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Stabilization of organic municipal solid waste by composting

The article examines the process of vermicomposting of municipal organic waste. To determine the optimal
composition of bio humus, various options and proportions of mixing organic waste with soil are considered.
In the course of the study, three different variations of organic waste were developed, mixed with manure: 1 —
soil, paper, vegetables, fruits, wood waste, cow manure (1:0.5:1); 2 — soil, vegetables and fruits, wood waste
(1:1); 3 — soil, cow manure (1:1). The results of the experiment showed that all substrates have high germina-
tion of tomato seeds. However, a mixture of soil, paper, vegetables, fruits, wood waste, cow manure increases
the yield of tomatoes by 11 % compared to other experimental substrates. Vermicomposting E. was performed
using E. fetida worms. This kind of worms is characterized by high yield. For vermic content, the moisture
content must be at the level of 60 %. Bacteria also play an important role in vermicompost. With air humidity
below 40 %, their activity decreases and stops at temperatures below 10 %. In this experiment, solid organic
waste processing technology reduces the shortage of cheap organic fertilizers in the market and offers new
opportunities for profit for small enterprises. The results obtained can be used for processing organic waste of
the city on an industrial scale and applied as fertilizer in agriculture.

Keywords: organic waste, vermic suppression, safety, organic municipal waste, E. fetida, bio humus, vehicles
process communal expenses.

Introduction

The growth of the world’s population has caused an increase in the consumption of goods and services,
which has led to an increase in organic waste. These wastes are valuable organic resources. Organic waste can
accumulate many pathogenic microorganisms and heavy metals. Overgrowth causes soil and environmental
problems when the waste is applied directly to agricultural land.

Currently, the idea of organic agriculture is actively promoted around the world. Organic agriculture also
contributes to the preservation of the environment through the rational use of natural resources. Demand for a
safe and sustainable strategy for the treatment of organic waste includes best-known practices of composting
and vermicomposting for the biological stabilization of solid organic waste, their conversion into a safe and
stable material that can be used as nutrients and soil conditioners in agriculture [1].

Vermicomposting is one of the most effective tools for solving the problem of environmental pollution.
Recently, many studies have been conducted to make bio humus one of the best organic substitutes for chem-
ical fertilizers. Bio humus is richer in micronutrients and nitrogen-fixing and phosphate-loving bacteria than
compost [2]. Vermicomposting is a mesophilic process accompanied by the action of earthworms [3]. These
worms are active at a temperature of 10—32 °C. In the process of composting, organic waste goes through a
thermophilic stage, during which it is disinfected by pathogenic microorganisms.

The purpose of this study is to assess the potential for stabilization of organic waste through vermicom-
posting using E. fetida larvae and to analyze the quality of organic fertilizers produced for agricultural pur-
poses.

Experimental

The experiment was organized according to the block diagram with three repetitions. Changes in the
physicochemical and biological characteristics of vermicompost were studied at intervals of 20 days over 100
days using standard laboratory procedures. Biodegradation of wastes was determined by modifying the treat-
ment of primary wastes (up to 2, 2.5, 3.0, 3.5, 4 kg) and by controlling the heterogeneous mixture of organic
municipal solid wastes (2 kg). The same amount of worms was collected in each of the units in 5—6 days. The
C:N ratio was estimated to analyze the nutrient concentration in the compost.
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Procedure for taking samples. To assess the various physical, chemical, and biological variations of the
vermicompost, representative samples were collected every 20 days from four different points (bottom, sur-
face, side, and center) of the vermicompost heap.

Experiment and physicochemical analysis was held in the laboratory of Myrzakhmetov Koksheyau Uni-
versity.

Results and Discussion

Household waste was pre-sorted by hand into organic and inorganic fractions. It was then mixed with the
soil according to the experimental scheme.

In the experiment, organic waste was mixed with manure:

Ne 1 — soil, paper, vegetables, fruits, wood waste, cow manure (1:0.5:1);

Ne 2 — soil, vegetables, and fruits, wood waste (1:1);

Ne 3 — soil, cow manure (1:1).

Bio humus showed high levels of potassium and nitrogen in all three variants.

Due to the effect of enzymatic and microbial activity that occurs during the process, vermicomposting
produces a higher quality product than compost [4]. This process is faster than traditional compost. In addition,
when the material passes through the digestive system of the worm, there is an acceleration of plant growth
and a decrease in phytotoxic properties, found available N, C, P, K, Ca and Mg, vitamin B, D, and similar
substances [5]. Plant growth hormones, in particular cytokinins and auxins, are found in organic waste treated
by worms. Thus, the worms accelerate the rate of mineralization and convert the manure to a higher nutritional
value and level of humification than traditional compost. The composition of total nutrients in biohumus:
nitrogen 0.7-1.42 %, organic carbon 10.3-16.25 %, potassium 0.11-0.49 %, copper 2.3-8.95 mg/kg, sodium
0.05-0.31 %, phosphorus 0.1-0.30 %, iron 2.14-9.48 mg/kg, zinc 5.63—10.87 mg/kg.

Two tropical species, the Afiican slider, Eudrilus eugeniae (Kinberg), and the eastern worm, Perionyx
excavatus (Perrier) and two normal, red worms, Eisenia andrei (Bouche) and Eisenia fetida (Savigny) are
widely used in vermicomposting. In the study, E. fetida worms are used. It depends on the speed of digestion,
assimilation, and consumption of organic matter. In addition, they have a high tolerance to a wide range of
environmental factors, short life cycles, high reproductive capacity, tolerance, and processing resistance. Sev-
eral other species of Drawida nepalensis, Lampito mauritrr. Dichogaster spp., Polypheretima, long, Amynthas
spp. Dendrobaena octaedra, Eisenia hortensis have also been used to make compost under certain conditions.

Before the process of vermicomposting, it is necessary to go through the process of composting. Ther-
mophilic composting leads to disinfection of organic matter and elimination of toxic compounds. However,
the elimination of the pathogen occurs during the transit of worms in the intestine, but it is recommended to
make a thermophilic compost to prevent the death of worms.

Stages of vermicomposting:

1. Materials required for vermicomposting: carbon and nitrogen-rich organic matter, materials, shovels,
earth, columns, hollow blocks, plastic sheets or used waste, water (depending on the season), and water sprin-
klers, shading materials, nylon nets, and worm composting.

2. Site selection: bio humus production can be done anywhere with cool and high humidity shades.

3. Grinding of organic waste: grinding of collected organic waste with mechanical separation. Selection
of metal, glass, and ceramics.

4. Pre-fermentation of organic waste: it should be done at least 20-25 days in advance by mixing the
waste with raw materials (for example, liquid manure of cattle). It is necessary to fill it with water. Cow manure
should be stored for 20-25 days to prevent overheating during vermicomposting. It is important to mix carbon-
containing substances with nitrogen to obtain the correct proportions of organic materials in the ratio C:N
(30:1).

5. Preparation of worm cover. Requirements for this coating: good swelling potential, low protein content
[5]. Depending on the different waste materials, the deviation capacity, volumetric potential, and C:N are in-
cluded in Table 1.

6. Cover for vermiculture: the first floor — newspapers, straw, coconut waste, etc. at the bottom / in the
container. Newspaper is one of the most digestible bedding materials. Low-average digestibility for sawdust.
Spreading the second moistened fine sand crop 3 cm thick, followed by a layer of garden soil (3 cm). The floor
of the unit should be sealed to prevent worms from entering the soil.

7. Construction of organic waste mix: the third floor is drained of pre-prepared organic waste. After that,
a thin layer of cow manure mixture is placed on the surface of the waste as a primary feed for compost worms.

Cepus «bronorus. MeamuuHa. Meorpadusi». Ne 1(105)/2022 117



Zh.O. Tleuova, L.A. Makeeva et al.

Then one needs to add compost worms without growing them. Earthworms consume various organic wastes
and reduce their volume by 40—60 %. The worm eats waste equal to body weight and produces 50 % of waste
per day.

8. Composting process: after the addition of compost worms, 15 days pass until the end of the thermo-
philic process. During this process, a rapid temperature rise is observed, followed by a gradual decrease. The
temperature should be maintained at 30 °C, it is recommended to raise and moisten the coating at ambient
temperature (<35 °C).

The absorption capacity of the waste is illustrated in Table 1.

Table 1

Absorption capacity of wastes

Waste Absorption capacity C:N ratio
Cow manure medium — high 2044
Peat Good 58
Oat straw below 52-87
Wheat straw below 113-143
Paper waste average 120-165
Cardboard paper average 560
Shrubs average 50
Sawdust below 145-700
Waste from deciduous trees below 440-760
Waste from coniferous trees below 200-1200

Table 1 shows that the optimum absorption capacity of peat is lower than that of sawdust and straw. Many
worms decompose organic matter, but plants need an organism that produces stable humus with the nutrients
available. Bio humus requires an optimal level of C:N (30:1) ratio, as it is beneficial to the life of the worm.
Food waste is usually 15:1, fruit waste — 35:1, tree leaves — 60:1, and sawdust — 500: 1. If this ratio increases,
the decomposition slows down. If the ratio decreases, the nitrogen concentration disappears and bad odors
appear. The ratio of C:N concentration in the experiment is shown in Figure 1.

20
15 N9
10 \ /\/\
5
0

e No | No2 Noe3

Figure 1. The ratio of C:N concentration in the experiment

C/N ratio is one of the main factors affecting compost quality. The results show that as the duration of
composting increases (from the first to the 12th week), the proportion of organic carbon decreases, and over
time, the total concentration of nitrogen changes. This means that the C/N ratio for all types of composting
changes from time to time. However, over time, the C/N ratio in all types of compost has decreased, indicating
the emergence of a stable product.

The average values of the + standard error of the chemical and biochemical properties of the primary raw
waste used in the study are demonstrated in Table 2.
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Table 2
Mean values of + standard error of chemical and biochemical properties
of primary raw wastes used in the study
Raw materials
Chemical and b}ochemlcal Nel— soﬂ,.paper, Ne 2 — soil, vegetables Ne 3 — soil,
properties vegetables, fruits, wood . i i
and fruits, wood waste (1:1) cow manure (1:1)
waste, cow manure (1:0.5:1)
pH 6.34+0.02 7.39+0.02 6.67+0.01
Nitrogen N (g kg™!) 26.23 +0.09 10.08 £ 0.16 15.59+0.19
Organic carbon C (g kg™ 299.38 +£2.25 308.13 £1.65 301.88 +£1.08
C:N ratio 23:54 58:125 125:175
Growth rate 42.06 +1.27 6.475+£0.48 31.84£1.58

The optimum moisture content of compost for microorganisms is 60 %. There is a direct link between
the moisture in the waste and the growth of worms. It was identified that the growth of worms is optimal at
65—75 % humidity. The compost used to make compost must retain sufficient moisture, as the worms breathe
through the skin, which can lead to the destruction of the worms when the moisture content of the compost is
less than 45 %. E. fetida and E. Andrei worms can withstand humidity from 50 % to 90 %, but the optimum
humidity for them is 80-90 %. Bacteria also play an important role in vermicomposting. When the moisture
content is below 40 %, their activity decreases and stops below 10 %.

The conditions for the use of different types of waste in compost are shown in Table 3.

Table 3

Conditions for the use of different types of waste in compost

The effect on the life of worms
Do not use them as they are treated with chemicals
They need to be crushed to increase processing efficiency
It is necessary to follow the moisture of the mass
Ventilation is required
Sources of unpleasant odors
They must be pasteurized at high temperature in an opaque package

Waste
Furniture chips
Wood waste, branches
Leaves, grass, and straw
Citrus residues
Oils
Weeds

a|un|h|win—|Z

Checking the growth and yield of mature compost samples.

Before sowing tomato seeds in compost samples, equal parts of compost samples (1 kg each) were placed
in plastic bags and the compost samples were watered under running water to keep them moist for several
days. After that, each tomato seed was sown in permanent and finally composted specimens. Indicators of the
chemical and biochemical properties of the sampled raw materials are shown in Table 4.

Table 4
Indicators of chemical and biochemical properties of sampled raw materials
Raw materials
. . . Ne 1 — soil, paper, 09— ot
Chemical and biochemical vegetables, fruis, Ne 2 — soil, Ne 3 — soil,

vegetables and fruits,
wood waste (1:1)

properties

wood waste, cow manure cow manure (1:1)

(1:0.5:1)
Growth rate fast average fast
The average vegetation of the bush 4.5+0.8 3.741.6 4.3+1.2

The number of germinated seeds was calculated for the study of seedlings, and it was determined that all
seeds germinate and grow in composted samples. Consequently, all compost samples obtained were rated as
mature.

As can be seen from Table 1, it is recommended that compost paper mixed with various municipal organic
wastes, vegetables, fruits, wood waste, cow manure (1:0.5:1) be processed in the ratio. Tomatoes are grown in
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a mixture of Ne 1 yield on average 11 % more than composts Ne 2 and Ne 3. In the mixture, tomatoes grew
rapidly.

Conclusions

This study shows that cow manure should be added to create an optimal mass composition for
vermicomposting municipal waste. In the experiment, three compositions for vermicomposting were created:
Ne 1 — soil, paper, vegetables, fruits, wood waste, cow manure (1:0.5:1); Ne 2 — soil, vegetables, and fruits,
wood waste (1:1); Ne 3 — soil, cow manure (1:1). Composition Ne 1 showed 11 % more tomato growth
efficiency than other compositions. Therefore, the proportions: soil, paper, vegetables, fruits, wood waste, cow
manure (1:0.5:1) are the most suitable for making vermicompost.

In the context of this experiment, the technology of solid organic waste treatment will reduce the shortage
of cheap organic fertilizers on the market and offer new revenue opportunities for small businesses. In addition,
the quality of compost was of standard quality as a fertilizer in agriculture can be used as seed yeast to improve
ripe compost and obtain ready-made compost with good characteristics.
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K.O. Tneyosa, JI.A. MakeeBa, 3.E. bassutosa, ['.A. Kanbacosa, 3.M. IllaiimepaeHoBa

Opranmca.m;nc KOMMYHAIABIK KAJIABIKTAPAbI KOMIIOCTTAY GI[iCiMeH TYPaAKTaHABIPY

Makasaia KOMMYHAaJIIbIK OPTaHUKAJBIK KAJIBIKTap/bl BEPMUKOMITOCTTAY TIpoLieci 3epTTeireH. Buorymycrsia
OHTAlJIbl KypaMblH aHBIKTAy YIIiH OpraHHMKaJblK KaJJbIKTap[bl TOMBIPAKICH apanacThIPyAbIH OpTYpIi
HYCKaJlapbl MEH HPOIOPUHUSIAPbl KapacThIPbUIFAH. 3epTTey OapbIChIHAA KOH apallacKaH OpPraHUKabIK
KaJIIBIKTAp/IbIH, YII TYPJi BapHauuscsl skacannbl: Ne | — TombIpak, Kara3, KOKeHICTep, *KeMicTep, ararll
KaJIbIKTaphl, cublp koHi (1:0,5:1); Ne 2 — TombIpak, kKekeHicTep MeH xemictep, arail Kanablkrapsl (1:1); Ne 3
— TombIpak, cublp keHi (1:1). DxcrepuMeHT HoTIKenepi 6apibIK cyOcTparTapia Kbi3aHaK TYKbIMIAPBIHBIH
JKOFapbl OHTIITIr 6ap ekeHiH kepcerTi. bipak TombIpak, Kara3, KOKOHICTep, xKeMmicTep, aFall KaJIbIKTaphbl,
CHBIP KOHiHIH KocIachl 6acka ToxipuOelnik cyOcTpaTTapMeH CallbICThIPFaH/ia KbI3aHAKThIH @HIMAUTriH 11 %—
Fa apTTeIpanbl. BepmuxommoctuHr E. fetida KypTTapbIHBIH KeMeriMeH Xyprizimai. Kyprrapasir Oy Typi
JKOFaphl OHIMJIUTIKIEH CHNaTTanaabl. BepMukoMnocTuHr ymiH buran Memmepi 60 % neHreiinze Goirys
Kepek. bakTepusiap BEPMUKOMIIOCTHHITE 1€ MaHBI3/Ibl POII aTKapajbl. AyaHbIH bUFaIAbLUIbFbl 40 Y%—naH
TOMEH OOJIFaH Ke3Jie OJIap/IbIH OeIceHaLIiri ToMeHaeh i xone 10 %— naH TOMEH TeMIepaTypaja TOKTaIbL.
OcBbl 5KCIIEPHUMEHT XKaFAaifbIHIa KaTThl OPraHUKAJIBIK KaJIBIKTAp/ibl KAWTa OHJICY TEXHOJIOTHACH HAPBIKTAFbI
ap3aH OPraHUKAaJbIK THIHAWTKBIITAP/BIH TANIIBUIBIFBIH a3aiiTyFa jKOHE LIAFBIH KOCINOPBIHIAp YLIIH Maiaa
TaOy/bIH XaHa MYMKIHIIKTEPIH YCBIHYFa MYMKIHIIK Oepeni. AJBIHFaH HOTHOKENEp KaJaHBIH OPraHUKAJbIK
KaJIIBIKTApBIH  OHEPKACINTIK ayKpIMJa OHACY YIUIH NalJalaHbUTybl JKOHE aybll MLIapyallbUIbIFbIHIA
TBIHAMTKBILI PETIH/IE KOJIIAHBLTYbI MYMKIH.

Kinm ce30ep: OpraHMKanbIK KaJJbIKTap, BEPMHUKOMIIOCTHHI, KOIMMOCTHHT, KOMMYHAJJIBIK OPTaHHKAaJbIK
KaJIbIKTap, E. fetida, Guorymyc, BepMHUKOMIIOCTHHT TPOIECi, KOMMYHAIIBIK MIBIFBIHIAP.
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CTaﬁl/IJII/ISalII/ISI OPraHu4€CKUuX KOMMYHAJBHBIX OTX0A0B ME€TOJI0M KOMIIOCTUPOBaAHUA

B cTaTtbe u3ydeH mnpouecc BEpMHKOMIIOCTUPOBAHNS KOMMYHAIBHBIX OPraHMYEeCKUX 0TX0moB. s onpexnerne-
HHS ONTUMAJIBHOTO COCTaBa OHOTYMyca pacCMOTPEHBI Pa3INYHbIe BApUAHThI M IIPOMOPLUH CMELIMBAHUS Op-
raHMYECKHX OTXOJIOB C MOYBOiL. B X0z1e nccienoBanus ObUM pa3paboTaHbl TPH Pa3IMYHbIX BapHAI[UU OPTaHHU-
YECKHX OTXOJI0B, CMEIIAHHBIX C HaBO30M: Ne | — mouBa, Oymara, oBomH, GppyKThl, IpeBECHbIE OTXOBI, KOPO-
Buii HaBo3 (1:0,5:1); Ne 2 — mouBa, oBomy 1 PpyKTHI, ApeBecHBIe 0TXOAHI (1:1); Ne 3 — mouBa, KOpoBHii HaBO3
(1:1). Pe3ynmbpTaThl 3KCHIEpIMEHTA TIOKA3aJIH, ITO BCE CyOCTPaThl NMEIOT BHICOKYIO BCXOXKECTh CEMSH TOMATOB.
Ho cMech nouBsl, Oymaru, oBome, ppykToB, APEBECHBIX OTXOJ0B, KOPOBLETO HABO3a YBEIMIMBACT ypOXKaii-
HOCTB TOMaTOB Ha 11 % 1o cpaBHEHHUIO C APYTHMH MOJOIBITHEIMU CyOCTpaTaMi. BepMHKOMITOCTHHT TIPOBO-
JIMJIM C TIOMOIIBIO uepBel E. fetida. DTOT BUA uepBell XxapaKTepH3yeTcs BBICOKO yposkaifHOCTEIO. J{jist BepMu-
KOMITOCTHPOBAHMS COJIePIKaHHe BJIary JOIDKHO OBITh Ha ypoBHE 60 %. Bakrepun Taroke HrparoT BaKHYIO POJIb
B BepMHUKoOMITOcTHpoBaHuH. [Ipu BnaxkxHOCTH Bo31yxa HIke 40 % MX aKTUBHOCTb CHUKACTCS M IIPEKPaIaeTCst
npu Temreparype Hike 10 %. B ycnoBusax 3Toro skcriepuMeHTa TeXHOJIOTHS IepepaboTKU TBEPABIX OPTraHu-
YECKUX OTXOJI0B II03BOJISICT COKPATHTH AS(QUIIUT ACIICBBIX OPTaHMUECKUX YAOOPEHHI Ha PEIHKE U IIPEIOKHUTh
HOBBIC BO3MOKHOCTH IJISI TOJIyHIeHHs IPHOBLIM Ul MalbIX Hpennpuatuid. [lomydeHHbIe pe3ynbTaTsl MOTYT
OBITH UCIIOIB30BAHBI TS IePepabOTKH OPTaHNIECKUX OTXOJO0B rOpo/a B MPOMBIIIICHHBIX MacIITabax U Mpu-
MCHEHEI B Ka4eCTBE YOOPCHNUS B CENECKOM XO03SICTBE.

Kniouesvie cnosa: opranuuecKkue 0TX0/1bl, BEPMUKOMIIOCTHHT, KOMIIOCTHHT, KOMMYHAaJIbHBIE OPraHUYECKHE OT-
xonbl, E. fetida, 6Guorymyc, mpouecc BEpMHKOMIIOCTUPOBaHHS, KOMMYHaJIbHbIE PACXO/IBI.
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