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Abstract

The vermifiltration is a low-cost, sustainable technology has been applied to treat Domestic Kitchen wastewater using
earthworms (Eisenia Foetida). The earthworm with microorganisms is responsible for the treatment of Domestic Kitchen
wastewater as it passes through the gut and intestine of earthworms. A vermifilter (VF) was set up using Gravel, Sand and Garden
soil as filter media.VF was inoculated with Earthworm Eisenia foetida at 5,000 worms. The Average percentage removal of
Physical and Chemical Parameters (pH ,Turbidity ,Biochemical Oxygen Demand (BOD) , Chemical Oxygen Demand (COD),
Total Solids (TS),Total Dissolved Solids (TDS) ,Total Suspended Solids (TSS),Alkalinity,Hardness,Chlorides) of Untreated and
Treated Domestic Kitchen waste water is given in Table 4.1 & 4.2 and Shown in Fig.4.9. The total cost for this project is
Rs.3050 %.The Treated Nutrient Valued water is discharged to Gardening and Agricultural purpose and collected vermicompost
used as fertilizer. Vermifiltration is an economically feasible, sustainable to environment and socially acceptable technology giving
monstrous benefits.

Keywords - Earthworms; Domestic wastewater treatment; pH; Turbidity; Total Solids;BOD; COD; Alkalinity; Hardness;

Chlorides ; Vermifilter.

Introduction

Vermiculture Technology

Vermiculture technologies based on earthworms are
self-promoted, self-regulated, self-improved &
self-enhanced, low or no-energy requiring zero-waste
technologies, easy to construct, operate and maintain. They
excel all “bio-conversion”, “bio degradation” &
“bio-production” technologies by the fact that they can
utilize organics that otherwise cannot be utilized by others.
They excel all “bio-treatment” technologies because they
achieve greater utilization than the rate of destruction
achieved by other technologies.

The use of earthworms to breakdown and stabilize human,
animal and vegetable waste is called vermicomposting or

vermistabilisation. It has the following advantages:

* Increasing the surface area for drying and
microbial decomposition by fragmenting the
sludge.

* Increasing the moisture holding capacity by
decreasing particle size.

* The tunnelling action of earthworms improves
aeration.

» The malodours produced by putrescible nitrogen
and sulphur compounds are removed, with

reduced forms of nitrogen and sulphur being
oxidized by microbial composting.

The action of earthworms is mechanical, physical and
biological. It involves substrate aeration, mixing, grinding as
well as microbial decomposition of the substrate in the

intestine of the earthworm.
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Fig 1.1 Biological degradation process

Materials and Methodology

Collection of sample wastewater

The Kkitchen waste (organic waste) and papers were collected
from house located in Patlur Goundampalayam,
Tiruchengode. The Coconut fibre (in powder form) is
collected from Coir Industry, Thottikarapalayan.

The sample is stored in plastic cane which is tightly
closed .Then immediately which is transported to laboratory
for testing in which is kept in freezer at 4°C.

The gravel, sand and top soil also collected for preparation
of filter bed

The red wiggler is collected as biofilter.

Fig 1.2 Red Wiggler (Earth worm)

The cow manure was used as feed for earthworm

And another combination mixture of cow manure leaves and

vegetable organic waste is used as feed.

Fig 1.3 Cow manure, Leaves and Organic Vegetable
waste
VERMIFILTERATION SYSTEM
A vermifiltration bed which was made up of gravel of
different sizes, sand, garden soil, a sprinkler, a fibrous
plastic filter was used. 5000 Eisenia fetida earthworms were
used on the earthworm type based on a 5000-10000
worms/m? calculation.
PREPARATION OF BEDDING

PVC plastic drum is used for vermi reactor in
which first layer is placed with aggregates of sizes 10-20
mm and filled up to the depth of 0.2 m and second layer is
placed with aggregates 6-8 mm and filled up to another
depth of 0.15 m, on top it sand is placed then garden soil,

organic waste, coconut peat, shredded paper is placed.
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Fig 1.4 Cross section of Vermifilter
FEEDING OF DOMESTIC KITCHEN WASTEWATER
The collected domestic wastewater is discharged to the
vermifiltration bed; the detention time is maintained for 2
hours. During the filtration process in vermifilter, the worm
acts as a biofilter Worms takes organic matter present in
kitchen waste it digests and growth process is taking place in

bed. Feeding food waste twice or thrice in a week is

essential for metabolism pathway of worms.

Fig 1.5 Vermifilter with Domestic Kitchen waste water

with Cow Manure

Fig 1.6 Vermifilter with Domestic Kitchen waste water
with mixture of Cow Manure, Leaves and organic
vegetable waste

Results and discussion
General

The experimental work on the Vermiculture technology
was planned to determine the physico-chemical parameters
present in it and to removal percentage of parameters by
vermifiltration process.
The  physico-chemical  parameter  determined  are
pH, Turbidity, TS, TSS, TDS,COD,BOD,Alkalinity,Hardness,
Chlorides are compared with the raw effluent.
The vermicompost process is combined with in this to
collect vermicompost as fertilizer which contains highly
nutritional value.
Comparison of Parameters of Raw Water with Treated
Water

Percentage removal of Sample 1 and Sample 2
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Avg % % % %

1 pH 6.28 19.5 23.93 15.99 16.87
2 Turbidity 383.38 90.43 74.26 84.75 87.54
3 TS 694.33 75.72 70.68 70.64 73.72
4 TSS 325.11 66.18 66.53 74.54 74.56
5 TDS 369.21 71.6 72.78 66.57 7321
6 BOD 334.44 92.41 75.71 87.08 91.75
7 Cob 667.75 93.48 73.98 81.86 83.17
8 Alkalinity 261.38 24.85 77.42 86.0 88.675
9 Hardness 251.75 31.99 80.7 93.4 96.48
10 Chlorides 106.13 29.21 75.45 70.28 87

Table 4.1Percentage removal of Sample 1 and Sample 2
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Table 4.2 Average parameter of Sample 1 and Sample 2

Average Parameter Value of Sample 1 and Sample 2,mg/I (or) ppm
o |« d 5]
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) 25 |5288% & 5
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Avg Avg Avg Avg Avg
1 pH 6.28 7.5 8.35 7.7 7.55
2 Turbidity 383.38 285 127 52 46.5
3 TS 694.33 241 200.75 2155 96.5
4 TSS 325.11 190 71.05 95.25 35.5
5 TDS 369.21 111 129.7 120.25 61
6 BOD 334.44 28 80.5 39 27.345
7 CoD 667.75 575 188 126 64
8 Alkalinity | 261.38 1235 115 25.05 22.1
9 Hardness 251.75 229.5 44.5 10 10.25
10 Chlorides 106.13 59 23.41 46.9 18.26

From our investigation Non Vermifilter is worked
completely as rapid sand filter concept, we get 85-95% of
purified water but colour remains. We cannot use it for
drinking purpose. For irrigation purpose, water is passed.
Vermifilter technology removes turbidity well enough.
Treated water from vermifilter tank using layers as cow
manure and mixture of cow manure,Leaves,Organic
Vegetable waste gives Nutrient valued treated water which is

passed to gardening and Agricultural purpose which is
sustainable to soil and environment.

REMOVAL OF pH

The average pH value of the raw waste water was
neutralized by the earthworms in the vermifilter bed to a pH
of around 7.0.

There was an average reduction in the Domestic
kitchen waste water pH by earthworms in the vermifilter and
Non Vermifilter by 16.87 % and % 15.99

——— R Wastavater

=
o

Vemifilter with Cow Manure

O Rr N WM O N ® O

Sample 1 Sample 2

Fig 4.1

Parameter value for indication of pH
There was an average reduction of pH by vermifilter with
cow manure layer and mixture of Cow manure, Leaves and
organic vegetable waste by 19.5% and 23.93 %

The graph indicates average parameters value. The
pH values obtained in the vermifiltration and control bed
were acceptable for irrigation purposes i.e. pH range of
6.5-8.5. Furthermore, this pH is ideal for optimum
earthworm activity.

REMOVAL OF TURBIDITY

There was a reduction in the Domestic kitchen waste
water turbidity by earthworms in the vermifilter and Non
vermifilter by 87.54 % and 84.75 %.

The 90.43 % was removed by using cow manure as
feed for 1 feet and 74.26 % was removed by using mixture of
cow manure, Leaves and Organic vegetable waste. The
successful reduction of BODs, COD and TDSS has a direct
link to turbidity reduction as well such that the water can be

successfully used for irrigational purposes.

450

——#—— Rawwastewater
400 ’\
350
el \/ermifilter with Cow

300 Manure
250

Vermifilter with Mixture
200 of Cowmanure leaves
150 and Domestic organic

vegetable waste
100 ——s—— Non Vermifilter

0 e Vermifilter
Sample1 Sample 2

Fig 4.2 Parameter values for indication of Turbidity
REMOVAL OF TS

In the vermifilter bed bio-solids were consistently
ingested by the earthworms and expelled as vermicompost.
Therefore, there was reduction of total solids are 70.64%
and 73.72 % by the vermifiltration process and Non

vermifiltration process.
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Fig 4.3
Parameter values for indication of Total Solids
The average removal of total solids was 75.72 by
vermifiltration with 1 feet cow manure layer and vermifilter
process with mixture of cow manure, Leaves and Organic
vegetable waste was 70.68%
REMOVAL OF BOD AND COD
There was reduction of BOD are 97.75 % and
87.08 % for Sample 1 and Sample 2 by the vermifiltration
treatment process and Non vermifiltration treatment process.
There was reduction of COD reductions are
83.17 % and 81.86 % by the vermifiltration treatment
process and Non vermifiltration treatment process..

400 P RaW
350 4%
300 el \Vermifilter with
Cow Manure
250
200
Vermifilter with
150 Mixture of Cow
manure,leaves and
100 Domestic organic
5 . e KRS
0
Sample 1 Sample 2
== \/ermifilter

Fig

4.4 Parameter values for indication of BOD
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Domestic organic
200
—— Kﬁ%e%;% 1 teer
100 A r
0
Sample 1 Sample 2 i \Jermifilter

Fig
4.5 Parameter values for indication of COD

The BOD and COD value of treated wastewater by
vermifilter with cow manure layer and vermifilter process
with mixture of cow manure, Leaves and Organic vegetable
waste was 93.48 % and 73.98 %.Similarly, 92.41 % and
75.71%.The obtained value is within permissible limit.
Hence it will be suitable for irrigation purpose.
REMOVAL OF HARDNESS

The Removal Efficiency of Hardness is 96.48 %
and 93.4 % by the vermifiltration treatment process and Non

vermifiltration treatment process.

300

e RaW Wastewater

250 -
el \ermifilter with
Cow Manure

200

Vermifilter with
150 Mixture of Cow
manure,leaves and
Domestic organic

e (ES ORI

100

50

o b Mmm———=X

Sample 1 Sample 2

e \Vermifilter

Fig 4.6 Parameter values for indication of Hardness
The Hardness value of treated wastewater by vermifilter
with cow manure layer and vermifilter with cow manure,
Leaves and organic vegetable waste layer was 31.99 % and
80.7 %.

The Hardness value of treated wastewater by vermifilter

with cow manure layer is 214 mg/l and 245 mg/I for sample
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land Sample 2.1t exceeds permissible value. It may be
possible to reduce by increasing hydraulic retention time and
increasing number of earthworms.
REMOVAL OF ALKALINITY
There was a reduction of alkalinity by earthworms in
the vermifilter and Non vermifilter by 88.67 % and 86.0 %.
From our experiment the value of Alkalinity
brought by vermifiltration with cow manure and
vermifiltration with mixture of cow manure, Leaves and

organic vegetable waste was 24.85 % and 77.42%.

300
e RaW Wastewater

250

\ o
= 4
e \ermifilter with

200 Cow Manure

150 Vermifilter with
.\ Mixture of Cow
manure, leaves and
D | Domestic organic
YEgeERIRRE:

100

50

L —

Sample 1 Sample 2

e \Vermifilter

0

Fig 4.7 Parameter values for indication of Alkalinity

REMOVAL OF CHLORIDE

There was a reduction in the Domestic kitchen waste
water chlorides by earthworms in the vermifilter and Non
vermifilter by 87 % and 70.28 %.Chloride may impact
freshwater organisms and plants by altering reproduction
rates, increasing species mortality, and changing the
characteristics of the entire local ecosystem.

The 29.21 % and 75.45 % of chlorides was removed
by filling cow manure for one foot as feed and filling mixture
of cow manure, leaves and organic vegetable waste for one

foot as layer. The acceptable value for chlorides is 250 mg/I.

e Raw wastewater

120 L

100 \ Vermifilter with

\ Cow Manure

60 4-% Vermifilter with
Mixture of Cow
manure leaves and

40 5 Domestic organic

20 h —— XRSPOBIFYARE

sample 1 sample 2

e \vermifilter

Fig 4.8 Parameter values for indication of Chloride

The chloride values for samples are within permissible limit.
Hence it is suitable for irrigational purposes

The graph 4.1, Fig 4.2, Fig 4.3, Fig 4.4, Fig 4.5, Fig 4.6, Fig
4.7, Fig 4.8 and Fig 4.9 showed that physical and chemical
parameter value of Samples | and Samples Il.These
parameters are within permissible limits. Hence suitable for

agricultural purpose.

120

g \/ermifilter with Cow
Manure

eellie VVermifilter with
Mixture of of Leaves,
cow manure and
Cow Manure

Non Vermifilter

et \/ermifilter

Fig 4.9 Average percentage removal of physical and
chemical parameters of Domestic kitchen wastewater
Table 5.1 Impact of composting on loss of weight of

organic substrate

Initial Final weight of | %
° Type of weight of Vermicompost | loss
5- Wastes Substrates | (gm)
(gm)
Cow
1. 4000 gm 3525 gm 11.8
manure
Mixture of
Cow
manure,
2. 4000 gm 2450 gm 38.7
leaves and
vegetable
waste

From this Vermiculture field treatment, vermicompost is
produced in which cow manure and mixture of cow manure,

leaves and vegetable waste is used as feed for earthworm.
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Finally it reduces amount of organic waste which is
beneficial in reduction municipal solid waste. The total
weight loss in the organic substrates found to be 11.88 % and
38.73%.

ADOPTING TECHNOLOGY IN HOUSEHOLD FOR
REDUCING SOURCE WASTE AND TO FILTER
DOMESTIC KITCHEN WASTEWATER

Vermifiltration and vermicomposting are natural
organic waste management processes which concept was
experimented in our thesis on the use of earthworms to
convert organic wastes to stable soil enriching compounds.
As material balance concept vermicompost produced as

fertilizer for agricultural uses and home gardening.

- :

STIR WELL BEFORE USE
FOR INDUSTRIAL USE ONLY

Fig 4.10 Domestic treatment unit for treating kitchen
waste water

In our phase-l1 cow manure used as feed which is
eaten by earthworm and produces vermicompost
periodically. In thesis mixture of cow manure, leaves and
vegetable organic waste from household used as feed,
through this domestic waste water is passed for 1 hour

detention time, after the treatment nutrient valued treated

wastewater is collected, vermicompost in the tank is collected

periodically.

Fig 5.5 Cocoon

o

Fig 5.6 Vermicompost

Domestic  wastewater management can be
accommodated through these processes in sustainable
concept.

By adopting this technology in every house that we

can reduce the load of municipal wastewater.
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Fig 5.7 A. Untreated Wastewater B.Treated Water by cow
manure as layer C.Treated Water by mixture of cow
manure, Leaves and organic vegetable waste as layer

D.Treated Water by Vermifiltration Process

© 2023, IJSREM | www.ijsrem.com

As material balance concept,

L
1

Eisenia
Foetida, Cow
manure, leaves,
vegetable

water is passed
for treatment

Fig 6.0 Flowchart for material balance of treatment

A

—>
waste as feed
through  this
domestic waste

4

Vermicompost as
Fertilizer

A 4

Cocoon production
that is mass of
earthworms as
biofilter for soil
enrichment

A 4

Treated wastewater
with nutrient value
for agricultural
purpose

5.1 TOTAL COST FOR THIS PROJECT

The total amount utilized for this project is Rs.3050
/[-.The treatment unit for treating domestic wastewater is

placed in open field for this PVC drum is used for unit

operation.
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Table 4.3 Total cost for this project

S.No Materials Cost in rupees
1. PVC Drum
(Gate Valve, fittings, etc.) 1000
2. Gravel ,Sand, Garden soil 850
3. Eisenia Foetida (Per
kg-Rs.600) 1200
Total cost Rs.3050 /-

Output and profit from this project:

1 kg of earthworm is produces the same quantity of
earthworm within 30 - 45 days and periodically
vermicompost is collected .1 kg of vermicompost manure is
20-50.Rs and 1 kg of Eisenia Foetida is Rs.600.0ur project
fulfills the material balance concept and sustainable to

environment.

CONCLUSION

Vermifiltration is a logical extension of soil filtration
and can be a most cost-effective and odour free process for
Domestic kitchen wastewater treatment with efficiency. The
total Cost for this project is discussed and given. Installing
this treatment unit in every house reduces the municipal load
and | suggest that adopting this technology to make
sustainable environment.

In vermifilter the sample colour was removed in the same
percentage. Hence further increasing detention time, it will
be used for drinking purpose. This treated water contains
nutrient in high percentage which is used for agricultural

purpose.

REFERENCES

1.

Anusha V, K M Sham Sundar (2015), ‘Applications of
Vermifiltration in Domestic Wastewater Treatment’,
International Journal of Innovative Research in Science,
Engineering

pp.7301-7304.
Bajsa O., Nair J.,, Mathew K., Ho G.E. (2003),

and Technology, Wol.4, Issue 8,

‘“Vermiculture as a tool for domestic wastewater
management’, Water science and technology, Vol. 48,
Issue.11-12, IWA Publishing, pp.125-132.
Bhawalkar U. S. (1995), ‘Vermiculture
Eco-Technology’, Publication of Bhawalkar Earthworm
Research Institute (BERI), Pune.

Bhise H. S. Anaokar G. S. (2015), Design and
Suitability of Modular Vermifilter for Domestic Sewage
Treatment Volume 3, Issue 4, pp.44-51.

Bobade A.P, and Ansari K.S, (2016), ‘The Use of
Vermifilteration in Wastewater Treatment: A Review’,
Journal of Civil Engineering and Environmental
Technology Volume 3, Issue 2, pp. 164-169.

Chaudhuri P.S., Pal T.K., Gautam Bhattacharjee & Dey
S.K. (2000),
vermicomposting (Perionyx excavates) of kitchen

‘Chemical changes during
wastes’, Tropical Ecology, Vol. 41, Issue.1, pp.107-110.
Curry J.P., Byrne D., and Boyle, K.E. (1995), ‘The
earthworm population of a winter cereal fields and its
effect on soil and nitrogen turn over’, Biology and
Fertility of Soils, Vol. 19, pp.166-172.

Edwards C.A and Lofty J.R. (1987), ‘Biology of
earthworms’, 2nd ed. Chapman and Hall, London,
pp.56-77.

Gardner T., Geary P, Gordon I. (1997), ‘Ecological
sustainability and onsite effluent treatment systems’,

Aust J Environmental Management, Vol. 4, pp.144-156.

© 2023, IJSREM | www.ijsrem.com

Page 9


http://www.ijsrem.com/

£

IJSREM

Impact Factor: 8.176

*gﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

RSN Volume: 07 Issue: 04 | April - 2023

ISSN: 2582-3930

10.

13.

14,

15.

16.

17.

18.

Garg V.K., Chand S., Chhillar A., Yadav A. (2005),
‘Growth and Reproduction of Eisenia Foetida in Various

Animal Wastes during Vermicomposting’.

. Gaur, A.C. (1982), ‘Bulky organic manures and crop

residues’, In: Fertilizers, organic manures, recyclable

wastes and biofertilizers, pp.36-51.

. Ghatnekar S. D., Kavian M. F, Sharma S. M.,

Ghatnekar S. S., Ghatnekar G. S. and Ghatnekar A. V.
(2010),

treatments from the gelatine industry’, Dynamic Soil,

‘Application of vermi-filter-based effluent

Dynamic Plant, pp.83-88.

Ghatnekar (2010), ‘Zero discharge of wastewater from
Juice making industry by Vermifiltration technology’.
Haritha S.H., Vijayalakshmi K, Jyotsna
K.P.,, Shaheen SK, Jyothi K. Rani M.S. (2009),

‘Comparative assessment in enzyme activities and

Devi

microbial populations  during  normal and
vermicomposting’, Environmental Biology, Vol. 30,
Issue.6, pp.1013-1017.

Jeevitha P., Kiran B.M., Manohara B., Sham Sundar
K.M., Nagarajappa D.P., (2016), ‘Study on Application
and validation of Vermifiltration in Diary Effluent
Treatment’ ,Vol. 5, Issue 8.

Kale R.D., Mallesh B.C., Kubra Bano and Bhagyaraj
D.J. (1992), ‘Influence of vermicompost application on
the available macronutrients and selected microbial
population in a paddy field’,
Biochemistry, Vol. 24, pp.1317-1320.

Kale R.D. (1998), ‘Earthworms: Nature’s Gift for

Utilization of Organic Wastes’, In: C. A. Edward, Ed.,

Soil Biology and

Earthworm Ecology.

Kaplan D.L., Hartenstein, R and Neuhauser, E.F. (1980),
‘Physico-chemical requirements in the environment of
the earthworm, Eisenia foetida’, Soil Biology and

Biochemistry, Vol. 12, pp.347-349.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Kore Priyanka S., Gurav Sagar V., Padwale Nilesh N. ,
Patil Nitin A., Desai Ramesh H., (2017), ‘Vermi Filter
—A effective cost technology for domestic wastewater’,
\ol.4 Issue.4 pp. 746.

Lee K.E., (1985), ‘Earthworm ecology and relationships
with soil and land use, Academic Press, London. 411,
\Vol. 17, pp.351-388.

Manaig Elena M., (2016) ‘vermicomposting efficiency
and quality of vermicompost with different bedding
materials and worm food sources as substrate’ Vol. 4,
Issue.l1, pp.1-13.

Manyuchi M.M., Kadzungura L., and Boka S. (2013),
“Pilot Scale Studies for Vermifiltration of 1000m3/day of
Sewage Wastewater Treatment’, Asian Journal of
Engineering and Technology, Vol. 1, Issue.1, pp.13-19.
Musaida Mercy Manyuchi, Anthony Phiri (2013),
‘Application of the Vermifiltration Technology in
Sewage Wastewater Treatment, “Asian Journal of
Engineering and Technology (ISSN: 2321-2462), Vol.1,
Issue 04, pp.110- 113.

Nandini Misal, Nitish A.Mohite (2017), ‘Community
Wastewater Treatment by Using Vermifiltration
Technique’, Vol.10, pp.1.

Nawaz Rafique Shaikh., Sharad Chandra S Tirthakar.,
Mayuri Subhash Mali., (2018) ‘study of Biofiltration
System and its Applications’, Vol.5, Issue.12, pp.1496.
Norman Q. Arancon, Clive A. Edwards, Peter Bierman,
James D. Metzger, Stephen Lee and Christie Welch
(2003), ‘Effects of vermicompost on growth and
marketable fruits of field-grown stomatoes, peppers and
Strawberries’s Pedobiologia, Vol.47, pp.731-735.

Pali Sahu, Swapnali Mane (2015),

Raut, Sagar

‘Treatment of Grey and Small Scale Industry

Civil
Engineering and Urban Planning: An International
Journal (CiVEJ), Vol.2, Issue.1, pp.29-35.

Wastewater with the help of Vermifilter’,

© 2023, IJ]SREM

| www.ijsrem.com

Page 10


http://www.ijsrem.com/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Devi%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=20329398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayalakshmi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20329398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jyotsna%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=20329398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jyotsna%20KP%5BAuthor%5D&cauthor=true&cauthor_uid=20329398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaheen%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=20329398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jyothi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20329398
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rani%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20329398

vl

‘3 Q%

IJSREM

Impact Factor: 8.176

*gﬁ International Journal of Scientific Research in Engineering and Management (IJSREM)

RSN Volume: 07 Issue: 04 | April - 2023

ISSN: 2582-3930

28

29.

30.

31.

32.

33.

34.

35.

‘Wastewater
Issue.1, pp.2278 — 2540.

Pramanik P., Ghosh G.K., Ghosal P.K., and Banik P.
(2007), ‘Changes in organic — C,N,P and K and enzyme

. Patel Jatin.B. (2018),

Vermifiltration’, Vol. 7,

treatment by

activities in vermicompost of biodegradable organic

wastes under liming and microbial
Bioresource Technology ,Vol. 98,pp.2485-2494.
Rajiv K. Sinha., Gokul Bharambe., Uday Chaudhari.

(2008), ‘Sewage treatment by vermifiltration with

inoculants’,

synchronous treatment of sludge by earthworms: a
low-cost sustainable technology over conventional
systems with potential for decentralization’, Vol. 28,
Issue.4, pp.824.

Rajiv K. Sinha., Sunita Agarwal., Krunal Chauhan.,
Vinod Chandran., Kiranbhai (2010),

‘“Vermiculture Technology: Reviving the Dreams of Sir

Brijal Soni.
Charles Darwin for Scientific Use of Earthworms in
Sustainable Development Programs’, Technology and
Investment, Vol. 1, pp.155-172.

Rajiv K. Sinha., Sunita Agarwal, Krunal Chauhan.,
Dalsukh Valani. (2010), ‘The wonders of earthworms &
its vermicompost in farm production: Charles Darwin’s
‘friends of farmers’, with potential to replace
destructive chemical fertilizers from agriculture’, Vol. 1,
Issue.2, pp.76-94.

Rohit Pathania., Lakshmi C S., Suresh R., (2013), ‘A
Review of Vermifiltration and related low cost
alternatives for wastewater management’

Roy Hartenstein and Michael S Bisesi (1989), ‘Use of
Earthworm Biotechnology for the Management of
Effluents from Intensively Housed Livestock’, Outlook
on agriculture, Vol. 18, Issue.2, pp.72-76.

Ruchi  Soni and Anuradha Sharma., (2016)
‘Vermiculture Technology: A Novel Approach in
Organic Farming’, Indian Horticulture Journal; Vol.6

Issue.1 pp.150-154.

36.

37.

38.

39.

40.

41.

42,

Snehalata R. Ankaram and K.R. Rao, Laxmi C. Mushan,
Prajakta V. Kale, (2014), ‘Vermicomposting technology:
an efficient biological processing of obnoxious weed
water hyacinth(Eichhornia crassipes)’, Environmental
Technology and Management, Vol. 17,lIssue. 2/3/4.
Sinha RK, Bharambe G.Chaudhari U (2008), ‘Sewage
Treatment by Vermifiltration with  Synchronous
Treatment of Sludge by Earthworms: A low cost
Sustainable Technology over Conventional systems
with Potential for Decentralization’, Springer Science
28, pp.409-420.

Sudipti

bhargava & A.A. kazmi

arora,Ankur rajpal,Tarun  kumar, Renu

(2014),‘Pathogen removal

during wastewater treatment by Vermifiltration’,

Environmental \Vol.35,
2493-2499.
Swati Pattnaik and M. Vikram Reddy (2009), ‘Nutrient

Status of Vermicompost of Urban Green Waste

Technology, Issue 19. pp

Processed by Three Earthworm Species—Eisenia fetida,
Eudrilus eugeniae, and Perionyx excavates’, Applied
and Environmental Soil Science, Vol. 2010, pp.13.
Tarun Kumar, Ankur Rajpal, Sudipti Arora, Renu
Bhargava, K.S. Hari Prasad and A.A. Kazmi. (2015), ‘A
comparative study on vermifiltration using epigeic
earthworm Eisenia fetida and Eudrilus eugeniae,
Desalination and Water Treatment, Vol. 102, pp.2812 —
2820.

Tarun Kumar, Renu Bhargava, K.S. Hari Prasad, Vikas
Pruthi. (2015), Evaluation of ‘Vermifiltration process
using natural
treatment’ VoI.75, pp. 370-377.

Taylor M,Clarke WP and Greenfield P F (2003), The

Treatment of Domestic Wastewater Using Small-Scale

ingredients for effective wastewater

Vermicompost Filter Beds, Ecological Engineering, \ol.
21,1ssue.2-3, pp.197-203.

©

2023, IJSREM | www.ijsrem.com

Page 11


http://www.ijsrem.com/
https://www.researchgate.net/scientific-contributions/72348584_Roy_Hartenstein
https://www.researchgate.net/journal/0030-7270_Outlook_on_agriculture
https://www.researchgate.net/journal/0030-7270_Outlook_on_agriculture
https://www.tandfonline.com/author/Arora%2C+Sudipti
https://www.tandfonline.com/author/Rajpal%2C+Ankur
https://www.tandfonline.com/author/Kumar%2C+Tarun
https://www.tandfonline.com/author/Bhargava%2C+Renu
https://www.tandfonline.com/author/Bhargava%2C+Renu
https://www.tandfonline.com/author/Kazmi%2C+AA
https://www.hindawi.com/41012608/
https://www.hindawi.com/59642156/
https://www.sciencedirect.com/science/journal/09258574/75/supp/C

oy,

IJSREM
*"ﬂgﬁ International Journal of Scientific Research in Engineering and Management (1IJSREM)
RocLeaI \olume: 07 Issue: 04 | April - 2023 Impact Factor: 8.176 ISSN:; 2582-3930

43. ThiruneelaKandan., Subbulakshmi., (2015), ‘Chemical
Nutrient Analysis of Vermicompost and Their Effect on
the Growth of SRI Rice Cultivation’, Vol. 4, Issue 6.

44, Tognetti C., Laos F., Mazzariono, M.J and Hernandez
M.T. (2005), ‘Composting Vs Vermicomposting: A
comparison of end product quality’  Compost Science
and Utilization, Vol. 13, Issue.1, pp.6-13.

45. Tomar and Suthar, S. (2011), ‘Urban Wastewater
Treatment using Vermi biofiltration  System’,
Desalination, Vol. 28, Issue.2, pp.95-103.

46. Xing M., Yang J., Lu Z. (2005),
‘Microorganism-earthworm integrated biological
treatment process - A sewage treatment option for rural
settlements’, ICID 21st European regional conference,

pp.15-19.

© 2023, IJ]SREM | www.ijsrem.com Page 12


http://www.ijsrem.com/

