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Abstract. As part of this research work, an efficient and environmentally friendly 
technology for the disposal of organic wastes based on vermiculture of the California 
worm (Eisenia fetida) has been substantiated and developed. The developed 
technology allows not only to fully utilize vegetable raw materials, but also to obtain 
a valuable fertilizer for increasing yields (biohumus) and a source of animal protein 
for food (worm biomass).

The studies have made it possible to determine the most rational parameters of 
the substrate for cultivation of the California red worm (Eisenia fetida), which will 
significantly increase the yield of free humic acids, and therefore - to improve the 
quality of biohumus (pH = 6.5 -7.0, temperature - 18 -25 ° C, humidity -70-80%).

It is experimentally found that the best variant of solid organic substrate on 
which the red worm (Eisenia fetida) is cultivated, as well as undergoing the most 
efficient disposal of waste is potato peel, cabbage, apple peel, tea in a ratio of
2:1:1:1:1.

It is found that the best variant of the substrate based on wastewater MPP and 
activated sludge is the option with a weight ratio.Studies have shown that the 
cultivation of the California worm (Eisenia fetida) on plant substrates processes of 
destruction of dietary fibers.

Technology for the disposal of organic food waste and WFP waste and activated 
sludge using the cultivation of the red California worm (Eisenia fetida) has been 
developed, and each step of the technological process has been described, indicating 
the optimal technological parameters obtained through experimental studies

Keywords: recycling, waste, biotechnology, biohumus, vermiculture, 
earthworm, vermicompost, recycling.

І. Introduction
Actuality of theme:As a result of human activity, a large amount of various (solid, 

liquid and gaseous) wastes are present at all stages of production and in life, which 
contaminate the biosphere and pose a threat to public health. Nowadays, man-made waste 
has reached a geological scale. The occurrence of local environmental problems related to 
air and soil pollution, contamination and pollution of natural waters, transboundary 
pollutants, leads to the accumulation of harmful substances in the environment.

Awareness of the effects of environmental pollution and the depletion of natural 
resources has contributed to the development of approaches to the disposal and reuse 
of waste as secondary material resources. Recycling of waste generated by society is 
one of the indicators of its sustainability. Therefore, in most developed countries, 
recycling and disposal of waste have become a priority in the economic sectors. Waste 
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recycling reaches 80%, and their disposal is in compliance with all environmental 
requirements.

However, in Ukraine, the gap between the progressive accumulation of waste 
and the measures for its disposal and disposal at the present stage has not been 
overcome. There is a deepening ecological crisis.

Today, in most developed countries, there is a shift from landfilling and 
incineration to alternative solutions to waste management that minimize the negative 
impact of waste on the environment. The practical experience of waste management in 
different countries shows that there is no one-size-fits-all method that meets the current 
requirements of ecology, economy and resource conservation. The implementation of 
biotechnological disposal methods is the most consistent with these requirements and 
trends in world practice.

There are many technologies known to successfully solve the problem of the 
efficient disposal of vegetable waste. The combustion of vegetable raw materials in 
boilers generates emissions of pollutants into the atmosphere, which contributes to the 
deterioration of the environment. It is also worth noting that using traditional recycling 
technologies reduces the utilization rate of natural resources, since organic waste is a 
valuable raw material for further biofertilization. Therefore, the development of an 
efficient and environmentally friendly technology for the disposal of organic waste is 
urgent.

The purpose of this qualification is to substantiate and develop a technology for 
the disposal of organic waste by cultivating the red California worm (Eisenia fetida);.

To achieve this goal, the following tasks were defined: to analyze the current 
problem of waste disposal;to consider biotechnological methods of waste disposal and 
determine their benefits;to identify the main features of the substrates on which the red 
California worm (Eisenia fetida) is cultivated;to determine the basic parameters of the 
process of cultivation of red California worm (Eisenia fetida), which may affect its 
biological efficiency;to determine the rational ambient temperature for the cultivation 
of the red California worm (Eisenia fetida);to determine the rational moisture level of 
the substrate for cultivation of the red California worm (Eisenia fetida);to determine 
the rational pH of the substrate for cultivation of the red California worm (Eisenia 
fetida);to determine the best version of the solid organic substrate on which the red 
worm (Eisenia fetida) is cultivated.

Subject: Investigation of organic waste utilization by vermiculture of the 
California rain worm (Eisenia fetida).

Object of study: household and industrial organic waste.
Purpose: The justification and development of technology for the disposal of 

organic waste by vermiculture California rain worm (Eisenia fetida).
Practical importance of the topic: The technology of organic waste utilization, 

which has no negative impact on the environment, is substantiated and developed. This 
technology allows not only to dispose of waste, but also to obtain biofertilizers and 
additional feed for livestock.

Conclusion. Development of technology for recycling of organic waste. Based 
on the results of research, the technology of organic waste utilization has been 
developed and substantiated.
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II. Analytical review of literature
At this time of active development, the technology of vermicomposting exists.

Vermicomposting is based on the ability of the Red Hybrid Californian's (ECG) 
(Eisenia fetida Andrei) to absorb a large amount of organic matter, plant residues, and 
with them the bacteria, fungi, algae, protozoa [1].Worms are known to contribute to 
the conversion of nutrients into readily available form and to activate microbiological 
activity [2].Spanish scientists have described vermicomposting as "biological 
oxidation and stabilization of organic matter, that associated with the action of 
earthworms and [mesophilic] microorganisms" [3].Thus, with the participation of 
microorganisms in the process of composting in the beds, the decomposition of easily 
digestible compounds - sugars, polysaccharides, proteins, hemicelluloses, and at last 
the lowest speed of decomposition have lignin, tannins, etc. at first .The decomposition 
is accompanied by the synthesis of a complex of humic compounds. As a result, the 
mass of organic matter decreases, the substrate is enriched with nitrogen, humus, its 
ash content increases [4].

It is interesting that vermiculture has a sterilizing effect on pathogenic 
microorganisms.Thus, the study of the sanitary status of composts showed that 
vermicompost does not contain representatives of dangerous groups of microorganisms 
[13].The worm's gut is a kind of "filter" and simultaneously an enzymatic system for 
microorganisms. Part of the microorganisms that enter the gut of the worm is 
eliminated, others multiply and enrich the substrate [5].The results of studies of 
American and Russian scientists show that the worm's coprolites are dominated by 
gram-negative aerobic bacteria of the genus Pseudomonas, in slightly smaller numbers 
- representatives of the genera Flavobacterium, Streptomyces, Bacillus [6], as well as 
Cellumonas, Acostobacterium, [7].In works [4-8], the dominant bacterial species in 
vermicompost (biohumus) are presented.Thus, the bacterium Pseudomonas putida has 
a high intestinal survival and reproduction in the biohumus, and species such as 
Azospirillum brasilense and Pseudomonas stutzeri do not develop under these 
conditions at all.The survival of bacteria from the genus Pseudomonas has been 
confirmed by other researchers. At the Institute of Agricultural Microbiology and 
Agroindustrial Production of NAAS, it is established that the grouping of 
vermicompost microorganisms is represented by bacteria of the genus Pseudomonas, 
Bacillus, Enterobacter, Alcaligenes, Flavobacterium and others.In the course of 
research, the active growth of the stimulating and phosphate-mobilizing strain of 
Pseudomonas putida 17 was isolated [6].Despite the aforementioned advantages and 
the prospect of vermicomposting, technology has some disadvantages.These include 
the considerable duration of composting (4-6 months), the unmanageable 
microbiological processes, and the production of compost as a general-purpose organic 
fertilizer, which does not allow solving individual problems in growing crops.

One of the ways to solve the last drawback is to create biohumus based fertilizers 
and microbial preparations with specified properties (fungicidal, growth-stimulating, 
phosphate-mobilizing, etc.) by inoculation of the compost with agronomically valuable 
microorganisms.To a greater extent, today it is hypothetical. However, such attempts 
have been described in the literature. Thus, a method of producing biofertilizers, which 
is to obtain biohumus by composting a substrate from an organic waste of agriculture 
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and industry with the participation of "Obolensky hybrid", that obtained as a result of 
crossing the red hybrid Californian with the Russian population of rainworms (Eisenia 
fetida).Vermicomposting is carried out at + 16-24 ° C for 4-6 months. In the resulting 
biohumus, the microorganisms with fungicidal properties are 
introduced.Microorganisms are introduced after the removal of worms and maturing 
of biohumus.As a producer of fungicides used strain of bacteriaBacillus subtilis IPM-
215in the amount of from 109to 1012spores per1 kgof  biohumus, or 
cultureTrichoderma viride 16 at concentrations from 104to 108colony forming units 
(CFU) per 1 kg of biohumus [8].

III. Object, subject and methods of research
Object of research:bioconversion of organic waste of composting.
Subject of study: change of indicators of bioconversion process of organic waste 

by vermicomposting method.
The studies were conducted within three months. Worms cultivation was in 

cultivators (plastic containers).The width of the container is 0.15 meters, the length is 
0.25 meters, the height is 0.1 meters.The container was put a pre-fermented substrate 
(in our case - potato peel, cabbage, apple peel + tea / coffee), which was pre-prepared 
by grinding, moistening (crushed substrate with water in a ratio of 1: 1.5) and naturally 
was fermented with microorganisms, a layer of 2 cm, and introduced 
worms.Conditions of the environment were monitored during the bioconversion 
period. New portions of the substrate were added after 7-10 days with a layer of 1 cm. 
The number of worms was calculated 1/30 (once a day) [9]. After the bioconversion 
process, worms and biohumus are separated. Excess worms are used in feed production 
[10].

In laboratory studies, standard and adapted methods of analysis were 
used.:determining the optimal temperature, humidity and pH of the medium for worms 
to calculate their population [11]; determination of the chemical composition of the 
substrate according to the calculations of the biological efficiency coefficient [12]; 
determination of the amount of humic acids by extraction method [12].

IV. Results of the work
To determine the speed and efficiency of organic waste processing by 

vermiculture we use the biological efficiency indicator. The essence of the calculation 
is to determine the relationship between the increase in biological mass and the time 
during which this gain.

,h/d (1)
де ∆ – biomass growth, г;τ – time, days (we are take like 10 days).
At a temperature of 30-32 ° C, especially at excess moisture of the substrate, in 

response to the temperature stimulus, the activity and body weight of the earthworms 
is reduced by increasing the secretion of the mucous secretion. At 37 ° C, the worms 
die. The effect of temperature on the number of individuals has been investigated. It is 
shown that the most favorable temperature at which Eiseniafetida increases with 
maximum speed and retains high activity is 18-28 ° C (Fig. 1). The studies were 
performed for 25 days.

The effect of temperature on the weight gain of worms has been investigated. It 
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is shown that the most favorable temperature at which Eisenia fetida gains mass with 
maximum speed and retains high activity is 18-25 ° C (table 1).

Fig.1 - Effect of temperature on the number of individuals Eisenia fetid.

Table 1 - Effect of pH of substrates on BA of red California earthworm Eisenia 
fetida.

Substrates variation рН,unit. BA, t/days
№1 5,0 0,63
№2 5,3 0,69
№3 6,5 0,72
Studies have shown a relationship between the BE of the red California worm 

(Eisenia fetida) and the pH of the substrate on which it is cultivated (Fig. 2).

Fig. 2 - Substrate pH dependence on the BE of the California worm.
An increase in humidity of up to 90% impeded the access of oxygen to the 

substrate, which led to the development of anaerobic processes of substrate 
decomposition, which slowed the growth and development of worms. The studies were 
performed for 25 days.

The dynamics of growth of the number of individuals is shown in Fig. 3.
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Fig. 3 - Effect of humidity on the number of individuals Eisenia fetid.
When growing earthworms in the laboratory, the maximum mass and production 

of biohumus are achieved with a humidity of the substrate, which varies in the range 
of 70 ... 80%, that is, is close to the water content in the body of the worm.

Research into the efficiency of food waste treatment.The studies have been 
conducted since September 2016 for three months. The cultivation of worms occurred 
in cultivators (plastic containers). The width of the container is 0.15 meters, the length 
is 0.25 meters, the height is 0.1 meters. In the container was placed the substrate, which 
was prepared in advance by grinding, moistening and natural fermentation using 
microorganisms, a layer of 2 cm, and introduced worms.

Preparing the substrate (feed) for feeding worms. Worm feed is a variety of 
high cellulose organic wastes that have undergone fermentation [1]. Raw vegetables, 
especially potatoes, should be cleaned thoroughly (through a meat grinder), otherwise 
they will not be processed. Under conditions of access of water and oxygen and under 
the influence of microorganisms-aerobes that are on the substrate (fungi, 
actinomycetes, bacteria), organic waste decomposes. Hydrolytic cleavage of high 
molecular weight compounds (proteins, fats, carbohydrates) produces intermediate and 
final low molecular weight products consumed by worms. Large organic waste 
particles need to be ground (up to 1 mm, not more) because they are not eaten by the 
worms[14].

Important is the condition that such a feed is free from harmful and toxic 
impurities.

There are the following requirements for the source organic substrate (waste) to 
produce quality feed for worms [1]: humidity 70–80%, pH 6.8–7.2, sufficient cellulose 
(20–25%), iron oxide content not more than 10%, no solid parts - metal, wooden, 
stones, glass, etc. Feed for worms should not contain pesticides, petroleum products,
large amount of protein (not more than 25-30%), ammonia, methane, pathogenic 
microflora , eggs and helminth larvae. Worms are killed when 40% of the protein is in 
the feed.

At the beginning of studies to determine the increase in biomass for 2.5 months 
of substrate processing, the average weight of one adult adult worm was 0.15 g (Table 
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2). The largest increase in the average weight of the worm at the end of the experiment 
was found in option № 3 (0.36 g) and option 2 (0.31 g). The average earthworm 
biomass increase in version № 1 was 0.17 g. This substrate does not contain sufficient 
nutrients, so the biomass growth rate is negligible. It can be concluded that it is 
desirable to add coffee and tea to the main substrate.

Table 2 - Effect of substrate type on biomass productionEiseniafoetida

Substrates 
variation

Duration of 
cultivation, days

Average biomass of an adult indiviual, g Avarage 
biomass 
groeth, gOn the beginning On the end of 

exploration
№ 1 75 0,14±0,01 0,31±0,01 0,17

№ 2 75 0,15±0,01 0,47±0,01 0,32
№ 3 75 0,16±0,01 0,52±0,01 0,38

Thus, the data obtained indicate that the optimal substrate for vermicult 
propagation is substrate No. 3. The dynamics of change in the total weight of 
vermiculture, which was studied for 75 days is presented in Fig. 4, 5, 6.

The dynamics of change in the increase of total biomass of vermiculture are 
presented in Fig. 7. 8, 9.

Fig. 4 – Integral dependence of change in total weight of Eisenia fetida for 
substrate №1 - potato peel, cabbage, apple peelin a weight ratio of 2: 1: 1

Fig. 5 – Integral dependence of change in total weight of Eisenia fetida for 
substrate №2 - potato peel, cabbage, apple peel, kava in a weight ratio of 2: 1: 1: 1
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Fig. 6 – Integral dependence of change in total weight of Eisenia fetida for 
substrate №3 - potato peel, cabbage, apple peel, tea in a weight ratio of 2: 1: 1: 1

From the obtained data of the differential dependence, it can be concluded that 
the increase in biomass increases in direct proportion to time.

This graph shows the maximum increase after 45 days of cultivation, then the 
total increase is smaller, in connection with the physiological features of vermiculture.

In this graph, similarly, we observe the maximum increase after 45 days of 
cultivation, then the total increase decreases, due to the physiological features of 
vermiculture.

Fig. 7 – Dynamics of change of total biomass Eisenia fetida for substrate №1–
potato peel, cabbage, apple peel in a 2: 1: 1 ratio

Fig. 8 – Dynamics of change of total biomass Eisenia fetida for substrate №2–
potato peel, cabbage, apple peel, coffee by weight 2: 1: 1: 1
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The formation of large quantities of highly concentrated sewage plants (MPPs) 
and the lack of efficiency of the methods used for their treatment pose a significant 
threat to the environment. The decisive role in the prevention of the pollution of 
reservoirs by sewage MSP belongs to and will certainly belong to the methods of 
biological sewage treatment, which is due to the technological, economic and 
environmental advantages of these methods over others.

The processing of this concentrated poly-mineral substrate and lignin wood with 
the help of earthworms into biohumus will allow to turn the production of biogas into 
a closed waste-free cycle, thus closing the natural cycle of substances[15]. Therefore, 
it is the process of vermicomposting of this substrate and will lead to the creation of 
valuable humic organic fertilizer. There is nothing left in the process of producing 
biogas that cannot be used and recycled. The obtained biohumus is a valuable natural 
highly efficient, environmentally safe, biologically active complex balanced humic 
organic fertilizer for all types of plants.

Fig. 9 – Dynamics of change in the growth of total biomass Eisenia fetida for 
substrate №3 - potato peel, cabbage, apple peel, tea in a weight ratio of 2: 1: 1: 1

The task is to create a method of treatment of fatty sewage sludge by aeration of 
a mixture of raw sludge and activated sludge with cellulose-containing filler and 
vermicult population to ensure the intensification of the process of biodegradation of 
sedimentary enrichment of the obtained organic fertilizer with biologically active 
substances. This problem is solved by the fact that in the method of processing fatty 
sludgeprovides the mixing of the sludge from the primary sedimentation tanks with 
activated sludge and aeration of air into the crude sludge and activated sludge enter 
cellulose-containing filler in different volumetric ratios, the resulting mixing and 
mixing is obtained humidity of 50 - 80%, after which they populate vermiculture and 
sustain for 30 - 60 days, maintaining humidity of 60 - 80% [9,16].

Raw fatty sludge is formed at the enterprises of meat and dairy, oil and fat 
processing industry of mechanical and physico-chemical methods of sewage treatment 
(in sedimentation tanks, grease traps, flotators, etc.). Sludge is a mass of paste-like 
consistency with an unpleasant odor and high fat content - 50 - 90% of dry matter.

Active sludge is a complex of colloidal type microorganisms with adsorbed and 
partially oxidized contaminants that are extracted from sewage by biological 
purification methods (in aeration tanks, etc.)[17].

This method of treatment of sewage sludge involves their aeration and 
processing vermiculture. Aeration is necessary for the decomposition of organic matter 

0
0,2
0,4
0,6
0,8

1
1,2
1,4

1 15 45 75

Час, дні

To
ta

l b
io

m
as

s g
ro

w
th

, g

Time/days

amics of chhaaaaaaannggggggge in the grrroooooowwwwwwwth of tot
otato peel, cabbaaaaagggggge, aaaaaaappppppppple pppppppeeeeeeeeeeeelllllll, tea in

k is to ccccrrreeeeeeate a methoddddddd ooooooofffffff tttttttrrrrrrreeeeeeeaaaaaaatttttttmmmmmment of
of rawwww ssslllluuudge and activated sludge

lt popuuuuuullllaatttttttiiiioon too eeeeeeennnnnssurreeeeee tthe intensifica
mentaryyyy eeeeeenrrrriiiiccchhhhhmmmmmmeeeeennnnntttttt of tttthhhhhhhe obtained

bstancceeeesss..  TTTThis prrrroooobllllllleeeeem is sssssssoolllllllvvvvved by
sludggggeeeeppppprrroooooooviiiiddddes the mmiiiixxxxiiinnnnngggggg ooooffff the sl
activvvvvvaaaaatttteeed sllllluuuuuddddggggee and aerraaaaaattttiiiion of
ccccceeeeelllllllluuuuulose-contttttaaaaaiiinnniiiinnnng filler in d
miixxxxiiiinnnggggg is obtaineeeeeddddd hhhhhhumidity
susstttttaaaaaiiiiinnnnnnn fffooooorrrrr   30 - 60 days, m

Raawwww fffffaaaaatty sludg
ppppprrrrrocessing iiiinnnnndustry
(((((iiiiinn ssssedimentatio
connnnnsssssiiisssssstttency w

Acti
lly

1515555155 45555 75

, д

omic 

gnin wwwwooooooooodddd with
tion offff bbbbiiiooooggggaaassss iiiiinto 

ances[[[[[[1111155555]]]]]]. TThereeeeffffooorrrrreeeee,,, 
ll lead too thhhhhhhe creation oooofff 

n the processsssssss ooooooof producing 
biohummmmuuuuuuussssss iiiiiis aaaa vvvvvvvaaaaaaaluuuuuuuaaaaaaabbbbbbbllleee  natural 

active complex bbbbbbaaaaaaalaaaaaaannnnnnnccccccceeeeeeeddddddd hhhhhhhuuuuuummmmic 

Time/d/d/dayyys



ECOLOGY AND ENVIRONMENTAL PROTECTION 

532
 

sludge up to 4 simpler compounds consumed vermiculture.
A mixture of crude fatty sludge and activated sludge is prepared. Active sludge 

enriches a mixture of microorganisms that oxidize the organic matter of sediment in 
the presence of oxygen. However, the paste-like consistency of the mixture 
complicates the passage of air, so to give a structure that provides aeration, enter 
cellulose-containing filler. As cellulosic fillers can be used wood sawdust, crushed 
waste of wooden containers andtrains of packaging materials, residues of plant 
materials (leaves, straw, waste of vegetables and fruits, etc.).

The prepared mixture is placed in containers and aerated. In the process of 
aeration there is intensive development and reproduction of microorganisms, with the 
temperature rising to 50-55 ° C. As the temperature accelerates the processes of 
oxidation and decomposition of organic matter precipitation, as well as the disinfection 
of the mass of the mixture.

Significant effect on the passage of oxidation processes has a moisture content 
of the mixture, because the nutrients dissolve in water, before they become available 
for consumption by microorganisms.

The influence of humidity on the processes of oxidation of organic matter during 
aeration was investigated. The data obtained presented in table 3.

Research data show that the rational humidity during aeration is 50-80%. An 
increase in humidity of more than 80% leads to inhibition of the oxidation processesin 
the mixture.

In the process of decomposition of the protein matter of wastewater, ammonia is 
formed, which adversely affects the vital activity of vermiculture.

The effect of aeration duration on the quality of the mixture was investigated. 
The obtained data are presented in table 4.

Table 3 – Influence of humidity on the processes of oxidation of organic matter 
during aeration
№ humidity, % Sabstrates quality

1 30
Humidity does not contribute to the passage of biothermal 
processes, slows the development of microorganisms. The 
substrate is not suitable for oxidation.

2 50
Humidity provides the penetration of air into the voids in the 
substrate structure, sufficient for the passage of biothermal 
processes. The substrate is suitable for oxidation processes

3 65 Humidity provides access to oxygen to microorganisms. The 
substrate is suitable for oxidation processes.

4 75 Humidity provides access to oxygen to microorganisms. The 
substrate is suitable for oxidation processes.

5 85
The voids in the structure are filled with water. Which restricts 
the access of oxygen to microorganisms. The substrate is not 
suitable for oxidation.
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Table4 – Influence of aeration duration on substrate quality.

№ Duration of 
aeration, days Substrate quality

1 10 A significant amount of ammonia. The quality of the substrate 
for processing is poor.

2 15 Ammonia is minimal. The substrate is suitable for processing.
3 22 Ammonia is minimal. The substrate is suitable for processing.
4 30 No ammonia. The substrate is suitable for processing.

5 35 The substrate is suitable for processing, but extending the 
aeration term is not economically advantageous.

Studies show that the optimal aeration period is 15 - 30 days.After aeration, the 
substrate is inhabited by vermiculture.In the process of processing is swallowing pieces 
of organic matter worms and the formation in the intestinal cavity of humic substances. 
They markedly and for the better differ in chemical composition from the humus, 
which is formed with the participation of only microorganisms, because the intestines 
of the worms are the processes of polymerization of decomposition products of 
organics and formed molecules of humic acids, due to the intensive enzymatic and 
fermentative enzymatic enzymatic activity. etc.), which accelerategermination of 
seeds, have a positive effect on the growth and development of plants, increase their 
resistance to disease.It is also important that microorganisms found in biohumus
contribute to the conversion of toxic forms of metals to non-toxic, as well as block the 
inflow of plants and plant production of radionuclides [9].

The following were studies of the effect of humidity on the quality of processing 
of the mixture vermiculture. These studies are presented in table 5.

Table5 – Influence of humidity on the process of vermiculture.

Humidity, % Sabstrates quality ∆ during10 
days, h

50 Humidity is insufficient. Vermiculture is motile. The 
substrate is not recyclable. 0

60 Humidity is sufficient. The substrate is suitable for 
processing. 0,1

70 Humidity is sufficient. Vermiculture is quite mobile. 
The substrate is suitable for processing. 0,15

80 Humidity provides comfortable cultivation. The 
substrate is suitable for processing. 0,15

85 Humidity is too high. Molds are developing. 0
These studies have shown that the rational humidity of the mixture in the 

processing of vermiculture is a humidity of 60 - 80% (table 6).
Table 6 - Effect of weight ratio of substrate components on biological efficiency

Sabstrates variation Biological efficiency. h/ֺt
1:2:2 0,07
1:1:2 0,075
1:2:1 0,05
1:1:1 0,06
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The data obtained indicate that an increase in the amount of wastewater 
contributes to a decrease in the BA, as shown by the comparison of substrates 1: 2: 1 
and 1: 1: 1. An increase in the amount of activated sludge contributes to an increase in 
BE, as shown by the comparison of substrates 1: 1: 2 and 1: 1: 1.

From the data obtained, we can conclude that the biological efficiency is greater 
in the variant of the substrate, where the content of activated sludge prevails.

The main indicator of the quality of the obtained biohumus is the release of free 
humic acids.

The results of the study of the influence of the weight ratio of components on 
the quality of biohumus are presented in table 7.

Table7 –Influence of weight ratio of substrate components on biohumus quality
Sabstrates variation The yield of free humic acids,%

1:2:2 9,4
1:1:2 9,3
1:2:1 8,6
1:1:1 9,2

The data obtained indicate that an increase in the amount of wastewater 
contributes to a decrease in the yield of free humic acids, as indicated by the 
comparison of substrates 1: 2: 1 and 1: 1: 1. Increasing the amount of activated sludge 
contributes to an increase in the yield of free humic acids, according to a comparison 
of substrates 1: 1: 2 and 1: 1: 1.

Therefore, it can be concluded that the best variant of the substrate for the 
cultivation of Eisenia fetida and the processing of liquid organic waste is option 
number 2, in which the content of MSW wastewater is lower and the content of 
activated sludge is more prevalent.

The technological scheme of cultivation of red California worm (Eisenia fetida) 
on solid organic substrates is as follows, shown in Figure 10.

Using vermiculture different substrates, the technological scheme of processing 
may vary, but the main provisions are similar. Conducting an experiment with the 
different constituent composition of the substrate, we obtained different qualities of 
biohumus.The results are presented in table. 8.

Table8 – The influence of the ratio of substrate components on the quality of 
biohumus

Sabstrates variation The yield of humic 
acids,%

Potato peel, cabbage, apple peelin a 2: 1: 1 ratio (control) 8,48
Potato peel, cabbage, apple peel, coffee in a 2: 1: 1: 1 ratio 8,76
Potato peel, cabbage, apple peel, tea in a 2: 1: 1: 1 ratio 8,98

Therefore, it is advisable to use 2 variant of the substrate, because the yield of 
free humic acids is the highest, which is the main indicator of the quality of 
biohumus.Functional technological scheme for the disposal of WFP waste and 
activated sludge by vermiculture method of red California worm (Eisenia fetida) 
includes the steps (Figure 11).

y is gre
ails.

e releaaasssseee ooooooffff free 

tio of ccccooooooommmmmmmppponennttttssss ooooonnnnn 

onents on biooooooohhhhhhhuuuuuumus quality
of freee hhhhhhhuuuuuummiiiiiiiccccc aaaaaaaccciiiiiidddddddsssssss,,,,,,,%%%%%%

9,4
9,3
8888888,,,,,,,666666
9,2222

an incrrrrreeeeeassssseeeee in tthhhhhhheee aaaammmmount of was
eld of free hhhhhuuuuummmmmiiiiiccc accccciiiiiiidddddddsssssss, as indicat

d 1: 1: 1111.. Increaasssssiiiiinnnggggg ttttthhhhheeeee ammmmmmmooouuuuuuunnt of act
yield of ffffrrrreeeeee hhhhuuuuummmmmiiicccc acidddddsssss,,, aaaccccccccording

1.
e concccclllllluuuudddddddeeeeeeeddddddd ttttttthhhhhhhaaaaaaattt ttttthhhhhe bbbbesssstttt variant of

fetida aaannnnnnnddddddd the proceeeeeeesssssssssiiiiiiinnng oooofffff liquid
the conteennnnnnnttttt of MSW wwwwwwwaaassssstewater i

more prevaleennnnnnnt.
nologiccccal scheme offfff ccccccuullllllltttttttiiiiiiivvvvvvvaaaaaaatttttttiiiiiiioooooonnnn of red

anic suuuubbbbssttttrrrraates is as follows, shhhhown in
ing verrrrmmmmiiiccccuultureee dddddddiiiiiiiffffffffffffffeerent substrates

ary, buuttt tttthhhhheeeee maaaaiiiiinnnnn ppppppprrrrrrooooooovvvvvvisssssiiiiiiioons are sim
erent ccccoooonnnssssttttitueeeennnnttttt cccccoooooommposiitttttttiooooooonn of the

biohummmmuuuus.TTTTTTThhe resullttttssss arrrrreeeee ppppprrrrreeeeessseeeennted in
TTTTaaabbbbbllllle8888 – The innfffflllluueeennnncce of th

biiiiooooohhhuuummus

Saaaabbbbstttttrrrrraaaaates variaaatttttiiiiiooonnnnnn

PPPPPooooottaaaatttto ppppeeeeeelllll,,, cabbage, a
PPPPooootato peeeeellll,,,, ccabbag
PPPPooootato peel, cabb

Therefo
ee hhumic

umu



ECOLOGY AND ENVIRONMENTAL PROTECTION 

535
 

Fig. 10 – Technological scheme of organic waste disposal
The data obtained indicate that an increase in the amount of wastewater 

contributes to a decrease in the yield of free humic acids, as shown by the comparison 
of substrates 1: 2: 1 and 1: 1: 1 (table 9).

Increasing the amount of sludge in the biogas plant increases the yield of free 
humic acids, as shown by the comparison of substrates 1: 1: 2 and 1: 1: 1.Therefore, it 
can be concluded that the best variant of the substrate for the cultivation ofEisenia 
fetida and processing of liquid organic waste is option number 2, in which the content 
of wastewater MPP is less and the activated sludge is greater.
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Table 9 – The influence of the ratio of substrate components on the quality of 
biohumus
Sabstrates variation The yield of free humic acids,%

1:2:2 9,3
1:1:2 9,4
1:2:1 8,6
1:1:1 9,2

Fig. 11 -Technological scheme for waste management of MPP and activated 
sludge

Preparation and transportation of 
organicwaste 

Waste and additive storage

Shredding large particles of fat
t = 20-25°С;

= 0,5-1 мм

Making vermiculture (inoculation) 

Growth and reproduction of vermiculture 
(incubation)

t = 24°С; W = 70-80 %; τ = 92 days

Selection of vermiculture 

Biohumus
Feed for animal     

Biomass

Aeration τ = 15 days
t = 50-55°С;рН = 6,5-7,0

Pr
ep

ar
at

io
n 

of
 th

e 
su

bs
tra

te
 

Mixing of substrate components 

Fig. 1
ge

MaMaaMaMaMaMakikikikikikikingngngngngngng vermiculture (inoc

GrGrrrrowowowowooo ththththththth aaaaannndndndn  repro
(

t = 24°С;

particles of ffff fafafaff ttttt
25°С;

= 0,5-1 ммммммммммм

Aeeerrrrarrr tititititititiono  τ = 15 daaaaaaaysyssyssss
t = 50-5555555555°С°С°С°С°С°С°С;;;;;рНрррррр  = 6666666,5,5,55,5------77777,77 0

ing of sssuuuuuuubbbbbbbsttratte cccccccooooooommmpoooooonnnnnennnnnntttttts



ECOLOGY AND ENVIRONMENTAL PROTECTION 

537
 

V. Conclusions
1. Studies have shown that the process of artificial cultivation (Eisenia fetida) 

can be improved by determining the most rational parameters of the substrate on which 
the red California worm is cultivated. 

2. It is found that the optimal temperature for the cultivation of the red California 
worm (Eisenia fetida) is 18-28 ° C.

3. Studies of the effect of substrate pH on the red California worm (Eisenia 
fetida) have shown that substrate acidification lowers worm's Biological efficiency, so 
vermicultivating is recommended on the substrates with a neutral pH.

4. When cultivating a red California worm (Eisenia fetida) on the basis of an 
organic substrate, the highest values of BE are recorded at a substrate humidity of 70-
80%, so this moisture is considered rational for vermiculture.

5. It is established that the best version of the solid organic substrate on which 
the red California worm (Eisenia fetida) is cultivated, and also the most effective 
organic waste disposal is carried out, is option No. 3 (potato peel, cabbage, apple peel, 
tea in a weight ratio of 2: 1: 1: 1).

6. It is established that the best variant of the liquid organic substrate, in which 
the most effective utilization of waste is held, is the variant No. 2 - sawdust, sewage, 
activated sludge in a weight ratio of 1: 1: 2.

It has been proven that organic waste is degraded by the cultivation of the red 
California worm (Eisenia fetida).
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