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ABSTRACT

In the present study, the dead biomass of the two yeast species viz., Candida rugosa and Cryptococcus
laurentii were subjected to various chemical treatments to assess the effects of pretreatment on zinc(II)
removal from aqueous solution. Yeast biomass was pretreated with anionic surfactants  viz., sodium dodecyl
sulphate (SDS), sodium dodecyl benzene sulphonate (SDBS) and dioctyl sulphosuccinate sodium (DSS),
alkali (sodium hydroxide, sodium carbonate and sodium bicarbonate), acids (hydrochloric acid, sulphuric
acid and acetic acid), and organic solvents viz., methanol, formaldehyde and gluteraldehyde. Pretreatment
of dead yeast biomass with anionic surfactants was found to improve  the zinc(II) removal remarkably compared
to all other treatments.  Acid treatments resulted in significant reduction in zinc(II) removal efficiency. The
pattern of zinc(II) removal efficiency of both the yeast species was found to follow the order: SDS (3 mM) >
SDBS (3 mM) > DSS (3mM) > Na2CO3 (9 mM) ≥ NaOH (9 mM) ≥ untreated biomass > C2H5O8 (7 mM) ≥
NaHCO3 (9 mM) > CH3OH (7 mM) > HCHO (7 mM) > CH3COOH (5 mM) > HCl (5mM) > H2SO4 (5 mM).
Maximum zinc(II) removal was noted in case of SDS treated C. rugosa and C. laurentii  which  exhibited 84.7
% and 74.5 % zinc(II) removal compared to the removal efficiency of 65.4 % and 54.8 %  obtained by
untreated C. rugosa and C. laurentii .
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INTRODUCTION

Zinc is an essential metal required in trace quantities for
growth and metabolism but may cause physiological and
ecological problem when its concentration exceeds that re-
quired for correct biological functioning (Chapman et al.
1995). In the Dangerous Substances Directive (76/464/EEC)
of the European Union, zinc has been registered as List 2
dangerous substance with environmental quality standards
being set at 40µg/L for estuaries and marine waters and at
45-500 µg/L for freshwater depending on water hardness
(The Council of the European Communities 1976). Zinc is
commonly used in coating iron, wood preservatives, cata-
lysts, photographic paper, ceramics, textiles, fertilizers, pig-
ment and batteries (USDHHS 1993) and as a result it is of-
ten found in the wastewaters arising from these processes.

Conventional methods for removal of heavy metal ions
from industrial wastewaters include chemical precipitation,
chemical oxidation or reduction, reverse osmosis and ion
exchange and adsorption, etc. (Janson et al. 1982, Grosse
1986). However, the application of these methods is often
limited due to their inefficiency, high capital investment or
operational cost. Therefore, exploitation of biological meth-
ods through utilization of biomaterials for uptake of heavy
metal from dilute aqueous solution has been proposed by
many researchers. Biosorption using cell biomass is getting
due attention, because of the diversity and inexpensive ma-
terials used in this method (Kratchovil & Volesky 1998).

Use of non-viable, dead biomass is advantageous in com-
pared to the living microorganisms for biosorption process.
Dead biomass can be easily regenerated after the recovery of
adsorbed metal ions and can avoid the problem of toxicity
of heavy metals in contrast to living cells. Moreover, pre-
treatment of biomass either by physical or chemical treat-
ments (Javaid et al. 2011, Zhang et al. 2010, Goksungur et
al. 2005) is known to improve the biosorption capacity of
biomass. Chemical pretreatment methods such as using ac-
ids, alkalis and organic chemicals enhance or reduce metal
removal depend on the adsorbents used and treatment pro-
cedures (Kapoor & Viraghavan 1998, Yan & Viraghavan
2000, Kiran et al. 2005, Bajwa et al. 2009). So far, no work
is reported on zinc removal using chemically treated dead
yeast biomass as adsorbent. Therefore, the aim of this study
was to investigate the effect of chemical pretreatment of dead
yeast biomass viz., C. rugosa and C. laurentii on removal of
zinc(II) ions from aqueous solution in batch system.

MATERIALS AND METHODS

Chemicals: Zinc(II) stock solution was prepared (1000
mg/L) by dissolving 4.55 g of powdered Zn(NO3)2.6H2O (Hi
Media, Mumbai, India) in 1000 mL of deionised water. The
working solutions of metal were prepared by diluting the
stock solution to desired concentrations.
Biosorbent preparation: Two yeast species viz., Candida
rugosa and Cryptococcus laurentii were isolated from
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Common Effluent Treatment Plant (CETP), Ranipet, Vellore,
Tamilnadu, India. The yeasts were phenotypically
characterized and identified to a species level by VITEK 2
Compact Yeast card reader with software version V2C 03..01
at the Council for Food Research and Development (CFRD),
Kerala, India. The isolates were maintained in yeast extract
peptone dextrose (YEPD) agar slants at 4°C. Mass cultivation
of yeast isolates were carried out in inexpensive sugarcane
bagasse extract medium as reported in our previous study
(Basak et al. 2011). The yeast biomass was harvested by
centrifugation at 10,000 rpm for 5 min and subjected to
successive washings with double distilled water to remove
the culture broth.
Chemical pretreatments of the yeast biomass: Stock so-
lution of various chemicals viz., alkali (NaOH, Na2CO3 and
NaHCO3), acid (HCl, H2SO4 and CH3COOH), anionic
surfactants (SDS, SDBS and DSS) and organic solvents
(HCHO, CH3OH and C2H5O8) were prepared separately. The
effect of pretreating reagent concentration on removal of
zinc(II) ions was studied by treating the biosorbents (5 g/L
of dead yeast biomass of yeast species) with 100 mL solu-
tion viz., alkali (NaOH, Na2CO3 and NaHCO3), acid (HCl,
H2SO4 and CH3COOH), anionic surfactants (SDS, SDBS and
DSS) and organic solvents (HCHO, CH3OH and C2H5O8)
each at concentration ranging from 1-21 mM. All the
pretreated samples were agitated in shaker at 120 rpm for 24
h. Then they were extensively washed with distilled water
until the pH of the wash solution reached neutral range (pH
6.8 to 7.2) and subjected to oven drying at 60°C for over-
night. All the pretreated dried yeast biomass was powdered
and used for the  zinc removal studies.
Batch studies for removal of zinc(II) ions by pretreated
biomass: Batch removal experiments were conducted using
zinc(II) ion added in the form of Zn(NO3)2.6H2O. Each type
of pretreated biomass (0.15 g) was added to 100 mL of 90
mg/L of zinc(II) ion at pH 6.0. The reaction mixture along
with biomass was agitated in orbital shaker at room tem-
perature and 120 rpm. After 4h of contact time, the samples
were withdrawn and subjected to centrifugation at 10,000
rpm for 5 min. The residual metal ion concentrations were
determined using Atomic Absorption Spectrophotometer
(Varian AA- 240, Australia). Negative controls (without
sorbents) were taken to ensure that removal was only by dried
biomass of yeast species viz., C. rugosa and C. laurentii.
Batch experiments were conducted in triplicate and average
values were used in the analysis.

The zinc(II) removal percentage using yeast biomass was
calculated by using the following equation:

Zinc(II) removal % = 100×
−

i

fi

C
CC

...(1)

Where Ci is the initial concentration of zinc(II) ion (mg/
L). Cf is the final concentration of zinc(II) ion (mg/L).

RESULTS AND DISCUSSION

A series of experiments in batch mode were carried out us-
ing raw dead biomass of yeast and the biomass pretreated
with different chemicals in order to study the effect of chemi-
cal pretreatments on zinc(II) removal.
Effect of alkali treatments on Zn(II) removal: In the
present study, yeast biomass was pretreated with different
alkalis (NaOH, Na2CO3 and NaHCO3) at different concen-
tration to evaluate the zinc(II) removal from aqueous solu-
tion. Fig. 1a and Fig. 1b showed the effect of alkali pretreat-
ment of yeast biomass viz., C. rugosa and C. laurentii re-
spectively on the removal of zinc(II) ion. It was observed
that zinc(II) removal efficiency increased when the alkali
concentration was increased from 1 to 9 mM. However, the
zinc(II) removal efficiency of the biomass treated with al-
kali at a concentration above 9mM reduced significantly.
This implied that the pretreatment with NaOH, Na2CO3 and
NaHCO3 above 9mM concentration caused serious destruc-
tion of cell structure, which resulted in a lower removal of
zinc(II) ions (Junlian et al. 2010). Zinc(II) removal efficiency
of C. rugosa pretreated with NaOH, Na2CO3 and NaHCO3
was found to be 65.4 %,  66.1 % and 64.5 %  respectively.
Whereas, C. laurentii showed  efficiency of 54.8 %, 55.4 %
and 53.4 %  respectively.
Effect of acid treatments on Zn(II) removal: Experiments
were performed to study the effect of different concentra-
tion of acids (HCl, H2SO4 and CH3COOH) on removal of
zinc(II) ions. Zinc removal efficiency was increased with
the increase in acid concentration ranging from 1 mM to 5
mM for both C. rugosa and C. laurentii respectively (Fig.
2a and Fig. 2b respectively). However at a concentration
above 5mM for all the acids, there was a decrease in zinc(II)
removal efficiency for both the yeast species. This might be
due to serious destruction of the cell surface structure lead-
ing to the loss of some of the negatively charged groups
(Junlian et al. 2010). In case of C. rugosa pretreated with
HCl, H2SO4 and CH3COOH at 5 mM concentration, zinc(II)
removal was noted as 33.1 %, 26.2 % and 43.1 % respec-
tively, whereas C. laurentii pretreated with HCl, H2SO4 and
CH3COOH showed less zinc(II) removal efficiency of  27.8
%, 19.1 % and 35.5 % respectively.
Effect of anionic surfactant treatments on Zn(II) removal:
A remarkable increase in zinc(II) removal efficiency was
noted at 3mM of anionic surfactants (SDS, SDBS and DSS)
concentration which was found to be 84.7 %, 76.2 % and
70.8 % respectively for C. rugosa and 74.5 %, 69.2 % and
63.7 % respectively for C. laurentii (Fig. 3a and Fig. 3b
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Fig. 1: Effect of alkali treatment on zinc(II) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.

Fig. 2: Effect of acid treatment on zinc(II) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.

respectively). Further increase in the concentration of anionic
surfactant decreased the removal percentage of zinc(II) ions.
Among all the anionic surfactants,  SDS showed the
maximum removal of zinc(II) ions, which might be due to
the increased basicity of SDS treated yeast biomass compared
to the SDBS and DSS treated biomass (Ahn et al. 2009).
The critical micelle concentration (CMC) of SDS is 8 mM.
The percentage of zinc(II) removal increases in presence of

SDS below its CMC value (8mM) (Lin et al. 1990). A
decrease in adsorption above CMC may be due to slow
transfer of micelles-metal complex from bulk to the surface
of the adsorbent. These micelles possess a hydrophobic
interior and exterior, causing them to behave like dispersed
oil drops. The interaction between the micelles and ion
species occurs mainly through hydrogen bonding and
electrostatic forces (Shimamoto & Mima 1979).
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Fig. 3: Effect of anionic surfactant treatment on zinc(II) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.
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Effect of organic solvent treatments on zinc(II) removal:
Experiments were performed to evaluate the effect of differ-
ent organic solvents (HCHO, CH3OH and C2H5O8) on re-
moval of zinc(II) ions. Zinc removal efficiency was increased
with the increase in solvent concentration ranging from 1
mM to 9 mM for both C. rugosa and C. laurentii respec-
tively (Fig. 4a and Fig. 4b respectively). C. rugosa pretreated
with 9mM of HCHO, CH3OH and C2H5O8 showed zinc(II)
removal efficiency of 49.2 %, 56.2 % and 64.9 % respec-
tively. C. laurentii pretreated with 9mM of HCHO, CH3OH
and C2H5O8 showed zinc(II) removal efficiency of 38.7 %,
49.9 % and 54.1 % respectively.
Comparative studies on zinc(II) removal using chemically

pretreated yeast biomass: Batch experiments were per-
formed to compare the zinc(II) removal potential of
pretreated yeast biomass and untreated biomass at optimized
concentration for each chemical. The effect of pretreatments
using different chemicals on zinc(II) removal by both the
yeast species is shown in Fig. 5. The results showed that the
dead yeast biomass viz., C. rugosa and C. laurentii treated
with Na2CO3 (9 mM) showed slight increase in zinc(II) re-
moval 66.1 % and 55.4 % compared to the untreated C.
rugosa (65.4 %) and untreated C. laurentii (54.8 %) com-
pared to other chemicals. C. rugosa treated with NaOH and
NaHCO3 (9 mM) respectively showed zinc(II) removal effi-
ciency of 65.5 % and 64.5 % respectively. Pretreatment us-
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Fig. 5: Comparative studies on zinc(II) removal using pretreated dead biomass of C. rugosa and C. laurentii.
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Fig. 4: Effect of organic solvent treatment on zinc(II) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.
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ing alkali chemicals i.e., NaOH, did not show any improve-
ment and NaHCO3 showed reduction in zinc(II) removal. It
could be due to chemical modifications of the cell wall com-
ponents. The modification of biomass due to NaOH treat-
ment probably destroys autolytic enzymes that cause
putrification of biomass and remove lipids and proteins that
mask the reactive sites (Muraleedharan & Venkobachar
1990). Reduction in zinc(II) removal efficiency due to
NaHCO3 treatment could be the result of more affinity of
active chemical groups (HCO3

-) ion to the cell wall compo-
nents of the adsorbent (Javaid et al. 2011).

Pretreatments of yeast biomass using acids like H2SO4,
HCl, CH3COOH showed significant reduction in the zinc(II)
removal efficiency in case of both the yeast species (Fig. 5).
Similar results were reported  in case of Aspergillus niger
(Kapoor & Viraraghavan 1998) and Aspergillus fumigatus
(Saleh et al. 2009). It could possibly be explained in terms
of H+ binding to the biomass after acid treatment being re-
sponsible for the decrease in removal of zinc(II) ions. This
indicated that the acid destroyed the absorbing groups and
their positive ions (H+) may covalently bonded to the ab-
sorbing surface. According to Bux & Kasan (1994), removal
of heavy metal cation depends on electronegativity of
biomass. Thus, the remaining H+ ions on the acidic pretreated
yeast biomass may change electronegativity for both the yeast
isolates thereby reducing the biosorption efficiency.

 Pretreatment with anionic surfactant enhanced the re-
moval of zinc(II) ion to a greatest extent compared to the
untreated biosorbents. Yeast biomass viz., C. rugosa and C.
laurentii treated with SDS (3 mM) showed the highest
zinc(II) removal efficiency (84.7 % and 74.5 % respectively)
followed by treatment with SDBS (3 mM)  and DSS (3 mM)
for C. rugosa and C. laurentii respectively. In this study,
treatment of yeast biomass with anionic surfactants reduced
its total acidity and increased its total basicity. This result
implied that these anionic surfactants successfully covered
the surface of the yeast biomass. Specifically, total acidity
of the yeast biomass was decreased because the surfactants
covered surface acidic groups, especially carboxylic groups.
The hydrophilic head(s) of the surfactants can act as basic
functional groups. In aqueous solutions, the bound anionic
surfactants can be dissociated, and then the protons bind to
the hydrophilic head(s), resulted an increase of the adsobents
total basicity (Ahn et al. 2009).

Among the various organic solvents used for zinc(II)
removal, gluteraldehyde treated biomass showed improve-
ment in zinc(II) removal was noted by gluteraldehyde treat-
ment followed by methanol and formaldehyde. The treat-
ment of biomass with methanol caused esterification of the
carboxylic acid present on the cell wall. The metal binding

ability of carboxyl groups was reduced as a result of esteri-
fication (Drake et al. 1996). In case of formaldehyde treat-
ment, the results revealed that amino groups present on the
cell wall of yeast biomass gets methylated due to chemical
modification with formaldehyde. Thus, the methylation of
amino groups reduced the metal ions binding on the biomass
residue (Loudon 1984).

CONCLUSIONS

Based on the results of the present study, it can be concluded
that anionic surfactant (SDS) treated dead yeast biomass used
as adsorbent showed maximum removal of zinc(II) ions from
the aqueous solution compared to all other  pretreatments.
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