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Abstract

One of the most frequently applied methods of mixed municipal 
solid waste biological treatment in mechanical-biological treatment instal-
lations (MBT) is their disposal in aerobic biostabilization process. The 
process comprises an intensive phase and maturation phase. The intensive 
phase relies on waste heating in result of organic matter breakdown con-
ducted by microorganisms settling the wastes. Microorganisms living in 
wastes have optimal conditions for development, i.e. a considerable space 
volume, optimal material fragmentation and organic matter availability. 
The aim of the aerobic biostabilization process is stabilizing and hygieni-
zation of wastes, so that they become a valuable raw material for other 
recovery processes (e.g. RDF production, Refuse-Derived Fuel) or their 
disposal is safe for the environment and do not pose any epidemiological 
hazard for people employed in waste treatment plants.

Analyses presented in the paper aimed to determine the number and 
species composition of vegetative and endospore bacteria, mold fungi, ac-
tinomycetes and pathogenic microorganisms, i.e. Staphylococcus spp., E. 
coli, Salmonella spp., Shigella spp., E. faecalis, C. perfringens, settling 
municipal wastes prior to and after aerobic stabilization process. The aer-
obic stabilization process (intensive phase) was conducted in a laboratory 
BKB 100 bioreactor using the wastes, characterized by low share of bio-
degradable wastes (<40 %), obtained from MBT installation during the 
period from December 2015 to February 2016. The temperature, loss on 
ignition, waste density, ash content, moisture and pH were monitored dur-
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ing the analyses. The research was conducted on the undersize and over-
size fraction separated from mixed municipal wastes on MBT installation.

The maximal temperature reached in the bioreactor, between c.a. 
40 and 55oC, persisting for many hours is insufficient for efficient elim-
ination of the determined microorganism groups. Paradoxically, the con-
ditions created in the bioreactor proved convenient for the microorgan-
isms, therefore an increase in their number was observed. Only in one 
case, when the share of biodegradable wastes exceed the value of 45 % it 
was observed, that the aerobic stabilization process of these wastes was 
going correctly and caused among others a decrease in loss on ignition. 
 
Keywords: waste, bacteria, fungi, mechanical-biological treatment, bio-
degradable waste,biostabilization process

INTRODUCTION

Aerobic biostabilization process involves the oxygen supply to wastes 
placed in special bioreactors or to the wastes formed into aerated windrows 
(Dziedzic et al. 2015). Supply of oxygen (fresh air) is a crucial element of the 
process, necessary for development of waste settling microorganisms. Microor-
ganisms are responsible for the increase of waste temperature in result of pro-
cessing organic matter contained in them. Increase of the temperature over 60-
65oC persisting for the several hours guarantees hygienization, i.e. elimination 
of pathogenic microorganisms, whereas over a longer period of time – the waste 
stabilization, i.e. prevention of a renewed increase of the temperature, e.g. in the 
storage wastes (Jędrczak 2008).

The process is technologically similar to green waste composting, however 
not a compost (fertilizer) but a stabilized waste is obtained. Aerobic stabilization 
is used as a method of biological disposal of waste from MBT process contain-
ing at least 40 % d.m. of organic matter (Szpadt, Jędrczak 2008). During the 
intensive phase of this process (conducted in bioreactors) the waste temperature 
grows even to 70oC and persists for several days, resulting in initial hygieniza-
tion and stabilization of waste stream, preventing its renewed heating. After 14 
days of the process wastes are formed into windrows and the maturation phase 
starts, which lasts between 6 and 10 weeks.

Aerobic stabilization should result in a total breakdown of biodegradable 
fraction contained in the waste (diminishing loss on ignition and organic carbon 
contents, as well as increase in the ash content). The process is conducted also 
to reduce the mass of wastes deposited on the landfill and limit greenhouse gas 
emission by stabilized wastes deposited there (Sungi et al., 2005; Baran et al., 
2016). The aerobic stabilization process was described in the papers of Adani  
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et al. (2002), Adani et al. (2004), Dziedzic et al. (2015), Sugni et al. (2005) and 
Titta et al. (2007).

Presented research was conducted to assess the possible application of aer-
obic stabilization as a process contributing to hygienization of wastes (the un-
dersize and oversize fractions separated from MBT installation) with low share 
of biodegradable fraction (<40 %). The temperature, calcination losses, waste 
density, ash content, moisture content and pH were monitored during the analy-
ses. Moreover, it was determined whether aerobic stabilization would efficiently 
reduce the occurrence or totally eliminate microorganisms settling raw materials 
used for refuse-derived fuels (RDF) production. Subsequently, the effect of aer-
obic stabilization on microbiological parameters was assessed, because it was 
supposed to contribute to elimination of particularly pathogenic microorganisms 
posing epidemiological hazard.

The analyses described in the article constitute a part of the project with 
an objective to create stable and safe fuel from wastes (“ekoRDF”) for the com-
mercial power industry. The research objective resulted from the necessity to 
find waste stabilization and hygienization method, so they would no longer pose 
epidemiological hazard or contribute to fire danger. Yasuhura et al. (2010) and 
Tambore et al. (2011) also point to an increase in safety of life and health of peo-
ple working in the waste disposal buildings and installations where post-MBT 
waste is deposited. The above mentioned hazards result from the fact, that e.g. 
raw materials used for RDF production are a mixture of many kinds of waste, 
including organic wastes (green wastes, kitchen wastes, paper, cardboard, etc.). 
Some parts of organic wastes, irrespective of the precise sorting process, pene-
trate to RDF and worsen its fuel (energy) qualities, but at the same favor multi-
plication of often pathogenic microorganisms, threatening human health and life. 
Unfortunately, both the raw materials for RDF production and the refuse derived 
fuel itself may pose a microbiological hazard to people engaged in its manufac-
turing. Therefore, from the cognitive point of view, the analysis of the number 
and species composition of microorganisms settling the wastes before and after 
stabilization process, preceding ekoRDF production, conducted in the presented 
paper is interesting.

MATERIAL AND METHODS

The research involved aerobic stabilization (intensive phase) was conduct-
ed using laboratory BKB 100 bioreactor on the wastes collected from MBP in-
stallation of MIKI Recycling Ltd in Krakow. The wastes were collected from 
December 2015 to February 2016, so that they would reveal a possibly low share 
of organic matter and biodegradable fraction (<40 %). Samples for the analyses 
were prepared according to the methodology recommended by the European 
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Committee for Standardization, 2006, Characterization of Waste – Sampling 
Waste Materials – Framework for the Preparation and Application of a Sampling 
Plan (EN 2006, 14899).

The wastes were placed in the bioreactor for 14 days. The weight of a sin-
gle input product was about 20 – 40 kg depending on the analyzed fraction (over-
size fraction – lower weight, undersize fraction – higher weight of waste). Two 
replications were conducted for each fraction. Air supply to the bioreactor cham-
ber (116 dm3) was maintained on the level between 0.5 and 1.5 m3 per 1 kg of dry 
organic matter per 24 hours. The intensity of aeration was regulated following 
the Schultz rule, which states that oxygen demand depends on the process tem-
perature, as follows (Jedrczak 2008):

W = 0,1 ∙ 1,067t

where:	 W – oxygen demand [mg O2 ·(g d.m. ·h)-1],
t – temperature in 20-70oC range.

The following laboratory tests were conducted for the analyzed wastes, before 
and after the stabilization process, in order to determine the collected waste sus-
ceptibility to biological treatment process and aerobic stabilization result:

a)	 determining the morphological composition (only before the process) 
and the share of biodegradable wastes, as the total of: 100 % organics, 
100 % paper and cardboard, 50 % wood, 50 % textiles, 40 % multi-ma-
terial waste and 30 % fine fraction, i.e. <10mm. The share of these 
morphological groups in the waste intended for biological treatment 
is very important because it directly influences the parameters and the 
course of the process. The analysis of morphological composition was 
conducted in 3 replications on samples weighing ± 1000 g for the over-
size fraction and ± 2000 g for the undersize fraction,

b)	 determining the waste density (by measuring the weight of the input to 
the bioreactor and the volume occupied by the waste in the bioreactor), 
loss of weight and volume of treated waste and monitoring of the lea-
chate volume (the container was placed under the bottom aerating the 
bioreactor),

c)	 pH measurement by pH meter,
d)	 establishing the moisture content (water content in relation to the in-

itial weight of the dried sample) by means of PN-EN 14774-3:2010 
method. The mass of each waste sample intended for drying was c.a. ± 
1000 g,

e)	 determining loss on ignition and ash content according to PN-EN 
14775:2010 through sample calcination in a muffle furnace; the weight 
loss, which occurred in result of a sample calcination informs about 
organic substance content in wastes,
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f)	 monitoring of the waste temperature changes during the process (re-
cording every 30 seconds).

After each replication (2 replications for the undersize and 2 for the over-
size fraction) waste samples with 1000cm3 volume were prepared and subjected 
to microbiological tests. Microbiological tests were also conducted on control 
samples (the undersize and oversize fractions before the aerobic stabilization 
process). 10g of the analyzed material was weighed from each sample to isolate 
microorganisms. The isolation was conducted by serial dilutions technique after 
Koch on microbiological media. The following groups of microorganisms were 
determined: total vegetative and endospore bacteria (agar MPA, BTL, cultured at 
37oC for 24h), mold fungi (maltose agar MEA, BTL, cultured at 28oC for 5 days) 
and actinomycetes (Pochon agar, BTL, cultured at 28oC for 7days). The number 
of vegetative and endospore bacteria evidences the analyzed raw material abun-
dance in nutrients, easily available to microorganisms. A numerous presence of 
bacteria, mold fungi and actinomycetes testifies also to favourable conditions (the 
temperature, pH and moisture content) for the growth and development of micro-
organisms. Investigated was also the occurrence of potential pathogenic micro-
organisms: Staphylococcus spp. (Chapman agar, BTL, cultured at 37oC for 24h), 
Escherichia coli (TBX agar, BTL, cultured at 44oC for 24h), Salmonella spp. and 
Shigella spp. (agar SS, BTL, cultured at 37oC, for 24h), Enterococcus faecalis 
(Slanetz Bartley medium, BTL, cultured at 37oC, for 48h), Clostridium perfrin-
gens (agar with sulphate and cycloserine SC, BTL, cultured at 37oC, for 24h). 
Presence of pathogenic microorganisms (Staphylococcus spp., E. coli, Salmonel-
la spp., E. faecalis, C. perfringens) which may pose epidemiological hazard is 
an important signal informing about a potential microbiological contamination.

Analysis of the serial dilutions was conducted in three replications. The 
number of colony forming units (CFU) of the microorganisms was determined 
using culture dilutions, converting the result per one gram of the analyzed waste.

Bacteriological preparations stained using Gram method and intravital 
preparations in Lugol’s iodine were made for an initial identification of the mi-
croorganisms isolated from the obtained wastes.

Statistical analysis of the obtained results was conducted using Statistica 
v. 12.5 (StatSoft) software. Mean number of microorganisms in the analyzed 
samples was computed, as well as the correlation between pH of the analyzed 
substrates and the number of isolated microorganism groups.

RESULTS AND DISCUSSION

Among all samples collected for the laboratory analysis from MBP in-
stallation, the share of biodegradable waste exceeded 40 % only in one case. 
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Because of the period in which the samples were collected, the undersize frac-
tion revealed a low share of organics and a high share of fine fraction, with 
grain size <10mm (Tab.1). On the other hand, the oversize fraction was char-
acterized by a considerable share of biodegradable waste in comparison to the 
results reported by other authors, among others Malinowski and Sikora (2014) or  
Malinowski, Wolny-Koładka (in print).

Table 1. Morphological composition of the undersize and oversize fractions – control 
sample (before the process)

Waste group

Undersize fraction Oversize fraction
Control before 

I session
Control before 

II session
Control before 

I session
Control before 

II session

share [%] share [%]

Fine fraction < 10mm 48.4 ± 4.9 36.6 ± 4.3 3.2 ± 0.6 7.0 ± 1.2
Organics 15.4 ± 5.2 10.9 ± 4.1 7.3 ± 3.3 4.1 ± 1.9

Paper and cardboard 2.6 ± 0.8 18.4 ± 3.3 12.2 ± 3.2 8.6 ± 0.9
Plastics 9.8 ± 0.9 11.3 ± 2.6 49.5 ± 4.7 60.6 ± 4.5
Metal 2.0 ± 0.6 0.4 ± 0.2 1.1 ± 0.7 0.9 ± 0.2
Glass 7.6 ± 0.6 10.5 ± 1.9 4.1 ± 3.7 0.3 ± 0.1

Textiles and clothing 4.4 ± 0.7 0.8 ± 0.4 5.5 ± 1.9 6.0 ± 1.1
Personal hygiene products 0.2 ± 0.1 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0

Wood 0.3 ± 0.1 3.1 ± 1.1 7.7 ± 1.2 4.0 ± 0.8
Multimaterial waste 4.7 ± 1.3 5.3 ± 0.7 1.0 ± 0.7 2.6 ± 1.6

Hazardous waste 0.0 ± 0.0 0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Inert and other categories 4.6 ± 1.6 2.6 ± 0.2 8.4 ± 1.2 5.9 ± 1.2

Biodegradable waste – total 37.4 ± 4.2 46.4 ± 3.7 31.4 ± 3.7 23.1 ± 2.2

Figure 1 shows the changes of the wastes temperature, subjected to the 
aerobic stabilization process. The maximum waste temperature reached for the 
undersize fraction during the 1st replication was 53oC (Fig.1). High temperature 
at the beginning of the process resulted from the waste heating already during 
transport from RIPOK installation to the laboratory. The thermophylic phase 
started on the 3rd day of the process and lasted until day 8. The maximum temper-
ature reached in the 2nd replication was 56oC. Thermophylic phase started very 
soon in comparison to e.g. results obtained by Baran et al. (2016), i.e. on the first 
day of the process and lasted until the 7th day. The maximum obtained tempera-
ture of the process persisted on the level of over 50oC for several days. Results  
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of analysis of the temperature changes during aerobic stabilization of the over-
size fraction were different from the experiments conducted so far (Malinowski, 
Wolny-Koładka, in print).

Figure 1. Temperature changes during aerobic stabilization process

Table 2 and 3 present selected parameters of stabilized wastes. Water loss 
in the input weight (over 10 %) and in consequence the waste weight loss (in-
cluding 400g of leachates), occurred during the 2nd replication of the undersize 
fraction aerobic stabilization. A decrease in calcination loss on ignition by 17 % 
also indicated the correct course of the process. No significant loss of mois-
ture content in the input weight or any marked loss in the stabilized waste mass 
was registered during aerobic stabilization of the oversize fraction. No leachates 
were observed, either. Organic matter content (loss on ignition) increased slight-
ly, whereas ash content decreased slightly (Tab. 3). From the Authors’ own ex-
perience and basing on literature reports it should be stated that in an adequately 
large bioreactor (with working volume between 20 and 30 m3) wastes become 
initially stabilized, whereas the obtained result as mass and volume reduction is 
markedly greater (Malinowski, Wolny-Koładka, in print).

Presence of a numerous microorganism population was observed in the 
analyzed substrate samples, including pathogenic microorganisms (Staphylo-
coccus spp., E. coli, Salmonella spp., C. perfringens). The analyzed material 
revealed a considerable microbial biodiversity, in which worthy of note is the 
presence of pathogenic microorganisms posing a potential epidemiological  
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hazard (Tab. 4). On the basis of the analysis of data in Table 4 referring to the 
assessment of microbiological parameters of the samples subjected to aerobic 
stabilization process, numerous presence of both vegetative and endospore bac-
teria was registered (Fig. 2 and 3).

Table 2. Selected properties of the undersize fraction before and after the process

Parameter Unit
Undersize fraction I Undersize fraction II

Before process After process Before process After process
Water content 

(moisture) % 35.1 ± 2.2 32.2 ± 1.3 38.6 ± 2.4 26.9 ± 2.1

pH 7.4 8.1 7.1 7.7
Density kg.m-3 544.2 597.9 520.9 551.4 

Ash content % d.m. 49.3 ± 3.3 54.5 ± 1.2 39.7 ± 1.2 57.3 ± 1.1
Loss on ignition % d.m. 51.1 ± 3.2 45.5 ± 1.2 60.3 ± 1.2 42.7 ± 1.1
The weight loss % 1.8 6.2

Volume loss % 13.5 11.4

Table 3. Selected properties of the oversize fraction before and after the process

Parameter Unit
Oversize fraction I Oversize fraction II

Before process After process Before proces After process
Water content 

(moisture) % 29.2 ± 4.1 25.7 ± 3.3 24.1 ± 6.1 22.6 ± 5.2

pH 7.4 7.5 7.3 7.3
Density kg.m-3 216.4 224.3 186.4 190.9 

Ash content % d.m. 17.1 ± 1.6 17.0 ± 1.3 21.3 ± 1.4 20.9 ± 2.1
Loss on ignition % d.m. 82.9 ± 1.7 83.0 ± 1.3 78.7 ± 1.4 79.1 ± 2.2
The weight loss % 1.5 0.9

Volume loss % 4.7 3.6

Observed phenomenon evidences favourable conditions (availability of 
organic substances, moisture content and raw material pH) for the growth and 
development of these microorganisms. Moreover, the number of vegetative bac-
teria, both in the samples subjected to aerobic stabilization and control ones, con-
siderably exceeded the number of endospore bacteria, which also demonstrates 
that raw materials used for refuse derived fuel production are perfect medium 
for bacteria development. Endospore forms (coatings, integuments or spores) 
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are developed by bacteria under stress (lack of nutrients, low moisture content or 
extreme pH). Obtained results indicate the fact that the material tested for bac-
teria presence was their optimal environment where they were able to develop 
and reach high numbers. The factor, which may significantly affect the number 
of both bacteria and fungi, is pH. However, on the basis of conducted measure-
ments no marked changes of pH and therefore its influence on the number of 
both endospore and vegetative bacteria were observed in the substrate used for 
RDF production. 

Figure 2. Mean number (CFU ·g-1 RDF) of vegetative and endospore bacteria in  
the analyzed material

Figure 3. Mean number (CFU ∙ g-1 RDF) of vegetative and endospore bacteria in the 
analyzed material
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Neither the presence of Shigella spp., responsible for food poisonings in 
people was detected in the analyzed material, nor E. faecalis bacteria evidencing 
a fresh faecal contamination of the material, nor actinomycetes causing allergies, 
was spotted in the studied material. Malinowski and Wolny-Koładka (unpub-
lished) state, that no presence of actinomycetes of Azotobacter spp. was found 
after the completed process of the waste biological treatment conducted in the 
bioreactor for 8 days at the temperature between 64 and 65oC. 

Mold fungi constituted a numerous group of determined microorganisms. 
Particular attention should be paid to the presence of potentially toxic fungi, 
which are producers of secondary metabolites called mycotoxins. It was found 
that mold fungi were much more numerous in the oversize fraction. Conducted 
mycological analysis revealed the presence of mold fungi, including the toxino-
genic Aspergillus spp., Penicillium spp., Mucor spp., Cladosporium spp., Rhiz-
opus spp. and Alternaria spp.. They may pose a hazard to the health of persons 
who are in contact with raw materials for RDF production, since the fungi pro-
duce mycotoxins and cause allergic reactions (Fig. 4).

Figure 4. Mean number (CFU·g-1RDF) of mold fungi in the analyzed material

Presence of pathogenic bacteria (Staphylococcus spp., E. coli, Salmonella 
spp., C. perfringens) in the analyzed material gives cause for concern. Each of 
the determined bacteria poses a real hazard for the health and life of persons who 
are in touch with the studied material (Fig.5 and 6).

Results of the number of selected microorganism groups originating from 
the analyzed control samples were compared with the data obtained as an aerobic 
stabilization effect on individual fractions of the raw material. The assessment 
of microbiological parameters in the raw material after aerobic stabilization pro-
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cess was based on it. It was stated that the number of vegetative and endospore 
bacteria and mold fungi not only remained on a high level after aerobic stabiliza-
tion process application, but even increased. Applied conditions of the material 
hygienization did not affect a decrease in these microorganism group numbers. 
However, no presence of actinomycetes, Shigella spp. or E. faecalis was ob-
served either in the analyzed material subjected to the aerobic stabilization pro-
cess or in the control samples.

Figure 5. Mean number (CFU ∙ g-1 RDF) of pathogenic bacteria in  
the analyzed material

Figure 6. Mean number (CFU ∙ g-1 RDF) of pathogenic bacteria in  
the analyzed material

Pathogenic bacteria (Staphylococcus spp., E. coli, Salmonella spp., C. per-
fringens) were numerous in the analyzed material. Especially worthy of note is 
a very high number of Staphylococcus spp., particularly after the application 
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of the aerobic stabilization process and Salmonella spp. In the oversize II and 
undersize I fractions. Comparing the results of bacteria numbers in the samples 
subjected to aerobic stabilization and in the control samples, it should be stated 
that applied parameters of the process contributed to increased numbers of the 
microorganisms. Therefore, the effect opposite of the expected was achieved, 
which allows to suppose that the aerobic stabilization process parameters proved 
favorable for the development of determined microorganisms. Moreover, pres-
ence of spore forming bacteria (C. perfringens) was spotted in the analyzed ma-
terial, which suggests that only the temperature exceeding 100oC might prove 
adequate for the samples hygienization. Considering a mixed character of the 
microorganism population settling the raw materials for RDF production, a high-
er temperature, adjusted to various microorganism groups with a wide tolerance 
range to extreme factor, should be applied for a proper hygienization of the ana-
lyzed raw material (Macura 2008, Szewczyk 2007).

Statistical analysis of the dependence of mean microorganism number in 
the analyzed samples on mean pH value of the collected raw material confirmed 
the existence of a weak or average correlation between these values (p<0.05), 
(Table 5).

Table 5. Results of ANOVA regarding the value of Pearson correlation coefficient r for 
the process of aerobic stabilization

Microorganisms
Correlation coefficient 

(p<0,05)
pH

Vegetative bacteria 0.31
Endospores bacteria -0.16

Fungi -0.13
Staphylococcus spp. 0.33

E. coli -0.36
Salmonella spp. -0.15
C. perfringens -0.12

CONCLUSIONS

The temperature reached in the bioreactor, ranging from c.a. 40 to 55oC 
and persisting even for many hours proved inadequate to efficiently eliminate 
determined microorganism groups. Paradoxically, conditions which developed  
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in the bioreactor proved favorable for microorganisms, therefore a growth in 
their numbers was observed.
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