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Abstract: In this work, the performance of composite membranes for the treatment of Chloramphenicol (CAP) pollutants
was investigated from pharmaceutical industrial wastewater. The composite membrane was under operated with
different concentrations of CAP with Titanium dioxide (TiO,) in 10mg/L, 20mg/L and 30 mg/L. The composite membranes
were cross-linked with glutaraldehyde for the elimination of H,SO,. Characterizations of synthesized composite
membranes were carried out to analyze functionality, morphology, and hydrophilic behaviours. In continuous operation,
the different time intervals of TiO, were removed in centrifuging. The performance of the composite membrane is the
removal of pollutant CAP by UV analysis, and kinetics model at different concentrations. The degree of swelling and
contact angle were measured in different concentrations of CAP at TiO,. Liquid Chromatography (LC) is used to CAP
with Titanium dioxide mixtures. Mass Spectrometry (MS) can be used for structural identity with high specificity. The MS
is also used to analyze CAP from pharmaceutical industrial wastewater. The membranes were subjected to filtration of
pharmaceutical wastewater which gave a maximum rejection of 95% of Chloramphenicol.

Keywords: Pharmaceutical wastewater, Cellulose acetate (CA), Cellulose triacetate (CTA) composite membrane,

Titanium dioxide (TiOz), Chloramphenicol (CAP).
1. INTRODUCTION

Global population growth and medical
developments have resulted in a considerable and
growing demand for pharmaceuticals during the last
few decades. In developing nations such as India,
medications are over prescribed. Despite the fact that
diverse pharmaceutical drugs have significant benefits,
including saving and prolonging lives, casing suffering
and improving the overall quality of life, vast amounts
of pharmaceutical-contaminated effluent have been
released into the environment. The contamination of
both surface water and land water as a result of the
existence of these medications is a major issue in the
twenty-first century. Antibiotics are a class of drugs with
low biodegradability and high toxicity [1, 2]. A trace
amount of toxics pharma compounds in drinking water
may cause serious effects to human and animal like
health and life. However, the concentrations of toxics
pharma compounds which is detected in drinking water
are very minimum magnitude than the minimum
therapeutic dose.

The several organic solvents, colorants, acids,
bases and a variety of other organic compounds are
presented in pharmaceutical industry effluents, they are
treated by aerobic process, photo-catalytic process and
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integrated process. The biogas generation, anaerobic
decomposition of toxic effluents is attractive because of
its low cost, which can complement energy
requirements. There are a few reports on the photo-
catalytic treatment of pharmaceutical effluent. The
chloramphenicol (CAP) resistant bacteria or genes are
found in water streams which are called as antibiotics
and entering into the environment continuously [3]. The
CAP is effective against both gram-positive and gram-
negative bacteria. The CAP is expelled for use in food-
producing animals in many countries such as USA,
Canada, Australia, Japan, China and India [4]. The
existence of traces of CAP showed around < 1 ugkg—1
by detection of veterinary drugs in manure,
groundwater, soil and plants [5]. In China, CAP is
detected as 26-2430 ngL™" in influent and 3-1050
ngL™' [6, 7] and 47.4 pgL™" [8] in sewage treatment
plant effluent.

The Advanced Oxidation Process (AOPs) [9-11],
photo-catalysis process are the cost-effective method
which is apply for the degradation of Chloramphenicol
active compounds (CAC) [12] present in water. The
TiO, is found to be capable of achieving complete
oxidation of pollutants by generation of hydroxyl
radicals (HO) and valence band (vb) holes (h")
created, when the catalyst is exposed to UV irradiation
[12,13]. In this present work, we investigated the
degradation behavior of CAP drug in the UV-TiO, [14,
15] photo-catalytic (UVPC) process using developed
membrane materials for reduction in TOC. Hence, the
main ideas are to (i) evaluate UVPC for the
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decomposition of CAP molecule and its effectiveness
for TOC reduction and (ii) identify the suitability of
membranes for degradation products. This work also
plan to study the removal of the antibiotic CAP using
different types of oxidative processes.

2. MATERIALS AND METHODOLOGY

2.1. Materials

Titanium dioxide (TiO;) powder (-325 mesh =99%)
and Chloramphenicol (CI,CHCONHCH(CH,0H)
CH(OH)C¢H4NO,) were purchased from Sigma Aldrich,
Hydrogen peroxide (H,O;) solution 30% w/v and
Sulfuric acid (H,SO,4) were purchased from Fisher
Scientific, Hydrochloric acid (HCI) solution and Acetone
(CH3COCH3;) was purchased from Merck Life Science
Pvt. Ltd., Polyether Sulfone (PES), Polyvinyl Alcohol
(PVA), Cellulose tri-acetate (CTA), Cellulose Acetate
(CA)[16], Dimethyl Formamide (DMF) HCON(CHjs),
and Glutaraldehyde (CsHgO2) were purchased from
LOBA Chemie,

2.1.1. Preparation of Chloramphenicol Stock

Solution

Chloramphenicol stock solution was prepared by
dissolving 500mg of CAP in 200 mL of distilled water
(Figure 1). To avoid contact with light, the beaker was
covered with aluminium foil from all sides. The solution
was stored at room temperature for further studies.

Figure 1: TiO2 dissolved in water.

2.1.2. Sample Preparation

The pH of the distilled water was maintained at 5.5
with the help of 0.1M HCI for all studies. For sample
preparation, 1mg of CAP in 100mL distilled water in a

250mL beaker. Beaker was covered with aluminium foil
before adding any TiO, to prevent any degradation due
to incident light (Figure 2). Beaker was then kept on a
magnetic stirrer at 400rpm for 10 minutes to break any
clumps of TiO, present in the solution. Before loading
the solution into a photocatalytic reaction 50uL of H,O,
was added to the solution. H,O, acts as an oxidizing
agent in an acidic medium and helps in increasing the
photocatalytic efficiency. The same procedure was
followed for different concentrations of
Chloramphenicol and TiO,.

Figure 2: TiO, and CAP solution on a magnetic stirrer at
400rpm.

2.1.3. Photocatalysis

The solution was then kept in the photo-catalytic
reactor on a magnetic stirrer and was illuminated with a
40W UV lamp emitting UVA wavelengths between 300-
400nm with a peak at 365nm. The solution was stirred
at 400rpm to reduce the TiO, particles from settling at
the bottom of the beaker. The reaction was carried out
for 1 hour and 5 samples of 5mL each were taken at
different time intervals (Omin, 15min, 30min, 45min,
60min).

2.1.4. Heterogeneous TiO; Photo-Catalysis

The heterogeneous photo-catalysis (Figure 3)
employing the TiO, catalyst and widely utilized for
reductive and oxidative reactions on its surface. When
photon energy (He) greater than or equal to the
bandgap energy of TiO, is illuminated onto its surface,
usually 3.2eV (anatase) or 3.0 eV (rutile), the lone
electron will be photoexcited to the empty conduction
band in femtoseconds.
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Figure 3: Mechanism of photo-catalytic reaction.

In heterogeneous photo-catalysis, the liquid phase
organic compounds are degraded and water if the
irradiation time is extended (Eq. (1)).

Organic Contaminants — Intermediate(s) — CO, +
H0 (1)

The overall photo-catalysis
explained as follows,

reaction can be

1. Mass transfer of the organic contaminants in the
liquid phase on the TiO; surface.

2. Adsorption of the organic contaminants onto the
photon-activated TiO, surface

3. Photo-catalysis reaction for the adsorbed phase
on the TiO, surface.

CB: Conduction Band

VB: Valence Band

Chloramphenicol

CO2 + H20 and other by products

4. Desorption of the intermediate(s) from the TiO,
surface.

5. Mass transfer of the intermediate(s) from the
interface region to the bulk fluid.

3. RESULTS AND DISCUSSION

3.1. Fourier Transform Infrared (FTIR)

Spectroscopy of Membranes

The spectrum of the base PES membrane shows
peaks at 1577 cm” and 1485 cm™, which are for
aromatic bonds. The FTIR of PES membrane is
appeared in Figure 4. From the Figure 4, The
adsorption peaks at 1297 cm™” and 1149 cm™ are
attributed to the asymmetric and symmetric stretching
vibration of the sulfone (O=S=0) group. The sharp
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Figure 4: FTIR of PES membrane.
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Figure 5: FTIR of CA membrane.

adsorption peak at 1239 cm™ is due to the stretching
vibration of the ether (Ar-O-Ar) linkage.

In the FTIR spectra, the CA membrane, the peak at
2870 and 2920 cm™' appear on the membrane CA,
which referred to the OH group [17].

Further, the range 1150-1050 cm-1 appeared the
emergence of the C-O-C ether group in sharpening of
the bands. For the CA membrane, the major adsorption
features appeared at 1733 cm-1 (-C=0), 1370 cm-1
(-CH2), 1227 cm-1 (C-0), 1035 cm-1 (C- O-C) and
904 cm-1 (-CH).
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As shown by the FI-IR spectra in Figure 6,
characteristic peaks were occurred at 1741 cm-1 for
the C=0 group and from 1035 cm™ to 1210 cm™ with
the stretching vibration of C=0O, C-CHj; C-O-C,
respectively. The acetyl groups of CTA might occurred
during the membrane preparation [18].

3.2. Swelling and Contact Angle of the Membranes

From the Table 1 we can conclude that the PES-
PVA membrane shows the most hydrophobicity
followed by CTA-PVA and CA-PVA membranes from
the contact angle and degree of swelling. In
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Figure 6: FTIR of CTA membrane.
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hydrophilicity membrane is directly proportional to the
contact angle and inversely proportional to the degree
of swelling. The PES-PVA is having lower contact
angle and more swelling degree when compared with
other CA-PVA and CTA-PVA [19]. The may be due to
the nature of polymer used in this work. The coating of
PVA to the membrane casting solution favour the
membrane porous and more hydrophilic. Hence, the all
polymers altered the swelling and hydrophilic
behaviours [20].

Table 1: Degree of Swelling and Contact Angle for
Different Membranes
Membrane Swelling Degree Contact Angle (°)
PES-PVA 48.3+4.7 64.1£1.3
CTA-PVA 66.1+5.4 56.2+1.5
CA-PVA 72.5t6.5 51.8t1.4

3.3. Morphology of the Membranes

The SEM images of top layer PES and PES-PVA
membranes were taken in Figure 7. PES membrane
facilitated a rapid phase resulting in micro void
formation. It is observed that in PES in the presence of
PVA, the membrane morphologies changed gradually.
After coating of PVA tends to increase the number of
membrane pores has been proven and the size of the
macro voids was increased.

The two distinct layers can be observed in PES and
PES-PVA membranes, a thin dense layer on the top
and a typical sponge structure sub-layer on the bottom
[21]. It is observed that the 100 wt.% CTA membrane,

-

PES membrane

which facilitated a rapid phase and resulted in macro
void formation. It is observed that in CTA in the
presence of PVA, the membrane morphologies
changed gradually. After adding PVA tends to increase
the number of membrane pores has been proven and
the size of the macro voids was decreased. The two
distinct layers can be observed in CTA and CTA-PVA
membranes (Figure 8), a thin dense layer on the top
and typical sponge structure sub layer on the bottom
[22].

SEM top layer images of CA and CA-PVA
membranes in Figure 9. In the top layer a rapid phase
that resulted in microvoid formation in 100% CA
membrane. It is observed that in CA in the presence of
PVA, the membrane morphologies changed gradually.
As a result, the size of the macro voids was increased.
The number of membrane pores has been increased in
CA-PVA membrane and obviously shown by the
membranes surface structure. The two layers can be
observed in CA and CA-PVA (Figure 9) membranes, a
thin dense layer on the top and typical sponge structure
sub layer on the bottom [23]. The coating can be
clearly seen on the surface of the membrane alone with
the pores of the membrane.

3.4. Ultra Violet (UV) Analysis

3.4.1. UV analysis of Chloramphenicol

Figure 10 represents the UV spectrum analysis of
Chlorampehnicol Absorbance and the wavelength. UV
spectrum of Chloramphenicol was obtained by loading
25mg/L  concentration of Chloramphenicol. The
different intervals of Absorbance Chloramphenicol
wavelength range was selected between 200-350nm

PES-PVA membrane

Figure 7: SEM analysis of PES membrane with and without PVA coating.
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Figure 8: SEM analysis of CTA membrane with and without PVA coating.
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Figure 9: SEM analysis of CA membrane with and without PVA coating.

[24]. Maximum peak was obtained at 277nm which was
further taken to determine the absorbance.
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Figure 10: UV Spectrum of Chloramphenicol.

3.4.2. Kinetic study with TiO, concentration of
0.5gm/L

Figure 11 represents the percentage degradation of
CAP with TiO, under UV at different time intervals.As
time increases the degradation increases and
approaches linearity. It was observed that the
percentage degradation occurs maximum with 10mg/L
CAP and minimum with 30mg/L CAP. As a control, a
solution of TiO, and CAP was kept in dark for 1 hour
and measured. A solution of CAP and TiO, at the dark
stage, percentage degradation zero level at different
time intervals. In the Table 2, -InC/Cy was calculated
for different concentration of CAP at 0.5gm/L of TiO, to
calculate the kinetics of the reaction.

Figure 12 represents the percentage degradation of
CAP with TiO; under UV at different time intervals. The
Different concentration of CAP (10mg/L, 20mg/L, and
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Figure 11: Percentage degradation of different concentration CAP at 0.5gm/L TiOa.

30mg/L) and 0.5gm/L TiO, we chosen and
photocatalytically degraded. As the time increases the
degradation increases and approached towards
linearity [25].

Table 2: -InC/C, at Different Concentration of CAP and

Different Time Intervals at 0.5gm/L TiO:

3.4.2. Kinetic Study with TiO, Concentration of
0.5gm/L

It was observed that the percentage degradation
occurs maximum with 10mg/L CAP and minimum at
30mg/L CAP. As a control, a solution of TiO, and CAP
was kept under dark for 1 hour and measured. A
solution of CAP and TiO, at Dark stage, percentage
degradation zero level at different time intervals.

The rate of reaction of CAP at 0.5gm/L TiO, at
different time intervals in Figure 12. The rate of reaction
and reaction constant was found by plotting the line
and finding the equation of the line. Only the first 30

Time (min)/Conc.
(mglL) 10mg/L 20mg/L 30mg/L
Omin 0 0 0
15min 0.1888 0.1644 0.1298
30min 0.2588 0.2089 0.1689
50
x 10mg/L ® 20mg/L
40
:.: 30 30mg/L = Dark
T
2
=
m
E 20
o
@
o
10

Figure 12: Time vs - InC/Co plot of CAP at 0.5gm/L TiO.

30 45 60
Time (Min)
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Table 3: Calculation of Various Kinetic Factors at 0.5gm/L of TiO2

Concentration (mg/L)
Kinetic factors Unit

10 20 30
r (mg L™ min™) 0.094 0.156 0.186
k (min™) 0.0094 0.0078 0.0062
1/C, (mg L") 0.1 0.05 0.333

1Ir (mg™ L min) 10.63 6.41 5.37
R’ - 0.9212 0.8813 0.8948

minutes of the reaction is taken as to reduce the
interference of the intermediate products on the
reaction kinetics. The rate of reaction and rate constant
was shown in Table 3. The rate of reaction is increased
with the increase in the CAP concentration showing
rate of reaction of 30 mg/L of CAP as a maximum [26].

Figure 13 represents the percentage degradation of
CAP at the different time intervals of TiO, in 1mg/L
under UV. In this study, at different concentrations of
CAP of 10mg/L,20mg/L and 30 mg/L and the
concentration of TiO, was kept in 1mg/L and degraded
by photo catalytically.

The percentage degradation value is maximum
occurred in 10mg/L and minimum value is occurred in
30 mg/L CAP at 1mg/L TiO2. But dark control
percentage degradation value is zero at different time
interval. In Table 4, -InC/C, was calculated for different

concentration of CAP at 1gm/L of TiO, to calculate the
kinetics of the reaction.

Table 4: Time vs -InC/C, at Different Concentration of
CAP and Different Time Intervals at 1gm/L TiO;

Concentration (mg/L)
Time (min)
10 20 30
15 0.2265 0.1867 0.1663
30 0.3176 0.2554 0.2305
Figure 14 represents the rate of reaction is

measured of CAP at 1 mg/L of TiO, for 30-minute time
intervals. The rate of reaction was found by plotting the
line and finding the equation of the line. The rate of
reaction gradually increases from zero-time intervals to
30 minutes of CAP at 1 mg/L of TiO,. The reaction rate
is taken in only the first 30 minutes to reduce the
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Figure 13: Percentage degradation of different concentration CAP at 1gm/L TiOx.
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Figure 14: Time vs -InC/Cq plot of CAP at 1gm/L TiOa.

interference of the intermediate products on the
reaction kinetics. The rate of reaction and rate constant
were shown in Table 4.4. The rate of reaction is
increased with the increase in the CAP concentration
from 10 mg/L to 30 mg/L, it showing the rate of reaction
as a maximum of 30mg/L.

The rate of reaction and rate constant was shown in
Table 5. The rate of reaction is increased with the
increase in the CAP concentration showing rate of
reaction of 30mg/L of CAP as a maximum [27]. Figure
15 represents the percentage degradation of CAP
under UV at different time intervals. In this study, some
concentrations of CAP were chosen (10mg/L, 20mg/L
and 30mg/L) and the concentration of TiO, was kept at
1.5gm/L and photo catalytically degraded. The
maximum value of percentage degradation occurred in
10 mg/L CAP for 60 minutes at 1.5 gm/L TiO; and the
minimum value of percentage degradation occurred in
30 mg/L for 60 minutes at 1.5 gm/L TiO..

Time (min)
50
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40 s 20mg/L
. ——30mg/L
R
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°
©
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Figure 15: Percentage degradation of different concentration
CAP at 1.5gm/L TiOx.

3.4.4. Kinetic Study with TiO, Concentration of
1.5gm/L

In this study, time increases the degradation value
is increased and approached towards linearity. As a

Table 5: Calculation of Various Kinetic Factors at 1gm/L of TiO>

Concentration (mg/L)
Kinetic factors Unit
10 20 30

r (mg L™ min™) 0.115 0.186 0.252

k (min™) 0.0115 0.0093 0.0084
1/C, (mg L") 0.1 0.05 0.333
1Ir (mg™ L min) 8.69 5.37 3.96
R’ - 0.9315 0.9203 0.9263
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dark control, a solution of TiO, and CAP was
measured. In this study, the percentage degradation
value is zero at different time intervals.

In Table 6., -InC/Cy, was calculated for different
concentration of CAP at 1.5gm/L of TiO, to calculate
the kinetics of the reaction. The rate of reaction is
measured in different concentrations of CAP (10 mg/L,
20 mg/ L and 30 mg/L) at different time intervals in
Figure 16. The rate of reaction is increased in 10 mg/L
of CAP at 1.5 gm/L of Tio,. The rate of reaction and
reaction constant was found by plotting the line and
finding the equation of the line.

Table 6: InC/Cy at Different Concentration of CAP and
Different Time Intervals at 1.5gm/L TiO:

Concentration (mg/L)
Time (min)
10 20 30
15 0.2599 0.221 0.206
30 0.3709 0.3091 0.2852
0.45
04
e 10mg/L
0.35
e 20mg/L
0.3
o « 30 L
&5 0.25 me/
Q
=

0.2
0.15
0.1
0.05

Figure 16: Time vs - InC/Co plot of CAP at 1.5gm/L TiO».

The rate of reaction is taken as reducing the
interference of the intermediate products on the
reaction kinetics in the first 30 minutes [28]. The
maximum value of the rate of reaction is measured in
10mg/L of CAP at 1.5gm/L of TiO; in 30 minutes and
the minimum value is measured in 30mg/L of CAP at
1.5gm/L of Tio, in 30 minutes. The rate of reaction and
rate of constant were measured in different
concentrations of CAP at 1.5 gm/L of TiO,.

The rate of reaction and rate constant was shown in
Table 7. The rate of reaction is increased with the
increase in the CAP concentration showing rate of
reaction of 30mg/L of CAP as a maximum.

3.4.5. Kinetic Study with TiO, Concentration of
2gm/L

Figure 17 represents the percentage degradation of
CAP under UV at different time intervals. In this study,
some concentrations of CAP were chosen (10mgi/L,
20mg/L and 30mg/L) and the concentration of TiO, was
kept at 2gm/L and photo catalytically degraded. The

20 30

Time (min)

Table 7: Calculation of Various Kinetic Factors at 1.5gm/L of TiO2

Concentration (mg/L)
Kinetic Factors Unit

10 20 30
r (mg L™ min™) 0.134 0.224 0.312
k (min™) 0.0134 0.0112 0.0104
1/C, (mg L") 0.1 0.05 0.333

1Ir (mg™ L min) 7.46 4.46 3.20
R’ - 0.9388 0.9303 0.9258
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Figure 17: Percentage degradation of different concentration CAP at 2gm/L TiO».

maximum value of percentage degradation occurred in
10mg/L CAP for 60 minutes at 2gm/L TiO, and the
minimum value of percentage degradation occurred in
30mg/L for 60 minutes at 2gm/L TiO,. In this study,
time increases the degradation value is increased and
approached towards linearity. As a dark control, a
solution of TiO, and CAP was measured. In this study,
the percentage degradation value is zero at different
time intervals.

This experiment was performed with the same CAP
concentration at 2gm/L of TiO, for 1 hour and the
degradation was observed at a different time interval.
As a control, a solution of TiO, and CAP was kept in
dark for 1 hour and measured. The percentage
degradation value is zero in a solution of CAP and TiO,
at dark control.

0.6

* 10mg/L
0.5

* 20mg/L
0.4

* 30mg/L

Figure 18: Time vs -InC/Cq plot of CAP at 2gm/L TiOa.

In Table 8, the rate of reaction is decreased from 10
mg/L of CAP at 2gm/L of TiO, to 30 mg/L of CAP at
2gm/L of TiO; at different time intervals. -InC/C, was
calculated for different concentrations of CAP at 2gm/L
of TiO, to calculate the kinetics of the reaction.

Table 8: -InC/C, at Different Concentration of CAP and
Different Time Intervals at 2gm/L TiO2
Concentration (mg/L)
Time (min))
10 20 30
15 0.3119 0.2608 0.2292
30 0.4566 0.3724 0.3219
Figure 18 represents the rate of reaction is

measured in different concentrations of CAP (10 mg/L,

15 20 25 30

Time (min)
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Table 9: Calculation of Various Kinetic Factors at 1.5gm/L of TiO2

Concentration (mg/L)
Kinetic Factors Unit

10 20 30
r (mg L™ min™) 0.163 0.268 0.348
k (min™) 0.0163 0.0134 0.0116
1/C, (mg L") 0.1 0.05 0.333

1Ir (mg™ L min) 6.13 3.73 2.87
R’ - 0.9487 0.9391 0.9321

20 mg/ L and 30 mg/L) at different time intervals. The
rate of reaction is increased in 10 mg/L of CAP at
2gm/L of Tio,. The rate of reaction and reaction
constant was found by plotting the line and finding the
equation of line. The rate of reaction is taken as reduce
the interference of the intermediate products on the
reaction kinetics in the first 30 minutes. The maximum
value of the rate of reaction is measured in 10 mg/L of
CAP at 2gm/L of TiO; in 30 minutes and the minimum
value is measured in 30 mg/L of CAP at 2gm/L of TiO,
in 30 minutes. The rate of reaction and rate of constant
were measured in different concentrations of CAP at 2
gm/L of TiO..

The rate of reaction and rate constant was shown in
Table 9. The rate of reaction is increased with the
increase in the CAP concentration showing rate of
reaction of 30mg/L of CAP as a maximum. The rate of
reaction at different catalyst concentrations (0.5gm/L,
1gm/L, 1.5gm/L and 2gm/L) was observed from the

previous experiments and plotted in a 1/rg vs 1/Cq
graph as shown in Figure 19.

3.4.6. Rate of Adsorption at Different Catalyst
Concentrations

A straight line was observed from which the slope
and intercept were calculated from which the
adsorption constant was finally calculated. Slope,
intercept and adsorption constant are the maximum
value find out at different catalyst concentrations. In
Table 10, the adsorption kinetics are calculated.

4. LC-MS OF PHOTO-CATALYTICALLY DEGRADED
POLLUTANT

In order to find the degraded products, which will
further be separated by pervaporation, LC-MS of the
solution was done after 1 hour of degrading the
solution photo catalytically. In order to avoid further
degradation sample was collected and wrapped in foil

12
* 0.5gm/L
10 e 1gm/L
1.5gm/L
8 * 2gm/L
£
4
2
0
0 0.02 0.04

Figure 19: 1/rg vs 1/C, plot at different catalyst concentration.

0.06
1/C,

0.08 0.12
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Table 10: Calculation of Parameters of Adsorption Kinetics

Adsorption kinetics
Concentration (gm/L))
17k K 1/k(mg™ L min) K(mg'L)
0.5 80.196 2.575 0.032
1 69.841 1.7461 0.025
1.5 62.941 1.1983 0.019

until LC-MS was performed. The spectrum of LC-MS spectra of chloramphenicol shoes the maximum
with different m/z ratios is shown in Figure 20. From the absorbance at 277nm. The maximum percentage of
results obtained, it can be concluded that most of the degradation occurs at 10mg/L of CAP and 2gm/L of
compounds which were formed as intermediated were TiO,. As the concentration of CAP increased, the
aromatic compounds. percentage degradation decreased. Also, the
concentration of catalyst increased, the percentage of
degradation is increased. With the increase in the
concentration of CAP, the reaction rate is found to be
decreasing and the rate of reaction is found to be
increasing. From the plot of 1/ry vs 1/C,, it was found
that the adsorption rate constant decreases up to

CONCLUSIONS

The effective technique of AOP has been proven to
be in degradation of the organic compound under the
effect of UV radiation. From the experimental study UV
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Figure 20: Mass Spectrum of photocatalytically degraded CAP.
Table 11: Degraded Products of CAP Obtained from Photocatalysis
Compound Name m/z t, (mins) Mass
Chloramphenicol 321.0044 9.06 322.0116
Pyroglutamic acid (used in various skin and hair products) 128.0354 8.52 129.0427
Chlorthalidone (use to treat high blood pressure) 336.9989 9.06 338.0061
Quinolinic acid (intermediate to produce pharmaceuticals and metal salts) 166.0142 9.42 167.0216
4-Hydrobenzoic Acid (used in the manufacturing of various drugs) 134.8945 9.78 135.9018
Met ala Met 350.124 11.04 351.1317
5-(4-hydroxy-2,5-dimethylphenoxy)-2,2-dimethyl-Pentanoic acid (Gemfibrozil M1) 265.1484 9.18 266.1554
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1.5gm/L of TiO, and increases at 2gm/L of TiO,.
Analysis of degraded solution with LC-MS revealed the
intermediate products which were analyzed as
aromatic and volatile organic compounds. Among
membranes, the PES-PVA membrane shows the most
hydrophobicity followed by CTA-PVA and CA-PVA.
FTIR analysis of membranes showed the different
organic bonds in the membranes and concluded that
membranes were cast well. From the SEM images, we
can conclude that PVA coating on the membrane was
done well.
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