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ABSTRACT

The presence of trace amounts of pharmaceutical waste in the environment
has become a concern among the environmental community and scientist.
Paracetamol (acetaminophen, ACT) and aspirin (acetylsalicylic acid, ASA) are the
most common pharmaceutical waste that have been detected in wastewater and
surface water throughout the world. In recent years, researchers have begun to
explore the potential of organic waste as an adsorbent in adsorption process to
remove the pollutant from wastewater. In this study, activated carbon derived from
chicken bone waste was synthesized and characterized to compare with present
organic waste adsorbent. The prepared adsorbent; bone char and activated carbon,
were used to remove ACT and ASA from aqueous solution. Finally, the effectiveness
of the adsorbent prepared to remove ACT and ASA was studied. The chicken bone
was collected from a food stall, dried and heated up to 500 °C in the furnace prior to
being activated by phosphoric acid. The surface properties of adsorbents were
characterized using Fourier transform infrared spectrophotometer, scanning electron
microscopy and Brunauer-Emmett-Teller. The adsorption process was carried out in
batch mode affected by different parameters; contact time (60-300 minutes), dosage
(0.05-0.2 @), pH (2-11), initial concentration (1,000-5,000 mg/L) and temperature
(25-70 °C). The highest removal percentage was ACT (94.7 %) followed by ASA
(92.78 %). Both pharmaceuticals waste were efficiently removed using activated
carbon chicken bone compared to bone char. The experimental isotherm and Kinetic
data were evaluated using Langmuir and Freundlich isotherm models and pseudo-
first-order, pseudo-second-order and intra-particle diffusion Kkinetics models. The
experimental data obey the Freundlich isotherm model and pseudo-second-order
kinetic model. In a thermodynamic study, the adsorption of ACT occurred
spontaneously with the exothermic reaction while the adsorption of ASA occurred
with the endothermic reaction. The high percentage removal of ACT (94.7 %) and
ASA (92.78 %) using chicken bone based on activated carbon confirmed that
chicken bone can be potentially used as an alternative adsorbent for pharmaceutical
waste ACT and ASA.
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ABSTRAK

Kehadiran sejumlah sisa farmaseutikal dalam persekitaran telah mendapat
perhatian di kalangan ahli alam sekitar dan saintis. Parasetamol (asetaminophen,
ACT) dan aspirin (asid asetailsalisailik, ASA) adalah sisa farmaseutikal yang biasa
dikesan di dalam air kumbahan dan pada permukaan air di seluruh dunia.
Kebelakangan ini, penyelidik telah mula untuk menerokai potensi sisa organik
sebagai bahan penjerap dalam proses penjerapan untuk membuang bahan
pencemaran tersebut daripada air kumbahan. Dalam kajian ini, karbon aktif
dihasilkan daripada sisa tulang ayam telah disintesis dan dicirikan bagi membuat
perbandingan dengan penjerapan sisa organik yang sedia ada. Penjerap yang
disediakan iaitu arang tulang dan karbon aktif telah digunakan untuk penyingkiran
ACT dan ASA daripada larautan akueus. Akhir sekali, keberkesanan penjerap yang
disediakan untuk menyingkirkan ACT dan ASA telah dikaji. Tulang ayam dikumpul
dari gerai makanan, dikeringkan dan dipanaskan sehingga suhu 500 °C dalam relau
dan kemudian diaktifkan dengan menggunakan asid fosforik. Sifat-sifat permukaan
bahan penjerap telah dicirikan dengan menggunakan spektroskopi transformasi
inframerah Fourier, mikroskop imbasan elektron dan Brunauer-Emmett-Teller.
Proses penjerapan telah dijalankan dalam mod kelompok yang dipengaruhi oleh
beberapa pemboleh ubah yang berbeza seperti masa tindakbalas (60-300 minit), dos
(0.05-0.2 g), pH (2-11), kepekatan awal (1,000-5,000 mg/L) dan suhu (25-70 °C).
Peratus penyingkiran tertinggi ialah ACT (94.7%), diikuti oleh ASA (92.78%).
Kedua-dua bahan farmaseutikal berkesan disingkirkan dengan menggunakan karbon
teraktif tulang ayam berbanding arang tulang. Ujikaji isotem dan data Kinetik telah
dinilai menggunakan model isotem Langmuir dan model isotem Freundlich dan
model Kkinetik pseudo-tertib-pertama, pseudo-tertib-kedua dan model kinetik
penyebaran intra-zarah. Data ujikaji mematuhi kepada model isoterm Freundlich dan
model kinetik pseudo-tertib-kedua. Dalam kajian termodinamik, penjerapan ACT
berlaku secara spontan dengan tindak balas eksotermik manakala penjerapan ASA
berlaku dengan tindak balas endotermik. Peratusan tinggi penyingkiran ACT (94.7%)
dan ASA (92.78%) menggunakan karbon teraktif berasaskan tulang ayam
mengesahkan bahawa tulang ayam berpotensi digunakan sebagai penjerap alternatif
untuk menyingkirkan sisa farmaseutikal ACT dan ASA.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

In a world with advanced technology, a very low concentration of new
emerging pollutants has been detected by scientists around the world using new and
advanced analytical instruments with several techniques. Emerging contaminant is
any synthetic or naturally occurring chemical or any microorganisms that are not
commonly monitored in the environment but they have the potential to enter the
environment and cause known or suspected adverse ecological and human health
(Fawell and Ong, 2012). There are numerous types of emerging contaminants
including human and veterinary pharmaceutical, personal care products, pesticides,
endocrine disruptive compound, and micro-constituents. These emerging
contaminants may enter the water environment through various routes including the
agricultural, industrial and urban channel. Various ranges of the emergent pollutants
have been detected in the water environment at low concentration that is commonly
in nanogram per liter range. This low concentration of emerging pollutants in natural
water and drinking water may not cause an immediate fatal effect to humans but it

may lead to a dangerous impact on human health in the long term.

Pharmaceuticals and Personal Care Products (PPCPs) is one of the most
common emergent pollutants present in wastewater and drinking water. Several
research studies showed that over 30 mg/L of pharmaceutical waste was discharged
into rivers and lakes close to industrial outlets (Fawell and Ong, 2012). Paracetamol
(acetaminophen) and aspirin (acetylsalicylic acid) are most widely used in our
society as analgesic and anti-inflammatory drugs which are pain-controlling and
fever-reducing. The presence of both drugs in the environment especially in
wastewater and drinking water can cause ecological effects because their continuous

introduction into the environment can lead to overwhelming transformation rates.



Several research studies showed that acetaminophen and acetylsalicylic acid
were known to be present as high as nanogram per liter. It was found that
acetaminophen had the highest concentration detected in Langat River, Malaysia,
which was 350.3 ng/L in correspondence to the concentration of acetaminophen
detected in Spain which was 250 ng/L and exceeded 1 pg/L concentration of
acetaminophen detected in the UK (Al-Odaini et al., 2013).

Removal of PPCPs from wastewater and drinking water has become a
challenge among the community since there is no effective method to remove a
variety of range of PPCPs from the water. It had been reported that conventional
wastewater treatment plant was not adequate to eliminate PPCPs residues from the
water. Several research studies showed that coagulation and filtration in
conventional wastewater treatment processes were not the appropriate methods to
eliminate PPCPs while disinfection process had been reported to only be able to
remove some PPCPs (Shi et al., 2013). Typically, some treatments have been
implemented to eliminate PPCPs including adsorption, advance oxidation process,
nano-filtration and reverse osmosis membrane but some disadvantages have arisen
from these methods including high investment and maintenance cost, the formation
of secondary pollutant, and complex operation procedure. For example, the removal
of PPCPs by advanced oxidation process can cause the formation of oxidation by-
product (Grassi et al., 2012). However, the adsorption process has shown good
potential in the removal of the emerging pollutants since its operation does not form

any undesirable by-products.

The adsorption process is the most favorable technique in the removal of
pollutants in wastewater treatment compared to other techniques in terms of
simplicity of design and operation; its operation does not produce undesired by-
product. There are many adsorbents which can be used including soils, clays, silica,
and hydrous oxides, but activated carbon has been chosen as an adsorbent to adsorb
the low concentration of pollutants due to their unique characteristics which contain
high surface area and highly-developed porous network making them able to react
with other heteroatoms and creating a variety of surface functionalities on its

surfaces. The greatest challenge in the implementation of activated carbon is their



high production cost for a large industrial scale. Hence, several research studies
were made to produce activated carbon by using waste materials as the precursor
such as coffee residues (Laksaci et al., 2017), rice hulls (Mukoko et al., 2015), fruit
seeds and shells (Verla et al., 2012), wood (Chojnacka and Michalak, 2009), corn
cob (Okeola and Odebunmi, 2010), bamboo (Liu et al., 2010) and animal bone
(Djilani et al., 2016).

In 1990s, the global demand for meat reported by the Australian Chicken
Meat Federation (ACMF) was 173 million tonnes, of which poultry made up 23%.
However, the annual global demand for meat increased to 285 million tonnes in
2010, with poultry now comprising of 35% or 100 million tonnes of this (Mcdonald,
2013). In Poultry Trend 2018, world poultry production are nearly at 123 million
tons, lead United State, China and Brazil (Poultry Trend, 2018). In Malaysia, the
production and consumption of poultry showed an increasing pattern from 1960 to
2014 and it is expected to increase annually (Nor and Rosali, 2015). In a study
conducted (Samsuddin et al., 2015), the total number of chicken meat production
increase from 217, 227, 467 in 2010 to 268, 242 584 in 2012. The study showed that
the demand for chicken was higher throughout the year. The increase of poultry
production has contributed to the increase of poultry waste products such as chicken
bone wastes. Chicken bone wastes are as abundant as food and organic wastes in
municipal solid wastes which are fulfilling the landfill. The abundance of chicken
bone wastes in the landfills are attributed by everyday consumption of chicken in
human food. Since chicken bone is abundantly available and priceless, it is an

advantage to use it as raw material to produce useful products.

1.2 Problem Statement

Pharmaceuticals are one of the emerging contaminants that have been widely
used around the world with an important role in the treatment and prevention of
diseases in both human and animal. Paracetamol (acetaminophen, ACT) and aspirin
(acetylsalicylic acid, ASA) are known as the most widely used drugs around the

world to reduce fever and pain. These drugs will be excreted by the body after the



administration and absorption by the body to the sewage system via urine and feces
and reach the wastewater treatment plant. The occurrence of these drugs in the
environment has contributed to adverse effects, including acute and chronic damage,
accumulation in tissues, reproductive damage, inhibition of cell proliferation, and
behavioral changes although their occurrences have been detected in low
concentration (Wu et al., 2012).

Questions have risen among the community concerning the effective
treatment process to remove this low concentration of pharmaceuticals from
drinking water and wastewater. As reported in the previous study, advanced
oxidation process has been widely used in the industry to remove all these pollutants
(Grassi et al., 2012). However, the drawbacks of this method, including the harsh
reaction conditions, the formation of secondary pollutants and the high operational
cost have made it not a favorable method to remove these pollutants. In the case of
pharmaceuticals, conventional wastewater treatment has been demonstrated to not
be effective to eliminate and/or degrade the majority of these compounds and they
are only partially removed, therefore residual quantities remain in the treated water

and have been found to accumulate in drinking water.

The adsorption process is the most preferable method by the industry being
activated carbon as the adsorbent to remove the emerging pollutants. A review study
has been made by a researcher regarding new approaches to remove pharmaceuticals
from wastewater. The study states that the adsorption method is the most efficient
method to remove pharmaceutical waste since it has a simple design, cost-effective
and unaffected by toxicity (Kyzas et al., 2015). However, the utilization of activated
carbon on large scale industrial processes in the adsorption process is limited
because of the high cost in the manufacturing of activated carbon. Consequently,
many industrials take other alternatives by replacing the activated carbons with cost-
effective adsorbents such as sepiolites and diatomites even though their removal

efficiency is much lower than activated carbon.

The economic cornerstone for the use of activated carbon in advanced water

treatments based on adsorption process can be overcome by replacing the raw



materials of the activated carbon with non-expensive materials to lower the
production cost of activated carbon. In this sense, synthesis of solid waste materials
as a precursor of adsorbent as an attractive approach in sustainable management and
economic availability on the utilization of residues as precursors of carbon adsorbent
IS an interesting strategy that enables researcher to deal with problems regarding
solid waste disposal and recycling since its production extremely increases each year
due to the increase of the Malaysian population.

Food and organic waste is the main component of municipal solid waste in
Malaysia comprising approximately half of the total municipal solid waste (Johari et
al., 2014). The utilization of chicken bones as the precursors of activated carbon
preparation is able to overcome the cost of activated carbon manufacturing to reduce
the everyday waste disposal since it comprises of food waste. In Australia, an
average of 50 kg of chicken was consumed by each person per year (Znad and
Frangeskides, 2014) while the trend of chicken consumption in Malaysia was seen
to be increasing from 36 kg per capita in 2010 to 39 kg per capita in 2011
(Jayaraman et al., 2013) and poultry production and consumption was estimated to
increase by 24 % in 2013. The increase of poultry production and consumption has
contributed to the abundance of chicken waste and as a result, chicken bones can be
potentially used in this application. Apart from that, a previous study states that the
abundance of animal wastes can cause environmental impacts on water and air
pollution due to the methane emissions which contribute to global warming
(Whitely et al., 2006). The utilization of chicken bones is the best way to reduce the
cost of activated carbon manufacturing which consequently reduces the municipal
waste disposal issue. Apart from that, any study on the chicken bone as activated

carbon has not been reported especially as an adsorbent in pharmaceutical removal.



1.3 Objectives of the Research

The objectives of this study are as follows:

@ To synthesize and characterize activated carbon derived from chicken bone

adsorbent to compare with present organic based adsorbent

(b) To evaluate the effectiveness of chicken bone charcoal and chicken bone-
derived activated carbon on acetaminophen and acetylsalicylic acid removal

(c) To study the adsorption Kkinetics, adsorption isotherm and adsorption
thermodynamic of chicken bone-derived activated carbon on the removal of
acetaminophen and acetylsalicylic acid from an aqueous solution

1.4 Scope of Study

Activated carbon was prepared by two processes; (i) carbonization of raw
materials and (ii) chemical activation by using phosphoric acid (H3PO,). Firstly, the
raw material, chicken bones, were carbonized at 500 °C for one hour to produce
bone charcoal. After that, the bone charcoal in the form of powder was impregnated
by 0.5 M H3PO,. Finally, the activated carbon and the bone charcoal produced were
characterized using Fourier Transform Infrared Spectrophotometer (FTIR) to
identify the functional group present, scanning electron microscopy (SEM) analysis
to identify the surface morphology, and Brunauer-Emmett-Teller (BET) theory to

determine the specific surface area.

The effectiveness of chicken bone based activated carbon in removing
acetaminophen and acetylsalicylic acid was conducted by batch adsorption process.
The effect of several experimental parameters such as contact time (60-300
minutes), pH (2-11), activated carbon dosage (0.05-0.2 @), initial concentration
(1000-5000 mg/L), and temperature (25-70 °C), was studied on the removal of

acetaminophen and acetylsalicylic acid. The effectiveness of chicken bone based



activated carbon was determined based on the percentage removal of pharmaceutical
from the aqueous solution. The experiment was repeated with bone char using the
same parameter to compare the effectiveness of bone char (BC) and chicken bone
based activated carbon (AC).

Adsorption Kinetic study of bone char and chicken bone-derived activated
carbon was conducted by fitting the equilibrium data to the pseudo-first-order
equation, pseudo-second-order-equation, and intra-particle diffusion equation. Two
adsorption isotherm models were fitted to the equilibrium data which are Langmuir
isotherm model and Freundlich isotherm model. Finally, the adsorption
thermodynamic study was conducted by fitting the data of temperature effect to the
thermodynamic equation to determine the Gibbs free energy (AG), enthalpy (AH)
and entropy (AS) of the adsorption process.

1.5  Significant of Study

This study will be significant in wastewater treatment especially in
adsorption process due to its high efficiency in the removal of all types of pollutants.
This study is also beneficial to the industry in the manufacturing of large scale
activated carbon with low manufacturing cost. The use of chicken bones as the raw
material in the activated carbon manufacturing will also be significant to solid
disposal management. It will also serve as a reference for new researchers to find

other raw materials in the activated carbon manufacturing.



1.6  Thesis Organization

This thesis consists of 5 chapters and each chapter represents the sequence of
this research as described below.

Chapter 1 describes the overview of pharmaceutical wastes in wastewater
and common method used to remove the pharmaceutical wastes. This chapter
consists of the problem statement, the objectives of research, the scope, and the
significance of the research.

Chapter 2 covers the general and scientific knowledge on pharmaceutical
wastes, acetaminophen, acetylsalicylic acid, activated carbon, chicken bones, and
available treatment methods to remove the pharmaceutical wastes. This chapter also
covers the previous study on the removal of pharmaceutical wastes using different

types of activated carbon.

Chapter 3 consists of the methodology of research involving the
experimental procedure and the characterization method. This chapter describes the
experimental procedure to produce the adsorbent, evaluation of the adsorbent

performance, and characterization of the adsorbent used.

Chapter 4 covers the results obtained from this study based on the
experimental parameter tested. This chapter covers the results of adsorbent
performance on the removal of the pharmaceutical wastes by adsorption process
affected by several experimental parameters including contact time, pH of the

solution, adsorbent dosage, initial concentration, and temperature.

Finally, chapter 5 covers the conclusion of this study. In this chapter, the
conclusion on the performance of adsorbent and optimum condition for

pharmaceutical removal were identified.



1.7  Summary

Pharmaceutical wastes have been detected in wastewater, groundwater,
surface water, and drinking water at low concentration. The concentration has been
detected as low as nano to microgram per liter which may not cause an immediate
fatal effect to humans but it may lead to a dangerous impact on humans in the long
term.  Conventional wastewater treatment like sewage treatment which uses
physical, chemical and biological treatment is not adequate to remove the
pharmaceutical wastes. The adsorption process is the most effective treatment to
eliminate pharmaceutical wastes from the environment. In the adsorption process,
the pollutants will be adsorbed to the adsorbent called activated carbon. Activated
carbon can be produced from several raw materials such as chicken bones.
Therefore, in this study, chicken bones were used as the raw material to produce
activated carbon. The performance of the activated carbon produced was evaluated
in the adsorption process to remove acetaminophen and acetylsalicylic acid from

aqueous solution.
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