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Cyanobacteria as a biosorbent of heavy metals in sewage water

A.E. El-Enany *, A.A. Issa
Botany Department, Faculty of Science, Assiut Uni6ersity, Assiut, Egypt

Received 9 July 1999; received in revised form 17 November 1999; accepted 19 November 1999

Abstract

The effect of sewage water on some physiological activities of cyanobacteria was studied. Metal-tolerant cyanobacterium
(Nostoc linckia) and metal-sensitive (Nostoc ri6ularis) were grown at three levels of sewage water (25, 50 and 75%). The growth
rate showed significant stimulation in low and moderate levels (50% for N. linckia and 25% for N. ri6ularis). Not only the number
of cells was elevated but also, the time required to reach the exponential and the stationary phases was reduced. Also, low levels
of sewage water increased chl.a content, photosynthetic O2-evolution, respiration and protein content. Similarly, heterocyst
frequency as well as nitrogenase activity were increased in cyanobacteria grown at low and moderate levels (25 and 50% sewage).
On the other hand, the high level of waste (75%) reduced growth and metabolic activities of the two species. N. linckia
accumulated about 30-fold of Zn and ten-fold of Cd than those of growth medium (50% sewage water). Also, N. ri6ularis
accumulated about ten-fold of Zn and two-fold of Cd. The distribution of Cd and Zn in cells were investigated. About 65–60%
of Cd or Zn were found in pellets (sediment) as insoluble form in the two species. The soluble form (cytosolic fraction) after being
fractionated on sephadex G-(75-100) revealed two peaks with molecular weights of 70–75 and 40–45 kDa. These peaks were in
coincidence with Cd and Zn maxima. Nostoc ri6ulais showed more sensitivity to heavy metals than N. linckia, and accumulated
less amount of metal-binding proteins. Nostoc linckia seems to be tolerant to heavy metals (Zn and Cd) and is able to accumulate
this metal by adsorption on the pellets (cell surface) and/or through sequestration via metal-binding protein. Therefore it can be
recommended it to be employed in the purification of waste contaminated with these heavy metals. © 2000 Elsevier Science B.V.
All rights reserved.
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1. Introduction

Heavy metals have been released into the environ-
ment over long periods of time, throughout many activ-
ities of man. Once the metals have been released into
the environment, they are difficult to be removed by
physical or chemical means and most of them exhibit
toxic effects on organisms. In addition, conventional
physico-chemical means for removing heavy metals
from wastes are generally very expensive (Noraho and
Gaur, 1996). Accordingly, a great deal of interest has
recently been generated in using microbes as biosor-
bents for metal removal. Algae represent the best bio-
logical treatment for wastewater because they increase
O2 content of waters 6ia photosynthesis and sorption of
some heavy metals contaminated waters.

Sorption of heavy metals on phytoplankton cell sur-
faces is dependent on a number of factors ranging from
the concentration of inorganic ions, dissolved organic
matter, pH and the nature of particulates (Crist et al.,
1981; Gardea-Torresdey et al., 1990). Under compara-
ble experimental conditions, however, species-specific
differences in the ability to accumulate metals have
been observed. The extent of sorption and uptake of
trace metals is expected to vary in algal cell surface
characteristics and in the physiological state of the
algae (Goudey, 1987). The two heavy metals Cd and Zn
are well known fresh water pollutants. Adsorption
equilibrium constants for Zn were measured 0.123 and
0.039 mmol−1 for Scenedesmus subspicatus and Chlamy-
domonas 6ariabilis respectively (Bates et al., 1982). Cad-
mium was found also to be accumulated by various
green algae in variable amounts (Sakagachi et al.,
1979).* Corresponding author.
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Cyanobacteria are photosynthetic prokaryotes; many
of which have remarkable affinity for heavy metals
(Gale and Wixson, 1979; Audholia et al., 1993). The
molecular mechanism by which algae detoxify heavy
metal ions has been studied (Stokes et al., 1977; Gin-
grich et al., 1986). These organisms detoxify metals via
metal-binding proteins, evolutionarily strongly con-
served proteins of low molecular weight and high cys-
teine and metal contents (Kaji and Nordberg, 1979;
Tomsett et al., 1989; Zenk, 1996)

The aim of the present work was to study the ability
of two species of cyanobacteria (Nostoc linckia and
Nostoc ri6ularis) in removal of Cd and Zn from waste
water. Growth criteria, metals distribution and metal-
binding proteins were followed.

2. Materials and methods

Nostoc linckia (Bornet and Thuret) and N. ri6ularis
(Vaucher) were isolated from the cultivated soil at
Assiut (Egypt) and grown in batch cultures using Chu’s
ten nutrient medium (Gerloff et al., 1950) at 3092°C
and 5 W m−2 light intensity under a 16/8 h L/D cycle.
Equal densities of algal cells (5×104 cells ml−1 or 50ml)
for each species were cultured for 7 days with addition
of wastewater concentrations (0, 25, 50, 75%), N and P
contents of the wastes were omitted from the growth
medium. The wastewater was obtained from Assiut
Water Reclamation Plant in the final form (unchlori-

nated waters). The water contained (0.4 ppm) Cd and
(1.6 ppm) Zn. These treatments did not cause large
change in the pH medium through the growth period
(pH 7.1�8). The growth rate of N. linckia and N.
ri6ularis were followed by daily measurements of ab-
sorbance at 750 nm (Healy, 1985) using the following
equation:

m=
ln(n2/n1)
t2− t1

Where, m is the growth rate and n1, n2 are absorbances
of culture suspension at time intervals t1 and t2. The
chlorophyll-a extract was obtained using the method of
Marker et al. (1980) and calculated according to Met-
zner et al. (1965). Photosynthetic oxygen evolution and
dark respiration were determined with a Clark electron
(Type E 016, WTW Gmbh, Weinheim) in a 3-ml con-
stant-temperature-acrylic glass cuvette, in which the
algal suspension was agitated by a magnetic stirrer. The
light intensity was 1.4 kW m−2. Protein content was
estimated by lowery method.

The acetylene reduction technique of Stewart et al.
(1971) was used to assay the nitrogenase activity, while
nitrate reductase activity was assayed colorimetrically
in the cell-free aqueous extract by diazotation of nitrite
formed using the method of Harper (1972).

Metal-binding protein was followed according to
Grill et al. (1985), the algal cells were harvested by
centrifugation (1250×g, 15 min at 4°C). The cells were
washed two times with 2 mM EDTA. The algae were
crushed in 5 ml buffer A (50 mM K phosphate buffer,
10 mM 2-mercaptoethanol, 2mM MnCl2, pH 8.0). The
homogenate and combined buffer were centrifuged at
400×g, 4°C for 15 min. The sediment (pellet) was
ashed by the method adapted by Vymazal (1984) using
acid mixture (36% HCl: 20% HClO4: H2O=2:1:1 v/
v).The supernatant (cytosolic fraction) was fractionated
on Sephadex G-(75-100) column (2.5�60 cm). Proteins
were eluted with two column volumes of buffer A and
collected in fractions of 5 ml. The absorbance was
measured at 254 nm. Cadmium and zinc content were
measured using an atomic absorption spectrophotome-
ter model 210 VGP (Buck Scientific). This product is
referred to as the heavy metal-binding proteins.
Column was calibrated with the following proteins
(Bovine serum albumin 67 KDa, egg albumin 45 kDa,
Cytochrome C 12 kDa).

3. Results and discussion

Heavy metals such as Cd and Zn still cannot be
removed entirely from wastewater by traditional treat-
ment method. Since, cyanobacteria and algae are
known to bioaccumulate these metals, a basic study
was undertaken to determine some of the parameters

Fig. 1. Growth rate of N.linckia and N.ri6ularis grown on batch
culture at different levels of wastes (25, 50 and 75%) for 7-days.
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Fig. 2. Total, pellet and cytosolic zinc (a) and Cadmium contents (b) of N.linckia and N.ri6ularis grown on batch culture media supplemented with
different levels of waste water.

necessary for the effective removal from the aqueous
phase and the distribution of these metals in the algal
metabolites.

The growth rates (Fig. 1a and b) of the two cynobac-
teria show significant stimulation in low waste treat-
ments (50% for N. linckia and 25% for N. ri6ularis) in
comparison to control cultures, not only for the num-
ber of cells but also, the time required to reach the
exponential and the stationary phases. However, high
concentration of wastes reduced growth rate of the two
species tested. A reduction in growth rate of the green
algae Kirchneriella lunaris and Scenedesmus obliquus by
Cd2+, Co2+, Mn2+ and Ni2+ was observed by Issa,
(1995) and Issa et al., (1998).

Chlorophyll a and the frequency of heterocyst forma-
tion by N. linckia and N. ri6ularis were stimulated in
parallel with the growth rate regarding the effect of
waste concentrations. However, high waste concentra-
tions appear to have a decreasing effect on chlorophylla

contents of the two species (Table 1). Audholia et al.
(1993) reported that, Phormidium uncinatum (filamen-
tous cyanobacteria) was grown well at high concentra-
tion of Zn2+ (50 ppm). This Zn-tolerant strain in turn
developed tolerance to other heavy metals (Cd2+ and
Pb2+). On the other side, Sabnis et al. (1969) attributed
that chlorophyll damage on the thylakoid membranes
could be due to the affinity for heavy metals.

Photosynthetic oxygen evolution and respiratory
oxygen uptake of N. linckia and N. ri6ularis were also
affected by these treatments (Table 1). In a manner that
photosynthesis was generally enhanced by low concen-
trations of wastes and inhibited by high concentrations.
The response of respiration was quite similar to that of
photosynthesis. Singh et al. (1989) reported that the
addition of Ni2+, Hg2+ and Cd2+ inhibited the
growth, oxygen evolution and oxygen uptake in the
cells of Cylindrospermum. Also, Takamura et al. (1989)
stated that, cyanophyceae are sensitive to Cu2+, Cd2+
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Table 1
Effect of different levels (0, 25, 50 and 75%) of waste water on growth and some metabolic activities of N. linckia and N. ri6ularisa

Chlorophyll a−1 O2-uptake Nitrogenase Nitrate reductase Soluble proteinTreatment O2-evolutionHeterocyst fre-
(mg g−1)mmoles O2·h1·mg chla−1 (nmol C2H2 h−1 mg protein−1)quency (%) (mg NO2 h−1 mg protein)(mg ml−1)

N. Linckia
1.9390.4 cControl 14.891.1 c17.392.05 b 17.990.5 b,c 161.5911.5 c 115.095.0 c 3.5390.2 c

19.690.5 b4.790.15 b 2.690.25 b20.691.4 b25% 13398.9 b210.6915.6 b21.992.7 b
153.392.3 a 6.2090.1 a 3.390.2 a 22.691.3 a26.990.57a50% 29.991.9 a 251.5918.9 a

75% 12.391.8 c 15.091.5 c 126.793.9 c 9297.2 c,d 3.0390.3 c 2.2390.3 b,c 12.790.4

N. ri6ularis
2.139 0.15 b 16.69 0.09 b17.592.1 b,cControl 18.790.5 b 160.5910.3 b 113.390.3 b 3.6903 a,b

132910.5 b 4.19 0.17 a 2.839 0.11 a 22.09 1.4 a26.691.6 a25% 201910.4 a22.292.6 a
3.59 0.38 b20.990.6 a 3.19 0.06 a 19 91.9 b20.490.9 b 130.7919.1 c 158.797.0 a50%

2.49 0.26 b 10.39 1.2 c91.797.6 c 2.29 0.17 c14.391.7 c 96.193.6 d75% 11.691.3 c

a Each value represents the mean of three replicates9SD. Number in the same column followed by the same letter(s) are not significantly different at the 5% level by Duncans multiple range
test.
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and Zn2+ metals than other algae tested for photosyn-
thetic activity, through the inhibition of photosystem II
and/or reduction the four enzymes involved in the
fixation of CO2 for at least the first 2 days of the
exponential growth (De Filippis and Ziegler, 1993). N.
calcicola cells pre-exposure to Hg2+ (0.2 and 0.25
mmol−1) showed 50% inhibition of photosynthetic O2-
evolution and CO2-uptake (Singh and Singh, 1987).

The level of the key enzyme of nitrogen metabolism
in cyanobacteria ( as tested by nitrogenase activity)
were maxima in 25 and 50% wastes in N. ri6ularis and
N. linckia, respectively. While the lowest nitrogenase
level was exerted at 75% wastes (Table 1), since, high
concentrations of heavy metals repress the formation of
heterocyst and/or repression of nitrogenase synthesis.
The same results were also obtained by Bagghi et al.
(1985) and by Issa et al., (1995). Similarly, the levels of
nitrate reductase activity of the two species tested were
reduced by high concentrations of wastes (Table 1). The
activity of this enzyme consumes energy, which is
mainly supplied by respiratory substrates, resulting in
adverse effects of growth and other metabolic activities
(Ahmed and Issa, 1994).

The accumulation of Zn and Cd in N. linckia and N.
ri6ularis are shown in Fig. 2 a and b. Metal levels were
raised in the cells as wastewater levels were increased
especially at 75% in N. linckia cultures and 50% for N.
ri6ularis. Nostoc linckia was able to absorb about ten-
fold (0.3 mg ml−1) of cadmium in culture supplemented
with 50% waste water (0.7 mg ml−1). Nostoc ri6ularis
accumulated less amount of Cd in the same level of
wastewater. N. linckia accumulated 44-folds of Cd than
N. ri6ularis grown in culture media containing 75%
wastewater.

Zinc accumulation was increased as wastewater level
raised in the culture medium. The zinc uptake by N.
linckia was obviously accelerated than those of N.
ri6ularis. Nostoc linckia accumulated about 30-fold of
Zn (12.6 mg ml−1 culture) than those of growth
medium (400 mg l−1), while N. ri6ularis accumulated
(5.46 mg Zn ml−1 culture) only two-fold of zinc than
those of wastewater. About 60–65% of Cd or Zn were
retained by sediment (pellets), the remainder was found
in the cytosolic fraction (the supernatant). These results
are in accordance with those of many investigators
(Gekeler et al., 1988; Rhee and Thompson, 1992;
Vilchez et al., 1997). Similarly, Gale and Wixson (1979)
mentioned that cyanobacteria have a remarkable
affinity for heavy metals. Sandau et al. (1996) used the
fragmented cellular debris algae for removal of Cu, Pb
and Zn from polluted waters.

The potential role of metal-binding proteins in
cyanobacteria (N. linckia and N. ri6ularis) was investi-
gated by the analysis of the cytosolic fraction with the
aid of gel filtration. Fractionation of the cytosolic frac-
tion of N. linckia and N. ri6ularis in Fig. 3 (a and b)

Fig. 3. Elution profile of cytosolic fraction of N.linckia (a) and N.
ri6ularis (b) on sephadex G-(75-100) column calibrated with buffer A.
Flow rate was 0.5 ml min−1. Fraction volume 5 ml.



A.E. El-Enany, A.A. Issa / En6ironmental Toxicology and Pharmacology 8 (2000) 95–101100

gave the evidence that both contained about 37 and
33% Zn and 30 and 28% Cd on sephadex G-(75-100),
respectively. The diagram revealed two main peaks;
peak I having a molecular mass of 75–70 kDa and
peak II with the molecular mass of 45–40 kDa. Peak I
in N. linckia retained about 69% Zn and 70% Cd of
total metal-binding protein applied, while in N. ri6ularis
this peak retained about 36% Zn and 55% Cd. Peak II
with molecular weight 45–40 kDa retained low amount
of Cd (07%) or Zn (0.03%), in N. linckia. While, this
peak retained about 32% Zn and 51% Cd in N.
ri6ularis.

Metallothioneins are known for detoxification of
metal ions in animals and fungi (Nagano et al., 1982;
Ecker et al., 1986; Gingrich et al., 1986; Gekeler et al.,
1988). Ma Clean et al. (1972) was the first reported that
presence of Cd-binding material in a fresh blue-green
algae (e.g Anacystis nidulans) Mallich and Rai (1998)
found that cyanobacterium (Anabaena dolilolum) syn-
thesized low molecular weight Cd-binding protein (3.3
kDa) in response to Cd and they concluded that, this
protein may play a role in metal tolerance. Also,
Bierkens et al. (1998) concluded that HSP (70 kDa) was
induced in grown algae as a response of heavy metal
pollutants. In this respect Torres et al. (1997) found
that marine algae, in response to Cd synthesized metal-
lothioneins which sequester the metal in harmless form.
Occurring of these metal-binding in organisms growing
in a mining refuse area (Grill et al., 1988; Kubota et al.,
1988) also support the postulate that they are involved
in detoxification. Additional function of metalloth-
ioneins include control of intracellular redox potential,
cellular repair processes, growth and differentiation,
where they are likely to serve as the source of Zn for
newly synthesized apoenzymes, as well as regular
molecules in gene expression (Aschner, 1998)

From the above data N. linckia seems to be tolerant
to heavy metals (Zn and Cd) and is able to accumulate
this metal by adsorption on the pellets and/or through
sequestration via metal-binding protein. Therefore it
can be recommended it to be employed in the purifica-
tion of waste contaminated with these heavy metals.
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