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Abstract: Aquaculture plays an important role in providing food and generate high
income in many developing countries but the abundance of ammonia discharged from
aquaculture wastewater gives the problem to the environment. This study focused on the

extraction of hydroxyapatite (HAp) from fish scales and its modification with rice husk
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to produce bio-adsorbent for ammonia removal from aquaculture wastewater. The
comparison has been made for the HAp preparation via microwave irradiation, alkaline
heat treatment, and thermal decomposition method. X-ray Diffraction (XRD) and

Fourier Transform Infrared Spectroscopy (FTIR) were used to analyze the surface
chemistry and crystallinity of HAp, respectively. While the morphology of the HAp was
observed under a Scanning Electron Microscope (SEM). Hydroxyapatite extracted via

thermal decomposition method shows the best performance about 79% of ammonia
removal at 210 min contact time which selected for coating agent of rice husk (RH/HAp)

and was successfully removed 84% at 60 min saturation time. The result shows thermal

decomposition is the best technique to extract HAp from fish scales and its integration
with rice husk exhibited a better performance of bio-adsorbent. The findings of this study
provide useful fundamental knowledge and platform for the development and

improvement of aquaculture wastewater treatment system in the future.
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m INTRODUCTION

Aquaculture is among the fastest growing
component of the agriculture sector in Malaysia and as
this industry has expanded, so have concerns about water
quality impacts from aquaculture effluent. This anxiety is
understandable as seen in other countries, which face
pollution problems for having ignored this problem. In
intensive aquaculture system, organic enrichment comes
primarily from uneaten food and fish feces, which is
dispersed in the surrounding water. A report made by
Randall and Tsui [1] has mentioned that the nutrient
content of aquaculture effluents is often similar to
domestic wastewater that is total suspended solid,

biological oxygen demand, total phosphorus, ammonia,

and nitrogen. The nutrients in fish feed can cause local
algal blooms and lastly cause eutrophication. The
common toxic pollutants are ammonia, nitrogen,
phosphorus, pathogens and ammoniacal nitrogen (NH;
and NH,").

The main source of ammonia in fish ponds is fish
excretion and diffusion from the sediment when they
decompose. The decomposition of this organic matter
produces ammonia, which diffuses from the sediment
into the water column. High ammonium concentration
also will lead to a high free ammonia concentration
under high pH condition, thus, it should be removed
from wastewater before releasing it into natural water
reservoirs [2].
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Some conventional techniques applied to remove

ammonia from wastewater either chemically or
biologically cannot satisfy the increasing disposal need, or
cannot solve the problem at an acceptable cost. Thus,
there is a consistent need for an alternative separation
technique for more efficient ammonia removal from
water. This research studied a composite material from
fish scales (HAp) and rice husk as an adsorbent for
ammonia removal in aquaculture wastewater.
Hydroxyapatite is a chemical substance related to the
mineral component of bones and hard tissues in animals.
The name ‘apatite’ describes a family of compound a
similar structure which is a hexagonal system, space
group, P63/m in spite of a wide range of composition.
Other than that, hydroxyapatites are also thermally
unstable compound, decomposing at temperatures from
about 800 to 1200 °C depending on its stoichiometry [3].

Moreover, several applications of hydroxyapatite
were also interesting such as heavy metal adsorption,
protein adsorption [4], chromatography, catalyst,
photoelectric and others. Another medical application of
hydroxyapatite has also been examined because
hydroxyapatite is biocompatible, bioactive, non-toxic,
non-inflammatory and also nonimmunogenic. Recent
studies have proven the adsorption capability of
hydroxyapatite (HAp), for instance, researchers Kongsri
et al. [5], and Chen et al. [6] who proved that the
hydroxyapatite can be efficient adsorbent in the
wastewater purification and heavy metals removal. There
are many natural sources for hydroxyapatite, which
include human bone, bovine bone [7-8], coral [9], fish
scale [10], and eggshell [11].

Several studies reported the preparation of HAp
such as sol-gel processing [12], the precipitation
technique [13], thermal decomposition and microwave
irradiation [14]. For this purpose, parameters including
composition and purity of the starting materials, pH and
temperature of the solution must be controlled [15]. HAp
extraction from natural resources such fish scales wastes
is a good alternative to produce high-quality HAp and a
good way to implement the concept of waste to wealth
since fish scales is the main solid by-products of the fish

processing industry. Abundant waste and residues rich in
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nutrient content can cause pollution and health problem
if they are not properly treated since the fish wastes
generated are 30 to 40% of the total production [16].

In certain condition, HAp could not be utilized at
field condition due to the poor strength, brittle and less
[17]. Thus,
compound with other organic material such as rice husk

biocompatibility integration of this

can be believed to improve its mechanical strength,
This
modification also provides novel binding properties for

biocompatibility, = and  biodegradability.
potentially hazardous pollutant such as ammonia due to
the presence of amino, silica and phosphate group of
adsorbent. Rice husk also has high polar and hydrophilic
nature and can serve as an excellent support for HAp
during the adsorption process.

This work intended to compare the extraction
methods of hydroxyapatite form fish scales using three
heat
treatment, and heat treatment) and the best structure of

techniques (microwave irradiation, alkaline
HAp is selected for modification in order to improve its
efficiency in ammonia removal from aquaculture
wastewater. The effect of adsorbent dosage and initial
pH of ammonia solution were also studied to determine
the best condition for ammonia removal using HAp/RH.
Extraction of HAp from fish scales and its integration
with rice husk has been a great option to produce
adsorbent with lower cost and high efficiency for
ammonia removal from aquaculture wastewater. This
study can also provide a good idea for solid management
in the aquaculture industry, reduce environmental
pollution and make improvement of wastewater

treatment in the aquaculture industry.

m EXPERIMENTAL SECTION
Materials

All the materials used in this research are of
analytical grade. Hydrochloric acid (HCI), Sodium
hydroxide (NaOH), orthophosphoric acid (H;PO.),
acetic acid (C;H40), and ethanol (C;HsO) were purchased
from Merck. Sodium hydrogen phosphate (Na,HPO,)
and Ethylenediaminetetraacetic (EDTA) were purchased
from Sigma Aldrich. Fish scales from Tilapia species
were obtained from a market in Terengganu, Malaysia.
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Procedure

Extraction of HAp from fish scales

In this study, three types of extraction method have
been used to extract HAp from the fish scale (alkaline heat
treatment, microwave irradiation, and thermal
treatment). For alkaline heat treatment, the applied
method was followed by Sukaimi et al. [8] and Shavandi
et al. [14] with some modification. Tilapia fish scales is
placed in an oven for 60 min after cleaning to remove
water and moisture content of the scale. The scale was
deproteinized via external washing with 0.1 M HCl and
washed several times with distilled water. The remaining
protein was treated with 5% (weight/volume) NaOH, and
heated at 80 °C for 5 h with gentle stirring to eliminate all
protein attaches to the scale. Fine white precipitates
obtained were rinsed with distilled water and dried at 60 °C
for 48 h. Sodium hydroxide (50% w/v) was added into the
treated scale, heated until 300 °C and kept 1-h stirring.
The obtained HAp powder was washed thoroughly with
deionized water until the pH of rinsed solution become
neutral. HAp produced was dried at 60 °C for 24 h prior
to use in the oven.

For microwave irradiation method, the study by
Shavandi et al. [14]

modification. Fish scales were boiled in water for 30 min

has also referred by some

after cleaning and placed in an oven for 60 min to remove
the water and moisture content of the scale. Dried fish
scale is first heated in 300 °C at the heating rate of 3 °C
min for 1 h. The temperature was increased at the rate of
10 °C/min and fixed between 900 °C and sintered for 3 h.
The black powder was slowly converted to snow white
powder (calcium oxide) and then the furnace was cooled
to the room temperature. The obtained calcium oxide was
mixed with 0.1 M EDTA for the preparation of 0.1 M Ca-
EDTA complex. 0.06 M Na,HPO, (50 mL) was then
added dropwise to the Ca-EDTA complex and the liquid
mixture was stirred for 15 min. The pH value of the liquid
mixture was kept at 13. The mixtures were treated with
microwave heating (2.45 GHz, 1100 W) at 50% power
capacity until the mixture dried. The obtained precipitate
was washed few times with deionized water for Na and
EDTA residuals removal, and then dried in a vacuum
oven (80 °C for 6 h) for HAp powder formation.

1021

The third method used was thermal treatment in
which the cleaned scales were initially deproteinized
through external washing with 1 N HCI solution (2:1
volume/weight, water HCI) for 24 h at room temperature
(30 £ 2) °C. Next, the deproteinized fish scales were
washed thoroughly several times with distilled water.
Remaining proteins of fish scales were treated with 1 N
NaOH solution. The filtered fish scales were washed
thoroughly with distilled water dried at 60 °C in a hot air
oven for several hours. Treated fish scales was calcined
at temperature 1000 °C for hydroxyapatite formation.
All HAp prepared via three different methods
mentioned above were evaluated for ammonia removal
efficiency from shrimp hatchery wastewater, Universiti
Malaysia Terengganu.

Modification of HAp with rice husk

The best performance of HAp has been further
modified with rice husk for comparison in their
capability of ammonia removal. After cleaning, rice husk
was dried in an oven at 105 °C for 2 h. Dried rice husk
was ground to form ash and sieved as to obtain a
uniform particle size of 850 um to increase surface area.
Sieved rice husk was treated with 1.0 M Sodium
Hydroxide (NaOH) for surface area improvement.
Then, rice husk was left on for 24 h. Rice husk was
washed in deionized water until pH = 6. Later, dried in
an oven at 80 °C to remove moisture. The treated rice
husk (1 g) and HAp (1g) were immersed in 50% of
ethanol and stirred at 150 rpm for 1 h. The solution was
then neutralized and it was filtered. Lastly, dried in an
oven at 80 °C to remove moisture.

Characterization of HAp and HAp/RH

Scanning electron microscopy (SEM) (JSM P/N
HP475 model) was used to view surface morphology of
the prepared adsorbent and all samples were coated with
gold before transfer to the microscope. The elemental
content of all adsorbents was also characterized using a
wide angle X-ray diffractometer (XRD) using 18 kW
CuKa radiation. The voltage was 45 kV and the intensity
40 mA. The angle of diffraction (20) was varied from 20
to 60 to identify any changes in crystal morphology and
distances between

intermolecular inter-segmental
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chains of the polymer, and the counting time was 1s at
each angle step. Surface chemistry of the prepared
adsorbent was determined by Fourier to transform
infrared spectroscopy equipped with attenuated total
reflection (ATR-FTIR).

Evaluation performance of HAp and adsorbent for
ammonia removal

The performance of the prepared adsorbent was
evaluated based on their capability for ammonia removal
in shrimp hatchery. Adsorption experiments were
conducted to investigate the effects of different adsorbent
and different parameters on ammonia removal from
shrimp hatchery wastewater. The sample cell code is
2495402 which are 10 mL of the volume. For the first stage
of the batch experiment, HAp extracted from three
different methods (with the fixed dosage of 1.5 g/L) were
mixed with 100 mL of shrimp hatchery wastewater in the
conical flask and agitated in water bath shaker at 150 rpm
for 15 to 240 min. The solution and residue were
separated by the centrifugation method using Centrifuge
(Model 5702 R) in 3000 rpm for 10 min. The suspension
was filtered using Whatman filter no. 42 and the obtained
filtrate solution was analyzed for ammonia content. The
concentration of ammonia was determined using HACH
method and detected with wavelength 655 nm at the
range 0.01 to 0.50 mg/L NH; using a spectrophotometer.
All experiments were done in triplicates. The mentioned
techniques were also used for adsorption studies at the
different adsorbent dosage (2-12 g/L) and initial pH (3-
9). Sodium hydroxide solution (0.1 N) and nitric acid
solution (0.1 N) were used for pH adjustment. The
efficiency of ammonia removal was calculated by
Equation (1). The steps were repeated 3 times in order to
get accurate data. Then the amount of adsorbed ammonia
on the adsorbent was determined by calculated using the
formula:

C.-C
L_20,100% (1)
G
where, C; = initial concentration (g/L); Co = concentration
after using adsorbent (g/L)
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m  RESULTS AND DISCUSSION
Characterization of HAp from Fish Scales

XRD analysis

The XRD patterns of commercial HAp (as control)
and extracted HAp from fish scales with three different
methods are shown in Fig. 1(a-d). All analysis had
performed at 20 (20 to 60°) with scan step 0.02°. For
comparison purposes, commercial HAp had also
characterized. Phase analysis revealed that all major
peaks of HAp (the circle one) were present in all
extracted HAp.

One of the major difference between the extraction
method used was the final calcination used. According
to Fig. 1, HAp obtained via alkaline heat treatment
method shows a different pattern compared to
commercial HAp but the major peaks of hydroxyapatite
were still exists. In this method, calcination temperature
used was only 300 °C (considered low calcination
temperature) and thus the amorphous HAp powders
obtained are expected to be more metabolically active
than the fully developed crystalline hydroxyapatite
structure which otherwise is not soluble in physiological
environments [17]. According to Kongsri et al. [5], he
stated that the broadened peaks of XRD data indicate
low crystallinity while those of hydroxyapatite
nanoparticle are sharper but still be amorphous. For Fig.
1(c), the excellent peak is the indication for crystallinity
is observed since HAp is calcined at a higher
temperature (1000 °C). According to Pham et al. [18],
the lattice parameter of HAp will be increased with an
increasing temperature and consequently increase the
volume of the hexagon and so the changes in crystal size.
According to the Fig. 1(d) well-resolved characteristic
peak of highest intensity was obtained at a 20 value of
around 32° due to complete crystallization of HAp
powders extracted via thermal decomposition method.
Impurities peaks decrease due to high calcine
temperature used to overcome the activation energy,
and shorten the annealing time [19] in order to

transform calcite into HAp [20].
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Fig 1. X-ray diffraction of hydroxyapatite of (a) commercial hydroxyapatite (b) HAp from alkaline heat treatment (c)
HAp from microwave irradiation (d) HAp from thermal decomposition
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(3200 to 3500 cm™) is weak in the spectra of the products

obtained and is not visible in the spectrum. This is also
can be due to the overlap with the broad peak of the

adsorbed water on HAp particles. The strong complex
broadband at 1087 and 1022 cm™' represent the stretching
mode of P-O vibration of PO, group in Hap structure.

Indones. I. Chem., 2019, 19 (4), 1019 - 1030

as shown in Fig. 2. For

In this study, Fourier Transform Infrared (FTIR)

Spectroscopy was employed to determine the existing
functional groups of commercial hydroxyapatite (HAp)

all samples, the peak assigned to stretching mode of OH"

and extracted HAp from fish scale,

ATR-FTIR analysis
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The bands at 630 and 562 cm™ in Fig. 2(a) and (d) are the
bending modes of P;*~ [21]. Weak bands in the range of
1478 cm™" in Fig. 2(c) indicated the presence of CO, in the
extracted HAp. These groups may have been adsorbed by
the HAp samples from the atmosphere and replaced the
P, group in HAp during the HAp synthesis process [24].
No C-H and C-N peaks were found, which indicates that
the obtained HAp was free from EDTA. However,
asymmetric stretching of vi PO, disappear from Fig.
2(b). This finding is supported by Venkatesan et al. [22]
were at low temperature (300 and 400 °C), the peak
attributed to phosphate group (PO,*) band does not
appear and only appeared at temperature 500 °C. This
may be due to the removal of organic material from HAp
and formation of HAp crystals. A sharp band at 1018 cm™
is also observed in Fig. 2(b) and (c), which is typical of
carbonate apatite, arising from the coupling between the
symmetric stretching modes of CO;*" with the stretching
mode of Py~ [23]. Based on this finding, the extracted
HAp was successful based on the existence of the main
functional group of HAp, hydroxyl and phosphate group
in each spectrum.

Evaluation Performance of HAp for Ammonia
Removal

The performance of the extracted Hap by alkaline
heat treatment, microwave irradiation, and thermal
decomposition was evaluated for ammonia removal as
shown as Fig. 3. The results obtained show that all
adsorbent can perform as good adsorbent since it can
remove more than 50% ammonia after 4 h. Among the
three extraction method used, HAp produced from
thermal decomposition method can promote the highest
ammonia removal for about 79%. This might due to the
high calcination temperature used for thermal treatment
method (1000 °C), produced smaller and fine particles of
Hap and more active site for the adsorption process. At
this high temperature also, pure HAp was obtained at 2 h
holding time while for the other two methods used,
calcium carbonate was still present in 300 and 900 °C with
holding time of up to 3 h [14].

Extracted HAp via microwave irradiation present the
lowest removal efficiency since in the microwave synthesis,
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Fig 3. The performance of extracted HAp by microwave
alkaline heat treatment and thermal
decomposition for ammonia removal (Adsorption
condition: RT, dosage 1.5 g/L, pH 6)

irradiation,

heat is generated internally within the material, with a
more uniform spatial temperature distribution and a
higher heat transfer rate [24]. When the sample becomes
the source of heating itself, the shape, size and the
chemistry of the sample becomes very sensitive to
heating [23].

Effect of pH on Ammonia Removal

The pH of wastewater is a significant parameter
which influenced the adsorption process due to
functional groups of both adsorbed molecules and
adsorbent being affected by the concentration of
hydrogen ions (H") in the solution. This hydrogen ion
involved in the adsorption process at the active sites of
the adsorbent and mechanism for ammonia adsorption
was known as surface complexation in which the particle
surface is predominantly from positive charges in acidic
solution, resulting in an increase of adsorption capacities
by ligand-exchange [25]. This study also investigated the
effect of pH of wastewater form shrimp hatchery for
ammonia removal using extracted HAp via thermal
decomposition and results has displayed in Fig. 4. There
always a between soluble

was pH-dependent

ammonium ion (NH;) and dissolved molecular

ammonia (NH;) in wastewater [26].
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According to Fig. 4 higher percentage of ammonia
can be removed at the slightly acidic condition of
wastewater (pH 6). At saturation time around 210 min,
removal efficiency achieved was more than 70%. This
indicated that the positive form of hydroxyapatite was
responsible for ammonia adsorption at this pH since the
adsorbed ammonia is in the negatively charged form. The
removal takes place by adsorption as well as precipitation,
due to the formation of calcium ion [27]. This can be
explained by the fact that, as the pH of the solution
increased (pH 3 to pH 6) the OH ions in the solution
increase and form some complexes with Ammonia ions
and thus form precipitate [28].

Very low ammonia removal observed when
adsorption occurred at pH 3 and this might due to the
competition of H* and NH;" ions for the active sites in the
adsorbent surface [27]. This might indicate a limited
contribution of chemical adsorption that is caused by the
unpaired electrons of ammonia at phosphate, hydroxide,
and calcium functional groups of HAp [9]. The low
biosorption capacity at pH values below 4 was attributed
to the hydrogen ions that compete with ammonia ions on
the sorption sites. In other words, at lower pH, due to
protonation of the binding sites resulting from a high
concentration of protons, the negative charge intensity on
the sites is reduced, resulting in the reduction or even

Indones. I. Chem., 2019, 19 (4), 1019 - 1030

inhibition of the binding of ammonia ions. Similar
findings were reported by Mourabet et al. [29].

In alkaline condition (pH 9 and pH 10), the
removal efficiency of ammonia was being the lowest one.
At saturation time 210 min, the removal was only 57 and
51%, respectively and this low removal might due to the
competition for adsorption sites between negatively
charged ammonia [5,29-30]. In addition, the amount of
adsorbed ammonia is limited by the repulsion of the
electrostatic force between the negatively charged
surface of the hydroxyapatite and ammonia [31].

Integration of HAp and Rice Husk as an Efficient
Adsorbent for Ammonia Removal

Morphology of adsorbent

SEM micrograph of rice husk ash and RH/HAp
was illustrated in Fig. 5. Pre-treated RH with NaOH help
to increase the surface area and heating for 2 h can cause
the morphology obtained as solid fiber clumps with a
rough surface. In RH/HAp adsorbent, the grain particle
had increased and it might due to the sufficient time of
integration and clumping the RH surface. The
morphology of RH/HAp also shows the formation of the
spherical structure is due to the sufficient synthesis of
HAp which resulted in the proper composite formation.
The morphology of highly agglomerated also may be due
to the hydrogen bonding between the silica group on the
surface of RH and phosphate group of HAp. The rough

surface indicates the glassy silica component embedded
with HAp.

Fig 5. Morphology of (a) Rice husk ash and (b) RH/ HA;;
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FTIR analysis

FTIR spectrum of RH shows functional group from
Si-O-Si (1026 cm™), Si-H (800 cm™), carbonyl lactones
(1155 cm™) and Si-OH (3000-3700 cm™! broadband) [32].
The spectra showed significant bands in the region
centered about 1026, 800 and 459 cm™ and these strong
bonds were attributed to the existence of silica which
accounts for a percentage in the rice husk.

In the FTIR of RH/HAp that shown in Fig. 6(b), a
broadband of 630 cm™ belongs to the vibration of
hydroxyl (OH) group and the band at 1024 and 962 cm™
are the characterization of phosphate stretching vibration.
The bands observed at 599, 565 and 470 cm™! are due to
the phosphate being in vibration. The peak of PO~ group
shifted from 1087 to 1024 cm™ due to interaction with rice
husk [33]. From the FTIR analysis, all the functional

group that presents in RH and HAp are present in
RH/HAp. The FTIR data clearly shows that the
adsorbent has been completely attaching to each other.
This means that the process to integrate these two
material (rice husk and HAp) was completely done.

The Effect of contact time on ammonia removal
HAp obtained through thermal decomposition
method had used for the further study; to integrate HAp
with rice husk ash, in order to improve the adsorption
performance of rice husk ash and to reduce the usage of
pure HAp. The result obtained was displayed in Fig. 7.
In this stage of the study, removal of ammonia
using the prepared adsorbent achieved its saturation
time around 60 min contact time. This results proved
that integration of HAp with rice husk can be a better
adsorbent due to shortening of reaction time. A better
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result was also obtained since the rice husk itself also has
a high capability for ammonia removal and there is an
only slight increase of ammonia removal when RH has
integrated with HAp (around 6% increment). However, it
is proved that HAp can be used as coating material for RH
performance in removing pollutants such as ammonia in
wastewater.

m CONCLUSION

In this
successfully prepared by using alkaline heat treatment,

present study, hydroxyapatite was
microwave irradiation, and thermal decomposition
method. Characterization of these three types of HAp
different different
crystallinity level of HAp when different final calcination
and different chemical used. Overall results proved that

extracted HAp using thermal treatment has maximum

proof that method produces

performance when it was successfully removed ammonia
for about 84% at saturation time 210 min. The integration
of HAp with rice husk shown a better performance when
the adsorbent (RH/HAp) was successfully removed
ammonia for about 84% at shorter contact time (60 min).
Assembly of HAp as a coating material for rice husk was
also a good way to reduce the usage of the high amount of
pure HAp as an adsorbent.
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