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To provide safe drinking water, it is inevitable to tackle both
bacterial infection and inorganic pollutants. In this study a
smart biopolymeric nanofibers consisting of
Chitosan/Fe(III)/PVA (CPF) by electrospinning method have
been synthesized. Cross linking with gluteraldehyde was
carried out to increase the stability of the mats. The prepared
CPF mat exhibited increased adsorption sites facilitating the
removal of As(IlI), As(V), Cr(VI) and F" ions. The selectivity
order of the investigated anions towards CPF mats followed
the sequence Cr(VI) > As(V) > As(IIl) > F. Maximum
adsorption capacities of Cr(VI), As(V), As(Ill) and F were
found to be 166.7, 83.3, 32.3 and 2.5 mg/g respectively. The
prepared CPF mat also exhibited 100% disinfection towards
e coli at an initial concentration of 10*-10° CFU/ml. Using
FTIR studies mechanism of interaction of these ions with
CPF have been postulated.

1. Introduction

In developing countries like India, owing to the rapid growth of
human population and industrialization, the concerns over water
contamination have become a critical issue. To provide safe
drinking water, both chemical and bacteriological contaminants
need to be addressed. To augment biological contamination,
water treatment plants often use procedures such as chlorination,
ozonolysis, UV irradiation and electromagnetic radiation. It is
well known that during chlorination formation of disinfection by
products is of serious concern'. Thus, the important challenge
faced by the nation is an efficient and cost-effective method for
water purification without endangering human health. In recent
years, removal of toxic ions such as Cr(VI), As(IIl), As(V) and
Fluoride are challenging owing to their high toxicity. The current
permissible limits of U.S. EPA for these ions are 100 ppb for
Cr(VI), 10 ppb for inorganic arsenic, and 4.0 ppm for fluoride®.
Among the commonly used methods such as flocculation,
sedimentation, filtration, reverse osmosis and adsorption for the
removal of these toxic ions, adsorption is advantageous owing to
cost effectiveness and the amount of sludge generated is also less.
Among the several types of adsorptive materials used for the
control of these toxic ions in water, activated alumina®, activated
carbon®* are the extensively studied adsorbents. However, these
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adsorbents are inefficient to remove the contaminants down to
parts per billion level’ and additional treatment methods are
required to circumvent biological contamination. Thus in an
effort to tackle both chemical and biological contamination,
chitosan a biopolymer was chosen. Chitosan is a biodegradable,
non-toxic polysaccharide derived from naturally occurring chitin.
Chitin is the second most abundant polysaccharide found in the
exoskeleton of crustaceans, shrimp and crab shells, insects and
fungal mycelia®. Chitosan is a copolymer of N-acetyl-D-
glucosamine and D-glucosamine, and the D-glucosamine content
is dependent on the degree of deacetylation (DDA) of chitin to
chitosan. It has many attractive features such as hydrophilicity,
biodegradability, biocompatibility and antibacterial properties. It
has been proved to be effective in removing various metal ions
owing to the presence of amino and hydroxyl groups on its
backbone®. The antibacterial properties of chitosan could be
attributed to the electrostatic interaction between the positively
charged amine groups on the chitosan backbone and negatively
charged components in the microbial cell membranes. Binding
between cell wall components and chitosan alters the barrier
properties and leads to cell death’. In recent years, nano fibers
have attracted wide attention owing to high surface area, porosity
and good permeability. These nanofibrous mats are used in wide
range applications across environmental areas such as removal of
heavy metal and pathogens®'' although their full potential in
environmental applications has not been systematically explored.
Recently, Mahanta and Valiyaveetil'? revealed the use of Fe(IIT)
loaded PVA fibres towards the removal of arsenic and reported a
capacity of 36 and 67 mg g for As(V)and As(III) respectively.
Though the capacity towards arsenic was good its application
towards biological contamination and other toxic metal ions
needs to be explored. Few reports are available in the literature
on the use of chitosan mats for the removal of copper and lead
jons’ and e coli bacteria® . Nano zerovalent iron supported
chitosan fibre was evaluated by Horzum et. al. * for the removal
of arsenic. The main disadvantages of this fibre being the usage
of toxic solvent like pentafluoro isopropanol during spinning
process. Green environment friendly nanofibres, was synthesized
using a composite consisting of zerovalent iron/chitosan/PVA
and its applicability towards arsenic removal has been
demonstrated."*  The afore mentioned methods have been
successfully utilized for either heavy metals or bacterial
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disinfection. Factors relevant to safe drinking water targeting
both the removal efficiency of variety of water contaminants
down to ppb range and circumventing microbial contamination
were seldom being considered. To address these issues, a green
nanocomposite membrane consisting of Fe(III)/PVA/Chitosan
was synthesized exhibiting advantageous properties for
disinfection control and toxic ion removal and biocompatibility
for safe drinking water. The nanofibrous membrane was
synthesized by electrospinning technique using chitosan,
polyvinyl alcohol and Fe(IIl) salt. Polyvinyl alcohol acted as
stabilizer' and enabled smooth spinning of chitosan fibers. The
affinity and selectivity of Fe(III) towards inorganic arsenic is well
known'*'®. In addition Fe(Ill) salts doped chitosan hydrogels
have been reported for the removal of Cr(V1) ions'’. The prepared
nanocomposite electrospun nanofibers were systematically
characterized using various techniques including SEM, XRD and
FTIR, and applied for the removal of various toxic ions such as
As(IID), As(V), Cr(VI), F" and ecoli bacteria. The main novelty of
the present work is the comprehensive study on its applicability
to variety of toxic ions and circumventing bacterial contamination
as well. Further, selectivity studies were also carried out for these
electrospun nanofibers.

2. Experimental Details
2.1. Materials

All the chemicals and chelating agents used in this study such as
Chitosan (about 85% deacetylated), Poly vinyl alcohol (PVA)
with molecular weight of 1,25,000 g/mol, Ferric nitrate
(Fe(NOs)3), Gluteraldehyde were obtained from Sigma Aldrich.
Acetic acid (99.8%) used to dissolve chitosan was obtained from
Rankem chemicals. Sodium arsenate (Na,HAsO,.7H,O, Merck)
and arsenic oxide (AsyO; Sigma-Aldrich) were used for
preparing the stock solutions of arsenate and arsenite
respectively. Chromium, and Fluoride standard solutions were
prepared from respective salts of K,Cr,O,, and NaF. Total ionic
strength adjustor buffer (TISAB III) solution was acquired from
E-Merck India Ltd., Mumbai, India.

2.2. Preparation of Chitosan/PVA/Fe solution

The Chitosan (3 % w/v) and PVA (10 % w/v) solutions were
initially prepared separately by dissolving Chitosan in 2 % acetic
acid and PVA in deionised water at 80°C. Then, Chitosan and
PVA solutions were blended in the ratio of 1:1. To this mixture
added Ferric nitrate (0.2 gm for 20 ml solution) and the resulting
solution containing chitosan/PVA/Fe(III) was stirred for 24h .

2.3. Electro spinning process

The prepared Chitosan/PVA/Fe solution was loaded into a 20 mL
plastic syringe equipped with a syringe needle having an inner
diameter of 0.3 mm. Syringe was placed to a programmable
syringe pump (E-spin nano tech) to control the solution flow rate.
A positive electrode of high voltage power supply was connected
to the syringe needle and a negative electrode was connected to a
cylindrical collector covered with aluminum foil which served as
a collector. Then, a high voltage was applied between needle and
collector so that Chitosan/PVA/Fe nano fibers were produced on
the collector. A voltage of 20 kV, with a tip-collector distance of
10 cm, at 5 pL/min speed was applied to the solution and fibers

were collected on the cylindrical collector. Then 2%
glutaraldehyde solution was wused for cross-linking of
Chitosan/PVA/Fe nanofiber membrane render the fibers with
water stability'®. In aqueous medium due to high hydrophilicity
of PVA, solubilisation of fibres was observed. The fibers were
dried for 24 hrs at 80°C in oven. Thus, to prevent dissolution of
PVA and leaching of iron, and increase the stability of both
chitosan and PVA electrospun mat, crosslinking was carried out
with a diaaldehyde, namely glutaraldehyde. In the case of PVA,
crosslinking occurs between hydroxyl groups whereas, in
chitosan a schiff’s base reaction occurs between the amino group
of chitosan and aldehydic groups of gluteraldehye. Scheme 1
depicts the crosslinking of gluteraldehyde with chitosan and
PVA.
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70 2.4. Characterization of electro spun nano fibres

Images of electro spun nanofibres were obtained with a field
emission scanning electron microscope (Carl Zeiss NTS GmbH,
Oberkochen (Germany) Model: SUPRA 40VP) operated at an
accelerating voltage of 10 kV. Prior to imaging, the samples
mounted on copper stubs were coated with gold for better
conductivity during imaging. FT-IR spectra were recorded with a
Nicolet 17DSX FT-IR Spectrometer. The X-ray diffraction
(XRD) patterns of nanofibers were measured using Hecus X-Ray
Systems GmbH, Graz (Austria) Model: S3 MICRO.
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2.5. Performance of the CPF towards toxic ions uptake

Adsorption experiments were carried out by batch technique.
Optimum pH for the uptake of these ions were carried out with
water containing different toxic ions (Cr(VI) 10.0 mg/L;
As(ITT)/As(V) 2.3 mg/L; F1.0 mg/L). The initial pH of the
solution was varied from 2 — 9 using aqueous solution of NaOH
or HCI with 20 mg of CPF mat in a final volume of 20 mL. At the
end of the equilibrium time, the content was separated by
filtration with 0.22um pore size filter paper and arsenic in
solution was analyzed by inductive coupled plasma-mass
spectrometry (ICP-MS) (Thermo Scientific, XSERIES 2) for
As(IT) and As(V). Analysis of Cr(VI) was carried out diphenyl
carbazide method'®. Analysis of fluoride ion in the filtrates was
carried out by fluoride selective electrode using ORION Fluoride
meter. During fluoride analysis, addition of total ionic strength
adjustment buffer (TISAB) solution eliminated the interference
from complexing ions. The electrode was calibrated daily with a
series of 5 or more fluoride standard solutions within the linear
working range of the fluoride electrode. All the experiments
were carried out twice. The amount of the ions adsorbed (mg) per
unit mass of CPF (g), ge, was obtained by mass balance using the
following equation:
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Where Ci and Ce are initial and equilibrium concentrations of the

metal ion (mg/L), m is dry mass of nanofibre mat (g) and 7 is the

10s volume of the solution (L). The percent extraction efficiency of
the sorbent can be calculated by using the following equation:

Extraction Efficiency (%) = (Cy— C,)/Cyp X 100 2)
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For kinetic studies, initial concentration of ions was maintained
as described earlier. Except for Cr(VI) where the initial pH was
maintained at 3, for all other ions pH was adjusted to 7 and the
solutions were equilibrated. Samples were taken at regular
intervals and analysed for their respective analyte. For isotherm
experiments, about 20 mg of adsorbent (CPF) was placed in a
beaker containing 20 mL of 0.1 to 10 mg/L of As(V)/As(III)/F
and 100 — 1000 mg/L of Cr(VI) solution and equilibrated. All
other parameters were maintained as before and the amount of
toxic ions adsorbed was calculated using equation (1).

2.5 Antibacterial activity

The antibacterial activity was ascertained for the prepared
chitosan/pva (CP) and chitosan/pva/Fe nanofibers (CPF) mat
against gram negative Escherichia coli (E.coli) bacterial strain.
E.coli (K-12) strain was obtained from national laboratory in
India and cultured in Luria-Bertani broth (L.B broth) containing
tryptone 10 g L™, yeast extract 5 g L', and NaCl 10 g L™ for 24 h
at 37° C. The antibacterial analysis was determined by using plate
count method in LB agar medium (tryptone 10 g L™, yeast extract
5gL"' NaCl 10 g L and agar 15 g L") and incubated at 37°C
for 24 hrs. 1 ml of bacterial culture LB medium was diluted in 50
ml of sterilized DI water. Different weight (0.05 to 0.3 gm) of the
mats were added to the bacterial solution and incubated in
shaking incubator at 37°C with speed of 120 rpm. Samples (100
ul) were drawn from the incubated conical flask at different time
intervals (3, 6, 12, and 24h) and spread onto LB agar plates. The
initial bacterial concentration was approximately 10*10°
CFU/ml. The bacterial solution without CP and CPF nanofibers
mat served as control. The antibacterial analysis was carried out
for 24 h. The analysis was performed in duplicate to ensure the
reproducibility

3. Results and Discussions
3.1. Characterization of Nanofibres

3.1.1 Electron microscopy and Fibre size distribution

The morphology of electro spun nano fibers is influenced by
various parameters such as flow rate, applied voltage, tip to
collector distance and properties of polymer solutions®. The
morphology of the chitosan/PVA/Fe electro spun nano fiber mat
was characterized by Scanning electron microscope. Figure 1(a)
shows the SEM image of as spun Chitosan/PVA/Fe electro spun
nano fiber mat which have non beaded fibrous structure and
Figure 1(b) shows the SEM image of glutaraldehyde (2% in
methanol) cross linked Chitosan/PVA/Fe electro spun nano fiber
mat. It was observed that the thickness of fibers present in fibrous
mat slightly increases because of hydrophilic character of few
untreated alcoholic group of PVA present in fibrous mat.
Elemental distribution of fibers mat shown in image 1(a) and (b)
confirms the presence of carbon, oxygen and iron in fibrous mat.
TEM micrograph (Fig. 1(e) and 1(f)) also supports the non
uniform nano fibrous structure of mat. Further it should be noted
that Fe is dissolved uniformly in the fibre and absence of iron
nano particles even in high resolution TEM (Fig. 1 (f)).

Fibre size distribution (diameter of the fibres) was plotted with
the help of image j software®' and the result obtained is shown in

ss Fig. 1 (c) and 1 (d). It was evident from Fig. 1(c) that around 59%
of the fibres were less than 100 nm and rest 41% of fibre were
found to be in range of 100-200 nm which is lesser than pure
PVA fibres size as reported in literature'2. The reduction in fibre
size is because of increment of charge density due to addition of
chitosan, a cationic polysaccharide, in the eletrospinning jet leads
to higher elongation forces due to higher conductivity of
polymeric solution resulting thinner diameter of fibres®'. In case
of crosslinked fibre mat fibre size distribution was found slightly
higher (Fig. 1 (d). Around 45% of fibres were less than 150 nm
and rest 55% of fibres were found to be in range of 150-300 nm.
The increment in fibre size is because of hydrophilic character of
PVA present in the mat. The porosity of virgin and crosslinked
chitosan/PVA/Fe nano fiber mat was found to be 30% and 60%
respectively. The lower porosity of the virgin mat in aqueous
solution could be attributed to the distorted fibrous structures'.
The amount of gluteraldehyde used was optimized such that free
amino groups exist on the nanofiber for complexation reaction
with the metal ions'. Further the presence of primary amino
groups in CPF was confirmed by FTIR studies which are detailed
75 in Sec 3.1.2.
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Chitosan and Glutaraldehyde (GA) crosslinking equation
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Scheme 1. Cross linking of Chitosan and PVA with Glutaraldehyde
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30 3.1.2 FTIR Spectra

FTIR spectra of unloaded CPF (Fig. 2a) exhibited broad peak at
3390 cm™ due to superimposition of O-H and —N-H vibrations.
The C-H stretching vibration of the polysaccharide backbone is
manifested through strong peak at 2923 cm ™. The sharp peak at
35 1721 em™ could be attributed to the C-O stretching vibration The
band at 1538 cm™could be attributed to the bending vibration of
the free primary amino group on the chitosan backbone. The
crosslinking between the aldehydic groups of gluteraldehyde and
amino groups of chitosan to form a Schiff base is evident from
w0 the peak at 1634cm™ which corresponds to —C=N vibration.
Additional peaks at, 844, 608 and 469 cm™ confirms the Fe-OH
structural vibration®. The changes observed in FTIR spectra after
As(V) and As(IIT) loading is also shown in Fig. 2a. After metal

ion loading the peak at 3390 cm™ is suppressed which might be
45 attributed to the interaction of arsenic ions with the functional
groups present in the chitosan (-OH and —NH,). Due to the
complexation of Fe(IIT) with As(IIT)/As(V) to form ferric arsenite
or ferric arsenate changes in Fe-OH vibration is observed. In the
case of As(V), a peak shift from 844 to 830 cm™and 608 to 603
so cm™ is observed®*. However after As(III) loading a peak at 836 is
observed due to the formation of ferric arsenite®. In Fig. 2b a
peak at 1538 cm™ corresponding to NH;" is diminished after
fluoride loading owing to the strong electrostatic attraction
between positive charged _ NH;" and negatively charged
ss fluoride ions. A similar observation was recorded by Huang et
al®®. Further, appearance of sharp peak at 621 cm™ and formation
of broad peak at 822 cm-1 after fluoride loading indicated the
formation of O...F* and OH....F % bonds respectively. The IR

4 | Journal Name, [year], [vol], oo—oo
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spectra (Fig 2c¢) of chromium loaded CPF showed perceptible attributed to the Cr-O and Cr=0 bonds from the Cr(VI) species,
changes in comparison with that of unused CPF more so in the s appeared, which suggests that Cr(VI) was adsorbed on the surface

region 600 to 1200. Two new peaks at 774 and 904 cm’, of CPF”.
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Fig.2 FTIR spectra of a. CPF and As(III) and As(V) loaded CPF, b. CPF and Fluoride loaded CPF, c¢. CPF and Cr(VI) loaded
CPF
3.1.3 XRD Measurements \
The X-ray diffraction (XRD) patterns of the virgin CPF and *° JepFaswyf |

35 As(IIl) and As(V) loaded CPF nanofibres were recorded at
ambient temperature. The samples were irradiated with
monochromatized Cu KR (1.5406 A) X-ray source and analyzed
between 10° to 70° (260). The operating voltage and current used
were 45 kV and 40 mA, respectively. Figure 3 revealed that the

40 CPF nanofibrous membranes possessed one sharp diffraction
peak at 20 values around 22.7° and one broad diffraction peaks at
40.1°. The sharp peak corresponds to the reflection peak of ss
electrospun Chitosan/PVA nanofibres®™ and the broad peaks
around 31.6° and 42° corresponds to amorphous ferric oxide

45 crystalline phases®’. It is also evident from the figure that after
arsenic loading distinct peaks appeared at 60.9° which could be
attributed to the formation of ferric arsenate.™

Intensity

Angle (0)

Fig.3 XRD patterns of CPF and As(III)/As(V) loaded CPF
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3.2 Adsorption Experiments

Adsorption studies were carried out at room temperature to study
the effect of adsorption time, and initial pH. For variation of pH
experiments only initial pH of the aqueous solution was varied
and efforts were not made to maintain the pH during the sorption
experiments. The results obtained are shown in Fig. 3. In pH
variation studies (Fig.3a) it is evident that maximum adsorption
of Cr(VI) took place at pH 3. In the pH range of 2 to 5 the
predominant Cr(VI) species is HCrO,” ¥, which can chelate with
Fe(Ill) present in the CPF mat via the ligand exchange
mechanism®*. In the case of arsenic, maximum adsorptions of
both trivalent and pentavalent species are observed in the pH
values between 6 to 7.5. It is reported that iron(IIT) oxides exists
as cationionic monomeric form of Fe(OH),” below pH 7°°.
Arsenate exists as H,AsO, or HASO,* at pH values greater than
3 and arsenite exists as neutral species H;AsO; at pH values less
than 9%, Though both arsenite and arsenate are removed from the
solution by the formation of ferric arsenite and arsenate, the
formation of ferric arsenate is more facilitated by the ionic
attraction as evident from the pH results. Hence initially, ionic
attraction takes place between anionic arsenate species and
cationic ferric hydroxide, followed by ligand exchange reaction
leading to ferric arsenate. A similar observation is reported by
many researchers for arsenic removal by either iron oxide or iron
coated materials®. Additionally, arsenate ions are attracted to
protonated amino groups of chitosan by electrostatic attraction
followed by reduction and complexation with
protonated/deprotanated amino groups®®. Further FTIR (Fig.2a)
and XRD spectra (Fig.3) confirms the formation of ferric
arsenate. It is apparent that maximum fluoride adsorption
occurred at pH 7.5. Lower adsorption fluoride ions at pH < 7.5
could be attributed to the formation of hydrofluoric acid. Under
alkaline conditions, decrease in fluoride uptake could be due to
the competition from hydroxyl ions. From the pH studies it is
evident that fluoride sorption takes place by the electrostatic
attraction between the protonated amino groups of chitosan and
fluoride ions. A similar observation has been observed
elsewhere”’. Further interaction of fluoride ions with hydroxyl
groups of the chitosan by ion exchange or hydrogen bonding is
also plausible. This is confirmed by the FTIR studies (Fig. 2(b)).
Similarly in the case of arsenate and chromate electrostatic
interaction between protonated amino groups of the chitosan and
the anions is also possible. A schematic representation of the
sorption of crosslinked chitosan mat with different ions studied is
depicted in scheme 2.

Figure 3b. shows the time profile of As(IIl), As(V), Cr(VI) and F-
adsorption by CPF in batch mode. From the results it is evident
Cr(VI) sorption onto CPF is very fast and > 98% sorption was

s0 observed within 30 min. For other ions complete equilibrium was
achieved at equilibration time > 2.5 h. Obtained data was
modeled by Ho’s pseudo second order equation®® given by
t 1 t

gt k,'qe : qe 3)

Where k’ the pseudo second-order rate constant of adsorption
(g/mg/h) q. and g are the amounts of analyte ion sorbed (mg/g) at
equilibrium and at time t, respectively. Linear plots of t/qt Vs t
for the various ions yielded straight line with correlation
coefficients of > 0. 945 The calculated values of various
constants are tabulated in Table 1.

The equilibrium sorption isotherms of different ions were studied
and the results obtained shown in Fig. 3c. The values were
modeled using linearized Langmuir isotherm

w
o

Y
2

1/g.=1/QuCc + 1/Q “4)

Where, q. is the amount of solute adsorbed (mg/g) at equilibrium
and C. is the equilibrium concentration (mg/L). The empirical
constants Q and b denote the monolayer capacity and energy of
adsorption, respectively, and were calculated from the slope and
intercept of plot between 1/C, and 1/q.. The values obtained are
shown in Table 1. Maximum adsorption capacities of Cr(VI),
As(V), As(IIl) and F were found to be 166.7, 83.3, 32.3 and 2.5
mg/g respectively. The adsorption capacity obtained for Cr(VI) is
higher than other reported bisorbents like magnetic chitosan
hydrogel (144.9 mg/g)'’, 2013), sugarcane bagasse (5.09 mg/g)®,
magnetic particles(Fe;04) immobilized onto PEl/acrylate beads
(109.2 mg/g)®, alginate (42.6 mg/g)*!, activated carbon and
Bacillus subtilis (19.43 mg/g)*. In the case of arsenic species, it
is observed that the adsorption capacity of CPF towards As(V)
was 2.6 times higher than As(III). This could be attributed to the
prevalent electrostatic attraction between anionic arsenic species
and cationic surface charge of the sorbent, which aids the rapid
complexation of arsenic with Fe(III) leading to the formation of
ferric arsenate. Complexation of Fe(IIl) with arsenite or arsenate
have been reported by other researchers'>!°. It is also noteworthy
that the adsorption capacity obtained for CPF towards arsenate
removal was higher than the recently reported Fe(IIl)
incorporated PVA nano fibres (36 mg/g As(V))'?, Zerovalent iron
incorporated chitosan nanofibres (1.65mg/g As(IIl); 2.29 mg/g
As(V))"®, chitosan/PVA nano fiber (1.68 mg/g As(Ill); 0.56
As(V) mg/g)' and iron chitosan flakes (16.15 mg/g As(IIl); 22.47
mg/g As(V))'®. Although the CPF nano fibre exhibited high
capacity towards Cr(VI), As(IIl) and As(V) its capacity towards
fluoride is comparatively less. The fluoride uptake capacity of
9s CPF is comparable to the most commonly and widely used
sorbent i.e. activated alumina (2.41 mg/g)*.
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Table 1 Langmuir Equilibrium Isotherm and Pseudo second order model constants

lAnalyte Langmuir Isotherm Model Pseudo Second order Model
Qy b 2 , 2
(mgl) | (Wmg) | N | FE&meW R
As(IIT) 323 0.082 | 0.99 1.304 0.94
IAs(V) 83.3 4.000 | 091 0.905 0.99
Cr(VI) 166.7 0.006 | 0.97 10.000 1.00
F 2.5 0413 | 095 1.404 0.98
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3.3 Selectivity Studies

Selectivity studies were conducted by equilibrating a mixture of 5
ppm each of Cr(VI), As(IIT), As(V) and F in 100 ml with 0.1 g of
CPF mat for 3 h at pH 7. After equilibration, the solutions were
filtered and analyzed for the various ions. The selectivity
performance of CPF are summarized in Fig.4. The selectivity
order of the investigated anions towards CPF followed the
sequence Cr(VI) > As(V) > As(II) > F". It should be noteworthy
thought the optimum pH for Cr(VI) adsorption is pH 3, around
90% sorption took place in pH 7.

s

100
80
60
40
20

Percent Extracted

cr(vi)  As(v) As(I) E

Fig.4 Selectivity Studies

3.4 Antibacterial activity

Figure 4 shows the test result of chitosan/pva (CP) and
chitosan/pva/Fe (CPF) nanofibers mat against E.coli bacterial
strain. The inhibitory effect of nano fibers were determined on
the basis of number of colonies found in LB agar plate. As
observed from figure that prepared CPF nanofibers mat had
superior inhibitory effect compared to CP nanofibers mat against
E.coli. 1t was also observed that inhibitory effect against E. coli
bacterial strain increased with increased amount of prepared CPF
mats.The larger amount (0.3 gm) of CPF nanofibers mat
completely inhibited the bacterial colony at approximately 12 h,
which showed the relatively superior performance. However, at
lower amount (0.05 and 0.1 gm) of CPF mat showed gradually
decrement in bacterial growth. In case of CP nanofibers mat, it is
s evident that mat has the capability to reduce bacteria only for 12
h and after 12 h the number of colonies increased with time. This
observation is in accordance with earlier reports*. The inhibitory
effect of CPF mat is due to the presence of chitosan and Fe metal
prevalent in the mat. As mentioned earlier in the text, chitosan
exhibited antibacterial activity against gram negative and gram
positive bacterial strains due to the interaction of poly-cationic
amines with negatively charged substances at the cell surface of
bacteria’. While Fe metal also has bactericidal effect because of
the generation of reactive oxidative stress that causes cellular
ss disruption, which lead to the cell death*’.
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s 4. Conclusions

A novel nanofibrous composite mats consisting of
chitosan/Fe(II[)/PVA  was synthesized by electrospinning
technique. The prepared mats were stabilized by crosslinking
with gluteraldehyde and characterized by various techniques. The
versatility of the mat was demonstrated by their high sorption
capacity towards various toxic anions such as As(II), As(V),
Cr(VI) and F- . The equilibrium data were modeled using
Linearized Langmuir model and the adsorption capacities of
Cr(VI), As(Il), As(V) and F~ were found to be 166.7, 83.3, 32.3
and 2.5 mg/g respectively. Further the CPF mat exhibited
disinfection control towards e coli bacteria. Thus, removal of
both toxic contaminants coupled with antibacterial activity makes
CPF nanofibrous mats a promising candidate in pure drinking
water sector.
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