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Spirulina platensis BIOMASS AS ADSORBENT FOR COPPER REMOVAL

Abstract
Dry biomass of Spirulina platensis was used as biosorbent for copper removal from water. Because of the limited

uptake capability shown when used in this condition, this material was subject to pre-hydration for 24 h before use. The
results of these tests demonstrate that biomass pre-hydration allowed for an increase in metal removal yield from 0.81 to
0.91. Additional tests were also performed at variable starting concentrations either of biomass or copper with the aim of
optimizing the adsorption process of this metal. Copper was almost entirely removed at the lowest metal concentration (Cuo
= 0.1 g/L) when using relatively high starting biomass levels (Xo ≥ 2.0 g/L), whereas the removal yield appreciably decreased
with increasing Cuo and decreasing Xo, respectively. These results could be useful to design a process for real-scale copper
removal from spent lees from distilleries, before sending it to conventional wastewater treatment.

Resumen
La biomasa desecada de Spirulina platensis fue usada como biosorbente para la eliminación del cobre en el agua.

Debido a la pequeña capacidad de eliminación cuando se usa en ese estado, el material fue sometido a prehidratación por
24 horas antes de ser usado. Los resultados de las pruebas demuestran que la biomasa prehidratada permitió incrementar el
rendimiento de eliminación desde 0,81 hasta 0,91. Pruebas adicionales fueron efectuadas a concentraciones variables de
biomasa y de cobre con el objetivo de optimizar el proceso de adsorción de este metal. El cobre fue casi totalmente
eliminado a la concentración de metal más baja (Cuo = 0,1 g/L) cuando se usaron concentraciones de biomasa relativamente
elevadas (Xo ≥ 2,0 g/L), mientras el rendimiento de remoción bajó significativamente incrementando Cuo y disminuyendo
Xo, respectivamente. Estos resultados podrian ser útiles para diseñar un proceso de eliminación en escala real del cobre
contenido en las lias residuales de destilerías, antes de enviarlas para el tratamiento tradicional de los efluentes.
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INTRODUCTION

The biological removal of metals from industrial
wastewaters is a relatively new technology which usually
employs biomass as biosorbent and can successfully be
used as refining treatment in shallow bodies of water (1-5
m) having low metal concentrations (1-20 mg/L) (Roy et
al., 1992).

Although a lot of different materials exhibited
potential for the removal of heavy metals, only low-cost
waste biomass, showing satisfactory metal-binding
capacity and selectivity and requiring simple processing,
can be successfully employed in full-scale biosorption
facilities (Kratochvill and Volesky, 1998). Non-living

biomass of bacteria (Chang et al., 1997), algae (Fourest
and Volesky, 1996), yeasts (Volesky et al., 1993), and fungi
(Say et al., 2001) showed high capacity of metal removal;
among these, algal biomass is usually preferred because
of its large, quick and widespread availability as well as
its relatively cheap processing.

The most interesting marine algae which have
successfully been used to this purpose are Ascophillum
nodosum, Sargassum bacularia, (Holan et al., 1993),
Scenedesmus abundans (Terry and Stone, 2002), Ecklonia
radiata (Matheickal and Yu, 1996), and Sargassum fluitans
(Fourest and Volesky, 1996). Microbial cell wall is
provided with aminic, carboxylic, thiolic, sulphydrylic and
phosphoric functional groups which can bind metal ions.
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However, the adsorption efficiency strongly depends on
the type of metal ions, their number of charges and the
affinity of the binding site for each metal.

Given the frequent use of copper in the food
industry (mainly in distilleries and breweries) and the
production of wastewater contaminated by this metal
(Reilly, 2002), this work deals with an attempt to utilize
non-living biomass of the well-known cyanobacterium
Spirulina platensis  to remove copper from water
solutions.

MATERIALS AND METHODS

Biomass cultivation
Spirulina platensis  (UTEX 1926), recently

classified as Arthrospira (Spirulina) platensis (Nordstedt)
Gomont  (Silva et al., 1996), was obtained from the
University of Texas Culture Collection. Cells were grown
batchwise at 30 °C and 8.0 klux in four outdoor cultivation
ponds filled with the medium of Schlösser (1982), each
having a surface area of 0.15 m2 and a medium depth of
about 6-7 cm. Continuous illumination was furnished by
means of eight 40 W-fluorescent lamps placed at about 40
cm over the pond surface. The microalgal layer formed on
the surface of the tanks after about one-month of cultivation
was collected by centrifugation, dried at sun or in oven at
50 °C, and stored in desiccator at room temperature.

Biosorption tests
Dry biomass was initially rinsed by deionised water

to pH 7.5 to remove the residual alkalinity, then dried at
room temperature for 24 h and subsequently at 80 °C in
oven for 12 h, ground, passed through a sieve of 60-100
meshes, and finally stored in desiccators at room
temperature for adsorption tests.

Powered biomass was put in contact with 100 mL
of copper sulphate solutions in distilled water with starting
concentrations (Cu o) increasing from 0.1 to 0.4 g/L.
Biomass was either dried or pre-hydrated for 24, 48, 72
and 96 h. Tests were carried out in 250-mL Erlenmeyer
flasks agitated on a rotary shaker at room temperature.
Additional tests were also performed at biomass
concentrations (Xo) progressively increasing from 1.0 to
4.0 gDM/L.

No significant change in pH was observed during
the experiments. Control runs without the biosorbent were
also performed in order to evaluate the effect of biosorbent
on metal removal. All tests were performed in
quadruplicate.

Analytical procedures
Samples (1 mL) were withdrawn every 10 min

during the first hour of contact time and every hour
successively; biomass was removed by filtration through
membrane filters (Millipore, Vimodrone, Italy) with 0.45

µm pore diameter, and the filtrate was analysed for metal
content using atomic absorption spectroscopy (mod. 5000,
Perkin-Elmer Italia, Monza, Italy).

RESULTS AND DISCUSSION

Effect of biomass pre-hydration
The results of copper biosorption tests performed

with dry and 24 h-pre-hydrated biomass of S. platensis at
Cuo = 0.1 g/L and Xo = 1.0 gDM/L are compared in Table 1.
During the first biosorption phase, the largest amount of
the dissolved metal was quickly removed within 1-3 h;
after this time, the amount of adsorbed metal did not
significantly change anymore and the adsorption process
stopped, thereby approaching the equilibrium.

As reported by Xue et al. (1998), the adsorption
capacity of marine algae is linked to the presence on the
cell wall of aminic and carboxylic groups as well as the
functional side chains of amino-acids, mainly histidine and
cysteine, which are reported to have a strong affinity for
metal ions (Ashmead et al., 1985). In particular, histidine
is able to bind copper (II) because furnishes a bidentate
site. Aminic and carboxylic groups can also interact
bidentately with copper (Xue et al., 1988).

On the basis of this knowledge, it is possible that
the adsorption of Cu on the cell wall of S. platensis may
have taken place initially by simple electrostatic attraction
and complexation. During the successive phase, an internal
diffusion was likely to add to this phenomenon, implying
interactions which depended on the chemical composition
of the cell wall.

Comparing the experiments performed with dry and
pre-hydrated biomass, the two phases appeared to have
different durations. In particular, the use of pre-hydrated
biomass shortened the adsorption time and mainly
increased the removal yield, if compared with results
obtained with dry biomass. The test carried out with dry
biomass evidenced, during the first hour, a certain tendency
of the cell material to aggregate, thus exposing a small
specific surface to metal binding. After several hours, the

Table 1. Effects of 24 h pre-hydration on the yield of copper adsorption
by lyophilized biomass of S. platensis as adsorbing material. Cu

o
 = 0.1

g/L. X
o
 = 1.0 g

DM
/L.

Time (h) Dry 
biomass 

24 h Pre-hydrated 
biomass 

0.25 0.44 0.67 
0.5 0.50 0.76 
1 0.67 0.83 
2 0.74 0.84 
3 0.79 0.85 
6 0.81 0.91 

Tabla 1. Efecto de la prehidratación de 24 h sobre el rendimiento de la
adsorción de cobre por biomasa  liofilizada de S. platensis como
material adsorbente. Cu

o
 = 0,1 g/L. X

o
 = 1,0 g

DM
/L.
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suspension appeared to be well dispersed, likely due to a
certain degree of hydration, thus increasing the available
surface and the number of adsorption sites. Taking into
account the S. platensis morphology described in detail
by Tomaselli (1997), sheath crumbling by mixing may have
played a positive effect on biosorption. Copper removal
by dry biomass could be simply due to the sheath
adsorption ability, whereas hydrated biomass could be
present mainly as single cells, having a larger overall
surface area available for adsorption.

Effects of biomass and starting Cu concentrations
The simultaneous effects of increased

concentrations of pre-hydrated biomass and starting copper
on the removal of this metal were then investigated. In
particular, Figure 1 shows the removal yields obtained by
treating copper solutions with Cuo progressively increasing
from 0.1 to 0.4 g/L at Xo  = 2.0 gDM/L, while Figure 2
illustrates the behavior of the same parameter when
increasing Xo from 1.0 to 4.0 gDM/L at Cuo = 0.2 g/L.

Copper was almost entirely removed (Y = 0.91) at
the lowest metal concentration (Cuo = 0.1 g/L) with 2.0
gDM/L biomass within the first minutes of contact time,
while Xo = 1.0 g/L yielded only 0.81 (results not shown),
thereby suggesting a situation of excess metal with respect
to the adsorbent capacity of biomass.

At Cuo = 0.2 g/L, a longer contact time (almost 2 h)
was necessary to reach the equilibrium conditions; a
removal yield of 0.94-0.95 was obtained using either 2.0
or 4.0 gDM/L biomass, while, once again, 1.0 gDM/L
adsorbent caused the removal yield to decrease (Y = 0.87).
The time necessary to reach the equilibrium increased to 3

h and the removal yield decreased to 0.87 when using
higher starting copper concentration  (Cu o = 0.4 g/L) at Xo
= 2.0 gDM/L (Figure 1).

CONCLUSIONS

In order to simulate copper removal from food-
industry wastewater contaminated by this metal, Spirulina
platensis  biomass was used as biosorbent for Cu
adsorption. The effect of pre-hydration of dry biomass for
increasing time was first investigated. The results of these
tests demonstrated that pre-hydration of biomass is an
effective procedure to increase biomass removal capability
and could be effectively employed in a full-scale
biosorption facility. Additional tests were also performed
at variable starting concentrations of biomass and copper.
These results on the whole suggest that biomass
prehydration could positively act on the adsorption process
and that yields ranging from 0.80 up to almost 1.0 can be
easily obtained by simply acting on the ratio of starting
biomass to copper concentrations.

The results obtained in this work could be used for
copper removal from spent lees from distilleries before
the conventional wastewater treatment.
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Figure 1.  Effect of starting Cu concentration on the yield of Cu removal
by lyophilized biomass of S. platensis as adsorbing material. Biomass
pre-hydrated for 24 h. X

o
 = 2.0 g

DM
/L. Cu

o
 (g/L): (£) 0.1, (¢) 0.2, and

(¢) 0.4.

Figure 2. Effect of starting biomass concentration on the yield of Cu
removal by lyophilized biomass of S. platensis as adsorbing material.
Biomass pre-hydrated for 24 h. Cu

o
 = 0.2 g/L. X

o
 (g

DM
/L): (¢) 1.0, (¢)

2.0, and (£) 4.0.

0.0

0.2

0.4

0.6

0.8

1.0

0.25 0.5 1 2 3 6

Time (h)

C
u 

re
m

ov
al

 y
ie

ld
 (

-)

 

0.0

0.2

0.4

0.6

0.8

1.0

0.25 0.5 1 2 3 6

Time (h)

C
u 

re
m

ov
al

 y
ie

ld
 (

-)

Figura 1. Efecto de la concentración inicial de Cu sobre el rendimiento
de la eliminación de Cu por biomasa  liofilizada de S. platensis como
material adsorbente. Biomasa prehidratada 24 h. X

o
 = 2,0 g

DM
/L. Cu

o
(g/L): (£) 0,1, (¢) 0,2, and (¢) 0,4.

Figura 2. Efecto de la concentración de biomasa inicial sobre el
rendimiento de la eliminación de Cu por biomasa  liofilizada de S.
platensis como  material adsorbente. Biomasa prehidratada 24 h. Cu

o
= 0,2 g/L. X

o
 (g

DM
/L): (¢) 1,0, (¢) 2,0, and (£) 4,0.
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