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ABSTRACT

Water is essential for our economy and environment. The harsh reality is that water is
limited and depleting at a fast rate. Pakistan ranks at number 80 among 122 nations regarding
drinking water quality. Human activities like improper disposal of pharmaceutical waste,
municipal and industrial effluents are the main causes for this deterioration. It is now imperative

to conserve, treat, reuse and protect our water resources.

Pharmaceuticals are newly identified persistent pollutants and amongst them antibiotics
are most contaminated ones. Innovative method of nanotechnology was applied to achieve the
removal of pharmaceutical waste (Tetracycline) from water using the nano composite of TiO»-
AC. Such nano composite reduce the energy demand, cost and use of chemicals for medicine

removal.

The aim of this study was to develop and ensure the effective degradation of Tetracycline
(TC) by successfully developing TiO;-AC (1%, 2%, and 3% w/w) nano composites. Liquid

Impregnation method (LIM) was adopted to achieve required composite.

Tetracycline degradation studies were carried out onto a designed reaction chamber under
UV-lamp at different concentrations of medicine, different molar ratio of catalyst (1%, 2%, and
3% w/w TiO,-AC) and different pH'’s. The TiO2-AC2 composite showed significant TC removal
efficiency of 96.4%. This composite showed best results for such concentration of the pollutant

and could be efficient for the removal of other pharmaceuticals as well.
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Chaptér 1 ; Introduction

INTRODUCTION |

1.1. Background

H
To meet the demands of fast growing world population for drinking water, there is an

increasing pressure on both surface and ground water resources. Contamination of both surface
and groundwater resources has severely affected both quality and quantity of water. Only one
fourth of the population has access to safe, drinkable water (Farooq ef al., 2008). With only 8%
waste water being treated and annual loss to Arabian Sea, annual per capita water availability has
decreased from 5000 in 1940 to just 1000 litres today (world bank, 2005).

Water degradation has threatened fresh water to become endangered. A commodity which
was once free has now become priceless that few can afford. As Pakistan is a water stressed
country, this gives rise to many issues and challenges which Pakistan can’t ignore (State of
Environment Report, 2005). Estimated Annual Economic loss of 0.6-1.44% in Gross Domestic
Product is faced by Pakistan because of water related diseases and its treatment (Hashmi ef al.,
2009).

There are certain pollutants which are persistent in nature and cannot be easily degraded.
Pharmaceuticals, pesticides and dyes are considered to"coﬁstitute this new class of world’s
pollution. The increase of world population, the origin and spread of new of diseases, and the
growth of pharmaceutical industry and day care centers have caused excessive use of
pharmaceuticals in human and veterinary, aquaculture and agricultural practices that has led to

continuous discharge of a wide array of pharmaceuticals into the environment (WHO, 2011).

Other than prescribed drugs, the use of over the counter drugs has been increased. According
to US Food and Drug Administration survey, 69% of respondents were using OTCs from last six
months (FDA, 2011).

Discovery of antibiotics has always been considered as the wonder of the 20™ century. There
is no doubt about it but in the present scenario, the problem being faced is the environmental
contamination because of antibiotic resistance in communities and hospitals due to their overuse

(Davies and Davies, 2010).

e
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Antibiotics are particularly significant drugs used to treat most common infectious diseases
since 1928 with the first ever discovered penicillin, termed as antibiotic in 1940 (Mahyew,
2012). Tetracyclines (TC’s) are the second most widely produced and used antibiotics that has
been used commonly for the treatment of a wide class of bacterial infections of human and
animals. They have been used as growth promoters in agriculture and aquaculture from several

decades (Shi et al,, 2016) (Chopra and Robert, 2001).

The chemical structures of most commonly used tetracyclines are given in Figure 1.

H3C; -CHa HaC _CH,

" N Y _ + N
3 . HaC _OH : N
. HiC OH H on 3~ H Ot
S OeW DOVQ i
= CONH, o PP CONH;
HY : OH O OH'O

(e}
OH (o) OH .
(A) Tetracycline (Té) ) - (B) Tetracycline hydrochloride (TCH) -

HaC. CH,
Y
OO
. = CONH2
on 0 o't
(C) Oxytetiadycline (OTC) (D) Chlordtetracycline (CTC)

ciHaC OH

Figure 1.1: Chemical structures of TC group of antibiotics (Mahamalik et al., 2015).

Broad spectrum action of TCs, against many bacterial strains, makes them most frequently
used antibiotic. Less market prices and minimal side effects proved them as most abundantly
used antibiotics. But instead of its essential roles in both human and veterinary medical world,
the emergence of pollution has made it a considering agent (Chopra and Robert, 2001). The

adverse effects of TC on living beings are shown in Table 1.

Table: 1.1 Adverse effects of released TC on living beings

Effect On Adverse effect

Human Damage kidneys and central nervous system.

Mutagenic (causing mutation in genes)

Carcinogenic (have potential to cause cancer)

Affects the process of spermatogenesis (Mahamalik et al., 2015).

A —
Removal of Tetracycline group of antibiotics by composite of TiO- Page 10
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Cause “Immunomodulation” the process of change in the cells of

immune system (Romero et al., 2012).

Aquatic species

When directly encounters cause acute and chronic toxicity

Impact on aquatic photosynthetic organisms.

Disruption of indigenous microbial populations (Mayhew, 2012)

Microbes

Formation of antibiotic resistant (Zhang et al., 2015)

Disrupts microbial soil respiration

Disturbance of; nitrification
iron reduction

phosphatase activities (Gao et al., 2012).

| 1.2 Tetracycline residues in the Environment

| Antibiotics are primarily poorly absorbed by humans and animals. Large concentrations

about 50-80% of TC are discharged from consumers as unmodified compound or parental

compound and the other main source is pharmaceutical industry effluent (Guler and Sarioglu,

; 2014). Human and animal, being the two major users of tetracycline, discharges this antibiotic
[> into the ground and surface water through several ways.
i ¢ Human ways of discharge
E * Un-metabolized or partially metabolized tetracycline is discharged in urine and
; enters the sewagé system.
| * Disposal of extra or unnecessary drugs into sewer system.
e Animals ways of discharge

i » Tetracycline present in the animals for antibiotic treatment is transferred into
F human when they consume meat and enter into sewer system.
E +  Animal manure is used as fertilizer on fields. )

* Runoff makes the direct.pollufion of surface water.

. Absori)tion into the soil, contaminates ground water (Jorgensen, 2004).
“ Various routes of pharmaceuticals entering into our environment are given in Figure 2.

™
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(2004)

Paracetamol <20 — Roberts &

— 555 Thomas (2006)
) Bound &

' Voulvoulis

(2006)

More than 30 years ago, PPCPs were first detected in the environment; in 1970s studies
conducted in USA confirmed the presence of birth control, heart and pain killer’s medicines in
wastewater. Most of the work was done by United States Geological Survey and most cited
reference in the literature on the presence of pharmaceuticals in water was provided by the same
organization, in which 139 streams across 30 states in USA were investigated during 1999 and
more than 50 pharmaceutical chemicals were found (WHO, 2011).

Now, phannaceuticais originate a new class of world pollutant which is of great concern
in present years. There are various routes of pharmaceuticals entering into our environment
including human or animal discharge, effluents from treatment plants, treated sewage sludge,

industrial runoff, medical waste from hospitals, landfill leachate and biosolids (WHO, 2011).
Following are different sources of pharmaceuticals discharges into the water.

* Municipal wastewater treatmt%nt plants

* Pharmaceutical industry effluent

* Agricultural runoff

* Animal and Fish Farms

* Hospital and Household

e Urine and feces

m
Removal of Tetracycline group of antibiotics by composite of TiO; ' Page 15
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]

Excretion rates of PPCPs through urine and faeces depend on the pharmaceutical substance,
the way of intake (orally or intravenously for humans), the age of the patient and the time of
adminisfration (Kimmerer et al., 2000; Pérez and Barcel6, 2007; Kemper, 2008).

PPCPs once ingested and metabolized are excreted as urine and feces and take the route of
sewer flow network as urban wastewater until reaches to wastewater treatment plant (WWTP) or,
for households directly discharged into septic tanks (Carrara et al., 2008). Veterinary
pharmaceuticals are released into the water, directly and indirectly in many ways, like through
direct application in aquaculture (i.e. fish farming) and animal treatment and mostly through
leaching from fields of manure spreading on agricultural fields, run-off and livestock waste
(Sanderson et al., 2007; Boxall et al., 2004; Boxall, 2008; Khan et al., 2007; Sarmah et al., 2006;
Kemper, 2008).
| Depending on their biodegradability, temperature and hydrophobicity pharmaceuticals and
their metabolites undergo natural depletion by dilution, degradation or adsorption in the
environment. Therefore, pharmaceuticals in drinking water and water sources are often found at
trace concentrations, as these compounds would have undergone through natural processes like
metabolism and removal, if appropriate wastewater treatment processes are applied (WHO,
2012).

Medicinal praducts for . Medicinal waste for
human use h animal use
Excretion Excretion . Waste disposal Excretion
(hospital efflients) (private households) * (unused medicine)

Municipal waste wr] [ Domaestic waste ] [___;;‘L_____]
‘ nure

v %_________774{:__;__—______a_,
Sewage treatment
plants (STPs) [ - ]

N disposal site

Surface water Ground water ]

P, y e
Aqua cultures » \ \

Drinking water

Pharmaceutical
production plams

Figure 2.1: Possible pathways for antibiotic exposure to environment (Heberer,
2002) "
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In 2010 a report published by the European Environmental Agency (EEA) indicated that the
status of environmental risks posed by pharmaceuticals “looks worse” than a decade earlier
(European Environment Agency, 2010). Every year hundreds of tones of pharmaceuticals are
dispensed in communities and because of nonstop entry and combined effects through parallel
action make the low persistent compounds to cause unwanted effects in the environment (Fent et
al., 2006).

According to the report of NRDC (2009), pharmaceuticals include medical agents such as
chemotherapeutic drugs, human and veterinary medicines (both prescripﬁon and over-the-
counter), and x-ray media. These materials are ending up in the environment through improper
disposal. Circumlocutory routes of entry into the water are also problematic. For example in the
arid United States, as water resources are depleted, reclaimed wastewater is becoining an
increasingly important source for irrigation. This contaminated wastewater used for irrigation is
causing pharmaceuticals to enter the soil and potentially leach into the groundwater. Perhaps
human use is one of the most common route through which pharmaceuticals enter the ‘Wwater,
followed by excretion to a sewage treatment plant and release to surface water as wastewater
effluent. Other significant contribution to this problem includes veterinary use, both in farming
operations and in aquaculture.

Another potential source of entry into the water is excretion of insufficiently treated
wastewater effluent, washed off human body or directly disposed to the sewerage system. In
surface waters several groups of pharmaceuticals were studied for their presence. Several
parameters identify their presence, quantity and fate in the environment, such as:

e cffectiveness of wastewater treatment

e geographical position . . . v

¢ meteorological conditions (mainly rainfall)

* presence in wastewater plants (Hordern et al., 2008).

PPCPs are spatially, temporally, qualitatively and quantitatively shared out depending’on
whether patients are located in hospitals and other places e.g. schools and private households.
Consumers at medical facilities are designated to be treated with more pharmaceuticals than at
household (Kiimmerer, 2001).

Researchers confirmed the existence of pharmaceuticals in the environment more than last
decades, by comparing the detected amount of heart medicines, pain killers and birth control

Removal of Tetracycline group of antibiotics by composite of TiO, Page 17
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medicines in the last 30 years to the present concentrations (WHO, 2011). With an increase in
the use of prescribed drugs, the use of over-the-counter (OTC) medicines is also increasing. US
Food and Drug Administration (FDA) survey to check the status of over-the-counter (OTC)
drugs in America, and found out thai 69% of the respondents were using OTC pain killer from

last 6 months (FDA, 2011).

That was the situation of a well developed country with literate people, now what could be
the status of less developed countries, where health facilities are beyond one’s budget.
Concerned problem is that the use of both prescribed and OTC’s has been increased and ending
up into our water resources. Actually our typical water treatment plants are not capable to
eliminate pharmaceuticals from water, so effluents of such treatment plants enters into water
bodies that can end up in drinking water supplies (Connors et al., 2013).

Surface water and ground water are physically closely connected, and therefore, these
mediums can contaminate one another, ground water is pollutedy from treated wastewater reuse,
artificial recharge of polluted surface water and of exfiltration from ground water to connected
surface water (Jux et al., 2001).

2.1.1 Antibiotic Residues in the Environment

The group of PPCPs comprises of antibiotics, pain killers and impotence drugs.-Antibiotics are
particularly significant in medicines; they have decreased the common infectious illness and
become vital for many medical considerations. Antibiotic is a killing agent for bacteria or it
slows down its development. Antibiotics are just one class of antimicrobials, which is an
extensive group including many others working against other harmful microbes like anti-viral,
anti-parasitic, anti-fungal drugs. Antibiotics are chemical substances formed by microbes (e.g.
germs such as fungi and bacteria). In 1928 Alexander Fleming made the advancement in medical

history by discovering first antibiotic.

Antibiotics are of two types based on the way of action. One class of antibiotic is
‘bactericidal', they kill bacteria. Second class of antibiotics is 'bacteriostatic', they inhibit the
growth of bacteria. Some antibiotics are 'bro;d-spectrum' antibiotics as they can treat a wide
range of infectious diseases. Others are 'narrow-spéctrum' antibiotics that can only treat just a

few types of infections (Bayarski).

!

m
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Antibiotic residues introduce into the environment from consumer’s (human and animal)
waste and from industrial runoff (as discussed above). When medication is taken by consumers,
it is released into the environment through urine and feces (Daghrir and Drogui, 2013). Unused
antibiotics are also flushed down by consumers, improper dispose of medical wastes by
hospitals, and residues leakage from damaged pipeline systems into soil and groundwater. Once
released into the environment, very little amount is degraded, while most of antibiotics survive
the treatment in the waste water treatment plants (Michael er al, 2013), and residues of

antibiotics are found in rivers, sediments, and soils.

Soil is polluted with antibiotics by direct seepage of animal feed or pass through animals
and deposit there as waste. Researchers showed that high concentration of antibiotics can enter
into the environment through animals: about 90 % of administered dose can be excreted in urine
and about 75 % in feces (Sarmah et al., 2006). At the end, antibiotics seep into the ground water
and enter into the environment. In aquaculture, antibiotics dissolve and spread into the water and

deposit in sediments (Gelband et al., 2015).

In a study of China, high percentage of antibiotics have been found in sediments and
water samples, and responsible individuals were suggested to use fish ponds as reservoirs of
antibiotic residues (Xiong et al., 2015). Antibiotic industrial runoff adds a high percentage of
antibiotics and other medicines into the local environment. In India, an area of extensive
pharmaceutical industries like Hyderabad has up to 100 facilities that export drugs to the United
States, Europe and other world. The waste of these industries is processed at one single treatment
facility. In 2008, the treated water of this facility was accessed from 2 adjacent lakes and 6
nearby wells (Fick et al., 2009). Results showed extreme contamination in that water. One lake
had high levels of cetirizine and ciprofloxacin antibiotics that “exceeded human therapeutic

blood plasma concentrations” (Gelband et al., 2015).

Table 2.2: Frequency detection of pharmaceuticals, hormones and other organic

wastewater contaminants in U.S. streams in years 1999-2000 (Choina et al., 2013).

Sr.No Category of contaminants Percentage of streams with contaminants
1 Steroids 89
2 Nonprescription drugs 81

‘W
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3 Insect repellent 74
4 Disinfectants Phenol 66
5 Antibiotics 48
6 Reproductive hormones 37
7 Other prescription drugs 32

2.1.2 Tetracycline group of Antibiotics

With the discovery of penicillin in 1928, the term antibiotic was first used in 1945 by Waksman
as, “a chemical substance, originated by microbes that have antibiotic powers” (Mayhew, 2012).
With development, now various kinds of antibiotics are there and taken by patients depending on

the kind of infection patients suffer. The major classes of antibiotics are:

¢ Aminoglycosides
¢ Fluoroquinolones
¢ Penicillins

e Macrolides

¢ Cephalosporins

o Tetracyclines (Bayarski, 2012)

Tetracyclines (TC’s), discovered in 1940s, are the second most widely produced and used
antibiotics that has been used commonly to treat a wide class of bacterial infections for several
decades (Shi et al., 2016). The mechanism of action of tetracyclines is restraining the protein
synthesis by avoiding the attachment of aminoacyl-tRNA to the ribosomal acceptor (A) site
(Chopra and Robert, 2001). Tetracyclines are being used to treat various diseases including mild
acne, upper respiratory tract infections, Rocky Mountain spotted fever, sexually transmitted
diseases, Lyme disease, urinary tract infections, typhus (Bayarski). They are also used as
preventive treatment of malaria caused by mefloquine-resistant Plasmodium falciparum. The
tetracyclines have been applied to cure the infections in poultry, cattle, sheep, and swine. In
some countries, including the US, little amount of tetracyclines are added to animal forage to

work as growth booster (Chopra and Robert, 2001).

Removal of Tetracycline group of antibiotics by composite of TiO; Page 20
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Table: 2.3 commonly prescribed tetracyclines (Domenico and Fuoco, 2012).

Compounds % Enteric %S Serum protein | Renal clearance | Half-Life
absorption binding (ml/min) (hours)

Oxytetracycline 58 30 90 10
Tetracycline 80 60 65 9
Doxycycline 93 85 16 15
Demeclocycline | 66 |75 31 13
Chlorotetracycline | 30 55 35 6
Meclocycline - - - -
Minocycline 95 90 10 20
Rolitetracycline - - ‘ - -
Tigecycline - 90 1- 32
Doxorububicine | - 70 " 55

Among all, Oxytetracycline (OTC) is the most abundantly found tetracyclines in water bodies
and sediments all over the world. Several studies have proved the occurrence of OTC in surface
water at 1g/L and even mg/L. Sewage of the wastewater treatment plant of a factory in China was
investigated by Li et al. 2008 and extreme concentrations of OTC (20-800 mg/L) have been
detected that was polluting the surface water with OTC concentration. Concentration of
antibiotic OTC in surface water was studied at UK and found out to be 4.49-32.00 lg/L (Milic et
al,, 2013).

.2.2 Adverse effects of Tetracycline antibiotic waste on Environment

Now a day antibiotics have become the most regularly prescribed medicines. During the
last decade, consumption of antibiotic drugs increased by 36% (54 083 964 813 standard units in
2000 & 73 620 748 816 standard units in 2010) and in terms of production and usage TCs are
second most widely used antibiotics in the world (Boeckel-ef al., 2014). This excessive use of

antibiotics is causing adverse effects on biotic as well as abiotic environment.

Antibiotics are primarily poorly absorbed by humans and animals. Large concentrations

about 50-80% of antibiotics including TC are discharged through urine and feces of consumers

m
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2.3. Treatment of Tetracycline (past studies)

TCs are stable compounds and normally resistant to biodegradation. Biological degradation,
if occur, has a much slower rate or negligible (Mahamalik er al., 2015). Traditional treatment
technologies for water and wastewater are also insufficient for the removal of these substances.
Scientists researched on many different substancés for the removal of TC including; Rectorite,
mntmorillonite, aluminum oxide, smectite clay, coal humic acid, palygorskite, carbon
(activated), chitosan particles, single and multi walled carbon nanotubes. But still there is need
for proficient and commercially reasonable latest methodologies for degradation of such stable

pollutants (Gao et al., 2012).

Presently, Advanced Oxidation Processes (AOPs) are latest technologies, gaining
attention of every researcher. AOPs are a group of chemical processes for the dégradation of
impurities in water and wastewater by oxidation process. These techniques are efficient for the
removal of non-biodegradable contaminants especially for pesticides and pharmaceuticals in

water (Mahamalik et al., 2015).

Most commonly used AOPs (Mahamalik ez al., 2015) for antibiotics are following:

/

* Photolysis

* Adsorption

* Ozonation

* Fenton oxidation

* Ozonation in combination of ultrasound irradiation.

All 'AOP technologies are based on the generation of highly reactive free radicals like
hydroxyl radical, to act as an initiator that converts the pollutants into harmless compounds (Tan
etal, 2011).

The interest in Photocatalytic reactions was initiated, almost three decades ago, when
researchers suggested it as a potential way to promote the dissociation of water to produce
molecular hydrogen and molecular oxygen to degrade organic pollutants using solar
illumination. Photocatalysis mainly consists of the combination of photochemistry and catalysis.
Catalysis is the process where a substance called catalyst triggers the rate of a chemical reacion
without being altered or consumed in the end. In photo catalysis reaction light is used to activate

S —
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2.3.8. TiO; catalyst for wastewater of pharmaceuticals

Photocatalysis has been applied for water purification (Younas, et al., 2014). Presently
treatment of water and wastewater are done by old treatment technologies like chlorination, air
stripping, ozonation, biodegradation, solidification and landfill and granulated activated carbon
adsorption are used meanwhile latest technologies like membrane bioreactor and advance
oxidation processes (AOPs), including photocatalysis and photolysis are also under research and
trial practices. This latter has the advantage that it completely degrades, or breakdown, the
organic pollutants in a single atempt and further treatment for the byproducts is not necessary.
TiO, photocatalysis is therefore very suitable for removing many pollutants in both aqueous and
gaseous waste stream (Bockelmann et al., 1995; Alfano et al., 2000; Zuo et al., 2006; Xie et al.,
2011; Laokiat et al., 1992).

Table: 2.5 Literaturg Review of Titania for Pharmaceutical Removal

Reference Catalyst Used Térget Pharmaceutical
Ofiarska et al,, 2016 Pt—TiOz. : 2 cytostatic drugs:
ifosfamide and cyclophosphamide
Lai et al.,, 2015 TiO, oxazaphosphorines ifosfamide
(IFO), cyclophosphamide (CP) and
trofosfamide (TRO)
Teixeira et al., 2015 “TiO, and ZnO 14 different pharmaceuticals
Zhang et al., 2015 P25-TiO/tetraethyl 4 (NSAIDs): salicylic acid,
orthosilicate film ibuprofen, naproxen and diclofenac. |
Pugazhenthiran et al., * TiOytAu Ceftiofur sodium (antibiotic)
2013

2.3.9. Technical Drawback of TiO, and its Solution

TiOz is the best among many photocatalysts but its band gap enérgy requiréments restrict
its use. TiOz2requires 3.2 eV of energy (equivalent to a wavelength of 388 nm) in order to act as a
photocatalyst; this energy can only be provided by longer incidence of UV light source making
the process of photo catalysis slightly inconvenient (Linsebigler et al., 1995). This difficulty has

e ]
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2.3.10.2 Tetracycline in Photocatalytic medium

Tetracycline is continuously importing to our environment and leading to the steady
accumulation of it in aqueous and sedimental system. TC is soluble in water and hard to be
evaporated from aqueous solution. Furthermore, TC couldn’t be treated and removed by
traditional water treatment technologies due to its antibiotic and water loving nature, and stable
naphthacene ring structure, which is directly threatening our drinking water (Zhao et al., 2014).
Recent researches have shown that TC is not only fully oxidized by homogeneous and
heterogeneous photocatalysis in very short period of time, but their antibacterial activity (AA) is
also delayed by these photocatalysts (Palominos et al, 2009). Following Table is showing

review of previous studies about degradation of Tetracycline by using different photocatalysts.

Table: 2.7 Literature Review of AC Doped Titania for TC Removal

| Reference Catalyst Used Target Pollutant
Shietal, 2016 Palygorskite-supported Cu,O— Tetracycline
TiO; composite
Choina et al,, 2015 Zn0O Tetracycline
Zhang et al., 2015 Amino-Fe (1II) Tetracycline
Mahamallik et al., 2015 Highly porous MnO, Tetracycline
Zhao et al., 2014 TiO,/5A composité catalyst Tetracycline
“Guller and sarrioglu (2014) Pumice stone Tetracycline
Liuetal, 2013 Microwave-assisted C1-TiO, Tetracycline
Zhuetal, 2013 Nano sized TiO, Tetracycline
Hao et al, 2012 Mesoporous BiOI Tetracycline
- microspheres hydrochloride
Gaoetal., 2012 Graphene oxide Tetracycline
Chenetal, 2011 polyvinylpyrrolidone Tetracycline
(PVP-K30) modified

- B . . .
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MATERIALS AND METHODS

3.1 Materials and Chemicals

Titanium dioxide, Antanase (79.88 % pure, manufacturing: Kosdak listed company) was
used as a source of Titania nano particles. Activated carbon used for the preparation of
composite was obtained from BDH laboratory supplies. Sodium hydroxide (NaOH, made by
merck) was used to adjust the pH of the solution 8-10. Tetracycline (TC, 98.0 % pure, Sigma).

All the nano catalysts were prepared in deionized water and Ethanol (BDH laboratory

supplies, 99.8 % pure) was used for solutions preparation.
3.2 Tetracycline Stock Solution

Tetracycline stock solution (5 ppm) was produced by dissolving 0.02 g of tetracycline in
10 ml ethanol. The pH of the solution was adjusted to 8.7, using 0.1 M Sodium hydroxide. The

solution was shaken well and then stored in dark.

3.3 Instrumentation

& For the experimental work, a UV Lamp (18W), UV-Vis Spectrophotometer (T80 pg
Instruments), pH-meter (CRISON Instruments), centrifuge (D37520 Sigma), drying oven

(Thermo Fisher Scientific) and for stirring (ARE heating magnetic stirrer) were used.
3.3.1 UV/Vis Spectrophotometer

Spectrophotometry was used as a quantitative analytical technique by measuring the
absorbance of Tetracycline solution before and after degradation reaction with catalyst. For this
purpose, the tetracycline UV spectrum, in ethanol, was recorded to check the wavelength of

maximum absorbance (A max) and a calibration curve was developed.

3.3.1.2 Principle of Working

Spectrophoton;etry technique is widely used for the quantitative analysis of organic compounds.
The molecules after exposure to UV-light absorb it. Due to absorption of light, electrons become

excited and move to high energy orbitals. The instrument basically measures transmitted light

e
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~ XRD can determine,
o The average spacing between rows and layers of atoms.
e Arrangement of a single atom or cluster.
s The crystalline structure of analysed material (whether known or unknown).
e Internal stress and size, shape of little crystal region

XRD studies of pure and Ti0O,-AC composite were carried out by using XRD, JEOL
JDX-II, X-ray diffractometer. Average crystalline size of nano;‘)articleS was determined by using
the Scherer formula ((Liu ez al., 2009: Younas et al., 2014).

L=KMfcosO
Where,
L= Average particle size
K=0.89, A= 0.1542
~ 6 = the diffraction angle of crystal phase
p= Full width of a diffraction line at one half of maximum intensity (FWHM) radian
3.4.3.2 Scanning Electron Microscopy (SEM)

Scanning Electron Microscope (SEM) is an influential technique to obtain largely
magnified images by using a focused beam of electrons. The three-dimensional images of high-
resolution produced by SEM provides information like;

e Topography: Its appearance; limit of detection is a few nanometers.
¢ Morphology: The form, size and order of the constituent particles from which that object
is made, that are present on the sample surface or exposed by etching or grinding; limit of
detection is a few nanometers.
e Chemistry: The elemental composition of the sample and the relative ratio of each
element present, in areas ~ 1 pm in diameter.
>
=
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e Crystallography: The degree of order and arrangement of different atoms present in that
specimen. This is useful in case of particles composed of single crystalline form > 20 um.
e Orientation of grains: These applications make SEM invaluable in a variety of science
and industry applications. The SEM uses a beam of energetic electrons that are focused
on a stage, where a solid sample is placed. When the incident electrons strike the sample,
they release energetic electrons from the sample surface. The pattern of scattered
electrons released by the sample surface gives information about its shape, size, texture
and composition. Elemental and mineral information can be obtained from the x-rays

emitted by the beneath of the sample.

SEM images were obtained using JEOL JSM-6460 scanning electron microscope at 10,000

magnifications.
3.4.4 Photocatalytic experiments
3.4.4.1 Adsorption and Photoch;alysis of TC by TiO,-AC composite

Photocatalytic experiments were performed in 200 mL beakers under irradiation of 18 W
UV light lamp. A 25 mg TiO; nanomaterial and 1%, 2% and 3% of AC composites were added
to 100 mL reagent ethanol (to give a 0.7 g/0.1L catalyst concentration).This water was spiked at
0.02 g/0.1L with TC for each catalyst. After 30 min-adsorption time in the dark, each solution
was stroked with the UV lamp for 90 min with continuous stirring. At the end of reaction, the
samples were centrifuged at 12000 rpm for the time of 15 min in order to settle nanoparticles and
separate them from the solutions (Rioja et al., 2012). Finally, the products were analyzed by UV-
vis spectrophotometer to determine the removal efficiency of each catalyst. Ethanol was used as

solvent throughout the experiments. TC in ethanol solvent had following characteristics;
pH: 8.7, EC:8.27, TDC: 5.29

All the experiments were performed at room temperature.
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RESULTS AND DISCUSSION
4.1 CHARACTERIZATION

4.1.1 Fourier Transform Infrared (FTIR)

FTIR shimadzu IR tracer-100 Model was used for characterization of nanoparticles. The FTIR
patterns of the TiO,-ACz are shown in figure 4.1-4.3. From the results of TiO,-AC1, Ti0,-AC2,
Ti0,-AC3 the peaks of similar intensities were at about 3292 and 943, 3388 and 924, 3332 and
924 cm’ respectively, the reason in its explanation was vibration of stretched water molecules,
including both OH" and molecular water on the surface of Titania. In spectrum another band was
located around 1643, 1646 and 1646 cm™ (of all three composites) was reasonably attributed to
the C—O-C bonds from carbonaceous organic materials created in the hydrothermal process.
Characteristic peak at 367 cm-' of the Ti—O bond stretching vibration was clearly observed, in all
3 composites. Broad absorption band in wavelength range from 367 to 664, 720 and 702 cm-'

was observed due to the quantum effect of the nanoparticle size (He et al., 2013).
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Figure 4.1: FTIR Spectra of TiO,-AC1 Figure 4.2: FTIR Spectra of TiO,-AC2
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Figure 4.6: XRD pattern of Ti0,-AC2 Figure 4.7: XRD pattern of TiO,-AC3

Nanoparticles Peaks of XRD results reveal that nanoparticles have Anatase TiO, crystalline
structure which is chemically active phase of TiO; and support the catalytic process and
materials (Rioja et al., 2012),

4.1.3 Scanning Electron Microscopy (SEM)

The SEM images of pure and TiO,-AC nanoparticles were obtained, at the magnification of
20,000, are shown in Figures 4.8- 4.11. Images of pure and TiO;-AC nanoparticles confirmed the
existence of porous, sponge like constitution, of intense roughness and complexity. Structure like
this indicates the extended surface area which has been suggested to be suitable for photo
catalytic degradation processes (Hameed et al., 2014).
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Least clusters were on TiO;-AC3, as it had most molecular ratio of AC. On Ti0,-AC3, TiO,
deposited in the porous structure of AC instead of just sticking to its surface. Photocatalysis is a
light based reaction therefore, more TiO; on the surface of AC would trigger more catalytic

performance (Wang et al., 2009).
4.2 Tetracycline determination

Solution of ethanol containing tetracycline medicine was run through UV spectrophotometer
(T80 pg Instruments) for full length scan as shown in Figure 4.12. The UV spectrum show
maximum absorbance of 1.212 at wavelength (A max) 410 nm. Which confirms the wavelength

of tetracycline, further experimentation was done by using same wavelength.

| Scan Spectrum Curve]
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Figure 4.12: UV Absorbance Spectra of Tetracycline

To derive the following formula (Absorbance (y) = 0.032x + 0.048) calibration curve was
developed through UV spectrophotometer using serial dilutions of the tetracycline stock solution

of 5 ppm as curve is shown in Figure 4.13.

Kemoval of retracyciine group or antibiotics by composite of 1102 Page 48



MTameclaae O Minaicaniman

Figure 4.13: Calibration Curve (5 ppm) for Tetracycline in ethanol
4.3 Photocatalytic Experiment

Photocatalysis was carried out with pure and composite of TiO,-AC of different molar ratios 1, 2
and 3% at room temperature. The removal efficiencies of pure and nano composite of TiO,-AC
were calculated by taking 1 ml of 5 ppm tetracycline solution into 100 ml reagent ethanol with

varying values of catalyst dose, pH and time duration.
4.3.1 Effect of catalyst dose on removal efficiency

Table 4.2 is showing initial concentrations of tetracycline and composites of different molar
ratios, absorption rates and removal efficiency of each composite. The results found after the

treatment are shown in the Table 4.2.

Table 4.2: Removal efficiencies of TiO;-AC nanoparticles used

TiOY/AC | TC Initial | Composite | Initial Final Initial | Final %
Composite Conc. Conc. Abs, Abs. Conc, | Conc. | Removal
(molar (mg/0.1L) | (mg/0.1L) Yo Y X Xt
ratio)
1% 2.2 250 1.212 0.610 | 36.375 | 17.56 51.72
500 1.212 0.623 | 36.375 | 14.07 61.31
700 1.212 0.176 | 36.375 4 89
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2% 22 250 1.212 0.552 | 36.375 | 15.75 56.70
500 1.212 0471 | 36.375 | 1045 71.26
700 1.212 0.89 36.375 | 1.281 96.48

3% 2.2 250 1.212 0.656 | 36.375 | 19.03 47.68
500 1.212 0.564 | 36.375 | 12.67 65.17
700 1.212 0.197 | 36.375 | 4.565 87.2

Different dose concentrations of catalysts were applied in the experiment to check the optimal
concentration value for catalyst. 250 mg/0.1L, 500 mg/0.1L and 700 mg/0.1L were the varying
amounts for 1, 2 and 3% catalysts as shown in figure 4.14, This is showing that highest
degradation is achieved through TiO,;-AC2 at catalyst dose of 700 mg/0.1L.
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Figure 4.14: Effect of composites dosage on TC removal
Removal efficiency of pure and nanocomposites of TiO,-ACz are given in Table 4.3.

Table 4.3: Removal Efficiencies of Catalysts

Nano particles TiO, TiO,-ACl1 TiO;-AC2 TiO,-AC3

Removal Efficiency (%) | 90 89 96.4 87.2
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These results are comparable to the previously published results of Zhang and his co-researchers
(2015) in which they proved that with the increase in the dose of catalyst, more removal

efficiency could be achieved (Zhang ez al., 2015).

Tetracycline concentration was checked after every 30 minutes by measuring the absorbance of
the solution, at 410 nm, and comparing the absorbance with the calibration curve. The best
results were obtained when experiments were performed with TiO2-AC2 in dark and under UV
light at room temperature, after 120 min, tetracycline concentration was found to be below 0.89

which was initially 1.212 (measured by UV-Vis Spectrometer-T80 pg Instruments).

410 nm wavelength was set to measure the absorbance of each solution and calibration curve
were drawn by plotting absorbance vs. concentration. The equation of the calibration curve was

as follows:
Absorbance (y) = 0.032x + 0.048
Having correlation coefficient (R%) 0.967.

This equation was used to find out the unknown concentrations of TC from the measured

absorbance values.

The removal efficiency of TC was expressed using following equation:

C1-C2
7 X 100%

Removal efficiency =

Cy and C; in this equation are representing the concentrations of TC before and after

photocatalytic reaction (Zhu et al., 2013).

Results proved that the most efficient catalyst was TiO,-AC with 2% molar ratio at 0.7g conc.
which showed 96.48 % removal efficiency. Rioja et al., (2012) worked on different medicines
sulfamethoxazole (SMX), carbamazepine (CBZ) and clofibric acid (CA) at concentration of
0.5pg/mL and same catalyst with 2% molar ratio with 0.5g/L. concentration was used to remove
these drugs at the concentration of 0.0005g/L from the river water. They were succeeded in 56-

80% removal of drugs by TiO,-AC composite and results of bare TiO, were 61%.

%
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4.3.2 Effect of pH on removal efficiency

The pH of the solution was one of the most essential affecting determinants on the removal
efficiency of the catalyst (Jiao et al., 2008). Thus adsorption of TC over TiO,-AC 2% catalyst
was tested at different pH by keeping all the other parameters constant. At 4, 7 and 8.7 pH the
efficiency removal was 25, 53 and 87% respectively. In the previous work of R.A. Palominos
and colleagues (2009), the effect of different pH values of the solution was also accessed for the
removal of same drug over TiO; and ZnO. They concluded that with increase in pH, the removal
efficiency increases. Most efficient degradation of TC was at 8.7 pH which can be explained by
the logic of charges on both TC and TiO; catalyst. Both are positively charged in acidic
conditions <4.3, negatively charged at 8.7 pH and produce repulsive effect. Results showed the
best possible values for catalyst and pH were 0.7 g/0.1L and 8.7, respectively, as shown in the
Table 4.2.
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Figure 4.15: Effect of pH on Tetracycline Adsorption
4.3.3 Effect of Time duration on Degradation

Whole experiment was of 120 min, however after every 30 min adsorption of tetracycline was
measured by taking 10 ml of working solution and its adsorption was measured by running the

sample into UV spectrophotometer. During the first half hour (time from 0 min-30 min) drug
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adsorption over composites was insignificant. After 60 min of reaction in the dark, the removal
efficiencies were 21, 24 and 30% respectively for catalysts. On 90 min of reaction, removal
efficiency increases to 45, 48 and 37% for 1, 2 and 3% respectively. Best results were achieved
after 120 min of experiment for Ti0;-AC 2% catalyst. With increased contact time between
pollutant and the catalyst, removal efficiency seemed to be increased in the literature as well
(Muthirulan et al., 2013).
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Figure 4.16: Effect of Contact time on degradation
4.3.4 Mechanism of TC degradation by TiO,/AC

TiO,-AC2 composite catalyst had better results for TC degradation as compared to bareTiO, and
other composites TiO,-AC1 and TiO,-AC3 as shown in the Table 4.2. Possible explanation for
this improvement could be the combined action of AC adsorption and TiO, photocatalysis.
Suggested mechanism for the photocatalytic degradation of TC by TiO,-AC is shown in Figure
4.17.
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Figure 4.17: Mechanism of TC degradation by TiO; supported on AC (Wang et al., 2009)

Activated carbon has large surface area with spongy structure, thus exhibiting high adsorption
capacity for organic molecules before they undergo by the process of photocatalysis by TiO;. In
TiO,-AC, TiO,; was deposited on the AC structure, because of this deposition more TC was
found on bare TiO, as compared to composite. The TC molecules deposited on TiO, surface
decreased with an increase in degradation of TC by the catalyst. The TC molecules first adsorbed
were now desorbed at AC surface, thus creating a adsorption-desorption mechanism. Therefore

the removal of TC was a synergistic effect of TiO, and AC (Wang et al., 2009).
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4.4 Reuse of Catalyst

The reusability of TiO,-AC2 nanoparticles had been checked by cycling experiments of TC

degradation. Same 5ppm solution of TC was prepared and treated: the concentration of TC and

used catalyst were 1mg and 0.7g/0.1L respectively. Same conditions including pH, temperature

and contact time was provided for this experiment. The results are shown in the following Table

4.4,
Table 4.4: Removal Efficiencies of TiO,-AC2 during 1% and 2™ cycle
TiO;-AC2 | TC Initial | Composite | Initial Final Initial Final | Removal
Conc. Conc. Abs. Abs. Conc. Conc. %
(mg/0.1L) | (mg/0.1L) Yo Yy Xo Xt
¥ 0.089 1.281 [96.48
2" (reuse) 2.2 700 1212 1557 36375 947 73.72

Results have shown that catalyst could be used for many successive cycles and favorable results

would be achieved in a cost effective manner.

Removal of Tetracycline group of antibiotics by composite of TiO:

Page 55

——— v mm




W/

Conclusions &
Recommendations




>
-

b

N4

S S g P . | ne—————

Chapter

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

This study showed that synthesized pure and nanocomposite of Titania and activated carbon
showed excellent Tetracycline removal efficiency. The following conclusions can be drawn from

this study.

e The synthesized pure and TiO,-AC showed excellent Tetracycline removal efficiency (up
. t0 96%).

e Combination of adsorption and photocatalysis is an effective treatment for Tetracycline
removal, from wastewater, down to trace levels.

e Among composites TiO2-AC2 gave the highest Tetracycline removal efficiency.

e The removal efficiency is dependent on pH, it is maximum at 8.7 pH and decrease by
moving on acidic side.

e On the reuse of TiOZH-A'CZ for the same solution of TC, 73.72% efficiency was achieve_d

for once. So, it’s a cost effective way to reuse the catalyst for three to four times.

5.2 RECOMMENDATIONS

The following are some recommendations for further studies

e As among composites TiO,-AC2 was found highly efficient and only 1, 2 and 3% molar
ratios of AC were tested, so the effect of further variation in AC percentage should be
looked by upcoming researchers.

e Effect of any competing species in the wastewater on the Tetracycline removal efficiency
of TiO,-AC should be checked. '

¢ Photocatalytic degradation of other antibiotics may be studied.

¢ The immobilization of Titania on other adsorbent should be checked.

e Determination of proper disposal method for the disposal of Tetracycline effluent.

. .. . _ ]
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