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ABSTRACT 
 
Untreated domestic wastewater can pollute the aquatic ecosystem. 
Vermifilter integrated with the Canna indica plant is one of the 
technological alternatives that can be used to treat domestic wastewater. 
One of affecting the performance of vermifilters is the vermibed media. 
Aim: This study aims to examine the effect of vermibed material on the 
concentration of COD, TP, DO, and the pH value of domestic wastewater 
treated with vermifilter combined with Canna indica plants. Methodology 
and Results: The research was conducted on a laboratory scale with a a 
continuous system using a plastic reactor dimension of 59 x 38 x 29 cm, 
which is filled with sand filter media, coconut fiber, gravel, and vermibed. 
The vermibed reactor consists of 4 reactors including reactor 1 (R1) 
vegetable vermibed, reactor 2 (R2) sawdust, reactor 3 (R3) banana peel, 
and reactor 4 (R4) cow dung. The results showed that  at the end of the 
research, the best performance is showed by reactor R2 that able to 
decrease COD 94.81%, TP 92.07%, DO increase 320.00%, pH 6.30±0.10.  
Vermibed sawdust (R2) can lower COD, TP and raise DO higher to treat 
domestic wastewater by combining vermifilter with Canna indica plant.  
Conclusion, significance, and impact study:  Vermifilter with Canna indica 
plant is an effective wastewater treatment in reducing COD, TP, increasing 
DO and pH value.   This treatment is easy processing of operation and 
maintenance, does not require large land, can be done on an individual 
scale, and is environmentally friendly. 

MANUSCRIPT HISTORY 
 

 Received  
April 2022 

 Revised  
May 2022 

 Accepted  
July 2022 

 Available online  
October 2022 

 
 

KEYWORDS 
 

 Canna indica 

 Vermifilter  

 Vermibed 
 

 

 
 

 

mailto:indahnurhayati@unipasby.ac.id


Doi: https://doi.org/10.25105/urbanenvirotech.v5i3.12752   

Domestic Wastewater Treatment Using Vermifilter Combined with Canna Indica   
Nurhayati, Sutrisno, Kholif, Rahmaniasari 

p-ISSN 2579-9150; e-ISSN 2579-9207, Volume 5, Number 3, page 281-295, October 2022 
Accredited SINTA 2 by Ministry of Research, Technology, and                                        

Higher Education of The Republic of Indonesia No. 23/E/KPT/2019 on August 8th, 2019 from                       
October 1st, 2018 to September 30th, 2023 

 

282 

1. INTRODUCTION 
 
The majority of domestic waste is discharged directly into sewers without treatment, so it is 

feared that it can cause pollution of rivers, lakes, and other surface waters (Va et al., 2018). 

Domestic waste includes organic substances, pathogenic bacteria, heavy metals, nitrogen, and 

phosphorus. Untreated domestic waste can pollute the aquatic ecosystem (Hamad, 2020; 

Nurhayati et al., 2019). Office building wastewater in one city contains Chemical Oxygen 

Demand (COD) 106 mg/L - 432 mg/L, Dissolved Oxygen (DO) 3.2 mg/L, and Total phosphate (TP) 

3.66 mg/L (Va et al., 2018). Domestic waste treatment should use easy processing of operation 

and maintenance, does not require large land, can be done on an individual scale, and is 

environmentally friendly  (Adugna et al., 2019; Samal et al., 2018b).  

One alternative to treat domestic waste is to use vermifilters combined with aquatic plants. 

This technology is cost-efficient, and does not cause odors (Lourenço & Nunes, 2017), does not 

form sludge, is sustainable, is more efficient in degrading chemical and biological contaminants. 

(Samal et al., 2017b). Vermifilter produces vermicompost, useful as agricultural compost, and 

worm biomass as animal feed and fish (Bhat et al., 2020) 

Vermifilter is a technology that combines the activity of earthworms and microbial to 

decompose waste (Kumar & Ghosh, 2019; Rustum et al., 2020). Earthworms encourage an 

increasing number of microbes in the vermifilter reactor (Samal et al., 2017) that will 

decompose organic substances, solids, heavy metals by eating, absorbed through the skin of 

walls, and decomposed by worms (Patil & Munavalli, 2018; Singh et al., 2019). The 

incorporation of vermifilter with aquatic plants can increase the degrading of organic 

substances.  Plants’ roots can be overgrown with microbes (Samal et al., 2018a).  

In recent years, many studies on wastewater treatment using vermifilter combined with 

plants, including the treatment of liquid waste milk industry with vermifilter plant Canna indica 

with Hydraulic Loading Rate (HRL) 0.3 md-1 can reduce BOD5 90.34% and COD 85.59 while in 

HRL 0.6 md-1and BOD 85.75% and COD 79.64% (Samal et al., 2018b). Treatment of Cattle farm 

wastewater with vermifillter and plants can reduce COD 68.3% - 78.1%; Total Nitrogen (TN)   

39.1% - 44.0%; Total Phosphate (TP) 51.1-58.3% (Singh et al., 2021). The milk waste treatment 

using a combination of vermifilter and Canna indica plants can decrease COD 83.2%, TN 57.3%  

(Samal et al., 2018a). 
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Worm density, Hydraulic Retention Time (HRT), Hydraulic Loading Rate (HLR), worm growth 

media (vermibed), type of flow, and levels of treated wastewater pollutants affect the 

performance of vermifilter (Singh et al., 2018). Vermibed is at the very top layer of the 

vermifilter. Media growing worms often use wood powder, bark, peat, straw (Lourenço & 

Nunes, 2017), garden soil, cow dung (Rustum et al., 2020), vermicompost (Samal et al., 2018b), 

sawdust (Adugna et al., 2019), Filter media often use gravel and sand (Koslengar et al., 2020). 

The filter media serves as an adsorbent, where bacterial colonies and filtration media grow. 

Vermibed serves as the food of earthworms and microbes, so it grows and develops well, as 

well as a place of growth of aquatic plants (Singh et al., 2019).  

There have been many studies that discuss the performance of vermifilter, among others 

about HLR (Samal et al., 2018b), HRT (Rustum et al., 2020), the combination of vermifilter with 

aquatic plants (Samal et al., 2018a). There is little research on the effect of worm growing 

media (vermibed) on the performance of vermifilter combined with the Canna indica plants. 

This study aims to compare four (4) vermibed materials (cow dung, banana midrib, vegetables, 

and sawdust) to decrease COD, Total phosphate (TP), pH value, and Dissolved Oxygen (DO) in 

domestic sewage treatment using vermifilter combined with Canna indica plants.  

 

2. RESEARCH METHODOLOGY 
 

2.1 Domestic Wastewater and Vermibed Material 
 

The wastewater used is wastewater from the drainage of Karangrejo Sawah Wonokromo 

District Surabaya City, of East Java, Indonesia. The research was conducted in the dry season so 

that domestic waste is not mixed with rainwater runoff. The worm used was the earthworm 

Lumbricus rubellus (L. rubellus). Vermibed vegetables using a mixture of mustard and cabbage 

(50%; 50%). Vermibed sawdust comes from teak wood. Vermibed banana peel from banana 

Musa paradisiaca L. Vermibed cow dung comes from beef cow dung. Vermibed material mixed 

with garden soil in a ratio of 1:3. The filter media used is gravel (⌀ ±3 cm), quartz sand (⌀ ±0.5 

cm), coconut fiber. The height of each filter media is 5 cm. the average porosity of gravel, sand 

and coconut fiber is 64.67%. All vermifilter ingredients come from the area around Surabaya.  
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2.2 Vermifilter Reactor Design 
 

The study was conducted with a completely randomized design on four variations with three  

repetitions on a laboratory scale. The vermifilter reactor use plastic boxes with dimensions of 59 

x 38 x 29 cm. Fill the media into each reactor in order from bottom to top, namely gravel (⌀ ± 3 

cm, height 5 cm), quartz sand (⌀ ± 0.5 cm, height 5 cm), coconut fiber (5 cm high), and 

vermibed (10 cm high). Reactor 1 (R1) contains vegetable vermibed, R2 sawdust, R3 banana 

peel, and R4 cow dung. Spreading L.rubellus worm 4-6 cm long as many as thirty (30) tails and 

Canna indica plants is ±20 cm as many as six pieces into each vermibed. Figure 1 shows the 

vermifilter reactor. 

 

 
Figure 1 Vermifilter reactor 

 
 

Before being used as a vermibed, cow dung is dried for seven days to remove ammonia. 

Ammonia content in cow dung can cause poisoning (Anggada et al., 2019). Soak the sawdust for 

24 hours to remove sap and dirt. Cut the banana peel to a size of 1-2 cm to ferment for three 

weeks. Blending Mustard vegetable waste and cabbage into porridge, fermented for seven days 

(Nurdiansyah et al., 2018). Mixing vermibed material with garden soil in a ratio of 1: 3 (Samal                    

et al., 2018b). Clean the filtration media of the dirt by washing using clean water and drying 

using sunlight.  
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The processing seeding and acclimatization of filtration media in batch by using domestic 

wastewater for seven days until it forms a layer of biofilm and reaches stable condition 

(Rahmadyanti et al., 2020; Singh et al., 2021). Acclimatization test of worms and Canna indica 

plants simultaneously for each reactor by spreading 30 worms and six plants for three days. 

Continuously flow domestic wastewater to the vermibed and maintain humidity between              

42-60%. During acclimatization, worms get food from vermibed material and domestic 

wastewater. Acclimatization is successful if the plant grows buds. The worms remain in the 

growing media, did not come out of the vermibed, and did not swarm (Nurdiansyah et al., 2018)  

 

2.3 Vermfilter Operation 
 

Drain wastewater from the reservoir to each reactor using perforated PVC pipes. Wastewater 

drips evenly to the vermibed surface. Flowing wastewater continuously with a discharge of 

0.133 ml/second. The wastewater will be decomposed by worms, passing through the filter 

media out through the effluent pipe. During the study maintained Hydraulic Retention Time 

(HRT) for ±3 days, and Hydraulic Loading Rate (HLR) BOD5 0.099 kg BOD5 m-3 day-1. Analysis of 

COD, TP, temperature, pH, and DO on days 0, 3, 6, 9, 12, 15. COD analysis method SNI 

6989.2:2009, TP SNI 06.6989.31:2005, DO SNI 06-6989.14-2004, pH SNI 6989.11:2019. The data 

is expressed in the mean ± standard deviation. 

 

3. RESULT AND DISCUSSION 
 
The provided Table 1 depicts the performance of the vermifilter on COD, TP, DO, and pH during 

the study. The initial waste for COD and pH parameters has not met the quality standard, 

referring to the Regulation of the Minister of Environment and Forestry of the Republic of 

Indonesia No. P.68 of 2016, concerning Domestic Waste Quality Standards. The disposal of 

wastewater into rivers without being treated is harmful to the health of living things, damages 

aquatic life, causes a foul odor, and damages aesthetics (Nurhayati et al., 2019). After 15 days 

treatment the concentrations of COD and TP in the domestic wastewater were through fall in 

furthermore, the concentration of DO and pH was through increased. The COD concentration 

and pH of all reactors have met the quality standards.  
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Table 1 Characteristics of domestic wastewater 
 

Parameter Unit Quality 
Standards* 

Influent Effluent 

R1 
(Vegetable) 

R2 
(Sawdust) 

R3 
(Banana peel) 

R4 
(Cow dung) 

COD mg/L 100 590.67±1.15 47.33±2.31 30.67±3.06 38.67±4.16 49.33±1.15 

TP mg/L - 11.56±0.058 1.51±0.01 0.92±0.01 1.95±0.09 1.56±0.06 

DO mg/L - 2.17±0.06 8.60±0.17 9.10±0.36 8.80±0.00 7.93±0.12 

pH - 6-9 4.31±0.01 6.5±0.10 6.3±0.01 6.06±0.11 6.31±0.03 

*Referring to the Regulation of the Minister of Environment and Forestry of the Republic of Indonesia No. P.68 of 
2016 Concerning Domestic Waste Quality Standards) 

 
 

3.1 COD Concentration 
 

Table 2 shows the COD concentration during the study. The removal of COD concentration 

occurs due to the symbiotic process of earthworms with bacteria and plants in decomposing 

organic substances (Samal et al., 2017b, 2018b). Earthworms in vermibed will eat, absorb 

through the skin, digest and excrete organic substances in wastewater (Singh et al., 2019). 

Organic complex substances are degraded into simpler organic substances so that microbes are 

easy to decompose (Samal et al., 2017b; Singh et al., 2021). Mucus from the worm's body 

increases the number of aerobic microbes in the reactor (Singh et al., 2019). The movement of 

the worms in the vermibed will burrowing and tunnels, making it easier for oxygen to enter the 

vermibed. This condition is very favorable so that aerobic conditions are maintained, and 

microbes in the filter media can grow well and degrade optimally (Samal et al., 2018b). 

Earthworms and aerobic microbes degrade organic substances in the wastewater. Plants cause 

vermibed to be protected from direct sunlight, plant roots will form pores, making it easier for 

oxygen to enter the media, avoiding blockages, and as a place for microbes to live (Samal et al., 

2017b). Plant roots can add oxygen through the process of convection and diffusion (Samal et 

al., 2017a).  

The results of this study are higher than research studies on wastewater treatment of the 

dairy industry with a vermifilter and Canna indica plants with an HRL of 0.3 md-1, which can 

reduce COD 85.59% (Samal et al., 2018b). wastewater treatment of Cattle farms with vermifilter 

and plants can reduce COD 68.3% - 78.1% (Singh et al., 2021). 
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Table 2 Removal COD concentrations 
 

Day COD Concentrations (mg/L) 

R1/Vegetable R2/Sawdust R3/Banana peel R4/ Cow dung 

0 590.67±1.15 590.67±1.15 590.67±1.15 590.67±1.15 

3 201.33±2.31 219.33±1.15 273.33±4.16 320.67±1.15 

6 188.00±3.46 141.33±6.11 195.33±5.03 153.33±5.77 

9 128.67±8.08 109.33±1.15 94.67±8.08 101.33±2.31 

12 53.33±7.02 50.67±1.15 62.67±5.77 64.67±5.03 

15 47.33±2.31 30.67±3.06 38.67±4.16 49.33±1.15 

 
 
 

 
 

Figure 2 Removal COD concentration    
 
 

Figure 2 shows that the removal COD from the 3rd to 15th day increased. The high removal 

of COD occurs due to the increasing number of microbes that are symbiotic with worms and 

Canna indica roots (Singh et al., 2021). On the 15th day, all reactors can reduce COD, R1 91.99%; 

R2 94.81%; R3 93.45%, and R4 91.65%. COD concentration at the end of the reactor R1 

47.33±2.31 mg/L; R2 30.67±3.06 mg/L; R3 38.67±4.16 mg/L and R4 49.33±1.15 mg/L. On the 

15th day of COD decrease in all reactors was ˃ 91%, COD concentration was ˂ 100 mg/L and met 

the quality standard. The highest COD reduction was in reactor R2, with an efficiency of 94.81% 
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reduction in R2 and a COD concentration of 30.67±3.06 mg/L. 

 

3.2 DO Concentration 
 

DO is the main factor in vermifilter, DO also helps in oxidizing degradable compounds (Samal       

et al., 2017a; Singh et al., 2021). Table 3 shows that all reactor concentration of DO from the 3rd 

to 15th day has increased. The increase in DO occurs due to the decrease in COD during the 

vermifiltration process. Increased DO due to organic matter decomposed by earthworms and 

microbes. Earthworms and microbes require to DO in degrading organic matter, so the smaller 

the organic matter, the smaller the DO required (Manyuchi et al., 2019). The high DO is also due 

to the movement of worms in digging and making tunnels in the vermibed. The tunnel functions 

as a capillary and allows oxygen to enter the vermibed. Earthworms and microbes utilize 

dissolved oxygen to degrade pollutants. Degradation of organic matter due to the symbiosis of 

earthworms with microbes and Canna indica (Singh et al., 2019). 

On the 15th day, the DO concentration in reactor R1 was 8.63±0.17; R2 9.10±0.36;                     

R3 8.80±0.00; R4 7.93±0.12. Figure 3 shows that DO increase in reactor R1 296.92%; R2 

320.00%; R3 306.15%, R4 266.15%. The highest increase in DO occurred in reactor R2 with 

vermibed sawdust. An increase of 320.00% and a final DO concentration of 9.10±0.36 mg/L. 

Coarse fibrous sawdust has a high porosity so that the aeration process occurs well. Vermibed 

with high porosity will increase worm activity. Worms will eat and excrete organic substances 

into smooth substances (Singh et al., 2019). This research is almost the same as research on 

wastewater treatment of pigs with a vermiiflter that can increase DO> 345.5% (Manyuchi et al., 

2019).  

Table 3 DO Concentrations 
 

Day DO Concentrations (mg/L) 

R1/Vegetable R2/Sawdust R3/Banana peel R4/ Cow dung 

0 2.17±0.06 2.17±0.06 2.17±0.06 2.17±0.06 

3 2.67±0.15 3.13±0.12 3.27±0.23 3.75±0.12 

6 3.23±0.06 3.47±0.06 3.93±0.06 4.23±0.25 

9 5.33±0.15 7.43±0.12 5.70±0.00 5.43±0.12 

12 7.87±0.23 8.27±0.25 7.60±0.00 7.73±0.25 

15 8.60±0.17 9.10±0.36 8.80±0.00 7.93±0.12 
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Figure 3 DO increasing 
 

 

3.3 Total Phosphate (TP) Concentration 
 

Table 4 shows the concentration of TP decreased from the 3rd to 15th day. The concentration of 

TP on the 15th day in reactor R1 was 1.51±0.01; R2 0.91±0.01; R3 1.95±0.09; R4 1.56±0.06. 

Figure 4 shows the removal TP. On the 15th day, the R1 reactor can reduce TP by 86.95%;                

R2 92.07%; R3 83.14%; R4 86.46%. The removal in TP on the 15th day in the four reactors was 

between 83-92%. The removal TP is not as large as the decrease in COD because the activity of 

worms and microbes also causes phosphate mineralization so that the phosphate concentration 

increases (Samal et al., 2017b). 

TP removal occurs due to physical, chemical, and biological processes, adsorption, 

desorption in the filter media, precipitation from phosphorus complex reactions, mineralization, 

fragmentation, and absorption of plants in the vermifilter (Khan et al., 2020; Samal et al., 2017a; 

Vera-Puerto et al., 2020). Earthworms and heterotrophic microbes degrade organic phosphorus 

to phosphate (Nurhayati et al., 2019; Singh et al., 2021). Canna indica plants will absorb 

Phosphorus as one of the nutrients needed for their growth (Wimbaningrum et al., 2020). 
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Table 4 Total phosphate concentrations 
 

Day Total Phosphate Concentrations (mg/L) 

R1/Vegetable R2/Sawdust R3/Banana peel R4/ Cow dung 

0 11.57±0.06 11.57±0.06 11.57±0.06 11.57±0.06 

3 2.26±0.03 2.11±0.05 3.69±0.02 3.04±0.05 

6 2.12±0.10 1.5780.02 3.40±0.01 2.38±0.03 

9 1.78±0.12 1.24±0.04 2.70±0.02 2.56±0.07 

12 1.46±0.01 0.94±0.01 2.57±0.04 2.35±0.05 

15 1.51±0.01 0.92±0.01 1.95±0.09 1.56±0.06 

 
 
 

 
 

Figure 4 Removal total phosphate 
 
 

3.4 Degree of Acidity (pH) 
 

The early wastewater pH affects the survival of bacteria and earthworms, which will degrade 

organic substances (Singh et al., 2019). The optimal pH for worm growth is 6.2-9.7 (Adugna et 

al., 2019). PH wastewater before treatment 4.31±0.01. At the beginning of the study, the pH 

was below the optimal pH of worm growth, the worms were able to neutralize it by releasing 

calcium (Singh et al., 2019).  
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Table 5 shows the 3rd to 9th day the pH of the wastewater increased. On the 9th to 15th day, 

the pH is stable, neutral, is between 6.10-6.50. The pH conditions are suitable for the living 

conditions of the worms. The increase in pH occurs because the vermifilter degrades nitrogen in 

the waste into ammonia. The addition of ammonia will increase the pH (Singh et al., 2019). 

This research is almost the same as the treatment of waste distillation with a vermifilter can 

increase the pH from 4.0 to 7.02 (Kannadasan et al., 2019). Domestic waste treatment with 

vermifilter raises the pH from 6.5 to 8.6 (Adugna et al., 2019). Treatment of domestic waste 

with a vermifilter, the pH value increases to neutral pH (Ghasemi et al., 2020).  

 
Table 5 pH Value in reactor treatment domestic waste 

 
Day Total Phosphate Concentrations (mg/L) 

R1/Vegetable R2/Sawdust R3/Banana peel R4/ Cow dung 

0 11.56±0.06 11.56±0.06 11.56±0.06 11.56±0.06 

3 2.28±0.04 2.10±0.04 3.70±0.20 3.04±0.06 

6 2.12±0.10 1.57±0.01 3.41±0.01 2.37±0.70 

9 1.78±0.11 1.24±0.04 2.7±0.20 2.56±0.05 

12 1.46±0.01 0.94±0.01 2.57±0.04 2.75±0.06 

15 1.51±0.01 0.91±0.01 1.95±0.09 1.57±0.06 

 
 

3.5 Effect of Vermibed on COD, DO, TP and pH 
 
Vermibed serves as food for worms and microbes, so it grows well (Samal et al., 2018b). The 

organic matter contained in vermibed becomes a food source for worms and microbes (Singh               

et al., 2018). The combination of vermiiflter with Canna indica plants can use vermibed from            

a mixture of mustard and cabbage vegetables, sawdust, banana peel, cow dung. Cow dung 

contains high levels of nitrogen and organic substances so that earthworms like it (Dani et al., 

2017). Cabbage contains 1.5% protein and 65-80% water content (Rusad & Santosa, 2016). 

Mustard greens contain high fiber, water, carbohydrates, fat, and protein. Worms like these 

two vegetables because they are odorless (Nirigi et al., 2019; Sitompul et al., 2017). Sawdust 

contains coarse fibers so that the vermibed is well aerated. Teak sawdust contains 60% 

cellulose, 28% lignin, and 12% other substances (Mufti et al., 2021). Judging from the efficiency 

of decreasing COD, TP and increasing DO, the best reactor R2 is vermibed from teak sawdust. 
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4. CONCLUSION 
 

The results of this study are higher than research studies on wastewater treatment of the dairy 

industry with a vermifilter and Canna indica. Vermifilter with Canna indica plant is effective in 

reducing COD, TP, increasing DO and pH value. At the end of the research, the best 

performance is showed by reactor R2 that able decrease COD 94.81%, TP 92.07%, DO increase 

320.00%, pH 6.30±0.10.  Vermibed sawdust (R2) is able to decrease COD, TP and raise DO 

higher to treat domestic wastewater by combining vermifilter with Canna indica plant. 
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