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Introduction

The unrestrained population growth, urbanization, and intense 
industrial activities use enormous amounts of freshwater and 
discharge huge amounts of wastewater containing hazardous 
contaminants such as organics, nutrients, and pathogens.[1,2] 
In 2010, the World Health Organization recognized access 
to drinking water and sanitation as a human right. However, 
in 2020, 45% of the sewage generated in the world was still 
discharged without safe treatment.[3] Furthermore, research 
has shown that sanitation coverage is often much lower in 
rural areas than in urban areas. The lack of adequate sanitation 
services can lead to environmental pollution, causing water 
quality deterioration, biodiversity loss, and changes in an 
ecosystem’s structure and function.[4] About 25% of urban 
inhabitants of developing countries lack access to sanitation 
services, whereas the figure reaches up to 82% for rural 
populations in developing countries.[5] vermifiltration  (VF) 
is an economically efficient wastewater treatment alternative 

using earthworms to increase and diversify the microbial 
communities residing in soil‑based biofilters.[6] Later, 
wastewater treatment through earthworm‑assisted VF 
technology emerged as a successful technique in treating 
domestic wastewater, industrial wastewater such as herbal 
pharmaceutical wastewater, gelatine wastewater, and 
dairy wastewater.[7] Treatment systems with relatively low 
operational and energy are preferred for municipal wastewater 
treatment.[8] One of the feasible and promising solutions to deal 
with the crisis of water shortage and pollution of available 
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water in developing countries is establishing treatment 
systems with low operational and maintenance costs that also 
meet the environmental criteria for sewerage discharge.[9] 
VF is a natural, inexpensive, and effective technology for 
treating municipal wastewater.[10] This technology was first 
supported by Professor Jose Thoa at the University of Chile 
in 1992. Samal et al. also reported that the earthworms act as 
a biofilter. this technique is used as an organic method to treat 
polluted water.[11,12] In the present study, we investigated the 
performance of sanitary wastewater treatment. In addition, 
the removal efficiency of biological oxygen demand (BOD5), 
chemical oxygen demand (COD), total suspended solids (TSS), 
total dissolved solid (TDS), NO3

—N, NH3‑N, TN, PO4
3−, and 

total phosphorus (TP) parameters is ascertained using the VF 
process for sanitary wastewater treatment in an incubation 
period of 120 days.

Materials and Methods

Reactor setup and operation
Successful design and operation of vermilifter are essential to 
achieve sustainable treatment. This function includes hydraulic 
retention time, hydraulic loading rate, worm selection, 
materials used as media in VF, the height of the vermifilter, 
and earthworm density. In this research, the efficiency of 

purification urban wastewater was measured in two ways on 
a pilot scale: one vermifiltertion (VF): Reactor inoculated 
with different substrates and another geofilter (GF): A control 
reactor (VF reactor without earthworm). The wastewater used 
in the study was obtained from the Shahrekord wastewater 
treatment plant, operated with a conventional activated sludge 
process.

Two plastic cylindrical vermifilter reactors with a working 
volume of 80  L  (internal diameter: 37  cm and height: 
52.94 cm) were operated. Figure 1 shows an overview of the 
vermifilter pilot used in this research. From top to bottom, the 
materials used to make vermifilter are as follows: 25 cm of a 
thick soil bed mixed with small rocks and gravel in that worms 
are present, 5 cm of dry tree leaves as a natural adsorbent to 
remove nutrients from sewage and mineralization of organics 
in wastewater, 5 cm of sawdust as adsorbent to absorb various 
types of inorganic waste pollutants, 5 cm of a thick layer of 
small rocks and sand with a diameter of 5–7 cm as a filtration 
unit, and 12.7 cm of stone large plants with a diameter of 
10–15 cm to create a type of air chamber system and water 
storage at the base of the system.[9,13]

After acclaiming the earthworms with the soil substrate, the 
VF substrate was continuously fed with sewage at a hydraulic 

Figure 1: Layers of the vermifiltration system
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loading rate of 1 m3 / m2. d for 4 months. To prevent clogging 
of the raw sewage system, it was transferred to the pilot by 
a peristaltic pump after passing through the preliminary 
treatment unit  (garbage and grain collection). Following 
the construction and start‑up of the pilot in the treatment 
plant, sampling was done for 4 months weekly from three 
points (1 – pilot inlet, 2 – VF outlet, and 3 – control filter 

outlet). It is of note that the sampling was performed 
after 2 weeks of continuous operation of the system and 
adaptation of the earthworms to the pilot environment. 
Table 1 shows the physical and chemical properties of the 
wastewater fed to the VF reactors. The acclimation process 
of Eisenia fetida diesel in VF with different proportions of 
sludge  (amendment), vermicomposting material  (bulking 
agent), and contaminated soil was performed in the earlier 
stage.

Table  2 provides a summary of the design and operating 
parameters of VF.

After acclimatization, the sampling was performed weekly 
from three points (pilot inlet and outlet effluent) to measure 
various physical and chemical parameters. PH, TSS, TDS, 
BOD5, COD NO3−  ‑N, NH3‑N, TN, PO4

3−, and TP were 
measured as per the procedure outlined by the standard method 
for water and wastewater examination.[14,15]

The removal efficiency (R) in different reactors was calculated 
and estimated by the following equation:

( ) 0 % 100i

i

C C
R

C
−

= × � (1)

Statistical analysis
A statistical paired t‑test was performed to analyze the process 
efficiency between different reactors. A one‑way analysis of 
variance was also performed to measure the difference between 
cycles of each physicochemical parameter of wastewater. Data 
analysis was performed by SPSS18 software (IBM company. 
University of Chicago), and graphs were drawn using Excel 
2007.

Results

pH changes
Figure  2 illustrates the pH variations during the treatment 
period in two pilots: VF and GF. The average pH of raw 
wastewater was 6.94. Besides, the average pH for effluents 
from VF and control was 7.21 to 7.22, respectively.

Table 1: The physical and chemical characteristics of 
wastewater fed into vermifiltration systems

Parameter Unit Concentration
BOD5 mg/L 167.2
COD mg/L 331
TSS mg/L 343.33
TDS mg/L 504
NO3‑N mg/L 23–30.5
NH3‑N mg/L 15.3–60.2
TN mg/L 30.4–100
PO43− mg/L 2.52
TP mg/L 3.5–5.31
pH ‑ 6.94
TP: Total phosphorus, BOD: Biological oxygen demand, COD: Chemical 
oxygen demand, TSS: Total suspended solids, TDS: Total dissolved solid

Table 2: Summary of vermifilter design and operating 
parameters

Parameter Value Unit
HLR 1 m3/m2 − d
VF volume 80 m3

VF area 0.106 m2

VF height 62.7 cm
VF flow 0.96 m3/d
Temperature 21 °C
Earthworm density 10,000 Worm/m3

Active layer Layer 5
Active layer height 25 cm
Species Eisenia fetida
C/N ratio 17.2
HLR: Hydraulic loading rate, VF: Vermifilter
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Figure 2: The variation of pH in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Total suspended solids and total dissolved solid removal
As can be seen from Figures 3 and 4, earthworms can significantly 
remove TSS and TDS from wastewater in VF and GF systems.

Biological oxygen demand and chemical oxygen demand 
removal
The BOD5 removal in the VF reactor was significantly higher 

than that of the GF reactor. Figure 5 compares the efficiency 
of VF and GF filter systems in BOD5 removal. As shown 
in Figure 6, both GF and VF can purify the COD load by 
75%–65%, respectively.

NO3
−‑N, NH3‑N, and TN removal

Figures  7‑9 compare the change in the values of NO3−‑N, 
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Figure 3: The total suspended solids (TSS) variations in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 4: The total dissolved solid (TDS) variations in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 5: The biological oxygen demand (BOD5) variation in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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NH3‑N, and TN in the VF system and the GF during the 
treatment period, respectively. As can be seen, the average 
NO3−  ‑N in the raw sewage entering the pilot is about 
25.6  mg/L. After the purification process, the amount of 
NO3−  ‑N in VF reached 43.6  mg/L, whereas it reached 
33.04 mg/L in the control filter. The average amount of NH3‑N 

in the incoming raw sewage was 32.53  mg/L, whereas it 
reached 1.32 mg/L in the VF effluent and 8.27 mg/L in the 
control filter effluent. The average removal of NH3‑N in the 
VF system and the control filter was about 95.11% and 73.77%, 
respectively. The average removal of TN in the VF and GF 
systems was 52% and 42%, respectively.
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Figure 6: The chemical oxygen demand (COD) variation in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 7: The NO3− ‑N variation in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 8: The NH3 ‑N variation in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 9: The TN variation in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 10: The PO4
3‑ variation in vermifilter (VF) and geofilter (GF) systems during the treatment period.
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Figure 11: The total phosphorus (TP) variation in vermifilter (VF) and 
geofilter systems (GF) during the treatment period.

PO4
3 − and total phosphorus removal

Figures 10 and 11 indicate the amount of phosphate (PO4
3−) and 

TP removal in the two VF and GF systems during the treatment 
period, respectively. The average amount of PO4

3  −  in the 
raw wastewater entering the pilot was about 2.52 mg/L. The 
average PO4

3 − in the VF outlet effluent and control filter was 
0.48 and 0.6 mg/L, respectively. The average PO43 removal 
in the VF system and control filter is 77.1% and 72.65%, 
respectively. In addition, the average concentration of TP in the 
raw wastewater entering the pilot is about 17.21 mg/L. After 
VF, the average concentration of TP was 4.64 in the VF system 
and 6.51 mg/L in the control filter. Moreover, TP concentration 
in the VF effluent decreased more than in the control filter.

Discussion
pH
In VF and during the purification period, the pH was initially 
increased but reached a constant level in the neutral range. 
This finding confirms the inherent ability of earthworms to 
mineralize organic compounds and convert them to CO2 and 
other mineral salts.[16] The internal adjustment of pH by its 
increase can be attributed to earthworms’ rapid neutralization 
of the organic part of the wastewater.[11,13]

Total suspended solids and total dissolved solid removal 
mechanism in VF and geofilter
The difference between the two systems is due to differences 
in biological components and their ability to operate in both 
reactors. Suspended solids are trapped on the first layer in the 
filtration system. The SS accumulated on the filter bed serves 
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as “sludge” in a normal biofilter, blocks the system, and stops 
the system from proper functions.[17] Li et  al. reported the 
removal rate of TSS in a study titled using VF in pilot‑scale 
rural wastewater treatment at 89.1%.[17‑20]  Wang L  et al. and  
Taylor M et al. (2011) reported the removal rate of TSS and 
TDS in the range of 90%–92% and 90%–95%, respectively. 
These authors attributed the removal of TSS to its continuous 
consumption by earthworms.[21,22] The results of the present 
study confirm the findings of other researchers who claimed 
the importance of earthworms in the VF system.

Chemical oxygen demand and biological oxygen demand 
removal mechanism
The higher BOD5 removal in VF is attributed to the activity 
of earthworms and related microorganisms.[8] Furthermore, 
more removal of BOD5 in VF is attributed to the symbiotic 
activity of earthworms and aerobic microbes that decompose 
organic matter.[18,23,24] Li et al. (2009) reported a BOD5 removal 
rate of 96% in a continuous on‑site treatment system.[25] The 
findings showed that both GF and VF can purify the COD 
load by 75%–65%, respectively. These results could be due 
to earthworms and microorganisms’ physical, chemical, and 
biological processes and synergistic effects. Among these 
effects are the uptake of particles by small organisms, colloidal 
organisms, and organic molecules, the reduction‑oxidation of 
organic matter, and the activity of earthworms.[21]

Mechanism of removal of nitrogen compounds
Nitrate is an important indicator of water pollution, with its 
high concentration in freshwater leading to the formation of 
eutrophication.[26] Bhargava et al. found out that the amount 
of NO3−  ‑N in wastewater increases due to the activity of 
earthworms and the production of ammonia and other forms 
of nitrogen. The increase in nitrate nitrogen is due to the 
transformation of organic matter of wastewater through 
biological processes. In VF, nitrate concentration increases at 
the beginning, but it decreases and remains almost changeless at 
the end of the operation.[20,27] Through biological nitrification by 
aerobic autotrophic bacteria, ammonia is oxidized to nitrite and 
nitrate.[13] Studying the nitrogen removal mechanism, Li et al. 
reported that the bodies of earthworms and microorganisms 
may consume part of the NH3‑N. The remaining part will 
be removed due to forming N2, NH3, and Nox through 
nitrification, denitrification, and ammonification. Earthworms 
secrete polysaccharide, proteins, and other nitrogenous 
compounds. They mineralize nitrogen to make it available as 
nutrients for plants.[28,29] Samal K et al. reported 63% and 70.5% 
removal of TN and NH3 in synthetic wastewater, respectively. 
The nitrogen removal from wastewater is mainly because of 
nitrifiers and denitrifying bacteria in earthworms.[28]

Mechanism of removal of phosphorus compounds
It is clear that the PO4

3 − removal process is slow and linear 
in GF, but the PO4

3  −  removal process is faster in the VF 
reactor. Ligand exchange reactions and physical adsorption 
or adsorption sites quickly remove phosphorus from the soil 
solution.[13,28,29] The phosphorus removal rate is higher in VF 

because phosphorus particles are trapped in VF and converted 
into soluble phosphorus through the biological activity of worms. 
Bhargava et al. reported a significant increase in TP in vermifilter 
effluent in domestic wastewater treatment. This increase may be 
due to worms’ microbial and enzymatic activity.[27]

Conclusion

The current work provides an opportunity to explore the efficiency 
of a VF system for the treatment of municipal wastewater. The 
present study’s experimental data revealed that the VF system 
is more efficient than GF in removing BOD5, COD, TSS, TDS, 
NO3

—N, NH3‑N, TN, PO4
3−, and TP. This is a notable advantage of 

VF. Although the results from the present study clearly indicated 
that the VF is an appropriate technique with high performance 
for hospital wastewater, further detailed studies are still required

Acknowledgments
This study was supported by Charmahal and Bakhtiari Water 
and Sewage Engineering Company and Qom University of 
Medical Sciences. The author received research support from 
Qom University of Medical Sciences.

Financial support and sponsorship
This study was supported by Qom University of Medical 
Sciences.

Ethics code
IR.MUQ.REC.1399.259.

Conflicts of interest
There are no conflicts of interest.

Author contributions
Morteza Shanbedi: Collecting data; Ahmad Reza Yari: Study 
concept and design; Mehdi Asadi: Analysis and interpretation 
of data; Mohammad Fahiminia: Drafting of the manuscript; 
Davood Jalili Naghan: Statistical Analysis;

References
1.	 Chowdhury  SD, Bhunia  P, Surampalli  RY. Sustainability assessment 

of vermifiltration technology for treating domestic sewage: A  review. 
J Water Process Eng 2022;50:103266.

2.	 Dey Chowdhury  S, Bhunia  P. Simultaneous carbon and nitrogen 
removal from domestic wastewater using high rate vermifilter. Indian J 
Microbiol 2021;61:218‑28.

3.	 Gutiérrez V, Monsalves  N, Gómez G, Vidal  G. Performance of a 
full‑scale vermifilter for sewage treatment in removing organic matter, 
nutrients, and antibiotic‑resistant bacteria. Sustainability 2023;15:684.

4.	 Geng M, Zhang W, Hu T, Wang R, Cheng X, Wang J. Eutrophication 
causes microbial community homogenization via modulating generalist 
species. Water Res 2022;210:118003.

5.	 Gutiérrez V, Gómez G, Rodríguez DC, Vidal  G. Critical analysis 
of wastewater treatment using vermifilters: Operating parameters, 
wastewater quality, and greenhouse gas emissions. J Environ Chem Eng 
2023; 11:109683.

6.	 Singh  R, D’Alessio  M, Meneses Y, Bartelt-Hunt  S, Ray  C. Nitrogen 
removal in vermifiltration: Mechanisms, influencing factors, and future 
research needs. J Environ Manage 2021;281:111868.

7.	 Arora  S, Saraswat  S, Rajpal A, Shringi  H, Mishra  R, Sethi  J, et  al. 
Effect of earthworms in reduction and fate of antibiotic resistant 
bacteria  (ARB) and antibiotic resistant genes  (ARGs) during clinical 

D
ow

nloaded from
 http://journals.lw

w
.com

/ijeh by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 04/30/2025



Fahiminia, et al.: Assessment efficiency of vermifiltration in municipal wastewater treatment

International Journal of Environmental Health Engineering  ¦  20258

laboratory wastewater treatment by vermifiltration. Sci Total Environ 
2021;773:145152.

8.	 Kumar T, Bhargava R, Prasad KH, Pruthi V. Evaluation of vermifiltration 
process using natural ingredients for effective wastewater treatment. 
Ecol Eng 2015;75:370‑7.

9.	 Salari S, Taheriyoun M, editors. Evaluation of Municipal Wastewater 
Treatment Efficiency by Vermifilter System in a Laboratory Scale; 
Second Congress of Iranian Water and Wastewater Science and 
Engineering, Isfahan. 2018. Available from: https://civilica.com/
doc/856070. [Last accessed on 2018 Dec 25].

10.	 Arora  S, Saraswat  S. Vermifiltration as a natural, sustainable and 
green technology for environmental remediation: A  new paradigm 
for wastewater treatment process. Curr Res Green Sustain Chem 
2021;4:100061.

11.	 Maurya A, Singh MK , Kumar S. Biofiltration technique for removal of 
waterborne pathogens. Waterborne Pathogens 2020:123141. Published 
online 2020. doi: 10.1016/B978-0-12-818783-8.00007-4.

12.	 Samal K, Dash RR, Bhunia P. Performance assessment of a Canna indica 
assisted vermifilter for synthetic dairy wastewater treat. Institution of 
Chemical Engineers 2017:363-74.

13.	 Tomar P, Suthar S. Urban wastewater treatment using vermi‑biofiltration 
system. Desalination 2011;282:95‑103.

14.	 American Public Health Association, American Water Works 
Association, Water Pollution Control Federation, Water Environment 
Federation. Standard methods for the examination of water and 
wastewater. Washington, DC: American Public Health Association; 
1912.

15.	 Wang L, Guo F, Zheng Z, Luo X, Zhang J. Enhancement of rural domestic 
sewage treatment performance, and assessment of microbial community 
diversity and structure using tower vermifiltration. Bioresour Technol 
2011;102:9462‑70.

16.	 Ghasemi S, Mirzaie M, Hasan Zadeh A, Ashrafnejad M, Hashemian SJ, 
Shahnemati  SR. Design, operation, performance evaluation and 
mathematical optimization of a vermifiltration pilot plan for domestic 
wastewater treatment. J Environ Chem Eng 2020;8:103587.

17.	 Lourenço N, Nunes  LM, Is filter packing important in a small‑scale 
vermifiltration process of urban wastewater? Int J Environ Sci Technol 
2017;14:2411‑22.

18.	 Manyuchi L, Kadzungura L, Boka S. Vermifiltration of sewage 

wastewater for potential use in irrigation purposes using Eisenia 
fetida earthworms. World Academy of Science, Engineering and 
Technology 2013;78:20. Available from: https://www.researchgate.net/
publication/312454084. [Last accessed on 2022 May 30].

19.	 Dhadse S, Satyanarayan S, Chaudhari PR, Wate SR. Vermifilters: A tool 
for aerobic biological treatment of herbal pharmaceutical wastewater. 
Water Sci Technol 2010;61:2375‑80.

20.	 Li YS, Xiao YQ, Qiu JP, Dai YQ, Robin P. Continuous village sewage 
treatment by vermifiltration and activated sludge process. Water Sci 
Technol 2009;60:3001‑10.

21.	 Wang  L, Zheng  Z, Luo  X, Zhang  J. Performance and mechanisms 
of a microbial‑earthworm ecofilter for removing organic matter 
and nitrogen from synthetic domestic wastewater. J  Hazard Mater 
2011;195:245‑53.

22.	 Taylor M, Clarke WP, Greenfield PF. The treatment of domestic wastewater 
using small‑scale vermicompost filter beds. Ecol Eng 2003;21:197‑203.

23.	 Lourenço N, Nunes  LM. Is filter packing important in a small‑scale 
vermifiltration process of urban wastewater? Int J Environ Sci Technol 
2017;14:2411‑22.

24.	 Rajpal A, Arora S, Bhatia A, Kumar T, Bhargava R, Chopra AK, et al. 
Co‑treatment of organic fraction of municipal solid waste  (OFMSW) 
and sewage by vermireactor. Ecol Eng 2014;73:154‑61.

25.	 Manyuchi  MM, Mbohwa  C, Muzenda  E. Biological treatment of 
distillery wastewater by application of the vermifiltration technology. 
S Afri J Chem Eng 2018;25:74‑8.

26.	 Arora S, Rajpal A, Kumar T, Bhargava R, Kazmi AA. Pathogen removal 
during wastewater treatment by vermifiltration. Environ Technol 
2014;35:2493‑9.

27.	 Bhargava  R, Verma  J, Prasad  KS, Kumar  T. Decentralized waste 
water treatment by vermifiltration using river bed material.  Ecological 
Engineering 2014;62:77-82.

28.	 Samal K, Dash RR, Bhunia P. Treatment of wastewater by vermifiltration 
integrated with macrophyte filter: A  review. J  Environ Chem Eng 
2017;5:2274‑89.

29.	 Kutty SR, Isa MH, Leong LC. Removal of ammonia-nitrogen (NH3-N) 
and nitrate (NO3-) by modified conventional activated-sludge system to 
meet new DOE regulation, International Conference on Environment 
and Industrial Innovation. Assoc Prof Dr Mohamed Hasnain Isa. Civil 
Engineering 2011 (ICEII 2011), 2011, Kuala Lumpur, Malaysia. 

D
ow

nloaded from
 http://journals.lw

w
.com

/ijeh by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 04/30/2025


