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Microalgae are microscopic organisms that are commonly found in freshwater. Freshwater surfaces with 
excessive microalgae will result in unpleasant surface scum, severe oxygen depletion, and fish die-offs. One of 
the usually employed techniques to remove microalgae is through chitosan powder; in this approach, the 
cationic chitosan molecules are used to flocculate the anionic microalgae. However, this technique has the 
potential to generate sludge and requires considerable quantities of flocculant. To avoid such limitations, 
chitosan macrobeads were proposed in this study. This study aimed to compare the microalgae removal 
efficiency via flocculation (using chitosan powder) and adsorption (using chitosan macrobead). The removal 
experiment was conducted using microalgae from similar local pond water. Results showed that both methods 
are effective in removing wild microalgae. In particular, 60 %, 44 %, and 54 % of microalgae were removed by 
2 g of chitosan powder at pH 2, pH 7, and pH 10. On the other hand, 2 g chitosan macrobeads removed 99 %, 
91 %, and 95 % of microalgae at pH 2, pH 7, and pH 10. Such observation implies that the use of chitosan 
macrobeads for microalgae adsorption is less affected by pH.  The isolation of spent chitosan macrobead 
amicrobial was done as there was no sludge formation. More importantly, the chitosan macrobead succusses 
removed almost all of the microalgae from the pond water within 24 h regardless of the medium pH, leaving a 
clear solution. Microscopic studies further verified the attachment of microalgae (in cluster form) on the chitosan 
macrobead. With the encouraging results, future study is suggested to further optimize the microalgae removal 
efficiency by modifying the surface pore structure of the chitosan macrobead.  

1. Introduction 
The existence of microalgae blooms in water resources has been a serious environmental issue worldwide. The 
microalgae bloom reduced the amount of oxygen dissolved in the water and prevented sunlight from accessing 
the water. However, these methods' slow response times, sensitivity, huge working areas, and high energy 
needs are significant limitations. On the other hand, flocculation has been a preferred method for microalgae 
removal (Burgstaller et al., 2018). During the flocculation step of water treatment, solids are gathered into larger 
flocs to be removed from the water (Cruz et al., 2020). As a superior substitute to synthetic flocculants, 312.5 
mg biomass recovery, and 96.12 % flocculation efficiency were investigated together (Zhang et al., 2020). This 
procedure could take place naturally or with the aid of substances like chitosan. Chitosan has a higher charge 
density when compared to other coagulants such as cationic starch (Ahmad et al., 2006), and polymers 
produced by plants (polysaccharides and poly-phenolic substances) tannins (Ahmad et al., 2011). In another 
word, it can be described as a coagulant with a high charge density that requires less quantity to destabilize the 
targeted pollutant particles (Kurniawan et al., 2021). 
This strategy, meanwhile, has significant operational limitations. Large volumes of coagulant and flocculant may 
be needed to achieve the proper level of flocculation. Hadiyanto et al. (2022) concluded that the flocculation 
process probably stabilized the microalgae cell solution since adding doses over the optimal concentration made 
the microalgae more stable and hindered separation (Loganathan et al., 2018). There is also a small amount of 
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sludge produced, which is tedious to be handled particularly when wastewater is produced in big volume (Lydia 
et al., 2019), the expenses to treat the produced sludge may rise significantly (Sathya et al., 2022). Adsorption 
may be used instead of pollution removal because of its simplicity and high efficiency (Zhang et al., 2020). As a 
matrix for the creation of adsorbent materials, chitosan, a bio-polymer with a high density of hydroxyl groups (-
OH) and primary amines (-NH2) that serve as active adsorption sites is attracting a lot of attention (Daniele et 
al., 2021). Widely utilized as a biodegradable adsorbent for the elimination of color (Morais et al., 2020), heavy 
metal (Vigneshwaran et al., 2021), and organic contaminants (Sirajudheen et al., 2020), chitosan macrobead is 
created by cross-linking the chitosan molecules (Di Giacoma et al., 2022). 
In this work, the viability of employing chitosan macrobead to remove microalgae from local pond water was 
evaluated. The removal efficiency was systematically done in three pH values and compared with the removal 
efficiency obtained through the flocculation method. In addition, the optical microscopic study was conducted to 
view the adsorbed microalgae. This microalgae removal study using chitosan macrobead was the first trial and 
to the best of the author’s knowledge, a direct comparison of microalgae removal (from actual pond water) using 
flocculation and adsorption has been scarcely reported elsewhere. 

2. Materials and methods 
2.1 Chemicals 

Acetic acid (AcOH)(Sigma Aldrich), sodium hydroxide (NaOH)(Chemiz), sulphuric acid (H2SO4)(Sigma Aldrich), 
and chitosan powder (molecular weight = 30,000 - 190,000 g/mol)(Sigma Aldrich) were obtained from the 
respective suppliers. All employed chemicals were of the analytical grade and were not further purified. 
Microalgae solution containing wild species of microalgae was collected from local pond water located at Bukit 
Pelanduk, Sepang. Note that analysis of the actual species of the microalgae was excluded at the current stage 
of the study. 

2.2 Preparation of chitosan macrobead 

First, 2 g of chitosan was dissolved in 100 mL of 1 % diluted AcOH solution to create a chitosan stock solution. 
To create the stock solution depicted in Figure 1 (a), the mixture was stirred with a magnetic stirrer at 400 rpm 
for 24 h. On the other hand, 40 g of NaOH pallets were mixed inside a beaker with 100 mL of water to dissolve 
the NaOH pallets as shown in Figure 1 (c). After that, the chitosan stock solution was then carefully dropped 
into the dissolved NaOH by using a dropper while keeping the NaOH solution homogeneously stirred at 125 
rpm to avoid the sticking/stacking of the chitosan macrobead. The formed chitosan macrobeads then were kept 
in the same beaker for the next 24 h to give them a more rigid structure. The macrobeads (which have a size of 
around 0.3 cm) were then rinsed with distilled water in order to wash away the remaining NaOH from the bead’s 
surface (Figure 1 (d-e)).   

 

Figure 1: Photos showing the step-by-step formation of chitosan macrobead (a) chitosan powder was weighed, 
(b) dissolution of chitosan powder in 1 % AcOH, (c) preparation of NaOH solution, (d) chitosan macrobead 
formed upon dropping chitosan solution into NaOH solution, (e) the as-prepared chitosan macrobeads were ~ 
0.3 cm in size 
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2.3 Removal of microalgae from pond water using flocculation 

A batch test was conducted using chitosan to examine how medium pH affected the flocculation of microalgae. 
First, added 20 mL of microalgae solution was added into a 50 mL glass bottle and pH was adjusted to pH 2, 
pH 7, and pH 10 using 0.1M H2SO4 and 0.1M NaOH solutions. Then, 2 g of chitosan powder was added to the 
glass bottles. All three samples were then agitated at a rapid stirring speed of 200 rpm for 3 h in an orbital 
shaker. Then, after 3 h of stirring, the three samples were placed on a laboratory table (free-standing state) for 
another 21 h. On the next day, the sample bottles were turned over a few times before proceeding with UV-vis 
measurement, this action is to ensure the algae that settle to the bottom of the bottle was due to attachment 
onto the macrobead instead of self-sedimented. The final absorbance values of the microalgae solution were 
measured at wavelength 500 nm using a UV Spectrophotometer (S-2150) and compared with the initial 
absorbance value of the initial microalgae solution. The microalgae removal efficiency was calculated using 
Eq(1): 

𝑅𝑅(%) =
𝐶𝐶𝑜𝑜 − 𝐶𝐶𝑒𝑒
𝐶𝐶𝑜𝑜

× 100% (1) 

where the initial and equilibrium concentrations of microalgae are 𝐶𝐶𝑜𝑜 (mg/L) and 𝐶𝐶𝑒𝑒 (mg/L). 

2.4 Removal of microalgae from pond water using adsorption 

A similar procedure to section 2.3 was conducted by replacing the chitosan powder with 2 g of chitosan 
macrobeads. Similarly, the medium pH was adjusted to pH 2, pH 7, and pH 10 to study the effects of medium 
pH on microalgae adsorption. UV-vis measurement was conducted to determine the microalgae removal 
efficiency.  

3. Results and discussion 
3.1 Flocculation of microalgae from pond water using chitosan powder  

In the first part of this study, microalgae were removed through the flocculation method using chitosan powder. 
As shown in Figures 2a-c, the microalgae removal efficiency through flocculation at pH 2, 7, and 10 was 60.82 %, 
44.74 %, and 54.29 %.  Results showed the best flocculation occurred in pH 2. The error bar in Figure 2c also 
indicated that the flocculation of microalgae at pH 2 gave more consistent data compared to pH 7 and 10, this 
is because the statistical analysis comparison between pH 2, 7, and 10 was significantly different (T-test analysis 
among all of the samples indicates that the p-value is lesser than 0.05), it is apparent that increasing the pH 
value has a detrimental effect on the removal efficiency. After 24 h, the solution, as depicted in Figure 2a-b, 
became less greenish but cloudy due to the sludge formation. Apparently, a massive sludge has been formed 
as shown in Figure 2b.  

 

Figure 2: Images showing (a) microalgae flocculation with chitosan powder at 0 mins, (b) microalgae flocculation 
with chitosan powder after 24 h (Red circle indicates the formed sludge), (c) effects of medium pH on the 
microalgae removal efficiency through flocculation by chitosan powder.  
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Charge neutralization is most likely the mechanism that governs the flocculation process (Zhang et al., 2020). 
In contrast to microalgae cells, which have a net negative surface charge (Li et al., 2018), chitosan has a 
characteristically high positive charge density (Niemi et al., 2021). Chitosan molecules have a strong ability to 
neutralize charges due to the rapid adsorption caused by their large positive charge (Taghavijeloudar et al., 
2022). In line with this observation, Mohd Yunos et al. (2017) observed that chitosan, which is known to have 
positive charges in acidic conditions, can be utilized to remove microalgae cells with negative charges with a 
removal efficiency of 80 %. According to Mahmoodi et al. (2011), the strong electrostatic interaction between 
the microalgae and the -NH+3 of chitosan led to high removal efficiency.   

3.2 Adsorption of microalgae from pond water using chitosan macrobead 

Figure 3c showed the adsorption results associated with the removal of microalgae using chitosan macrobead. 
The adsorption results at pH 2, 7, and 10 were 99.07 %, 91.81 %, and 95.49 %. Interestingly, the removal of 
microalgae through adsorption by chitosan macrobead significantly outperformed the one achieved through 
flocculation by chitosan powder by 1.62 times. Similarly, the highest adsorption took place at a pH of 2, indicating 
the role of electrostatic attraction between the negatively charged microalgae and positively charged chitosan 
macrobead. Chitosan is a polysaccharide with good adsorbing capability on a variety of negatively charged 
pollutants (Daniele et al., 2021) because it contains positively charged hydroxyl and amino groups ( Alyasi et 
al.,2022). In fact, it was found that the error bar of removal efficiency at pH 2 is smaller than at pH 7 and pH 10 
(see Figure 3 (c)), indicating that the removal efficiency achieved at pH 2 is more consistent and reproducible. 
The statistically significant analysis result was obtained as significantly different between the adsorption 
efficiency at pH 2 with that at pH 7 and pH 10  (i..e T-test analysis between the adsorption efficiency at pH 2 
and pH 7, as well as between pH 2 and pH 10 showed p-value is lesser than 0.05). In addition, the T-test 
analysis indicates that the adsorption efficiency at pH 7 and 10 was not significantly different (i.e p-value is more 
than 0.05). As shown in Figure 3 (a-b), the solution turned less greenish after 24 h, indicating the successful 
separation of most of the microalgae. Interesting to note that the attachment of green microalgae on the surface 
of the macrobead can be clearly seen in the enlarged image of Figure 3b.  

   

Figure 3: Images displayed (a) microalgae adsorption with chitosan macrobead at 0 mins, (b) microalgae 
adsorption with chitosan macrobead after 24 h (After adsorption, the macrobeads are indicated by a red circle), 
(c) effects of medium pH on the microalgae removal efficiency through adsorption by chitosan macrobead.  

3.3 Optical microscopic analysis 

First, optical microscopic analysis was used to observe the microalgae upon flocculation by chitosan powder 
(Figure 4) or adsorbed by chitosan macrobead (Figure 5). Before adding the chitosan powder, the microalgae 
cells were evenly dispersed throughout the liquid medium (Figure 4a); singly dispersed microalgae cells could 
be readily seen in the absence of a floc. Upon addition of chitosan powder (Figure 4b), it was found that the 
green microalgae were successfully flocculated (Figure 4c).  
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On the other hand, the attachment of green microalgae on the chitosan macrobead was verified in Figure 5. As 
shown in Figure 5, the microalgae were randomly distributed in the solution (Figure 5 (a)) before being subjected 
to chitosan macrobead. Upon completion of adsorption, the white surface of the chitosan macrobead (Figure 5 
(b)) turned green, (Figure 5 (c)) indicating the successful attachment of microalgae on the chitosan macrobead. 
Worth noting that the microalgae were adsorbed in groups (cluster form) instead of individually adsorbed. 
 

 

Figure 4: The microscopic image of (a) pure microalgae solution (scale bar = 50 𝜇𝜇𝜇𝜇), (b) chitosan powder and 
microalgae solution (scale bar = 50 𝜇𝜇𝜇𝜇), (c) chitosan powder after spending for the microalgae flocculation 
(scale bar = 50 𝜇𝜇𝜇𝜇). (Red circle indicates the flocculated microalgae) 

 

Figure 5: The microscopic image of (a) pure microalgae solution (scale bar = 50 𝜇𝜇𝜇𝜇), (b) chitosan macrobead 
before the adsorption process (scale bar = 50 𝜇𝜇𝜇𝜇), (c) chitosan macrobead after the adsorption process (scale 
bar = 50 𝜇𝜇𝜇𝜇). (Red circle indicates the adsorbed microalgae) 

4. Conclusions 
In this study, the removal of microalgae from local pond water using chitosan powder (flocculation) and chitosan 
macrobead (adsorption) was systematically compared. Results showed that the chitosan macrobead adsorption 
method outperformed the chitosan powder flocculation method in microalgae removal by 1.62 times. With the 
former method, more than 90 % of microalgaes were successfully removed regardless of the medium pH; while 
the latter method resulted in 44 – 61 % removal efficiency depending on the medium pH. More importantly, the 
formation of sludge was avoided using the chitosan macrobead adsorption method. The attachment of 
microalgae on the chitosan macrobead was successfully verified through optical microscopic analysis. With this 
encouraging result, it is suggested that future studies be done to further optimize the microalgae removal 
efficiency by modifying the surface pore structure of the chitosan macrobead to evaluate the role of the surface 
pore of the macrobead on the microalgae adsorption efficiency. 

Acknowledgment 

We sincerely thank the financial support from UCSI University through Research Excellence & Innovation Grant 
(REIG) with project code REIG-FETBE-2021/034 and REIG-FETBE-2020/015

References  

Ahmad A.L., Sumathi S. Hameed B.H. 2006. Coagulation of residue oil and suspended solid in palm oil mill 
effluent by chitosan, alum, and PAC. Chemical Engineering Journal. 118. 99-105. 

Ahmad, Mat Yasin, Derek, Lim J.K. 2011. Optimization of microalgae coagulation process using chitosan. 
Chemical Engineering Journal, 173(3), 879–882.   

1025



Alyasi H., Mackey H.R., Mckay, Gordon. 2022. Comparison of cadmium adsorption from water using same 
source chitosan and nanochitosan: Is It worthwhile to go nano. Journal of Polymers and the Environment, 
30, 2727–2738.  

Burgstaller D., Krepper W., Haas J., Maszelin M., Mohoric J., Pajnic K., Jungbauer A., Satzer P. 2018. 
Continuous cell flocculation for recombinant antibody harvesting. Journal of Chemical Technology and 
Biotechnology, 93(7), 1881–1890.  

Cruz D., Pimentel M., Russo A., Cabral W. 2020. Charge Neutralization Mechanism Efficiency in Water with 
High Color Turbidity Ratio Using Aluminium Sulfate and Flocculation Index. Water, 12(2), 572.  

Daniele C. da Silva Alves., Bronach Healy., Luiz A. de Almeida Pinto., Tito R. Sant’Anna Cadaval., Carmel B. 
Breslin. 2021. Recent developments in chitosan-based adsorbents for the removal of pollutants from 
aqueous environments . Molecules, 26(3), 594.   

Di Giacomo G.,  Romano P. 2022. Evolution and Prospects in Managing Sewage Sludge Resulting from 
Municipal Wastewater Purification. Energies, 15(15).   

Hadiyanto H., Widayat W., Christwardana M., Pratiwi M. E. 2022. The flocculation process of Chlorella sp. using 
chitosan as a bio-flocculant: Optimization of operating conditions by response surface methodology. Current 
Research in Green and Sustainable Chemistry, 5, 100291.  

Kurniawan S.B., Abdullah S.R.S., Imron M.F., Ahmad A., Mohd Said N.S., Mohd Rahim N.F., Mohammad 
Alnawajha M., Abu Hasan H., Othman A.R., PurwantiI F. 2021. Potential of valuable materials recovery from 
aquaculture wastewater: An introduction to resource reclamation. Aquaculture Research, 52(7), 2954–2962.  

Li Y., Xu Y., Song R., Tian C., Liu L., Zheng T., Wang, H. 2018. Flocculation characteristics of a bioflocculant 
produced by the actinomycete Streptomyces sp. hsn06 on microalgae biomass. BMC Biotechnology, 18(1).  

Loganathan K., Saththasivam J., Sarp S. 2018. Removal of microalgae from seawater using chitosan-alum/ferric 
chloride dual coagulations. Desalination, 433, 25–32.  

Lydia J. S., Alexander J. A., Okon E. E., Aliyu J., Lydia J. S., Alexander J. A., Okon E. E., Aliyu, J. 2019. 
Statistical Analysis on Physico-Chemical Properties of Some Nigerian Clay Deposits. Journal of Materials 
Science and Chemical Engineering, 7(8), 52–63.  

Mahmoodi N.M., Salehi R., Arami M., Bahrami H. 2011. Dye removal from colored textile wastewater using 
chitosan in binary systems. Desalination, 267(1), 64–72. 

Morais da Silva P.M., Camparotto N.G., Figueiredo Neves T.de, Grego Lira K.T., Mastelaro V.R., Siqueira 
Franco Picone C., Prediger P. 2020. Effective removal of basic dye onto sustainable chitosan beads: Batch 
and fixed-bed column adsorption, beads stability, and mechanism. Sustainable Chemistry and Pharmacy, 
18, 100348. 

Niemi C., Gentili F. G. 2021. The use of natural organic flocculants for harvesting microalgae grown in municipal 
wastewater at different culture densities. Physiologia Plantarum, 173(2), 536–542. 

Sathya K., Nagarajan K., Carlin Geor Malar G., Rajalakshmi S., Raja Lakshmi P. 2022. A comprehensive review 
of comparison among effluent treatment methods and modern methods of treatment of industrial wastewater 
effluent from different sources. Applied Water Science, 12(4), 1–27.  

Sirajudheen P., Karthikeyan P., Ramkumar K., Nisheetha P., Meenakshi, S. 2020. Magnetic carbon-biomass 
from the seeds of Moringa oleifera@MnFe2O4 composite as an effective and recyclable adsorbent for the 
removal of organic pollutants from water. Journal of Molecular Liquids, 114829. 

 Taghavijeloudar M., Farzinfar B., Yaqoubnejad P., Khaleghzadeh Ahangar A. 2022. A novel approach for 
microalgal cell disruption and bioproducts extraction using non-thermal atmospheric plasma (NTAP) 
technology and chitosan flocculation. Separation and Purification Technology, 302, 122142.  

Vigneshwaran S., Sirajudheen P., Nabeena C.P., Sajna V.P., Meenakshi S. 2021. The photocatalytic 
performance of chitosan tethered magnetic Fe2O3-like (3D/2D) hybrid for the dynamic removal of anionic 
dyes: Degradation and mechanistic pathways. International Journal of Biological Macromolecules, 183, 
2088–2099.   

Zhang N., Ishag A., Li Y., Wang H., Guo H., Mei P., Meng Q., Sun, Y. 2020. Recent investigations and progress 
in environmental remediation by using covalent organic framework-based adsorption method: A review. 
Journal of Cleaner Production, 277, 123360.  

 

1026


	0171.pdf
	Chitosan Powder vs. Chitosan Macrobead: Feasibility Test for Separation of Microalgae from Real Pond Water




