
  249  

 

 

 
 
 

Wastewater Processing of Chicken Slaughterhouses Using Combination of 

Trickling Filter and Rotating Biological Contactor 
 

Handriani1, Muhammad Faisal2,, Cut Meurah Rosnelly2 
 
1   Magister Program of Environmental Management, Universitas Syiah Kuala, Banda Aceh, INDONESIA. 

2   Department of Chemical Engineering, Faculty of Engineering, Universitas Syiah Kuala, Banda Aceh, INDONESIA 

 
 

Article History: 
 

Received  : 29 November 2024 

Revised    : 11 December 2024 

Accepted  : 17 December 2024 

 

Keywords: 
 

Biofilm,  

Chicken slaughterhouse waste,  

Local microorganisms,  

Rotating biological contactor,  

Trickling filter. 

 

 
Corresponding Author: 
  mfaisal@usk.ac.id  

(Muhammad Faisal) 

 

ABSTRACT 
 

This research was conducted to explore the effectiveness of combined Trickling Filter (TF) 

and Rotating Biological Contactor (RBC) method in processing liquid waste from chicken 

slaughterhouses through local and economical media. Microorganisms were grown by 

inserting liquid waste into a TF tank containing gravel, used ceramics, coconut shells, and 

pumice. Subsequently, liquid waste flowed into a rotating biological contactor added with 

local microorganisms from stale rice and fermented banana stems. Waste treatment was 

carried out with variations in retention time of 1, 3, and 6 h. The results showed that at 6 h, 

the organic compound decreased significantly. The removal efficiency obtained was 87.05%, 

82.11%, 90.51%, 22.57%, 79.36%, and 88.66% for Biological Oxygen Demand, Chemical 

Oxygen Demand, Total Suspended Solids, Total Dissolved Solids, Turbidity, and Ammonia, 

respectively. This high efficiency was supported by the collaboration between the activity of 

microorganisms attached to the TF biofilm and the use of local microorganisms in 

decomposing organic compounds in the rotating biological contactor. The combination of 

the two methods has been proven to help waste treatment process from chicken 

slaughterhouses in an environmentally friendly and efficient manner. 

1. INTRODUCTION 

Changes in the quality of the aquatic environment are caused by the discharge of waste-containing pollutants 

exceeding the natural processing capacity of water (Kanwar et al., 2023; Liu et al., 2021). One of the hazardous 

wastes is wastewater from chicken slaughterhouses, which contains significantly high organic compounds in the form 

of blood solution of 3.50%/kg, protein 8.5-10.5%/kg, fat 1.30%/kg, and suspended solids 1.65%/kg (Dong et al., 

2020). This wastewater pollutes rivers, affecting water quality, aquatic life, and damages the ecosystem, causing 

eutrophication which reduces oxygen levels in water (Ma et al., 2021).  

Wastewater from chicken slaughterhouses will seep into soil and disrupt the balance of microorganisms, thereby 

affecting soil fertility and plant health (Deepali, 2021). This wastewater, containing pathogens such as Escherichia coli 

(E. coli), Salmonella, and disease-causing viruses, can easily spread when contaminated (Wang et al., 2019). Waste 

generated from market activities is discharged into the river directly connected to seawater which allows the mixing of 

seawater and wastewater, particularly during high tide (Adam et al., 2023).  

Previous reports showed that pollutant levels in wastewater from chicken slaughterhouses were significantly high, 

containing biological oxygen demand (BOD) of 600 mg/L, chemical oxygen demand (COD) of 2,785.4 mg/L, total 

suspended solids (TSS) of 161 mg/L, and turbidity of 507 NTU (Handriani, 2021). When these pollutants are directly 

discharged and received by water body without prior treatment, there will be a negative impact on the environment. 
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Therefore, intensive analysis is needed for control to ensure that the organic load received by the aquatic environment 

is in the quality standard threshold. 

Wastewater processing technology can be carried out through several methods that are appropriate to waste 

characteristics (Hanafy et al., 2022; Faisal et al., 2016a; 2016b; 2015). Specifically, wastewater from chicken 

slaughterhouses contains highly organic compounds, showing the need for processing through biological processes 

using microorganisms. The combination of biological process of Trickling Filter (TF) and Rotating Biological 

Contactor (RBC) which uses microorganisms attached to the media and Local Microorganisms (MOL) is rarely 

applied during treatment (Chen et al., 2021). This biological treatment will change hazardous organic compounds into 

harmless forms and become nutrients for microorganisms (Suwahdendi & Purnama, 2020). 

Treatment technology with a combination of TF and RBC methods can reduce BOD, COD, oil, and fat content in 

wastewater containing organic compounds (Powar et al., 2023). This combination uses the performance of 

microorganisms by positioning biofilms as a place for attachment, thereby allowing the reduction of organic 

compounds in waste (Subhadarsini & Dash, 2020). The use of these microorganisms is produced from several media 

according to its reactor. Gravel, ceramic, coconut shell, and pumice are used as media for biofilm formation in the TF 

Reactor. The MOL of stale rice and banana stems to be fermented are attached to the RBC tank for RBC processing. 

Combined method of TF and RBC has been used to reduce organic content in wastewater from chicken 

slaughterhouse (Zhang et al., 2020), which is treated with reverse osmosis, air flotation, and activated sludge 

(Lecompte & Mehrvar, 2017). The method has also been used to treat domestic waste (Patel et al, 2021; García et al, 

2016; Gaber et al., 2024). The use of coconut shell waste as a medium in TF is also essential to minimize the levels of 

agricultural waste. This method can increase economic value by improving the efficiency of agricultural waste for the 

growth of microorganisms (Buczynska et al., 2019). 

Thompson et al., (2022) reported that unused ceramics could be selected to process waste into value-added 

materials. In comparison, RBC is a fairly good method by using MOL of stale rice and banana stems as a source of 

nutrition for microorganisms (Khan et al., 2020). Serving as a carbon source, stale rice and banana stems contain 

carbohydrates, additional potassium, magnesium, and phosphorus. This combination can increase the decomposition 

of organic waste by improving microbial activity in biological processes (aerobic or anaerobic) (Bi et al., 2021). To 

reduce waste generation and increase the effectiveness of treatment methods, exploring the potential of food waste as a 

biological stimulant is an innovative strategy (Abbasi et al., 2022). Therefore, this research explored the performance 

of combined TF and RBC method in the treatment of wastewater from chicken slaughterhouses. 

This study is expected to provide significant benefits in the management of wastewater from chicken 

slaughterhouses by improving water quality through decreasing harmful pollutants. Furthermore, using natural 

materials such as coconut shells, stale rice, and banana stems as biofilm carriers in the treatment process might reduce 

operational costs, increase agricultural waste utilization, and improve microbial effectiveness in breaking down 

organic compounds. 

2. RESEARCH MATERIALS AND METHODS 

2.1. Research Materials and Equipment 

The materials used included wastewater from chicken slaughterhouses obtained at Al-Mahirah market, Banda Aceh 

City. The filter media in TF tank with a size of 2.5-7.5 cm2 consisted of gravel, coconut shells, pumice, wood carcoal 

and ceramics. For the cultivation of microorganisms, the materials used were 200 g stale rice, 75 g granulated sugar, 1 

liter water, banana stems, shrimp paste, coconut water, palm sugar, and distilled water. 

2.2. Methods 

Raw materials in TF tank were used with a height of each media of 5 cm. Based on the design in Figure 1, TF tank 

was made of glass and equipped with a pump and aerator. Wastewater samples used in processing were taken at 08:00 

a.m. Measurement of water quality parameters such as pH, temperature, and Dissolved Oxygen (DO) was carried out 

during sampling to ensure the initial condition of wastewater. When pH of wastewater was not neutral, adjustments 
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were made using NaOH solution to achieve a neutral pH. Subsequently, wastewater was left for 30 minutes to allow 

for the settling of larger dissolved particles, facilitating the filtration process. 

The filtered wastewater was flowed into TF tank containing special media for biological filtration process. Before 

entering the tank, aeration was carried out to increase DO levels, which were important for the activity of 

microorganisms in the process of degrading organic compounds. Furthermore, the acclimatization process was carried 

out through the seeding method by adding microorganisms to form biofilm on the filter media. This biofilm functioned 

as a place for microorganisms to attach and reproduce, which was important in the decomposition of pollutants. The 

seeding process lasted for 6-7 days until the optimal formation of biofilm for wastewater treatment. The combination 

of TF and RBC research tool designs is shown in Figures 1. 

 

 
 

Figure 1. Combination of TF and RBC research tool design 

After passing through TF stage, wastewater flowed to RBC process. RBC equipment design consisted of several 

main components, namely a glass tank as a reactor, a series of flat disk reactors, supports for stability, and a drive 

system that included belts, drive motors, rotation reduction pulleys, gears, and chains. This design enabled the disk to 

rotate constantly, allowing microorganism biofilm on the surface to maximize the process of decomposing organic 

compounds in wastewater. 

In RBC process, the raw material used was the media for forming MOL. The stale rice MOL was made by adding 

1 liter of water to a container containing stale rice, followed by the addition of 5 tablespoons of granulated sugar to 

accelerate the development of microorganisms. The fermentation process was allowed to take place for 2-3 days until 

the mixture produced a distinctive tape aroma, indicating the formation of the desired microorganisms. To prepare 

banana stem MOL, the finely chopped sample was combined with mashed shrimp paste, palm sugar, and coconut 

water. This mixture was put into a container of banana stem, which was tightly closed and left for 7-14 days at a 

temperature of 25-30°C. During the fermentation period, the mixture was stirred every 2-3 days to ensure that the 

fermentation process was even and effective. 

After preparing MOL, waste processing was continued by activating RBC machine at a speed of 5 rpm, followed 

by monitoring the movement to achieve full stability. Furthermore, MOL of stale rice and banana stem were added as 

adhesive media to RBC tank to support the growth of microorganisms. The processing was carried out using retention 

a b 
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times of 1, 3, and 6 h on TF and RBC systems. After the processing process, wastewater flowed into the final storage 

tank to be tested for water quality parameters, including BOD, COD, TSS, Turbidity, Mixed Liquor Suspended Solid 

(MLSS), and Mixed Liquor Volatile Suspended Solids (MLVSS). The removal efficiencies were calculated by 

comparing the initial and final concentrations before and after the TF and RBC processes using the following 

equation. 

Removal efficiency = 
(𝐶0−𝐶𝑒)

𝐶𝑜
× 100%    (1) 

where: C₀ is the initial concentration (mg/L), and Cₑ is the final concentration (mg/L) 

3. RESULTS AND DISCUSSION 

3.1. Initial Characteristics of Waste 

The results of waste testing before processing are shown in Table 1. The analysis of wastewater from chicken 

slaughterhouses showed a significant level of pollution, exceeding the threshold set in environmental regulations. 

Waste had pH of 3.0, showing acidic properties, along with BOD value of 1,583 mg/l and COD of 2,765 mg/l, which 

exceeded the permitted threshold. This showed a very high organic content, which required a large amount of oxygen 

for the decomposition process. Furthermore, waste contained a fairly high TSS of 1,135 mg/l, and a turbidity of 487 

NTU. This showed the presence of solid particles that could damage the physical quality and clarity of water when 

directly discharged into the environment. The ammonia content of 113 mg/l, accompanied by MLVSS and MLSS 

values of 627 mg/l and 793 mg/l were found in the additional test results, respectively. 

Table 1. Initial Test Results of Wastewater Levels in Chicken Slaughterhouses 

No. Parameter Result 

1. pH 3.0 

2. BOD 1.583 mg/l 

3. COD 2.765 mg/l 

4. TSS 1135 mg/l 

5. TDS 875 mg/l 

6. Turbidity 487 NTU 

7. Ammonia 113 mg/l 

8. MLVSS 627 mg/l 

9. MLSS 793 mg/l 

 

The comparison of wastewater characteristics showed a high pollution level from various chicken slaughterhouses. 

According to Indah et al. (2023), chicken slaughterhouse wastewater in Kota Lama, Kedung Kandang, Malang, has a 

COD level of 1,448.53 mg/l and TSS of 1,500 mg/l. Whereas COD value reached 5,600 mg/l, BOD 3,360 mg/l, and 

TSS 548 mg/l in Jember Regency (Novita et al., 2021), showing high levels of organic compounds and suspended 

solids in wastewater due to pollution levels that exceeded quality standards. Ratnawati & Al-Kholif (2018) reported 

that BOD values were between 400-3,000 mg/l, COD 400-3,000 mg/l, and TSS 400-3,000 mg/l from chicken 

slaughterhouse wastewater. 

3.2. Biofilm Formation Process 

Biofilm formation starts with seeding stage where microorganisms are inoculated into media with porous or rough 

surfaces to facilitate attachment. At this stage, wastewater flows into TF tank after complete inoculation, as 

microorganisms interact with organic compounds to support initial colonization and the formation of a thin layer of 

biofilm. This is followed by acclimatization stage for 6-7 days, where microorganisms adapt to the environmental 

conditions of the reactor, grow, and reproduce, attaching more strongly to the surface of the media (Sugihhartati et al., 

2024). The extracellular matrix in the form of exopolysaccharides is successfully produced by microorganisms which 

function to strengthen the biofilm structure. Subsequently, a mature and stable biofilm layer is formed to allow 

efficient degradation of organic matter. 
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Wastewater flowed into the RBC tank added with MOL from stale rice and fermented banana stems after the 

acclimatization stage in the TF. There was an increase in interaction in the RBC tank, between microorganisms that 

had adapted to organic compounds. The biofilm formed on the surface of the media acted as an active biological layer, 

where aerobic and anaerobic microorganisms were very important in degrading pollutants through complex metabolic 

processes. To improve the efficiency of wastewater treatment, this formation played a significant as mature biofilms 

have a high capacity to reduce pollution levels and decompose organic compounds.  

In this study, MOL is needed during biofilm formation in the wastewater treatment reactor of chicken 

slaughterhouses. Various microorganisms such as bacteria, yeast, and fungi are abundantly contained in MOL from the 

fermentation of organic materials, such as stale rice and banana stems. These microorganisms act as inoculum or 

sources of microbes, which are available to colonize the media in waste processing reactor. The advantages of MOL 

depend on easy availability and low cost because it can be obtained from organic waste rich in nutrients. Generally, 

nutrients such as carbohydrates and proteins contained in MOL support the growth of microorganisms that are 

effective in degrading complex organic compounds in waste. 

Microorganisms originating from the fermentation of stale rice and banana stem start to interact with organic 

compounds in waste using the existing substrate to grow and develop. This process triggers the formation of biofilm, 

which is a layer of microorganisms that adhere to the surface of the media plate. Biofilm functions as a major 

component in biological treatment, namely microorganisms bound to biofilm work synergistically to decompose 

organic matter and reduce the level of pollutants in waste. During the acclimatization stage, microorganisms in MOL 

adapt to environmental conditions in RBC tank using the existing organic matter as a source of energy and nutrients. 

The formation of mature biofilm is very important to increase treatment efficiency because biofilm functions as an 

active biological reactor. Therefore, microorganisms contained in biofilm can degrade various pollutants, including 

BOD, COD, TSS, turbidity, and ammonia, helping to reduce pollution levels in wastewater effectively. The formation 

of microorganisms in biofilm is shown in Figure 2. 

 

 

a. Before Biofilm Formation b. After Biofilm Formation 

Figure 2. Biofilm Formation in TF Tank 

Biofilm formation occurs in both TF and RBC tanks, playing an important role in improving the efficiency of 

wastewater treatment. In TF tank, media such as gravel are used because their rough surface facilitates the attachment 

of microorganisms. This increases the contact surface area between microorganisms and wastewater. Oxygen from the 

air naturally diffuses into the formed biofilm, allowing microorganisms to efficiently oxidize organic compounds in 

wastewater. The phenomenon significantly leads to a decrease in BOD and COD parameters, as organic compounds 

decompose into simple forms such as water, carbon dioxide, and microbial biomass. Organic compounds are reduced 

gradually due to the continuous process, showing a BOD decrease efficiency of approximately 80% in domestic 

wastewater treatment (Hamza et al., 2022). 
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Media rotation in the RBC tank accelerates the degradation of organic compounds by increasing turbulence and 

improving gas exchange. This process increases the efficiency of organic compound decomposition in wastewater to 

support the metabolism of aerobic microorganisms. Subsequently, the rotating RBC media is alternately submerged in 

wastewater and exposed to air, creating consistent aerobic conditions. This increases the efficiency of degradation due 

to increase in the contact between organic matter in wastewater and microorganisms. According to Ma et al. (2021), 

the use of RBC reduced COD concentrations in industrial wastewater with an efficiency of more than 80%. 

After passing TF, wastewater is flowed to RBC, followed by addition of MOL from stale rice and fermented 

banana stems to provides nutrients that accelerate biofilm formation. Microorganisms in the MOL strengthen the 

biofilm on the RBC media because it is rich in nutrients such as carbohydrates and proteins. With the biofilm acting as 

an active biological reactor because the combination of TF and RBC increases the overall efficiency of wastewater 

treatment so that it is able to decompose organic compounds and reduce pollutant levels such as BOD, COD, TSS, and 

ammonia significantly. 

3.3. Removal Efficiency of BOD, COD, TSS, TDS, turbidity, ammonia, MLVSS, and MLSS 

This research used variations in retention time of 6, 3, and 1 h, which affected the effectiveness of organic matter 

degradation in chicken slaughterhouse wastewater treatment. Microorganisms have enough time to optimally 

decompose organic compounds at a retention time of 6 hours, resulting in a significant decrease in pollutant 

parameters such as BOD and COD. Longer retention times result in higher and more stable treatment efficiency 

because they provide an opportunity for microorganisms to reproduce and maximize the degradation process. There 

was a decrease in pollutant parameters at shorter retention times of 3 h and 1 h, but the efficiency was lower compared 

to a treatment time of 6 h. This results in less stable and unoptimal final results because microorganisms do not have 

enough time to optimally degrade organic compounds (Al-Shammari et al., 2024). 

In biological treatment systems (TF and RBC), retention time is a major factor. Longer duration enhances the 

biodegradation process because the contact between microorganisms and organic compounds in wastewater increases. 

The consistent decrease of pollutant parameters at 6 h indicates that microorganisms can reach the equilibrium point 

and maximum efficiency in the treatment process. Meanwhile, due to the limited capacity in degrading existing 

organic compounds, shorter duration tends to produce unstable reduction. At a longer retention time of 6 h, 

microorganisms have sufficient time to maximally degrade organic compounds, thereby increasing the efficiency of 

pollutant decomposition. This condition occurred because microorganisms in biofilm on TF and RBC media have 

developed optimally and reached their full capacity to decompose the remaining organic matter in wastewater.  

Repeated treatment processes cause biofilm to become thicker and saturated with microorganisms, which increases 

the effectiveness of organic compound degradation. The combination of TF and RBC can maximize contact between 

waste and microorganisms continuously, causing a gradual decomposition in organic matter. The results of parameter 

testing during contact times of 6, 3, and 1 h are shown in Table 2. Based on the research data in Table 2, it is evident 

that as the retention time increases, the values of the wastewater parameters tend to decrease. This decline indicates 

that the poultry slaughterhouse wastewater treatment process becomes more effective over time. With longer retention 

times (6 hours), microorganisms have sufficient time to degrade organic compounds, contributing to the reduction of 

BOD, COD, TSS, turbidity, and ammonia levels. 

The BOD parameter, which indicates the amount of oxygen required to decompose organic material, shows a 

significant reduction. At a retention time of 6 hours, BOD decreased from 450 mg/l at hour 2 to 205 mg/l at hour 6. 

The COD parameter, which reflects the level of chemical contamination, decreased from 950 mg/l at hour 2 to 415 

mg/l at hour 6. The TSS, which measures the amount of dissolved solid particles in the wastewater, consistently 

decreased. At 6 hours of retention time, TSS dropped from 375 mg/l at hour 2 to 93 mg/l at hour 6. This reduction 

indicates improved effectiveness in the sedimentation and filtration of dissolved solids. TDS also decreased, though 

with smaller fluctuations, from 775 mg/l at hour 2 to 677 mg/l at hour 6, reflecting more efficient separation of 

dissolved substances. 

Turbidity significantly decreased from 178 NTU at hour 2 to 51 NTU at hour 6. The reduction in this parameter 

indicates that more fine particles are being settled or filtered out over time. The ammonia content, associated with 
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organic pollution, also decreased drastically, from 48 mg/l at hour 2 to 11 mg/l at hour 6. The MLVSS and MLSS 

parameters, which represent the amount of biomass in the system, also showed consistent reductions. MLVSS 

decreased from 540 mg/l at hour 2 to 420 mg/l at hour 6. Meanwhile, the pH value remained stable with slight 

variation, ranging from 7.1 to 7.3 at 6 hours of retention time, indicating that the treatment process did not 

significantly affect the acidity or alkalinity of the water. Overall, the combined treatment method efficiently reduced 

the concentration of contaminants in the wastewater, with different removal efficiencies. The efficiency of waste 

parameter removal at various retention times is shown in Figure 3. 

Table 2. Test results of parameters during contact time of 6, 3, and 1 hour 

Retention 

time 

(hours) 

Testing 

(hours) 

BOD 

(mg/l) 

COD 

(mg/l) 

TSS 

(mg/l) 

TDS 

(mg/l) 

Turbidity 

(NTU) 

Ammonia 

(mg/l) 
MLVSS MLSS pH 

6 2 450 950 375 775 178 48 540 720 7.1 

6 3 320 690 270 710 128 32 420 680 7.2 

6 4 235 490 168 690 88 18 410 610 7.3 

6 5 210 450 110 682 60 12 400 600 7.3 

6 6 205 415 93 677 51 11 420 605 7.3 

3 1 760 1435 630 815 345 77 540 740 6.9 

3 1.5 540 1150 460 790 265 55 490 675 7.0 

3 2 380 875 315 760 180 40 460 650 7.1 

3 2.5 320 720 250 735 135 28 450 635 7.1 

3 3 295 675 248 729 128 25 470 650 7.1 

1 0.2 1095 1950 970 850 460 102 600 770 6.6 

1 0.4 865 1640 735 835 350 85 580 740 6.7 

1 0.6 690 1365 540 805 265 65 570 730 6.7 

1 0.8 610 1215 480 798 228 55 565 725 6.8 

1 1 585 1160 475 792 220 53 550 720 6.8 

 

3.3.1. Biological Oxygen Demand (BOD) 

Table 2 and Figure 3 showed that waste treatment with a combination of TF and RBC reduced BOD values 

significantly. The initial BOD value measured at 1,583 mg/l decreased to 205 mg/l after a retention time of 6 hours, 

with a removal efficiency of 87.05%. This reduction showed the effectiveness of TF and RBC in treating organic 

waste, particularly those with high pollutant concentrations. However, the final results did not meet the established 

quality standards when compared to phytoremediation which used water hyacinth, kale, and water jasmine plants. The 

BOD reduction efficiency reached 94.20% using water hyacinth plants, 81.10% with kale, and 92.70% with water 

jasmine (Novita et al., 2021). Biofilm formed in both the combined TF and RBC systems allowed microorganisms to 

interact with wastewater and accelerate the decomposition process of organic compounds. This process causes a 

significant decrease in BOD value because the degradation of organic compounds in wastewater increases. With 

organic compound molecules diffusing into the microorganism cells as a source of carbon and nutrients, biofilms are 

needed to enhance biological decomposition (Boltz & Motta, 2007). 

The effectiveness of microorganisms at a retention time of 6 h was found to be higher compared to 1 and 3 h. A 

longer duration increases the decomposition capacity of organic compounds because sufficient biofilm growth is 

possible. This is because microorganisms adapt better to the environmental conditions of continuously flowing waste 

and provide more time for the decomposition process (Liu et al., 2021). The TF and RBC systems support the aerobic 

biological degradation process of organic compounds due to the ability to maintain sufficient oxygen conditions. In 

the exponential phase, microorganism will optimize the degradation process causing rapid cell division and growth 

which allows degradation in a shorter duration (Zhang et al., 2020). Moreover, combined TF and RBC can be an 

effective alternative method to treat organic waste due to high BOD concentration.  
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Figure 3. Removal efficiency of BOD, COD, TSS, TDS, turbidity, ammonia, MLVSS and MLSS at various retention times 

3.3.2. Chemical Oxygen Demand (COD) 

Table 2 and Figure 3 shows that the initial COD of wastewater is 2.765 mg/l. After treatment at 6 hours, this value 

decreased to 494 mg/l with a removal efficiency of 82.11%. Based on the results, the treatment process was effective 

in reducing organic compounds that were difficult to degrade biologically. Therefore, microorganisms in the TF and 

RBC systems could decompose complex organic compounds. Microorganisms in biofilms use organic compounds as a 

source of nutrients for growth (Zhang et al., 2020) showing the effectiveness of biofilm formation to reduce COD 

values in TF and RBC, thereby supporting the decomposition process of organic compounds (Yang et al., 2019).  

The application of TF and RBC shows better results in reducing COD compared to the biofilter method, which 

only has approximately 70% reduction (Aguilera et al., 2021). In the treatment of organic waste with high 

concentrations, the use of biological reactors such as RBC and TF is more efficient than biofilter (Sugihhartati et al., 

2024, Rodrigues et al., 2021).  

3.3.3. Total Suspended Solids (TSS) 

The initial TSS of 1,135 mg/l decreased to 106 mg/l (90.51%) after treatment at 6 hours, as shown in Figure 3. This 

suggested the successful removal of suspended solid particles in wastewater due to biological system in the TF and 

aerobic reactor. According to Herlambang & Marsidi (2003), longer contact times and proper acclimatization 

processes could also increase treatment effectiveness.  

The potential to increase the interaction between microorganisms and wastewater is shown by the filtration process 

using biofilm media and MOL applications. Microorganisms found in biofilms will reduce the amount of dissolved 

solids in wastewater as well as retain and bind suspended solids (Khatoon et al., 2021). According to Baruah et al., 

(2019), the use of biofilms in wastewater treatment systems can reduce TSS with very good efficiency (in a short 

retention time it can reach more than 80%). Compared to the phytoremediation method, the results obtained are better 

reaching 70-80% (Wulandari et al., 2022).  

3.3.4. Total Dissolved Solids (TDS) 

After a retention time of 6 hours, the initial TDS of wastewater was 875 mg/l, decreasing to 678 mg/l with a reduction 

efficiency of 22.57%, as shown in Table 2. Although not excessively large when compared to other parameters, this 

shows a decrease in the content of dissolved substances in wastewater. Efforts should be made to reduce the 

concentration of dissolved substances in treated wastewater because high TDS levels can damage water quality and 

endanger aquatic ecosystems.  
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The decrease in TDS levels occurs through several mutually supporting mechanisms. There is a decrease in the 

concentration of dissolved substances in water. This is because some dissolved particles will be adsorbed or bound to 

the surface of the media when wastewater passes through the treatment in the TF (Baruah et al., 2019). The 

recirculation process that occurs in the TF and RBC also contributes to the decrease in TDS. The recirculation process 

provides additional time for microorganisms to decompose more dissolved compounds when the treated wastewater is 

returned to the system (Herlambang & Marsidi, 2003). This suggests a decrease in TDS because recirculation extends 

the interaction time between microorganisms and wastewater. Sedimentation and deposition can also occur in the 

system, as larger dissolved particles reduce TDS levels (Ma et al., 2021). 

A smaller TDS removal is observed compared to the reduction of TSS and COD (Hamza et al., 2021). The use of 

anaerobic systems can achieve greater TDS reduction in wastewater treatment from chicken slaughterhouses, with an 

efficiency of approximately 35%. This is due to the ability of microorganisms in anaerobic systems to affect the 

reduction of TDS in wastewater to decompose complex organic compounds into simpler forms (Li et al., 2023).  

3.3.5. Turbidity 

The initial turbidity of 487 NTU decreased to 101 NTU with a removal efficiency of 79.36% after 6 hours of 

treatment. This suggested that the reduced particles causing turbidity through biological activities by microorganisms 

in the TF and RBC media biofilms and physically using sedimentation and settling of larger particles. 

In water, dissolved particles and contaminants can be absorbed by charcoal through the adsorption process. 

Therefore, the use of charcoal media in the TF system can reduce turbidity levels. This is because the large pore 

structure provides a large surface for the growth of microorganisms and accelerates the biological degradation of 

pollutants. The rough surface and high porosity provide optimal space for aerobic microorganisms to grow (Bowman 

et al, 2024). These microorganisms, through aerobic decomposition process, decompose organic compounds found in 

waste, thereby reducing particles that cause turbidity (Huang et al., 2023). In TF system, charcoal is used as a breeding 

ground, leading to a reduction in the content of organic and inorganic particles in wastewater. There are also carbon 

elements that can be used as a source of nutrients, supporting growth and metabolic activities that are more effective in 

reducing waste turbidity (Zhang et al., 2020). These results are slightly lower than the use of sand filtration which can 

reduce turbidity by approximately 85% (Dezotti et al., 2018). However, the use of biological systems such as TF and 

RBC was found to reduce BOD and COD more effectively compared to sand filtration (Yang et al., 2019).  

3.3.6. Ammonia 

As shown in Table 2, at a retention time of 6 h, ammonia value decreased significantly from 113 mg/l to 12.7 mg/l, 

with a removal efficiency of 88.66%. This significant decrease showed that wastewater treatment with TF and RBC 

systems was effective in reducing ammonia content, and polluting the environment. Microorganisms in the reactor 

oxidize ammonia into safer compounds, such as nitrite and nitrate, through the nitrification process. Microorganisms 

carry out the nitrification process by converting ammonia (NH3) into nitrite (NO2
-) and nitrate (NO3

-) through biofilm 

on the surface of TF and RBC media (Lu et al., 2021). Coconut shells have been proven to reduce ammonia levels in 

wastewater by around 85% in a short time (Oktavitri et al., 2017). This provides a place for microorganisms with high 

absorption capacity for organic compounds and ammonia in waste.  

The success of ammonia treatment is influenced by aeration process in the system, which provides oxygen needed 

by microorganisms for aerobic metabolism (Huang et al., 2023). Retention time of 6 h allows microorganisms to carry 

out the nitrification process more effectively. At retention times of 1 and 3 h, ammonia reduction efficiency was only 

56.52% and 63.30%. These results were slightly different from other research using sand media biofilters, which 

succeeded in reducing ammonia concentrations by approximately 90% in the treatment of wastewater from chicken 

slaughterhouses (Tewari et al., 2023). Although biofilter system with sand and zeolite media showed higher ammonia 

reduction efficiency, waste treatment with a combination of TF and RBC remained an effective and more 

comprehensive option for wider as well as efficient treatment in a limited space. 
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3.3.7. MLVSS and MLSS  

The initial MLVSS and MLSS of wastewater at 627 mg/l and 793 mg/l decreased to 420 mg/l and 605 mg/l after 6 h 

of treatment, showing removal efficiencies of 32.98% and 23.69%, respectively. One of the mechanisms contributing 

to the decrease in MLVSS and MLSS levels was found to be the activity of aerobic development in biofilm formed in 

the processing media. These microorganisms reduce the concentration of MLVSS and MLSS by consuming organic 

compounds and suspended solids, thus supporting efficient degradation (Huang et al., 2023). Furthermore, wastewater 

recirculation in TF and RBC systems contributes to the reduction of MLVSS and MLSS levels because they are able to 

continuously decompose organic compounds (Gao et al., 2022). Gravel media has been shown to accelerate the 

degradation process of organic matter because it can increase the interaction time of microorganisms with waste and 

retain microorganisms longer (Kumar et al., 2019). 

4. CONCLUSION 

From the results of this research, the processing of chicken slaughterhouse liquid waste was effective in reducing 

BOD, COD, TSS, TDS, turbidity, ammonia, MLVSS, and MLSS levels when applying a combination of TF and RBC 

systems. At a retention time of 6 h, there was a decrease in BOD levels of 87.05%, COD by 82.11%, TSS by 90.51%, 

turbidity by 79.36%, and ammonia by 88.66%. The presence of biofilm on the filter media showed the effectiveness of 

this treatment because it was able to decompose organic compounds and other pollutants. The aerobic biological 

process that occurred in the microorganism biofilm in both systems supported the nitrification process which reduced 

ammonia levels in waste. The results of the removal efficiency showed that the combination of TF and RBC systems 

could be used as an alternative for effective, efficient, and competitive organic waste processing. This method showed 

high effectiveness in treating wastewater with high organic compounds, offering more structured and efficient control, 

which showed potential for application on an industrial scale. 
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