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Abstract: Phosphate pollution is becoming a serious problem worldwide. It leads to increased algae 

growth, resulting in eutrophication, which affects the water bodies’ quality, the lives of aquatic 

organisms, and the daily routines of humankind. Previous research has proven effective chemical 

precipitation for phosphate removal, but the cost is high and may generate waste material. Thus, this 

study proposed the marsh clam (Polymesoda expansa) shell as an absorbent due to its abundant 

availability, low cost, and high absorption capacity of phosphorus. This study was conducted to 

investigate the removal efficiency of phosphate using raw marsh clamshells. In this study, the 

concentration of aqueous solution using KH2PO4 was fixed to 10 mg/L of PO4
3− as the initial 

concentration. The 2 g of mass absorbent (0.075mm, 0.15mm, 0.30 mm, 0.60 mm, 1.18 mm, 2.36 mm) 

mixed with 100mL of KH2PO4 solution in the conical flask in a certain time interval. The orbital shaker 

was used for mixing the KH2PO4 solution with the adsorbent. Moreover, HACH DR 6000 

Spectrophotometer is then used to determine phosphate concentration for initial and final results. The 

results were verified using kinetic and isotherm models, where kinetic models used Pseudo First Order 

(PFO) and Pseudo Second Order (PSO). The isotherm model used the Freundlich and Langmuir models. 

The optimum performance of the batch experiment showed by the PSO model had the highest 

correlation coefficient (R2 = 0.9965) and the lowest Fe value of 0.086. This study showed that marsh 

clamshells could remove PO4
3− effectively for 1.18–2.36 mm size with the highest removal efficiency 

of 73%. The removal of phosphate from domestic wastewater can be an alternative wastewater 

treatment in tertiary treatment in the field of the wastewater treatment plant.  
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1. Introduction 

Wastewater treatment is important to solving in Malaysia and among other developed 

countries. Wastewater could affect water quality and result in serious consequences for people 

if people do not manage the wastewater well [1]. Wastewater issues can lead to ecosystem loss, 

which becomes an economic opportunity and climate change causes wastewater that releases 

gases such as methane and nitrous oxide [2]. Since the main water supply for our country comes 

from surface water, issues on the quality of water should be addressed seriously [3]. 

Phosphate is commonly found in the organic waste in sewage that comes from 

agricultural fertilizers that help the plant growth and play an important role in restoring plant 

communities of heavy metals polluted soils [4]. For plant life, phosphate is also an essential 

element. However, the high phosphate concentration will disadvantage the environment due to 

the excess of phosphate. The excess of phosphorus will lead to eutrophication which means the 

gradual increase in the concentration of phosphorus, nitrogen, and other plant nutrients in an 

aging aquatic ecosystem such as a lake [5]. Recently, adsorption has become a technique used 

to remove the pollutant from the water by using materials such as crab shells [6], eggshell [7], 

duck eggshells [8], oyster shells [9], mussel shells [10,11]. So, this study removes phosphate 

from an aqueous solution [12]. 

This study used raw marsh clamshell (MCS) as an absorbent to adsorb phosphate in the 

wastewater. This is because the content of MCS is high in calcium oxide that can adsorb the 

phosphate component. Moreover, the MCS is a waste that is discarded in illegal places; due to 

hard to decompose naturally, it can cause serious pollution due to the exposure of wasted MCS 

[13].  

This research was conducted to investigate the removal efficiency of phosphate using 

raw MCS, to compare the removal performance of phosphate under different types of 

adsorbents and different particle sizes. This study also analyses the adsorption model using 

kinetic and isotherms models based on the data of the batch experiment. 

2. Materials and Methods 

2.1. Adsorbent. 

The adsorbent used in this research was the MCS collected from Kelantan, one of the 

states in Malaysia, and transported to the University of Tun Hussein Onn Malaysia. After that, 

the MCS was cleaned using tap water to remove the impurities and contaminants on the shells. 

The cleaned MCS were rinsed using distilled water and dried under sunlight and oven at 30°C. 

When the shells dry, they were crushed using mortar and pestle. The crushed shells were 

prepared in different sizes, which are 1.18–2.36 mm, 0.60–1.18 mm, 0.30–0.60 mm, 0.15–0.30 

mm, and 0.075–0.15 mm through the sieving process. All the prepared adsorbents were sealed 

in a desiccator to ensure they did not affect the humidity [14]. The adsorbents were 

characterized for physicochemical analysis at the University Tun Hussein Onn Malaysia 

Laboratory. 

2.2. Synthetic solution. 

A 10 mg/L synthetic phosphorus solution was prepared by dissolving 0.1433 g of 

KH2PO4 in distilled water in a 1L volumetric flask [15]. The concentration of the phosphorus 

solution was measured using the Amino Acid Method according to the Standard Methods for 
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the Examination of Water and Wastewater [16]. The filter paper and the vacuum pump were 

used to filter the suspended adsorbent. 

2.3. Analytical methods. 

The orbital shaker was used to mix the KH2PO4 solution with the adsorbent. It was set 

at 170 rpm. The phosphate content, P, was measured using HACH DR 6000 UV-Vis 

Spectrophotometer and calculated using the amino acid method 490 for phosphate according 

to the Standard Methods for the Examination of Water and Wastewater was used for all 

parameters [17].  

The unmodified surface morphology absorbent was characterized using Scanning 

Electron Microscope (SEM) (EM-30AX Plus; COXEM, Daejeon, Korea). The second-

generation BRUKER D2 Phaser benchtop X-Ray Diffraction (XRD) was used to identify the 

mineral phases in the raw MCS. Fourier Transform Infrared (FTIR) Spectroscopy (Perkin 

Elmer Spectrum Two FTIR Spectrometer, United States America) was used to identify the raw 

MCS functional group. Energy dispersive X-Ray Fluorescence (EM-30AX Plus; COXEM, 

Daejeon, Korea) was used to analyze the chemical composition of raw MCS in percentage [18-

20]. 

2.4. Batch experiment. 

In this experiment, the concentration of the phosphate solution was fixed at 10 mg L-1 

or 10 ppm. A total of 2 g absorbents were weighed using electronic balance per plastic bag and 

packed in 10 plastic bags. 

Table 1. The time set for phosphate adsorption. 

Flask No. 0 1 2 3 4 5 6 7 8 9 10 

Adsorbent (g) 2 

Volume of KH2PO4 (mL) 100 

Time (min) 0 30 60 120 180 300 420 1440 2880 4320 5760 

Day Day1 Day 2 Day 3 Day 4 Day 5 

 

For the adsorption test, 2 g of absorbent was added into 100 mL of KH2PO4 solution. 

All samples were placed on the orbital shaker to mix the phosphate solution at 170 rpm. All 

ten samples were syringed out at the set times of 30 min, 60 min, 120 min, 180 min, 300 min, 

420 min, 1440 min, 2880 min, 4320 min, and 5760 min (the minutes were calculated from 0 

min) for 5 days. Samples were vacuum filtered using filter papers and analyzed using the DR 

6000 Spectrometer. All information is shown in Table 1. The results were analyzed using the 

Pseudo First Order (PFO) and Pseudo Second Order (PSO), Freundlich, and the Langmuir 

models [21]. 

3. Results and Discussion 

Physicochemical characteristics of MCS, including EDXRF, SEM, and FTIR, were 

investigated. The kinetic and isotherm model was used to describe phosphate adsorption onto 

raw MCS. 
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3.1. Physicochemical characteristics of MCS. 

As shown in Table 2, the major elements of MCS used in this study are Ca (27.96%), 

O (55.33%), and C (15.84%). Meanwhile, the minor elements are Na (0.56%), Al (0.08%), Fe 

(0.06%) and Sr (0.17%). 

Table 2. Composition of the raw MCS (in weight%) by EDXRF 

wt.% Ca O C Na Al Fe Sr 

Raw MCS 27.96 55.33 15.84 0.56 0.08 0.06 0.17 

 

A similar percentage of waste shell composition such as shrimp shell, where the content 

of Ca (22.52%), O (35.80%), C (25.38%), supported with minor element N (2.94%) and P 

(13.36%) [22] have been analyzed. Figure 1 shows 1500, 6000, 10000 times of magnification 

of MCS surface by using SEM. Figure 1 (a), (b), and (c) shows that the raw MCS had an 

irregular, rough the porous surface structure. From Figure 1 (c), 10000 times of magnification 

displayed uniform porosity of MCS surface containing high Ca and O composition to adsorb 

phosphate in solution. 

     
(a)      (b)          (c) 

Figure 1. The SEM photomicrograph of MCS: (a) SEM images of 1500×, (b) 6000×, (c) 10000× magnification. 

Table 3. FTIR spectral characteristics of raw MCS before and after adsorption. 
No  Frequency spectrum (cm−1) Detection of functional group References 

Before adsorption After adsorption Differences 

1 1459.36 1455.63 3.73 Methylene C-H bend [23] 

2 1082.78 1082.89 0.11 P–O bending [12] 

3 857.45 856.92 0.53 C-O-O- stretch [23] 

4 712.68 712.77 0.09 Peroxides, Fe–O–H bending [12] 

5 699.82 699.93 0.11 C-Br stretching bands [24] 

 

The Fourier Transform Infrared (FTIR) was used to identify the chemical bonds in the 

raw MCS by producing an infrared absorption spectrum. It helps measure the infrared region 

of the electromagnetic radiation spectrum [25]. In this case, the raw MCS was used as an 

adsorbent to absorb the phosphate. Before the absorption process, the reading of the FTIR was 

1459.36 cm−1, 1082.78 cm-−1, 857.45 cm−1, 712.68 cm−1, and 699.82 cm−1, respectively. The 

results obtained after absorption were 1455.63 cm−1, 1082.89 cm−1, 856.92 cm−1,712.77 cm−1, 

and 699.93 cm–1. The FTIR results were plotted into a graph (Figure 2). Table 3 shows the 

functional groups found from the samples before adsorption and after absorption. 

XRD is used to identify inorganic ‘materials’ phase purity and crystallinity [26]. The 

XRD plot (Figure 3) indicates the presence of aragonite and calcium carbonate. The red line 

represents aragonite, whereas the blue one represents calcium carbonate. [27] also reported that 

CaCO3 has good absorption ability for PO4
3− ion. High calcium content material may increase 

PO4
3−  absorption [28]. 
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Figure 2. The FTIR spectra of raw MCS, the result before the absorption process represented by the red color 

line, and the blue color representative the result after absorption. 

 
Figure 3. The XRD plot. 

3.2. Effect of adsorption capacity, q (mg g-1). 

Adsorption capacity is when the adsorbent took up adsorbate per unit mass of the 

adsorbent [29]. 100 mL of aqueous solution mixed with 2g of MCS adsorbent were used to 

identify the equilibrium state of adsorption capacity. Figure 4 shows that the biggest size of the 

absorbent had the biggest adsorption capacity, where Figure 4 (a) indicates the highest of 

adsorption capacity at equilibrium state (0.368 mg g-1) to recover phosphate in solution, 

reached at 5760 min for 1.18mm for particle size of MCS adsorbents. Although this particle 

size was taken for a long time to achieve an equilibrium state, it shows high removal efficiency 

at the end of the adsorption process. This adsorption capacity of the equilibrium state is 

important for the kinetic and isotherm model. 

3.3. Effect of removal efficiency, E (%). 

The removal efficiency, E (%) of phosphate from solution was studied for 5760 min, 

and it indicates the performance of 2g of adsorbent dose with 10 mg L-1 of concentration 

constant shown in Figure 5. It was found that the increase of time increases the removal 

efficiency. The highest removal efficiency (72.97%) was observed from the MCS size 1.18 

mm and was followed by size 0.075 mm with 67.34% phosphate adsorbed. Figure 5 shows the 

lowest removal efficiency of phosphate for 0.6 mm particle size of raw MCS, given 18.42% 

adsorption. The result shows 1.18 mm of particle size of MCS adsorbent was performed in 

Position [°2Theta] (Copper (Cu))

20 30 40 50 60 70 80

Counts

0

100

400

900

1600

 Hard clam shell raw 0.15
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removing the phosphate, and it indicates the porous surface of adsorbent saturated of all active 

sites [30].  

 
Figure 4.  The adsorption capacity of MCS for (a) size 1.18 mm (b) size 0.60 mm (c) size 0.30 mm (d) size 0.15 

mm (e) size 0.075 mm. 
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Figure 5. The removal efficiency with contact time for every particle size. 

3.4. Pseudo-first-order (PFO) kinetic model. 

Eq. 1 was used to plot the graph for PFO model as a linear plot. 

ln[𝑞𝑒 − 𝑞(𝑡)] = ln 𝑞𝑒 − 𝑘1𝑡𝑖       Eq. 1 

where 𝑞 is equal to the amount of the absorbed solute, 𝑞𝑒 is equal to the amount of absorbed 

solute at equilibrium, 𝑘1 is PFO constant, and 𝑡 is time. The term equilibrium means that when 

the solution achieves saturated concentration, the removal process of an adsorbent will not 

occur again [31]. 

From the general equation of a linear line is 𝑦 = 𝑚𝑥 + 𝑐, where m represents gradient, 

c represents the intercept at y-axis [32]. Therefore, comparing the linear equation of PFO and 

the general equation of a linear line, thus the ln[𝑞𝑒 − 𝑞(𝑡)] represent y, ln 𝑞𝑒 represent c, −𝑘1 

represent m, 𝑡𝑖 represent x. Figure 6 shows the parameter of PFO for the adsorption. 

 
Figure 6. Linear line of plotting for PFO with different particle sizes. 

Table 4. The kinetic parameter of the PFO model. 
Sample Particle Size 

(mm) 

qe (theo) 

(mg g−1) 

k1 (min-1) R2 Fe qe (exp) 

(mg g−1) 

Synthetic solution  1.180–2.360 0.403 0.0001 0.199 0.318 0.368 

0.600–1.180 0.077 0.0008 0.031 0.116 0.086 

0.300–0.600 0.076 0.0008 0.577 0.178 0.101 

0.150–0.300 0.093 0.0009 0.800 0.530 0.177 

0.075-0.150 0.182 0.0013 0.337 0.660 0.309 
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Table 4 shows the parameters of qe, k1, R
2, and Fe. The value for parameter Fe can be 

obtained using Eq.2. The suitable model for the adsorption process will have the highest R2 

and lowest Fe [12].  

𝐹𝑒 = √(
1

𝑛−𝑝
) ∑ (𝑞𝑡(𝑒𝑥𝑝) − 𝑞𝑡(𝑡ℎ𝑒𝑜))

2𝑛
𝑖        Eq. 2  

In Eq. 2, n represents the number of measurements, p represents the number of kinetic 

parameters, 𝑞𝑡(𝑒𝑥𝑝) represents the experimental q value, and 𝑞𝑡(𝑡ℎ𝑒𝑜) represents the theoretical 

q value (mg g−1). 

3.5 Pseudo-second order (PSO) model. 

In order to plot the graph for the PSO model, Eq.3 was used as the linear equation, 

𝑡𝑖

𝑞𝑡
     =      

1

𝑘2𝑞𝑒
2      +       

𝑡𝑖

𝑞𝑒
       Eq. 3    

where 𝑞t is the amount of absorption at time 𝑡, 𝑞𝑒 is the amount of absorption at equilibrium, 

𝑘2 is the constant of PSO [33]. 

From the general equation of a linear line, 𝑦 = 𝑚𝑥 + 𝑐, m represents the gradient, c 

represents the intercept at the y-axis [32]. Therefore, for PFO, 
𝑡𝑖

𝑞𝑡
     represents y, 

𝑡𝑖

𝑞𝑒
 represents 

c, 
1

𝑘2
 represent m,  

1

𝑞𝑒
2  represent x. From the graph in Figure 7, we can obtain the parameter of 

PSO for the adsorption. 

 
Figure 7. ti/qt  with t (min) for every particle size. 

Table 5. The kinetic parameter of the PSO model. 
Sample Particle Size

(mm) 

qe  

(theo) 

k2 

(g mg-1 min-1) 

R2 Fe qe (exp) 

(mg g−1) 

Synthetic 

solution 

1.18–2.36 0.4051 0.0005 0.1847 0.328 0.3675 

0.60–1.18 0.0894 0.0626 0.9903 0.046 0.086 

0.30–0.60 0.1086 0.054 0.9925 0.052 0.101 

0.15–0.30 0.1783 0.1094 0.9991 0.056 0.177 

0.075–0.15 0.3353 0.0241 0.9965 0.109 0.3085 

From the obtained kinetic parameter of PFO and PSO in Table 4 and Table 5, the 

coefficient correlation of PSO is higher than PFO. Therefore, this study verified that the PSO 

model is more suitable for describing phosphate's kinetic adsorption onto raw MCS than the 

PFO model due to the lower value of Fe and the higher value of R2 obtained [12]. 

https://doi.org/10.33263/BRIAC131.056
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In the PSO model, the kinetics of adsorption in this study is very slow because it needs 

a long contact period between adsorbent and adsorbate to reach equilibrium since the 

adsorption requires at least 2880 mins to reach equilibrium. The PSO model proves that the 

adsorbent, raw MCS have many active sites [34]. 

3.6. Isotherm model. 

The adsorption isotherm mechanism in this study is done by plotting the Freundlich 

and Langmuir models (Figure 8) [32]. 

 
(a) 

 
(b) 

Figure 8. Experimental data of phoshate onto MCS fitted to (a) Freundlich model (b) Langmuir model. 

Table 6. Parameter of isotherm model for the adsorption of phosphate on raw MCS 

Isotherm model Parameter Values 

Freundlich n −0.7514 

KF (mg g−1) 1.612 

R2 0.9491 

Langmuir qmax (mg g−1) 0.07315 

KL (L mg−1) −0.4049 

R2 0.7702 

The parameters obtained in Table 6 show that the Freundlich model had a higher 

correlation coefficient than the Langmuir model. It concluded that the adsorption process is 

heterogeneous and multilayer sorption [35]. 

4. Conclusions 

The phosphate in the wastewater can damage the ecosystem and human health problems 

since phosphate in wastewater can contribute to eutrophication. Furthermore, the wasted MCS 

can lead to pollution due to the exposure because the MCS is hard to decompose naturally. This 

study successfully investigated phosphate's removal efficiency onto raw MCS and obtained the 

highest removal efficiency at 73% using 1.18 mm–2.36 mm particle size. The data fitted the 

PFO and PSO models. The highest correlation coefficient (R2 = 0.9965) and lowest Fe value 
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which Fe = 0.086. The adsorption isotherm data well fitted the Freundlich model (R2 =0.9491), 

signifying that the adsorption of phosphate onto raw MCS from synthetic wastewater occurred 

on the heterogeneous surface, and it is multilayer sorption. The physicochemical investigation 

of MCS showed a higher Ca content, which is 28%. A higher positive charged Ca content can 

increase phosphate adsorption, which is negatively charged. The findings showed that the MCS 

is a potential adsorbent to reduce phosphate in wastewater. Removing phosphate from domestic 

wastewater can be an alternative wastewater treatment in tertiary treatment. 
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