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Abstract−We investigated the use of zinc imprinted of novel nanobiosorbent prepared from Candida rugosa to remove
Zn(II) from aqueous solution. The nanobiosorbent was characterized by SEM, FTIR and XRD. Effects of various par-
ameters including pH of the solution, adsorbent dosage, initial Zn(II) ion concentration and contact time on Zn(II) re-
moval by the nanobiosorbents were investigated through batch process. Equilibrium data for Zn(II) removal was fitted
to Langmuir isotherm model with an enhanced adsorption capacity of 275.48 mg/g for zinc imprinted C. rugosa nano-
biosorbent, compared to nonimprinted nanobiosorbent of 172.41 mg/g. Pseudo-second-order kinetic model was best
fitted to predict the sorption kinetics for both the nanobiosorbents. AFM study revealed monolayer adsorption with
thin film diffusion for Zn(II) removal. The antimicrobial activity of zinc imprinted nanobiosorbent was investigated
against pathogenic yeasts viz. Candida albicans and Cryptococcus neoformans using agar well diffusion method.
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INTRODUCTION

Over the past few years, nanotechnology has become one of the
most popular technologies for the removal of metal cations from
aqueous solution. Nanoparticles mainly including nanosized inor-
ganic material derived from metals and metal oxides (i.e., silver
nanoparticles, TiO2, SiO2, Al2O3 and ZnO, Fe3O4 [1], magnetic nano-
particles [2], carbon nanotube and synthetic nanoparticles (i.e., syn-
thetic nanostructured Fe(III)-Cr(III) mixed oxide [3] have been ap-
plied widely as adsorbents for the treatment of metal cations con-
taining wastewaters. Nanosorbents have been extensively used as
they show very attractive properties compared to their bulk form,
such as high adsorption capacity, enhanced catalytic activity, high
dispersion degree and superparamagnetism behavior [4,5] due to
various advantages such as (i) tiny particulate diameter, (ii) large
external surface area, (iii) high density of reactive surface sites, and
(iv) great intrinsic reactivity of surface sites and small internal diffu-
sion resistance [6] These chemically synthesized nanosorbents have
several disadvantages, such as high preparation cost, strict opera-
tional conditions, and high energy consumption, which might limit
the application of nanosorbents for wastewater treatment. Therefore,
nanobiosorbents (Pleurotus ostreatus) as an alternate to chemical
nanosorbent have been applied for the removal of metal cations from
wastewater [7]. To date, no work has been reported about the applica-
bility of yeast as nanobiosorbent for the removal of heavy metal
cations from industrial wastewater.

Compared to bacteria and filamentous fungi, yeasts are inexpen-
sive and readily available sources of biomass, can grow faster than
most filamentous fungi, and have the ability to resist unfavourable

conditions. Yeasts can adapt and grow under various extreme con-
ditions of pH, temperature and nutrient availability as well as high
pollutant concentration [8].

Recently, research on developing selective adsorption has been
directed to the molecular imprinting process. Metal ion imprinting
technology is a method developed on molecular imprinting, mainly
for making selective binding sites in synthetic polymers y busing a
metal ion template. After the removal of the template, the remain-
ing polymer is more selective [9,10]. It includes the copolymeriza-
tion of functional and cross-linking monomers in the presence of
the target analyte, the imprint molecule [11]. The surface imprinted
adsorbent combines the advantages of good adsorption ability and
stability [12]. Therefore, it is an effective and powerful method for
the removal of metal ions. Thus, the binding of chitosan onto dead
biomass of C. rugosa nanobiosorbent by metal ion imprinting tech-
nology will probably yield another novel metal imprinted C. rug-
osa nanobiosorbent for the effective removal of heavy metal ions,
owing to the high selectivity for the target ions and quick separa-
tion from aqueous solution.

Zinc has increasingly been used in various industries: sheet metal
galvanization, manufacture of alloys, TV picture tubes, etc. This
has resulted in the discharge of industrial effluents into natural water
systems adjoining landmasses and sewer systems from small and
medium scale industries. This poses serious problems to the envi-
ronment and ecosystems. 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 as 40µg/L for estuaries and marine waters and at 45-500
µg/L for freshwater depending on water hardness [13]. According
to the WHO more than 3 mg/L of Zn(II) in drinking water is unac-
ceptable. In addition, too much intake of Zn(II) can increase respi-
ratory activities such as breathing rate, volume and frequency of
ventilation, coughing, decrease in oxygen uptake efficiency [14].
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To the best of our knowledge, no report is available on the applica-
tion of zinc imprinted and nonimprinted nanobiosorbent for the re-
moval of Zn(II) ions from aqueous solution. Therefore, the main
objective of the present study was to compare the potential of zinc
imprinted and nonimprinted nanobiosorbent C. rugosa in the removal
of the Zn(II) from aqueous solutions. The adsorption of Zn(II) ions
onto zinc imprinted and nonimprinted C. rugosa nanobiosorbent
was studied in batch experiments. Adsorption isotherms and kinet-
ics models were conducted to describe the experimental data and
understand the adsorption mechanism. In addition, the antimicro-
bial activity of zinc imprinted and nonimprinted C. rugosa nano-
biosorbent against pathogenic yeast species viz. C. albicans and C.
neoformans was studied.

EXPERIMENTAL

1. Metal Solution Preparation
Zn(II) stock solution was prepared (1,000 mg/L) by dissolving

4.55 g of powdered Zn(NO3)2·6H2O (Hi Media, Mumbai, India) in
1,000 mL of deionized water. The working solutions of metal were
prepared by diluting the stock solution to the desired concentrations.
2. Microorganism and Preparation of Non Imprinted Nano-
biosorbent

Effluent sample was collected from Common Effluent Treatment
Plant (CETP), Ranipet, Vellore, Tamilnadu, India. Sample was seri-
ally diluted from 10−1 to 10−6 fold and was plated on yeast extract
peptone dextrose (YEPD) media by spread plate technique. Mor-
phologically distinct colonies were isolated and subcultured on YEPD
agar. It was phenotypically characterized and identified to a species
level as C. rugosa 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 isolate was maintained
in yeast extract peptone dextrose (YEPD) agar slants at 4 oC. Mass
cultivation of yeast isolate was carried out in inexpensive sugar-
cane bagasse extract medium as reported in our previous study [15].
The yeast biomass was harvested by centrifugation at 10,000 rpm
for 5 min and dried in oven at 60 oC. Then the dried C. rugosa was
ground into powder with a pulverizing mill (Pulverisette 7 monom-
ill, Fristch) to obtain raw biomass for further use.

The possible functional groups present in the nonimprinted nano-
biosorbent used in this study were characterized with Fourier trans-
form infrared spectrometer (Shimadzu IR affinity-1). The nanobio-
sorbent was further characterized by SEM scanning electron micro-
scopy (Hitachi-S-3400). The size distribution of nonimprinted nano-
biosorbent was measured by X-ray diffraction (XRD) (D8 Advance:
Bruker, Germany).
3. Preparation of Zinc Imprinted C. rugosa Nanobiosorbent

The zinc imprinted C. rugosa nanobiosorbent was prepared fol-
lowing the standard methodology [11]. Zn(NO3)2·6H2O was dis-
solved in 2 cm3 dilute acetic acid solution (2.5% v/v) to give a Zn2+

solution of 2 mg/cm3. Then 0.1 g chitosan (dry weight) was dis-
solved in this solution. Two grams of native C. rugosa nanobiosor-
bent (nonimprinted) and deionized water were added to the above
solution and the mixture was stirred. Then, 0.5 cm3 epichlorohydrin
as cross-linking agent was added into the mixture and allowed to
carry out for 4-6 h at room temperature. The product was recov-
ered by treating the mixture with EDTA solution containing 0.2 g/

L for 8-12 h. The surface imprinted nanobiosorbent was filtered by
using filter paper and dried at 60 oC for 12 h.
4. Batch Adsorption Studies

To study the effect of parameters, all the experiments were per-
formed separately containing zinc imprinted and nonimprinted nano-
biosorbents along with 50 mL of solution in each flask at 30 oC with
a shaking speed of 120 rpm. The effect of pH (2.0-10.0), sorbent
dosage (0.08-1.0 g/L), initial metal concentration (10-100 mg/L)
and contact time (30-300 min) on removal of zinc was investigated.
The experiments were optimized at the desired pH, metal concen-
tration, sorbent dosage and contact time using 100 mL of Zn(II)
test solution in 250 mL Erlenmeyer flask. After adsorption, the sus-
pension was centrifuged for 5 min at the shaking speed of 10,000
rpm. The residual supernatants were determined by Atomic absorp-
tion spectrophotometer (Varian AA-240, Australia). The Zn(II) ad-
sorption capacity (qe) was calculated as follows:

(1)

where Ce (mg/L) is the equilibrium concentration of Zn(II) ion, V
(L) is the volume of the solution and m (g) is the mass of the ad-
sorbent.

The Zn(II) removal percentage was calculated with the follow-
ing equation:

(2)

where C0 is the initial Zn(II) concentration (mg/L) and Cf is the final
Zn(II) concentration (mg/L).
5. Equilibrium and Kinetic Studies

The experimental equilibrium data were analyzed by Langmuir
[16], Freundlich [17] and Dubinin-Radushkevich (D-R) [18] iso-
therms, respectively, to assess the mode of adsorption. The kinetic
constants were evaluated by using pseudo-first-order [19] and pseudo-
second-order [20] kinetic models. The nature of Zn(II) adsorption
was determined using intraparticle diffusion and Boyd plot [21]. A
mass transfer plot [22] was used to determine the mass transfer co-
efficient values for the removal of Zn(II) by zinc imprinted and non-
imprinted C. rugosa nanobiosorbent, respectively.
6. Atomic Force Microscopic Studies

Atomic force microscopy (Nanosurf easyscan 2, Switzerland)
was used to observe the surface morphology of zinc imprinted and
nonimprinted nanobiosorbents before and after interaction with Zn(II)
ions.
7. Agar Well Diffusion Method for Antimicrobial Activity

Two pathogenic yeast isolates, Candida albicans and Cryptococ-
cus neoformans, were collected from CMC, Department of Microbi-
ology, Bagayam, Thorapadi, Vellore, Tamil Nadu, India. Antimicrobial
assay of the nonimprinted and zinc imprinted C. rugosa nanobio-
sorbent was determined by agar well diffusion assay. Approximately
20 mL of sterile molten and cooled media Mueller Hinton Agar
(MHA) was poured in sterilized petri plates and kept at room tem-
perature overnight to check for any contamination to appear. The
target yeasts were inoculated and wells were prepared using a steril-
ized stainless steel cork borer of diameter 5 mm. Each plate contain-
ing four wells was filled with distilled water, tetracycline, nonimprinted
and zinc imprinted nanobiosorbent. The plates were incubated at

qe = 
C0 − Ce

m
----------------- V×

Zn II( ) removal % = 
C0 − Cf

C0
---------------- 100×
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Fig. 1. Characterization of nonimprinted C. rugosa nanobiosorbent by (i) SEM (ii) FTIR (a) non imprinted C. rugosa nanobiosorbent,
(b) native zinc imprinted C. rugosa nanobiosorbent, (c) Zn(II) interacted zinc imprinted C. rugosa nanobiosorbent, and (iii) XRD.



Zn(II) removal by zinc imprinted nanobiosorbent and its antimicrobial activity 815

Korean J. Chem. Eng.(Vol. 31, No. 5)

37 oC for 24 h and the zone of inhibition was calculated by deduc-
ing the well diameter from the total inhibition zone diameter [23].

RESULTS AND DISCUSSION

1. Characterization of Nanobiosorbent
1-1. Scanning Electron Microscope (SEM)

SEM micrograph of nonimprinted C. rugosa nanobiosorbent,
showed that the surface of nonimprinted C. rugosa nanobiosorbent
was rough with many tiny interspaces structure so that metal in the
solution can be adsorbed easily by the adsorbents (Fig. 1(i)). This
could be attributed to the considerable loss of moisture from the
cell wall, thereby resulting in the shrinkage of the cells.
1-2. Fourier Transform Infrared Spectrum (FTIR)

FTIR spectrum of the nonimprinted C. rugosa nanobiosorbent is
shown in Fig. 1(iia). The peaks obtained at 3,384.7, 2,855.8, 1,660.5,
1,245.8 and 1,040.1 cm−1 indicated the O-H and N-H stretching vibra-
tion, strong CH antisym and sym stretching of (methyl) CH3 group,
C=O stretching, C-O-C antisym stretch in esters and lactones and
C-N stretching vibrations of aliphatic and aromatic amines, respec-
tively [7,24]. These functional groups might play an important role
in the process of Zn(II) removal. In case of zinc imprinted C. rugosa
nanobiosorbent, the peaks noted at 3,364.5, 2,996.2, 1,660.1, 1,240.8
and 1,038.2 indicated the presence of O-H and N-H stretching vibra-
tion, strong CH antisym and sym stretching of (methyl) CH3 group,
C=O stretching, C-O-C antisym stretch in esters and lactones and
C-N stretching vibrations of aliphatic and aromatic amines, respec-

tively (Fig. 1(iib)). These peaks were shifted to 3,372.6, 1,662.2,
1,247.2 and 1,042.6, respectively, for Zn(II) interacted zinc imprinted
C. rugosa nanobiosorbent (Fig. 1(iic)), indicating hydroxyl, amine
and carbonyl groups were responsible for Zn(II) removal. Zn(II)
ions will form complexes with these functional groups and will be
removed from the aqueous solution.
1-3. X-ray Diffraction (XRD)

The structural facets of nonimprinted C. rugosa nanobiosorbent
were elucidated by the XRD spectrum (Fig. 1(iii)). The peaks at
2θ values of 31.85o, 34.51o, 36.32o, 47.61o, 56.67o, 62.95o, 68.02o

and 69.15o corresponded to the crystal planes of (100), (002), (101),
(102), (110) and (103), (112) and (201) hexagonal wurtzite phase
of nanobiosorbent. The diameter of nanobiosorbent was calculated
using the Debye-Scherrer formula [25].

(3)

where 0.89 is Scherrer’s constant, λ is the wavelength of X-rays, θ
is the Bragg diffraction angle and β is the full width at half-maximum
(FWHM) of the diffraction peak corresponding to plane (101). The
average particle size of the nanobiosorbent was determined from
the FWHM of more intense peak corresponding to 101 plane located
at 36.32o and was found to be 5.01 nm.
2. Batch Adsorption Experiments
2-1. Effect of pH

The effect of pH on removal of Zn(II) ions by zinc imprinted and
nonimprinted C. rugosa nanobiosorbent was evaluated in the range

d = 
0.89λ
β θcos
--------------

Fig. 2. Effect of operational parameter on Zn(II) removal (a) pH, (b) adsorbent dosage, (c) initial Zn(II) concentration, (d) contact time.
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of 2-10 (Fig. 2(a)). Maximum Zn(II) removal in case of both type
of nanobiosorbents was noted at a pH of 6. This could be possibly
due to the decrease in number of protons that led to a decrease in
the competition between proton and metal cations. Ion exchange
played the key role in the increasing of Zn(II) removal when pH
increased [7]. Maximum Zn(II) removal was noted by zinc imprinted
C. rugosa nanobiosorbent (75.0%) followed by nonimprinted C.
rugosa nanobiosorbent (70.2%).
2-2. Effect of Adsorbent Dosage

The adsorbent dosage is one of the important parameters in Zn(II)
removal studies because it determines the capacity of adsorbent for
a given initial concentration of Zn(II) solution. Fig. 2(b) shows the
effect of adsorbent dosage on Zn(II) removal at a range of 0.04-
1.0 g/L. Zn(II) removal percentage was found to increase with an
increase in the adsorbent dosage upto 0.4 g/L. Owing to the pres-
ence of the maximum number of protonated amine groups and ex-
changeable ions, zinc imprinted C. rugosa nanobiosorbent was found
to exhibit maximum Zn(II) removal percentage of 88.01%, followed
by nonimprinted C. rugosa nanobiosorbent (79.03%). A decrease in
Zn(II) removal percentage was noted with an increase in nanosor-
bent dosage beyond 0.4 g/L. This could probably be due to the over-
lapping of nanosorbent particles that blocked the combination of
Zn(II) ions with active sites of nanobiosorbents [7].
2-3. Effect of Initial Zn(II) Ion Concentration

The effect of initial Zn(II) concentration on removal of Zn(II)
ion onto nonimprinted and zinc imprinted C. rugosa nanobiosor-
bents was investigated in the concentration ranging from 10-100 mg/
L (Fig. 2(c)). An increase in Zn(II) concentration upto 90 mg/L was
found to enhance the Zn(II) removal percentage in case of both the
nanobiosorbents, which was due to the sufficient availability of Zn(II)
ions that provided a driving force to overcome mass transfer resis-
tance [26]. Hence, it could be inferred that the optimum initial Zn(II)
concentration in the present study was 90 mg/L.
2-4. Effect of Contact Time

The removal of Zn(II) ions by nonimprinted and zinc imprinted
C. rugosa nanobiosorbent was studied as a function of contact time
ranging from 30 to 300 mins (Fig. 2(d)). The Zn(II) removal effi-
ciency for both the nanobiosorbents reached equilibrium at 210 min.
In the initial stages, the metal removal efficiencies of nanobiosor-
bents increased rapidly due to abundant availability of active bind-
ing sites on the nanobiosorbents, and with gradual occupancy of
these sites the sorption became less efficient in the later stages [26].

Under optimum conditions, that is, pH 2, adsorbent dosage 0.4
g/L, temperature 30 oC, contact time 210 min and initial Zn(II) con-
centration of 90 mg/L, maximum Zn(II) removal 95.12% was noted
in case of zinc imprinted C. rugosa nanobiosorbent followed by
85.6% of nonimprinted nanobiosorbent, respectively.
3. Adsorption Isotherms

The sorption isotherm is the relationship between equilibrium
concentration of metal ions in the liquid phase and equilibrium con-
centration of metal ions in the nanosorbent at constant temperature
during the adsorption process, and it can be expressed by various
isotherm models. We used three common and important isotherm
equations, Langmuir, Freundlich and D-R, to evaluate the adsorp-
tion process.
3-1. Langmuir Adsorption Isotherm

The Langmuir isotherm assumes monolayer mode of adsorp-

tion. There would be no migration of adsorbed ion at the sites of
adsorbate when the process reached equilibrium [14]. The equa-
tion is expressed as follows:

(4)

which can be linearized as:

(5)

where qeq (mg/g) is the Zn(II) uptake at equilibrium, Ceq (mg/L) is
the residual concentration in the supernatant, qmax (mg/g) is the maxi-
mum Zn(II) uptake value and KL (L/g) is the adsorption constant
related to the free energy of biosorption.

A plot of 1/qe vs 1/Ce was obtained to calculate the Langmuir
coefficients as shown in Fig. 3(a). The data was found to appropri-
ately fit in the Langmuir isotherm with regression values of 0.9732
and 0.9722 in case of zinc imprinted and nonimprinted C. rugosa
nanobiosorbent, respectively.
3-2. Freundlich Adsorption Isotherm

The Freundlich equation based on sorption on a heterogeneous
surface is given below as Eq. (7):

qe=KFCe
1/n (6)

where KF and n are Freundlich constants, whereas KF and n are in-
dicators of adsorption capacity and adsorption intensity of the sor-
bents, respectively [17]. Eq. (6) can be linearized in logarithmic form
as Eq. (7)

qeq = 
qmaxKLCeq

1+ KLCeq
------------------------

1
qeq
------ = 

1
qmax
--------- + 

1
KLqmaxCeq
------------------------

Fig. 3. (a) Langmuir isotherm of Zn(II) adsorption onto zinc im-
printed and nonimprinted C. rugosa nanobiosorbent at dif-
ferent Zn(II) concentrations. (b) Pseudo-second-order kinet-
ics of Zn(II) adsorption onto zinc imprinted and nonim-
printed C. rugosa nanobiosorbent at different Zn(II) con-
centrations.
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(7)

The values of Freundlich constants were calculated from the inter-
cepts and slope of the plot (Table 1). The R2 values were 0.9536
and 0.9450 for zinc imprinted and nonimprinted C. rugosa nano-
biosorbent, respectively. However the values R2 were lower than
for the Langmuir isotherm. A value for n above one indicates a normal
Langmuir isotherm, while n below one is indicative of cooperative
adsorption [27,28].
3-3. Dubinin-Radushkevich Isotherm

This isotherm is generally expressed as follows [29]:

lnqe=lnqD−2BD[RT ln(1+1/Ce) (8)

Here the characteristic sorption curve is related to the porous struc-
ture of the sorbent. The constant, BD, is related to the mean free en-
ergy of sorption per mole of the sorbate as it is transferred to the
surface of the solid from infinite distance in the solution, and this
energy can be computed using the following relationship [30]:

(9)

The linear Dubinin-Radushkevich isotherm plots for the removal
of the Zn(II) ions onto zinc imprinted and nonimprinted C. rugosa
nanobiosorbent are presented in Table 1, and the result showed that
the experimental data do not correlate with the Dubinin-Radush-
kevich equation. This was confirmed by the R2 values (0.8741 and
0.8650) for zinc imprinted and nonimprinted C. rugosa nanobio-
sorbent, respectively.
4. Kinetic Studies

To evaluate the adsorption kinetic mechanism that controls the
adsorption process, five kinetic models including pseudo-first-order,
pseudo-second-order, intra-particle diffusion , mass transfer and
Boyd plot model were used.

Kinetic parameters from linear plots of four kinetic models are
given in Table 1.

The pseudo-first-order rate expression of the Lagergren model
is generally expressed as follows:

(10)

where Kip (1/min), is the rate constant, qe (mg/g) is the amount of
solute adsorbed on the surface at equilibrium and qt (mg/g) is the
amount of solute adsorbed at any time. From the plot log (qe−qt)
against t, values of Kip for both the nanobiosorbents were calcu-
lated. The first-order equation of Lagergren for both the zinc imprinted
and nonimprinted C. rugosa nanobiosorbent does not fit well to the
whole range of contact time and is generally applicable over the
initial stage of the adsorption processes (Fig. 4(a)). The results dem-
onstrated that there was no significant relationship between the kinetic
data (figures not shown) with low correlation coefficients (>0.97),
indicating that this model is not applicable in the present case. There-
fore, the pseudo-second-order kinetic model [31] as shown in Eq.
(10) was used to study the kinetics of the present system. Fig. 3(b)
represents the pseudo-second-order kinetic model for both the nano-
biosorbents.

(11)

where K2 (g/mg min) is the second-order rate constant. From the
slope and intercepts of the plot t/qt versus t, qeq and K2 were cal-
culated. The initial sorption rate h (mg/g min) for both the yeast
species was calculated from the second-order rate constant K2, where
t tends to 0.

h=K2 q2
eq (12)

The pseudo-second-order model showed the best fit among all
the models in case of both the nanobiosorbents R2. High correlation
coefficients of 0.9908 and 0.9531 in case of zinc imprinted and non-
imprinted C. rugosa nanobiosorbent respectively. This suggested
that adsorption process was controlled by chemisorption. The equi-

qeq = KF + 
1
n
--- Ceqlogloglog

E = 
1

2BD

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

qeq − qt( ) = qe − 
K1

2.303
-------------tloglog

t
qt
---- = 

1
K2qeq

2
------------- + 

1
qeq
------⎝ ⎠
⎛ ⎞t

Table 1. Isotherm constants and kinetic models for Zn(II) removal
by zinc imprinted and non imprinted C. rugosa nanobio-
sorbent

Isotherm constant Zinc imprinted Non imprinted
Langmuir
Equation y=0.0445x+0.0036 y=0.0454x+0.0058
qm (mg/g) 275.48 172.41
KL (L/g) 0.081 0.127
R2 0.9730 0.9722
Freundlich
Equation y=0.8771x+1.2723 y=0.5263x+1.4504
KF (L/g) 18.71 28.18
n 1.14 1.90
R2 0.9536 0.9450
D-R
Equation y=−1.462x+5.3178 y=−1.3848x+5.3178
qm (mg/g) 207.8 90.99
B (mol2/J2) 0.731 0.722
E (KJ/mol2) 1.1696 1.1768
R2 0.8741 0.8650
Kinetic constants
Pseudo-first order
Equation y=−0.0028x+2.2873 y=−0.0038x+2.2113
Kip (1/min) 0.0064 0.0087
R2 0.9693 0.9341
Pseudo-second order
Equation y=0.0037x+0.244 y=0.0047x+0.3966
K2 (g/mg min) 5.61×105 5.56×105

R2 0.9908 0.9531
Intraparticle diffusion
Equation y=12.989x+23.913 y=9.764x+9.7352
Kp (mg/g min) 12.989 9.764
R2 0.967 0.937
Mass transfer Kinetics
Equation y=−0.0023x+2.6486 y=−0.0067x+0.7732
Ka (L/g) 22.31 21.89
Ss (m2/g) 29.2 25.6
BL (m/s) 0.00007 0.0002
R2 0.9462 0.9268
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librium uptake, qe, obtained from this model is closely in line with
the experimental value.

The intra-particle diffusion coefficient for the removal of Zn(II)
was calculated from the slope of the plot between the amount of
Zn(II) sorbed, qt (mg /g) vs t0.5(min0.5). Based on this plot (Fig. 4(b)),
we concluded that the removal process of Zn(II) by zinc imprinted
and nonimprinted C. rugosa nanobiosorbent is comprised of three
phases, suggesting that the intraparticle diffusion is not the rate-limit-
ing step for the whole reaction. The uptake rate was initially very
fast, then medium finally giving way to slow uptake. It is likely that
the adsorbate was initially transported to macro, then meso and finally
slowly diffused into micropores [32]. Moreover, low correlation
coefficients for intra-particle diffusion model followed by zinc im-
printed and nonimprinted C. rugosa nanobiosorbent signified the
invalidation of the model.

The kinetic data were further analyzed by using the kinetic expres-
sion given by Boyd et al. [33] to check whether sorption proceeds
via film diffusion or intra-particle diffusion mechanism, which is
expressed as follows:

(13)

where Bb is a constant and F is the fractional attainment of equilib-
rium at time t given by

(14)

where qe and qt represent the amount of Zn(II) ion sorbed (mg/g) at
equilibrium and any time t, respectively. To compute Bbt, Eq. (13)
is substituted into Eq. (14) and the kinetic expression becomes

(15)

Linearity of this plot is employed to distinguish between external
transport-(film diffusion) and intra-particle transport-controlled rates
of sorption [34]. A straight line passing through the origin is indica-
tive of sorption processes governed by particle-diffusion mecha-
nisms; otherwise they are governed by film diffusion [35]. In the
present case, the plots were neither linear nor passed through the
origin (Fig. 4(c)), which showed that film diffusion was the rate-
limiting sorption process for Zn(II) removal onto zinc imprinted
and nonimprinted C. rugosa nanobiosorbents.

The solute transfer is frequently controlled by resistance to exter-
nal mass transfer (boundary layer diffusion) in the solid-liquid sorp-
tion process [22]. The following equation of the model is expressed
as follows:

(16)

where Ct and C0 (both in mg/L) are the concentrations of sorbent
at time t and zero, respectively; Ka (L/g) is a constant defined as
the product of the Langmuir constants (qmK), m (g/L) and Ss (m2) are
the adsorbent mass and surface area, respectively. The coefficient
BL can be calculated from the slope of the regression line: ln[(Ct/
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Fig. 4. Kinetic models (a) pseudo-first-order, (b) intraparticle diffusion, (c) boyd plot, (d) mass transfer for Zn(II) adsorption onto zinc
imprinted and nonimprinted C. rugosa nanobiosorbent at different Zn(II) concentrations.
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C0)−(1/1+mKa)] vs t. The coefficient Bl can be calculated from the
slope of the plot ln[(Ct/C0)−(1/1+mKa)] vs. t (the slope coefficient
was determined by a linear regression analysis). From the Fig. 4(d),
the regression values were maximum in case of zinc imprinted C.
rugosa nanobiosorbent (0.9462) followed by nonimprinted C. rugosa
nanobiosorbent (0.9268) for Zn(II) removal. The Bl value was mini-
mum in case of zinc imprinted C. rugosa nanobiosorbent (0.00007
m/s) followed by nonimprinted C. rugosa nanobiosorbent (0.0002
m/s). This suggested that minimum mass transfer required for the
removal of Zn(II) ion onto zinc imprinted C. rugosa nanobiosor-
bent validating the maximum uptake of Zn(II) ion by zinc imprinted
C. rugosa nanobiosorbent.
5. Atomic Force Microscopy (AFM)

The atomic force microscopic images demonstrated the topo-
logical appearance of the nonimprinted C. rugosa nanobiosorbent
before (Fig. 5(a1)) and after Zn(II) interaction (Fig. 5(a2)) as well
as zinc imprinted C. rugosa nanobiosorbent before (Fig. 5(b1)) and
after Zn(II) interaction (Fig. 5(b2)). The AFM images were used to
analyze the adsorption behavior of the nanobiosorbents. AFM image
of the nanobiosorbents interacting with Zn(II) ions showed the homo-
geneous mode of adsorption as a thin film supporting the mono-
layer adsorption and thin film diffusion as shown by Langmuir iso-
therm model and Boyd plot model, respectively.

6. Evaluation of Antimicrobial Activity by Agar Well Diffu-
sion Method

Antimicrobial effects of nonimprinted and zinc imprinted nano-
biosorbents are shown in Fig. 6 as indicated by zone of inhibition,
respectively, for pathogenic yeasts: Candida albicans (Fig. 6(a)) and
Cryptococcus neoformans (Fig. 6(b)). The zinc imprinted nanobio-
sorbents showed a greater effect on Candida albicans compared to
Cryptococcus neoformans. The order of zone of inhibition was as
follows: zinc imprinted nanobiosorbent (22.3±0.05/20.2±0.1 mm)>
Tetracycline (21.03±0.1/16.4±0.12 mm)>nonimprinted nanobiosor-
bent (19.1±0.1/10.2±0.3 mm)>control (0.0±0.0/0.0±0.0 mm).

CONCLUSIONS

The results presented in this paper demonstrated the application
of zinc imprinted and nonimprinted form of novel nanobiosorbent
prepared from Candida rugosa for removal of Zn(II) ions from aque-
ous solution. Zn(II) removal was found to be maximum at an opti-
mum pH 6.0; adsorbent dosage 0.4 g/L; 90 mg/L of initial Zn(II)
concentration and 210 min contact time. Equilibrium sorption data
showed excellent fit to Langmuir isotherm model, indicating a mono-
layer mode of Zn(II) adsorption on the surface of zinc imprinted C.
rugosa nanobiosorbent. The result of adsorption kinetic study of

Fig. 5. AFM images of (a) nonimprinted (b) zinc imprinted (1) before and (2) after interaction with Zn(II) ions.



820 G. Basak et al.

May, 2014

Zn(II) on zinc imprinted C. rugosa nanobiosorbent indicated that
the adsorption kinetics followed the pseudo-second-order model
with thin film diffusion as rate-limiting step. Enhanced antimicro-
bial activity was noted in case of zinc imprinted C. rugosa nano-
biosorbent, depicting the potentiality of surface imprinting technology
during the process of adsorption.
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