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This paper projects the potential of waste beer yeast 
Saccharomyces cerevisiae in biosorbing lead from 
battery manufacturing industrial effluent. Experiments 
were carried out as a function of pH, biosorbent 
concentration, lead concentration and agitation speed. 
Specific lead uptake of 2.34 mg/g was recorded and the 
data gave good fits for Freundlich and Langmuir 
models with K f and Q max values of 0.5149 and 55.71 
mg/g. The roles played by amines, carboxylic acids, 
phosphates, sulfhydryl group and lipids in lead 
biosorption were studied. Electrostatic attraction may 
be the mechanism of biosorption. The extent of 
contribution of the functional groups and lipids to lead 
biosorption was in the order: carboxylic acids > lipids > 
amines > phosphates. Blocking of sulfhydryl group did 
not have any significant effect on lead uptake. 

 
 
Heavy metals released by a number of industrial processes 
are major pollutants in marine, ground, industrial and even 
treated wastewaters (Martins et al. 2006). Lead is widely 

used in many industrial applications such as storage battery 
manufacturing, printing, pigments, fuels, photographic 
materials and explosive manufacturing (Jalali et al. 2002). 
Lead is highly toxic as its presence in drinking water above 
the permissible limit (5 ng/mL) causes adverse health 
effects such as anemia, encephalopathy, hepatitis and 
nephritic syndrome (Lo et al. 1999).  
 
Conventionally, the following methods are employed for 
the removal of heavy metals from effluents: oxidation and 
reduction, precipitation, filtration, electrochemical 
treatment and evaporation (Baik et al. 2002). Physico-
chemical methods presently in use have several 
disadvantages such as unpredictable metal ion removal, 
high reagent requirements and formation of sludge and its 
disposal, in addition to high installation and operational 
costs (Deepa et al. 2006). Search for newer treatment 
technologies for removal of toxic metals from wastewaters 
has directed attention to biosorption (Veglio and Beolchini, 
1997). It can be considered as an alternative technology for 
industrial wastewater treatment (Martins et al. 2006).  
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The phenomenon of biosorption is defined as a metabolism-
independent adsorption of pollutants based on the partition 
process on a microbial biomass (Ringot et al. 2006). It is a 
passive non-metabolically - mediated process of metal 
binding by biosorbent (Davis et al. 2003). Bacteria, yeasts, 
fungi and algae have been used as biosorbents of heavy 
metals. Among these, yeasts are known to be selective 
metal biosorbents as compared to fungi, actinomycetes and 
bacteria (Zouboulis et al. 1999).  
 
Saccharomyces cerevisiae can remove toxic metals, recover 
precious metals and clean radio-nuclides from aqueous 
solutions to various extents. S. cerevisiae is not only a by-
product of established fermentation processes, but also can 
be easily obtained in considerably substantial quantities at 
low costs (Goksungur et al. 2005). Often, the economics of 
the process can be improved by using waste biosorbent 
instead of cultured biosorbent (Marques et al. 2000). The 
application of S. cerevisiae as a biosorbent not only 
removes metals from wastewaters but also eases the burden 
of disposal costs associated with the waste (Ting and Sun, 
2000).  
 
The yeast Saccharomyces cerevisiae has been used to 
remove Cr(VI), Fe(III) (Goyal et al. 2003), Pb(II) (Suh et 
al. 1998), Cu(II) (Jianlong, 2002), zinc and nickel 
(Zouboulis et al. 2001) from aqueous solutions. It can 
distinguish different metal species based on their toxicity, 
such as selenium, antimony and mercury. This kind of 
property makes S. cerevisiae useful not only for the 
bioremediation, removal or recovery of metal ions, but also 
for their analytical measurement (Wang and Chen, 2006).  
 
Metal uptake by biosorption is reported to occur through 
interactions with functional groups native to the biomass 
cell wall (Goksungur et al. 2005). It is metabolism-
independent and proceeds rapidly within several minutes by 
any one or a combination of the following metal binding 
mechanisms: coordination, complexation, ion exchange, 
physical adsorption (e.g. electrostatic) or inorganic micro-
precipitation. The mechanism of metal biosorption is 
complicated and not fully understood. The status of 
biomass (living or non-living), types of biomaterials, 
properties of metal-solution chemistry, 
ambient/environmental conditions such as pH, will all 
influence the mechanism of metal biosorption (Wang and 
Chen, 2006). Identification of the functional groups would 
help to determine the mechanisms responsible for the 
binding of target metals (Ting and Teo, 1994). Pre-treating 
the biomass can help shed light on the role played by 
functional groups in biosorption of lead.  
 
Biosorbents have been used to remove metals and other 
pollutants from laboratory prepared aqueous solutions thus 
far. Literature on the application of biosorption to ‘real' 
industrial effluents is scarce, lead-bearing effluents in 
particular. The present study investigates the potential of 
waste beer yeast S. cerevisiae in biosorbing lead from 
battery manufacturing industrial effluent. The roles played 
by amines, carboxylic acids, phosphates, sulfhydryl group 
and lipids of S. cerevisiae in lead biosorption were also 

studied.  
 
METHODS 
 
Biosorbent 
 
Spent waste yeast biomass S. cerevisiae was collected from 
the fermentor at a brewery located near Chennai, India and 
transported to the laboratory in plastic containers. The yeast 
cells were washed thrice with double distilled water. After 
each wash, the biosorbent was separated by filtration using 
Whatmann No. 42 filter paper. The biosorbent was dried in 
a hot air oven at 80ºC for 8 hrs and stored for further use. 
 
Surface chemistry characterization of biosorbent 
 
Surface chemistry of the biosorbent was characterized by 
potentiometric titration and chemical treatment. The 
mechanism of biosorption was inferred from this. 
 
Potentiometric titration of biosorbent. Ion exchange 
properties of (untreated) S. cerevisiae (also called as control 
in our study)  with regard to H+ and OH− ions were studied 
by potentiometric titration. The titration was performed in 
Erlenmeyer flasks using a magnetic stirrer (Heidolph MR 
3001 K, Germany) and pH meter (Elico, India). Protonation 
was carried out by soaking 1 g of dried biosorbent in 50 mL 
of 0.1 mol/L HCl and agitating for 2 hrs on a rotary shaker 
(IKA-KS 501, Germany). The titration procedure was 
executed slowly, by stepwise addition of titrant (0.1 mol/L 
NaOH) to the biosorbent slurry. After each addition of 
titrant of 0.25 mL, the system was allowed to equilibrate 
until a stable reading was obtained. The potentiometric 
titration curve was obtained by plotting the volume of 
titrant against the recorded pH. 
 
Chemical treatment of biosorbent. Methylation of amines 
(Kapoor and Viraraghavan, 1997) was carried out by 
treating 1 g of raw biosorbent with 20 mL of formaldehyde 
and 40 mL of formic acid. The mixture was agitated on a 
rotary shaker (IKA- KS 501, Germany) for 5 hrs at 150 
rpm. The solution was filtered using Whatmann No. 42 
filter paper and the biosorbent dried at 80ºC for 8 hrs.  
 
Esterification of carboxylic acids (Drake et al. 1996) was 
carried out by suspending 1 g of raw biosorbent in 65 mL 
of ethanol and 0.6 mL of concentrated hydrochloric acid. 
The mixture was shaken for 5 hrs at 150 rpm. The solution 
was filtered and the biosorbent dried at 80ºC for 8 hrs. 
 
Esterification of phosphates (Fu and Viraraghavan, 2002) 
was carried out by heating 1 g of raw biosorbent in a 
mixture of 40 ml triethyl phosphite and 30 mL 
nitromethane under reflux conditions for 6 hrs. The solution 
was filtered and the biosorbent dried at 80ºC for 8 hrs. 
 
Modification of sulfhydryl group (Gardea-Torresday et al. 
1998) was carried out by dithiopyridine treatment. 1 g of 
raw biosorbent was washed in 0.1 mol/L HCl followed by 
0.01 mol/L sodium acetate at pH 5. The biosorbent was 
then suspended in 0.001 mol/L dithiopyridine (prepared by 
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dissolving 0.22 g of 2,2,dithiopyridine in 2 mL of 
concentrated HCl and diluting to 1 L with 0.1 mol/L 
sodium acetate at pH 5). The mixture was then shaken for 5 
hrs at 150 rpm. The solution was filtered and the biosorbent 
dried at 80ºC for 8 hrs. 
 
Extraction of lipids (Kapoor and Viraraghavan, 1997) was 
carried out by heating 1 g of raw biosorbent in 75 mL of 
benzene under reflux conditions for 6 hrs. The solution was 
filtered and the biosorbent dried at 80ºC for 8 hrs.  
 
Collection and characterization of effluent 
 
Raw effluent was collected from a battery manufacturing 
unit and transported to the laboratory in plastic cans. The 
effluent was characterized for its physicochemical 
parameters following Standard Methods (APHA, 1998). 
Heavy metal analysis was carried out using Atomic 
Absorption Spectrophotometer (AAS 6VARIO, Analytik 
Jena, Germany). The pH of the effluent was not adjusted, 
unless otherwise stated. The characteristics of the effluent 
are listed in Table 1. 
 
Biosorption experiments  
 
A known weight of biosorbent was suspended in 100 mL of 
effluent taken in 250 mL Erlenmeyer flasks and agitated at 
150 rpm at 30ºC on a rotary shaker. Samples were 
withdrawn periodically at fifteen-minute intervals during 
the 2 biosorption experiment and filtered using Whatmann 
No. 42 filter paper. The concentration of lead remaining in 
the filtrate was determined using AAS. 
 
To study the effect of biosorbent concentration, dry 
biosorbent was added to the effluent to yield concentrations 
(w/v) of 0.5, 1, 1.5, 2, 2.5, 3, 3.5 and 4% and biosorption 
experiments were carried out. Effect of pH on biosorption 
was investigated by adjusting and maintaining pH of the 
effluent at pH values of 1, 2, 3, 4, 5 and 6 using 0.05 mol/L 
H2SO4 and 1 mol/L NaOH with a biosorbent concentration 
of 2%. Experiments were not conducted beyond pH 6 to 
avoid lead precipitation. The effluent was diluted with 
double distilled water to yield solutions containing 25, 50, 
75 and 100 mg/L of lead. These were subjected to 
biosorption, maintaining the biosorbent concentration 
constant at 2%. Experiments were carried out by varying 
the agitation speed of the biosorption mixtures from 0 (no 
agitation – control), 50, 100, 150 to 200 rpm, with 2% 
biosorbent concentration.   
 
Calculation of lead uptake 
 
Lead uptake by biosorbent was calculated using the 
following mass balance equation for the biosorbent (Vieira 
and Volesky, 2003): 

 
[1] 

 
where, 
q = lead uptake (mg metal/g cell dry weight); 
V = volume of metal-bearing solution contacted (batch) 

with the biosorbent (L); 
Ci = initial concentration of metal in solution (mg/L); 
Cf = final concentration of metal in solution (mg/L); 
S = dry weight of biosorbent added (g). 
 
Biosorption models 
 
Freundlich (1906) and Langmuir (1916) isotherm models 
were used for interpreting the lead biosorption equilibrium. 
They are the earliest, most common and simplest known 
relationships describing the ad/bio-sorption phenomenon 
(Jalali et al. 2002).  
 
The classical Freundlich equation is given below: 

 
[2] 

 

where,  
q = heavy metal adsorbed on the biosorbent (mg/g dry 
weight); 
Ce = final concentration of metal (mg/L) in the solution; 
Kf = an empirical constant that provides an indication of the 
adsorption capacity of biosorbent; 
n = an empirical constant that provides an indication of the 
intensity of adsorption. 
 
Equation [2] can be linearized as follows: 

 
[3] 

 
The adsorption constants (Kf and 1/n) were obtained by 
plotting log q as a function of log Ce. 
 
The classical Langmuir equation is given below: 

 
[4] 

 
where, 
q = heavy metal adsorbed on the biosorbent (mg/g dry 
weight); 
Ce = final concentration of metal (mg/L) in the solution; 
Qmax= maximum possible amount of metallic ion adsorbed 
per unit weight of adsorbent; 
b = equilibrium constant related to the affinity of the 
binding sites for the metals. 
 
Equation [4] can be linearized as follows: 

 
[5] 

 
The adsorption constants (Qmax and b) were obtained by 
plotting 1/q as a function of 1/Ce. 
 
RESULTS AND DISCUSSION 
 
Biosorbent surface characterization / Biosorption 
mechanism 
 
The potentiometric titration curve of untreated S. cerevisiae 
is shown in Figure 1. The results of titration experiments 
permit the qualitative and semi-quantitative determination 

q = [V (Ci – Cf)] / S 

q = Kf Ce
1/n 

log q = log Kf  + (1/n) log Ce 

q = (Qmax b Ce) / ( 1 + b Ce) 

1/q = (1/qmax) + (1/qmaxb) (1/Ce) 
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of the nature of acidic sites present on the yeast cell wall. 
The curve shows three inflexion points: two at 
approximately pH 5 and 6 corresponding to the pKa values 
of acidic groups and one at approximately pH 9 
corresponding to alkaline groups. It may be inferred that the 
two acidic groups are carboxylic and phosphate (Loukidou 
et al. 2004). The inflexion point around pH 9 is comparable 
to the values reported for saturated amines (8.5-12.5) 
(Romero-González et al. 2001). These results are 
summarized and presented in Table 2. 
 
Figure 2 and Table 3 present the effect of chemical 
modification of functional groups of S. cerevisiae. Control 
biosorbent (untreated) exhibited lead uptake of 2.34 mg/g. 
The effects of chemically modifying the biosorbent are 
discussed in a step-wise manner in the following 
paragraphs.  
 
The treatment of biosorbent with HCHO-HCOOH causes 
methylation of amines present on the cell wall of biosorbent 
(Loudon, 1984). The reaction occurs as follows:  
 
RCH2NH2 HCHO, HCOOH  RCH2N(CH3)2 + CO2 + H2O     [4] 
 
The methylation of amine groups prevents their 
participation in metal biosorption and hence reduces the 
biosorption efficiency. Therefore, the reduction in lead 
biosorption efficiency observed when amine-methylated 
biosorbent was used reveals that the amino group present in 
the cell wall of S. cerevisiae contributes towards 
biosorption of lead. A reduction of 53.38% in lead 
biosorption was recorded due to this modification (Table 
3). Jianlong (2002) has reported similar reduction in 
biosorption of copper by HCHO-modified S. cerevisiae. 
Copper biosorption has been reported to be affected due to 
modification of carboxyl group present in the cell wall of 
Aspergillus niger (Akthar et al. 1996). 
 
Ethanol treatment of biosorbent drastically reduced lead 
biosorption capacity of the biomass (Figure 2). According 
to Drake et al. (1996), treatment of biosorbent with 
methanol results in esterification of carboxylic acids 
present on the cell wall of biosorbent and the reaction 
occurs as follows: 
 
RCOOH + CH3OH       H+      RCOOCH3 + H2O              [5] 
 
In this study, ethanol was used instead of methanol. Hence, 
on a similar chemistry, when S. cerevisiae is treated with 
ethanol in the presence of concentrated HCl, the carboxylic 
acids present on the cell wall may be esterified as follows: 
 
RCOOH + CH3CH2OH       H+   RCOOCH2CH3 + H2O  [6] 
 
The drastic reduction in lead biosorption by 96.34% (from 
Table 3) when ethanol treated biosorbent was used, reveals 
that the carboxylic group on the cell wall of S. cerevisiae 
contributes most significantly to lead biosorption. 
Beveridge and Murray (1980) observed that modification of 

carboxyl groups on Bacillus subtilis decreased copper 
biosorption. A similar observation of reduced binding of 
copper to methanol-modified S. cerevisiae has been 
reported by Jianlong (2002). Cohen-Shoel et al. (2002) 
observed decreased biosorption of strontium (II) by 
carboxyl-methylated Azolla sp. Gardea-Torresday et al. 
(1995) have reported that Cu (II) binding decreased 
approximately by 25% after the carboxyl groups on the cell 
wall of Mucor rouxii were esterified with methanol. They 
concluded that covalent blocking of carboxyl groups in M. 
rouxii reduced the number of metal binding sites. 
 
Treating the biosorbent with a mixture of triethyl phosphate 
and nitromethane reduced lead uptake by 0.42 mg/g, thus 
resulting in a percentage negative effect of 17.61%. This 
treatment is reported to result in esterification of phosphate 
group (Markowska et al. 1975). Hence the reduction of lead 
uptake indicates that phosphates in the yeast were also 
binding sites for Pb2+. But this reduction of biosorption 
capacity was not very significant, which indicated that they 
were not the major binding sites. 
 
Dithiopyridine-treated biosorbent almost retained the lead 
biosorption capacity of the original (untreated) biosorbent. 
By the treatment of 2,2-dithiopyridine to the biosorbent, the 
available sulfhydryl groups should be chemically blocked 
and converted to thiol groups as shown in Figure 3 
(Gardea-Torresday et al. 1995). But, lead uptake of 2.285 
mg/g by treated biosorbent was recorded as against 2.34 
mg/g by untreated biosorbent. Only a marginal decrease of 
2.35% was observed after treatment. This suggests that 
sulfhydryl groups do not play any significant role in the 
binding of lead. Gardea-Torresday et al. (1995) have also 
reported almost insignificant difference in uptake of 
copper(II), lead(II) and nickel(II) between dithiopyridine-
treated and untreated alfalfa biosorbent. 
 
Biosorbent treated with benzene exhibited a negative effect 
of 35.68% reduction in lead biosorption. The treatment of 
biosorbent with benzene extracts the lipid fraction of 
biosorbent (Tobin et al. 1990). Therefore, the reduction in 
biosorption efficiency when benzene treated biosorbent was 
used, reveals that the lipids in the cell wall of S. cerevisiae 
contribute to lead biosorption. Kapoor and Viraraghavan 
(1997) observed slight decreases in biosorption of lead, 
cadmium and copper when lipids were extracted from 
Aspergillus niger. They attributed the decrease to either 
lipid extraction or the probable structural changes that may 
have resulted due to the harsh conditions of the extraction 
process.    
 
The carboxyl, phosphate and amino groups and lipids 
which contribute most to lead biosorption are negatively 
charged. However, the interaction between amino group 
and lead ion is complexation. This research showed that the 
electrostatic attraction and complexation seem to be the 
most important mechanism of biosorption of metal cation 
(Pb(II) in this case). 
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Biosorption experiments 
 
Biosorption of lead with varying biosorbent concentration 
is shown in Figure 4. Lead uptake rose from 0.38 mg/g to 
2.34 mg/g with increase in biosorbent concentration from 
0.5% to 2%. Lead uptake decreased slightly when the 
biosorbent concentration reached 4% (2 mg/g). A similar 
trend in metal uptake with variations in biosorbent 
concentration has been reported for lead biosorption from 
its synthetic aqueous solutions by Spirulina maxima by 
Gong et al. (2005). High biosorbent concentrations are 
known to cause cell agglomeration and consequent 
reduction in inter-cellular distance. This is reported to 
produce a ‘screen effect' among the dense layer of cells, 
leading to ‘protection' of the binding sites from metal ions 
(Pons and Fuste, 1993). In other words, metal uptake is 
higher when the inter-cellular distance is more (at low 
biosorbent concentration), as this condition ensures optimal 
electrostatic interaction between cells, a significant factor 
for biosorption (Itoh et al. 1975).  
 
Lead uptake increased gradually with rise in initial pH from 
1 to 5, with a highest value of 2.109 mg/g at pH 5 (Figure 
5). It is well known that both the cell surface metal binding 
sites and the availability of metal in solution are affected by 
pH (Ahuja et al. 1999). At low pH, the cell surface sites are 
closely linked to the H+ ions, thereby making these 
unavailable for other cations. However, with an increase in 
pH, there is an increase in ligands with negative charges 
which results in increased binding of cations. However, at 
pH 6, the lead uptake decreased to 1.78 mg/g due to its 
partial precipitation.  
 
Biosorption increased with rise in lead concentration in the 
effluent (Figure 6). A rise in lead concentration from 25 to 
100 mg/L resulted in an increase in its uptake by S. 
cerevisiae from 0.75 to 2.34 mg/g (more than 3-fold), 
respectively. Similar performance by Neurospora crassa 
during studies on lead biosorption from its synthetic 
aqueous solutions has been reported by Kiran et al. (2005). 
 
Figure 7 presents the effect of agitation speed on lead 
biosorption by S. cerevisiae. Control units at 0 rpm (no 
agitation) exhibited very low lead uptake (0.14 mg/g). Lead 
uptake increased more than 3-fold from 0.72 mg/g to 2.34 
mg/g with rise in agitation speed from 50 to 150 rpm, 
beyond which there was no further increase. Similar trends 
in biosorption of cadmium and lead by Sargassum sp. have 
been reported by Cruz et al. (2004) and Martins et al. 
(2006), respectively. Lower metal uptake at higher agitation 
speeds beyond a point is attributed to non-homogeneity of 
the biosorption mixtures (Selatnia et al. 2004) as a result of 
vortex phenomenon. Highest uptake of lead at an agitation 
speed of 150 rpm observed during the study indicates that 
the system experienced least mass transfer resistance. Thus, 
biosorption can be conducted at this speed and no further 
enhancement is needed to make the binding sites readily 
available for lead uptake. It is known that external mass 

transfer resistance is directly proportional to the thickness 
of the stationary fluid layer surrounding the biosorbent 
particles. The film thickness in turn is controlled by the 
agitation speed of the bulk solution. A higher agitation 
speed decreases the film thickness and eventually 
eliminates film resistance (Vilar et al 2005).  
 
Biosorption models          
 
The uptake of metal ions by microorganisms in batch 
systems occurs in two stages: an initial rapid stage marked 
by passive uptake, followed by a much slower process with 
active uptake. The first stage is physical adsorption or ion 
exchange at the surface of the biosorbent. The adsorption 
equilibrium occurs at the end of rapid physical adsorption. 
The Freundlich and Langmuir adsorption isotherm 
equations are frequently used to represent this equilibrium.  
 
The Freundlich adsorption isotherm for lead biosorption by 
S. cerevisiae is given in Figure 8. Values of Kf and 1/n 
obtained from the isotherm are compared in Table 4. The 
magnitude of Kf and 1/n illustrate the separation of metal 
ions from wastewater and the adsorption capacity of the 
yeast (Kf = 0.5149). The Freundlich adsorption equation 
thus arrived at is: q = 0.5194 Ce

1.1871. The Langmuir 
adsorption isotherm for lead biosorption by S. cerevisiae is 
plotted in Figure 9. Values of Qmax and b obtained from 
the isotherm are compared in Table 4. Qmax value of 55.71 
mg/g for S. cerevisiae indicates high metal uptake by the 
biosorbent. The Langmuir adsorption equation thus arrived 
at is: q = [55.71 x 0.0883 x Ce]/[1 + (0.0883 x Ce)]. 
 
Table 5 gives a comparison of the Freundlich and Langmuir 
isotherm constants available in literature for lead 
biosorption by various biosorbents. Comparatively lower 
Kf value (0.5149) was observed in the present study. This 
may be due to the presence of ions other than lead in the 
effluent which decrease the specificity of Saccharomyces 
cerevisiae for lead. However, the Qmax value of 55.71 
mg/g is indicative of high biosorption potential of the 
biomass. 
 
Biosorption is basically at lab scale in spite of its 
development for tens of years (Wang and Chen, 2006). The 
mechanisms involved in biosorption or metal-microbe 
interactions should be further studied with great efforts by 
utilizing various techniques and the combination of them 
(Kratochvil and Volesky, 1998). They can be further 
elucidated using mathematical and dynamic models, in 
combination with molecular biotechnology tools. Various 
aspects which shed light on the application of biosorption 
on an industrial scale include: 
 

• Physicochemical characteristics of ‘real' 
wastewater on the basis of thermodynamics and 
reaction kinetics.  
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• Screening of biosorbents for high metal-binding 
capacity and selectivity.  

• Optimization of parameters.  
• Combination of biosorption with physicochemical 

treatment technologies for ‘complete' wastewater 
treatment and recovery/reuse of metals.  

 
The present study is a small step towards such an approach 
in characterizing the biosorption process on the basis of 
thermodynamics and reaction kinetics and optimizing the 
process-affecting parameters. Studies in the direction of re-
use/regeneration of lead-loaded yeast are in progress in our 
laboratory.  
 
CONCLUDING REMARKS 
 
This study showed that waste beer yeast can efficiently 
remove lead from battery manufacturing industrial 
effluents. This study also emphasizes the importance and 
need for carrying out extended testing for the compatibility 
of biosorption to a specific industrial effluent. As regards 
the cost of waste beer yeast, it can be obtained free of 
charge or at low cost from the respective industries, since it 
already presents disposal problems/cost to them. The 
findings of the study indicate that biosorption is a 
promising technology for removal of lead from battery 
manufacturing effluent. However, further studies with 
respect to metal-biosorbent specificity, applicability to 
various other types of metal-laden effluents and large scale 
studies will help fine-tune the biosorption technology for 
large-scale application. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Potentiometric titration curve of Saccharomyces cerevisiae. 

 
Figure 2. Effect of chemical treatment of Saccharomyces cerevisiae on 
lead biosorption from battery manufacturing industrial effluent. The 
deviations within duplicates are too small to be plotted as error bars (< 1%). 

 
Figure 3. Chemical modification of sulfhydryl group. 
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Figure 4. Effect of biomass concentration on lead biosorption by Saccharomyces 
cerevisiae from battery manufacturing industrial effluent. The deviations within duplicates 
are too small to be plotted as error bars (< 1%). 

 
 

Figure 5. Effect of pH on lead biosorption by Saccharomyces cerevisiae from battery 
manufacturing industrial effluent. The deviations within duplicates are too small to be 
plotted as error bars (< 1%). 
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Figure 6. Effect of lead concentration on biosorption by Saccharomyces 
cerevisiae from battery manufacturing industrial effluent. The deviations within 
duplicates are too small to be plotted as error bars (< 1%).  

 

 
Figure 7. Effect of agitation speed on lead biosorption by Saccharomyces cerevisiae from 
battery manufacturing industrial effluent. The deviations within duplicates are too small to be 
plotted as error bars (<1%).  
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Figure 8. Freundlich isotherm for lead biosorption by Saccharomyces cerevisiae from battery 
manufacturing industrial effluent. 

Figure 9. Langmuir isotherm for lead biosorption by Saccharomyces cerevisiae from battery 
manufacturing industrial effluent.  



Biosorption of lead from battery-manufacturing effluent using waste beer yeast 
 

 104

 
 

Tables 
 
 
 

Table 1. Characteristics of battery manufacturing industrial effluent. 
 

Sl. No. Parameter Concentration* 
1 pH 5.2 
2 TSS 45 ± 2.3 
3 Sulphate 380 ± 20 
4 COD 65 ± 3.1 
5 Mn 0.32 ± 0.02 
6 Ni 0.28 ± 0.01 
7 Fe 0.28 ± 0.01 
8 Zn 0.89 ± 0.05 
9 Pb 102 ± 3.6 

10 Cr 0.07 ± 0.01 
 

*All values are in mg/L except pH. Values are mean of 5 replicates. 
 
 
 
 

 
Table 2. Functional groups of Saccharomyces cerevisiae. 

 
Sl. No. pK H value (*) Functional Group 

1 5.6 (± 0.04) Carboxyl 
2 6.63 (± 0.02) Phosphate 
3 9.51 (± 0.03) Amine 

*Standard deviations are given in parentheses. 
 
 
 
 
 

Table 3. Effect of chemical treatment of Saccharomyces cerevisiae on lead biosorption from battery 
manufacturing industrial effluent. 

 
Sl. No. Chemical treatment (*)Effect (%) 

1 Methylation of amines (-) 53.38 
2 Esterification of carboxylic acids (-) 96.34 
3 Esterification of phosphates (-) 17.61 
4 Modification of sulfhydryl group (-) 2.35 
5 Extraction of lipids (-) 35.68 

(*) (-) signifies negative effect. 
 
 
 
 

Table 4. Isotherm constants for lead biosorption by Saccharomyces cerevisiae from battery 
manufacturing industrial effluent. 

 
Sl. No. Isotherm constants 

R2 0.998 
Kf 0.5149 1 Freundlich 
1/n 1.1871 
R2 0.9975 

Qmax (mg/g) 55.71 2 Langmuir 
b (L/mg) 0.0883 

 



Parvathi,  K. et al. 

 105

 
Table 5. Comparison of isotherm constants for lead biosorption available in literature. 
 

Sl. No. Type of biomass Freundlich 
constant Kf 

Langmuir constant 
Qmax (mg/g) 

Maximum 
concentration 
used (mg/L) 

Reference 

1 Saccharomyces cerevisiae 0.5149 55.71 100 Present study 
2 Rhizopus nigricans 72.43 403.2 1000 Kogej and Pavko, 2001 
3 Strepytomyces rimosus 30.1 137 750 Selatnia et al. 2004 
4 Phanerochaete chrysosporium 5.406 61.35 30 Yetis et al. 2000 
5 Sago waste 16.84 46.64 200 Quek et al. 1998 
6 Neurospora crassa 1.4 43.29 100 Kiran et al. 2005 
7 Enterobacter sp. 15.5 50.9 500 Lu et al. 2006 

 
 


