@ Nature Environment and Pollution Technology
An International Quarterly Scientific Journal

Original Research Paper

ISSN: 0972-6268 Vol. 12 No. 1 pp. 81-86 2013

Zinc(l) Removal by Chemically Treated Dead Biomass of Yeast Species

Geetanjali Basak and Nilanjana Das
School of Biosciencesand Technology, Environmental Biotechnology Division, VIT University, Vellore-632 014, T.N.,

India

Nat. Env. & Poll. Tech.
Website: www.neptjournal.com

Received: 12-6-2012
Accepted: 27-8-2012

Key Words:
Zinc(ll), removal
Yeast species
Dead biomass
Pretreatment

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(ll)
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 toimprove the zinc(ll) removal remarkably compared
to all other treatments. Acid treatments resulted in significant reduction in zinc(Il) removal efficiency. The
pattern of zinc(ll) removal efficiency of both the yeast species was found to follow the order: SDS (3 mM) >
SDBS (3 mM) > DSS (3mM) > Na,CO, (9 mM) 2 NaOH (9 mM) 2 untreated biomass > C,H,O, (7 mM) 3
NaHCO, (9 mM) > CH,OH (7 mM) > HCHO (7 mM) > CH,COOH (5 mM) > HCI (5mM) > H,SO, (5 mM).
Maximum zinc(Il) removal was noted in case of SDS treated C. rugosa and C. laurentii which exhibited 84.7
% and 74.5 % zinc(ll) removal compared to the removal efficiency of 65.4 % and 54.8 % obtained by

untreated C. rugosa and C. laurentii .

INTRODUCTION

Zinc is an essential metal required in trace quantities for
growth and metabolism but may cause physiological and
ecological problem when itsconcentration exceedsthat 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 40ug/L for estuaries and marine waters and at
45-500 pg/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 asaresult it is of -
ten found in the wastewaters arising from these processes.

Conventional methodsfor removal of heavy metal ions
fromindustrial 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 dueto their inefficiency, high capital investment or
operational cogt. Therefore, exploitation of biological meth-
odsthrough utilization of biomaterialsfor uptake of heavy
metal from dilute aqueous solution has been proposed by
many researchers. Biosorption using cell biomassisgetting
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 microorganismsfor biosorption process.
Dead biomass can be easily regenerated after the recovery of
adsorbed metal ions and can avoid the problem of toxicity
of heavy metalsin 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 chemical s 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
isreported on zinc removal using chemically treated dead
yeast biomassas adsorbent. Therefore, the aim of thisstudy
wastoinvedigatethe effect of chemical pretreatment of dead
yeast biomassviz, C. rugosa and C. laurentii onremoval of
zinc(Il) ionsfrom aqueous solution in batch system.

MATERIALS AND METHODS

Chemicals: Zinc(ll) stock solution was prepared (1000
mg/L) by dissolving 4.55 g of powdered Zn(NO,),.6H.O (Hi
Media, Mumbai, India) in 1000 mL of deionisedwater. The
working solutions of metal were prepared by diluting the
stock solution to desired concentrations.

Biosor bent preparation: Two yeast speciesviz., 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 specieslevel by VITEK 2
Compact Y east card reader with softwareverson VV2C 03..01
at the Council for Food Research and Devel opment (CFRD),
Kerala, India. Theisolateswere maintained in yeast extract
peptonedextrose (Y EPD) agar dantsat 4°C. Masscultivation
of yeast isolateswere 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 washingswith double distilled water to remove
the culture broth.

Chemical pretreatments of the yeast biomass. Stock so-
lution of various chemicalsviz, alkali (NaOH, Na,CO, and
NaHCO,), acid (HCI, H,SO, and CH,COOH), anionic
surfactants (SDS, SDBS and DSS) and organic solvents
(HCHO, CH,OH and C H.0O,) were prepared separately. The
effect of pretreating reagent concentration on removal of
zinc(Il) ionswas studied by treating the biosorbents (5 g/L
of dead yeast biomass of yeast species) with 100 mL solu-
tionviz, alkali (NaOH, Na,CO, and NaHCO,), acid (HCl,
H,SO, and CH,COOH), anionic surfactants (SDS, SDBSand
DSS) and organic solvents (HCHO, CH,OH and C,H,O,)
each at concentration ranging from 1-21 mM. All the
pretreated sampleswere 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 zincremoval studies.

Batch studiesfor removal of zinc(l1) ions by pretreated
biomass: Batch removal experimentswere conducted using
zinc(l1) ion added in the form of Zn(NQ,),.6H,O. Each type
of pretreated biomass (0.15 g) was added to 100 mL of 90
mg/L of zinc(ll) 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) weretaken to ensure that removal wasonly by dried
biomass of yeast speciesviz, C. rugosa and C. laurentii.
Batch experimentswere conductedin triplicate and average
valueswere used intheanalysis.

Thezinc(I1) removal percentage using yeast biomasswas
calculated by using thefollowing equation:

Ci - Cf .
Zinc(11) removal %= —c— 100 (1)

Where C, istheinitial concentration of zinc(ll) ion (mg/
L). C,isthefinal concentration of zinc(ll) ion (mg/L).

RESULTS AND DISCUSSION

A series of experimentsin batch mode were carried out us-
ing raw dead biomass of yeast and the biomass pretreated
with different chemicalsinorder to sudy theeffect of chemi-
cal pretreatmentson zinc(l1) removal.

Effect of alkali treatments on Zn(l1) removal: In the
present study, yeast biomass was pretreated with different
akalis (NaOH, Na,CO, and NaHCO,) at different concen-
tration to evaluate the zinc(11) removal from agueous solu-
tion. Fig. laand Fig. 1b showed the effect of alkali pretreat-
ment of yeast biomassviz, C. rugosa and C. laurentii re-
spectively on the removal of zinc(Il) ion. It was observed
that zinc(I1) removal efficiency increased when the alkali
concentration wasincreased from 1to 9 mM. However, the
zinc(Il) removal efficiency of the biomasstreated with al-
kali at a concentration above 9mM reduced significantly.
Thisimplied that the pretreatment with NaOH, Na,CO,and
NaHCO, above 9mM concentration caused serious destruc-
tion of cell structure, which resulted in alower removal of
zinc(ll) ions (Junlian et al. 2010). Zinc(l1) removal efficiency
of C. rugosa pretreated with NaOH, Na,CO, and NaHCO,
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 treatmentson Zn(11) removal: Experiments
were performed to study the effect of different concentra-
tion of acids (HCl, H,SO, and CH,COOH) on removal of
zinc(Il) 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, therewasadecrease in zinc(I1)
removal efficiency for both the yeast species. Thismight be
due to serious destruction of the cell surface structure |ead-
ing to the loss of some of the negatively charged groups
(Junlian et a. 2010). In case of C. rugosa pretreated with
HCI, H,SO, and CH,COOH at 5 mM concentration, zinc(I1)
removal was noted as 33.1 %, 26.2 % and 43.1 % respec-
tively, whereas C. laurentii pretreated with HCl, H,SO, and
CH,COOH showed less zinc(l1) removal efficiency of 27.8
%, 19.1 % and 35.5 % respectively.

Effect of anionic surfactant treatmentson Zn(I1) removal:
A remarkable increase in zinc(Il) removal efficiency was
noted at 3mM of anionic surfactants (SDS, SDBSand 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

Vol. 12, No. 1, 2013 - Nature Environment and Pollution Technology



ZINCREMOVAL BY CHEMICALLY TREATED DEAD BIOMASS OF YEAST 83

801 807 Sodium hydroxid
R . - . ] —e— Sodium hydroxide
S 701 —e— Sodium hydroxide| & 7°
=~ 60 - = 60 - )
g 50 i IS 50 4 —=— Sodium
% —a— S_odlum % bicarbonate
o 407 bicarbonate o 40 —a— Sodium carbonate
= 301 —— Sodium carbonate| = 301
g 20 2 201
‘N 10 1 N 10
O O T T T T 1
0 5 10 15 20 0 5 10 15 20 25
. . Alkali concentrations (mM
Alkali concentrations (mM) (mM)
@ (b)
Fig. 1: Effect of alkali treatment on zinc(ll) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.
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Fig. 2: Effect of acid treatment on zinc(I1) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.
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Fig. 3: Effect of anionic surfactant treatment on zinc(l1) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.

respectively). Further increasein the concentration of anionic
surfactant decreased the removal percentage of zinc(11) ions.
Among all the anionic surfactants, SDS showed the
maximum removal of zinc(l1) ions, which might be due to
theincreased basicity of SDStreated yeast biomasscompared
to the SDBS and DSS treated biomass (Ahn et al. 2009).
The critical micelle concentration (CMC) of SDSis8 mM.
The percentage of zinc(I1) removal increasesin presence of

SDS below its CMC value (8mM) (Lin et a. 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
el ectrostatic forces (Shimamoto & Mima1979).
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Fig. 4: Effect of organic solvent treatment on zinc(l1) removal using two yeast species: (a) C. rugosa and (b) C. laurentii.
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Fig. 5: Comparative studies on zinc(l1) removal using pretreated dead biomass of C. rugosa and C. laurentii.

Effect of or ganic solvent treatmentson zinc(l1) removal:
Experimentswere performed to evaluate the effect of differ-
ent organic solvents (HCHO, CH,OH and CH.O,) on re-
moval of zinc(l1) ions. Zinc removal efficiency wasincreased
with the increase in solvent concentration ranging from 1
mM to 9 mM for both C. rugosa and C. laurentii respec-
tively (Fig. 4aand Fig. 4b respectively). C. rugosa pretreated
with 9mM of HCHO, CH,OH and C,H,O, showed zinc(l1)
removal efficiency of 49.2 %, 56.2 % and 64.9 % respec-
tively. C. laurentii pretreated with 9mM of HCHO, CH,OH
and C,H,O,showed zinc(l1) removal efficiency of 38.7 %,
49.9 % and 54.1 % respectively.

Compar ativestudieson zinc(I1) removal usngchemically
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pretreated yeast biomass: Batch experiments were per-
formed to compare the zinc(l1) removal potential of
pretreated yeast biomassand untreated biomass at optimized
concentration for each chemical. The effect of pretreatments
using different chemicals on zinc(I1) removal by both the
yeast speciesisshowninFig. 5. Theresultsshowed that the
dead yeast biomassviz, C. rugosa and C. laurentii treated
with Na,CO, (9 mM) showed dlight increase in zinc(l1) 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
NaHCO, (9 mM) respectively showed zinc(l1) removal effi-
ciency of 65.5 % and 64.5 % respectively. Pretreatment us-
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ing dkali chemicalsi.e., NaOH, did not show any improve-
ment and NaHCO, showed reductioninzinc(ll) removal. It
could be dueto 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 lipidsand proteinsthat
mask the reactive sites (Muraleedharan & Venkobachar
1990). Reduction in zinc(Il) removal efficiency due to
NaHCO, treatment could be the result of more affinity of
active chemical groups (HCO,) ionto the cell wall compo-
nents of the adsorbent (Javaid et al. 2011).

Pretreatments of yeast biomass using acidslike H,SO,,
HCI, CH,COOH showed significant reductionin the zinc(l1)
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(l1) 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* ionson the acidic pretreated
yeast biomassmay change el ectronegativity for both theyeast
isolatesthereby reducing the biosorption efficiency.

Pretreatment with anionic surfactant enhanced the re-
moval of zinc(Il) ion to a greatest extent compared to the
untreated biosorbents. Y east biomassviz, C. rugosa and C.
laurentii treated with SDS (3 mM) showed the highest
zinc(11) removd 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 biomasswith anionic surfactantsreduced
itstotal acidity and increased itstotal basicity. Thisresult
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 agueous 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 (Ahnet al. 2009).

Among the various organic solvents used for zinc(I1)
removal, gluteraldehyde treated biomass showed improve-
ment in zinc(l1) removal was noted by gluteral dehyde treat-
ment followed by methanol and formaldehyde. The treat-
ment of biomasswith methanol caused esterification of the
carboxylic acid present on the cell wall. The metal binding

ability of carboxyl groupswasreduced asaresult of esteri-
fication (Drakeet al. 1996). In case of formaldehyde treat-
ment, the results reveal ed 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 ionsbinding on the biomass
residue (L oudon 1984).

CONCLUSIONS

Based on theresultsof the present study, it can be concluded
that anionic surfactant (SDS) treated dead yeast biomass used
asadsorbent showed maximum removal of zinc(l1) ionsfrom
the aqueous solution compared to all other pretreatments.
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