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colour, posing environmental and health risks. The adsorption method, particularly
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using cockleshells (Anadara granosa), has emerged as a promising and environmentally
friendly approach. The study aims to assess the performance of cockleshells in treating
POME, focusing on reducing pollutants and colour to ensure compliance with effluent
discharge standards for crude palm oil mills. Cockleshells specific size with size of 425
pum-1.17 mm, 1.18-2.36 mm, and greater than 10 mm adsorbent produced.
Characterization of the adsorbent was done utilizing Scanning Electron Microscopy
(SEM) and Fourier Transform Infrared (FTIR) analysis to observe the surface
morphology and functional groups. The preparation process for cockleshells as an
adsorbent involves several phases. It operates with a column filter model by layer with
medium sand, cockleshell, and fine sand with sizes of 1 mm-2 mm and 0.5 mm-1 mm.
The parameters measured for the untreated and treated POME are temperature (°C),
pH, turbidity (TUR), colour (ADMI) and total suspended solid (TSS). The best results
were achieved by cockleshell size of 425um-1.17mm where removal efficiencies are
Colour=56.32%, TUR=81.89 %, and TSS=62.20% while temperature =23.92°C and
pH=8.56. The cockleshell adsorbent's functional groups, such as alkene, are essential
Keywords: to the adsorption process. The surface structure of cockleshells that are porous and
POME; cockleshell; adsorbent uneven surface makes the adsorption process effective.

1. Introduction

The palm oil industry currently is one of the agro-based industries that have a high contribution
to the global economy including Malaysia [1]. This high-demand industry that is usually found in
equatorial climate nations has also been identified because of its various by-products and their usage
[2]. As environmental awareness grows, natural materials with properties like biodegradability and
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eco-friendliness are being developed, and palm oil byproducts are increasingly used to create
sustainable solutions [3]. In Southeast Asia, Malaysia's palm oil industry plays an important part in
the Malaysia economy and presently becomes the global second largest palm oil producer of
commodity after their neighboring country, Indonesia [4]. Despite the advancement in the palm oil
industry being great for the economy, there is a negative impact on the environment caused by the
production of by-product palm oil, which results in high waste pollution known as palm oil mill
effluent (POME). Every tonnes production of crude palm oil will generate about 2.5 tonnes of POME.
Therefore, as the number of production increases then the amount of POME generated increases
[4,5]. The characteristic of POME is brownish due to the colloidal mixture, gives off an unpleasant
smell, and usually shows temperatures from 80-84°C. It also contains 95-96% of water, 4-5% of total
solids and 0.6-0.7% of oil [2]. The high quantity of carotene, pectin, tannin, phenolic compounds and
lignin contributes to the brownish colour [6]. Decolorizing water before discharge is necessary to
avoid this environmental concern [7]. Depending on the industry, organic substances,
microorganisms and other sources frequently contaminate industrial wastewater. In this instance,
the release of contaminants from industrial sources has severely surpassed other environmental
issues in severity [8].

POME pollutants prevent sunlight from penetrating water bodies, which lowers photosynthetic
activity. Additionally, the presence of organic materials reduces the amount of dissolved oxygen
consumed by aquatic creatures and speeds up bacterial development. Therefore, POME must be
treated before being released into the environment. On the other hand, the physical and chemical
processes have limitations as well. A membrane system for the physical treatment of wastewater
with an organic component is not recommended. Instead, as the organic matter accumulates on the
membrane's surface, a fouling layer will form. As a result, treatment effectiveness is reduced and
frequent maintenance is required [9].

Currently, a variety of technologies, including reverse osmosis, ion exchange, electrolysis and
membrane filtering, are utilized to remove heavy metals in industrial effluent. Most of these
techniques, however, can be highly complicated, expensive, time-consuming and sludge-heavy. Due
to its large surface area and porosity the adsorption method, a physicochemical process is frequently
utilized in various research. Additionally, compared with other conventional methods, the adsorption
process is highly effective, has a low operating cost, and is also very environmentally friendly [8]. In
Malaysia, especially on the west coast of West Malaysia, cockleshells (Anadara granosa), which live
behaviorally buried in the sediment, have gained prominence as a valuable ecological marine
product. They have demonstrated excellent effectiveness in the elimination of both inorganic and
organic matter in contaminated water and can be employed as an economical adsorbent material.
Calcium oxide (CaO) is created from calcium carbonate (CaCOs) through calcination or thermal
breakdown. CaO is an alkaline earth oxide that can be used to cleanse sewage and industrial effluent
[10].

The primary goal of this research is to assess the performance of the cockleshell to clarify the
effluents of POME. In addition, the adsorption technique is highly eco-friendly and has excellent
efficiency compared to other conventional approaches. The complaints were obtained due to the
low clarity of the water and the turbidity of the water. The health of the flora and fauna is impacted
by the large number of organic contaminants in wastewater that are dangerous for the aquatic
environment. This colored POME significant effect on water bodies when it releases wastewater, the
adverse effects of untreated color effluents are aquatic ecosystems by reducing sunlight penetration,
increasing water temperature and disrupting the natural balance of the ecosystem [11,12].

Adsorption treatment has a higher ability to treat contaminants at low concentrations than other
wastewater treatment techniques, which is thought to be the main constraint of currently used
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conventional treatments [11]. Therefore, this research explores the potential of utilizing cockle shells
as an innovative natural adsorbent for treating palm oil mill effluents, aiming to provide a sustainable
and cost-effective alternative to conventional methods. Cockleshell filters as an absorbent offer a
viable solution because cockleshells are numerous and renewable, and they have shown promising
outcomes in adsorbing colour.

2. Methodology
2.1 Collection and Parameter of POME

The effluent of POME was collected at the final discharge from Kilang Kelapa Sawit Bukit Pasir
Sdn Bhd as a wastewater sample for the experiment. POME samples were kept in the cool rooms of
the UTHM Environmental Laboratory, although the temperature was verified that same morning to
ensure reliable data. The initial parameters such as pH value, dissolved oxygen (DO), turbidity (TUR),
biochemical oxygen demand (BOD), total suspended solids (TSS) and ammoniacal nitrogen (AN) of
untreated POME were measured and recorded. Then, the POME will go through the treatment and
final parameters were measured and recorded to compare with the initial parameters. Both initial
and final parameters also were compared with the effluent standard discharged of POME stated by
DOE Malaysia.

2.1.1 Preparation of cockleshell

Cockleshells (Anadara granosa) were collected near Pantai Parit Penyegat, Muar Johor. In general,
the preparation process consists of many phases. First, the selected cockleshells have been gathered
and cleaned to remove any pollutants or contaminants. This guarantees that the filtration material
was in the absence of contaminants that could disrupt the adsorption process. Then, the cockleshell
dried directly under sunlight. Next, cockleshells were dried in a drying oven at 110 °Cfor 1 h to ensure
complete drying before being crushed with a pestle and mortar [13]. Depending on the intended size
of the adsorbent particles, this involves grinding and pounding the cockleshells into granules form.
Concerning the scope of the study, grinding can be accomplished mechanically or manually with a
mortar and pestle. Subsequently, the resultant size powder was sieved using a stainless-steel
laboratory sieve with an aperture of 12 mm for raw cockleshell, 425 uym-1.17 mm, 1.18 mm-2.36 mm
to get respective sizes. Finally, the cockleshell powder was stored in a Ziplock bag. The use of various
sizes of cockleshells is to study the adsorption effectiveness of each size and to find the best
adsorption process. Figure 1 shows the process of preparation of cockleshells from the cleaning to
the sieving process.
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(d) (e)
Fig. 1. The process of preparation of cockleshell (a) Cleaning (b) Drying (c) Grinding (d) Sieving (e) Packing [14]

2.2 Characterization of Cockleshell
2.2.1 Fourier Transform Infrared (FTIR) spectroscopy

The FTIR spectrum analysis offers information about the molecular structure of the functional
groups present in the samples under research. Simple spectra are typically derived from substances
with few IR active covalent bonds, whereas complex spectra contain many adsorption bands.
Furthermore, the magnitude of the peaks in the spectrum indicates the amount of material present.
Infrared is a useful tool for quantitative analysis when combined with modern software algorithms.

2.2.2 Scanning Electron Microscopy (SEM)

SEM pictures can recreate views of a sample's almost three-dimensional surface and depict the
sample's morphology. Consequently, the technique's primary application is to provide a high-
resolution image of a surface feature from which judgments regarding the distribution of various
chemical elements within the sample can be drawn. A resolving power of better than one nanometer
can be achieved by modern SEMs. The entire operation takes place in the vacuum chamber. The
cockleshells can be analyzed in an SEM to visualize the porous structure.

2.3 Preparation of Cockleshell Filtration

The layering of the cockleshell filter is shown in Figure 2 [15] and the functions for each layer are
shown in Table 1. The first segment contains an intake reservoir into which treated effluents are
poured. The second segment was made up of medium sand with particle sizes ranging from 1 mm to
2 mm, packed to a height of 6 cm. Medium sand acts as an additional layer in the filter bed, enhancing
the overall effectiveness of the cockleshell filter in conjunction with the cockleshell medium. Medium
sand serves as a supporting medium for cockleshell granules, which was one of its principal roles. The
sand within the filter creates a stable and consistent bed, ensuring proper distribution of the effluent
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flow and preventing the formation of preferential flow routes and the cockleshell layer in the filter.
The sand media maximizes contact between the effluents and the cockleshell granules by distributing
the flow evenly, allowing for good adsorption of color compounds and total suspended solids. The
third segment includes cockleshells with a height of 12 cm as the primary adsorber of POME. The
fourth segment was made up of fine sand of particle sizes ranging from 1 to 0.5 mm. The fine sand
layer is the last segment before the treated effluent runs into the outlet tube.

i
6cm Medium Sand
Cockleshell
12cm (adsorbent)
—4——» Fine Sand
6ecm oo
Fig. 2. The layering of cockleshell filter
Table 1
The components of the cockleshell filter and the functions
Components Functions
Medium sand Removes the pathogens and suspended solids.
Cockleshell Acts as an adsorbent and holds the capacity of water.
Fine sand Supports the cockleshell granular to prevent it from going into the drainage layer and outlet tube.

2.4 Analysis of Removal Percentage

The removal percentages of Colour, turbidity (TUR) and total suspended solid (TSS) were
measured using Eq. (1) to examine the performance of the cockleshell filter [14,15]. Removal
percentages obtained by treatment of cockleshell filter compared to the initial result and effluent
standard discharged of POME stated by DOE Malaysia.

Initial-Treated POME
Removal (%) = — x 100 (1)
Initial POME

2.5 Mechanism Adsorption Process of Cockleshell Filter

Figure 3 illustrates the adsorption mechanism that occurs between the pollutant particles in 2L
POME and particles of cockleshell adsorbent. Cockleshell adsorbent attaches at the adsorbate in the
POME and traps pollutant particles of POME followed by attached at the surface of the cockleshell,
through the cockleshell layer. The existence of the aliphatic ether (C-H) group and alkene group
increases the rate of absorption and bonding that assist in this mechanism [16,17]. The porous and
uneven structure of the cockleshell surface also contributes to the effectiveness of this adsorption
mechanism.
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POME PROCESS ADSORPTION OF POME PARTICLES
COCKLESHELL AND POME AFTER FILTRATION
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Fig. 3. Mechanism adsorption process of cockleshell filter

3. Results and Discussion
3.1 Initial POME Parameters

The initial parameters of collected POME from the factory are shown in Table 2 with a comparison
to standard discharge limits for POME. Based on Table 2, all the parameters comply with the standard
discharge limit set by the Department of Environment Malaysia (DOE) except colour.

Table 2

Initial value for raw POME and DOE discharge limits [18]

Parameters Raw POME DOE wastewater discharge limit
Temperature (°C) 25.32 40

pH 8.28 5.5-9.0

Color (ADMI) 1702.4 200

Turbidity 25.4 400

TSS (mg/L) 328 400

3.2 Fourier Transform Infrared (FTIR) Analysis

The structural and compositional details of the functional groups contained in the samples are
provided by FTIR spectroscopy. The peaks located at 589, 704, 854, 1081 and 1450cm™ observed in
Figure 4 indicate the presence of the C-O and C-H group in the cockleshell. The peak location at
589cm™ shows often corresponds to compounds like aliphatic nitrite. Next, the peak of 704cm™ for
cockleshell was assigned to the presence of the aliphatic acid halide. In addition, the peak located at
854cm™ indicated the presence of the aliphatic ether (C-H) stretching group while 1081 cm™
corresponded to the aliphatic alkoxy. The highest peak in Figure 4 located at 1450 cm™ shows the
presence of stretching of aliphatic isonitrile. The presence of functional groups such as alkene in the
cockleshell adsorbent plays a major role in the adsorption process [19].
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Fig. 4. FTIR spectrum of cockleshell

3.3 Scanning Electron Microscopy (SEM) Analysis

Figure 5 shows SEM morphology of cockleshell adsorbent (a) before and (b) after filtration
experiment at 2,000 x magnification respectively. Furthermore, for effective trapping of the pollutant
in the adsorbent's pores, porous and uneven surface shape is preferred [15]. The cockleshell surface
in Figure 5(a) shows the surface structure of cockleshells that are porous and uneven surface and
free from adsorbed substances. The porous and uneven surface makes the adsorption process
effective in column filter [18]. However, following the filtration experiment, the adsorbent surface
displays a denser structure with the attached element. Figure 5(b) shows that the attached element
in the cockleshell surface reduces the palm oil mill effluent colour and turbidity. This might be the
result of particles binding to the adsorbent's surface and depositing.

28



Journal of Advanced Research Design Penerbit

Volume 136, Issue 1 (2025) 22-32 Akademia Bal'u

Fig. 5. SEM morphology of cockleshell adsorbent (a) Before (b) After filtration experiment

Figure 5(a) displays the chemical components of the cockleshell before the filtration process
29.43% calcium, 55.18% oxygen and 15.39% carbon represent the majority of the adsorbent's
elements. The other chemical elements found in Figure 5(b) are Cl, Mg, Zn, Fe, Mn and Al with 0.05,
0.14, 0.11, 0.48, 0.17 and 0.08 of the element percentage of the cockleshell after the filtration
experiment. The presence of another contaminant as shown in Figure 5(b) shows the efficiency of
the cockleshell as an adsorbent and reduces the impurity in the Palm oil mill effluent (POME).

3.4 Discussion

In summary, the investigation into the initial parameters and their variations with different
cockleshell sizes yields crucial insights for the efficiency of the cockleshell filtration process. The
analysis of POME effluent after filtration process are shown in Table 3. The initial temperature of the
POME was recorded at 25.32°C. Intriguingly, with the introduction of cockleshells, a trend is observed
wherein larger sizes (>10 mm) marginally elevate the temperature to 25.86°C, while the smaller sizes
(1.18 mm-2.36 mm and 425 um-1.17 mm) exhibit a favourable reduction to 23.8°C and 23.92°C,
respectively. This nuanced temperature modulation is pivotal for process optimization, emphasizing
the significance of carefully selecting the cockshell sizes. The initial pH average of 8.28 for POME with
the introduction of a variety cockleshell sizes. Larger cockleshells (>10mm) showed a marginal
elevation, reaching an average pH of 8.77, whereas smaller size categories, particularly the 1.18 mm-
2.36 mm and 425 um-1.17mm ranges, showed a more favourable reduction to 8.56.

Table 3
Analysis of POME after filtration with DOE discharge standard
Parameters Initial average Cockleshell sizes for average parameters DOE discharge
value limit
>10 mm 1.18 mm-2.36 mm 425 pm-1.17 mm
Temperature (°C)  25.32 25.86 23.8 23.92 45
pH 8.28 8.66 8.77 8.56 5.0-9.0
Color (ADMI) 1702.4 1654 1620.2 743.6 200
Turbidity (NTU) 25.4 17.22 5.10 4.60 400
TSS (mg/L) 328 248 204 124 400

Moreover, the investigation into the impact of the various cockleshell sizes on crucial parameters
such as Colour revealed nuanced trends with major implications for the efficiency of the cockleshell
filtering system in treating POME. The initial state, marked by a Colour value of 1702.4 ADMI, was
notably diminished with the introduction of cockleshells. This reduction was most pronounced in the
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smaller size categories, with the 1.18 mm-2.36 mm and 425 um-1.17 mm ranges demonstrating the
greatest efficacy, resulting in average color values of 1620.2 ADMI and 743.6 ADMI, respectively. The
treated effluents became yellow after the adsorption because of cockleshell adsorbent sizes and the
sand filtration improved the water quality and was more suitable for aquatic life as shown in Figure
6. The reduction in coloring indicates cockleshell adsorption potential, particularly in finer-size
fractions [20].

Before Filtration After Filtration

Fig. 6. POME before and after the filtration process

Furthermore, the report indicates that the cockleshell filtration process is effective in reducing
the turbidity and total suspended solids (TSS) of the POME. The initial turbidity of 25.4 NTU witnessed
a substantial decline across different cockleshell sizes, reaching an average of 5.10 NTU for the 1.18
mm-2.36 mm range and 4.60 NTU for the 425 pum-1.17 mm range. This demonstrates the
effectiveness of smaller cockleshells in clarifying the POME, aligning with expectations of enhanced
filtration efficiency with finer particles. Moreover, total suspended solids (TSS), initially at 328 mg/L,
exhibited a notable reduction, with the 1.18 mm-2.36 mm and 425 um-1.17 mm cockleshell sizes
yielding averages of 204 mg/L and 124 mg/L, respectively. This underscores the potential of
cockleshells, especially in finer-size fractions, to mitigate suspended solid content in the wastewater.

Given that the proportion of adsorption increases with the increasing surface area of the
cockleshell [21,22]. The adsorbent has an excellent capacity for adsorption of color and turbidity as
shown in Table 4. The evaluation of the cockleshell adsorbent performance was shown by percentage
removal by calculation of initial and final parameters. The best results were achieved by cockleshell
size of 425 um-1.17 mm where removal efficiencies are Colour (56.32%), TUR (81.89%), and TSS
(62.20%) while temperature (23.92°C) and pH (8.56).

Table 4
Percentage removal of colour, turbidity and TSS with different sizes of cockleshell
Percentage removal (%) Cockleshell sizes

>10 mm 1.18 mm-2.36 mm 425 pm -1.17 mm
Colour 2.84 4.83 56.32
Turbidity 32.20 80.28 81.89
TSS 24.39 37.80 62.20
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4. Conclusions

The study was conducted to assess the capability of cockleshell as an adsorbent in palm oil mill
effluents. The adsorbent characteristic was analyzed by FTIR and SEM which confirm the presence of
an aliphatic group of hydrocarbons and an alkaline functional group as an adsorbent. Several
parameters with three different sizes of cockleshells were studied to investigate the performance of
cockleshells as adsorbents like pH, temperature, color, turbidity and TSS. The studies prove that the
cockleshell is an efficient low-cost adsorbent for the removal of color and turbidity from palm oil mill
effluents as shown in the removal percentage in Table 4. This is supported by SEM analysis, which
revealed a decrease in empty spaces on the cockleshell surface following adsorption as compared to
pre-adsorption. The surface morphology changed and contained contaminated material in the form
of needles. This was because the cockleshell had bound the metal in the effluent sample. The unique
properties of cockleshells, ultimately contribute to more effective processes, enhanced product
quality, and create sustainable natural material production. Future studies could evaluate the
performance of cockle shells with sizes smaller than 425 um to determine their potential for further
enhancing adsorption efficiency.

Acknowledgement

The authors acknowledge sincerely the Department of Civil Engineering Technology, University Tun
Hussein Onn Malaysia (UTHM), and Kilang Kelapa Sawit Bukit Pasir Sdn. Bhd. for supporting and
encouraging this research. This research was funded by UTHM through Tier 1 (vot H797).

References

[1] Dashti, Arezoo Fereidonian, Nur Anis Syazmin Salman, Rohana Adnan, and Mohammad Ali Zahed. "Palm oil mill
effluent treatment using combination of low cost chickpea coagulant and granular activated carbon: Optimization
via response surface methodology." Groundwater for Sustainable Development 16 (2022): 100709.
https://doi.org/10.1016/j.gsd.2021.100709

[2] Saad, Muhammad Syaamil, Mohd Dzul Hakim Wirzal, and Zulfan Adi Putra. "Review on current approach for
treatment of palm oil mill effluent: Integrated system." Journal of Environmental Management 286 (2021): 112209.
https://doi.org/10.1016/j.jenvman.2021.112209

[3] Khashi'le, Najiyah Safwa, and Khairum Hamzah. "Mechanical properties of jute fiber polyester hybrid composite
filled with eggshell." Semarak Engineering Journal 6, no. 1 (2024): 20-28. https://doi.org/10.37934/sej.6.1.2028

[4] Lim, Kai Soon, Vasanthi Sethu, and Anurita Selvarajoo. "Natural plant materials as coagulant and flocculants for the
treatment of palm oil mill effluent." Materials Today: Proceedings 48 (2022): 871-887.
https://doi.org/10.1016/j.matpr.2021.02.483

[5] Merrylin, J., Shashi Kant Bhatia, Vinod Kumar, Grzegorz Piechota, and Gopalakrishnan Kumar. "A review on the
pollution assessment of hazardous materials and the resultant biorefinery products in Palm oil mill
effluent." Environmental Pollution 328 (2023): 121525. https://doi.org/10.1016/j.envpol.2023.121525

[6] Mahmod, Safa Senan, Mohd Sobri Takriff, Maha Mohammad AL-Rajabi, Peer Mohamed Abdul, Ahmad Anas Nagoor
Gunny, Hemavathi Silvamany, and Jamaliah Md Jahim. "Water reclamation from palm oil mill effluent (POME):
Recent technologies, by-product recovery, and challenges." Journal of Water Process Engineering 52 (2023):
103488. https://doi.org/10.1016/j.jwpe.2023.103488

[71 Hamzah, Muhammad Hazwan, Muhammad Fitri Ahmad Asri, Hasfalina Che Man, and Abdulsalam Mohammed.
"Prospective application of palm oil mill boiler ash as a biosorbent: Effect of microwave irradiation and palm oil mill
effluent decolorization by adsorption." International Journal of Environmental Research and Public Health 16, no.
18 (2019): 3453. https://doi.org/10.3390/ijerph16183453

[8] Moideen, Siti Nur Fatihah, Mohd Fadhil Md Din, Mohanadoss Ponraj, Mohd Badruddin Mohd Yusof, Zulhilmi Ismail,
Ahmad Rahman Songip, and Shreeshivadasan Chelliapan. "Wasted cockle shell (Anadara granosa) as a natural
adsorbent for treating polluted river water in the fabricated column model (FCM)." Desalination and Water
Treatment 57, no. 35 (2016): 16395-16403. https://doi.org/10.1080/19443994.2015.1082939

31


https://doi.org/10.1016/j.gsd.2021.100709
https://doi.org/10.1016/j.jenvman.2021.112209
https://doi.org/10.37934/sej.6.1.2028
https://doi.org/10.1016/j.matpr.2021.02.483
https://doi.org/10.1016/j.envpol.2023.121525
https://doi.org/10.1016/j.jwpe.2023.103488
https://doi.org/10.3390/ijerph16183453
https://doi.org/10.1080/19443994.2015.1082939

Journal of Advanced Research Design
Volume 136, Issue 1 (2025) 22-32

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

(22]

Harimisa, G. E., N. W. C. Jusoh, L. S. Tan, N. A. Ghafar, and A. Masudi. "Adsorption of Contaminants from Palm Qil
Mill Effluent Using Agricultural Biomass Wastes as Adsorbents." In /OP Conference Series: Materials Science and
Engineering, 1051, no. 1, p. 012062. IOP Publishing, 2021. https://doi.org/10.1088/1757-899X/1051/1/012062
Zain, Natasya Binti Mohd, Nurul Jannah Md Salleh, Nurul Fatihah Hisamuddin, Shazana Hashim, and Noorul Hudai
Abdullah. "Adsorption of phosphorus using cockle shell waste." Industrial and Domestic Waste Management 2, no.
1(2022): 30-38. https://doi.org/10.53623/idwm.v2i1.81

Oyekanmi, Adeleke Abdulrahman, Zawawi Daud, Radin Maya Saphira Radin Mohamed, Nur Adila Ab Aziz, Norli
Ismail, Mohd Rafatullah, Akil Ahmad, and Kaizar Hossain. "Adsorption of pollutants from palm oil mill effluent using
natural adsorbents: Optimization and isotherm studies." Desalination and Water Treatment 169 (2019): 181-190.
https://doi.org/10.5004/dwt.2019.24689

Mashkoor, Fouzia, Abu Nasar, Inamuddin, and Abdullah M. Asiri. "Exploring the reusability of synthetically
contaminated wastewater containing crystal violet dye using tectona grandis sawdust as a very low-cost
adsorbent." Scientific Reports 8, no. 1 (2018): 8314. https://doi.org/10.1038/s41598-018-26655-3

Saharudin, Siti Hajar, J. Haslinda Shariffuddin, and A. Ismail. "Synthesis of hydroxyapatite from cockle shell wastes."
In Proceedings Book: National Conference for Postgraduate Research, p. 180-185. 2018.

Nayeem, Abdullah, Farahin Mizi, Mohd Faizal Ali, and Jun Haslinda Shariffuddin. "Utilization of cockle shell powder
as an adsorbent to remove phosphorus-containing wastewater." Environmental Research 216 (2023): 114514.
https://doi.org/10.1016/j.envres.2022.114514

Apandi, Najeeha Mohd, Mimi Suliza Muhamad, Tan Wee Yek, Norshuhaila Mohamed Sunar, and Ramathasan
Nagarajah. "Activated banana peel macrocomposite adsorbent for river water treatment: isotherm and kinetic
studies." Water Practice & Technology 18, no. 4 (2023): 753-770. https://doi.org/10.2166/wpt.2023.050

Enaime, Ghizlane, Abdelaziz Bacgaoui, Abdelrani Yaacoubi, and Manfred Lubken. "Biochar for wastewater
treatment—conversion technologies and applications." Applied Sciences 10, no. 10 (2020): 3492.
https://doi.org/10.3390/app10103492

Akpomie, Kovo G., and Jeanet Conradie. "Banana peel as a biosorbent for the decontamination of water pollutants.
A review." Environmental Chemistry Letters 18, no. 4 (2020): 1085-1112. https://doi.org/10.1007/s10311-020-
00995-x

Lee, Man Djun, and Pui San Lee. "Performance of chitosan as natural coagulant in oil palm mill effluent treatment."
In Wastewater Treatment. IntechOpen, 2020.

Nayeem, Abdullah, Farahin Mizi, Mohd Faizal Ali, and Jun Haslinda Shariffuddin. "Utilization of cockle shell powder
as an adsorbent to remove phosphorus-containing wastewater." Environmental Research 216 (2023): 114514.
https://doi.org/10.1016/j.envres.2022.114514

Ridzwan, N. F. A. A,, Norrahilah Abdul Aziz, Nor Azliza Akbar, Zaidi Abdul Ghani, Nurakmal Hamzah, and Nur
Shaylinda Mohd Zin. "Removal of Mn and Cu ions in synthetic wastewater using dried cockle shell." Environ. Ecol.
Res 10 (2022): 31-43. https://doi.org/10.13189/eer.2022.100104

dos Reis, Glaydson S., Pascal S. Thue, Bogdan G. Cazacliu, Eder C. Lima, Carlos Hoffmann Sampaio, Marco Quattrone,
Ekaterina Ovsyannikova, Andrea Kruse, and Guillherme L. Dotto. "Effect of concrete carbonation on phosphate
removal through adsorption process and its potential application as fertilizer." Journal of cleaner production 256
(2020): 120416. https://doi.org/10.1016/].iclepro.2020.120416

Kasim, Nor Zalina, Nur Afigah Amni Abd Malek, Nur Syuhada Hairul Anuwar, and Nur Hazimah Hamid. "Adsorptive
removal of phosphate from aqueous solution using waste chicken bone and waste cockle shell." Materials Today:
Proceedings 31 (2020): A1-A5. https://doi.org/10.1016/j.matpr.2020.09.687

32


https://doi.org/10.1088/1757-899X/1051/1/012062
https://doi.org/10.53623/idwm.v2i1.81
https://doi.org/10.5004/dwt.2019.24689
https://doi.org/10.1038/s41598-018-26655-3
https://doi.org/10.1016/j.envres.2022.114514
https://doi.org/10.2166/wpt.2023.050
https://doi.org/10.3390/app10103492
https://doi.org/10.1007/s10311-020-00995-x
https://doi.org/10.1007/s10311-020-00995-x
https://doi.org/10.1016/j.envres.2022.114514
https://doi.org/10.13189/eer.2022.100104
https://doi.org/10.1016/j.jclepro.2020.120416
https://doi.org/10.1016/j.matpr.2020.09.687

