
Abstract Biosorption is an effective means of

removal of heavy metals from wastewater. In this

work the biosorption behavior of Cladophora

fascicularis was investigated as a function of pH,

amount of biosorbent, initial Cu2+ concentration,

temperature, and co-existing ions. Adsorption

equilibria were well described by Langmuir iso-

therm models. The enthalpy change for the bio-

sorption process was found to be 6.86 kJ mol–1 by

use of the Langmuir constant b. The biosorption

process was found to be rapid in the first 30 min.

The presence of co-existing cations such as Na+,

K+, Mg2+, and Ca2+ and anions such as chloride,

nitrate, sulfate, and acetate did not significantly

affect uptake of Cu2+ whereas EDTA substan-

tially affected adsorption of the metal. When

experiments were performed with different

desorbents the results indicated that EDTA was

an efficient desorbent for the recovery of Cu2+

from biomass. IR spectral analysis suggested

amido or hydroxy, C=O, and C–O could combine

strongly with Cu2+.
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Introduction

The presence of heavy metals in aqueous effluents

is a major environmental problem owing to their

toxicity to humans and to other life forms.

Because copper is widely used in industry, there

are many sources of copper pollution. Copper at

high concentrations is toxic to living organisms

from humans to bacteria, and is especially toxic to

fish (Terry and Stone 2002).

The removal and recovery of heavy metals from

wastewater is important for environmental pro-

tection and human health. Several methods have

been used to remove heavy metals in high con-

centrations from aqueous solutions, including

precipitation, ion exchange, evaporation, electro-

plating, and membrane processes. These methods

are, however, either inefficient or expensive when

heavy metals are present at low concentrations

(Kuyucak and Volesky 1998). It is, therefore, nec-

essary to find new technologies or materials for

removing heavy metal ions from wastewater.

Biosorption utilizes the ability of some mate-

rials to accumulate heavy metals from aqueous

solutions by either metabolically mediated or

physicochemical uptake pathways (Fourest and
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Roux 1992). The most prominent features of

biosorption are the use of low-cost and high-effi-

ciency biomass materials to adsorb heavy metals

present at very low concentrations (Yu et al.

2001). Different types of biomass, including bac-

teria (Mamaril et al. 1997; Selatnia et al. 2004;

Iyer et al. 2005), yeast (Huang et al. 1990;

Göksungur et al. 2005), fungi (Gharieb 2002;

Dursun et al. 2003; Tunali et al. 2006), and algae

(Yu et al. 1999; Vijayaraghavan et al. 2005, 2006;

Hansen et al. 2006), have been evaluated for use

as efficient metal-removing biosorbents. Marine

algae are a biological resource which is available

in large quantities in many parts of the world.

Many studies have shown that algae have high

metal-binding capacity (Ramelow et al. 1992;

Holan and Volesky 1994), because of the

presence, in the cell walls of the algae, of poly-

saccharide groups that can act as binding sites for

metals. The cell wall matrix of green algae con-

tains complex heteropolysaccharides with amino,

carboxyl, and sulfate groups (Andradeet al. 2005).

Coastal areas can become eutrophicated

because of loading with nutrients from human

activity. As a result, large amounts of green sea-

weeds flourish along the coasts of the world.

Cladophora fascicularis, a green filamentous

macro-alga, is widely distributed in eutrophic

wastewater, lagoons, and intertidal zones in many

parts of the world. Approximately 40,000 tons of

C. fascicularis are dumped every year in the brine

pans of Jiangsu Province in China. Utilization of

these affluent resources to treat wastewater is

therefore of much interest. Many studies have

reported biosorption by brown seaweed biomass,

for example Sargassum sp. (Sheng et al. 2004;

Diniz and Volesky 2005; Vijayaraghavan et al.

2006), Laminaria sp. (Figueira et al. 2000;

Lodeiro et al. 2005), and Fucus sp. (Herrero et al.

2006). Some kinds of green seaweed, for example

Ulva (Sheng et al. 2004; Suzuki et al. 2005) and

Cladophora sp. (Özer et al. 1994; 2004), have

been reported to have high adsorption capacity.

There has been no study of the utilization of

green seaweed C. fascicularis for metal removal.

In the work discussed in this paper the adsorption

behavior of C. fascicularis as a function of pH,

biosorbent dosage, temperature, initial Cu2+ con-

centration, and co-existing ions were investigated.

Equilibrium and kinetic data were obtained from

batch experiments. The efficiency of removal of

adsorbed Cu2+ from the biomass by different

desorbents (H2O, HNO3, Ca(NO3)2, Na2EDTA)

was also evaluated. The IR spectrum of biosor-

bent loaded with Cu2+ was also analyzed.

Materials and methods

Preparation of biomass

The biosorbent C. fascicularis used in this work

was sampled along the seashore of Qingdao,

China. Before use it was washed several times

with distilled water to remove dirt and dried in an

oven at 60�C for 24 h. The biosorbent was cut into

lengths between 4 and 5 mm.

Effect of solution pH on heavy metal

adsorption

The effect of pH on adsorption of Cu2+ was

investigated using 2 g L–1 biosorbent and a series

of 1 mmol L–1 solutions of Cu2+. The pH of the

solutions was adjusted from 2.0 to 6.0 with

0.1 mol L–1 HNO3 or 0.1 mol L–1 NaOH and

maintained during the experiment. Blank samples

without biomass were used as controls. The

mixtures were shaken on a rotary shaker for 6 h

at room temperature (25 ± 1�C) and then left

stationary for 12 h to reach equilibrium. The

biosorbent was removed by filtration through an

acid-cleaned 0.45 lm Millipore filter and the

filtrates were then analyzed by flame atomic-

absorption spectrometry (Shimadzu, Japan,

Model AA6800).

Adsorption equilibrium

For equilibrium studies the concentrations of

heavy metal solutions varied from 0.2 to

4.0 mmol L–1 and the amount of biosorbent used

was 2 g L–1. During the reaction process the pH

was maintained constant at 5.0 by hourly addition

of 0.1 mol L–1 HNO3 or 0.1 mol L–1 NaOH. The

mixtures were agitated for 6 h at constant

temperature (15, 25, 35, or 45�C), and then left

stationary for 12 h. The amount of Cu2+ uptake
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by C. fascicularis in each flask was determined by

use of the mass equation:

q ¼ ðC0�CeÞ
W

ð1Þ

Where q is the amount adsorbed at equilibrium

(mmol g–1); C0 is the initial concentration of

heavy metal (mmol L–1); Ce is the concentration

in solution at equilibrium (mmol L–1); and W is

the amount of biosorbent (g L–1).

Effect of light metal ions and anionic ligands

The effect of light metal ions and anionic ligands

was studied by using 2 g L–1 biosorbent and

1 mmol L–1 Cu2+ solution containing the respec-

tive light ions and anionic ligands. Blank samples

without light metals and anionic ligands were

used as controls.

Kinetic experiments

Kinetic experiments were performed in continu-

ously stirred beakers containing 500 mL

1 mmol L–1 Cu2+ solution (pH 5.0) and 0.5 g

biosorbent. Samples of solution (3 mL) were

withdrawn at scheduled time intervals and ana-

lyzed for residual Cu2+ concentration.

Desorption experiments

Desorption studies were conducted with C. fas-

cicularis previously loaded with Cu2+. The bio-

mass was filtered, washed three times with

distilled water to remove residual heavy metal

ions on the surface, and maintained in contact

with 50 mL desorbent solution: H2O, HNO3,

Ca(NO3)2, or EDTA. The mixtures were shaken

on a rotary shaker for 18 h. The filtrates were

analyzed to determine the concentrations of Cu2+

after desorption. Desorption ratio was calculated

from the amount of metal ions adsorbed on the

biomass and the final metal ion concentration in

the desorption medium, by use of the equation:

Desorption ratio

¼ amount of metal ions desorbed

amount of metal ions adsorbed
� 100 ð2Þ

Infrared spectra of C. fascicularis

The IR spectra of native biosorbent and of bio-

sorbent loaded with Cu2+ were acquired with a

Fourier transform infrared spectrometer (Bio-

Rad FTS-40). The alga (5 mg) was mixed with

4.0 mg KBr and compacted into pellet form.

Results and discussion

Effect of solution pH on heavy metal

adsorption

Many studies have shown that pH is an important

factor affecting biosorption of heavy metals

(Huang et al. 1990; Matheickal and Yu 1999;

Sanchez et al. 1999). Copper removal by C. fas-

cicularis as a function of pH was studied; the

results are shown in Fig. 1. At pH 2, the per-

centage adsorption was 23% and copper removal

efficiency was 14% without biosorbent, most of

which was removed by the flask wall and on the

mesh during filtration. At low pH there was clear

competition between Cu2+ and protons for bio-

mass adsorption sites. As pH was increased the

percentage removal increased; it stabilized

between pH 4 and 5. Above pH 6, Cu2+ may

hydrolyze, resulting in copper deposition, and at

pH 6 50% of Cu2+ was removed by deposition.

Subsequent experiments were therefore

conducted at pH 5.0.

0

20

40

60

80

100

0 4 8

pH

co
pp

er
 r

em
ov

al
 (

%
)

removal with biomass

removal without biomass

62

Fig. 1 Efficiency of removal of copper by C. fascicularis
at different pH
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Adsorption equilibrium

The Langmuir model is probably the most widely

applied adsorption isotherm. A basic assumption

of this model is that adsorption takes place at

specific homogeneous sites within the adsorbent.

The isotherm is represented as:

q ¼ qmbCe

1þbCe
ð3Þ

where qm is the maximum adsorption capacity

(mmol g–1) and b is an affinity constant related to

the energy of adsorption (L mmol–1). The value

of b indicates the affinity of the sorbate for the

solute (Holan et al. 1993).

To determine equilibrium data, Eq. 3 can be

transformed to a linear form as follows:

1

q
¼ 1

qmbc
þ 1

qm
ð4Þ

Uptake of Cu2+ by C. fascicularis correlates

well with the Langmuir isotherm model, as shown

in Fig. 2. Values of qm and b were obtained from

Eq. 4. The value of qm varied as the amount of

biosorbent was changed. There is no criterion for

the amount of biosorbent but most studies choose

2 g L–1 to determine qm. For the same concen-

tration of Cu2+, as more biosorbent was added

less Cu2+ was adsorbed per gram biomass, so the

value of qm only reflects the adsorption capacity

of biomass. The maximum adsorption capacity

obtained from the Langmuir isotherms was

1.48 mmol g–1 (for 1 g L–1 biosorbent) and

1.11 mmol g–1 (for 2 g L–1 biosorbent). The

adsorption capacity of C. fascicularis is fairly high

in comparison with other biosorbents (Table 1).

The enthalpy of biosorption of Cu2+

on to C. fascicularis

The enthalpy of biosorption can be calculated by

many methods (Singh and Tiwari 1997; Sağ and

Kutsal 2000; Özer and Özer 2003). Singh and

Tiwari calculated the heat of adsorption of

Cr(VI) ions on carbon slurry by using the energy

change (DG�=DH–TDS) and the equilibrium

constant Kc, obtained at different temperatures.

The enthalpy change was also calculated using

the Langmuir constant b. The values of DH ob-

tained using free energy changes, equilibrium

constants, and Langmuir constants were almost

equal.

The Langmuir model is based on a postulated

chemical or physical interaction between the

solute and vacant sites on the adsorbent surface,

and the enthalpy (DH) of adsorption is indepen-

dent of the fraction of surface covered by the

adsorbed solute.

b ¼ b0expð�DH

RT
Þ ð5Þ

Where, b0 is a constant containing the entropy

term. DH is the enthalpy of adsorption (kJ mol–1),

R is universal gas constant, and T is the absolute

temperature (K).

Eq. 5 can be transformed to:

ln b ¼ ln b0 �
DH

RT
ð6Þ

The adsorption isotherms for Cu2+ at different

temperatures are shown in Fig. 3. The enthalpy of

biosorption of Cu2+ on to C. fascicularis was

obtained by calculating the slope of the plot of lnb

against 1/T (Fig. 4). The negative slope or

positive value of enthalpy change indicated

biosorption of Cu2+ on to C. fascicularis was

endothermic. This was also supported by the

increase of uptake capacity with increasing tem-

perature (Table 2). The enthalpy of biosorption

y = 0.0879x + 0.8977 

R2 = 0.9935
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Fig. 2 Langmuir adsorption isotherms for different
amounts of biosorbent
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of Cu2+ was determined to be 6.86 kJ mol–1. The

enthalpy of physical adsorption is typically of the

order of 10 kJ mol–1 (Smith 1981; Satterfield

1980). The enthalpy of biosorption of Cu2+ on to

C. fascicularis was of the same magnitude as the

enthalpy of physical adsorption.

Effect of light metal ions and anionic ligands

on biosorption

Industrial wastewater often contains other ions,

for example Na+, K+, Mg2+, and Ca2+ which may

interfere with uptake of heavy metal ions by

biomass. The effect of these metal ions on Cu2+

adsorption capacity was studied; the results are

shown in Fig. 5. It was evident that the effect of

Na+ and K+ on the uptake of Cu2+ was very small,

even at initial concentrations of 10 mmol L–1. In

contrast, the amount of Cu2+ removed dropped

with increasing concentration of Mg2+ and Ca2+.

The presence of 10 mmol L–1 Mg2+ and Ca2+

caused the percentage removal to drop by 8%

and 10%, respectively. The effect of light metal

ions on uptake was because of competition with

heavy metal ions for the binding sites. With

decreasing hydrated ionic radius and increasing

ionic charge the amount of ionic polarization in-

creases, so the affinity of Ca2+ for the biosorbent

was stronger than for the other ions.

The effect of five anions, chloride, nitrate,

sulfate, acetate, and EDTA, as the sodium salts,

was also investigated (the above experiment had

shown the effect of sodium on adsorption of Cu2+

was negligible). Fig. 6 shows that the presence of

chloride, nitrate, sulfate, and acetate did not

substantially affect copper removal. Acetate at

10 mmol L–1 caused the removal efficiency to

drop by 9%. It was obvious that EDTA substan-

tially affected adsorption. The presence of

1 mmol L–1 EDTA caused the efficiency of cop-

per removal to drop by 78%. When the concen-

tration of EDTA was increased to 10 mmol L–1

Table 1 Uptake
capacities of different
biosorbents for Cu2+

a The amount of
biosorbent was 2 g L–1

Biosorbent qm

(mmol g–1)
pH Literature

Ecklonia radiata (CaCl2-pretreated)a 1.11 5.0 Matheickal and Yu (1999)
Durvillaea potatorum (CaCl2-pretreated)a 1.30 5.0 Matheickal and Yu (1999)
Sargassum vulgarea 0.93 4.5 Davis et al. (2000)
Laminaria japonicaa 1.59 4.5 Fourest and Volesky (1997)
Fucus vesiculosusa 1.18 4.5 Fourest and Volesky (1997)
Padina sp.a 0.80 5.0 Kaewsarn (2002)
Ulva onoi (Alkali-pretreated,1 g L–1) 0.90 7.8 Suzuki et al. (2005)
Cladophora crispate (1 g L–1) 1.03 4.5 Özer et al. (2004)
Cladophora fascicularis (1 g L–1) 1.48 5.0 This study
Cladophora fascicularis (2 g L–1) 1.11 5.0 This study
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Fig. 3 Langmuir adsorption isotherms at different
temperatures
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the efficiency of removal was reduced to less than

10%. This was because Cu2+ could combine

strongly with EDTA rather than with the bio-

mass. EDTA can therefore be used as an effective

agent for recovering Cu2+ from loaded biosor-

bent.

Kinetics of biosorption

Several models have been developed to describe

the kinetics of heavy metal biosorption in many

systems (Yang and Volesky 1999; Hashim and

Chu 2004; Gupta et al. 2001). The mathematical

model describing the relationship between con-

tact time and percentage removal was used to

determine the adsorption kinetics constants for

the alga.

R0 ¼ atb ð7Þ

The linearized version of this equation can be

expressed as:

lg R0 ¼ lg a þ b lg t ð8Þ

Where R0 is the percentage removal, a and b are

the kinetics constants, and t is the contact time.

The values of constants a and b were calculated

and are listed in Table 3.

Figure 7 shows the profiles of percentage

copper removal against time for Cu2+ uptake by

C. fascicularis for different initial metal concen-

trations. Removal of Cu2+ was rather rapid in the

first 30 min but then decreased significantly and

the plots eventually reach a plateau. Uptake

capacities increased with increasing initial con-

centrations of Cu2+, because of the much greater

probability of collision of Cu2+ with biosorbent

particles.

Desorption and reuse

The amounts of Cu2+ recovered by different

desorbents arre shown in Fig. 8. It was observed

that chelating agent EDTA was more efficient

than other desorbents. The biosorbent was

oxidized, giving a yellow product, in 0.1 mol L–1

HNO3, and biosorption capacity could not be

recovered because of strong oxidation by HNO3.

EDTA at a concentration of 0.01 mol L–1

removed 94.7% of the Cu2+ bound to the biomass

Table 2 Langmuir constants for adsorption of Cu2+ by
C. fascicularis at different temperatures

T (�C) b (L mmol–1) qm (mmol g–1)

15 8.93 0.74
25 10.21 1.11
35 10.48 1.46
45 11.96 1.74
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Fig. 5 Efficiency of removal of copper by C. fascicularis in
the presence of light metal ions
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and did not cause loss of biosorption capacity (i.e.

the observed decrease of biosorption capacity did

not exceed 10%). This can be explained by the

high value of the conditional formation constant

of the complex Cu–EDTA (Kf
¢= 2.24 · 1012, pH

5.0), which favors desorption of heavy metal from

the biomass. The high percentage recovery by

0.01 mol L–1 EDTA enables reuse of the biomass.

This is an important aspect of use of continuous

systems in industrial processes.

IR spectrum of C. fascicularis

The IR spectrum of C. fascicularis is shown in

Fig. 9. Intense characteristic bands were obtained

from the functional groups present in the proteins

and polysaccharides. The intense peak at

3376.39 cm–1 was caused by hydroxyl stretching

of carboxyl groups and stretching of amido. The

strong peaks at 1660.12 and 1246.96 cm–1 were

assigned to C=O and sulfate, respectively. The

peaks at 1116.93 and 1062.26 cm–1 were because

of the presence of C–O. Some bands in the fin-

gerprint region could be attributed to phosphate

groups. The absorbance spectrum of C. fascicu-

laris loaded with Cu2+ (Fig. 10) was compared

with that of native biomass (Table 4). The peaks

at 3376.39, 1660.12, and 1062.26 cm–1 were shifted

to 3351.68, 1649.99, and 1033.47cm–1 respectively,

which suggested that amido, hydroxy, C=O and

C–O combine strongly with Cu2+.

Conclusion

The characteristics of biosorption of Cu2+ by C.

fascicularis were studied as a function of pH,

initial Cu2+ concentration, temperature, and co-

existing ions. The isotherms for adsorption of

Cu2+ by different amounts of C. fascicularis at

different temperatures was well described by the

Langmuir isotherm model. The adsorption

capacity of C. fascicularis was fairly high in

comparison with some other biosorbents. The

biosorption process was endothermic and the heat

of biosorption was determined to be 6.86 kJ mol–

1. Removal was rapid in the first 30 min. The

presence of the common background cations Na+,

K+, Mg2+, and Ca2+ and the anions chloride,

nitrate, sulfate, and acetate did not substantially

affect uptake of Cu2+ by C. fascicularis. The

efficiency of removal of copper did, however,

decrease substantially when EDTA was present.

Desorption experiments proved that 0.01 mol L–1

EDTA was an efficient desorbent for recovery of

Cu2+ from biomass. IR spectra of C. fascicularis

suggested amido, hydroxy, C=O, and C–O could

combine strongly with Cu2+. It can be concluded

that C. fascicularis has the potential to be used as

an effective and economic biosorbent material for

removal and recovery of Cu2+ from wastewater.

Table 3 Values of the adsorption kinetic constants

Cu2+ (mmol L–1) a B

1 29.44 1.321
2 21.40 1.429
4 5.635 2.004
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Fig. 7 Kinetics of adsorption for different initial concen-
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