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 The increasing lack of clean water has created a paradigm for treating 

wastewater directly from the source. This study aimed to determine the 

effectiveness of processing domestic waste using plastic bottle caps in the 

anaerobe and aerobe reactor system by measuring several key parameters in 

wastewater. Experimental study on on-site wastewater treatment system 

using two bioreactors, a biodegradation made from fruit and vegetable peel 

waste, and local microorganisms. Domestic wastewater was used in this 

study. The wastewater treatment system's performance was monitored using 

parameters like pH, temperature, total suspended solids (TSS), chemical 

oxygen demand (COD), and biochemical oxygen demand (BOD), collected 

daily at 9 am during peak wastewater generation. The wastewater treatment 

system using aerobe and anaerobic reactors with plastic bottle cap media and 

microorganism biodegradation effectively reduced the TSS, COD, and BOD. 

The anaerobe reactors were more effective at removing these pollutants, 

with a maximum TSS reduction of 81.1%, COD removal efficiency of 

90.1%, and BOD removal efficiency of 80.2%. The longer acclimatization 

time of the anaerobe reactor may make it more efficient after acclimatization 

compared to the aerobe reactor. Although the anaerobe reactor may require a 

longer acclimatization time, it ultimately results in a higher efficiency in 

terms of TSS, COD, and BOD reduction compared to the aerobe reactor. 
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1. INTRODUCTION 

Water scarcity worldwide is caused by the depletion of clean water sources owing to liquid waste 

pollution [1]. The increasing lack of clean water has created a paradigm for treating wastewater directly from 

the source [2]. Wastewater treatment techniques, both physical, chemical, and biological, are known to 

prevent pollution from water sources. Several processes that are known to be able to reduce pollutant loads 

include coagulation-flocculation, aeration, chemical oxidation, filtration, and biofiltration [3]. 

Domestic wastewater contains various kinds of dangerous contaminants including organic matter, 

nitrogen, phosphorus, and pathogens (bacteria and viruses) [4]. Domestic wastewater content is influenced by 

several factors, such as weather conditions and temperature. Several studies have stated that weather affects 

https://creativecommons.org/licenses/by-sa/4.0/
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the conditions of wastewater treatment systems and has an impact on wastewater quality. It is known that low 

temperatures contribute to a long acclimatization process and low nitrification process. The ideal temperature 

to increase the effectiveness of the biofiltration process is 18 °C [5]. 

Previous research has shown that polyethylene terephthalate (PET) plastic media can be used as 

breeding grounds for bacteria in biofilter reactors. Plastic media (Pentair's Sweetwater SWX Bio-Media), 

which is used as a biofilter, is also known to remove nitrate from wastewater with a removal percentage of 

92.57% [6]. Meanwhile, according to research conducted by Dorji et al. [7], plastic media with a biofilter 

reactor within 40 days was able to reduce total suspended solids (TSS) by 80%, Escherichia coli by  

84.6-92.4%, chemical oxygen demand (COD)=29-72%, and biochemical oxygen demand (BOD) by 60-90%. 

Plastic packaging waste buried in landfills can contribute to air, water, and soil pollution [8]. This 

type of PET plastic bottle cap can be used as a filter medium or substitute for gravel in wastewater treatment 

because of its high surface area for biofilm growth. Similar to most plastics, PET is a petroleum-based 

polymer that does not break down easily when released into the environment. PET bottles were used as 

single-use packaging and discarded after the first use [9]. For this reason, there must be a technology that 

utilizes the remaining PET plastic bottle caps as a useful material after its primary use. Biofiltration using 

PET bottle caps, apart from reducing plastic waste, is also expected to become a new medium for growing 

bacteria, which is useful for breaking down organic materials and pollutants in wastewater. 

Several studies have shown that various types of media can become a place for bacteria to grow in 

biofilter reactors. Microbes in biofilters consume and convert pollutants into compounds that can be used as 

alternative energy sources. However, research on biofilm technology has a long acclimatization time [10]. To 

solve this problem, it is hoped that the use of local microorganisms (MOL) will act as a bioactivator for 

bacteria that previously existed in wastewater, making it easier to decompose wastewater. 

Several studies have discussed the effectiveness of biofiltration in reducing pollutants. In Indonesia, 

wastewater management remains a serious problem that must be immediately addressed [11]. Various studies 

have shown that wastewater treatment plants (WWTP) can be designed to reduce production costs and can be 

used as alternative wastewater treatments using plastic or other media [12]. However, biofilter designers tend 

to focus more on the sorption properties of the biofilter layer rather than on optimal colonization by bacteria 

and fungi [13]. In addition, little information is available regarding system performance on semi-technical 

and technical scales [14]. 

The aim of this study was to determine the effectiveness of processing domestic waste using plastic 

bottle caps in anaerobe and aerobe reactor systems by measuring several key parameters in wastewater. The 

novelty of this research is the use of plastic bottle caps as an inexpensive and environmentally friendly 

alternative for anaerobe and aerobe reactor system processing of domestic waste. It is hoped that this research 

will contribute to the development of more effective and affordable waste-processing methods. Thus, it is 

hoped that this research will provide innovative solutions for overcoming domestic waste problems. It is 

hoped that the results of this study can serve as a reference for the community and government in 

environmental conservation efforts. 

 

 

2. RESEARCH METHOD 

The reactor was placed in a greenhouse that was previously erected, with a length of 3 m, a width of  

3 m, and a height of 3 m as shown in Figure 1. The sample analysis was performed at the Balikpapan 

Integrated Laboratory. The production of MOL (biodegradable) materials is performed directly in the 

greenhouse. The following is the detail of the greenhouse: 

i) Height: the height of the building is measured from: a minimum pole height of 3 m, top height (building 

height from ground level to the highest point of the building) 3 m. This is intended so that the air is not 

hot, it is expected that a good temperature range is achieved, 25-27 °C with a minimum humidity of 

50%. 

ii) Foundation: the foundation is made of simple concrete which has the strength to withstand the risk of 

collapse. 

iii) Ventilation: the width of the greenhouse ventilation that must be designed is an opening of 18-29% of 

the floor area. Ventilation functions so that hot air can escape smoothly. 

iv) Frame, cover, and roof: 

- The frame is made of wood and light steel 

- The cover is made of glass and plastic 

- The roof is made of zinc which is made of aluminium 

v) Building frame shape: the shed type has a sloping roof construction that rests on another building wall 

(base wall). 
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Figure 1. Form of building framework 

 

 

TSS which are measured in accordance with United States standards, pH (pH meter), and 

temperature (meter), were recorded to closely monitor the operation of the aerobic wastewater treatment 

system (APHA, 1998). A DR3900 spectrophotometer and analytical test equipment (Hach, United States) 

were used to measure COD. BOD5 levels were measured using an OxiTop®OC100 instrument (Germany). 

To acquire uniform and representative samples, samples were taken once a day at nine hours in the morning, 

when wastewater generation was at its highest. The samples were taken in triplicate at the start of the 

procedure owing to their vast collection, which prevented analytical errors from occurring in the laboratory. 

MOL is utilized as a starting point for the production of liquid and solid organic fertilizers. MOL's 

primary constituent is made up of multiple parts, including sources of microbes, glucose, and carbohydrates. 

Organic waste from homes, plantations, and agriculture can provide the basic materials needed to ferment 

MOL solutions [15]. We employed basic components from fruit and vegetable peels in this study. 

Biodegradation MOL is made directly in the laboratory, and the ingredients for making the biodegradation 

are taken from fruit and vegetable peel waste. The nutrient content in the biodegradation is shown in Table 1. 

The research method used was experimental research by controlling all natural conditions and 

situations that are intended to create artificial conditions and situations that are in accordance with the 

research objectives and methods. This research is at a laboratory scale where the reactor has a batch system. 

The reactor that had been made was then placed in a greenhouse that was previously designed by researchers. 

This reactor will later process wastewater. To ensure that the reactor functioned normally, a reactor design 

test was carried out to determine the suitability of the reactor for the conditions and processes occurring in 

the research. The bio activator is then added to the reactor as a form of treatment with a ratio of 1 L (bio 

activator):70 L (wastewater) in liter, where the bio activator comes from the fermentation of fruit peel waste, 

which has become a liquid and contains microorganisms in the form of bacteria and yeast. This fermentation 

fluid is known as a local microorganism. The research was further divided into three stages, where the first 

stage was seeding, the second stage was acclimatization and the last stage was running. The data obtained are 

then entered into a table, and a graph is made for each data point. 

The biofilm structure on the biofilter media thickened during acclimatization. The acclimatization 

process was completed when the contaminant concentration decreased. We attempted to gather bio activators 

during the planting and acclimatization procedures. These bioactivators are naturally occurring bacteria 

obtained from organic wastes. This accumulation of bioactivators aims to boost the number of 

microorganisms that form a biofilm structure to shorten the acclimatization period. A quick acclimatization 

interval decreased the wastewater organic compound breakdown period. Biofilm formation started on day 

three, which is also considered the best time to differentiate between BOD over the first seven days. It is 

commonly known that polyethylene media, which have a service life of more than 15 years, is where biofilm 

formation occurs on days 3 to 15. 

The reactor was 40 cm long, 40 cm wide, 50 cm tall, and 4 mm thick. It was constructed using a 

fiberglass. The reactor was maintained at 80 liters. Polyvinyl chloride (PVC) pipes were used to design 

wastewater inputs and outlets. The experiment was conducted over 45 days, with 14 days dedicated to 

seeding 6 days for acclimatization, and 25 days for running. The primary tank held 1.6 L MOL, 70 L 

wastewater, and 8.4 L aerobe reactor material. The PET plastic bottle cap medium had a medium diameter of 

3 cm and a surface area of 28.26 cm were placed. 14.130 cm was the total surface area of all the media plus 

the surface area of each medium (500 plastic bottle caps per reactor×28.26 cm), see Table 2 for more 

information. Figure 2 shows the schematic diagram of the anaerobe and aerobe reactor experimental system 

using packed bottle caps media. 

 

 

Table 1. Nutrient content in MOL 
MOL Nitrogen Phosphorus Potassium pH 

Fruit and vegetable skin MOL 0.19 18.775 mg/L 254 mg/L 4.0 
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Table 2. Description of media and reactor 
Media properties Description 

Media diameter 3 cm 
Medium height 1.5 cm 

Media surface area 28.26 cm2 

Type of plastic bottle cap (Media) PET 
Main tank  

Long 40 cm 

Wide 40 cm 
Height 50 cm 

Volume 80,000 cm3/80 L 

Biogas storage tank  
Height 15 cm 

Wide 40 cm 

Diameter 40 cm 
Volume 24,000 cm3/24 L 

 

 

 
(a) 

 

 
(b) 

 

Figure 2. Schematic diagram of the reactor experimental system using packed bottle cap media of  

(a) anaerobe and (b) aerobe 
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2.1. Analysis of the characteristics of wastewater used as an influent in anaerobe and aerobe 

wastewater treatment systems 

The performance of the wastewater treatment system, both aerobically and anaerobically, is closely 

monitored by recording various parameters, including pH, temperature, total suspended solids, COD, and 

BOD5. Samples were collected once a day in the morning at 9 o'clock, when wastewater generation was at its 

peak, to obtain uniform and representative samples. Because the samples were collected in large quantities, 

they were taken in duplicate at the beginning of the operation, thereby avoiding analytical errors that 

occurred in the laboratory. Figure 3 shows that the characteristics of the wastewater pollutants TSS, COD, 

and BOD increased over time without treatment. This can happen because wastewater is not degraded 

properly, resulting in the pollutant not decomposing optimally. 
 

 

 
 

Figure 3. Characteristics of untreated wastewater used as influent in anaerobe and aerobe wastewater 

treatment systems 

 

 

3. RESULTS AND DISCUSSION 

3.1. General conditions of anaerobe and aerobe reactor during operation 

After turning on, the anaerobe and aerobe reactors were operated continuously at a hydraulic 

retention time (HRT) of 25 days, acclimatization in the anaerobe reactor was achieved after 10 days, and 

acclimatization in the aerobe reactor was achieved after day 4, as shown by the consistent removal of TSS, 

COD, and BOD, as shown in the Figures 4-6. The anaerobe and aerobe reactors were operated continuously 

for 25 days to achieve maximum acclimatization. In this study, in the anaerobic process, acclimatization took 

quite a long time compared to the aerobic process, which is a major challenge for the anaerobic processing 

system. 

Both aerobic and anaerobic processes are sensitive to temperature and pH and influence changes in 

other parameters. The average pH values of the two reactors were not significantly different (pH of aerobe 

waste 6.9±0.4, pH of anaerobe waste 7.1±0.4). The pH of the wastewater produced in both reactors showed a 

normal pH with the possibility of undetectable acidity during 25 days of operation and even appeared to be 

close to normal pH. 

In this process, the simultaneous metabolic activity that occurs during the anaerobic digestion 

process is responsible for this because the CO2 produced as a byproduct partially dissolves in the wastewater 

to form bicarbonate, which increases the capacity of the wastewater to buffer the pH [16]. Meanwhile, in the 

aerobic process, the metabolic activity of aerobic bacteria that produce CO2 is partly dissolved and partly 

decomposed into the surrounding ambient air. The formation of CO2 in these two processes is very helpful in 

stabilizing the overall pH. This is also why the pH of wastewater from the anaerobe reactor is better than that 

of wastewater from the aerobe reactor. 

The average temperature in the anaerobe reactor was higher than that in the aerobe reactor (anaerobe 

temperature 33.8±0.2, aerobe temperature 28.5±0.2). The temperature produced in both reactors allows the 

development of mesophilic bacteria [17]. This temperature difference can affect the biochemical processes 

occurring in the reactor. The organic loading rate was maintained stable at 0.9 g/L. Day 1 by keeping the 

HRT unchanged during operation to maintain stable bacterial conditions during the operation of the aerobe 

and anaerobe reactors. When the HRT is changed from the initial setting, the effectiveness of reducing the 

pollutant load decreases, which is most likely due to changes in the organic loading rate (OLR) that cause 

shock loading on the reactor, as observed during wastewater treatment [18]. 
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3.2. Comparison of COD removal performance in the anaerobe and aerobe reactors 

The average COD in the inlet tank is known to be 387.8 mg/l, which is above the limit of the COD 

value based on [19], which is only 100 mg/l. COD removal in the anaerobe and aerobe reactors is shown in 

Figure 4. The COD removal efficiency at 25 days HRT in the aerobe reactor (Figure 4(a)) was 75.1%, 

whereas that in the anaerobe reactor was 90.1% (Figure 4(b)). The efficiency of the anaerobe reactor is 

higher in COD removal, possibly because CO2 gas is trapped in the reactor process, which can help the 

decomposition process. This maximum COD removal indicates methanogenic activity in the anaerobe 

reactor, which did not occur in the aerobe % reactor. Operations in these two reactors were carried out at an 

environmental temperature of 28 °C. 
 

 

 
(a) 

 

 
(b) 

 

Figure 4. Reactor performance to treat graywater effluent for COD removal of (a) aerobic and  

(b) anaerobic 

 

 

3.3. Comparison of BOD removal performance in anaerobe and aerobe reactors 

The BOD removal in the anaerobe and aerobe reactors is shown in Figure 5. The BOD removal 

efficiency at 25 days HRT in the aerobe reactor (Figure 5(a)) was a maximum of 78.5%, whereas in the 

anaerobe reactor, the maximum was 80.2% (Figure 5(b)). The efficiency of the anaerobe reactor is higher in 

BOD removal, possibly because CO2 gas is trapped in the reactor process, which can help optimize the COD 

decomposition process [20]. This maximum BOD removal indicates methanogenic activity in the anaerobe 

reactor, which does not occur in the aerobe reactor [21]. In the anaerobe reactor, the maximum BOD refining 

reaction occurred between days 10-13 and day 20, with the reduction percentage always increasing on that 

day. However, on day 20, the anaerobe reactor was still able to reduce BOD, although there was a decrease in 

the percentage. This is possible because of the formation of CO2 gas. In the aerobe reactor, the BOD value on 

days 1-4 was still relatively unstable. However, on day 4, it tended to be more stable with a consistent  

BOD reduction efficiency. Operations in these two reactors were carried out at an environmental temperature 

of 28 °C. 
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(a) 

 

 
(b) 

 

Figure 5. Reactor performance for treating graywater effluent for BOD removal of (a) aerobic and  

(b) anaerobic 

 

 

3.4. Comparison of TSS removal performance in anaerobe and aerobe reactors 

The performance of the reactor to treat graywater effluent for aerobic and anaerobic TSS removal is 

shown in Figure 6. Inlet TSS ranged from an average of 161 mg/l, while in the aerobe reactor, the average 

outlet TSS value reached 72.2 mg/l (Figure 6(a)), and in the anaerobe reactor, the average outlet TSS value 

reached 89.5 mg/l (Figure 6(b)). The TSS reduction efficiency value in the aerobe reactor reached 77.8% 

(Figure 6(a)), whereas in the anaerobe reactor, the maximum was 81.1% (Figure 6(b)) at the same designed 

HRT of 25 days. The reduction in TSS values in the anaerobe reactor began to show consistency on days 10-

12 and reached its peak on day 25. The removal of TSS in the aerobe reactor consistently occurred from days 

to 5-25. In contrast to the removal of TSS in aerobe reactors, consistency tends to take a long time in 

anaerobe reactors, but the effectiveness after acclimatization is very high, reaching 81.1%. This can occur 

because CO2 gas is trapped in the reactor, which can help optimize the COD decomposition process [16]. 

Operations in these two reactors were carried out at an environmental temperature of 28 °C. Conducted a 

two-year wastewater treatment trial using an anaerobic baffle reactor (ABR) and observed similar results. 

TSS elimination (40-95%) was similar to the greatest reduction (60-90%) observed with chemically 

enhanced initial therapies. During a 2-year trial of wastewater treatment using an ABR and observed similar 

results. TSS elimination (40-95%) was similar to the greatest reduction (60-90%) observed with chemically 

enhanced initial therapies [22]. 

After a pilot study employing plastic bottles (PET and polypropylene (PP)) was conducted for  

262 days at an average temperature of 23.4 °C, the plastic medium in the biofilter could also be a destroyer 

and a way to remove total suspended particles. In this study, the total suspended solid content was reduced by 

up to 80%. Furthermore, according to the same study, plastic media can eliminate up to 92.4% of Escherichia 

coli [7]. Another excellent source of heavy metals is total suspended solids. If these compounds are found in 

liquid waste, then it is definitely very bad for water. 
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(a) 

 

 
(b) 

 

Figure 6. Performance of reactors for processing greywater waste for TSS removal of (a) aerobic and  

(b) anaerobic 

 

 

It should be noted that the media most widely used to reduce biological and COD are plastics  

(31.25 %), where the study states that biofilters with media made of plastic can reduce the level of COD by 

up to 90% and BOD to 98% (Ekokan), where the time needed was only 142 days, and the media thickness 

was 200×1.4 mm. PET and PP bottles can be used as media and succeeded in reducing COD by 29-72% and 

60-90% biological oxygen, respectively, on a pilot scale with a working time of 262 days at 23-4 °C [7]. 

Other reports have stated that plastic media can reduce COD by 80% at 17-23 °C in just 109 days [23].  

Based on several findings, biological wastewater treatment can reduce pollutant loads, including 

BOD and COD, and several biological treatments that are often found in wastewater treatment systems, such 

as biological filters, bioreactors, trickling filters, bio scrubbers, and biofilms [24]. Changes in the number and 

quality of microbes are closely related to changes in temperature. The rate of enzymatic reactions encourages 

temperature improvement, allowing microbes to grow better. It is also known that the development and 

growth of bacteria and biofilm are highly dependent on pH.  

The type of media surface greatly influences bacterial attachment. In the initial adhesion step, 

surface roughness increases the adhesion of bacteria to substrates with a wider adhesion medium. The 

roughness of the bacteria reduces the possibility of attached bacteria falling back to the bottom of the reactor, 
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which can be affected by the flow rate of the water and the type of reactor material used. The presence of 

divalent cations (Ca2+), both on land and in the sea, is one of the factors that influences biofilm formation.  

Pollutants are harmful to the environment, and pollution occurs in wastewater samples, biotrickling 

filters, and biofilms. This has encouraged the development of processing methods for removing both organic 

matter and heavy metals. Biofiltration is an alternative method for removing organic matter and heavy metals 

[25]. This is because, in the biofiltration reactor, there is a medium where bacteria can grow and assist in the 

process of reducing existing pollutants. Microorganisms that grow on media degrade and form biofilms. 

Good media have good surface area [26], and water retention for biofilms to live on [27]. These conditions 

provide space for microorganisms to reduce pollutants in liquid waste [28]. 

Owing to the capacity of bacteria to disseminate organic processes beneath the flow of organic 

matter for the formation and refinement of biofilms that have been and will be created, the organic loading 

rate factor may have an effect on the rate at which biofilms grow. The accumulation of biomass, biofilm 

development, and denitrification processes are affected by the organic loading rate. Excessive wastewater 

foam, which prevents the development of biofilms, is a drawback that increases the organic loading rate and 

decreases the number of potential adsorption sites. The gas formation rate remained constant as the organic 

loading rate increased, but the percentage of effluent increased [29]. 

By changing the temperature in the biofilter reactor, which impacts how well microorganisms 

develop on the formed biofilm, the performance of the biofilter can be controlled [30]. Low temperatures are 

not ideal for the development of microorganisms, because some bacteria cannot endure them. Therefore, 

when low temperatures are present, bacteria that have already attached to the biofilm or are currently doing 

so die. Low temperatures are also known to contribute to long acclimatization and low nitrification rates [5]. 

Additionally, it has been stated that 18 °C is the ideal temperature for producing effective biofilter 

performance [5]. 

Temperature stimulation of biofilms has a significant effect on the metabolism and growth of 

bacteria. Thus, relatively warm temperatures may cause bacteria in biomass and biofilms to multiply. Some 

studies have suggested that increasing the temps may encourage the development of bacteria in biofilms. 

Every living entity in the reactor experienced an increase in metabolism as the temperature increased. The 

composition of bacteria residing in the reactor varies with temperature. Ciliates are microorganisms that 

thrive in reactors. Instead of causing an increase in the number of microbial populations or the rate of 

photosynthesis, an increase in temperature may also result in a change in taxonomy [31]. Although 

temperature is beneficial for the activity of photosynthetic enzymes, low nutrient levels can prevent bacterial 

growth [32], [33].  

In the three-dimensional biofilm framework, the microbial communities were closely packed. The 

reaction of the biofilm to heat microbes adhering to the biofilm is modulated by the interactions between 

microbial groups [34]. Increasing temperatures can result in community changes when microbial species 

interact, which cannot be anticipated from the reactions of a single species. Bacteria in biofilms fight one 

another for nutrients, while also taking advantage of one another [35]. 

 

 

4. CONCLUSION 

The wastewater treatment system using aerobe and anaerobe reactors with plastic bottle cap media 

and local microorganism biodegradation was able to reduce TSS, COD, and BOD with an anaerobe 

temperature of 33.8±0.2, aerobe temperature of 28.5±0.2. The average pH of the aerobe waste was 6.9±0.4, 

and the pH of the anaerobe waste was 7.1±0.4, using a hydraulic retention time of 2 days. Anaerobe reactors 

are more effective at removing TSS, COD, and BOD than aerobe reactors. The TSS reduction efficiency in 

the aerobe reactor reached 77.8%, whereas, in the anaerobe reactor, the maximum efficiency reached 81.1% 

at the same designed HRT, that is, 25 days. The efficiency of COD removal at 25 days HRT in the aerobe 

reactor reached a maximum of 75.1%, whereas, in the anaerobe reactor, the maximum was 90.1%. The BOD 

removal efficiency at 25 days HRT in the aerobe reactor reached a maximum of 78.5%, whereas, in the 

anaerobe reactor, the maximum was 80.2%. The acclimatization time required for an anaerobe reactor is also 

known to be longer, namely around 10-13 days compared to an aerobe reactor, which only takes 4-5 days. 

However, a longer acclimatization time can make the anaerobe reactor more efficient after acclimatization 

than the aerobe reactor. 
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