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Current wastewater pre-treatment plant system handling FOG consumes high energy 

and time. This study aims to introduce a new FOG wastewater pre-treatment by 

immobilizing the FOG in a calcium alginate gel beads. Using Design-Expert software, 

Response surface methodology (RSM) based on face centred central composite 

design (FCCCD) was used to optimize two important variables; pH of FOG and 

concentration of sodium alginate whereas the oil entrapment efficiency (OEE) was 

used as a response. The mixtures of synthetic FOG wastewater and sodium alginate 

were dropped in calcium chloride solution in droplets form to produce gel beads. The 

optimum combination for having highest OEE percentage at 87.27% was found to be 

at pH 4.7 and 10000 ppm concentration of sodium alginate. Moreover, coating the 

gel beads with chitosan has reduced the FOG loss during mechanical expression from 

23.73 % to 12.58 %. The gel beads were dissolved completely in phosphate buffer 

solution of pH 5, 8 and 9. This technique can be applied for easier FOG removal, for it 

has high OEE percentage and the final gel is also biodegradable.
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1. Introduction 

 

Domestic household and Food service establishment (FSE) is a major contributor to the 

disposal of wastewater containing significant amount of FOG in the form of grey water or 

sullage [1 - 4]. According to Capital Regional District (CRD), an area of British Columbia, 

Canada, in 2008, they estimated about 1,000,000 kg of FOG deposited from residential area 

only triglyceride is a three fatty acid molecules with one glycerol where glycerol is also referred 

to as glycerin; syrupy, trihydroxy alcohol (1,2,3 propanetriol) that exists in natural oils as the 

base[5 -7]. FOG coming from FSE and residential areas are two types; “yellow” grease which is 

inedible and unadultered spent FOG like oil used for deep frying and “brown” grease which is a 

floatable FOG [5].  
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For many years, FOG causes many problems such as sewer pipe blockage that could lead to 

sewer overflow due to reduced capacity. Sewer pipes can also burst because of high pressure. 

Removal of blockade made of FOG that sticks to the insides of the pipes requires lots of money 

for maintenance although the problem can be prevented if FOG was deposited properly. Indah 

Water Konsortium (IWK) of Malaysia reported that in 2010, 22184 numbers of blockage are 

reported to the company which is very high in number [8]. 

Not all FOG hardened in the sewers and pipes. Some will be transported to the municipal 

wastewater treatment plant. Many methods on treating FOG containing wastewater have 

been employed in the past years such as floatation, coagulation, biological treatment, 

membrane separation technology, combinations of mentioned technique and etc [9-11]. 

Another potential wastewater treatment method is immobilization of FOG in calcium alginate, 

where the process is a combination of chemical and physical process. This study applies the 

encapsulation of FOG using calcium alginate, where the gels are formed by crosslinking the 

alginate with calcium ions. 

 

2. Experimental Study 

2.1 Experimental Flowchart 

 

The project aims to immobilize FOG by encapsulation in calcium alginate beads. The 

experiment began with verifying that FOG can be immobilized in calcium alginate beads, 

followed by optimization of the system by varying FOG pH and sodium alginate solution 

concentration. Then optimized system undergoes beads coating with chitosan. Lastly, the 

alginate beads (without coating) are tested for its biodegradability properties. The summary of 

the methodology is depicted in Figure 1. 

 

 
 

Fig. 1. Schematic representation of FOG 

removal process 

 

2.2 Methodology  

 

The immobilization process consists of the following procedures (Figure 1). A 10 g of model 

FOG (vegetable oil) was mixed with 10 ml distilled water and then mixed with sodium alginate 

aqueous solution. This mixture is added drop wise to a 10000 ppm calcium chloride aqueous 
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solution, resulting in calcium alginate gel to encapsulate FOG in calcium alginate gel. The gel 

suspension is dehydrated gravitationally, followed by mechanical expression of gel particles. 

During the expression, the FOG remains in the gel. Optimization of the gelation process was 

done by Design Expert software with Face Centred central composite design (FCCCD) by 

Response surface methodology (RSM) with two manipulated factors which are pH of the FOG 

and sodiumalginate concentration ranging between pH 2 to pH 12 and 1000 ppm to 10000 

ppm concentration. The FOG was measured using hexane extraction method. Then the 

optimized gel was used for chitosan coating (0.5% w/v) by adding the beads into chitosan 

solution for one hour with constant stirring and followed by mechanical expression of the 

beads. Lastly, the beads formed were put under biodegradability test using phosphate buffer 

of pH 5, 6.5 and 8. 

 

 
Fig. 2. Flowchart of methodology 

 

3. Results and Discussion  

3.1 Encapsulation of FOG and Process Optimization 

 

First run of the experiment was conducted to confirm that there was immobilization of 

FOG in the calcium alginate beads, with 94% oil entrapment efficiency (OEE). This finding 

proved that immobilization of FOG can be done by calcium alginate beads. Figure 3 (a) and (b) 

show the relationship between oil entrapment efficiency (OEE) in percentage, FOG pH and 

concentration of sodium alginate solution. 

The 3D graph has elliptical like shape. Higher concentration of sodium alginate solution will 

have higher OEE%, and this finding is same as found by Iwata [12], where the research was to 

immobilize PMMA particles in calcium alginate beads, and increase in concentration of sodium 

alginate had higher PMMA particle entrapment. On the other hand, higher FOG pH will result 

in lower OEE %. Lower pH has better OEE than FOG at basic pH but the natural pH of the 

substrate, pH 4.7 has highest OEE %. Based on Iwata and Jami [13], their findings also does not 

have a definite trend on pH, the results were rather fluctuating. Maximum OEE % was found at 

87.27 %, with FOG pH 4.7 and sodium alginate solution concentration at 10000 ppm. FOG 

entrapment efficiency was calculated using Eq. (1), 

 

OEE = ((Initial amount of FOG – Final amount of FOG) / (Initial amount of FOG)) x 100%        (1) 
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3.2 Chitosan Coating Effect 

 

Beads with optimum OEE % were chosen to be coated with chitosan. Without coating, the 

FOG loss during mechanical expression was recorded to be 23.73 %. With chitosan coating, the 

FOG loss was reduced to 12.58 %. With chitosan coating, approximately 47 % improvement 

was recorded. Previous study [14] also showed decrease in substrate release from the beads, 

from 100 % release without chitosan coating to 44 % release of substrate with coating after 18 

hours. These results support the hypothesis that chitosan coating will reduce FOG loss from 

calcium alginate beads. The measurement of FOG release was calculated using the formula; 

 

FOG release=100-OEE %                 (2) 

 

 
 

Fig. 3. (a) Contour graph representation of sodium alginate concentration, FOG pH and 

OEE% (b) 3D graph representation of Sodium alginate concentration, FOG pH and OEE % 

 

3.3 Biodegradability Test 

 

Buffer solutions of pH 5, 6.5, 8 and 9 were prepared and 1 g of beads containing FOG was 

loaded in each buffer. The buffer solution was then shaken at 125 rpm for three hours. The 

beads completely dissolved in buffer with pH 5, 8 and 9. This result was partially supported by 
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the findings of Singhal et al. [15], where their findings showed complete beads dissolution in 

phosphate buffer pH 8 only, and the beads did not dissolve in pH 5 buffer. When dissolving 

empty beads in buffer, the beads dissolved in pH 5 and 8 buffer. Difference in these findings 

may be due to the difference in the type of substrate, where Singhal et al. have acyclovir drug 

and olive oil as the substrate. 

 

4. Conclusion  

 

FOG is a threat to the environment when not disposed properly. Hardened FOG in the 

sewer pipes and drains could cause odour problem, overflows and reflux of wastewater to the 

environment. FOG that enters wastewater treatment plants requires more energy and time for 

FOG removal using current technology. To remedy these problems, this study aims to 

introduce a new possible FOG wastewater treatment/pre – treatment by immobilizing FOG in 

calcium alginate beads. It has been proved that FOG indeed can be encapsulated in calcium 

alginate beads. Process optimization has found that this system works best with FOG at its 

natural pH, pH 4.7 with sodium alginate solution concentration of 10000 ppm. To eliminate the 

FOG leakage during mechanical expression during removal of excess water, the gel beads were 

coated with chitosan solution and a 10 % reduction of FOG loss was found. The gel beads are 

verified to be non-hazardous to the environment due to their biodegradability in buffer 

solution with pH 5, 8 and 9 which are in the range of river water in Malaysia that have pH 

values of pH 5 to pH 9. 
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