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ABSTRACT

The nitrogen compounds such as ammonia (NHz) and ammonium (NH;4") are
the most common pollutants in surface water, groundwater and wastewater. The
increasing amount of NH," in the source of water supply emitted from agricultural
activities, sewage and industries has caused problems to the existing drinking water
treatment system to remove it to meet the required drinking water standards. The
adsorption removal of NH;" using natural zeolites and thus the adsorptive
coagulation/flocculation process (ACF) was studied aiming for application in
drinking water treatment process. The natural zeolites (i.e. NZ01, NZ02, and NZ03)
were characterized using scanning electron microscope (SEM), X-ray diffractometer
(XRD), nitrogen adsorption-desorption (NAD) analyzer, Fourier transform infrared
spectrophotometer (FTIR), X-ray fluorescence (XRF) spectrophotometer. The cation
exchange capacity (CEC) of natural zeolites was also determined. The NH,;" removal
experiments  were conducted in batch adsorption and  adsorptive
coagulation/flocculation (ACF) methods carried out at various experimental
conditions. It was found that all natural zeolites used were of Clinoptilolite and
Heundlite types. Natural zeolite (NZ01) had the highest (64.42 cmol/kg) cation
exchange capacity (CEC) compared to NZ02 and NZ03 which both had 62.18
cmol/kg and 59.97 cmol/kg respectively. The time taken for NH," adsorption
performance to reach equilibrium was detected in 12 hours contact time with
adsorption capacity of 2.5mg/g observed at NH4" concentration of 20 mg/l and pH 7.
The high NH;" removal was observed at pH 8 with 2.76 mg/g adsorption capacity.
The NH," adsorption capacity increased with increasing the initial NH,"
concentration from 1 mg/l to 200 mg/l. Adsorption data followed the Langmuir
isotherm at 34.48mg/g maximum adsorption capacity and it shows that the surface of
NZO01 is homogeneous. The adsorption process obeys pseudo-second order Kinetic
models. The thermodynamic properties (AG, AS, and AH) were also studied at
different temperatures (30, 40, 50, 70C). The negative value of AH for NH,"
adsorption confirmed the process is exothermic in nature. The adsorptive
coagulation-flocculation (ACF) results revealed that the NH,;" removal increased
with adsorbent dosage, ranging from 0.2 to 2.0 mg/ml at 5 hours contact time. The
percentage removal of NH,4" in ACF for the effect of initial NH,;" concentrations (i.e.
1 mg/l, 20 mg/l, 50 mg/l and 100 mg/l) showed the increasing value up to 20%
efficiency compared to adsorption. The NH," adsorption isotherm data for ACF
followed the Temkin isotherm model and the kinetic adsorption data was observed to
obey a pseudo-second order. All these results demonstrate that the natural zeolites
can be potentially used for the removal of NH," in drinking water treatment process.
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ABSTRAK

Sebatian nitrogen seperti ammonia (NH3) dan ammonium (NH;") merupakan
bahan pencemar yang paling biasa dijumpai dalam air permukaan, air bawah tanah
dan air sisa. Peningkatan jumlah NH;" dalam sumber bekalan air yang berpunca
daripada aktiviti pertanian, kumbahan dan industri telah menimbulkan banyak
masalah kepada sistem perawatan air minuman yang sedia ada untuk menyingkiran
bagi mencapai tahap piawaian air minuman yang dibenarkan. Proses penyingkiran
penjerapan NH4" menggunakan zeolit semula jadi dan seterusnya proses penjerapan
pengentalan/pemberbukuan (ACF) telah dikaji bertujuan untuk digunakan dalam
proses perawatan air minuman. Zeolit semulajadi (NZ01, NZ02, dan NZ03) telah
dicirikan menggunakkan mikroskop imbasan elektron (SEM), pembalikan sinaran-X
(XRD), penganalisa penjerapan dan penyahjerapan nitrogen (NAD), spektroskopi
jelmaan Fourier inframerah (FTIR) dan spektrofotometer pendafluor sinar-X.
Keupayaan penukaran kation (CEC) zeolit semulajadi juga ditentukan. Ujikaji
penyingkiran NH;" telah dilakukan menggunakan penjerapan berkelompok dan
proses penjerapan pengentalan/pemberbukuan (ACF) pada pelbagai keadaan ujikaji.
Adalah didapati bahawa zeolit semulajadi yang digunakan ialah daripada jenis
Clinoptilolit and Heundlit. Zeolit semula jadi (NZ01) mempunyai nilai keupayaan
penukaran kation (CEC) paling tinggi iaitu 64.42 smol/kg berbanding NZ02, 62.18
smol/kg dan NZ03, 59.97 smol/kg. Masa yang diambil bagi proses penjerapan untuk
mencapai tahap keseimbangan adalah 12 jam dengan keupayaan penjerapan di catat
ialah 2.5 mg/g pada nilai kepekatan awal NH;* 20mg/I dan pH 7. Penyingkiran NH4"
yang maksimum diperolehi di pH 8 pada 2.76 mg/g keupayaan penjerapan.
Keupayaan penjerapan NH;" meningkat dengan peningkatan kepekatan awal NH,"
daripada 1 mg/l ke 200 mg/l. Data penjerapan mematuhi isoterma Langmuir pada
34.48 mg/g maksimum keupayaan penjerapan dan membuktikan bahawa permukaan
zeolit semula jadi adalah homogen. Proses penjerapan mematuhi model Kinetik
pseudo-peringkat kedua. Sifat termodinamik (AG, AS, dan AH) juga telah dikaji pada
empat suhu berlainan (30, 40, 50, 70<C). Nilai negatif AH mengesahkan bahawa
process penjerapan adalah bersifat luah haba. Keputusan ujikaji proses penjerapan
pengentalan/pemberbukuan (ACF) menunjukan penyingkiran NH;" meningkat
dengan kenaikan dos penjerap dari 0.2 to 2.0 mg/ml dalam masa 5 jam. Peratus
penyingkiran NH," dalam ACF untuk kesan ke atas kepekatan awal NH;" (1 mg/I, 20
mg/l, 50 mg/l and 100 mg/l) menunjukkan nilai keupayaan penjerapan meningkat
sehingga 20 peratus kecekapan berbanding proses penjerapan biasa. Data penjerapan
NH;" bagi proses ACF mematuhi isoterma Temkin dan mematuhi model kinetik
pseudo-peringkat kedua. Semua keputusan ini menunjukkan bahawa penjerap zeolit
semulajadi adalah berpotensi untuk digunakan bagi penyingkiran NH," dalam proses
perawatan air minuman.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

Ammonia (NH3) and ammonium (NH,") are considered as one of the
important atmospheric species (Katalin and Lajos, 1993). In aqueous environments,
ammonia usually occurs in the form of ammonium (NH;") (Ying and Kong, 2014).
This ammonium also can be the most abundant alkaline component which is
basically neutralizing a certain amount of the acid generated in the atmosphere by
undergoes oxidation of SO, and NOx (Katalin and Lajos, 1993). However, very high
concentration of NH," in aqueous environments as well as in raw surface water can
cause direct damage to both human and ecosystem (Zhang et al., 2013). This is
because the high amount of NH," content in surface water used for drinking water
will affect the taste and odor problems including the decreasing disinfection
efficiency (Zhang et al., 2013). Other than that, the high concentration of NH4" can
also be one of the potential reasons for the increasing concentration of nitrite (NO*)
via nitrification process (Umezawa et al., 2008). This problem can cause a serious
effect to the human health since the high amount of nitrate in the digestive tract can

lead to methemoglobinemia problems in human system (Umezawa et al., 2008).



On the other hand, as discussed by Liu et al. (2010) and Zhao et al. (2013),
the excessive amount of NH," in surrounding may contribute to many problems such
as decrease the dissolved oxygen, eutrophication effect and lakes or rivers becomes
more toxic. Ammonium compounds are emitted into the environment or surface
water system by various ways which include the discharge from agricultural
activities and mineral industries (Yang et al., 2013). In addition, the nitrogen
pollution which is mostly from agricultural over-application of synthetic fertilizers,
aquaculture, municipal wastewater, and mineral processing industries are basically
the main raw sources for NH4" pollution in aqueous environment. It is reported that
the other sources of NH;" contamination also include fertilizer runoff, sewage
releases into natural waters, and industrial releases (Buss et al., 2004). The presence
of NH," in surface water used for drinking water production is undesirable and has
increased the awareness of the government to reduce the acceptable limit of NH4"

content in drinking water.

The increasing water pollution problems due to the increasing amount of
NH,4" not only decline the quality of water but also threaten the human health plus
give a huge effect on aquatic habitat as well (Milovanovic, 2007). Therefore, by
considering the view that the serious health problems are directly depending to the
excess NH," in drinking water, many types of environmental regulatory agencies
have set a maximum contaminant level of NH," in drinking water (Bhatnagar and
Sillanpaa, 2011). As reported in Malaysia rivers and in drinking water treatment
plants, the a NH;" level of over 1.5 mg/L in raw and drinking water had exceed the
Malaysian regulation limits and this phenomenon caused serious impact to the water
treatment operation (Hasan et al., 2011). Ammonium is considered one of the most
harmful compound found in the environment, thus it is very important to remove it
from aqueous water before they are being supplied to the people. The increasing
amount of NH," in wastewater will highly effect the environment if it is discharged

without any treatment (Zhao et al., 2013).

Works by Peavvy et al. (1985) have shown that most of the existing water

treatments are only good in removing suspended solid, phosphorus, oil, heavy metals



and other contaminant in water sources but have some difficulties in the process to
remove NH;" content. This problem becomes the big issue to the environmental
agency since NH," is stated as one of highly toxic contaminant which it must be
clearly reduced and eliminated from the source of water supply. In addition, as for
now there is no suitable method for NH;" removal from drinking water treatment in
Malaysia (Abu Hasan et al., 2013). According to literature, generally this
contaminant may be removed physico-chemically (by chlorination, ion exchange, or
air stripping) or biologically (via an activated sludge system, trickling filter or
rotating biological reactor. These groups of treatments are conventionally applied for
the NH," removal in drinking water treatment process as presented by Ji et al.
(2007). In addition, the other traditional drinking water treatment method like
flocculation process also is not being able to remove NH,4" effectively (Li et al.,
2011). Other than that, the treatment by using biological filter is believed to be one of
effective method of NH4* removal but the method is highly cost and need for more

safety attention in handling the process.

As presented by Zhao et al. (2013), the biological method is not practically
uses in industrial application due to high cost for physical and chemical treatments
and also take long period in operation. As stated by Liu et al. (2010), comparing with
all the oldest drinking water treatment process used to remove NH,", adsorption has
received a huge attention of scientists in many years because of many reasons such
as simplicity of operation, low cost of operation, economically feasible and also
environmentally friendly (Moussavi et al., 2011). One of the most important issues
of adsorption method is to have the effective, natural, low-cost materials to act as a
cost effective adsorbents in adsorption process (Shavandi et al., 2012). As defined by
Yin and Kong (2014), organic resins and natural or modified zeolites are considered
to be effective adsorbents for removing NH,* from wastewaters because of their high
cation exchange capacity (CEC). However, according to literature, among various
adsorbents such as carbon, nanotube, fly ash, iron, cementite and activated charcoal,
the most attractive adsorbents reported in many studies are zeolites (Zhao et al.,
2013).



There are more than hundreds types of naturally occurring zeolites in this
century (Coruh, 2008). Natural zeolites have been proven to be one of effective
adsorbents as ammonium removal because they have high ion exchange capacity,
selectivity and compatibility with the natural environment (Sarioglu, 2005). Natural
zeolites have some advantages as compared to other adsorbents including their
physical structure which are basically porous aluminosilicate minerals containing
exchangeable alkali or alkaline-earth metal cations (normally Na, K, Ca, and Mg),
molecular sieve properties, high surface area and have strong sorption capabilities
(Wang and Peng, 2010). Because of these criteria, natural zeolites becomes as one of
promising adsorbent media that have high potential application as a metal ion
adsorbent as discussed by Shavandi et al. (2012). Different varieties of zeolites from
across the world have been studied and the uses of natural zeolites for NH,; removal
have also been published and reviewed by many researchers in recent years
(Watanabe et al., 2004).

1.2 Problem Statement

An inorganic pollutant such as NH,4" is the main problem in drinking water
treatment plants (DWTPs). The pollutant exists in water via naturally creation,
domestic effluents and sludge discharge. Basically, NH;" is formed at low
concentration through nitrogen mineralization process from organic matters (Hasan
et al., 2011). Once, the drinking water is contaminated by high NH," source, the
NH," levels increased to a high concentration exceeding the Malaysian regulated
standard limit. However, current methods use for NH," removal including air
striping, reverse osmosis, chemical precipitation, break-point chlorination, ion
exchange and biological nitrification are surrounding by many disadvantages such as
they are not practically uses in industrial application due to high cost and also require
for more safety attention in handling the process. Hence, adsorption method becomes

the chosen treatment because of simple process and low operation cost.



Besides, the selection of natural zeolite as potential adsorbent become the
best alternatives due to their physical structure that have alkali or alkaline earth
cations reversibly fixed in the cavities which can easily be exchanged by surrounding
positive ions (NH;") (Zheng et al., 2008). Natural zeolites also are very cheap
material and also can be easily obtain in large quantities all around the world
(Sprynsky et al., 2005). The main features of zeolites as promising good adsorbent
are having high ion exchange capacity, porous structure and high molecular sieve.
According to the previous study, the discovery of natural zeolites deposits have lead
to an increasing use of these minerals for the purpose of eliminating, or at least
reducing the water pollution due to high NH," content in aqueous water (Wang et al.,
2007). However, zeolites from different sources have different ability in adsorption
capability then further research is required to determine the adsorption potential of

NH," from other types of zeolites.

The performances of NH," removal by using adsorption and natural zeolites
as adsorbent are the most promising treatment use in industry. However, the
combination processes of adsorption and coagulation-flocculation (ACF) have been
suggested to improve the NH;" removal by using natural zeolites as adsorbent. The
conventional treatment of coagulation and flocculation in drinking water treatment
plant involves the addition of chemicals or coagulants to alter the physical state of
dissolved and suspended solids and facilitate their removal by sedimentation (Duan
and Gregory, 2003; Verma et al., 2012; Matilainen et al., 2010). Thus, this study has
been conducted to investigate the combination of adsorption and coagulation or
adsorptive coagulation/flocculation (ACF) treatment where natural zeolites were
added into the solution together with the coagulants. As the new method, this process
has not highly been reported even though it was believed to give good results of
NH;" removal and thus, provide valuable statistical data for further process
development. Moreover, each zeolite material has its special characteristics and still
requires to be researched individually (Huang et al., 2010). Besides, the use of
natural zeolites in the combination process may offer better alternative or enhancing

the existing process for NH;* removal.



1.3 Research Objectives and Scope

The detailed objectives and scopes for this research are:

1) To characterize natural zeolite samples as adsorbents for NH,"

removal process.

Three types of natural zeolites from different sources namely NZ01, NZ02,
and NZ03 were used in the present study. The natural zeolite samples were
characterized using various techniques. The surface morphology of the natural
zeolite samples was characterized using scanning electron microscopy (SEM)
technique. The mineralogical analysis was carried out by X-ray diffraction (XRD)
and the chemical composition was determined by X-ray fluorescence (XRF). The
zeolite surface area was determined by Brunauer-Emmet-Teller (BET) method by
using N2 Adsorption/Desorption (NAD) analysis. The functional group of the zeolite
samples was determined by Fourier transform infrared (FTIR) spectrophotometer. In
addition, the cation exchange capacity (CEC) was also determined for all three

natural zeolite samples.

2) To determine the NH," adsorption performance by the natural zeolite

samples.

The concentration of NH4* removal by natural zeolite was measured by using
Uv-Vis spectrophotometer at 640nm wavelength. The isotherm and kinetic studies of
NH," adsorption were carried out using batch adsorption procedure. Several removal
parameters such as pH, contact time, dosage, temperature and initial NH;"
concentration were studied, followed by adsorption data analysis using adsorption
isotherm and kinetic models. The regeneration of the natural zeolites was also carried

out by using sodium chloride (NaCl) as desorption agent.



REFERENCES

Abdul Hussain, A. A., Guo, J. S., Liu, Z. P, Pan, Y. Y., and Al-Rekabi, W. S.
(2009). Reniew on Landfill Leachate Treatments. American Journal of Applied
Science, 6 (4), 672-684.

Abu Hasan, H., Sheikh Abdullah, S. R., Kamarudin, S. K., Tan Kofli, N., and Anuar,
N. (2013). Simultaneous and Mn," Removal from Drinking Water Using a
Biological Aerated Filter System: Effects of Different Aeration Rates.
Separation and Purification Technology, 118, 547-556.

Abu, H. H., Sheikh, A. S. R., Kamaruddin, S. K., and Kofli, N.T. (2011). Problems
of Ammonia and Manganese in Malaysian Drinking Water Treatments. World
Applied Sciences Journal, 12, 90-96.

Acero, J. L., Benitez, F. J., Real, F. J., and Teva, F. (2012). Coupling of Adsorption ,
Coagulation, and Ultrafiltration Processes for The Removal of Emerging
Contaminants in a Secondary Effluent. Chemical Engineering Journal, 210, 1—
8.

Akinbile, C.O. (2006). Hawked Water Quality and its Health Implications in Akure,
Nigeria. Botswana Journal of Technology, 15 (2), 70-75.

Alexander, J. T., Hai, F. I., and Al-Aboud, T. M. (2012). Chemical Coagulation-
Based Processes for Trace Organic Contaminant Removal : Current State and
Future Potential. Journal of Environmental Management, 111, 195-207.

Ali, M., Boubakri, H., Jellali, S., and Jedidi, N. (2012). Characterization of
Ammonium Retention Processes onto Cactus Leaves Fibers using FTIR , EDX
and SEM Analysis. Journal of Hazardous Materials, 24, 101-109.

Alothman, Z. A. (2012). A Review: Fundamental Aspects of Silicate Mesoporous
Materials. Journal of Materials, 5 (12), 2874-2902.



136

Alpat, S. K., Ozbayrak, O., Alpat, S., and Akcay, H. (2008). The Adsorption Kinetics
and Removal of Cationic Dye, Toluidine Blue O, from Aqueous Solution with
Turkish Zeolite. Journal of Hazardous Materials, 151, 213-220.

Alshameri, A., Yan, C., Al-Ani, Y., Dawood, A. S., Ibrahim, A., Zhou, C., and
Wang, H. (2014). An Investigation into the Adsorption Removal of Ammonium
by Salt Activated Chinese (Hulaodu) Natural Zeolite: Kinetics, Isotherms, and
Thermodynamic. Journal of the Taiwan Institute of Chemical Engineers, 45,
554-564.

Ammonia contamination at two plants cause of dry taps. (2014, February 13). The
Star. p.2.

Andrew, D., Eaton, Leanore, S. C., Arnold, E. G. and Mary, A. H. (1998). APHA,
Standard Methods for Examination of Water and Wastewater. (20"Ed.).
Washington, Dc: American Water Work Association.

Andrada, M., Bedelean, H., Burca, S., and Stanca, M. (2010). Evaluation of
Ammonium Removal Performances of Some Zeolitic Volcanic Tuffs from
Transylvania, Romania. Journal of Hazardous Materials, 117, 25-33.

Anirudhan, T. S., and Radhakrishnan, P. G. (2008). Thermodynamics and Kinetics of
Adsorption of Cu (Il) from Aqueous Solutions onto a New Cation Exchanger

Derived from Tamarind Fruit Shell. Journal of Chemical Thermodynamics, 40,
702-7009.

Antonio, P., Iha, K., and Sua rez-lha, M. E. V. (2007). Kinetic Modelling of
Adsorption of Di-2- Pyridylketone Salicyloylhydrazone on Silica Gel. Journal
of Colloid Interface Science, 307, 24-28.

Asghar, H. M., Hussain, S. N., Roberts, E. P. L., Campen, K., and Brown, N. W.
(2013). Pre-Treatment of Adsorbents for Waste Water Treatment Using
Adsorption Coupled-With Electrochemical Regeneration. Journal of Industrial
and Engineering Chemistry, 19, 1689-1696.

Baker, H. M., Massadeh, A. M., and Younes, H. A. (2009). Natural Jordanian
Zeolite: Removal of Heavy Metal lons from Water Samples using Column and
Batch Methods. Environmental Monitoring and Assessment, 157, 319-330.

Bao, Y., Niu, J., Xu, Z., Gao, D., Shi, J., Sun, X., and Huang, Q. (2014). Journal of
Colloid and Interface Science Removal of Perfluorooctane Sulfonate ( PFOS )
and Perfluorooctanoate ( PFOA ) from Water by Coagulation : Mechanisms

and Influencing Factors. Journal of Colloid and Interface Science, 434, 59-64.



137

Bathen, D. (2003). Physical Waves in Adsorption Technology: An Overview.
Separation and Purification Technology, 33, 163-17.

Barrabes, N., and Sa, J. (2011). Catalytic Nitrate Removal from Water, Past, Present
and Future Perspective. Applied Catalysis B: Environmental, 104, 1-5.

Berry, D., Xi, C., and Raskin, L. (2006) Microbial Ecology of Drinking Water
Distribution Systems. Current Opinion in Biotechnology, 17 (3), 297-302.

Bera, A., Kumar, T., Ojha, K., and Mandal, A. (2013). Adsorption of Surfactants on
Sand Surface in Enhanced Oil Recovery: Isotherms, Kinetics and
Thermodynamic Studies. Applied Surface Science, 284, 87-99.

Bhatnagar, A., and Silanpaa, M. (2011). A Review of Emerging Adsorbents for
Nitrate Removal from Water. Chemical Engineering Journal, 168, 493-504.

Bish, D. L., and Ming, D. W. (2001). Reviews in Mineralogy and Geochemistry.
Natural Zeolites: Occurence; Properties and Applications. Journal of
Mineralogical Society of America 45, 207-216.

Boopathy, R., Karthikeyan, S., Mandal, A. B., and Sekaran, G. (2013). Adsorption of
Ammonium lon by Coconut Shell-Activated Carbon from Aqueous Solution:
Kinetic, Isotherm, and Thermodynamic Studies. Environmental Science and
Pollution Research International, 20 (1), 533-42.

Broseus, R., Cigana, J., Barbeau, B., Martinez, C. D., and Suty, H. (2009). Removal
of Total Dissolved Solids, Nitrates and Ammonium lons from Drinking Water
Using Charge-Barrier Capacitive Deionization. Desalination, 249, 217-223.

Buss, S. R., Herbert, A.\W., Morgan, P., Thornton, S. F., and Smith, J. W. N. (2004).
A Review of Ammonium Attenuation in Soil and Groundwater Quarterly.
Journal of Engineering Geology and Hydrogeology, 37, 347-359.

Canafoglia, M. E., Lick, I. D., Ponzi, E. N., and Botto, I. L. (2009). Natural Materials
Modified with Transition Metals of The Cobalt Group : Feasibility in Catalysis.
Resumen, 97, 58-68.

Capasso, S., Salvestrini, S., Coppola, E., Buondonno, A., and Colella, C. (2005).
Sorption of Humic Acid on Zeolitic Tuff: A Preliminary Investigation. Journal
of Applied Clay Science, 28, 159-165.

Caputo, D., and Pepe, F. (2007). Experiments and Data processing of lon Exchange
Equilibrium Involving Italian Natural Zeolites: A Review. Microporous and
Mesoporous Materials, 105, 222-231.



138

Chatterjee, S., and Woo, H. S. (2009). The Removal of Nitrate from Aqueous
Solutions by Chitosan Hydrogel Beads. Journal of Hazardous Materials, 164,
1012-1018.

Cheung, W. H., Szeto, Y. S., and McKay, G. (2007). Intraparticle Diffusion
Processes during Acid Dye Adsorption onto Chitosan. Bioresource
Technology, 98 (15), 2897-904.

Chen, J., (2002). Analysis of Water Environment in The Xinjiang Arid Region. Arid
Environmental Monitoring, 16, 223-227.

Chen, Y., and Zhang, D. (2014). Adsorption Kinetics, Isotherm and
Thermodynamics Studies of Flavones from Vaccinium Bracteatum Thunb
Leaves on NKA-2 Resin. Chemical Engineering Journal, 254, 579-585.

Chen, Y., Liu, S., and Wang, G. (2007). A Kinetic Investigation of Cationic Starch
Adsorption and Flocculation in Kaolin Suspension. Chemical Engineering
Journal, 133, 325-333.

Chojnacki, A., Chojnacka, K., Hoffmann, J., and Gorecki, H. (2004). The
Application of Natural Zeolites for Mercury Removal: from Laboratory Tests
to Industrial Scale. Mineralogy Engineering, 17, 933-937.

Chutia, P., Kato, S., Kojima, T., and Satokawa, S. (2009). Adsorption of As (V) on
Surfactant Modified Natural Zeolites. Journal of Hazardous Materials, 162,
204-211.

Clarkson, C. R., and Bustin, R. M. (1999). The Effect of Pore Structure and Gas
Pressure upon the Transport Properties of Coal ; A Laboratory and Modeling
Study, Isotherms and Pore VVolume Distributions. Fuel, 78, 1345-1362.

Collos, Y., and Harrison, P. J. (2014). Acclimation and Toxicity of High Ammonium
Concentrations to Unicellular Algae. Marine Pollution Bulletin, 80 (1), 8-23.

Coruh, S. (2008). The Removal of Zinc lons by Natural and Conditioned
Clinoptilolites. Desalination, 225, 41-57.

Cross, J., Goswin, R., and Frickle, J. (1989). Mechanical Properties of SiO,-
Aerogels. Journal de Physique, 50, 4191-4196.

Coswami, S., and Ghosh, U. C. (2005). Studies on Adsorption Behavior of Cr (V1)
onto Synthetic Hydrous Stannic Oxide. Water SA, 31, 597-602.

Dada, A. O., Olalekan, A. P., Olatunya, A. M., and DADA, O. (2012). Langmuir,

Freundlich, Temkin and Dubinin—Radushkevich Isotherms Studies of



139

Equilibrium Sorption of Zn?* onto Phosphoric Acid Modified Rice Husk.
Journal of Applied Chemistry, 3 (1), 38-45.

Daniel, P. L. P. Performance of an Ammonia Stripper for Wastewater Treatment
(Ammonosulf Method). Master Thesis. Royal Institute of Technology; 2002.

Davies, J. M., Roxborough, M., and Mazumder, A. (2004). Origins and Implications
of Drinking Water Odours in Lakes and Reservoirs of British Columbia,
Canada. Water Research, 38, 1900-1910.

Demir, A., Gunay, A., and Debik, E. (2002). Ammonium Removal from Aqueous
Solution by lon Exchange using Packed Bed Natural Zeolite. Water SA, 28 (3),
329-335.

Demirbas, A., Pehlivan, E., Gode, F., Altun, T., and Arslan, G. (2005). Adsorption of
Cu(I), Zn(11), Ni(I1), Pb(ll), and Cd(Il) from Aqueous Solution on Amberlite
IR-120 Synthetic Resin. Journal of Colloid Interface Science, 282, 20-25.

Department of Environment (2009) Malaysian Environmental Quality Report (EQR),
22 pp

Diaz, N., C., Olguin, M. T., Solache-Rios, M. (2002). Water Defluoridation by
Mexican Heulandite—Clinoptilolite. Journal of Separation Science and
Technology, 37, 3109-3128.

Doula, M. K., and Dimirkou, A. (2008). Use of an Iron-Overexchanged Clinoptilolite
for The Removal of Cu," ions from Heavily Contaminated Drinking Water
Samples. Journal of Hazardous Materials, 151, 738—745.

Doula, M. K. (2009). Simultaneous Removal of Cu, Mn and Zn from Drinking Water
with The Use of Clinoptilolite and its Fe-Modified Form. Water Research, 43
(15), 3659-72.

Duan, J., and Gregory, J. (2003). Coagulation by Hydrolysing Metal Salts. Advances
in Colloid and Interface Science, 100, 475-502.

Du, Q., Liu, S., Cao, Z., and Wang, Y. (2005) Ammonia Removal from Aqueous
Solution Using Natural Chinese Clinoptilolite. Separation and Purification
Technology, 44 (3), 229-234.

Dural, M. U,, Cavas, L., Papageorgiou, S. K., and Katsaros, F. K. (2011). Methylene
Blue Adsorption on Activated Carbon Prepared from Posidonia Oceanica (L.)
Dead Leaves: Kinetics and Equilibrium Studies. Chemical Engineering
Journal, 168 (1), 77-85.



140

El Boujaady, H., Mourabet, M., Bennani-Ziatni, M., and Taitai, A. (2014).
Adsorption/desorption of Direct Yellow 28 on Apatitic Phosphate: Mechanism,
Kinetic and Thermodynamic Studies. Journal of the Association of Arab
Universities for Basic and Applied Sciences, 16, 64—73.

Elaiopoulous, K., Perraki, T. H., and Grigoropoulou, E. (2008). Mineralogical Study
and Porosimetry Measurements of Zeolites from Scaloma Area, Thrace,
Greece. Microporous and Mesoporous Materials, 112, 441-449.

Emmanuel, E., Pierre, M. G., and Perrodin, Y. (2009). Groundwater Contamination
by Microbiological and Chemical Substances Released from Hospital
Wastewater and Health Risk Assessment for Drinking Water Consumers.
Environmental Institutes, 35, 718-726.

Emmerson, K. R., Russo, R. C., Luna, R. E., and Thurston, R. V. (1981). Aqueous
Ammonia Equilibrium Calculation: Effect of pH and Temperature. Canadian
Journal Fisheries Aquatic Science, 32, 23-79.

Englert, A. H., and Rubio, J. (2005). Characterization and Environmental
Application of a Chilean Natural Zeolite. International Journal of Mineral
Processing, 75, 21-29.

Errais, E., Duplay, J., Darragi, F., M’Rabet, I., Aubert, A., Huber, F., and Morvan, G.
(2011). Efficient Anionic Dye Adsorption on Natural Untreated Clay: Kinetic
Study and Thermodynamic Parameters. Desalination, 275 (3), 74-81.

Fawell, J., and Nieuwenhuijsen, M. J. (2003). Contaminants in Drinking Water.
British Medical Bulletin, 68, 199-208.

Fernandes, A. N., Almeida, C. A. P., Debacher, N. A., and Sierra, M.M.D.S. (2010).
Isotherm and Thermodynamic Data of Adsorption of Methylene Blue from
Agueous Solution onto Peat. Journal of Molecular Structure, 982, 62-65.

Foltz, F. (1999). Science, Pollution and Clean Drinking Water: Choosing Between
Tap Water, Bottled Water, and Home Equipment. Bulletin of Science,
Technology and Society, 19, 300-9.

Furlan, F. R., Silva, L. G., Morgado, A. F., Souza, A. A. U., and Guelli Ulson de
Souza, S. M. A. (2010). Removal of Reactive Dyes from Aqueous Solutions
using Combined Coagulation/Flocculation and Adsorption on Activated

Carbon. Resources, Conservation and Recycling, 54 (5), 283-290.



141

Fu, Q., Zheng, B., Zhao, X., Wang, L., and Liu, C. (2012). Ammonia Pollution
Characteristics of Centralized Drinking Water Sources in China. Journal of
Environmental Sciences, 24 (10), 1739-1743.

Fu, F., and Wang Q (2011) Removal of Heavy Metal lons from Wastewaters: A
Review. Journal of Environmental Management, 92, 407-418.

Gedik, K., and Imamoglu, I. (2008). Removal of Cadmium from Aqueous Solutions
using Clinoptilolite: Influence of Pretreatment and Regeneration. Journal of
Hazardous Materials, 155, 385-392.

Gomez, H. L., Perez, P. J., Garcia, R., Chebude, Y., and Diaz, I. (2013). Natural
Zeolites from Ethiopia for Elimination of Fluoride from Drinking Water.
Separation and Purification Technology, 120, 224-229.

Gruszkiewicz, M. S., Simonson, J. M., Burchell, T. D., and Cole, D. R. (2005).
Water Adsorption and Desorption on Microporous Solids at Elevated
Temperature. Journal of Thermal Analysis and Calorimetry, 81, 609-615.

Gunay, A. (2007). Application of Nonlinear Regression Analysis for Ammonium
Exchange by Natural (Bigadi) Clinoptilolite. Journal of Hazardous Materials,
148, 708-713.

Guo, X., Wu, Z., and He, M. (2009). Removal of Antimony(V) and Antimony(l1)
from Drinking Water by Coagulation-Flocculation-Sedimentation (CFS).
Water research, 43 (17) 4327-35.

Hedstrom, A. (2011). lon Exchange of Ammonium in Zeolites. Journal of
Environmental Engineering, 127 (8), 673-681.

Huo, Z., Xu, X,, Lv, Z., Song, J., He, M., and Li, Z. (2012). Thermal Study of NaP
Zeolite with Different Morphologies. Journal of Thermal Analysis and
Calorimetry, 7, 1-5.

Ho, Y. S., Chiang, T. H., and Hsueh, Y. M. (2005). Removal of Basic Dye from
Aqueous Solution using Tree Fern as a Biosorbent. Process Biochemical, 40,
119-124.

Ho, Y. S., Porter, J. F., and McKay, G. (2002). Equilibrium Isotherm Studies for The
Sorption of Divalent Metal lons Onto Peat: Cu, Ni, and Pb Single Component
systems. Water Air Soil Pollution, 141, 1-33.

Huang, H., Xiao, X., Yan, B., and Yang, L. (2010). Ammonium Removal from
Agueous Solutions by Using Natural Chinese (Chende) Zeolite as Adsorbent.
Journal of Hazardous Materials, 175, 247-252.



142

Huang, X., Li, W., Zhang, D. and Qin, W. (2013). Ammonium Removal by a Novel
Oligotrophic Acinetobacter Sp. Y16 Capable of Heterotrophic Nitrification-
Aerobic Denitrification at Low Temperature. Journal of Hazardous Materials
146, 44-50.

Hussain, S., Van, L. J., Chow, C., Beecham, S., Kamruzzaman, M., Wang, D., and
Aryal, R. (2013). Removal of Organic Contaminants from River and Reservoir
Waters by Three Different Aluminum-Based Metal Salts: Coagulation
Adsorption and Kinetics Studies. Chemical Engineering Journal, 225, 394-
405.

Inglezakis, V. J. (2001). Effects of Pretreatment on Physical and lon Exchange
Properties of Natural Clinoptilolite. Environmental Technology, 22, 75-83.
Ivanova, E., Karsheva, M., and Koumanova, B. (2010). Adsorption of Ammonium
lons onto Natural Zeolite, Journal of the University of Chemical Technology

and Metallurgy, 45, 295-302.

Izidoro, J. D. C., Alves, D., Fernando, S., and Wang, S. (2012). Characteristics of
Brazilian Coal Fly Ashes and their Synthesized Zeolites. Fuel Processing
Technology, 97, 38-44.

Jaji, M. O., Bamgbose, O., Odukoya, O. O., and Arowolo, T. A. (2007). Water
Quality Assessment of Ogun River, South West Nigeria. Journal of
Environmental Monitoring and Assessment. 133, 473-482.

Javadian, H. (2014). Application of Kinetic, Isotherm and Thermodynamic Models
for the Adsorption of Co(ll) lons on Polyaniline/Polypyrrole Copolymer
Nanofibers from Aqueous Solution. Journal of Industrial and Engineering
Chemistry, 20 (6), 4233-4241.

Ji, Z. Y., Yuan, J. S., and Li, X. G. (2007). Removal of Ammonium from Wastewater
Using Calcium form Clinoptilolite. Journal of Hazardous Materials, 141, 483-
488.

Jiang, J. Q., (2001). Development of Coagulation Theory and Pre-Polymerized

Coagulants for Water Treatment. Journal of Separation and Purification, 30,

127-141.
Jin, X,, Yu, B., Chen, Z., Arocena, J. M., and Thring, R. W. (2014). Adsorption of
Orange Il dye in Aqueous Solution onto Surfactant-Coated Zeolite:

Characterization, Kinetic and Thermodynamic Studies. Journal of Colloid and
Interface Science, 435, 15-20.



143

John, F., and Mark, J. N. (2003). Contaminants in Drinking Water. British Medical
Bulletin, 68, 199-208.

Joseph, L., Flora, J. R. V., Park, Y. G., Badawy, M., Saleh, H., and Yoon, Y. (2012).
Removal of Natural Organic Matter from Potential Drinking Water Sources by
Combined Coagulation and Adsorption using Carbon Nanomaterials.
Separation and Purification Technology, 95, 64-72.

Junichi, M., Kim, J. Y., Yamada, H., Watanabe, Y., Tamura, K., Yokoyama, S., Cho,
S. B., Komatsu, Y., and Stevens, G. (2004). Alkali - Hydrothermal
Modification of Air - Classified Korean Natural Zeolite and their Ammonium
Adsorption Behaviors. Separation Science and Technology, 39, 3739-3751.

Kapoor, B. A. and Viraraghavan, T. (1997). Nitrate Removal from Drinking Water:
A Review. Journal of Environmental Engineering, 123, 371-380.

Kamanula, J. F., Zambasa, O. J., and Masamba, W. R. L. (2014). Quality of Drinking
Water and Cholera Prevalence in Ndirande Township, City of Blantyre, Malawi.
Journal of Physics and Chemistry of the Earth, 46, 102-137.

Karlsson, P. E., Ferm, M., Tommervik, H., Hole, L. R., Pihl Karlsson, G., Ruoho-
Airola, T., and Nihlgard, B. (2013). Biomass Burning in Eastern Europe during
Spring 2006 Caused High Deposition of Ammonium in Northern Fennoscandia.
Environmental Pollution, 176, 71-92.

Karapinar, N. (2009). Application of Natural Zeolite for Phosphorus and Ammonium
Removal from Aqueous Solutions. Journal of Hazardous Materials, 170, 1186-
1191.

Karadag, D., Koc, Y., Turan, M., and Armagan, B. (2006). Removal of Ammonium
lon from Aqueous Solution using Natural Turkish Clinoptilolite. Journal of
Hazardous Materials, 136 (3), 604-9.

Katsou, E., Malamis, S., Tzanoudaki, M., Haralambous, K. J., and Loizidou, M.
(2011). Regeneration of Natural Zeolite Polluted by Lead and Zinc in
Wastewater Treatment Systems. Journal of Hazardous Materials, 189, 773-86.

Katalin, E. F., and Lajos, G. (1993) Regional Scale Transport Model for Ammonia
and Ammonium. Journal of Atmospheric Environment, 27, 1099-1104.

Kelepertzis, E. (2014). Ecotoxicology and Environmental Safety Investigating the
Sources and Potential Health Risks of Environmental Contaminants in the Soils
and Drinking Waters from the Rural Clusters in Thiva Area ( Greece ).

Ecotoxicology and Environmental Safety, 100, 258-265.



144

Keranen, A., Leiviska, T., Gao, B.Y., Hormi, O. and Tanskanen, J. (2013).
Preparation of Novel Anion Exchangers from Pine Sawdust and Bark, Spruce
Bark, Birtch Bark and Peat for the Removal of Nitrate. Journal of Chemical
Engineering Science, 98, 59-68.

Khosravi, A., Esmhosseini, M., and Khezri, S. (2012). Optimization of Ammonium
Removal from Waste Water by Natural Zeolite Using Central Composite
Design Approach. Journal of Inclusion Phenomena and Macrocyclic
Chemistry 74 (4), 383-390.

Khan, T. A., Chaudhry, S. A., and Ali, I. (2015). Equilibrium Uptake, Isotherm and
Kinetic Studies of Cd(Il) Adsorption onto Iron Oxide Activated Red Mud from
Agqueous Solution. Journal of Molecular Liquids, 202, 165-175.

Khan, S., Shahnaz, M., Jehan, N., and Shah, M. T. (2013). Drinking Water Quality
and Human Health Risk in Charsadda District , Pakistan. Journal of Cleaner
Production, 60, 93-101.

Korkuna, O., Leboda R., Skubiszewska, Z. J., Vrublevska, T., Gunko, V. M., and
Ryczkowski, J. (2006). Structural and Physicochemical Properties of Natural
Zeolites: Clinoptilolite and Mordenite. Microporous and Mesoporous Materials,
87, 243.

Koyunchu, H. I, and Kul, A. R. (2014) An Investigation of Cu(ll) Adsorption by
Native and Activated Bentonite: Kinetic, Equilibrium and Thermodynamic
Study. Journal of Environmental Chemical Engineering, 2, 1722-1730.

Kucic, D., Markic, M., and Briski, F., (2012). Ammonium Adsorption on Natural
Zeolite ( Clinoptilolite ): Adsorption Isotherms and Kinetics, Modeling. Journal
of Environmental Technology, 2, 45-158.

Kurama, H., Poetzschke, J. and Haseneder, R. (2002). Application of Membrane
Filtration for the Removal of Ammonium lons from Potable Water. Water
Resources, 36, 2905-29009.

Kurniawan, T. A., Lo, W. H., and Chan, G. Y. S. (2003). Degradation of Recalcitrant
Compounds from Stabilized Landfill Leachate using a Combination of Ozone-
GAC Adsorption Treatment. Journal of Hazardous Materials, 45, 137, 433.

Lia, T., Zhua, Z., Wanga, D., Yaob, C., and Tang, H. (2006). Characterization of
Gloc Size, Strength and Structure under Various Coagulation Mechanisms.
Powder Technology, 168, 104-110.



145

Liang, S., Guo, X., Feng, N., and Tian, Q. (2010). Isotherms, Kinetics and
Thermodynamic Studies of Adsorption of Cu,” from Aqueous Solutions by
Mg, /K" type Orange Peel Adsorbents. Journal of Hazardous Materials, 174,
756-762.

Leeuwen, J. V., Daly, R., and Holmes, M. (2005). Modeling the Treatment of
Drinking Water to Maximize Dissolved Organic Matter Removal and
Minimize Disinfection by-Product Formation. Desalination, 176, 81-89.

Lee, J. J,, Cha, J. H,, Ben, A. R., Han, K. B., and Kim, C. W. (2008). Fiber Filter as
an Alternative to The Process of Flocculation—Sedimentation for Water
Treatment. Desalination, 231, 323-331.

Lee, C. K,, Lai, L.H., Liu, S.-S., Huang, F. C., and Chao, H.-P. (2014). Application

of Titanate Nanotubes for Ammonium Adsorptive Removal from Aqueous
Solutions. Journal of the Taiwan Institute of Chemical Engineers, 65, 190-200.

Lee J. W., Choi, S. P., Thiruvenkatachari R., Shim, W. G., and Moon, H. (2006).
Evaluation of The Performance of Adsorption and Coagulation Processes for
The Maximum Removal of Reactive Dyes. Dyes Pigments, 69, 196-203.

Lei, L. C., Li, X. J.,, and Zhang, X. W. (2008). Ammonium Removal from Aqueous
Solutions Using Microwave-Treated Natural Chinese Zeolite. Separation and
Purification Technology, 58, 359-366.

Lei, X., Li, M., Zhang, Z.,, Feng, C., Bai, W., and Sugiura, N. (2009).
Electrochemical Regeneration of Zeolites and The Removal of Ammonia.
Journal of Hazardous Materials, 169, 746-50.

Leiknes, T. (2009). The Effect of Coupling Coagulation and Flocculation with
Membrane Filtration in Water Treatment: A Review. Journal of
Environmental Sciences, 21 (1), 8-12.

Li, L. Y., Chen, M., Grace, J. R., Tazaki, K., Shiraki, K., Asada, R., and Watanabe,
H. (2007). Remediation of Acid Rock Drainage by Regenerable Natural
Clinoptilolite. Water, Air, and Soil Pollution, 180, 11-27.

Li, M., Zhu, X., Zhu, F., Ren, G., Cao, G., and Song, L. (2011). Application of
Modified Zeolite for Ammonium Removal from Drinking Water. Desalination,
271, 295-300.



146

Li, M., Feng, C., Zhang, Z., Lei, X., Chen, N., and Sugiura, N. (2010). Simultaneous
Regeneration of Zeolites and Removal of Ammonia using an Electrochemical
Method. Microporous and Mesoporous Materials, 127 (3), 161-166.

Leyva, R. R., Aguilar, A. G., Gonzalez, G. L.V., Guerrero, C. R.M., Mendoza, B. J.
(2004). Ammonia Exchange on Clinoptilolite from Mineral Deposites Located
in Mexico. Journal of Chemical Technology and Biotechnology, 79 (6), 651—
657.

Li, Z.,, Bowman, R. S. (1997). Countering Effects on the Sorption of Cationic
Surfactant and Chromate on Natural Clinoptilolite. Environment Science and
Technology, 31, 2407-2412.

Li, Z. H., Burt, T., and Bowman, R. S. (2000). Sorption of lonizable Organic Solutes
by Surfactant Modified Zeolite. Environmental Science and Technology, 34
3756-3760.

Liu, J., Ma, S., and Zang, L. (2013). Preparation and Characterization of
Ammonium-Functionalized Silica Nanoparticle as a New Adsorbent to
Remove Methyl Orange from Aqueous Solution. Applied Surface Science, 265,
393-398.

Liu, H., Dong, Y., Wang, H. and Liu, Y (2010). Adsorption Behavior of Ammonium
by a Bioadsorbent-Boston Ivy Leaf Powder. Journal of Environmental
Sciences, 22, 1513-1518.

Liu, S., Lim, M., and Amal, R. (2014). TiO,-Coated Natural Zeolite: Rapid Humic
Acid Adsorption and Effective Photocatalytic Regeneration. Chemical
Engineering Science, 105, 46-52.

Malamis, S., and Katsou, E. (2013). A Review on Zinc and Nickel Adsorption on
Natural and Modified Zeolite , Bentonite and Vermiculite : Examination of
Process Parameters, Kinetics and Isotherms. Journal of Hazardous Materials,
252, 428-461.

Malekian, R., Abedi-koupai, J., Saeid, S., and Farhad, S. (2011). Applied Clay
Science lon-exchange process for Ammonium Removal and Release Using
Natural Iranian Zeolite. Applied Clay Science, 51 (3), 323-329.

Mathialagan, T., and Viraraghavan,T. (2002). Adsorption of Cadmium from
Agueous Solutionby Perlite. Journal of Hazardous Materials, 94, 291-303.



147

Matilainen, A., Vepsalainen, M., and Sillanpaa, M., (2010). Natural Organic Matter
Removal by Coagulation during Drinking Water Treatment: A Review.
Advances in Colloid and Interface Science, 159, 189-197.

Maranon, E., Ulmanu, M., Fernandez, Y., Anger, I., and Castrillon, L. (2006).
Removal of Ammonium from Aqueous Solutions with Volcanic Tuff. Journal
of Hazardous Materials, 137 (3), 1402-9.

Masoumi, A., and Ghaemy, M. (2014). Removal of Metal lons from Water using
Nanohydrogel Tragacanth Gum-g-polyamidoxime: Isotherm and Kinetic
Study. Carbohydrate Polymers, 108, 206-15.

Masaru, O., Tateno, J., Nara, Y. and Masahiko, M. (2001). Alkali-Treatment
Technique-New Method for Modification of Structural and Acid-Catalytic
Properties of ZSM-5 Zeolites. Applied Catalysis A General, 219, 33-43.

Milovanovic, M. (2007). Water Quality Assessment and Determination of Pollution
Sources Along The Axios/Vardar River, Southeastern Europe. Desalination,
213 (3),159-173.

Minato, J., Kim, Y. J., Yamada, H., Watanabe, Y., and Tamura, K. (2004). Alkali-
Hydrothermal Modification of Air Classified Korean Natural Zeolite and Their
Ammonium Adsorption Behavior. Separation Science and Technology, 39,
3739-3751.

Ming, D. W. and Dixon, J. B. (1987). Quantitative Determination of Clinoptilolite in
Soils by a Cation-Exchange Capacity Method. Clays and Clay Minerals, 35,
463-468.

Montalvo, S., Guerrero, L., Borja, R., Sanchez, E., Milan, Z., Cortes, ., and De, M.
A. (2012). Application of Natural Zeolites in Anaerobic Digestion Processes :
A review. Applied Clay Science, 58, 125-133.

Monier, M., Ayad, D. M., and Sarhan, A. A. (2010). Adsorption of Cu (II), Hg (1),
and Ni (1) lons by Modified Natural Wool Chelating Fibers. Journal of
Hazardous Materials, 176, 348-355.

Moradzadeh, M., Moazed, H., Sayyad, G., and Khaledian, M. (2014). Transport of
Nitrate and Ammonium lons in a Sandy Loam Soil Treated with Potassium
Zeolite-Evaluating Equilibrium and Non-Equilibrium Equations. Acta
Ecologica Sinica, 34 (6), 342-350.

Moussavi, G., Talebi, S., Farrokhi, M., and Sabouti, R. M. (2011). The Investigation

of Mechanism, Kinetic and Isotherm of Ammonia and Humic Acid Co-



148

Adsorption onto Natural Zeolite. Chemical Engineering Journal, 171, 1159-
1169.

Muhammad, S., Shah, M. T., Khan, S., (2011). Health Risk Assessment of Heavy
Metals and Their Source Apportionment in Drinking Water of Kohistan Region
Northern Pakistan. Microchemical Journal, 98 (2), 334-343.

Munthali, M. W., Kabwadza-corner, P., Johan, E., and Matsue, N. (2014). Decrease
in Cation Exchange Capacity of Zeolites at Neutral pH: Examples and
Proposals of a Determination Method. Journal of Chemical Engineering, 51, 1—
5.

Mukhlish, M., Zobayer, B. 1., Hug, M. M., Ferdous, K., Mazumder, M., and Salatul,
I. (2013). Treatment of Textile Effluent of Fokir Knitwear in Bangladesh Using
Coagulation-Flocculation and Adsorption Methods. International Research
Journal of Environment Sciences, 2, 49-53.

Noelia, B. and Jacinto, S. (2011). Catalytic Nitrate Removal from Water, Past,
Present and Future Perspectives. Applied Catalyst Environmental, 104,1-5.
Ofomaja, A. E. (2010). Intraparticle Diffusion Process for Lead(ll) Biosorption onto

Mansonia Wood Sawdust. Bioresource Technology, 101, 15, 5868-76.

Olad A., and Naseri., B.,(2010). Preparation, Characterization and Anticorrosive
Properties of A Novel Polyaniline/Clinoptilolite Nanocomposite. Programmed
Organizational Coatings, 67, 233-242.

Ortiz-Santaliestra, M. E., Marco, A., Fernandez-Beneitez, M. J., and Lizana, M.
(2007). Effects of Ammonium Nitrate Exposure and Water Acidification on
The Dwarf Newt: The Protective Effect of Oviposition Behaviour on
Embryonic Survival. Aquatic Toxicology, 85 (4), 251-257.

Ouki, S. K. and Kavannagh, M. (1999). Treatment of Metals-Contaminated.
Wastewaters by Use of Natural Zeolites. Water Science and Technology, 39,
115-122.

Ozyonar, F., Karagozoglu, B., and Kobya, M. (2012). Air Stripping of Ammonia

from Coke Wastewater, Jestech, 15(2), 85-91, (2012).

Papic, S., Koprivanac, N., Bozic, A. L., and Metes, A. (2004). Removal of Some
Reactive Dyes from Synthetic Wastewater by Combined Al (1)
Coagulation/Carbon Adsorption Process. Dyes and Pigments. 62, 291-298.

Pasini, M. (1996). Natural Zeolites as Cation Exchangers for Environmental
Protection. Mineral Deposit, 31 (6), 563-575.



149

Peavvy, H. S., Rowe, D., and Tchobanoglous, R. Environmental Engineering. 5" ed.
McGraw-Hill Book Company. 1985
Peric, J., Trgo, M., Vukojevic, N., and Medvidovic. (2004). Removal of Zinc,
Copper and Lead by Natural Zeolite-A Comparison of Adsorption Isotherms.
Water Resources. 38, 1893—-1899.

Perraki T., and Orfanoudaki, A. (2004). Mineralogical Study of Zeolites from
Pentalofos Area. Applied Clay Science, 25, 3-9.

Pitcher, S. K., Slade, R. C. T., and Ward, N. I. (2004). Heavy Metal Removal from
Motorway Stormwater using Zeolites. The Science of the Total Environment,
334, 161-6.

Pouretedel, H. R., and Kazemi, M. (2012). Characterization of Modified Silica
Aerogel Using Sodium Silicates Precursor and its Application of Cu®*" Cd**
and Pb?* lons. Journal of Chemical Engineering, 2, 1-8.

Qiu, W., and Zheng, Y. (2009). Removal of Lead, Copper, Nickel, Cobalt, and Zinc
from Water by a Cancrinite-Type Zeolite Synthesized from Fly Ash. Chemical

Engineering Journal, 145 (3), 483-488.

Qu, X., Pedro, J. J., Alvarez, and Li, Q. (2013). Application of Nanotechnology in
Water and Wastewater Treatment. Water Research, 47, 3931-3946.

Romain, B., Cigana, J., Barbeau, B., Martinez, C. D., and Suty, H. (2009). Removal
of Total Dissolved Solids, Nitrates and Ammonium lons from Drinking Water
Using Charge-Barrier Capacitive Deionisation. Desalination, 249, 217-223.

Rozic, M., Cerjan, S. S., Kurajica, S., Vancina, V., and Hodzic, E. (2000)
Ammoniacal Nitrogen Removal from Water by Treatment with Clays and
Zeolites. Water Research, 34 (14), 3675-3681.

Rui, L. M., Daud, Z., Aziz, A., and Latif, A. (2012). Coagulation-Flocculation In
Leachate Treatment By Using Micro Zeolite. International Journal of
Engineering Research and Applications, 2 (5), 218-226.

Saikia, B. J. (2010). Fourier Transform Infrared Spectroscopic Characterization of
Kaolinite from Assam and Meghalaya, Northeastern India. Journal of Modern
Physics, 1 (4), 206-210.

Saltali, K., Sari, A., and Aydin, M. (2007). Removal of Ammonium lon from

Aqueous Solution by Natural Turkish (Yildizeli) Zeolite for Environmental

Quiality. Journal of Hazardous Materials, 141, 258-263.



150

Salvador, F., Martin, S. N., Sanchez, H. R., Sanchez, M. M. J., and lzquierdo, C.
(2014). Regeneration of Carbonaceous Adsorbents. Part Il: Chemical,
Microbiological and Vacuum Regeneration. Microporous and Mesoporous
Materials, 57, 603-619.

Sarioglu, M. (2005). Removal of Ammonium from Municipal Wastewater Using
Natural Turkish Zeolite. Separation and Purification Technology, 41, 1-11.

Sari, A., Tuzen, M., Citak, D., and Soylak, M. (2007). Equilibrium, Kinetic and
Thermodynamic Studies of Adsorption of Pb(Il) from Aqueous Solution onto
Turkish Kaolinite Clay. Journal of Hazardous Materials, 149 (2), 283-91.

Shavandi, M. Haddadian, A., Ismail, M. H. S., Abdullah, N., and Abidin, Z. Z
(2012). Removal of Fe (I11), Mn (1) and Zn (I1) from Palm Oil Mill Effluent
(POME) by Natural Zeolite. Journal of the Taiwan of Chemical Institute, 43,
750-759.

Sharifnia, S. (2013). Characterization , Isotherm and Kinetic Studies for Ammonium
lon Adsorption by Light Expanded Clay Aggregate ( LECA ). Separation and
Purification Technology, 104, 32-44.

Sher, F., Malik, A., and Liu, H. (2013). Journal of Environmental Chemical
Engineering Industrial Polymer Effluent Treatment by Chemical Coagulation
and Flocculation. Biochemical Pharmacology, 1 (4), 684-689.

Shrestha, S., and Kazama, F. (2007). Assessment of Surface Water Quality Using
Multivariate Statistical Techniques: A Case Study of The Fuji River Basin,
Japan. Environmental Modeling and Software 22, 464-475.

Shukla, P. R., Wang, S., Ang, H. M., and Tade, M. O. (2009). Synthesis |,
Characterisation, and Adsorption Evaluation of Carbon-Natural-Zeolite
Composites. Advanced Powder Technology, 20 (3), 245-250.

Sica, M., Duta, A., and Teodosiu, C. (2013). Thermodynamic and Kinetic Study on
Ammonium Removal from a Synthetic Water Solution Using lon Exchange
Resin. Journal of Environmental Health Science and Engineering, 65 (11), 1-7.

Sim, L. C. (2014). Science Direct An Overview on The Reactors to Study Drinking
Water Biofilms. Water Research, 62, 63-87.

Singh, R. K., Kumar, S., Kumar, S., and Kumar, A. (2008). Development of
Parthenium Based Activated Carbon and its Utilization for Adsorptive
Removal of P-Cresol from Aqueous Solution. Journal of Hazardous Materials,
155 (3), 523-35.



151

Sprynskyy, M., Lebedynets, M., Terzyk, A. P., Kowalczyk, P., Namiesnik, J.,
Buszewski, B. (2005). Ammonium Sorption from Aqueous Solutions by the
Natural Zeolite Transcarpathian Clinoptilolite Studied Under Dynamic
Conditions. Journal of Colloid and Interface Science, 284, 408-415.

Stedmon, C. A., Seredynska, S. B., Boe, H. R., Le Tallec, N., Waul, C. K., and
Arvin, E. (2011). A Potential Approach for Monitoring Drinking Water Quality
from Groundwater Systems using Organic Matter Fluorescence as an Early
Warning for Contamination Events. Water Research, 45, 1-8.

Sun, X.-F., Liu, B., Jing, Z., and Wang, H. (2015). Preparation and Adsorption
Property of Xylan/Poly(acrylic acid) Magnetic Nanocomposite Hydrogel
Adsorbent. Carbohydrate Polymers, 118, 16-23.

Tan, 1. A. W., Hameed, B. H., and Ahmad, A. L. (2007). Equilibrium and Kinetic
Studies on Basic Dye Adsorption by Oil Palm Fibre Activated Carbon.
Chemical Engineering Journal, 127, 111-119.

Terechova, E. L., Zhang, G., Chen, J., Sosnina, N. A., and Yang, F. (2014). Journal
of Environmental Chemical Engineering Combined Chemical Coagulation-Fl
occulation/Ultraviolet Photolysis Treatment for Anionic Surfactants in Laundry

Wastewater. Biochemical Pharmacology, 2, 2111-2119.

Thilagavathy, P., and Santhi, T. (2014). Kinetics, Isotherms and Equilibrium Study
of Co(Il) Adsorption from Single and Binary Aqueous Solutions by Acacia
Nilotica Leaf Carbon. Bioresources, 9 (3), 3805-3824.

Thuy, P. T. and Ang, N. V (2012) Evaluation of Two Low-Cost—High-Performance
Adsorbent Materials in the Waste-to-Product Approach for the Removal of
Pesticides from Drinking Water. Clean - Soil, Air, Water, 40, 246-253.

Thornton, A., Pearce, P., and Parsons, S. A. (2007). Ammonium Removal from
Solution Using lon Exchange on to MesoLite , an Equilibrium Study. Journal of
Hazardous Material, 147, 883-889.

Tomaszewska, M., Mozia, S., and Morawski, A. W. (2004). Removal of Organic
Matter and Phenol by Coagulation Enhanced with Adsorption on PAC.
Desalination, 161, 79-87.

Trinh, T. K., and Kang, L. S. (2010). Chemical Engineering Research and Design
Response Surface Methodological Approach to Optimize The Coagulation-
Flocculation Process in Drinking Water Treatment. Chemical Engineering
Research and Design, 89 (7), 1126-1135.



152

Turan, M. and Celik, M. S. (2003). Regenerability of Turkish Clinoptilolite for use in
Ammonia Removal from Drinking Water. Journal of Water Supply Resources
Technology, 52, 159-166.

Ugurlu M. and Karaoglu M. H. (2008). Adsorption of Ammonium from an Aqueous
Solution by Fly Ash and Sepiolite: Isotherm, Kinetic and Thermodynamic
Analysis. Microporous and Mesoporous Materials, 139, 173-178.

Umezawa, Y., Hosono, T., Onodera, S., Siringan, F., Buapeng, S., Delinom, R., and
Taniguchi, M. (2008). Sources of Nitrate and Ammonium Contamination in
Groundwater Under Developing Asian Megacities. The Science of The Total
Environment, 404, 361-76.

USEPA, 2006. Drinking Water Standards and Health Advisories. United State

Environmental Protection, Agency Washington, D.C.

Vassileva, P., and Voikova, D. (2009). Investigation on Natural and Pretreated
Bulgarian Clinoptilolite for Ammonium lons Removal from Aqueous
Solutions. Journal of Hazardous Materials, 170, 948-953.

Velea, T., Gherghe, L., Predica, V., and Krebs, R., (2009). Heavy Metal
Contamination in The Vicinity of an Industrial Area near Bucharest.
Environmental Science Pollution Resource, 16, 27-32.

Verma, A. K., Dash, R. R., and Bhunia, P. (2012). A Review on Chemical
Coagulation /Flocculation Technologies for Removal of Colour from Textile
Wastewaters. Journal of Environmental Management, 93 (1), 154-168.

Vujakovi, A. (2003). Adsorption of Inorganic Anionic Contaminants on Surfactant
Modified Minerals. Journal of the Serbian Chemical Society, 68, 833-841.

Vujakovic, A. D., Djuricic, M., and Tomasevic, C M. R. (2001). Thermal Study of
Surfactant and Anion Adsorption on Clinoptilolite. Journal of Thermal
Analysis and Calorimetry, 63, 161-172.

Wahab, M. A., Jellali, S., and Jedidi, N. (2010). Bioresource Technology
Ammonium Biosorption onto Sawdust: FTIR Analysis , Kinetics and
Adsorption Isotherms Modeling. Bioresource Technology, 101, 5070-5075.

Wahab, M. A., Jellali, S., and Jedidi, N., (2010). Ammonium Biosorption onto
Sawdust: FTIR Analysis, Kinetics and Adsorption Isotherms Modeling.

Bioresource Technology, 101, 5070-5075.



153

Wahab, M. A., Boubakri, H., Jellali, S. and Jedidi, N. (2012). Characterization of
Ammonium Retention Processes onto Cactus Leaves Fibres Using Ftir, Edx
and Sem Analysis. Journal of Hazardous Materials, 241, 101-109.

Wang, S., and Peng, Y. (2010). Natural Zeolites as Effective Adsorbents in Water
and Wastewater Treatment. Chemical Engineering Journal, 156, 11-24.

Wang, Y. F., Lin, F., and Pang, W.Q. (2007). Ammonium Exchange in Aqueous
Solution Using Chinese Natural Clinoptilolite and Modified Zeolite. Journal of
Hazardous Materials, 142, 160-4.

Wang, S., Li, H., Xie, S., Liu, S., and Xu, L. (2006). Physical and Chemical
Regeneration of Zeolitic Adsorbents for Dye Removal in Wastewater
Treatment. Chemosphere, 65 (1), 82-7.

Wang, S., and Zhu, Z. H. (2006). Characterisation and Environmental Application of
an Australian Natural Zeolite for Basic Dye Removal from Aqueous Solution.
Chemical Engineering Journal, 136, 946-952.

Wang, X., Yuan, X., Han, S., Zha, H., Sun, X., Huang, J., and Liu, Y.N. (2013).
Aniline Modified Hypercrosslinked Polystyrene Resins and Their Adsorption
Equilibriums, Kinetics and Dynamics Towards Salicylic Acid from Aqueous
Solutions. Chemical Engineering Journal, 233, 124-131.

Wang, Y., Liu, S., Xu, Z., Han, T., Chuan, S., and Zhu, T. (2006). Ammonia
Removal from Leachate Solution Using Natural Chinese Clinoptilolite.
Chemical Engineering Journal, 136, 735-740.

Wang, S. B., Boyjoo, Y., Choueib, A., and. Zhu, Z. H. (2005). Removal of Dyes
from Aqueous Solution using Fly Ash and Red Mud. Journal of Water
Research, 39, 129-138.

Wanyonyi, W. C., Onyari, J. M., and Shiundu, P. M. (2014). Adsorption of Congo
Red Dye from Aqueous Solutions Using Roots of Eichhornia Crassipes:
Kinetic and Equilibrium Studies. Energy Procedia, 50, 862—869.

Waranusantigul, P., Pokethitiyook, P. Kruatracchue, M., and Upatham, E. S. (2003).
Kinetics of Basic Dye (Methylene Blue) Biosorption by Giant Duckweed
(Spirodela polyrrhiza). Journal of Environmental Pollution, 125, 385-392.

Warrick, A. W., and Deborah, C. (2003). World Health Organization, Water Quality
Assessments. Oxford University Press: A Guide to the Use of Biota, Sediments
and Water in Environmental Monitoring. (2" Ed.). Great Britain, Cambridge: E

and FN Spon, an Imprint of Chapman and Hall.



154

Watanabe, Y., Yamada, H., Tanaka, J., Komatsu, Y., and Moriyoshi, Y. (2004).
Ammonium lon Exchange of Synthetic Zeolites: The Effect of Their Open
Window Sizes, Pore Structure, and Cation Exchange Capacities. Separation
Science and Technology, 39, 2091-2104.

Widiastuti, N., Wua, H., Ang, H. M., and Zhang, D. (2011). Removal of Ammonium
from Greywater Using Natural Zeolite. Desalination, 277, 15-23.

WHO, 2011. Guidelines for Drinking Water Quality, fourth ed. World Health
Organization.

Wu, D., Sui, Y., Chen, X,, He, S., Wang, X., and Kong, H. (2008). Changes of
Mineralogical-Chemical Composition, Cation Exchange Capacity, and
Phosphate Immobilization Capacity during The Hydrothermal Conversion
Process of Coal Fly Ash into Zeolite. Fuel, 87, 10-11.

Xu, X., Gao, B., Tan, X,, Zhang, X., Yue, Q. Wang, Y., and Li, Q. (2013). Nitrate
Adsorption by Stratified Wheat Straw Resin in Lab Scale Columns. Chemical
Engineering Journal, 226, 1-6.

Xu, W., Li, L. Y., and Grace, J. R. (2012). Regeneration of Natural Bear River
Clinoptilolite Sorbents used to Remove Zn from Acid Mine Drainage in a
Slurry Bubble Column. Applied Clay Science, 55, 83-87.

Yang, X., Fraser, T., Myat, D., Smart, S., and Zhang, J. (2013). A Pervaporation
study of Ammonia Solution Using Molecular Sieve Silica Membranes.
Membranes, 4, 40-45.

Yee, L. F., Abdullah, M. P., Ata, S.,Abdullah, A., Ishak, B., and Nidzham, K.(2008).
Chlorination and Chloroamines Formation. The Malaysian Journal of
Analytical Sciences, 12, 528-535.

Ye, L., You, H., Yao, J., and Su, H. (2012). Water Treatment Technologies for
Perchlorate : A Review. Desalination, 298, 1-12.

Yin, H., and Kong, M. (2014). Simultaneous Removal of Ammonium and Phosphate

from Eutrophic Waters Using Natural Calcium-Rich Attapulgite-Based
Versatile Adsorbent. Desalination, 351, 128-137.
Younker, J. M., and Walsh, M. E. (2014). Journal of Environmental Chemical

Engineering Bench-scale Investigation of an Integrated Adsorption-
Coagulation-Dissolved air Flotation Process for Produced Water Treatment.
Biochemical Pharmacology, 2 (1), 692-697.



155

Yusof, A. M., Keat, L. K., Ibrahim, Z., Majid, Z. A., and Nizam, N. A. (2010).
Kinetic and Equilibrium Studies of the Removal of Ammonium lons from
Aqueous Solutions by Rice Husk Ash Synthesized Zeolite Y and Powdered
and Granulated forms of Mordenite. Journal of Hazardous Materials, 174,
380-385.

Zemmouri, H., Drouiche, M., Sayeh, A., Lounici, H., and Mameri, N. (2012).
Coagulation Flocculation Test of Keddara’s Water Dam Using Chitosan and
Sulfate Aluminium. Procedia Engineering, 33, 254-260.

Zelentsov, V., Datsko, T., and Dvornikova, E. (2012). Adsorption Models for
Treatment of Experimental Data on Removal Fluorine from Water by
Oxihydroxidesof Aluminum. Institute of Applied Physics, 8 (1), 209-215.

Zhan, X., Gao, B.,Yue, Q., Liu, B., Xu, X., and Li, Q. (2010). Removal Natural
Organic Matter by Coagulation—Adsorption and Evaluating The Serial Effect
Through a Chlorine Decay Model. Journal of Hazardous Materials, 183, 279-
286.

Zhang, Y., Mancke, R. G., Sabelfeld, M., and Geiben, S. U. (2014). Adsorption of
Trichlorophenol on Zeolite and Adsorbent Regeneration with Ozone. Journal
of Hazardous Materials, 271, 178-84.

Zhang, M., Zhang, H., Xu, D., Han, L., Niu, D., Tian, B., and Wu, W. (2011).
Removal of Ammonium from Aqueous Solutions using Zeolite Synthesized
from Fly Ash by a Fusion Method. Desalination, 271, 111-121.

Zhang, D., Li, W., Huang, X., Qin, W., and Liu, M. (2013). Removal of Ammonium

in Surface Water at Low Temperature by A Newly Isolated Microbacterium sp.
Strain SFA13. Bioresource Technology, 137, 147-52.

Zheng, Y., Xie, Y., and Wang, A. (2012). Rapid and Wide pH-Independent
Ammonium-Nitrogen Removal Using a Composite Hydrogel with Three-
Dimensional Networks. Chemical Engineering Journal, 179, 90-98.

Zheng, H., Han, L., Ma, H., Zheng, Y., Zhang, H., Liu, D., and Liang, S. (2008).
Adsorption Characteristics of Ammonium lon by Zeolite 13X. Journal of
Hazardous Mater, 158, 577-584.

Zheng, H., Zhu, G., Jiang, S., Tshukudu, T., Xiang, X., Zhang, P., and He, Q. (2011).

Investigations of Coagulation-Flocculation Process by Performance



156

Optimization, Model Prediction and Fractal Structure of Flocs. Desalination,
269 (3), 148-156.

Zhao, Y., Yang, Y., Yang, S., Wang, Q., Feng, C., and Zhang, Z. (2013). Adsorption
of High Ammonium Nitrogen from Wastewater Using a Novel Ceramic
Adsorbent and The Evaluation of The Ammonium-Adsorbed-Ceramic as
Fertilizer. Journal of Colloid and Interface Science, 393, 264-70.

Zhao, Y., Zhang, B., Zhang, X., Wang, J., Liu, J., and Chen, R. (2010). Preparation
of Highly Ordered Cubic NaA Zeolite from Halloysite Mineral for Adsorption
of Ammonium ions. Journal of Hazardous Materials, 178 (3), 658-664.

Zholobenko, V. L., Dwyer, J., Zhang, R., Chapple, A. P., Rhodes, N. P., and Stuart,

J. A. (1998). Structural Transitions in Zeolite P: An in Situ FTIR Study. Journal
of the Chemical Society, Faraday Transactions, 94, 1779-1781.





