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Abstract. Increasing a large amounts of sewage sludge in Ukraine is an urgent environmental problem that 
requires the selection of an effective strategy for their disposal. The usage of sludge composting technology 
leads to the restoration of sludge as a resource and is cost-effective and environmentally sustainable 
compared to the method of landfilling. The purpose of this research is to carry out bioindication tests of 
growth substrates based on composted sewage sludge with the subsequent possibility of their usage in the 
technology of recultivation of landfills for municipal solid waste. The experiment was performed on four 
types of compost with different modifications of the natural sorbent - zeolite. During the experiment the 
average percentage of germination of polygamous ryegrass plants (Lolium perenne L.) was determined in the 
investigated substrates. The mass and length of the aboveground part of the plant and roots were also 
measured. The results showed that the addition of natural sorbent to substrates has a positive effect on 
growth and development of plants. 

This investigation was conducted in accordance with the current norms of national standards of 
Ukraine: DSTU 7369 (2013), "Wastewater. Requirements for wastewater and its sediments for irrigation and 
fertilization"; DSTU ISO 11269-1 (2004), "Soil quality. Determination of the effect of pollutants on soil 
flora. Part 1: Method for determining the inhibitory effect on a root growth"; DSTU ISO 11269-2 (2002), 
"Soil quality. Determination of the effect of pollutants on soil flora. Part 2: Effects of Chemicals on 
Germination and Growth of Higher Plants". The experiment was conducted on four types of compost with 
different modifications of the natural sorbent - zeolite in percentage amounts: 0; 2.5; 5; 7.5, dark-grey gilded 
soil was used as a control element. In the experiment, the average percentage of germination of polygamous 
ryegrass plants (Lolium perenne L.) on the studied substrates was determined. The mass and length of the 
aboveground part of the plant and roots were also measured. 

The first sprouts of ryegrass began to appear on the 7th day of the experiment. The highest average 
value on the seventh day of germination was 90% in the control sample with 5% of sorbent content and in 
K2 substrate in the sample with 7.5% sorbent content. However, the germination of plants in substrates K3 
and K4 occurred later compared with substrates K1, K2, and control. For substrate K1 in the sample with a 
sorbent content of 5%, plant germination was the highest and was 100%. The highest average value of 
ryegrass stem length is observed in variant K4 in the sample with 0% zeolite content and in variant K1 in the 
sample without zeolite content the lowest average value of stem length was observed. The K3 and K4 
variants have a more developed root system compared to other variants. 

Based on the obtained data it can be assumed that the most optimal universal component for creating a 
growth substrate is variant K3 (mixture of "newly picked" and "old" SS) which has not so developed 
aboveground part but has very branched root system that allows to adapt to various environmental factors 
and in combination with a small proportion of natural sorbents can be effective for the recultivation of MSW 
landfills, which in its turn minimizes the need to use a fertile soil layer. 

 
Key words: sewage sludge, waste processing, composting, substrates, bioindication, sorbents, 
recultivation. 
 

1. Introduction 

The problem of technogenically degraded lands especially when they are polluted due to inefficient 

human economic activity remains relevant in Ukraine and has a negative impact on the environment 

mailto:i.s.tymchuk@gmail.com


2 
 

and human health. Effective recultivation of land resources from closed Municipal Solid Waste 

(MSW) landfills and unauthorized dumps has a high potential and requires the choice of an 

adequate strategy. First of all, society gets a number of environmental benefits and economic 

benefits from recultivation such as:  use of renewable energy and resources that will turn into social 

benefits (transformation of degraded lands into aesthetic landscapes i.e., improving the city's 

infrastructure) (Kacprzak et al., 2017). 

In accordance with the goals of sustainable development where the priority is environmental 

improvement and conservation of natural resources a 3R waste management strategy (Reduction, 

Reuse, Recycling) will be effective, that is we consider waste as available resources (Madadian et 

al., 2020; Savchuk et al., 2017; Kurylets et al., 2022). Therefore, technologies for processing 

secondary organic waste into useful secondary raw materials will help to improve the functioning of 

the circular economy (European Commission, 2018; Vanhamäki et al., 2020). 

Among the available and effective methods of recultivation technology is the use of Sewage 

Sludge (SS). The use of sludge as a substitute for mineral fertilizers contributes to the formation and 

stabilization of the soil by decomposing organic substance which is severely disturbed in places 

contaminated with heavy metals. Environmental capabilities of SS also affect the physicochemical 

qualities of the soil (improving aggregation and infiltration capacity and increasing the availability 

of nutrients) (Antolín et al., 2005). Thus, the use of sludge in technologies of biological 

recultivation of degraded lands solves two problems - soil conditioning for reclaimed turf surface 

and their environmentally safe processing (Grekhova & Gilmanova, 2016). 

Sludge can be considered as a substrate for fertilization and soil recultivation, as they are a 

source of significant concentrations of macro- and micronutrients in particular nitrogen, 

phosphorus, potassium which are considered as components of organo-mineral fertilizers of 

different composition and purpose to improve soil quality (Paya et al., 2018; Zhu et al., 2004; 

Tymchuk et al., 2021; Tymchuk et al., 2022). However, SS tends to accumulate heavy metals (Wu 

et al., 2015; Hei et al., 2016) and organic pollutants (Clarke & Smith, 2011), pharmaceuticals (Khan 

et al., 2021; Boillot et al., 2008). In addition, pathogenic microorganisms such as bacteria, viruses 

and viable helminth eggs are present in the sludge (Fijalkowski et al., 2014; Ye & Zhang, 2011). 

The application of composting technology leads to the recovery of sediments as a resource, 

enhances waste degradation and reduces the concentration of pharmaceuticals such as 

fluoroquinolones (Lillenberg et al., 2010; Li et al., 2015). Such reuse of SS is economically 

advantageous and environmentally sustainable compared to the method of waste disposal in 

landfills (Andersen, 2001; Wang et al., 2015; Onwosi et al., 2017). 



3 
 

The purpose of this scientific research is to carry out bioindication tests of growth substrates 

on the basis of composted SS with the subsequent possibility of their application in technologies of 

recultivation of solid waste landfills. 

 

2. Materials and methods 

2.1 Materials that are used in the experiment 

As the main target raw materials for the development of model composting mixtures, mechanically 

dewatered "newly picked" SS (SSn) were taken after centrifugation of the mixture of raw sediment 

and excess activated sludge in the mechanical dewatering shop of  Lviv WWTP. In one of the 

mixtures the effect on the process of biocomposting of "old" SS (SSold) was investigated. This 

sample of SSold was selected at the operating sludge site of Lviv WWTP, its age is 2-3 years 

according to the registration book. When planning the composition of mixtures No. 1–No. 3 we take 

into account the regulatory-technological and ecological-sanitary requirements contained in the 

national standard of Ukraine DSTU 8727 (2017): "Sewage water sedimentation. Preparation of an 

organo-mineral mixture from sewage sludge account."  

According to the results of laboratory studies of SSn, which were taken at the Lviv 

Wastewater Treatment Plant in accordance with DSTU 7369 (2013), contain sufficient amounts of 

phosphorus, potassium and nitrogen, macro- and microelements, as well as the available content of 

the organic component (23.8%) which can supply plants with nutrients. The content of heavy metals 

in the experimental samples of SS did not exceed the maximum permissible concentration. The 

neutral reaction of the acidity of the environment should not have an inhibitory effect on the growth 

and development of plants. The qualitative composition of fresh sewage sludge is given in the 

Table. 1. 

 

Table 1. Qualitative composition of fresh sewage sludge (Shkvirko et al., 2018) 

Indicators Units of measurement 
Actual value 

Dry substance Natural humidity 
Acidity: рН salt pH – 6.4 
              рН water pH – 6.1 
Moisture  % – 73.6 
Ash % 23.8 – 
Total Phosphorus  % 1.6 0.42 
Total potassium % 0.3 0.08 
Total nitrogen % 3.56 0.93 
Ammonium nitrogen % 0.28 0.073 
Nitrogen nitrate (in peat) mg/100г 11.75 – 
Calcium (as soil) mmol/100г 11.75 – 
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Magnesium (as soil) mmol/100г 4.12 – 
Sulfur mobile (in the soil) mg/kg 14.8 – 
Minerals:  
             copper (Cu) mg/kg – 4.0 

             zinc (Zn) mg/kg – 17.6 
             manganese (Mn) mg/kg – 45.1 
cobalt (Co)  mg/kg – 2.86 
iron (Fe) mg/kg – 65.0 
lead (Pb) mg/kg – 1.56 
cadmium (Cd) mg/kg – 0.2 
boron (B) mg/kg – 4.01 
* The research was conducted in Lviv branch office of the State institution “Soils protection institute of 
Ukraine”. 
 

According to sanitary and hygienic indicators the samples of all four composts did not contain 

bacteria of the genus Salmonella and viable eggs of helminths and the index of bacteria of the group 

of Escherichia coli did not exceed the norms regulated by DSTU 7369 (2013). 

Table 2 shows the composition of composting mixtures with volumes of each of the 

components of mixtures #1 - #4 and the corresponding volume fractions of the components. 

 
Table 2. Volume ratios of the components of the mixtures at the beginning of composting under 
laboratory conditions 

Number 
of 

mixtures  

Volume, dm3 Volume fraction 

SSn SSold 
wood 
chips 

active 
compost total SSn SSold 

wood 
chips 

active 
compost 

1 3 0 6 3 12 0.250 0 0.500 0.250 

2 4 0 4 4 12 0.333 0 0.333 0.333 

3 2 2 4 4 12 0.167 0.167 0.333 0.333 

4 0 0 0 12 12 0 0 0 1.000 
 
Wood chips were used as a plant filler in all studied mixtures. In all studied compositions 

recirculating-active biocompost aged about 2 weeks was used taken from the middle part of the 

compost piles of the biocomposting station of LCP "Green City" in order to accelerate the 

development of the biocomposting process. 

The calculated masses of organic carbon and nitrogen in the four studied mixtures and the 

calculated C/N ratios at the beginning of the biocomposting process are given in the Table 2. 

Estimated concentrations of organic carbon and nitrogen in SS and wood chips are accepted as 

average values according to the results of previous studies of similar raw materials (Białobrzewski 

at al., 2015; Rynk, 1992): 
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- carbon and nitrogen content in SS: 250 g/kg of dry substance and 31 g/kg of dry substance 

respectively (C/N ≈ 8.1); 

- carbon and nitrogen content in wood chips: 475 g/kg of dry substance and 2.4 g/kg CF 

respectively (C/N ≈ 200). 

The mass concentrations of carbon and nitrogen in the active compost selected from the piles 

of the biocomposting plant are estimated at 300 g/kg of dry substance and 20 g/kg of dry substance, 

respectively (C/N = 15). 

 

Table 3. Estimated ratios of the mass content of carbon and nitrogen (C/N) in the raw material 
mixtures before composting 

Mixture 
number 

Mass of carbon, g Mass of nitrogen, g C/N 
of 

mixture 
 

SS wood 
chips 

active 
compost total SS wood 

chips 
active 

compost total 

1 151.8 358.0 205.4 715.1 18.8 1.8 13.7 34.3 20.8 
2 202.4 238.6 273.9 714.9 25.1 1.2 18.3 44.6 16.0 
3 202.4 238.6 273.9 714.9 25.1 1.2 18.3 44.6 16.0 
4 0.0 0.0 821.6 821.6 0.0 0.0 54.8 54.8 15.0 

 
Therefore, based on the results of the research on the samples of the SS we can conclude that 

their chemical composition is relatively safe and it is possible to use them as a growth substrate. 

 

2.2. Research methodology 

This investigation was conducted in accordance with the current national standards of Ukraine: 

DSTU ISO 11269-1 (2004): "Soil quality. Determination of the effect of pollutants on soil flora. 

Part 1: Method for determining the inhibitory effect on root growth"; DSTU ISO 11269-2 (2002): 

"Soil quality". Determination of the effect of pollutants on soil flora. Part 2: The effect of chemicals 

on the germination and growth of higher plants". In the course of the experiment germination, mass 

and length of the aerial and root systems were recorded. Rye grass (Lolium perenne L.) which 

belongs to category 1 - monocot plants was used as a bioindicator plant. 

The scheme of bioindication tests consisted of four types of compost to each of which was 

added a natural sorbent - zeolite in percentage: 0; 2.5; 5; 7.5, dark grey podzolic soil was used as a 

control element. Soil samples before the experiment were screened through a sieve with square 

holes of 4 to 5 mm, to remove coarse fragments. Substrates were brought to the same humidity.  

10 seeds of ryegrass (Lolium perenne L.) were planted in a 200 ml container with the created 

substrate. To ensure the reliability of the research and minimize mistakes the experiments were 

performed three times. Irrigation was carried out with settled tap water every two days by drip 
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irrigation. During the implementation of the experiment the following indicators were observed: 

time and number of sprouts per day; general germination. At the end of the experiment the length 

and weight of the aboveground part of the plant and the length as well as the weight of the roots 

were also measured. Measuring the length and weight of the aboveground part of the plant and 

measuring the length and weight of the roots were of paramount importance. The room where the 

experiments were conducted maintained a constant temperature (23-25°C), humidity (55-60%) and 

lighting (4 phytolamps with light output of 1400 Lm). For better scattering of the artificial light 

source all side surfaces of the laboratory were covered with reflective and heat-insulating film 

(Fig.1). 

 

 
Figure 1. General view of the thermostated room with test samples 

 
3. Results and discussion 

In this scientific research biotesting of four substrates based on compost #1-4 for seed germination 

helps us to establish the effectiveness of the composting process to eliminate phytotoxicity of 

substances. 

The first sprouts of ryegrass began to appear on the 7th day of the experiment. The results of 

changes in ryegrass culture for every 7 days during the experiment are shown in Table 4. 

 
 

Table 4. Data on ryegrass germination in the studied substrates 

Substrate 
variant 

Zeolite 
content 

Germination of ryegrass, % 
7 14 21 28 35 42 49 56 60 

Soil 

0% 80.0 80.0 80.0 80.0 80.0 76.7 76.7 76.7 76.7 
2.5% 86.7 90.0 90.0 90.0 90.0 86.7 86.7 86.7 86.7 
5% 90.0 93.3 93.3 90.0 90.0 90.0 90.0 90.0 90.0 
7.5% 86.7 90.0 90.0 83.3 83.3 83.3 83.3 83.3 83.3 

K1 0% 76.7 93.3 93.3 83.3 83.3 83.3 83.3 83.3 83.3 
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2.5% 66.7 90.0 83.3 83.3 83.3 83.3 83.3 83.3 83.3 
5% 73.3 86.7 90.0 100.0 96.7 93.3 90.0 90.0 90.0 
7.5% 73.3 83.3 80.0 83.3 86.7 83.3 83.3 83.3 83.3 

K2 

0% 66.7 83.3 73.0 73.0 73.0 73.0 73.0 73.0 73.0 
2.5% 80.0 83.3 83.3 86.7 90.0 90.0 90.0 90.0 86.7 
5% 63.3 80.0 80.0 83.3 80.0 76.7 76.7 76.7 76.7 
7.5% 90.0 90.0 90.0 90.0 86.7 86.7 86.7 86.7 83.3 

K3 

0% 33.3 86.7 93.3 93.3 90.0 86.7 86.7 86.7 86.7 
2.5% 16.7 56.7 83.3 90.0 90.0 90.0 86.7 86.7 86.7 
5% 3.3 70.0 80.0 80.0 80.0 80.0 80.0 80.0 80.0 
7.5% 20.0 70.0 86.7 90.0 90.0 86.7 86.7 86.7 86.7 

K4 

0% 20.0 63.3 76.7 80.0 80.0 80.0 80.0 80.0 80.0 
2.5% 6.7 70.0 83.3 86.7 90.0 93.3 96.7 93.3 93.3 
5% 0.0 63.3 83.3 83.3 83.3 83.3 80.0 80.0 76.7 
7.5% 0.0 63.3 76.7 86.7 86.7 90.0 90.0 90.0 90.0 

 

As we can see from the above results the first sprouts of ryegrass began to appear on the 7th 

day of the experiment. The highest average value on the seventh day of germination was 90% in the 

sample with sorbent content of 5% (Substrate variant - Soil) and also in substrate variant K2 based 

on compost #2, which consisted of equal volumes of SSn (newly picked), wood chips and active compost 

in the sample with sorbent content of 7.5%. It should be noted that the first plant sprouts in 

substrate variants K3 and K4 appeared later compared with substrate variants K1, K2, and control 

(Soil). For the substrate variant K1 in the sample with a sorbent content of 5% plant germination 

was the largest and was 100%. 

Figure 3 shows a graph comparing the average germination of ryegrass grouped by sorbent 

(zeolite) content in the studied variants of substrates on the last 60th day of the experiment. 
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Figure 2. Average germination of ryegrass in the studied samples on the 60th day 
 

As we can see from Figure 2 on the last day of the experiment in samples of variants with 

zeolite content of 0% the highest average value of plant germination was observed in variants of 

substrates K1-K4 compared with the control sample (Soil) with a difference of 4.3-13%. If we 

compare the samples (K1, K2, K3, K4) with a zeolite content of 2.5% with a control sample with a 

zeolite content of 0%, the average germination rate at the end of the experiment was 83.3%, 86.7%, 

86.7 %, 93.3% respectively against 76.7%. Among the samples with a zeolite content of 5%, the 

highest germination rate was in the substrate K1 and was 90%. Samples K3 and K4 with a zeolite 

content of 7.5% had the best germination rates compared to variants K1 and K2, and were 86.7%, 

90% respectively against 83.3% in both variants.  

Figure 3 shows the general view of ryegrass in the studied substrates on the 60th day of the 

experiment. 
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Figure 3. General form of plants on the 60th day 
 

At the final stage of the research on the 60th day (Fig. 3) in the control variant ryegrass stalks 

were wider in samples containing sorbent. Ryegrass stalks in variant K1 were narrower and drier. In 

variant K3 the presence of fungal flora was noted (Fig. 4) which could have an inhibitory effect on 

growth and development of plants. Variant K4 differed from others by wider and branched stalks. 

 

 
                             Figure 4. General appearance of plants on the 50th day of variant K3 
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After completion of the experiment measurements of plant mass, as well as the length and 

mass of the aboveground part and the root of plants were performed to keep records of  the 

influence of substrate composition on plant growth and development. The measurement results are 

shown in the Table 5. 

 
Table 5. Changes in the growth and development of ryegrass depending on the use of different 
types of substrates 

Variant 

Average 
height of the 
ground part 
of the plant, 

cm 

Average root 
length, cm 

Average 
weight, g 

Average 
weight of the 
ground part 
of the plant, 

g 

Average 
weight of 
roots, g 

0% zeolite 
Soil 23.51 1.86 0.114 0.090 0.024 
K1 13.23 1.82 0.067 0.046 0.021 
K2 17.22 2.7 0.096 0.054 0.042 
K3 19.06 5.06 0.181 0.114 0.067 
K4 24.63 7.42 0.173 0.127 0.046 

2.5 % zeolite 
Soil 23.45 1.85 0.127 0.100 0.028 
K1 15.29 1.54 0.103 0.047 0.056 
K2 18.22 2.25 0.088 0.056 0.031 
K3 17.57 4.57 0.164 0.090 0.074 
K4 19.82 6.13 0.161 0.094 0.067 

5 % zeolite 
Soil 20.96 1.07 0.110 0.090 0.020 
K1 14.28 1.81 0.080 0.039 0.041 
K2 18.16 2.48 0.085 0.062 0.023 
K3 17.12 5.77 0.176 0.104 0.072 
K4 18.9 4.55 0.169 0.100 0.069 

7.5 % zeolite 
Soil 23.45 2.05 0.178 0.136 0.042 
K1 19.04 2.72 0.078 0.052 0.026 
K2 17.37 2.77 0.091 0.051 0.041 
K3 18.1 5.56 0.156 0.093 0.063 
K4 18.81 3.44 0.088 0.067 0.021 
 

According to the obtained results which are presented in Figure 5 the highest average value of 

the length of the ryegrass stem is observed in variant K4 in the sample with zeolite content of 0% 

and was 24.63 cm. In variant K1 in the sample without zeolite the lowest average value of stem 

length was 13.23 cm. It should be noted that the average values of ryegrass stem length of variants 

K1, K2, K3 were smaller than the control variant. It should also be noted that the average height of 

ryegrass stems in variants K1, K2, K3 with sorbent content is higher than in these samples with 
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sorbent content of 0% by 43% (sorbent content 7.5%), 6% (sorbent content 2.5%) and 9.7% 

(sorbent content 7.5%), respectively. 

 

 
Figure 5. Changes in stalk height depending on the use of different types of substrates 

 
As for the length of the roots there are more noticeable changes. As we can see from fig. 6 in 

variant K3 and K4 there is a more developed root system in comparison with other variants. Thus, 

the highest average value of root length is observed in variant K4 in the sample with a zeolite 

content of 0% and is 7.42 cm. The lowest value in the control variant with a zeolite content of 5%. 

For variant K3, the largest average value of root length in the sample with a sorbent content of 5%, 

and is 5.77 cm, which is 5.4 times more than the control variant with a sorbent content of 5%. 

 

 
Figure 6. Changes in root length depending on the use of different types of substrates 

 
Figure 7 shows that the highest average weight of one ryegrass plant is in the control variant 

with a zeolite content of 7.5% and in the variant K3 with a zeolite content of 5%. It should also be 

noted that the average weight of one plant in variant K3 in the samples with sorbent content of 2.5% 

and 5% is higher compared to the control variant by 23% and 63% respectively. 
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Figure 7. Change in the average weight of one plant depending on the type of substrate 
 

 
Figure 8. Change in the average weight of the 1st stalk depending on the type of substrate 

 
The largest value of the average weight of the stalk as seen in fig. 8 was in the control variant 

(soil) in the sample with a sorbent content of 7.5% and was 0.14 g. In variants K3 and K4 the 

average values of such indicators as root length, weight of one plant and weight of one stalk were 

greater than in variants K2 and K3. 

The results we obtained show that the substrates from composted sewage sludge allow the 

growth of plants. Studies (Manca et al., 2020) on the use of sediments as part of the growth 

substrate allow to increase the height of plants (eucalyptus) by 19%, the total weight of plants by 

17%, but the total mass of roots decreases by ~5%. The authors also point out that such reuse of 

sediments makes it possible to limit the unproductive disposal of these materials in landfills, thus 

avoiding the associated environmental problems and unnecessary costs. 

Another approach (Abaurre et al., 2021) notes that the addition of sewage sludge increases 

nutrient content, retains moisture, and thus allows for better plant development. 

Organic compounds such as sewage sludge have a high density and consequently low overall 

porosity (Raviv, 2013) but we observed that the addition of structuring materials (wood chips) in 

the composting process made these materials suitable for creating a growth substrate. Research 

(Gabira et al., 2021) was conducted to create a sediment-based substrate for growing forest 

seedlings. They note the successful use of sediment as a component of the substrate. As structuring 
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materials in their study, they used eucalyptus bark and sugar cane pulp, as the authors note, this 

made it possible to increase the micro- and macroporosity of the substrate. The authors (Meng et al., 

2020) also note the feasibility of using additional components in composting, in this study it is 

molasses and spent mushroom substrate. 

The increase in the amount of sewage sludge and stricter legislative regulation of issues 

related to their placement and burial cause the need for the development of new technologies to 

ensure their effective processing which will be economically justified and ecologically clean 

methods of disposal. As reported (Luis et al., 2019) the utilization of organic substances by the 

method of composting allows processing nutrients and organic substances into mineral fertilizers 

and helps to close the cycle of waste management which is an important part of the circular 

economy. 

Researchers (Xu et al., 2012) reported that SS is a useful and suitable raw material for the 

production of P-fertilizers. SS-based composts improve crops and biomass productivity (Zhang et 

al., 2014) and soil characteristics such as porosity, bulk density, water holding capacity and 

aggregate stability. 

Tymchuk et al. (2021) confirms the positive effect of adding natural sorbents to the 

composition of the substrate and notes that there are noticeable positive changes in the growth and 

development of plants. 

About the positive effect of adding natural sorbents to the composition of the substrate, 

Tymchuk notes that there are noticeable positive changes in the growth and development of plants. 

The plant germination test was commonly used to assess phytotoxicity and compost maturity 

(El Fels et al., 2014). According to (Tiquia et al., 1996) plant germination greater than 80% percent 

indicates phytotoxicity-free and mature compost. The results showed that the percentage of plant 

germination was highest in K1 (100%), but the stems of the plants were thin, narrow and with 

withered ends. 

Based on the obtained data it can be assumed that the most optimal universal component for 

creating a growth substrate is variant K3 (mixture of "newly picked" and "old" SS) which has not so 

developed aboveground part but has very branched root system that allows to adapt to various 

environmental factors and in combination with a small proportion of natural sorbents can be 

effective for the recultivation of MSW landfills, which in its turn minimizes the need to use a fertile 

soil layer. 
 

4. Conclusion 

Finally, we can draw the following conclusions: 
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1.  researching has been conducted on the use of compost whose raw material contains a 

mixture of "newly picked" and "old" SS. The studies have confirmed the prospects for the use of 

"old" SS, which makes it possible to recommend such a compost composition for real 

implementation, allowing the disposal of SS which is accumulated and stored in large quantities. 

2. according to the bioindication data, the optimum for usage such as a growth substrate is the 

K3 variant with the ratio of SSn: SSold: wood French fries: active compost = 2:2:4:4.  In the case of 

using raw materials of this composition for the creation of compost, the plants used for biotesting 

did not have an overly developed ground part but have a very branched root system which allows 

them to adapt to various environmental factors. 

3. the use of compost based on a mixture of SSn and SSold allows not only to solve the 

problem of reclamation with a minimum of fertile soil layer, but also to ensure a reduction in 

environmental risk due to the negative impact on the environment of SSold accumulated and stored 

in sewage treatment plants, which are formed daily in significant quantities of SSn. 
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