poly-

guluronate, and ▲; polymannuronate).
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Fig. 3. Precipitation of alginate, polyguluronate, and poly-

mannuronate by CoCl2 (●; alginate, █; poly-

guluronate, and ▲; polymannuronate).

and 40 % of polyguluronate in the mixture were precipitated 

by the same concentration of CrCl2, as shown in Fig. 4. The 

relative affinity of chromium ions for polyguluronate was 

also lower than those for alginate and polymannuronate. 

About 90% of alginate and polymannuronate and 85% of 

polyguluronate in the mixture were precipitated by less than 

5 mM CuCl2, as shown Fig. 5. Copper ions as well as cad-

mium ions showed a relatively high affinity for alginate, pol-

yguluronate, and polymannuronate. More than 90% of algi-

nate and polymannuronate in the mixture were precipitated 

by 5 mM FeCl3, whereas about 75% of polyguluronate was 

precipitated by the same concentration of FeCl3, as shown 

in Fig. 6. The relative affinity of ferric ion for polyguluronate 

at low concentration was lower than those for alginate and 

polymannuronate. 
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Fig. 4. Precipitation of alginate, polyguluronate, and poly-

mannuronate by CrCl6 (●; alginate, █; polyguluronate, 

and ▲; polymannuronate).
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Fig. 5. Precipitation of alginate, polyguluronate, and poly-

mannuronate by CuCl2 (●; alginate, █; poly-

guluronate, and ▲; polymannuronate).
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FeCl3 (mM)

0 5 10 15 20

Pr
ec

ip
ita

tio
n 

of
 p

ol
ym

er
s 

(%
)

0

20

40

60

80

100

Fig. 6. Precipitation of alginate, polyguluronate, and poly-

mannuronate by FeCl3 (●; alginate, █; polyguluronate, 

and ▲; polymannuronate).

About 80% of polymannuronate, 75% of alginate, and 60% 

of polyguluronate in the mixture were precipitated by 40 

mM MnCl2, as shown in Fig. 7. The affinity of manganese 

ions for polyguluronate was higher than those for alginate 

and polymannuronate. About 80% of alginate, poly-

guluronate and polymannuronate in the mixture were pre-

cipitated by 5 mM PbCl2, as shown in Fig. 8. Lead ions, as 

well cadmium and copper ions, showed relatively high affin-

ity for alginate, polyguluronate, and polymannuronate. 

Similar amounts of alginate, polyguluronate, and poly-

mannuronate were precipitated by the same concentration 

of lead ions.

More than 80% of alginate, polyguluronate, and poly-

mannuronate in the mixture were precipitated by 10 mM 
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Fig. 7. Precipitation of alginate, polyguluronate, and poly-

mannuronate by MnCl2 (●; alginate, █; poly-

guluronate, and ▲; polymannuronate).
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Fig. 8. Precipitation of alginate, polyguluronate, and poly-

mannuronate by PbCl2 (●; alginate, █; polyguluronate, 

and ▲; polymannuronate).

SrCl2, but the relative ability of strontium ions to precip-

itate polyguluronate was lower than alginate and poly-

mannuronate at a low concentration of SrCl2, as shown in 

Fig. 9. More than 90% of alginate and polymannuronate 

were precipitated by 10 mM ZnCl2, whereas less than 70% 

of polyguluronate was precipitated by the same concen-

tration of ZnCl2, as shown in Fig. 10. Unlike alginate and 

polymannuronate, less than 80% of polyguluronate was 

precipitated by 50 mM ZnCl2. The ability of HgCl2, MgCl2, 

and RbCl to precipitate alginate, polyguluronate, and poly-

mannuronate was relatively low, unlike other metal ions 

used in this study. Less than 20% of alginate, poly-

guluronate, and polymannuronate were precipitated by 100 

mM of HgCl2, MgCl2, and RbCl, respectively (Data were 
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Fig. 9. Precipitation of alginate, polyguluronate, and poly-

mannuronate by SrCl2 (●; alginate, █; polyguluronate, 

and ▲; polymannuronate).
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Fig. 10. Precipitation of alginate, polyguluronate, and poly-

mannuronate by ZnCl2 (●; alginate, █; poly-

guluronate, and ▲; polymannuronate).

not shown.).

Seaweed alginate isolated from Laminaria hyperborean, 

which is 69% guluronate residues, has a higher affinity for 

Cd2+, Cu2+, Pb2+, Sr2+, and Sr2+ than Ca2+, whereas it has a 

lower affinity for Co2+, Mg2+, Ni2+, and Zn2+ than Ca2+ [6,22]. 

The mechanism of gel formation is believed to be processed 

by dimerization of polyguluronate sequences with divalent 

cations, such as Ca2+ chelated between the chains - the 

so-called Egg-box model [14,19,20]. The affinity of some met-

al ions for polymannuronate in this study appears to break 

the basic rules of Powell's "Egg-Box" theory, because the af-

finities of Ca2+, Co2+, Cr6+, Fe3+, Mn2+, Sr2+, and Zn2+ for poly-

mannuronate were slightly higher than those for alginate 

and polyguluronate.

P1/2 of polymers to be precipitated by metal ions

Relative abilities of 13 different metal ions to precipitate 

alginate, polyguluronate, and polymannuronate were com-

pared with their P1/2 values, as shown in Table 1. P1/2 is 

defined as the concentration of each metal ion, expressed 

in mM, required to precipitate 50% of alginate, poly-

guluronate, and polymannuronate from 400 µg/ml of its 
solution [15]. P1/2 was calculated using the Boltzman equa-

tion from plots drawn by percentage of alginate, poly-

guluronate, and polymannuronate precipitated by each 

metal ion at its different concentration [18]. These values 

can be used to prospect the relative binding ability of metal 

ions or affinity of alginate, polyguluronate, and poly-

mannuronate for metal ions. 

On the basis of P1/2 values, relative affinities of alginate, 

Table 1. The precipitation of seaweed alginate, polyguluronate, 

and polymannuronate by metal ions expressed as a 

P1/2
1

Ions
P1/2 (mM)

Alginate Polyguluronate Polymannuronate

Ca
2+

Cd2+

Co2+

Cr6+

Cu2+

Fe3+

Hg2+

Mg2+

Mn2+

Pb2+

Rb+

Sr2+

Zn2+

 4.1±0.1

 1.2±0.1

 5.2±1.1

31.1±0.4

 1.1±0.1

 1.9±0.2

100<

100<

32.7±0.3

 1.6±0.1

100<

 3.3±0.1

 3.2±0.3

 5.2±0.4

 1.1±0.1

12.9±1.8

56.2±4.1

 1.2±0.1

 2.3±0.2

100<

100<

33.4±1.1

 1.6±0.1

100<

 6.6±0.4

 6.6±0.7

 2.0±0.2

 1.0±0.1

 4.7±0.5

13.5±0.3

 1.0±0.2

 1.5±0.1

100<

100<

30.3±0.8

 1.6±0.1

100<

 2.9±0.1

 2.6±0.1

1)Concentration of metal ion expressed in mM to precipitate 

50% (w/v) of alginate, polyguluronate, and poly-

mannuronate from 400 µg/ml solutions.

polyguluronate, and polymannuronate for metal ions, in or-

der, are as follows; 1) seaweed alginate: Cu2+＞Cd2+＞Pb2+＞

Fe3+＞＞Zn2+＞Sr2+＞Ca2+＞Co2+＞＞Cr6+＞Mn2+＞＞Hg2+, 

Mg2+, Rb+, 2) polyguluronate: Cd2+＞Cu2+＞Pb2+＞Fe3+＞＞

Ca2+＞Sr2+, Zn2+, Co2+＞＞Mn2+＞Cr6+＞＞Hg2+, Mg2+, Rb+ , 

and 3) polymannuronate: Cd2+, Cu2+＞Fe3+＞Pb2+＞Ca2+＞

Zn2+＞Sr2+＞Co2+＞Cr6+＞＞Mn2+＞＞Hg2+, Mg2+, Rb+. The af-

finity of alginate prepared from L. digitata (rich in man-

nuronate residues) for divalent metals was different from 

that of alginate prepared from L. hyoerborea (rich in guluro-

nate residues) [6]. The following series were obtained; L. dig-

ita: Pb2+＞Cu2+＞Cd2+＞Ba2+＞Sr2+＞Ca2+＞Co2+, Ni2+, Zn2+, 

Mn2+＞Mg2+ and L. hyperborea stipes: Pb2+＞Cu2+＞Ba2+＞Sr2

+＞Cd2+＞Co2+, Ni2+, Zn2+, Mn2+＞Mg2+.

Based on their relative abilities to precipitate alginate, pol-

yguluronate, and polymannuronate, metal ions used in this 

study can be classified into three groups: 1) metal ions hav-

ing a relatively high ability to precipitate seaweed alginate, 

polyguluronate, and polymannuronate; Ca2+, Cd2+, Co2+, 

Cu2+, Fe3+, Pb2+, Sr2+, and Zn2+, 2) those having a relatively 

low ability to precipitate them; Mn2+ and Cr6+ and 3) those 

having no significant ability to precipitate them; Hg2+, Mg2+, 

and Rb+. Metal ions such as Cd2+, Cu2+, Fe3, and Pb2+ and 

Zn+ showed a higher ability to precipitate alginate, poly-

guluronate, and polymannuronate than other metal ions 

used in this study. Some metal ions such as Ca2+, Co2+, Cr6+, 
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Fig. 11. Amounts of CdCl2 (A), CuCl2 (B), FeCl3 (C), PbCl2 (D), and ZnCl2 (E) bound to alginate, polyguluronate, and polymannuronate 

and polyguluronate (●; alginate, █; polyguluronate, and ▲; polymannuronate).

Fe3+, Mn2+, Sr2+, and Zn2+ showed higher relative affinities 

for polymannuronate than alginate and polyguluronate. 

Based on these results, toxic and/or noble metals can be ef-

fectively isolated from contaminated environments and/or 

diluted into aqueous solutions by alginate, polyguluronate, 

and polymannuronate.

Biosorption of metal ions by biopolymers

Amounts of CdCl2, CuCl2, FeCl3, PbCl2, and ZnCl2 bound 

to 1 g of alginate, polyguluronate, and polymannuronate 

were examined. The concentration of cadmium chloride 

ranged from 0 to 1,000 µg/ml. The amount of cadmium 
chloride bound to alginate, polyguluronate, and poly-

mannuronate increased in proportion to the used concen-

tration of cadmium chloride, but it did not increase at above 

400 µg/ml of cadmium chloride, as shown in Fig. 11A. The 
concentration of copper chloride ranged from 0 to 500 µg/ 
ml. The amounts of copper chloride bound to alginate and 

polymannuronate increased until the concentrations reach 

to 200 µg/ml of copper chloride, whereas that bound to pol-
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yguluronate did not increase at above 150 µg/ml of copper 
chloride, as shown in Fig. 11B.

The used concentrations of ferric chloride ranged from 

0 to 4,000 µg/ml. The amounts of ferric chloride bound to 
alginate, polyguluronate, and polymannuronate also in-

creased in proportion to the concentration. However, 

amounts of ferric chloride bound to polymannuronate did 

not increase at above 2,000 µg/ml of ferric chloride, whereas 
those bound to alginate and polyguluronate did not increase 

at above 1,500 µg/ml of cadmium chloride, as shown in Fig. 
11C. The used concentrations of lead chloride ranged from 

0 to 500 µg/ml. The amount of lead chloride bound to algi-
nate, polyguluronate, and polymannuronate increased in 

proportion to the concentration of lead chloride. However, 

amounts of lead chloride bound to alginate did not increase 

at above 300 µg/ml of lead chloride, whereas those bound 
to polyguluronate and polymannuronate did not increase at 

above 200 µg/ml of lead chloride, as shown in Fig. 11D. 
When the concentrations of zinc chloride were used from 

0 to 1,000 µg/ml, the amount of zinc chloride bound to algi-
nate, polyguluronate, and polymannuronate increased in 

proportion to the concentration of zinc chloride such as cad-

mium chloride, copper chloride, ferric chloride, and lead 

chloride. Amounts of zinc chloride bound to poly-

mannuronate did not increase at above 600 µg/ml of zinc 
chloride, whereas those bound to alginate and poly-

guluronate did not increase at above 400 µg/ml of zinc 
chloride as shown in Fig. 11E. 

Amounts of metal ions, Cd2+, Cu2+, Fe3+, Pb2+, and Zn2+, 

bound to 1 g of alginate, polyguluronate, and poly-

mannuronate, were calculated using the Boltzman equation 

from plots drawn by the amount of each metal salt bound 

to alginate, polyguluronate, and polymannuronate at differ-

ent concentrations as shown in Table 2 [14]. Amounts of met-

al ions, Cd2+, Cu2+, Fe3+, Pb2+, and Zn2+, bound to 1 g of 

seaweed alginate, were measured in concentrations of 363.5± 

45.0, 226.3±9.2, 1,299.4±81.3, 500.7±27.7, and 165.9±11.4 mg, 

respectively. Amounts of metal ions, Cd2+, Cu2+, Fe3+, Pb2+, 

and Zn2+, bound to 1g of polyguluronate, were 354.5±26.5, 

177.6±8.7, 1,288.6±60.1, 424.0±7.4, and 140.2±28.5 mg, re-

spectively, whereas those bound to 1 g of polymannuronate 

were 329.0±10.3, 226.9±1.9, 1,635.6±11.1, 419.8±12.6, and 

251.0±49.1 mg, respectively. 

It is reported that the uptake of metal ions by micro-

organisms was mostly dependent on physicochemical ad-

sorption to cell components such as polysaccharides and 

Table 2. The maximum amount of metal ions bound to 1 g 

alginate, polygluronate, and polymannuroante

Ions
Amount of metal ions (mg)

Alginate Polyguluronate Polymannuronate

Cd
2+

Cu2+

Fe3+

Pb2+

Zn2+

363.5±45.0

226.3±9.2

1,299.4±81.3

500.7±27.7

165.9±11.4

354.5±26.5

177.6±8.7

1,286.6±60.1

424.0±7.4

140.2±28.5

329.0±10.3

226.0±1.9

1,635.6±11.1

419.8±12.6

251.0±49.1

proteins [25]. Cell walls of bacteria, fungi and algae have 

been used to bind and concentrate some metal ions includ-

ing cadmium, copper, gold, manganese, mercury, molybde-

num, and uranium [1,5,16]. Nonliving biomass of seaweed 

Ascophyllum nodosum was used to accumulate cobalt to an 

extent of 160 mg and cadmium exceeding 100 mg per g of 

biomass [9]. A simple method for isolation of poly-

mannuronate with a low molecular weight from alginate hy-

drolyzed with acetic acid was developed in our previous 

study [13]. Amounts of cadmium and lead ions bound to 

1 g of polymannuronate in this study were about 330 and 

420 mg, respectively. Due to its higher solubility than algi-

nate and a higher affinity for metal ions than poly-

guluronate, polymannuronate can be used for bio-

remediation or biosorption of toxic and/or noble metal ions.
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초록：알긴산, 폴리글루론산 및 폴리만뉴론산에 의한 금속이온의 흡착
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루론산: Cd2+＞Cu2+＞Pb2+＞Fe3+＞＞Ca2+＞Sr2+, Zn2+, Co2+＞＞Mn2+＞Cr6+＞＞Hg2+, Mg2+, Rb+, 그리고 3) 폴리만뉴론

산: Cd2+, Cu2+＞Fe3+＞Pb2+＞Ca2+＞Zn2+＞Sr2+＞Co2+＞Cr6+＞＞Mn2+＞＞Hg2+, Mg2+, Rb+. 알기산 1 g에 흡착하는 

Cd
2+
, Cu

2+
, Fe

3+
, Pb

2+
 및 Zn2+의 양은 363.5±45.0, 226.3±9.2, 1,299.4±81.3, 500.7±27.7 및 165.9±11.4 mg이었으며, 

폴리글루론산 1g에 흡착하는 Cd2+, Cu2+, Fe3+, Pb2+ 및 Zn2+의 양은 354.5±26.5, 177.6±8.7, 1,288.6±60.1, 424.0±7.4 

및 140.2±28.5 mg이었으나, 폴리만뉴론산 1 g에 흡착하는 Cd2+, Cu2+, Fe3+, Pb2+ 및 Zn2+의 양은 329.0±10.3, 

226.9±1.9, 1,635.6±11.1, 419.8±12.6 및 251.0±49.1 mg이었다. 폴리만뉴론산은 알긴산보다 높은 용해도와 폴리글루론

산보다 높은 금속이온에 대한 친화성 때문에 독성이 높은 중금속이나 경제성이 높은 금속을 선택적으로 분리하는 

데 사용할 수 있을 것이다.
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