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ABSTRACT

The presence of ammoniacal nitrogen (NH3-N) can be detected in industrial, 
domestic and even treated wastewater. High concentration of this pollutant can cause 
eutrophication which leads to the growth of excessive algae on the water surface and 
subsequently affecting the aquatic life due to the lack of oxygen. In recent years, 
researchers have begun to explore the potential of agro-waste as adsorbent to remove 
the pollutant from wastewater. Papaya peel has been used due to its abundant 
availability and cheap cost. There are several successful studies in the removal o f dye 
and heavy metals by using papaya peel. However, no study has been conducted in 
removal of inorganic pollutant such as NH3-N. Understanding the capability of papaya 
peel to adsorb multiple pollutants can help in future studies in evaluating papaya peel 
adsorption capability in wastewater. In addition, utilization of peel waste also reduces 
the overall papaya peel waste. In this work, activated papaya peel capability to adsorb 
NH3-N was studied. The papaya peel was collected from local market, dried and heated 
up to 400 °C in the furnace and then activated by potassium hydroxide. The surface 
properties o f adsorbents were characterised using Fourier transform infrared 
spectroscopy, field emission scanning electron microscope, x-ray diffraction, and 
Brunauer-Emmett-Teller techniques. The adsorption process was carried out in batch 
mode considering different control parameters of initial pH (4-9), dosage of adsorbent 
(0.01-0.3 g), contact time (5-120 min), initial ammonium ion (NH4+) concentration 
(10 -150 mg/L) and temperature (25-65 °C). The final concentrations of NH3-N were 
determined using the Nessler method. The best condition with highest removal (42%) 
was obtained at pH 7, 50 mg dosage of adsorbent, 100 mg/L NH4+ concentration at 30 
min and 25 °C. Desorption and regeneration studies were additionally conducted to 
evaluate the reusability of the adsorbent. The experimental isotherm and kinetics data 
were evaluated using Langmuir, Freundlich, and Temkin isotherm models and pseudo- 
first-order and pseudo-second-order kinetic models to relate the mechanism o f 
adsorption ion and the activated carbon papaya peel powder. The data fitted well with 
the Freundlich model and the pseudo-second-order kinetic model. In addition, 
thermodynamic parameters such as enthalpy change (AH°= -9.627 kJ/mol), free 
energy changes (AG°= -0.851, -1.060, -1.385, -1.593, and -2.355 kJ/mol), and entropy 
change (AS°= 34.812 J/mol K) were also calculated. The result shows that the reaction 
occurred spontaneously with exothermic reaction under atmospheric condition. High 
percentage removal of NH3-N using Carica Papaya Activated Carbon compared to 
other agricultural waste confirmed that papaya peel potentially can be used as an 
alternative adsorbent for NH3-N removal.
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ABSTRAK

Kehadiran nitrogen berammonia (NH3-N) dapat dikesan di dalam industri, 
domestik dan juga air kumbahan terawat. Kepekatan yang tinggi untuk pencemaran ini 
boleh menyebabkan eutrofikasi yang membawa kepada pertumbuhan alga yang 
berlebihan di permukaan air dan seterusnya menjejaskan hidupan akuatik disebabkan 
oleh kekurangan oksigen. Kebelakangan ini, penyelidik telah mula menerokai potensi 
sisa agro sebagai bahan penjerap untuk membuang bahan pencemaran daripada air 
kumbahan. Kulit betik telah digunakan kerana ia mudah di dapati dalam kuantiti yang 
banyak dan murah. Terdapat beberapa kejayaan kajian dalam penyingkiran warna dan 
logam berat menggunakan kulit betik. Walau bagaimanapun, tiada kajian dijalankan 
dalam penyingkiran pencemaran bahan bukan organik seperti NH3-N. Memahami 
keupayaan kulit betik untuk menjerap pelbagai bahan pencemaran dapat membantu 
dalam kajian masa hadapan dalam menilai kebolehan penjerapan kulit betik dalam air 
kumbahan. Tambahan pula, penggunaan sisa kulit juga dapat mengurangkan jumlah 
sisa buangan kulit betik. Dalam kajian ini, keupayaan kulit betik teraktif untuk 
menjerap NH3-N telah dikaji. Kulit betik dikumpul dari pasar tempatan, dikeringkan 
dan dipanaskan sehingga suhu 400 C di dalam relau dan kemudian diaktifkan dengan 
menggunakan kalium hidroksida. Sifat-sifat permukaan bahan penjerap telah dicirikan 
menggunakan teknik-teknik spektroskopi inframerah transformasi Fourier, mikroskop 
elektron pengimbas pancaran medan, pembelauan sinar-x, dan Brunauer-Emmett- 
Teller. Proses penjerapan telah dijalankan dalam mod berkumpulan dengan 
mempertimbangkan parameter kawalan yang berbeza seperti pH (4-9), berat bahan 
penjerap (0.01-0.3g), masa tindakbalas (5-120 minit), kepekatan awal ion ammonia 
(NH4+) (10-150 mg/L) dan suhu (25-65 °C). Kepekatan akhir NH3-N telah ditentukan 
dengan menggunakan kaedah Nessler. Keadaan terbaik dengan penyingkiran tertinggi 
(42%) diperoleh pada pH 7, berat bahan penjerap 50 mg, kepekatan NH4+ 100 mg/L 
selama 30 minit pada suhu 25 °C. Kajian nyahserapan dan penjanaan semula juga telah 
dijalankan untuk menilai kebolehan gunapakai bahan penjerap. Ujikaji isoterma dan 
kinetik telah dinilai menggunakan model isoterma Langmuir, Freundlich dan Temkin 
dan model kinetik pseudo-kadar- pertama dan pseudo-kadar-kedua untuk mengaitkan 
mekanisma ion penjerapan dan serbuk bahan aktif kulit betik. Data mematuhi model 
Freundlich dan model pseudo-kadar-kedua dengan baik. Di samping itu, parameter 
termodinamik seperti perubahan entalpi (AH°=-9.627 kJ/mol), perubahan tenaga bebas 
(AG°= -0.851, -1.060, -1.385, -1.593, dan -2.355 kJ/mol), dan perubahan entropi 
(AS°=34.812 J/mol K) telah dikira. Keputusan menunjukkan tindak balas berlaku 
secara spontan dengan tindak balas eksotermik di bawah keadaan atmosfera. Peratusan 
penyingkiran NH3-N yang tinggi menggunakan karbon teraktif kulit betik berbanding 
sisa pertanian lain mengesahkan bahawa kulit betik berpotensi untuk digunakan 
sebagai bahan penjerap alternatif untuk menyingkirkan NH3-N.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Uncontrolled emission of ammoniacal nitrogen to the environment due to 

industrialisation and urbanisation has resulted in a major crisis worldwide. 

Ammoniacal nitrogen is an inorganic chemical that is extremely soluble in water and 

can exist either in unionised ammonia, NH3, or ammonium ion NH4+. This chemical 

has been found in various types of agricultural, municipal, domestic, and industrial 

wastewaters (Copcia et a l, 2010). Industries dealing with chemicals such as 

petrochemicals, textiles, electroplating, and metal finishing contributes to ammoniacal 

nitrogen pollution and its release to the environment, especially through wastewater 

discharges. The majority of these industries in Peninsular Malaysia are located in 

Klang Valley, Melaka, Johor Bahru, and Penang (Liang and Ni, 2009).

Ammonium is one of the main pollutants in municipal sewage and many 

industrial wastewaters. Naturally, aquatic systems need sufficient amount of 

ammonium, which is necessary to maintain balance of their biological growth. 

However, ammonium has been identified as a major toxicant to most organisms if the 

level of ammonium concentration is higher than the prescribed level which is stated in 

the Environmental Quality Act 1974, under Environmental Quality (Sewage and 

Industrial Effluents) Regulations 1979. This poses dangerous effects to living 

organisms such as harmful effects toward the human respiratory system and irritating 

the eyes, nose, and skin. It may also change the odour and taste of the polluted water
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Despite being harmful to human beings, the higher concentrations of 

ammonium in lakes and rivers may cause eutrophication which lead to growth of algae 

on the surface of water stream which push aquatic life to the brink of dangerous 

situations due to lack of oxygen for them to survive (Genava, 1986). In developed 

countries, a consensus for the final amount of ammonium in the final effluents needing 

treatment processes was reached, since ammonium has been identified as a major 

toxicant. According to Environmental Quality Act 1974, under second schedule of 

Environmental Quality (Sewage and Industrial Effluents) Regulations 1979, the 

threshold limit for ammoniacal nitrogen release in sewage discharge is 5mg/Ln. Under 

fifth schedule of the same regulation, effluent released to the industrial effluent must 

have a maximum 10mg/L and 20mg/L ammoniacal nitrogen according to standard A 

and standard B, respectively (EQA 1974 ).

Nowadays, researchers have developed some reliable methods to remove 

ammoniacal nitrogen from wastewater such as via biological and physicochemical 

treatments. However, due to the high concentration of ammoniacal nitrogen, biological 

treatment results in a lower percentage of removal (Carrerra et a l, 2003). Common 

physicochemical methods used for ammoniacal nitrogen removal are air stripping, 

reverse osmosis, chemical precipitation, ion-exchange, membrane filtration, and 

adsorption (Tchobanoglous et al., 2003). The ion exchange technique has received a 

significant amount of attention recently. However, due to technical constraints such as 

its complex process and the need for high operational costs, researchers have started 

searching for new alternatives (Jorgensen and Weatherley, 2003).

The adsorption process has been extensively employed by researchers as an 

environmentally friendly process to remove organic and inorganic compounds from 

the wastewater and this process is one of the alternative ways to replace the ion 

exchange process. Simplicity of process and high percentage removal of compounds 

has increased the popularity of this method among researchers. From a practical 

standpoint, adsorption is one of the effective ways to remove colour, odour, and 

organic and inorganic pollutants from wastewater. In this technique, the adsorbent is 

able to adsorb a certain mass of components onto its surface selectively (Hegazi, 2013). 

However, the pollutants are not eliminated but are transferred from the solution to the
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adsorbent, hence, recovery and regeneration of adsorbents have to be carried out 

(Jiuhui, 2008). There have been various studies focusing on the removal of 

ammoniacal nitrogen from wastewater using the adsorption process. Among the 

adsorbents that are capable of removing ammoniacal nitrogen are mineral materials 

such as clay and zeolites (Rozic et al., 2000), limestone (Aziz et al., 2004), carbon- 

zeolite composite (Halim et al., 2010) and organic acid modified activated carbon 

(Halim et al., 2013).

Recently, adsorption using agro-waste-derived material has been shown to be 

very promising worldwide. New composite adsorbents using agro-waste material and 

activated carbon derived from this material has been widely used by researchers. 

Utilisation of such materials also have advantages such as being inexpensive, readily 

available, and simple to use (Hossain et a l, 2012). The main contents in agricultural 

waste are hemicellulose, lignin, lipids proteins, simple sugar, water, and hydrocarbon 

that contains a variety of functional groups, which show potential ion binding capacity 

(Bailey et al., 1999). Raw agro-waste material and its activated carbon adsorbents are 

a well-known alternative and effective adsorbent for the removal of various organic 

and inorganic pollutants in wastewater because of their good adsorption capability. 

The unique and versatile nature of the activated carbon relates to its extended surface 

area, micro-porous structure, and high degree of surface reactivity, and therefore 

makes the activated carbon globally well known (Ismadji and Bhatia, 2001). There are 

currently only a limited number of studies on the use of agro-waste materials to remove 

ammoniacal nitrogen. These studies have used bamboo charcoal (Li et a l, 2012), pine 

cones (Demirak et a l, 2015), and coconut shells as adsorbents (Boopathy et a l, 2013). 

The limited amount of studies is due to their resulting in a low removal percentage of 

ammoniacal nitrogen from the aqueous solution i.e. below 30 per cent. Therefore, to 

overcome this problem, activated carbon surface modification or the production of 

composite adsorbents is recognised as an attractive approach to improve the activated 

carbon adsorption properties of the agro-waste materials (Demirak et a l, 2015).

Generally, the surface of activated carbon is modified in the activation stage. 

The modification can be divided into three classes, which are biological, physical, and 

chemical modification. Among them, chemical modification exhibits higher
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adsorption capacities (Chen et al., 2003). Chemicals used for modification can be 

organic acid, oxidising agents, or organic compounds. A modifier can improve the 

adsorption process of these chemicals due to its higher number of active sites and 

formation of new functional groups such as hydroxyl, carboxylic acid, carbonyl, 

phosphate, and amine groups (Yeneneh et a l, 2011).

Papaya peel is an agro-waste that is discarded all over the world and considered 

useless. However, the other parts of the papaya such as its leaves, seed, root, seed, and 

pulp can bring a lot of medical benefits (Aravind et a l, 2013). According to the 

Department of Agriculture Malaysia (DOA, 2013), the production of papaya is 

increasing year-by-year. Papaya cultivation is located mostly in the Malaysian States 

of Johor (853.5 ha), Pahang (186.6 ha), Sarawak (182.0 ha), and Sabah (170.4 ha). 

Based on the report, Johor had the largest cultivation of papaya in recent years 

(16,108.9 metric tonnes). However, the high consumption rate of papaya produces 

high amounts of papaya peel waste, causing waste management problems. Therefore, 

using it as an alternative adsorbent can reduce solid waste generation. In addition, the 

other factor that makes papaya peel can be used as adsorbent is due to the chemical 

composition that consist of cellulose and lignin. This composition contains a variety 

of functional group such as hydroxyl and carbonyl that can helps in the ammonium ion 

binding. Recently, papaya peel has been evaluated as a new adsorbent to remove heavy 

metals such as chromium (IV) (Manjusha et al., 2012) and lead (II) (Abbaszadeh et 

al., 2014). However, there has been no study that has used papaya peel to remove 

ammoniacal nitrogen. This study would be the first of its kind, which recognises the 

potential of papaya peel in the removal of ammoniacal nitrogen.

1.2 Problem Statement

The presence of ammoniacal nitrogen can be detected in industrial and even 

treated wastewater. Discharge of this pollutant can lead to contamination of surface 

water. High concentrations of ammoniacal nitrogen in wastewater can cause 

eutrophication, which promotes excessive growth of algae in the water stream
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(Khamidun et a l, 2014). According to statistics released by the Department of 

Environment (DOE, 2014), the number of polluted rivers with ammoniacal nitrogen 

has increased by 8% from 2013 to 2014 and this number is expected to grow since the 

water quality caused by NH3-N can be associated with the discharge of treated and 

untreated sewage, which is also on the increase. Thus, wastewater, which contains a 

high concentration of ammoniacal nitrogen, needs to be treated before being 

discharged into the water stream.

Ion-exchange and adsorption are the common methods used by industries to 

remove ammoniacal nitrogen. However, ion exchange methods have disadvantages 

such as their low abundance and high operational costs (Demirak et al.,2015). Hence, 

the use of adsorption has increased in popularity among researchers. In recent years, 

researchers have begun to explore the use of agro-waste as adsorbents and the activated 

carbon derivation from this material because of its abundant availability and cheap 

cost. In addition, agro-waste materials contain lignin and cellulose, which are 

associated with functional groups such as carbonyl and hydroxyl that are able to 

participate in the adsorption process (Gonen and Serin, 2012).

The papaya fruit is widely cultivated and typically consumed directly as edible 

fruit. It can also be used as an ingredient for cosmetics or medical purposes. The 

papaya peel has thus generated a significant amount of waste from restaurants, pickled 

manufacturing, and even cosmetics manufacturers. There is now an increased usage of 

papaya wastes such as utilisation of its leaves and seeds. However the peel still remains 

as waste. There have been very few publications on the utilisation of the papaya peel. 

Recently, utilisation of papaya peel as an adsorbent to remove heavy metals and dyes 

was successfully conducted by Manjusha et al. (2012), Teja et al. (2013), and 

Abbaszadeh et al. (2016). In their study, chromium (VI), methylene blue, and lead, 

were respectively removed using the papaya peel. However, no study has been 

conducted to evaluate papaya peel efficiency in removing inorganic pollutants such as 

ammoniacal nitrogen. Understanding the capability of the papaya peel to also adsorb 

inorganic pollutants can help in future studies in evaluating papaya peel adsorption 

capability in wastewaters, which are contaminated with multiple pollutants. In addition, 

utilisation of peel waste also reduces overall papaya waste. The major characteristic of
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papaya peel that contributes in the ammoniacal nitrogen removal is its chemical 

composition that consists of cellulose and lignin. This composition contains a variety 

of functional group such as hydroxyl group (O-H), hydrocarbon group (C-H), carbonyl 

group (C=O), and ether group (-O-) (Rachtanapun, 2009). These groups have the 

ability to donate the electron which is negative charge and combine with the 

ammonium ion which is positively charge (Hadi et a l, 2011). Due to these 

characteristics, it is expected that papaya peel may have good potential in adsorbing 

ammoniacal nitrogen.

In this study, the efficiency of the papaya peel waste and its activated carbon 

in adsorbing ammoniacal nitrogen from an aqueous solution was studied. The 

following is the problem statement of this research:

Given the increasing amounts o f papaya peel waste, this research aims to 

develop activated carbon adsorbentfrom the papaya peel. The suitability o f either acid 

or alkaline modification will be studied. The efficiency o f the new adsorbent in 

ammoniacal nitrogen removal from aqueous solutions and its optimal operating 

conditions will be determined. The most suitable isotherm, kinetic, and thermodynamic 

model, which represent the adsorption process, will be evaluated.

1.3 Research Objectives

The main research objective is to study the efficiency of activated carbon 

adsorbent from the papaya peel in removing ammoniacal nitrogen from aqueous 

water. In order to achieve the main objective, other objectives for this study are 

derived, as follows:

i) To characterise the surface properties and area of activated papaya peel before 

and after adsorption of ammoniacal nitrogen from the aqueous water.

ii) To determine whether acid or alkali is the best chemical activation agent to 

improve the surface properties and area of the papaya peel.
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iii) To investigate the performance of the synthesised activated carbon in the 

removal of ammoniacal nitrogen via the adsorption parameters of pH, contact 

time, adsorbent dosage, temperature, and initial concentration of ammoniacal 

nitrogen in the solution.

iv) To determine the best adsorption equilibrium isotherm, kinetic, and 

thermodynamic model that can best correlate with the activated carbon papaya 

peel adsorbent.

1.4 Scope of Work

In order to achieve the objective of this research, the scope of the work is defined, 

as follows:

i. Characterise the surface morphology of the adsorbent before and after 

adsorption, the functional groups of papaya peel, papaya peel surface area, 

the crystallinity of papaya peel, and elemental analysis using Field 

Emission Scanning Electron Microscope (FESEM), Fourier Transform 

Infrared Spectroscopy (FTIR), Brunauer-Emmett-Teller (BET), X-ray 

diffraction (XRD), and Energy-dispersive X-ray spectroscopy (EDX), 

respectively.

ii. Determine the best activating agent to modify the papaya peel surface 

properties and surface area using a chemical activation method with six 

chemicals, which are phosphoric acid, nitric acid, acetic acid, sodium 

hydroxide, potassium hydroxide, and calcium chloride.

iii. Determine the optimal adsorption parameters that maximise the adsorption 

of ammonium ion using the activated carbon papaya peel in batch 

experiments such as the effect of initial pH (4-9), contact time (5-120 

minutes), adsorbent dosage (0.01-0.3g), temperature (25-65°C) and initial 

concentration of ion (10-150 mg/L). The concentration of ammonium ion 

before and after adsorption is evaluated via the Nessler method using a 

spectrophotometer (DR 6000 Hach).
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iv. Analyse ammoniacal nitrogen adsorption parameters in correlation with the 

existing isotherm models such as the Temkin, Langmuir, and Freundlich 

kinetics models, in terms of pseudo-first order and pseudo-second order 

and analyse the spontaneity of the adsorption process, enthalpy, as well as 

entropy in the thermodynamic part of the study.

v. Evaluate the desorption and regeneration process of the activated carbon 

papaya peel using hydrochloric acid and sodium hydroxide as desorbing 

agents.

vi. Perform a batch experimental study using real industrial wastewater in 

Malaysia to test the efficiency of removal ammonium ion.

vii. Compare the cost between using the new adsorbent and using commercial 

activated carbon.

I .> Significance of Study

The significance of study for this work include:

i. Determination of an alternative way to reduce papaya peel waste by converting 

it into a bio-adsorbent.

ii. Understanding the capability of adsorbent derived from papaya peel for 

ammoniacal nitrogen removal from wastewater.

iii. The acquisition of optimum operating parameters for using papaya peel-based 

adsorbent for ammoniacal nitrogen removal from wastewater.

iv. A solution to reduce the concentration of ammoniacal nitrogen released to the 

water stream and subsequently reduce the pollutants that can harm human 

health and are hazardous to the environment.
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