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Abstract: Bioremediation of heavy metal pollution remains a major challenge in environmental biotechnology.
Many bacterial polysacchrides have been shown to bind heavy metals with varying degrees of specificity and
affinity. This paper highlights the potential of yeast Biomass for biosorbing chromium metal ion in aqueous
solutions. Experiments were carried out as a function of pH, temperature, biosorbent concentration, chromium
concentration, contact time, agitation speed, interference and reusability. A removal of 95% was achieved under
optimized conditions. The mechanism of metal sorption by yeast cells gave good fits for Freundlich and
Langmuir models with max q value of 86.95 mg/g. The changes in entropy ( S°) and the heat of biosorption
( H°) of Biomass were estimated as 105.1 Jmol K  and 48865 Jmol , respectively. The free energy change1 1 1

( G°) obtained  for  the  biosorption process  at  310°C,  initial  chromium concentration of 120mgL  and pH1

7 is –16.31 kJmol . The high negative value of change in Gibbs free energy indicates the spontaneity and1

feasibility of Yeast Biomass has potential for the uptake of chromium from industrial effluents. Characteristic
of a good and useful biosorbent is its ability to be utilized as a fixed or expanded bed for continuous system.
After the biosorbent, the adsorbent was regenerated with 0.1 M Tris buffer pH 7.8. Maximum desorption of the
metal takes place within 5 bed volumes while complete desorption occured within 7 bed volumes.
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INTRODUCTION the categories of microbial biomass and plant wastes have

Industrial effluents loaded with heavy metals are a Since most of these engineering technologies have
cause of hazard to humans and other forms of life. The failed  in effluent  cleanup process. As alternatives,
environmental  impact  due  to  their toxicity  has  led  to slowly, biological tools are being substituted in pollution
the  enforcement  of  stringent  standards  for the abatement programs. This new technology has been
maximum allowable limits of their discharge into open loosely grouped together under the term Biosorption [1].
landscapes and water bodies. Authorities enforcing these This calls for a research effort to develop an industrially
standards further require the treatment procedures to be viable, cost effective and environmental compatibility
environment friendly. Conventional methods for the technology for the removal of metal ions from wastewater.
removal of heavy metals from wastewaters, however, are Yeast  biomass  was  used here in this study for removal
often cost prohibitive having inadequate efficiencies at of chromium  from  synthetic  solution. 
low metal concentrations, particularly in the range of Heavy metals released by a number of industrial
1–100 mg/l. Some of these methods, further more, generate processes are major pollutants in marine, ground,
toxic sludge, the disposal of which is a burden on the industrial and even treated wastewaters. Lead [2] is widely
techno-economic feasibility of treatment procedures. used in many industrial applications such as storage
These constraints have caused the search for alternative battery manufacturing, printing, pigments, fuels,
technologies for metal sequestering to cost-effective photographic materials and explosive manufacturing [3].
environmentally acceptable levels. The ability of Heavy metals can be extremely toxic as they damage
biological materials to adsorb metal ions has received nerves, liver, kidney and bones and also block functional
considerable attention for the development of an efficient, groups of vital enzymes. Two stable oxidation states of
clean and cheap technology for wastewater treatment at Chromium   persist   in   the   environment,   Cr   (III)  and
metal concentrations as low as 1 mg/l. Several materials in Cr  (VI),  which have contrasting toxicities, mobilities and

been successfully used for metal biosorption.
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bioavailabilities. Where as Cr (III) is essential in human prepared using potassium dichromate (K Cr O ) salt. This
nutrition (especially in glucose metabolism), most of the was used as the source of Cr (VI) in the synthetic
hexavalent compounds are toxic, several can even cause wastewater. pH of the solution was adjusted using 0.1 N
lung cancer. Chromium and its compounds are widely HCl or NaOH. Fresh dilutions were used for each study.
used in electroplating, leather tanning, cement, dyeing,
metal processing, wood preservatives, paint and Cr (VI) Ion Determination: The change in Cr (VI)
pigments, textile, steel fabrication and canning industries. concentration due to adsorption was determined
These industries produce large quantities of toxic calorimetrically (UV-Vis spectrophotometer) according to
wastewater effluents [4]. The maximum concentration limit Standard Methods [10]. A purple-violet colored complex
for Cr (VI) for discharge into inland waters is 0.1 mg/l and was  developed  in  the  reaction   between   Cr   (VI)   and
in potable water is 0.05 mg/l. 1, 5-diphenylcarbazide in acidic condition. Absorbance

Natural materials that are available in large quantities was measured at wavelength (l) 540 nm. The percentage
or certain waste from agricultural operations may have of Cr removal due to bioadsorption was calculated as %
potential to be used as low cost adsorbents, as they Cr removal = [(C  – C ) / C ] x 100%, where C  and C  are
represent unused resources, widely available and are the initial and equilibrium concentration of Cr (VI) solution
environmentally  friendly[5].  The use  of  microbial  cells (mg/L), respectively.
as biosorbents for heavy metals offers a potentially
inexpensive alternative compared to conventional Preparation of Biomass: The yeast biomass was initially
methods  of  heavy  metal  decontamination  from a dried from the moisture, spread on an aluminum tray, by
variety  of  industrial  aqueous  process  streams. The keeping in an oven at 95°C for 30 min. Then this was taken
major advantages of biosorption over conventional and kept in the ‘muffle furnace’ at 200°C for about 45 min.
treatment methods include low cost, high efficiency of After cooling, further this material was subjected to the
metal removal from dilute solution, minimization of sieve analysis.
chemical and/or biological sludge, no additional nutrient
requirement, regeneration of biosorbent and the Biosorption Studies: Batch biosorption studies were
possibility of metal recovery [6]. Bacteria [7], fungi [8], carried out using a certain amount yeast biomass and 100
marine algae [9], etc. have been studied for the heavy ml solution of Cr (VI) in a conical flask with constant
metal uptake capacities and suitability to be used as shaking using a rotary shaker operated at 180 rpm. The
development of biosorbents. following operating conditions such as pH, adsorbent

Biomass cell walls, consisting mainly of amount, contact time and metal concentration were
polysaccharides, proteins and lipids, offer many investigated. For each of the investigation, the mixture
functional groups that can bind metal ions such as was shaken in a rotary shaker at 180 rpm followed by
carboxylate, hydroxyl, sulphate, phosphate and amino filtration using Whatman filter paper (No.1). The filtrate
groups [2]. containing the residual concentration of Cr (VI) was

The word biomass usually refers to the material determined spectrophotometrically at 540 nm using the
derived from the living beings after their death. The method mentioned above. All biosorption experiments
biomass obtained from plant kingdom is enormous and were performed in triplicate and mean values reported.
annually millions and million of ton of plant biomass is
obtained in the world. Yeast biomass is the most known Adsorption Isotherms: The sorption of chromium ions
member of the fungi family also called Mycota. It is a was carried out at different initial chromium ion
Eukaryotic, Heterotrophic organisms with diverse concentrations ranging from 10 to 250 mg/L, at optimum
physiology and modes of reproduction and does not form pH 4, at 185 rpm with the optimum agitation period
regular mycelia. They occur in soil, decaying organic (optimum conditions of all pertinent factors were used)
matter, animal excreta and milk. Here in the project while maintaining the adsorbent dosage at 1g of beads.
naturally occurring yeast biomass is considered. Langmuir and Freundlich models were applied to the

MATERIAL AND METHODS generated [11, 12].

Metal Solutions: All the reagents were of Analytical Effect of Temperature on Biosorption: The biosorption of
Reagent Grade and were prepared in Double Distilled H O. chromium by yeast biomass was studied at temperatures2

An aqueous stock solution (1000 mg/l) of Cr (VI) ions was of 210°C, 240°C, 270°C, 340°C and 370°C with a constant

2 2 7
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adsorption isotherm and different constants were
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concentration of 120mg L  of the chromium solution1

using 1g of the Yeast Biomass by introducing into each of
the glass tubes employed and 25ml of chromium solution
at pH 4 was added to the tubes. The biosorption mixture
was  then  left  in  a thermostated water bath to maintain
the temperature for optimum time. The biosorbent was
removed from the solution by centrifuging and the
concentration of residual chromium ion in each solution
was determined.

Biosorption Column Experiments: Continuous
biosorption  experiments  were  carried  out  using
jacketed  Pyrex  column  reactor packed with yeast
biomass.  The  inner   diameter,   height    and  bed volume
of column were 1.2 cm, 27.0 cm and 30.5 ml, respectively.
The column was equilibrated with 10 bed volumes (305 ml)
of 0.01 M sodium acetate buffer at pH 4.0 and effluent pH
was monitored to ensure that the column was
continuously at the optimal binding pH (pH 4). A flow rate
of 2.5 ml per minute was used to pass the buffer.

Solutions containing 50 mg/l (pH = 4.0) of Cr (VI) ions
were pumped upward with a peristaltic pump through the
column packed with biomass. The flow rate of the metal
solution was 2.5 ml/min. Effluent liquid overflowed from
an outlet port at the top of the bioreactor, maintaining a
constant level inside the column. The temperature of the
bioreactor system was maintained at 30°C by circulating
constant temperature water from a circulator bath through
the jacket of the bioreactor. The residence time of metal
ions through the column was 12.4 min. Samples fractions
of 25 ml each of the effluent were collected from the outlet
port and analyzed for Cr (IV) ions using the method
mentioned above. The experiment was continued until a
constant Cr (VI) ion concentration was obtained.

Recovery of Metal from the Column: To remove the
bound metal, 0.1 M Tris-HCl buffer pH 7.8 was passed
through the column at a flow rate of 2.5 ml per minute.
Each effluent fraction of volume 30 ml was collected and
analyzed for metal content using the previously
mentioned method

RESULTS AND DISCUSSION

Effect of pH: pH is an important parameter for adsorption
of metal ions from aqueous solution because it affects the
solubility of the metal ions, concentration of the counter
ions   on   the  functional  groups of the adsorbent and the

Fig. 1: Effect of pH on the percentage removal of
chromium

Fig. 2: Effect of amount of biosorbent on the percentage
removal of chromium. 

degree of ionization of the adsorbate during reaction.
Biomass has active sites capable of binding metal ions.
Thus it is regarded as a complex ion exchanger similar to
a commercial resin. Such bond formation could be
accompanied by displacement of protons and is
dependent in part on the extent of protonation which is
determined by the pH [9]. To examine the effect of pH on
the Cr removal efficiency, the pH was varied from 1.0 to
8.0. As shown in Fig 1. the uptake of free ionic Cr depends
on pH, where optimal metal removal efficiency occurs at
pH 4 and then declining at higher pH.

Effect of Amount of Biosorbent: The concentration of
both the metal ions and the biosorbent is a significant
factor to be considered for effective biosorption. It
determines the sorbent/sorbate equilibrium of the system.
Biosorption of chromium with varying biosorbent
concentration is shown in Fig. 2. Chromium uptake rose
with  increase  in  biosorbent  concentration  from 32.5%
at  0.2  g  biomass  to  91  %  at  1.0 g biomass. This
appears to be due to the increase in the available binding
sites in the biomass for the complexation of chromium.
However, the chromium uptake decreased gradually when
the biosorbent concentration exceeded 1.0 g. A similar
trend   in    metal   uptake   with   variations   in  biosorbent
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Fig. 3: Effect of contact time on the percentage removal
of chromium ions.

Fig. 4: Effect of initial metal concentration on removal of
iron from water.

concentration  has  been reported for lead biosorption
from its synthetic aqueous solutions by Spirulina
maxima. [13].

Effect of Contact Time: Shaking time was varied from one
minute to 24 hours. As can be seen in Fig. 3, the
percentage removal of ion increased with the time of
shaking. A sharp increase was observed at around the
time  of  30  min.  and  attained an optimum at the time of
45 min. Hence the contact time of 45 minutes was set for
all other experiments. This result is important, as
equilibrium time is one of the important parameters for an
economical wastewater treatment system.

Effect of Initial Metal Concentration: Biosorption
experiments with biomass were conducted for solutions
containing 10-120 mg/l Cr (VI). As seen in Fig. 4, at lower
concentrations of Cr (VI) (10- 50 mg/ l) biosorption was
complete in about 5 min but at higher concentrations it
took  30-60  min.  At  lower  concentrations,   all  metal
ions present in the solution would interact with the
binding  sites  and  thus  facilitated   100%   adsorption.
At higher concentrations, more Cr ions are left
unabsorbed in solution due to the saturation of binding
sites.  This appears to be due to the increase in the
number of ions competing for the available binding sites
in the biomass [14].

Biosorption Equilibria Studies: Analysis of the isotherm
data is important in order to develop an equation which
accurately represents the results of the column and which
could be used for column design purposes. Adsorption
isotherm also describes how solutes interact with
adsorbent and so is critical in optimizing the use of
adsorbent. The chromium uptake capacity of yeast
biomass was evaluated using the Langmuir [11] and
Freundlich [12] adsorption isotherms. The Langmuir
equation which is valid for monolayer sorption onto a
surface with a finite number of identical sites which are
homogeneously distributed over the adsorbent surface is
given by Equation:

where q is the amount of metal ion bound to per gram ofeq

the dried biomass at equilibrium and C is the residualeq

(equilibrium) metal ion concentration left in solution after
binding, respectively. q is the maximum amount of metalmax

ion per unit weight of sorbent to form a complete
monolayer on the surface and b is a constant related to
the affinity of q the binding sites. q and b can bemax max

determined from C /q versus C plot which gives aeq eq eq

straight line of slope 1/q and intercept 1/ b.q .max max

On   the    other  hand,    the    Freundlich    equation
is   an    empirical    equation   based on   adsorption  on
a heterogeneous surface is given by Equation

,     where       C  is      the    equilibriumeq

concentration  (mg/l),  q  is the amount of metal ioneq

bound to per gram of the dried biomass at equilibrium
(mg/g) and K and n are the Freundlich constants relatedF

to the sorption capacity and sorption intensity of the
sorbent, respectively. The equation can be linearized in
logarithmic form and Freundlich constants can be
determined.

The Langmuir and Freundlich equations were used to
describe the data derived from the adsorption of Cr (VI)
by the bioadsorbent over the entire concentration range
studied (20 to 600 mg/L Cr). The linear plot of the
Langmuir and Freundlich isotherm models for sorption of
Cr (VI) on yeast biomass are presented in Fig. 5 and 6.
The plot of  vs C (Fig 5) showed that theeq

experimental data fitted reasonably well to the linearized
equation of the Langmuir isotherm over the whole Cr (VI)
concentration range studied. q and b were determinedmax

from the slope and intercept of the plot and were found to
be 90.90 mg/g and 0.0136 L/mg respectively. 
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Fig. 5: Langmuir isotherm plot of Cr (VI) adsorption on Fig. 7: Free energy change in the biosorption of
yeast biomass 

Fig. 6: Fruendlich isotherm plot of Cr (VI) adsorption on
yeast biomass 

Table 1: Isotherm parameters for Cr (VI) adsorption on yeast biomass 

Langmuir Isotherm Freundlish isotherm

------------------------------------------------- ------------------------------------------

b (L/mg) q  (mg/g) R K 1/n Rmax f
2 2

0.0136 90.90 0.906 4.664 0.446 0.945

Linear plots of ln q versus ln C showed that thee e

Freundlich isotherm was also representative for the Cr
adsorption  by  the  biosorbent   tested.   K    and   n  wereF

calculated from the slopes of the Freundlich plots (Fig. 6)
and were found to be 4.664 and 2.242 respectively. The
magnitude of K  and n shows easy separation of heavyF

metal ion from wastewater and high adsorption capacity.
The value of n, which is related to the distribution of
bonded ions on the sorbent surface, represent beneficial
adsorption if is between 1 and 10. The n value for the
biosorbent used was found [15] to be greater than one,
indicating that adsorption of Cr (VI) is favorable.

Table 1 gives the isotherm parameters for both
Langmuir and Freundlich isotherms. From linear
correlation   coefficients  of  the  adsorption   isotherm,  it

chromium using Yeast Biomass at 27°C, pH 4 and
initial chromium concentration of 120 mg L 1.

is  noted  that the Freundlich isotherm model exhibits
better  fit  to  the sorption data of Cr (VI) than the
Langmuir isotherm model. This phenomenon suggests
that multilayer sorption takes place on the surface of
biomass

Thermodynamics of Biosorption of Chromium by Yeast
Biomass: In the present study, the biosorption
experiments  were  carried  out  in  the  temperature  range
21-37°C. Thermodynamic parameters were obtained by
varying  temperature  conditions over the range 21-37°C
by keeping other variables constant. The values of the
thermodynamic parameters such as G°, H° and S°,
describing chromium uptake by Yeast Biomass, were
calculated using the thermodynamic equations described
below [16].

The change in Gibbs free energy of the biosorption
process is thus given as , Where G° is
the standard Gibbs free energy change for the biosorption
(Jmol ), R the universal gas constant (8.314 Jmol K )1 1 1

while  T  is  the  temperature  (K).  The effect of
temperature on the biosorption of chromium by Yeast
Biomass  is  reported  in  Fig.  7.  From  thermodynamics,

.
A plot of T against G° gives a straight line with

slope  – S° and  an intercept of H°. In Fig 7, the slope
is -105.1 Jmol  K  while the intercept is 48865 Jmol .1 1 1

Therefore, the values of the entropy and enthalpy are
105.1 Jmol K  and 48865 Jmol , respectively. The1 1 1

decrease in the value of the free energy with increase in
temperature indicates that the biosorption process is
endothermic and it is thereby favored with increase in
temperature. It is observed in Fig. 7 that the free energy
values decrease with increase in temperature. This implies
that the spontaneity of the biosorption process increased
with  increase  in  temperature.  The  free   energy  change
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Fig. 8: Breakthrough Curve for Chromium Binding Under
Flow Conditions. A solution of 50 mg/L Chromium
(VI) in 0.01 M sodium acetate at pH 4 was passed
through a column containing biomass (30.5 ml bed
volume). The flow rate was at 2.5 ml per min.

Fig. 9: Desorption curve for chromium after binding
under flow conditions. Using the same column (as
in Fig 8), ten bed volumes (one bed vol = 30.5 ml)
of 0.1 M Tris-HCl buffer pH 7.8 were passed at a
flow rate of 2.5 ml per min.

( G°) obtained for the biosorption of chromium at 310°K,
initial  chromium concentration of 120mgL  and pH 4 is1

-16.31 kJmol . The large negative value of G° obtained1

for the biosorption of chromium shows spontaneity of the
biosorption process at that temperature. The large
positive value of S° (105.1 Jmol K ) suggested the1 1

increase in randomness at the solid/solution interphase
during the biosorption of chromium on the biomass. 

Biosorption of Metal by Biomass Column
Chromatography: Essentially, the main requirement of an
industrial sorption system is that the sorbent can be
utilized as a fixed or expanded bed and it should not cause
much pressure drop across the bed. In order to retain the
ability of microbial biomass to absorb metal(s) during the
continuous industrial process, it is important to utilize an
appropriate technique since the  cells  are  not  suited  for

column packing in industrial applications. The free cells
generally have low mechanical strength and small particle
size and excessive hydrostatic pressures are required to
generate suitable flow rates. High pressures can cause
disintegration of free biomass [17]. Fig. 8 represents the
breakthrough curve for chromium (VI) passed through the
column. The curve shows the amount of metal remaining
after solutions at pH 4 were passed through the column.
In this experiment, 50 mg/L of Cr (VI) solution prepared in
0.01 M sodium acetate pH 4 was continuously applied to
the column which was prepared by packing about 30.5 ml
of the beads as described previously. Overloading of the
biomass occurred after application of approximately 370 ml
of the metal solution. Chromium in the solution passed
through the column without additional retention after
approximately 1200 ml had been applied.

After elution with 0.1 M Tris-HCl buffer pH 7.8, the
bound metal ions were recovered with most of the metal
retrieved in bed volumes between 2 to 6. Fig. 9 represents
the curve showing this recovery.

Biomass Reuse: The stability and potential recyclability
of the biomass were assessed by monitoring the changes
in recoveries through adsorption desorption cycles [17].
It was seen that biomass has good stability for extended
period of time. There was no significant decrease in
recoveries even after eight runs.

CONCLUSION

A suitable indigenous dried yeast Biomass has been
identified as an effective biosorbent to remove chromium
ions from aqueous solution. From an overview of
microbial sorbents and bio waste as sorbents, it can be
concluded that laboratory trials do show their potential
for commercialization since it is technically feasible,
ecofriendly with good metal-binding capacity. The
biosorption of chromium was found to be time dependent
and optimum time for the uptake was 60 min. Furthermore,
the equilibrium data of adsorption are in good agreement
with the models of Freundlich and Langmuir. The large
negative value of change in free energy obtained for the
biosorption of chromium shows spontaneity of the
biosorption process at that temperature. The large
positive value of the change in entropy suggested the
increase in randomness at the solid/solution interphase
during the biosorption of chromium on the yeast Biomass.
The adsorbent can be regenerated using higher pH buffer
and reused up to 8 times without any loss in metals
binding capacity. This adsorbent can be a good choice for
adsorption of not only chromium ions but also other
heavy metal ions in wastewater stream.
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