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Abstract

In recent times, the presence of amino-
glycoside antibiotic waste in water bodies and
the environment has become a serious issue.
To address this, it is important to reduce the
toxicity of antibiotics in pharmaceutical waste
management. In this study, the photo-catalyt-
ic degradation of the aminoglycoside antibiotic
neomycin using Fe Nano Particles (NPs) syn-
thesized from Ficus hispida has been investigat-
ed. For the synthesis of Fe NPs, Fe (II) sulphate
salt (FeSO4+7H20) was used and treated with
Ficus hispida extract to prepare biosynthesized
Fe NPs. Alternatively, chemically synthesized
Fe NPs were prepared using sodium borohy-
dride. The degradation efficiency of Ficus his-
pida synthesized Fe NPs was 3.1 times greater
than that of chemically synthesized Fe NPs in
the photo-catalytic degradation of neomycin-rich
pharmaceutical waste water. This improvement
was attributed to the greater surface area of Fi-
cus hispida synthesized Fe NPs (6.3 m?/g) com-
pared to chemically synthesized Fe NPs (4.8
m?/g). The degradation kinetics were evaluated
using the Langmuir—Hinshelwood model and
the importance of surface reactions in improving
the photo-catalytic reactions were ascertained.
Piperidine and piperazine immobilization on Fi-

cus hispida synthesized Fe NPs and chemically
synthesized Fe NPs increased neomycin antibi-
otic degradation. Antibiotic activity experiments
were conducted on the treated residues and the
results indicated that Ficus hispida synthesized
Fe NPs were more effective than chemically
synthesized Fe NPs.

Keywords: Ficus hispda, Fe nanoparticles, an-
tibiotic wastes, neomycin, photo catalytic deg-
radation

Introduction

In recent times, it was observed that
around 20 to 25% of antibiotics go unused and
are dumped in the environment as pharmaceu-
tical and medical waste effluents. The release of
such antibiotic infused waste in the environment
causes pollution and it affects biodiversity (1).
Pharmaceutical effluents in the environment
are undesirable, as they become toxic and af-
fect the health of human beings. They tend to
make the drinking water poisonous and pollute
the regions in which they are dumped. Such
pharmaceutical wastes dumped in the environ-
ment also affect marine life and microorgan-
isms (2). Marine sponges in coral reefs such
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as Ircinia fusca by themselves possess antibi-
otic properties. Dumping of wastes affects the
marine aqua system and forms fish pathogens
(3). Lack of clean and pure water has become a
global challenge due to the continuous increase
in human population. A lot of studies have in-
dicated the presence of antibiotics in water in
dangerously large quantities (4). Consumption
of pharmaceutical compounds infused drinking
water causes a lot of diseases in human beings.
The presence of Ocimum basillicum in soils had
a toxic effect on the plants grown in that area
and affected the photosynthesis process of the
plants (5). Even though there are sewage treat-
ment plants and detoxification equipment, these
are not fully adequate for removing complex
pollutants and antibiotics.

There is a need for pursuing research
in developing innovative methods to detoxify
and degrade the pollutants which have greater
chemical stability. Isolation of biofilm-producing
bacteria from a treatment tank (6), Photolysis,
ozonation (7), ultrasound radiation (8), elec-
trochemical oxidation (9), sonolysis and fungal
biodegradation (10) are some of the oxidation
methods used for wastewater treatment.

Biopharmaceutical and medical waste-
water consist of antibiotics in high concentra-
tions. It exhibits high chemical toxicity and un-
desirably large levels of salt content. Biological
treatment is important for removing the organic
pollutants and advanced treatment is necessary
for removing the antibiotics mixed in waste wa-
ter. Out of the different methods, photo-catalysis
is the renowned process for degrading organic
pollutants (11). Generally, during photo-cataly-
sis process, the usage of visible light is low and
the rate of charge recombination is very high
(12). During photo-catalytic activity, oxygen rich
radicals present on the surface affect the degra-
dation rate (13).

Use of Nano Particles (NPs) for waste-
water treatment has increased in recent times
(14). Out of different based NPs, Fe NPs are
found to be economical compared to titanium

and silver based NPs (15). For preparing Fe
and Fe-based NPs, different synthesis routes
are being used. Biosynthesis method for pre-
paring NPs an easy method and it exhibits bet-
ter degradation ability (16), compared to other
chemically synthesized NPs. Plant extracts and
leaf extracts are being used for synthesis of
Fe based NPs (17). Compared to biosynthesis
process for preparing metal NPs, chemical and
physical methods were found to be costly (18).
The overall time taken for the synthesis of NPs
using biosynthesis process was found to be
less, compared to chemical and physical syn-
thesis processes. Extensive research has been
conducted to identify the biocompatibility of the
synthesized Fe based NPs in toxin reduction.

Azacycloalkanes such as piperidine
and piperazines act as precursors for many
bio-active reactions (19). During bio-degrada-
tion studies, the presence of piperidine and pip-
erazines helped in modifying the bioconversion
kinetics favorably (20). They help in reducing
the inhibition developed during chemical activity
(21) and preventing the formation of resistive in-
termediates. They help in improving the reaction
rate without compromising the reactants (22).
Piperidine immobilization helped in improving
multi-component reactions (23) and increased
magnetically retrievably capability of a-Fe,O,
(24). It acts as a catalyst for organic synthesis.
Piperazine acts as a heterogeneous bi-function-
al catalyst (25). Immobilization using piperazine
increases the stability of the reaction (26). The
linear intermediates developed during chemical
reactions are supported using piperazine linkers
(27). In nano-filtration using thin film compos-
ite membranes, piperazine immobilization of
monomers improves co-deposition and stability
of the deposited monomers (28).

Characteristics of the prepared met-
al-based NPs were done using ultraviolet-visi-
ble (UV-Vis) spectroscopy (29), Fourier Trans-
form Infrared ray Spectroscopy (FTIR), X-Ray
diffraction studies (XR-D) (30) and Scanning
Electron Microscopy (SEM).
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In this investigation, degradation of neomycin
rich pharmaceutical waste water was done by
using Fe based NPs synthesized by using Fi-
cus hispida extract and chemical synthesis. The
prepared Fe NPs were subjected to piperidine
and piperazine immobilization and an improve-
ment in degradation rate was observed. Resid-
ual antibacterial activity studies were conduct-
ed to find the balance antibiotic content in the
waste water.

Materials & Methods
Chemicals used

For conducting experiments, the fol-
lowing chemicals such as ferrous sulphate
heptahydrate, sodium boro hydroxide, sodium
hydroxide, 3-Chloropropyl-trimethoxysilane,
hydrochloric acid, piperidine, piperazine and-
de-ionized water were purchased from Aksar
Chemicals Pvt. Ltd. As the procured materials
were 99.9% pure, they were used without any
further purification. The beakers, funnels and
other chemical processing equipment were
washed with hydrochloric acid and dried.

Synthesis of Fe nanoparticles

Ficus hispida leaves were procured,
dried and powdered using grinder. For prepar-
ing Ficus hispida extract, 5 g of powdered Fis-
cus hispida was agitated in de-ionized water for
30 minutes at 90°C. Then, it was allowed to cool
and it was filtered by using Whatman filter paper
for removing larger impurities. The filtered Ficus
hispida extract was centrifuged for 20 minutes.
After centrifuging, it was made to pass through
Millipore filter. Fe (II) sulphate salt (FeSO,.7H,0)
solution was prepared at 0.005M concentration.
At 4:1 ratio, Ficus hispida extract was mixed with
Fe (ll) sulphate salt solution using magnetic stir-
rer. Bio-synthesized Fe NPs were synthesized
at room temperature (31). The prepared Fe NPs
were washed with de-ionized water and ethanol
for three times and then dried in a flask oven at
80°C. For preparing chemically synthesized Fe
NPs, 0.6668 g of ferrous sulphate heptahydrate
was added to 1.104 g of sodium borohydride

in 80 ml of de-ionized water and stirred till the
substances were completely dissolved. The pH
of the solution was maintained at 6 during the
entire duration. After the substances were com-
pletely dissolved, its temperature was brought
down to near-freezing temperature and then
stirred vigorously at 1500 rpm. Chemical syn-
thesis of Fe NPs was done at ambient tempera-
ture. For separating the prepared chemically
synthesized Fe NPs, they were centrifuged at
6000 rpm for 15 minutes and separated using
neodymium magnets. It was then filtered and
dried in a vacuum for 10 hrs. Ficus Hispida syn-
thesized Fe NPs and chemically synthesized
Fe NPs were stored in ambient conditions for
preventing contamination. Ficus hispida syn-
thesized Fe NPs and chemically synthesized
Fe NPs were subjected to piperidine and pip-
erazine immobilization. For achieving this, the
NPs were subjected to chloro-functionalization.
1.5 g of synthesized Fe NPs were mixed in 35
ml of toluene. 0.75 ml of 3-Chloropropyl-trime-
thoxysilane was added to it and the solution was
heated to 100°C, by increasing the temperature
gradually. The resulting chloro-functionalized Fe
NPs were separated using neodymium magnets
and then it was washed in diethyl ether. Drying
of the chloro-functionalized Fe NPs was done
in a vacuum. 0.05 g of piperidine was added to
chloro-functionalized Fe NPs (0.9 g) in 15 ml
toluene. Piperidine and NPs were stirred for 6
hrs, at very slow rpm. Then the resulting piper-
idine immobilized Fe NPs were washed in di-
ethyl ether and then with CH,CI,. After washing
it, in both solutions, it was dried in a vacuum.
A similar procedure was adopted for preparing
piperamine immobilized Fe NPs.

Characterization of Fe NPs

The synthesized FeNPs were charac-
terized by using Ultra Violet-Visible Spectros-
copy testing equipment (UV-Vis spectroscopy).
Test samples were prepared by centrifuging the
NPs at 3800 rpm for 15 minutes. Then it was
placed in the equipment and on transmitting
light, the absorbance spectrum was analyzed.
Using the nitrogen adsorption technique, at
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cryogenic temperatures (around 75 K), the sur-
face area of the prepared Fe NPs was identified.
Specific surface area studies were conducted
by using Micromeritics ASAP equipment. The
specific surface area was evaluated according
to Barrett—Joyner—Halenda model of adsorp-
tion. Using X-Ray diffraction (X-RD) spectrosco-
py, the chemical aspects of the prepared NPs
were studied. (RIGAKU-Make) X-RD equipment
was used for conducting the experiments. From
20° to 80° two theta, using continuous scan,
with step size of 0.005, Cu target, K alpha as
1.54 A°, X-RD experiments were conducted.
The NPs were subjected to Fourier Transform
Infrared Spectroscopy (FTIR) evaluation using
(TOSHIN-Make) equipment. Electron spin res-
onance (ESR) studies were conducted on the
prepared Fe NPs using Electron Spin Reso-
nance Spectrometer (JEOL-Make).

Photo-catalytic detoxification of antibiotic
wastes using the prepared Fe NPs

Detoxification studies were conducted
using batch experiments (32). Prior to the con-
duct of the batch experiments, the beakers were
sterilized. 25 ml of neomycin rich pharmaceutical
waste water was mixed with Fe NPs. Agitation
was done using ultrasonicator for half an hour.
By recording the residual antibiotic activity, the
effectiveness of the NPs was identified. Batch
experiments were conducted by using Ficus
hispida synthesized Fe Nps, piperidine immo-
bilized Ficus hispida synthesized Fe NPs, pip-
erazine immobilized Ficus hispida synthesized
NPs, chemically synthesized Fe NPs, piperidine
immobilized chemically synthesized Fe NPs
and piperazine immobilized chemically synthe-
sized Fe NPs (33). For all degradation experi-
ments, the quantity of Fe NPs were 3 g/, initial
concentration of neomycin as 200 mg/l, reaction
duration as 2 hrs, pH of the degradation batch
as 8 and concentration of NaCl at 0.05M.

Residual antibiotic activity experiments

The residual antibiotic activity experi-
ments were conducted to identify the detoxifi-
cation efficiency of the prepared Fe NPs. It was

observed by measuring the inhibition halo pre-
pared around agar plate discs. 1.5 x 108 CUF/
mL clostridium was inoculated on agar plates
and parallel 10 pL reaction samples were plant-
ed on agar plates. At 37°C, with 1-day incuba-
tion, an increase in inhibition halo was evaluat-
ed.

Results & Discussion
Characterization of Fe NPs

The UV-Vis results of the characterized
Fe NPs are shown in Fig. 1. UV-Vis graph of the
non-aromatic and flexible piperidine is shown
in Fig. 1(a). Absorbance peaks were identified
at 204.65 nm. UV-Vis graph of piperazine (an
azacycloalkane) is shown in Fig. 1(b). At 331.41
nm, an absorbance peak was found. Fig. 1(c)
shows the UV-Vis graph of piperidine immobi-
lized chemically synthesized Fe NPs. Absor-
bance peaks were observed at 339.23 nm. Fig.
1(d) shows the UV-Vis graph of piperazine im-
mobilized chemically synthesized Fe NPs. Ab-
sorbance peaks were observed at 313.26 nm
and 413.4 nm. Fig. 1(e) shows UV-Vis graph
of piperidine immobilized Ficus hispida syn-
thesized Fe NPs. The absorbance peak was
identified at 276.39 nm. Fig. 1(f) shows UV-Vis
graph of piperazine immobilized Ficus hispida
synthesized Fe NPs and at 211.3 nm, 276.83
nm, absorbance peaks were found.

Fourier transform infrared spectroscopy
(FTIR) results of the prepared NPs are shown
in Fig. 2. Fig. 2(a) shows FTIR graph of piper-
idine. Near 3329 cm™ shows stretching of N-H
and 3289.1 cm™ indicates C-C stretching. From
1450 cm™ to 780 cm™ stretching of C-N bond
can be observed. FTIR spectrum of piperazine
is shown in Fig. 2 (b). Near 835 cm™, stretching
of C-Cl band was observed. Near 1642 cm™, re-
duction of C-Cl bond and amine such as N-H
was observed. FTIR spectrum of piperidine
immobilized chemically synthesized Fe NPs is
shown in Fig. 2(c). A significant broadening of
wavelength was identified from 535.4 cm™ to
667.5 cm™ indicating Fe-O vibrations. Fig. 2(d)
shows the FTIR spectrum of piperazine immobi-
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Fig. 1. UV-Vis spectroscopy results

lized chemically synthesized Fe NPs. C-H vibra-
tions and stretch of alkyl chains were identified
near 2963 cm™. A steep absorption was identi-
fied near 3473 cm™ indicating N-H stretching.
Fig. 2(e) shows the FTIR spectrum of piperidine
immobilized Ficus hispida synthesized Fe NPs.
Near 611.3 cm™, stretching of Fe-O vibration
band was observed. The band identified near

2059.63 cm™ shows —OH stretching. Presence
of H bond was confirmed. FTIR spectrum of
piperazine immobilized Ficus hispida synthe-
sized Fe NPs are shown in Fig. 2(f). Absorption
band near 1641.2 cm™ indicates stretching of
C=C.
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Fig. 2. FT-IR spectroscopy results
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X-RD graphs of the chemicals and Fe
NPs are shown in Fig. 3. Fig. 3 (a) shows the
X-RD spectra for piperidine. Peaks were ob-
served at 23.69°, 28.76°, 38.41°, 42.32°, 44.31°,
47.34°, 51.29°, 54.32° and 59.4° two theta. Fig.
3 (b) shows the X-RD spectra of piperazine.
Peaks were observed at 23.14°, 32.14°, 43.21°,
52.14° and 66.49° two theta. Fig. 3 (c) shows
the X-RD spectra for piperidine immobilized
chemically synthesized Fe NPs. Peaks were
found at 31.24°, 38.42°, 46.32°, 57.41°, 59.84°
and 63.41° two theta. Fig. 3 (d) shows the X-RD
spectra for piperazine immobilized chemical-
ly synthesized Fe NPs. Peaks were identified
at 24.41°, 42.12°, 44.69°, 52.41°, 62.14° and
68.63° two theta. Fig. 3 (e) shows X-RD spec-
tra for piperidine immobilized Ficus hispida syn-
thesized Fe NPs. Peaks were identified 24.21°,
43.15°, 52.43°, 69.41° two theta. Figure 3 (f)
shows the X-RD spectra for piperazine immo-
bilized Ficus hispida synthesized Fe NPs and
the corresponding two theta peaks were iden-
tified at 29.41°, 36.32°, 42.74°, 52.69°, 58.43°
and 62.57°. a-Fe particles were identified near
44.69° two theta values (34). Compared to pip-

erazine immobilized Ficus hispida synthesized
Fe NPs, piperidine immobilized Ficus hispida
synthesized Fe NPs were found to be amor-
phous as the quantity of distinctive peaks were
relatively low. The peaks identified near 24.21°
were identified as organic materials from Ficus
hispida.

Scanning Electron Microscopic (SEM)
evaluation with EDAX (Energy Dispersive X-Ray
Analysis) of Fe NPs is shown in Fig. 4. SEM
with EDAX images of chemically synthesized
Fe NPs, Ficus hispida synthesized Fe NPs,
piperidine immobilized chemically synthesized
Fe NPs, piperazine immobilized chemically syn-
thesized Fe NPS, piperidine immobilized Ficus
hispida synthesized Fe NPs and piperazine im-
mobilized Ficus hispida synthesized Fe NPs are
shown in Fig. 4 (a), (b), (¢), (d) & (e) respective-
ly. Chemically synthesized Fe NPs were found
to round in shape. Both chemically synthesized
Fe NPs and Ficus hispida synthesized Fe NPs
were ultrafine. Synthesis of Ficus hispida syn-
thesized Fe NPs was done at 90°C, contrary to
the chemical synthesis method in which syn-
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Fig. 3. X-RD results
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thesis was done near freezing temperature. An
increase in overall size of the Ficus hispida syn-
thesized Fe NPs was observed by comparing
it to the overall size of the Fe NPs synthesized
using chemical synthesis method. From UV-
Vis spectroscopic evaluation, diminished peaks
were observed for Ficus hispida synthesized Fe
NPs. Fe NPs synthesized using plant extracts
results in increased particle sizes (35). The re-
activity of NPs is inversely proportional to its
size. Hence, increase in the size of NPs results
in reduced reactivity. During bio-synthesis of Fe
NPs, agglomeration of reducing agents to the

surface of preformed nuclei occurs. On nuclei
surface, aggregation of reducing agents causes
secondary reduction of Fe ions. This increased
the growth rate of Fe NPs (36). The presence
of Cl in piperidine and piperazine immobilized
Fe NPs was observed. Quantitative analysis
indicated that the ratio of O/Fe for Fe NPs var-
ied from 1.165 to 1.612. Piperidine and piper-
azine immobilization resulted in increase of O/
Fe atomic ratios were around 1.525, which was
closer to the theoretical atomic ratios (O/Fe) of
Iron oxides.
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(c) SEM - EDAX spectrum of Piperidine immobilized chemically synthesized Fe NPs
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(f) SEM — EDAX spectrum of piperazine immobilized Ficus hispida synthesized Fe
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Fig. 4. FESEM images with EDAX spectrum of (a) Chemically synthesized Fe NPs, (b) Ficus hispi-
da synthesized Fe NPs, (c) Piperidine immobilized Chemically synthesized Fe NPs, (d) Piperazine
immobilized Chemically syntheisized Fe NPs, (e) Piperidine immobilized Ficus hispida synthesized
Fe NPs, (f) Piperazine immobilized Ficus hispida synthesized Fe NPs.

Batch experiments der simulated sunlight environment (solar irra-
diance of 650-700 W/m?) using Fe NPs. Prior
to addition of the Fe NPs into the waste water,
the pH of the solution was 4.1. On adding the

Batch experiments were conducted on
neomycin rich pharmaceutical waste water un-
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Fe NPs, an increase in pH of the solution was
observed. On adding chemically synthesized Fe
NPs, the pH of the solution increased to 7.2. On
adding Ficus hispida synthesized Fe NPs, the
pH of the solution increased to 6.8. Interaction
of Fe NPs with the pharmaceutical waste wa-
ter caused formation of hydroxyl ions. Antibiotic
degradation was observed on adding Fe NPs. A
considerable increase in antibiotic degradation
was observed under photocatalytic degradation
on immobilization of Fe NPs with piperidine and
piperazine. In the absence of photocatalysis, no
significant improvement in antibiotic degrada-
tion was found using piperidine and piperazine
immobilization.

Reaction kinetics

Under simulated sunlight, the reac-
tion kinetics of antibiotic degradation, under
piperidine immobilized chemically synthesized
Fe NPs, piperidine immobilized Ficus hispida
synthesized Fe NPs, piperazine immobilized
chemically synthesized Fe NPs and piperazine
immobilized Ficus hispida synthesized Fe NPs
were evaluated using Langmuir-Hinshelwood
(LH) model (37). In suspension models, LH
mechanism is used for evaluation of the pho-
to-catalytic activity involved in it. A photo-cata-
lytic reaction is termed to follow LH model when
the relationship between the reaction rate of the
activity and the reaction substrate concentration
exhibits linear reciprocal association. The equa-

tion for reaction rate R is shown below
S XL xExC

" E xC. +1
In the above equation, S, is the rate

constant of substrate subjected to adsorption
at the surface of the reaction having e'(h*), E,
is the adsorption constant at equilibrium condi-
tion, L, is the surface adsorption’s limiting factor
and C_ is the substrate’s concentration at equi-
librium conditions. When substrate adsorption
is witnessed during a photo-catalytic reaction
obeying LH model, adsorption equilibrium is
maintained throughout the degradation reac-
tion. When the adsorption rate is quicker than
the reaction with e and h*, it is identified as

Eq. 1

Light Intensity Limited (LIL) reaction. LIL reac-
tion indicates that photo-adsorption determines
reaction rate. For determining Langmuir-Hin-
shelwood (LH) kinetics, reciprocal rate vs recip-
rocal concentration and ratio of concentration to
rate against concentration was identified. Figure
5 shows Langmuir-Hinshelwood kinetics plot of
1/R vs 1/C_. All degradation reactions were con-
ducted under simulated sunlight (photo-catalytic
environment). The variations were plotted and
the best fit was chosen to plot the graph. The
variations in 1/R vs 1/C_for neomycin antibiotic
degradation reaction using chemically synthe-
sized Fe NPs under photo-catalytic environ-
ment is shown in Figure 5 (a). The equation for
line is shown below and the coefficient of deter-
mination R? value for the line was identified as
0.8783.

y=0.8179x+4.2132

The variations in 1/R vs 1/C_for neomy-
cin antibiotic degradation reaction using Ficus
hispida synthesized Fe NPs under photo-cata-
lytic environment is shown in Figure 5 (b). The
equation for line is shown below and the coeffi-
cient of determination R? value for the line was
identified as 0.8948.

y=0.8521x+4.6136

The variations in 1/R_vs 1/C_ for neo-
mycin antibiotic degradation reaction using
Piperidine immobilized chemically synthesized
Fe NPs under photo-catalytic environment is
shown in Figure 5 (c). The equation for line is
shown below and the coefficient of determi-
nation R? value for the line was identified as
0.9124.

v =0.8743x+4.9429

The variations in 1/R_vs 1/C_ for neo-
mycin antibiotic degradation reaction using Pip-
erazine immobilized chemically synthesized Fe
NPs under photo-catalytic environment is shown
in Figure 5 (d). The equation for line is shown
below and the coefficient of determination R?
value for the line was identified as 0.9426.

Eq. 2

Eq. 3

Eq. 4
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v =0.8932x +5.1468

The variations in 1/R_vs 1/C_ for neo-
mycin antibiotic degradation reaction using
Piperidine immobilized Ficus hispida synthe-
sized Fe NPs under photo-catalytic environ-
ment is shown in Figure 5 (e). The equation for
line is shown below and the coefficient of deter-
mination R? value for the line was identified as
0.9512.

Eq. 5

y=0.9182x+5.4389

The variations in 1/R_vs 1/C_ for neo-
mycin antibiotic degradation reaction using Pip-
erazine immobilized Ficus hispida synthesized
Fe NPs under photo-catalytic environment is
shown in Figure 5 (f). The equation for line is
shown below and the coefficient of determi-
nation R? value for the line was identified as
0.9642.

Eq.6
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Fig. 5. Langmuir-Hinshelwood kinetics plot of 1/R vs 1/C_.

¥ =0.9236x+5.8416

Fig. 6 shows Langmuir-Hinshelwood ki-
netics plot of C/R vs C_. The variations in C /R,
vs C_ for neomycin antibiotic degradation reac-
tion using chemically synthesized Fe NPs under
photo-catalytic environment is shown in Figure
6 (a). The equation for line is shown below and
the coefficient of determination R? value for the
line was identified as 0.8526

y=0.7731x-4.5149

The variations in C/R vs C_for neomy-
cin antibiotic degradation reaction using Ficus
hispida synthesized Fe NPs under photo-cata-
lytic environment is shown in Figure 6 (b). The
equation for line is shown below and the coeffi-

Eq.7

Eq. 8

cient of determination R? value for the line was
identified as 0.8639

3 =0.7943x — 4.4129

The variations in C /R vs C_for neomy-
cin antibiotic degradation reaction using Piper-
idine immobilized chemically synthesized Fe
NPs under photo-catalytic environment is shown
in Figure 6 (c). The equation for line is shown
below and the coefficient of determination R?
value for the line was identified as 0.8741.

y=0.8179x—-4.3124 Eq. 10

The variations in C /R vs C_for neomy-
cin antibiotic degradation reaction using Piper-
azine immobilized chemically synthesized Fe
NPs under photo-catalytic environment is shown

Eqg. 9

Photocatalytic degradation of (neomycin) antibiotic concentrated pharmaceutical disposals using
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in Figure 6 (d). The equation for line is shown
below and the coefficient of determination R?
value for the line was identified as 0.8932.

y=0.8232x-4.1214 Eq. 11

The variations in C/R vs C_ for neomy-
cin antibiotic degradation reaction using Piperi-
dine immobilized Ficus hispida synthesized Fe
NPs under photo-catalytic environment is shown
in Figure 6 (e). The equation for line is shown
below and the coefficient of determination R?
value for the line was identified as 0.9012.

y=0.8411x-3.9217

The variations in C /R vs C_for neomy-
cin antibiotic degradation reaction using Pipera-
zine immobilized Ficus hispida synthesized Fe
NPs under photo-catalytic environment is shown
in Figure 6 (f). The equation for line is shown be-
low and the coefficient of determination R? value
for the line was identified as 0.9146.

y=0.8639x—-3.7419

Eq. 12

Eq. 13
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Fig. 6. Langmuir-Hinshelwood kinetics plots of C /R vs C_

Langmuir-Hinshelwood kinetics mecha-
nism involves the reaction between two types
of molecules, which occurs on the surface. Ad-
sorption of the molecules occurs in the same
adsorption sites. For both plots of 1/R vs 1/C..
and C/R vs C_, the value of R? was closer to
unity on subjecting chemically synthesized Fe

NPs and Ficus hispida synthesized Fe NPs to
piperidine and piperazine immobilization.

The Electron Spin Resonance spectrum on
evaluating the chemically synthesized nanopar-
ticles with and without immobilization is shown
in Fig. 7.
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Fig. 7. ESR spectrum of the different Fe
NPs.

ESR measurements were taken from
1000G to 5000G. The spectrum was single and

broad line centered at around 4000G for chemi-
cally synthesized Fe NPs and Ficus hispida syn-
thesized Fe NPs. A slight shift towards the left
side was observed on comparing the spectrum
of Ficus hispida synthesized Fe NPs to chemi-
cally synthesized Fe NPs (38). On immobilizing
the chemically synthesized Fe NPs using piper-
idine, a higher spectrum and a lower intensity
spectrum was observed around 3300G and
3900G. On using piperazine for immobilizing
chemically synthesized Fe NPs a rather heavy
shift was observed with a narrower peak near
2200G. On immobilizing Ficushispida synthe-
sized Fe NPs using piperidine, two peaks were
identified near 2700G and 3900G. on immobi-
lizing Ficus hispida synthesized Fe NPs using
piperazine, a very narrow peak was identified
near 3700G.

Degradation efficiency and residual antibiot-
ic activity

The degradation efficiency was iden-
tified for both sets of experiments conducted
without the presence of sunlight and with the
presence of sunlight. For all experiments, deg-
radation of neomycin rich antibiotic waste water
was consistently better under simulated sun-
light, compared to the degradation experiments
conducted without the presence of sunlight.
Effect of piperdine and piperamine immobiliza-
tion was significant only under the presence of

Table 1. Degradation efficiency and residual antibacterial activity

NPs type used for degra- | Surface | Absence of sunlight Under sunlight

dation Experiments a 2/ ea Degrada- | Inhibition  zone | Degradation n% | Inhibition zone
(m?/g) tion n% (cm) (cm)

Chem Fe NPs 4.8 61.39 11.37 69.32 10.96

Ficus hispida Fe NPs 6.3 69.61 10.86 79.84 12.24

Piperidine immobilized | 4.91 61.84 11.21 86.32 14.12

Chem Fe NPs

Piperazine immobilized | 4.96 69.11 10.41 88.41 14.64

Chem Fe NPs

Piperidine immobilized Fi- | 6.41 62.13 10.09 91.32 15.12

cus hispida Fe NPs

Piperazine immobilized Fi- | 6.52 68.32 9.87 90.12 14.98

cus hispida Fe NPs

Photocatalytic degradation of (neomycin) antibiotic concentrated pharmaceutical disposals using
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photo-catalysis [53].The degradation efficiency
of the Fe NPs under simulated sunlight and in
the absence of sunlight is shown in Table 1. On
conducting residual antibacterial activity experi-
ments using clostridium bacteria, the variations
in inhibition zone was identified after 15 min
degradation, for different Fe NPs reactions. The
variations in the inhibition zone were recorded
and indicated in Table 1.

Conclusion

In this study, we investigated the deg-
radation of neomycin antibiotic-rich pharmaceu-
tical wastewater using Fe nanoparticles (NPs)
synthesized through biosynthesis with Ficus
hispida and chemical synthesis with sodium
borohydride. The Fe NPs were immobilized us-
ing piperidine and piperazine and tested under
photocatalytic conditions. Results showed that
piperazine-immobilized Ficus hispida Fe NPs
had the highest degradation efficiency (90.12%)
compared to other tested NPs. A linear relation-
ship comparable to the Langmuir-Hinshelwood
model was established, indicating that adsorp-
tion equilibrium was maintained throughout the
photocatalytic degradation process. These find-
ings suggest that this approach may be a viable
option for degrading toxins in pharmaceutical
wastes.
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