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1. Introduction

Abstract: In this study, a filtration column with tilapia fish scale macrocomposite adsorbent was
used to treat groundwater from a tube well in an indigenous village located at Kangkar Senangar,
Parit Sulong. The tilapia fish scale macrocomposite adsorbent was prepared by mixing tilapia fish
scale powder with cement and calcium carbonate in a cube mould. Next, the tilapia fish scale
macrocomposite adsorbent was characterised for Scanning Electron Microscope (SEM), Energy
Dispersive X-ray (EDX), and Fourier-Transform Infrared spectroscopy (FTIR) analyses. SEM
analysis displayed an irregular and porous surface in the fish scale powder while EDX analysis
detected the major elements of the adsorbent which are oxygen, calcium, and carbon. FTIR analysis
of the tilapia fish scale adsorbent showed the presence of hydroxyl, carbonyl, and alkene groups
that are responsible for the adsorption process. For the filtration column, a layer of dried sand and
gravel was cleaned and packed in the column. The filtration test was carried out with and without
the tilapia fish scale macrocomposite adsorbent. The adsorbent was then tested in a real filtration
system at the village site. The water sample was measured for pH, dissolved oxygen, turbidity,
biochemical oxygen demand (BOD), chemical oxygen demand (COD), total suspended solid (TSS),
total dissolved solid (TDS), ammonia nitrogen (AN), total hardness and heavy metals before and
after filtration process based on with and without tilapia macrocomposite adsorbents. The results
showed that the sand filter with tilapia fish scale adsorbent had better removal efficiency with more
than 92.53% turbidity, 81.82% COD, 83.33% TSS, 88.89% TDS, 95.24% AN, 90.30% manganese
and 89.50% zinc removal in groundwater.
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reducing the concentration of particulate matter in polluted
water, including suspended particles, chemical, and biological

Here introduce Groundwater is one of the most important
natural resources that are naturally protected against pollution
by filter layers of rocks and soil [1]. Groundwater irrigation
provides a more secure source, less susceptibility to drought
and easier access for personal use compared to conventional
methods of irrigation for surface water [2]. Contaminated
groundwater cannot be used for drinking because of the
presence of anions such as chloride and sulphate as well as
heavy metals such as lead and copper that can pose significant
health risks to humans [3]. The contaminants that degrade the
quality of groundwater can be classified into two categories
according to their source, which are natural and anthropogenic
pollutants such as pesticide applications, and land and waste
from animals [4]. Some of the treatments that can be used to
increase groundwater quality include aeration, filtration, and
chlorination. Water filtration is the process of eliminating or

contaminants to produce safe and clean water [5]. Despite the
many forms of media that can be applied as a filter, some can
be made from natural materials [6]. Gravel is commonly used
to screen out debris and dirt prior to the next treatment process.
River sand possesses a fineness modulus of 2.32 and particle
sizes ranging from 0 to 4.75 mm, which is ideal for use as a
slow sand bed filter [7]. In addition to that, tilapia fish scale
macrocomposite adsorbent can be used in the filtration system
as a filter media. Tilapia fish scales are easily obtained from
the market and fish processing industries. Fish scales can be
reused as raw material or processed into useful goods,
resulting in less environmental impact and efficient
management of fish waste [8]. lon exchange, dissolution—
precipitation, and surface complexation are the potential
adsorption mechanisms of using fish scale adsorbent [9]. The
fish scale adsorbent has been found to have excellent removal
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efficiencies and adsorption capability for heavy metals (50-
100%), dyes (78-90%), and pharmaceutical compounds such
as nitrate[10]. Fish scales can act as adsorbent with cement as
a binder and calcium carbonate as thermal conductivity to
produce macrocomposite adsorbents. This study will
determine the characteristic of the tilapia fish scale
macrocomposite adsorbent and investigate the performance of
the filtration system with and without the tilapia fish scale
macrocomposite adsorbent for groundwater treatment.

1.1 Scope of Study

This study is conducted to determine the efficiency of
tilapia fish scale macrocomposite adsorbent to treat
groundwater. The macrocomposite adsorbent is produced by
mixing the ground tilapia fish scale with cement, calcium
carbonate, and water. The groundwater sample was collected
in a high- density polyethylene (HDPE) container from a
faucet that was connected to the pump and tube well as shown
in Figure 1. Then, the container was stored in a chiller room at
the Environmental Engineering Technology Laboratory,
Universiti Tun Hussein Onn Malaysia, Pagoh prior to being
used in the experiment. The collected water sample was
filtered in a filtration column and real sand filtration system at
the site with and without the tilapia fish scale macrocomposite
adsorbent to investigate the effectiveness of the water
treatment process. The parameters tested include pH,
dissolved oxygen (DO), turbidity, total dissolved solids
(TDS), total suspended solids (TSS), chemical oxygen
demand, biological oxygen demand (BOD) and nitrogen
ammonia (AN). The heavy metals in the water sample are
tested using inductively coupled plasma mass spectrometry
(ICP-MS).

Figure 1: Groundwater sample collection from (a) faucet
connected to the (b) pump of the tube well.

1.2 Tables

In order to accomplish the study objectives, the flowchart
methodology as represented in Figure 2 was used to obtain
the information.
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Figure 2: Flowchart methodology of this study.

1.3 Preparation of tilapia fish scale macrcocomposite
adsorbent

About 5 kg of tilapia fish scales were purchased from
China, which were processed and dried. A mortar grinder set
to 500 rpm was used to grind the dried fish scales every 30
minutes. Figure 3 shows the tilapia fish scale powder after
being sieved. The tilapia fish scale macrocomposite adsorbent
was produced by a mix ratio 3:1:1 of cement, calcium
carbonate, and tilapia fish scale powder. The water cement-
ratio of 0.65 was used to produce tilapia fish scale
macrocomposite adsorbent. Next, the wet mixture was cast
into a rectangular mould with a dimension of 4.5 cm x 4.5 cm
x 4.5cm and left to harden for 24 hours. Then the adsorbent
was cured for 7 days to reduce the amount of water that is lost
from the surface of the adsorbent when it is mixed. After that,
the adsorbents were dried for 1 day. Figure 4 shows the tilapia
fish scale macrocomposite adsorbent.

Figure 3: The tilapia fish scale powder after sieved.
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Figure 4: The tilapia fish scale macrocomposite
adsorbent.

1.4 Set-up of filtration system

The set-up of the filtration system consists of a feed tank,
treated water tank, connecting tube, filtration column, and a
ball valve tap. The feed tank was filled with the collected
groundwater sample. Then, the valve was opened to direct the
water into the filter column under gravity. After that, the water
sample was filtered in the filtration column. The experiment
was carried out with and without the tilapia fish scale
macrocomposite adsorbent in the filter column. The
experiment was carried out at the site of the filtration system
project in an indigenous village in Kangkar Senangar. In tanks
1 and 2, there were filter media that consisted of fine sand,
coarse sand, and gravel. The source of the water sample came
from groundwater that was pumped through a tubewell.
Initially, the water sample was taken from the sand filtration
without any adsorbent in tanks 1 and 2. The tilapia fish scale
macrocomposite adsorbents were ttplaced in tank 1 for several
days. The schematic diagram placement of tilapia fish scale
macrocomposite adsorbents in tank 1 is shown in Figure 5.
The water sample was collected before and after the treatment
to be analysed. The removal of turbidity, AN, TSS, TDS and
heavy metal is calculated by Eq. 1 below:

Ci (mg/l)-Cf (mg/1) x 100 %

Removal efficiency (%) = T

Where Ci is initial concentration and Cf is final
concentration
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Figure 5: Schematic diagram placement of tilapia fish
scale macrocomposite adsorbents in tank 1.

1.5 Surface morphology and element composition

Avoid hyphenation The surface morphology of tilapia
fish scale macrocomposite adsorbent before and after the
groundwater treatment is shown in Figure 6 and Figure 7,
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respectively. From Figure 6, the surface of the adsorbent
consists of a porous and irregular surface structure due to the
fish scale powder[11]. The micrographs show two zones of
fish scale powder in adsorbent, one white and the other darker.
The white zone includes inorganic material such as calcium,
while the dark zone contains protein due to the high
concentration of carbon and oxygen [12]. Figure 7 shows the
surface of tilapia fish scale macrocomposite adsorbent after
groundwater treatment. Due to metal ions and impurities
trapped in the pores, the surfaces are damaged, rough, and
asymmetrical in structure[13]. The major chemical
composition of the adsorbent before groundwater treatment
consists of 61.8% oxygen (0), 17.87% carbon (C), 14.07%
calcium (Ca) and 3.65% silicon (Si). After the groundwater
treatment process, the major chemical composition of the
adsorbent consists of 54.16% oxygen (O), 33.12% carbon (C),
8.98% calcium (Ca) and 2.15% silicon (Si). The surface
groups containing a high concentration of oxygen could
strengthen the interaction between the tilapia fish scale
adsorbent and the carbon surface via the formed hydrogen
bond or van der Waals force, thereby significantly increasing
the adsorption strength [14].

Figure 6: SEM morphology of tilapia fish scale
macrocomposite adsorbent before groundwater
treatment at (a) 2000x and (b) 5000x magnification.

Figure 7: SEM morphology of tilapia fish scale
macrocomposite adsorbent after groundwater treatment
at (a) 2000x and (b) 5000x magnification.

1.6 Fourier transform infrared spectroscopy (ftir)

The FTIR study was performed before and after
groundwater treatment utilising the tilapia fish scale
macrocomposite adsorbent. Figure 8 shows the FTIR
spectrum of tilapia fish scale macrocomposite adsorbent
before and after groundwater treatment respectively. Based on
Figure 8 (a), the FTIR spectrum of tilapia fish scale
macrocomposite adsorbent before the treatment shows the
peak located at 3409.19 cm-1 as the presence of a stretching
weak hydroxyl (-OH) group. The peak located at 1410.77 cm-
1 was allocated to the OH stretching in-plane and the C-H
stretching in the symmetrical region of the adsorbent [15]. In
addition, the peak located at 965.17 cm-1 and 872.75 cm-1
indicated the presence of the O-P-O symmetric stretching
vibrations in the PO43- groups and the O-H stretching mode
[16].
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The FTIR spectrum of tilapia fish scale macrocomposite
adsorbent after treatment in Figure 8 (b) shows the peak
decrease from 3409.19 cm-1 to 3394.99cm-1 in the presence
of a stretching weak hydroxyl (-OH) group. Hydroxyl groups
can establish hydrogen bonds with water, which boosts the
hydrophilicity and solubility of molecules that contain ions
[17]. Then, the peak from 1410.77 cm-1 increased to 1411.07
cm-1, representing the carbonyl COO group accepting zero or
one H-bond [18]. The alkene functional group of the adsorbent
before groundwater treatment was detected at 965.17cm-1 and
had increased to 967.76 cm-1 after groundwater treatment,
which showed the trans- alkene absorption. The adsorption
energies of alkenes are significant functions of hydrogen
coverage as the adsorption of organic molecules [19]. The
bands at 870.46 cm-1 revealed the presence of the carbonate
ion in the adsorbent [20]. Adsorption of carbonate ions was
caused in the exchange of surface groups with carbonate
groups, resulting in an increase of the negatively charged
groups on the zinc oxide surface [21].

Figure 8: FTIR spectrum of tilapia fish scale
macrocomposite adsorbent (a) before and (b) after the
groundwater treatment.

1.7 Effect of filtration with and without tilapia fish scale
macrocomposite adsorbent in a column study

The results of the effect filtration system with and
without the tilapia fish scale macrocomposite adsorbents in a
column study were tabulated for pH, DO, turbidity, COD,
BOD, TSS, TDS, AN, and total hardness as shown in Figure
9 to Figure 11. Figure 9(a) shows pH concentration in
groundwater and sand filter with (SF W) and without (SF
W/O) tilapia fish scale macrocomposite adsorbent. The initial
pH of the groundwater was 5.67 before the treatment. Then,
the pH increased slightly to 5.84 after the sand filtration
without the adsorbent, while the pH rose to 6.23 after the sand
filtration with the adsorbent. Increased pH values in
groundwater were linked to the sorption of OH- groups on
adsorbent surfaces and the subsequent release of OH- groups
during ligand exchange filtrations[22].

Figure 9(b) illustrates the DO concentration in
groundwater and sand filter with (SF W) and without (SF
W/O) tilapia fish scale macrocomposite adsorbent. The initial
DO concentration was 6.92 mg/L before the treatment. Then,
the DO concentration was rise to 8.75 mg/L after using the
sand filtration without adsorbent while for sand filtration with
adsorbent, the DO concentration increased to 8.93 mg/L.
Figure 9(c) displays the BOD concentration in groundwater
and sand filter with (SF W) and without (SF W/O) tilapia fish
scale macrocomposite adsorbent. The initial BOD reading of

the groundwater sample was 2.63 mg/L before the
treatment. Then, the reading of the groundwater sample was
2.63 mg/L before the treatment. Then, the reading BOD
increased slightly to 3.23 mg/L after using the sand filter
without an adsorbent. The reading BOD by sand filter with
adsorbent also rose to 3.21 mg/L. High BOD after the
treatment might be due to the formation of a biological film
on the sand filter and adsorbent surface that increase the
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oxygen consumption and degradation of organic compound in
water by microorganisms [23].

The turbidity removal from the sand filters with (SF W)
and without (SF WI/O) tilapia fish scale macrocomposite
adsorbent is demonstrated in Figure 10(a). The initial turbidity
of the groundwater sample was 8.18 NTU. After the sand
filtration with adsorbent, high turbidity removal of 16.29%
was attained compared to the sand filter without adsorbent,
with only 11.73% removal. Figure 10(b) shows the COD
removal from the sand filter with (SF W) and without (SF
W/O) tilapia fish scale macrocomposite adsorbent. The initial
COD of the groundwater sample was 18 mg/L. After the sand
filtration with adsorbent, high COD removal of 38.89% was
achieved compared to the sand filter without adsorbent with
only 16.67% COD removal. Figure 10(c) shows the TSS
removal from the sand filter with (SF W) and without (SF
W/O) tilapia fish scale macrocomposite adsorbent. The initial
TSS of the groundwater sample was 8 mg/L. High TSS
removal of 75% was obtained from the sand filter with
adsorbent, while TSS removal for sand filter without
adsorbent was 40%.

The TDS removal from sand filters with (SF W) and
without (SF W/O) tilapia fish scale macrocomposite adsorbent
is shown in Figure 12. High TDS removal of 32.89% was
obtained from the sand filter with adsorbent compared to sand
filter without adsorbent with only 6.85% TDS removal. Figure
12(a) shows the ammonia nitrogen concentration in
groundwater and sand filter with (SF W) and without (SF
W/O) tilapia fish scale macrocomposite adsorbent. The initial
AN of the groundwater sample was

0.38 mg/L. The reading increased to 0.39 mg/L and 0.42
mg/L after using a sand filter without and with adsorbent,
respectively. The increase in ammonia could be a result of
organic nitrogen being hydrolysed to NH4 under anaerobic
conditions. NH4 is converted to NO3 in aerobic conditions
thus increasing the ammonia content in the water [24].

Figure 12(b) shows the total hardness concentration in
groundwater and sand filter with (SF W) and without (SF
W/O) tilapia fish scale macrocomposite adsorbent. The initial
total hardness of the groundwater before treatment was 7.33
mg/L CaCO3. After the treatment, the total hardness increases
to 9.21 mg/L CaCO3 and 9.34 mg/L CaCOs3 for sand filters
without and with adsorbent, respectively. This might be due to
the content of multivalent cations such as calcium and
magnesium ions in the sand filter and macrocomposite
adsorbent that may have leached in the water which
consequently increased the total hardness [25].
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Figure 9 : (a) pH, (b) DO concentration and (c) BOD
concentration in groundwater and sand filter with (SF
W) and without (SF W/O) tilapia fish scale
macrocomposite adsorbent.
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Figure 10: (a) Turbidity, (b) COD, and (c) TSS removal
from sand filter with (SF W) and without (SF W/O)
tilapia fish scale macrocomposite adsorbent.
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Figure 11: TDS removal from sand filter with (SF
W) and without (SF W/O) tilapia fish scale
macrocomposite adsorbent.
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Figure 12: (a) Ammonia nitrogen and (b) total
hardness concentration in groundwater and sand filter
with (SF W) and without (SF W/O) tilapia fish scale
macrocomposite adsorbent.

2. Effect of filtration with and without tilapia fish scale
macrocomposite adsorbent in real filtration system on
site
The results of the effect filtration system with (tank 1)

and without (tank 2) the tilapia fish scale macrocomposite

adsorbent in a real filtration system at the site of an indigenous
village in Kangkar Senangar were tabulated for pH, DO,
turbidity, COD, BOD, TSS, AN, total hardness and heavy
metals as shown in Figure 13 to Figure 17. Figure 13(a) shows
pH concentration in tubewell and sand filter with and without

tilapia fish scale macrocomposite adsorbent after 1 day and 5

days. The initial pH of groundwater before the filtration

process was 5.68 and 5.72 for 1 day and 5 days, respectively.

The initial pH of filtered water without adsorbent was 5.74,

and after the sand filtration process without adsorbent in tank

1, the pH rose to 7.28. After the groundwater flow into tank 2

for a second sand filtration process, the pH increased to 7.5.

On the other hand, the initial pH of filtered water with

adsorbent for the first day was 5.72. After the sand filtration

process with adsorbent in tank 1, the pH rose to 7.5. Then, the

pH increased to 7.75 after sand filtration in tank 2. After 5

days, the initial pH of the groundwater in the tubewell was

5.68. The pH increased to 7.43 after the sand filtration process

with adsorbent in tank 1. The pH increased slightly to 7.74

after sand filtration in tank 2.

The DO concentration in tubewell and sand filter with
and without tilapia fish scale macrocomposite adsorbent after
1 day and 5 days is shown in Figure 13(b). For sand filters
without adsorbent, the initial DO concentration was 6.61
mg/L. The DO concentration increased to 7.93 in tank 1 and
tank 2. For the sand filter with adsorbent, the initial DO was
5.25 mg/L and 4.36 mg/L after 1 day and 5 days, respectively.
The DO concentration rose slightly to 5.84 mg/L and 6.46
mg/L in tank 1 and tank 2 respectively after 1 day. The DO
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concentration increased from 4.36 mg/L to 7.87 mg/L after 5
days in tank 1 and tank 2. The increase of DO might be due to
the aeration process that occurs due to the water that falls via
gravity into the tank, thus increasing the oxygen content in the
water over time [26]. Figure 13(c) shows the BOD
concentration in the tubewell and sand filter with and without
tilapia fish scale macrocomposite adsorbent after 1 day and 5
days. For the sand filter without adsorbent, the BOD in tank 1
and tank 2 increased to 1.4 mg/L and 1.81mg/L, respectively.
The BOD for sand filter with adsorbent after 1 day was
decreased to 3.01 mg/L in tank 1 and rise to 3.20 mg/L in tank
2. After 5 days, the BOD in tank 1 decreased to 2.90 mg/L
while rose to 3.39 mg/L in tank 2.

Figure 14(a) illustrates the turbidity removal in the sand
filter with and without tilapia fish scale macrocomposite
adsorbent after 1 day and 5 days. Overall, the turbidity
removal in groundwater samples from the sand filter with
adsorbent was higher than the sand filter without adsorbent.
For the sand filter without adsorbent, the turbidity removal in
tank 1 was 25.97% and rise to 86.27% after sand filtration in
tank 2. The turbidity removal for sand filter with adsorbent
after 1 day was 40% in tank 1 and rose to 92.53% in tank 2.
After 5 days, the turbidity removal in tank 1 increased to
76.83%, while a slight increase in removal to 90.24% was
observed in tank 2. This is more effective compared to the
sand filter without adsorbent. The increasing turbidity removal
was due to negatively charged functional groups attracting
positively charged contaminants, resulting in adsorption of the
compound to the adsorbent surface. All the final results after
the treatment in tank 2 were around 1.24 NTU and achieved
the permissible limit for turbidity, which should be below 5
NTU under Drinking Water Quality Standards.

The COD removal in sand filter with and without tilapia
fish scale macrocomposite adsorbent after 1 day and 5 days is
shown in Figure 14(b). Overall, the COD removal in
groundwater samples from the sand filter with adsorbent was
higher than the sand filter without adsorbent. For the sand
filter without adsorbent, the COD removal in tank 1 was
4.35% and rise to 56.52% after sand filtration in tank 2. The
COD removal for sand filter with adsorbent after 1 day was
22.22% in tank 1. However, the COD removal dropped to 0%
in tank 2 after 1 day. After 5 days, the COD removal in tank 1
and tank 2 increased to 68.18% and 81.82%, respectively. This
is more effective compared to the sand filter without
adsorbent.

Figure 14(c) illustrates the TSS removal in sand filter
with and without tilapia fish scale macrocomposite adsorbent
after 1 day and 5 days. For the sand filter without adsorbent,
the TSS removal in tank 1 was 69.23% and rose to 84.62%
after sand filtration in tank 2. The TSS removal for sand filter
with adsorbent after 1 day was 33.33% in tank 1 and increased
to 83.33% in tank 2. After 5 days, the TSS removal in tank 1
increased to 50%, while a slight decrease to 75% was observed
in tank 2. This shows that the TSS removal was lower after the
first day, but increased after a few days.

Figure 15(a) depicts the TDS removal in the sand filter
with and without tilapia fish scale macrocomposite adsorbent
after 1 day and 5 days. Overall, the TDS removal in the
groundwater samples from the sand filter with adsorbent was
higher than the sand filter without adsorbent. For the sand
filter without adsorbent, the TDS removal in tank 1 was
53.85% and rose to 80.77% after sand filtration in tank 2. The
TDS removal for sand filter with adsorbent after 1 day was
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61.11% in tank 1 and increased to 88.89% in tank 2. After 5
days, the TDS removal in tank 1 increased to 62.5%, while a
slight increase of removal to 75% was observed in tank 2.
Increased TDS removal was due to the high surface area of the
adsorbent that has better particle retention and adsorption
capability toward dissolving contaminants [27].

The AN removal in the sand filter with and without
tilapia fish scale macrocomposite adsorbent after 1 day and 5
days is shown in Figure 15(b). Overall, the AN removal in
groundwater samples from the sand filter with adsorbent was
higher than the sand filter without adsorbent. For the sand
filter without adsorbent, the AN removal was -5.71% and
17.14% in tank 1 and tank 2, respectively. The AN removal
for sand filter with adsorbent after 1 day was 28.95% in tank
1 and increased to 84.21% in tank 2. After 5 days, the AN
removal in tank 1 increased to 69.05%, while AN removal of
95.24% was observed in tank 2. The sand filter with tilapia
fish scale macrocomposite adsorbent showed a reduction of
concentration below 1.5 mg/L, which meets the requirement
for Drinking Water Quality Standards.

Figure 16 depicts the total hardness in tubewell and sand
filter with and without tilapia fish scale macrocomposite
adsorbent after 1 day and 5 days. The initial total hardness of
filtered water without the adsorbent was 7.05 mg/L and after
the sand filtration process without adsorbent in tank 1, the total
hardness rose to 9.23mg/L. Next, the groundwater was flowed
into tank 2 for a second sand filtration process, and the total
hardness increased to 9.00 mg/L. On the other hand, the initial
total hardness of filtered water with an adsorbent for the first
day was 8.01mg/L. After the sand filtration process with
adsorbents in tank 1, the total hardness rose to 8.48mg/L.
Next, the total hardness slightly decreased to 8.29 mg/L after
sand filtration in tank 2. After 5 days, the initial total hardness
of the groundwater in the tubewell was 7.77 mg/L. The total
hardness increased to 8.61 mg/L after the sand filtration
process with adsorbents in tank 1. The total hardness then
increased slightly to 9.24 mg/L after sand filtration in tank 2.
The increase in total hardness might be due to the Ca and Mg
content in the adsorbent. The total hardness after the treatment
of sand filter with tilapia fish scale macrocomposite adsorbent
meets the Drinking Water Quality Standards requirement,
which is below 500 mg/L.

Figure 17(a) displays the zinc concentration in the
tubewell and sand filter with and without tilapia fish scale
macrocomposite adsorbent after 1 day and 5 days. For the sand
filter without adsorbent, the initial zinc concentration was 78.8
pg/L. The zinc concentration decreased to 54.8 pg/L in tank 1
and increased to 119 pg/L in tank 2. For the sand filter with
adsorbent, the initial zinc concentration was 130 pg/L and 161
pg/L after 1 day and 5 days, respectively. The zinc
concentration decreased to 70.7 pg/L and 33.4 pg/L in tank 1
and tank 2, respectively after 1 day. The zinc concentration
decreases from 49 pg/L to 16.9 pg/L after 5 days in tank 1 and
tank 2. This shows that the zinc concentration after the
treatment of sand filter with tilapia fish scale macrocomposite
adsorbent meets the Drinking Water Quality Standards
requirement which is below than 3 mg/L. By applying tilapia
fish scale macrocomposite adsorbent in tank 1, zinc removal
can be obtained from 45-89%.

The manganese concentration in tubewell and sand filter
with and without tilapia fish scale macrocomposite adsorbent
after 1 day and 5 days is shown in Figure 17(b). For the sand
filter without adsorbent, the initial manganese concentration



Journal of Water Resources Management. Vol. 2 No. 1 (2024) p. 1-9

was 78.8 pg/L. The manganese concentration decreased to
54.8 pg/L in tank 1 and increased to 119 pg/L in tank 2. For
the sand filter with adsorbent, the initial manganese
concentration was 130 pg/L and 161 pg/L after 1 day and 5
days, respectively. The manganese concentration decreased to
70.7 pg/L and 33.4 pg/L in tank 1 and tank 2, respectively after
1 day. The manganese concentration decreases from 49 pg/L
to 16.9 ng/L after 5 days in tank 1 and tank 2. This shows that
the manganese concentration after the treatment of sand filter
with tilapia fish scale macrocomposite adsorbent meets the
Drinking Water Quality Standards requirement, which is
below 0.1 mg/L. By applying tilapia fish scale
macrocomposite adsorbents to the sand filter in tank 1, the
manganese removal obtained was from 46-90%. The sorption
of heavy metals is linked to the presence of functional groups
such as hydroxyl and carboxyl groups on the adsorbent
surface, as well as the porous structure and high surface area
of the adsorbent [28].
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Figure 13: (a) pH, (b) DO concentration and (c) BOD
concentration in tubewell and sand filter with and
without tilapia fish scale macrocomposite adsorbent after

1 day and 5 days.
oTask ) o Task? Y]
Lo _ar .5 ok
T
Z.
feo
- 4006
i“ 1.
i |
o
(e Bay s

7
Published by JPS Publishing
https://journal.water.gov.my

#Tamk | = Tamk 2 =]

0 BLEX

|

5 (TR
i w 54.52

w0

40

30 X IT
g m
= w0 455 I

. = (1)

ubilal Bax | My &
sTaskl wTask? (]

100
- TR0
i B0
T e 000
e
E x l

Day | Bay 5

Figure 14: (a) Turbidity, (b) COD, and (c) TSS removal
in sand filter with and without tilapia fish scale
macrocomposite adsorbent after 1 day and 5 days.
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Figure 15: (a) TDS and (b) AN removal in sand filter with
and without tilapia fish scale macrocomposite adsorbent
after 1 day and 5 days.
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Figure 16: Total hardness in tubewell and sand filter with
and without tilapia fish scale macrocomposite adsorbent
after 1 day and 5 days.
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Figure 17: (a) Zinc and (b) manganese concentration in
tubewell and sand filter with and without tilapia fish
scale macrocomposite adsorbent after 1 day and 5 days.

3. Conclusion

The performance of the sand filter with and without
tilapia fish scale macrocomposite adsorbents in a column
study showed a pH of 5.84 to 6.23, while the dissolved oxygen
(DO) level was 8.75 mg/L to

8.93 mg/L. The highest removal was achieved in the sand
filter with tilapia fish scale macrocomposite adsorbent with
16.26% turbidity, 38.89% chemical oxygen demand (COD),
75% total suspended solids (TSS), 32.88% total dissolved
solids (TDS), while biochemical oxygen demand (BOD),
ammonia nitrogen (AN) and total hardness increased slightly
after treatment. The performance of the sand filter with and
without tilapia fish scale macrocomposite adsorbent in a real
sand filtration system at the site showed a pH of 7.5 to 7.75,
while the DO was 5.84 mg/L to 7.73 mg/L. The highest
removal was achieved in the sand filter with tilapia fish scale
macrocomposite adsorbent with 83.33% turbidity, 81.82%
COD, 27.14% biochemical oxygen demand (BOD), 83.33%
TSS, 88.89 % TDS, 95.24% ammonia nitrogen (AN), 89.50%
zinc (Zn), and 90.30% manganese (Mn). In conclusion, sand
filters containing tilapia fish scale macrocomposite adsorbent
had higher contaminant removal efficiency for most of the
parameters tested compared to sand filters without the
adsorbent. The heterogeneous pores and cavities of the tilapia
fish scale macrocomposite adsorbent increased the surface
area exposed for adsorption. Furthermore, the presence of
functional groups such as hydroxyl, alkene, and carbonyl also
contribute to the adsorption process. The sand filter with
tilapia fish scale macrocomposite adsorbent was able to
improve groundwater quality as most parameters were within
the permissible limit of Drinking Water Quality Standards.
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