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Metal sorption capacity of the granulated biosorbent derived from the waste
biomass of Penicillium chrysogenum was examined. The potential metal sorp-
tion abilities of the biosorbent were estimated as the cation-exchange capacity,
using a potentiometric titration. The total binding capacity, calculated for the
pH range 3 to 8 was about 511 µeq/g dry weight. The granular biosorbent was
capable of Cd, Zn, Cu and Pb binding. The kinetics of the heavy metal sorption
were typical of the microbial dead biomass; metals were bound in the first few
minutes. Sorption was a saturable process and the maximum sorption capacity,
calculated from the Langmuir equation for the particular heavy metals was: 96
mg Pb; 21.5 mg Cd; 13 mg Zn and 11.7 mg Cu (per g dry weight). Optimum pH
values for Cd, Zn and Cu sorption were about 7, while for Pb about 6. Heavy
metal removal from different solutions was examined using the biosorption
columns packed with P. chrysogenum, which efficiently removed Cd from 1 mM
Cd solution, or Cd and Zn from the industrial wastewater. The studied biosor-
bent was capable of accumulating Cd and Zn even at the high Ca concentration.

Key words: biosorbent, calcium, heavy metal removal, Penicillium chrysogenum

Introduction

Remediation of waters contaminated by heavy metals is an acute
environmental and technological issue in many countries, especially those
with a water deficit. As conventional methods for removing metals from
aqueous solutions are not effective enough (especially at low metal con-
centration), or too expensive, alternative methods are needed. Currently,
biosorption has become a heavy metal removal method of growing impor-
tance, and has been recognized as a potential alternative to the existing
technologies for waste purification and recovery of valuable elements. 

Biosorption is defined as a removal of metals or metalloids from the
solution by biological material (Gadd 1990; Kapoor and Viraraghavan
1995). Although the biosorption ability includes different kinds of these
materials (Crist et al. 1996; Drake and Rayson 1996), this term has been
applied mainly for microbial biomass (Gadd 1990; Tobin et al. 1994;
Volesky and Holan 1995). Fungal biosorption as an alternative method for
heavy metal removal from aqueous solutions has been reviewed by many
authors (Gadd 1990; Kapoor and Viraraghavan 1995; Volesky and Holan
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1995). Heavy metal uptake by microbial cells comprises two phases: a
rapid metabolism-independent surface binding of physico-chemical
nature, and a slower metabolism-dependent phase, whereby the ions are
transported across the cell membrane into the cell (Skowroński 1984;
Gadd 1993). From the quantitative point of view, the surface sorption may
be the largest part of the total metal uptake, so binding to the cell walls
appears to be the most significant mechanism of uptake. This mechanism
occurs in both living and dead microbial biomass including fungal
mycelium. Dead cells can often adsorb metal ions in larger quantities than
living biomass (Skowroński 1984; Brady and Tobin 1994). Non-living bio-
mass seems to be more useful for remediation, because the effects of metal
toxicity associated with the active uptake do not induce complication.

Various biomaterials are promising as sorbents to remove heavy met-
als from water (Crist et al. 1996), however, their sources should be avail-
able and inexpensive. New biosorbents should sequester a large amount
of metals. Such a source seems to be a large-scale fermentation process
(including production of antibiotics) and mycelial biomass. The aim of
this study was to investigate the ability of granular biosorbent, prepared
from the waste biomass of Penicillium chrysogenum to sequester heavy
metals (Cd, Zn, Cu, Pb) from the contaminated waters.

Material and Methods

Preparation of the Granular Biosorbent

The waste biomass of Penicillium chrysogenum PE-10/94, inactivated
with 0.2% formaldehyde, was obtained from the Pharmaceutical Company
POLFA (Warsaw, Poland). The biomass was filtered, washed with deionized
water, filtered again, then dried at 60°C and ground. Only the biomass par-
ticles of diameter <300 µm were used in metal sorption experiments.

The pH Titration 

In order to determine cation binding capacity (Na+/H+), granulated
P. chrysogenum biomass was rinsed with 10 mM NaNO3 and resuspended
in the fresh 10 mM NaNO3 solution. The density of the study suspension
was 7.7 g dry weight/L. Argon was constantly bubbled through the sus-
pensions to remove dissolved CO2. The pH of suspension (V = 13 mL)
was adjusted to 10 using 0.1 M NaOH. Then, the suspensions were titrat-
ed with 0.1 M HCl in the pH range of 10 to 2.5. Acid was constantly added
by a peristaltic pump (41 µL/min) and pH changes were recorded with a
pH meter (Orion 370) with the glass electrode (Orion, model 82-72). A
blank titration curve of NaOH with 0.1 M HCl was also prepared. Three
trials were made and the results are presented as mean values.

Heavy Metal Binding by P. chrysogenum Biosorbent

The sorption of Cd, Zn, Cu and Pb from the aqueous solutions by
granulated biomass of P. chrysogenum was studied using sorbent suspen-
sions prepared in 2 mM piperazine-1,4-bis(2-ethanesulfonic acid
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(PIPES)/NaOH buffer, pH 6 (if not otherwise specified). Experiments
were carried out in polyethylene bottles at 21 ± 1°C, using the solution of
Cd(NO3)2, Zn(NO3)2, Pb(NO3)2 and CuSO4. The sorption experiments
were performed three times for the initial metal concentrations ranging
from 1 µM to 1 mM. Sorption was assessed after 1 h incubation (sorption
isotherms) and the kinetics of metal binding were determined within 4 h
incubation. The Langmuir sorption model was chosen for estimation of
the maximum metal binding (amax):

a = amax · b · Ceq/(1+b · Ceq) (1)

where a is the metal sorption (mg/g dry weight of biomass), b is the
Langmuir constant and Ceq is the equilibrium concentration of metal in
the solution (mg/L).

Metal concentrations in solutions were determined using atomic
absorption spectrometry (AAS) or radiometric methods. The Cd and Zn
sorption was studied using Cd(NO3)2 or Zn(NO3)2 labelled with 109Cd
(Du Pont, 5.7 MBq/L) or 65Zn (Polatom, 12 MBq/L). The radioactivity of
samples was measured with the automatic scintillation counter with a
cavity crystal (Beckman Gamma 5500). The background radioactivity for
109Cd was 70 cpm and for 65Zn, 250 cpm. The Pb and Cu concentrations
were measured by means of atomic absorption spectrometry (FAAS or
GFAAS mode) using the AAS3 spectrometer (Carl-Zeiss Jena). Detection
limits (GFAAS) were: 0.5 µg/L for Cu, 10 µg/L for Pb; relative standard
deviation (RSD) for Cu was 3%, and for Pb was 4.5%.

The effect of pH on heavy metal sorption was studied after 1 h incu-
bation of sorbent with the metal solution of the initial concentration of 0.1
mM (Pb, Cu) or 0.01 mM (Cd, Zn), at the pH values ranging from 4 to 7.
The effects of the simultaneous surplus of calcium and magnesium
cations (each of a concentration 0.5 mM) on the heavy metal sorption on
P. chrysogenum (1 g dry weight/L) were studied after 1 h incubation with
a mixture of four metals (Cd, Cu, Zn, Pb; the concentration of each metal
in the solution was 30 µM), at pH 6.5. 

Heavy Metal Removal on the Biosorption Column

The glass columns (φ 9 mm) were packed with the fungal biosorbent
particles. Solution of 1 mM Cd(NO3)2, or industrial wastewater
(Bukowno, Poland) containing Zn (18 mg/L), Cd (0.7 mg/L) and Ca (220
mg/L), were passed through the column at a flow rate of 1 mL/min. The
eluent was collected in 10 mL fractions. The sorbed metals were then elut-
ed from the columns with 0.1 N HCl. The column that removed cadmium
from Cd(NO3)2 solution was reconditioned by eluting with Na2CO3.
Heavy metals were analyzed in the effluent by the AAS.

Results

To assess the potential cation-exchange capacity of the P. chrysogenum
granulate, the amount of the protons bound to the sorption surface, was
determined by pH titration. An example of a pH titration curve is given
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in Fig. 1. The curve for P. chrysogenum has a different pattern and is less
steep than the blank NaOH titration curve. This indicates a reaction
between added protons and functional groups present on the fungal bio-
mass surface, which can interact also with other cations. Table 1 shows the
proton-binding capacities of the biomass over a narrow range of pH val-
ues. The presented data illustrate amounts (µeq/g dry weight) of func-
tional groups (which can be involved in cation binding) of the dissocia-
tion contants pKa equal to these pHs. The total proton-binding capacity,
calculated for the pH range 3 to 8 was about 511 µeq/g dry weight.

The granular waste biomass of P. chrysogenum was capable of accu-
mulating heavy metals from the solutions. Most of the Cd2+, Zn2+, Cu2+

and Pb2+ ions were bound to the fungal sorbent from the solution within
15 min. At that time, under the experimental conditions, the studied bio-
mass bound 64, 32, 34 and 85% of the initial amounts of Cd, Zn, Cu and
Pb, respectively. The sorption equilibrium was reached after 2 hours
(unpublished data). The capacity of P. chrysogenum granulate to sorb met-
als was found to be a function of the metal type and metal concentration.
The sorption isotherms showing the relationship between the equilibrium
metal concentration in the solution and the metal sorption to the biomass
are presented in Fig. 2. The maximum sorption capacity (amax) was calcu-
lated from the Langmuir equation (equation 1). It was found that at pH 6,
granulated P. chrysogenum can sorb a maximum of 21.5 mg Cd; 13 mg Zn;
11.7 mg Cu; and 96 mg Pb, per 1 g dry weight.

The amount of metals bound to the biosorbent was found to be
dependent on the pH of ambient solution (Fig. 3). Generally, the sorption
of the studied metals decreased when pH decreased. Investigation of
metal sorption on P. chrysogenum was not carried out at pH values higher
than 7.5, due to the change in chemical metal speciation and metal pre-

Fig. 1. Potentiometric titration curve of the granular biosorbent of P. chrysogenum.
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cipitation. For Cd, Zn and Cu, the maximum sorption occurred around
pH 7, whereas for Pb, around pH 6. The simultaneous effect of calcium
and magnesium (0.5 mM) on Cd, Zn, Cu and Pb sorption (Fig. 4) from the
heavy metal mixture was very limited. At the initial heavy metal concen-
trations (0.03 mM) in the mixture and the excess of Ca and Mg, the biosor-
bent of P. chrysogenum bound 3.2 mg Pb; 2.7 mg Cd; 1.5 mg Zn and 1.2 mg
Cu, per 1 g dry weight.

Fig. 2. Isotherms of heavy metal sorption by the granulated biomass of P. chryso-
genum at pH 6. Data are expressed as mean ± SEM (standard error of the mean)
(n = 3).

Table 1. The proton-binding capacities of the sorbent for different pH ranges

pH Range Ion exchange (µeq/g dry weight)

8.0–7.5 15 ± 3
7.5–7.0 18 ± 3
7.0–6.5 16 ± 3
6.5–6.0 17 ± 5
6.0–5.5 28 ± 2
5.5–5.0 66 ± 10
5.0–4.5 132 ± 6
4.5–4.0 96 ± 4
4.0–3.5 69 ± 3
3.5–3.0 54 ± 8

total 8.0–3.0 511 ± 18
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Fig. 3. pH-dependence of heavy metal sorption by the preparation of the
P. chrysogenum. The initial metal concentrations were: Cu, Pb — 0.05 mM; Cd, Zn
— 0.01 mM. Data are expressed as mean ± SEM (n = 3), error bars are smaller
than symbols.

Fig. 4. The effect of simultaneous presence of Ca (0.5 mM) and Mg (0.5 mM) on
heavy metal sorption by the granulated biomass of P. chrysogenum from the metal
mixture (pH 6). The initial concentration of each heavy metal in the mixture was
0.03 mM. Data are expressed as mean ± SEM (n = 3).
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Heavy metals (Cd and Zn) were effectively removed from the solu-
tion using biosorption columns. Passing Cd-contaminated water (1 mM
Cd) through a column of the granular P. chrysogenum, cadmium was com-
pletely removed until the breakthrough of the column took place. After
saturation of the column, the cadmium bound by the biosorbent declined
rapidly. A typical bioaccumulation profile is shown in Fig. 5. The column
was regenerated and the metal was desorbed from the biomass using 0.1
M HCl. The recovery of cadmium (using small volumes of HCl) was
about 100%. However, reconditioning the column decreased its sorption
capacity by 15%. The second and third application of the biosorption col-
umn is also shown in Fig. 5.

The removal of zinc and cadmium from mining wastewater contain-
ing these metals is shown in Fig. 6. The column was capable of accumu-
lating heavy metal ions from the multicomponent solution, although after
breakthrough at a progressively lower efficiency. The studied biosorbent
was capable of accumulating cadmium and zinc in the presence of high
Ca2+ concentration.

Discussion

Several chemical processes may be involved in biosorption, but usu-
ally this kind of heavy metal uptake comprises a rapid adsorption of ion-
exchange nature (Brady and Duncan 1994a,b; Holan and Volesky 1994;
Tobin et al. 1994; Pirszel et al. 1995; Crist et al. 1996). Similar to other

Fig. 5. Cadmium removal from the solution containing 112 mg Cd/L on the
biosorption column (1.4 g granulated biomass of P. chrysogenum).
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microorganisms, the biomass of fungi possesses electronegative groups,
able to bind heavy metals (Gadd 1993; Tobin et al. 1994). The fungal cell
wall, which contains chitin, proteins and polysaccharides, appears to play
a major role in biosorption by filamentous fungi, due to the numerous
binding sites (Gadd 1993; Brady and Duncan 1994a; Tobin et al. 1994).
Various functional groups, such as carboxylic, amino, phosphate, hydrox-
yl or sulphydryl can interact with heavy metal ions by coordinate bonds,
and can be involved in metal sorption to the plant-derived materials (Xue
et al. 1988). However, primary interactions likely involve binding to car-
boxyl and phosphate groups (Gadd 1993). The potentiometric titration
revealed the potential metal sorption abilities of the granular P. chryso-
genum waste biomass and ion-exchange character of the sorption. The
total acid capacity was found to be 511 µeq/g dry weight. A similar value
was obtained from another fungus species, Trichoderma harzianum
(Krantz-Rülcker et al. 1993) and some unicellular algae (Pirszel et al. 1995;
Pawlik-Skowrońska et al. 1998). Metabolism-independent biosorption of
heavy metals is frequently rapid (Skowroński 1984; Gadd 1993; Pawlik-
Skowrońska et al. 1998). Also, in the case of the biosorbent under study,
most metal ions were bound in the first few minutes. The sorption equi-
librium was reached quickly, so the kinetics of the Cd, Zn, Cu and Pb
uptake by P. chrysogenum was typical of the microbial dead biomass
(Skowroński 1984; Atkhar et al. 1996). This study shows that the accumu-
lation of metals by the granulate of P. chrysogenum was an equilibrated
and saturable mechanism. The heavy metal sorption increases when the

Fig. 6. Cadmium and zinc removal on the biosorption column of P. chrysogenum
(2 g granulated biomass) from the wastewater containing 18 mg Zn/L; 0.7 mg Cd/L
and 220 mg Ca/L.



HEAVY METAL REMOVAL BY BIOSORBENT FROM PENICILLIUM 801

equilibrium metal concentration rises, as long as binding sites are not sat-
urated. Generally, the Cd, Zn, Cu and Pb sorption isotherms fitted the
Langmuir equation. The calculated maximum sorption capacity values
(amax) for the metals under study were similar to those reported for other
fungi and fungal mycelial by-products (Fourest and Roux 1992; Brady
and Tobin 1994; Tobin et al. 1994; Volesky 1994).

Heavy metal sorption is influenced by many environmental vari-
ables. pH is one of the most important factors modulating heavy metal
sorption because of its effect on the charge of functional groups and chem-
ical speciation of metals. Low external pH values usually limit biosorp-
tion of Cu, Zn, Cd and Pb (Skowroński 1986a,b; Gadd 1993; Brady and
Duncan 1994b; Sag and Kutsal 1997; Pawlik-Skowrońska et al. 1998). Also,
as shown in the case of granulated P. chrysogenum, the sorption of studied
metals was low at pH 4. At this pH, a large amount of the preparation
functional groups was non-dissociated. The maximum Cd, Zn and Cu
sorption by the study biosorbent was achieved at about neutral pH; how-
ever, the Pb sorption increased with the pH increase up to pH 6 and then
dropped. It appears that at the pH values higher than 6, the Pb sorption
decreased primarily because of lead hydroxide formation. Similar results
concerning maximum Pb biosorption by nonliving biomass of P. chryso-
genum were reported by Niu et al. (1993). However, in our experiments
the P. chrysogenum biomass bound much more Pb at higher pH values
(6–7) than the biomass investigated by above-mentioned authors.

Sorption is usually studied for a single metal cation in the solution.
Its evaluation becomes more complex when two or more metals are pre-
sent in the solution. The presence of co-cations usually reduced the
uptake of the target cations (Skowroński 1986a,b; Brady and Tobin 1994).
However, the presence of Ca2+ and Mg2+ ions in the studied concentra-
tions, did not significantly affect the heavy metal sorption by the P. chryso-
genum granulate. The same was observed for the heavy metal sorption by
some fungal biomasses (Pawlik-Skowrońska et al. 2000) and the heavy
metal sorption to the cyanobacterium Phormidium laminosum (Sampedro
et al. 1995). Therefore, Ca2+ ions commonly present in hard waters, and
also in the mining water used in our experiments, did not reduce the effi-
ciency of heavy metal removal. 

The granular or immobilized biomass has been used for recovery of
various heavy metals from artificial solutions and industrial wastewaters
(McKay and Bino 1990; de Rome and Gadd 1991; Brady et al. 1994;
Wilhelmi and Duncan 1995). Our study showed that the granular prepa-
ration of P. chrysogenum waste biomass was capable of efficiently remov-
ing heavy metals from the artificial metal solution as well as from the
industrial wastewater rich in Ca, Zn and Cd. It is interesting that the col-
umn filled with the studied biosorbent of P. chrysogenum can act selec-
tively towards ions present in the solution. Even at the excess of Ca, Cd
and Zn were effectively bound and removed from the aqueous solutions.

The sorption capacities of biological materials vary widely depend-
ing on surface properties (Gadd 1990; Holan and Volesky 1994; Tobin et
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al. 1994; Volesky 1994). For example, the excellent potential for sequester-
ing heavy metals demonstrated by dead seaweeds (Leusch et al. 1996;
Volesky 1994). The concentration of lead in some brown marine algae can
exceed 20% dry weight (at a very high external metal concentration)
(Holan et al. 1993). However, some other biomaterials exhibit lower
metal-binding capacity. 

The ability of P. chrysogenum granules to sequester and remove Pb,
Cu, Cd and Zn from the aqueous solutions offers the possible utilization
of the waste biomass, which is advantageous to pharmaceutical plants as
well as to the environment.
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