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Abstract  The Biosorption property of S. cerevisiae for chromium uptake was investigated in an
immobilized cell bioreactor. Saw dust was utilized as the solid bed in the reactor. Adsorption of S.
cerevisiae onsaw dustobeys afirst order reaction kinetic up to 6 hours. Theimmobilized biomass particles
are porous and exist in the new generation of biological adsorbent. Chromium biosorption was studied
in this bioreactor. The maximum uptake capacity of the heavy metal is a function of the initial chromium
concentration. Chromium biosorption obeys a Freundlich isotherm kinetic model.
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INTRODUCTION

Since some heavy metals are known for their
ecological toxic contamination, a great attention has
been paid to the study of heavy metal accumulation
by microorganisms, both from the view points of
metal recovery and removal from the aquatic
environment. The term biosorption has been used to
describe a property of biomass which retains ions of
heavy metal, radionucleotides or valuable metals.
The cell wall of a live or dead microorganisms acts as
a basic building block for the accumulating of ions
[1]. Alemzadehet al [2] observed that flocculation of
bacteria with the aid of cations like Ca*2or Al** is the
results of ionic bond bridge formed between the
negatively charged cell surface and the cation in the
solution. Cell walls of procaryotes and eukaryotes
contain polysaccharides, with ion exchange
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properties [1].

Strandgergetal. [3] demonstrated that the uranium-
complexing capacity of extracellular polysaccharide
isolated from yeast cells of S. cerevisiae were directly
related to the content of the individual polymers.
Penda et al. [4] reported the possibility of using
Aspergillus niger in removing hexavalent chromium
from water. The effect of parameters as age of pellets,
pH, and ions were studied on biosorption properties
of A.niger. Highlevels of radionucleotide as uranium
and thorium from aqueous solution have been
identified by Tsezos and Voleskey [1,5] with non
living biomass of Rhizopus arrhizus. Heavy metal
pollution has become a topic of general public
concems. As reported by Culp G. and Culp R. [6],
Leavy metals have been classified as having very
high or high pollution potential. Very high pollution
potential metals include Ag, Au, Cu, Hg, Pb, Sb, Sn,
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Te, and Zn, and hagh pollution potential metals include:
Ba, Bi, Fe, Mn, Mo, Ti and U. The disposal of
industrial wastewater into the rivers, streams and
lakes disturbs the ecosystem of these water bodies.
The -effluents like electroplating, chloro-alkali,
leather industries and the drainage of mines cause
metal  pollution. Many investigators including
Aimal et al. [7]; Gould and Genetelli [8]; Rudo et al.
[9]1; Abemathy et al. [10] Newman et al.[11] Mouvet
et al. [12,13] offered different methods for different
heavy metal removal. In this investigation chromium
Cr** Biosorption from a synthetic waste was studied
by S. cerevisiae yeast cell immobilized on saw dust

particles.
MATERIALS AND METHODS

Microorganism: Saccharomyces cerevisiae ATCC
4126. The strain was grown in shaking culture or
sabourd's liquid medium in a 500 ml Erlenmeyer at
30°C. After48 h, the cells were harvested by Heraeus
Christ I KS centrifuge (10 min at 5000*g) and were
washed once with distilled water.

Preparation of immobilized cell bioreactor was
made according to the method described by
Alemzadeh [14]. For this reason, the yeast cells were
suspended in 200 ml of physiological serum, 0.9 g
sodium chloride /100 ml distilled water. The reactor
was made of plexiglass, with 20 cm long, 2.5 cm
diameter, reactor total volume, 98 ml. The reactor
was filled with 3 g saw dust as the support, the void
fraction reached about 0.25. A peristaltic pump,
Cole Parmer WZIPOS51, was used to circulated the
cell suspension through the reactor at a flow rate
of 170 ml/h at room temperature (Figure 1). The
cell adsorption was determined by the dry weight
technique using the millipore 0.45 micrometers

filter paper. The amount of adsorbed cell was
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Figure 1. Schematic Re presentation of the Bioreactor

calculated by the difference between initial cell
concentration and concentration after certain time
and it is defined as adsorption capacity, mg cell/g
support [15].

The chromium (Cr*%) solution was prepared
according to the standard method reported by~
Greenbery [16]. The chromium concentration was
determined using pye Unicam SP 191 Atomic
Absorption Spectrometer (ATS). The synthetic
chromium waste was diluted, and after circulating
the reactor at flow rate of 50 mil/h, the residual
chromium concentration was measured by the same
ATS method. A blank system with only saw dust (no
microorganism) was carried out. The chromium
solution 100, and 1000 ppm was separately circulated
into the reactor. The reduced chromium concentration
C/C,, was derived where, C: chromium concentration
at a certain time and C: Initial chromium
concentration. The maximum chromium (biosorbent)
uptake value (q) was determined when biosorption
reaches the steady state condition and it is defined as
mg chromium /g, Immobilized cell.

RESULTS AND DISCUSSION

The immobilization behavior of S. cerevisiae on saw

dust is shown in Figure 2. As the figure presents cell
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Figure 2. Concentration of adsorbed or non adsorbed (free) celi
with time.

adsorption is linear up to 6 hours and then reaches a
steady state condition. The amount of final cell
adsorption (adsorption capacity) was 420 mg/g of
support. The adsorption capacity of S. cerevisiae
immobilized on wood chips in ethanol production
was 248 mg/g, [15]. These authors also reported that
yeast cells have high adsorption capacity comparing
to other types of microorganisms. Gerson and Zajic
[17]1demonstrated that yeastcells also show significant
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Figure 3. Change of non adsorbed cell (free cell, cell in solution)
concentration with time.
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adhesive strength.

A logarithmic plot of free cell concentration (cell
in solution) mg, against time is shown on Figure 3
which is linear. Therefore, the adsorption velocity
obeys firstorder reactionkinetic whichis inaccordane
with langmuir isotherm model (Equation 1).

Ln C/C, = Kt eV

The constant K from Figure 3 was determined:
K =0.343h",

Immobilization of Saccharomyces yeast cell on
corn stover in invert sugar production was also as
langmuir isotherm model [14].

Chromium biosorption was also studied in the
immobilized cell bioreactor. Different chromium base
solutions were circulated into the bioreactor. The
maximum biosorbentuptake value (q) was calculated
for different initial chromium concentrations. The
reduced chromium concentration ratio with time is
shownin Figure 4. Along with the results obtained for
blank system carried out with only saw dust and
chromium ~circulation at 100 and 1000 ppm, the
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Figure 4. Reduced chromium concentration ratio with time for
blank and different maximum uptake value (q).
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reduced concentration ratio with time is also presented
in Figure 4. Each point in the blank curve is the
average of two different concentration ratios. In the
case of blank, one can conclude that the capacity of
saw dust in retaining chromium is negligible. The
results presented in Figure 4 also demonstrate that the
velocity of chromium biosorption at the maximum
amount of chromium concentration (1000 ppm) is
significant that is, biosorption rate increases with the
initial chromium concentration. The maximum
chromium uptake value was 596.8 mg/g dry cell
mass, which belongs to the highest initial chromium
concentration (1000 ppm).

Table 1 presents the effect of initial chromium
concentration on the maximum % of chromium
biosorption.

The biosorption percent is a function of the initial
chromium concentration. For the initial chromium
concentration of 1000 ppm, a maximum percent of
biosorption (about 80%) was observed. Strandberg et
al. [3] demonstrated that yeast cells of S. cerevisiae
can accumulate heavy metals as uranium for an
amount of 150 mg/g cell weight.

Schumate and strandberg [19] reported that pure
culture of a microorganism exhibits heavy metal
uptake ranging from 8 to 35% dry weight. Retaining
65-68 mg of heavy metal (copper and cadmium)/g
protein was reported by chang et al. [20].

Fordifferentinitial chromium concentrations (C),
the amount of maximum uptake capacity (q, mg Cr*®
/g cell) was determined. A plot of Inq vs InC yields a

TABLE 1. Effect of Initial Chromium Concentration on
Maximum % of Chromium Biosorption.

Initial Cr** concentration | % of Cr** biosorption
(ppm)
425 16.3
50 30.7 |
100 65.0
1000 79.9
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Figure 5. Linearized chromium biosorption isotherm by
S. Cerevisiae.

straight line with /n K as the intercept and 1/n as the
slope. The results are shown in Figure 5. The higher
initial chromium concentration results inasignificant
biosorption value. The chromium biosorption model
fits the Freundlich isotherm (Equations 2,3). Tsezos
and Voleskey [1] observed the same properties for
radioactive metal adsorption by microorganisms.

q=KC'”» )

In g=InK+ I/n InC €))

K and n are empirical constants: K= 0.379,n=0.938
CONCLUSION

A batch scale reactor was operated under laboratory
conditions to study the yeast cell adsorption on saw
dust as the solid support and the behavior of cell
adsorption. Saccharomyces were utilized as
biosorbent due to its high sorption capacity. The final
amount of adsorbed cell on saw dust was 420 mg/g
support, which is significant. The cell adsorption on
the solid support obeys the langmuir isotherm model.
The chromium biosorption was studied in the reactor
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with time. For different initial chromium
concentrations , the heavy metal biosorption was
measured. About 80% of chromium was biosorbed
by the reactor. The effect of the initial chromium
concentration on the maximum uptake value was
calculated, which was 596.8 mg Cr*%/g cell for 1000
ppm the initial chromium concentration. The
logarithm of the heavy metal biosorption vs the initial
chromium concentration is linear which obeys a

Freundlich adsorption isotherm model.
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