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Abstract The aim of this work was to determine changes in bitumen content and
fatty acid composition during 180 days of composting of municipal solid waste.
Bitumen was extracted with ethanol and benzene mixture (1:2), while fatty acids
were extracted with petroleum ether and identified in gas chromatography. Bitumen
carbon and fatty acid carbon were calculated as a difference of organic carbon
before and after the extraction. The results indicated that the content of bitumen
decreases threefold stronger than other components. During thermophilic phase of
composting of municipal solid waste, the total content of bitumen is able to
decrease about fivefold, while fatty acid content can decrease about tenfold.
Unsaturated fatty acids are more intensively decomposed during the composting
process, while saturated fatty acids are more resistant.
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Introduction

Composting is one of the most reasonable way of municipal solid waste utilization,
due to generation of material successfully used to improve soil properties and
productivity (Weber et al. 2007). Raw materials, as well as mature composts, contain
lipid substances, which are hydrophobic and considered as relatively resistant
to microbiological transformation. Their decomposition and transformation may
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differ significantly, depending on temperature, pH and other parameters of
composting process. The aim of this chapter was to determine changes in bitumen
content and fatty acid composition during composting process of municipal solid
waste.

Materials and Methods

Raw, non-selectively collected material was composted for 180 days in the pile in
Katowice composting plant (Upper Silesia, Poland), after initial biostabilization
according to MUT-DANO technology. Changes of temperature were measured
each day through the whole composting process. Moisture, pH and total content
of organic carbon (TOC) were determined in samples taken after 1, 14, 28, 42, 56,
90 and 180 days of composting. Bitumen was extracted with ethanol and benzene
mixture (1:2), and bitumen carbon (CBIT) was calculated as a difference of organic
carbon before and after the extraction, determined with Strohlein CS-MAT 5500
analyzer. Fatty acids were extracted with petroleum ether, and fatty acid carbon
(CFAT) was calculated analogous as for bitumen. Fatty acids were identified in gas
chromatography (GC Agilent Technologies 6890N), after catalyzed transesteri-
fication with BF3 in methanol, according to Metcalfe et al. (1961).

Results and Discussion

The composted material was not regularly converted in a pile, and as a
consequence, the thermophilic phase of the process took place within about
60 days (Fig. 1).

During 180 days of composting, due to decomposition of organic matter, the
total carbon content decreased from about 200 g kg~' to nearly 100 g kg™’
(Table 1).

The highest intensity of TOC decrease was observed until the 60th day of the
composting, which corresponds to thermophilic phase. The content of bitumen
decreased from 27.8 to 5.8 g kg~ ' (Table 1) during first 90 days of composting.
After that time, it remained on the same level due to cooling and stabilization of
composting material in mesophilic phase (Chefetz et al. 1996). More intensive
changes were observed in fatty acid content, which decreased from 2.0 t0 0.1 g kg™
during 90 days. After that period, the content of fatty acids slightly increases due to
stabilization and changes of microbe composition (Ryckeboer et al. 2003; Amir
et al. 2008). In that phase, fungus, actinomycetes and mesophilic cellulolytic
bacteria dominate, which are unable to biotransform fatty acids; however, they
are capable to synthesize them.

During the whole experiment, 24 fatty acids were identified, from which 14 were
present only in trace amounts (Fig. 2). Because of that, only 10 fatty acids (6
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Fig. 1 Changes in temperature and moisture during composting of municipal solid waste

Table. 1 Contents of total TOC CBIT CFAT  Unsaturated  Saturated
organic carbon (TOC), -
bitumen carbon (CBIT) and Days gkg % CEAT
fatty acid carbon (CFAT) 1 201.7 27.8 2.0 61.9 31.5
during the experiment 14 1920 212 1.3 54.9 37.6

28 184.9 17.7 0.8 55.0 39.0

42 165.0 13.5 0.4 46.0 46.3

56 157.4 9.3 0.3 45.7 53.8

90 132.8 5.8 0.1 39.2 56.8

180 100.1 4.5 0.2 28.7 64.8

saturated and 4 unsaturated) were selected for detailed investigations. Unsaturated
fatty acids dominated in a raw material (Table 1). Octadecenoic acid (18:1) was the
main unsaturated fatty acid, reaching 56% of CFAT in a raw material, decreasing to
23% CFAT after 180 days of composting (Table 2). This change corresponds to
decreasing number of microorganisms during compost maturation (Hachicha et al.
2009) because octadecenoic acid is the main component of almost all cellular
membranes occurring in living microorganisms.

At the final stage of the composting, fatty acids were dominated by saturated
forms, mainly hexadecanoic (16:0) acid. The share of this component in CFAT
increased from 18.8% at the beginning of the experiment up to 36.7% after 180 days
(Table 3).

Moreover, the share of pentadecanoic (15:0) and heptadecanoic (17:0) fatty
acids increased in CFAT during composting. These very specific fatty acids, with
odd numbers of carbon in chain, are likely to be the result of bacterial biosynthesis
(Gea et al. 2007). Similar changes were observed in share of octadecanoic (18:0),
eicosanoic (20:0) and docosanoic (22:0) acids.
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Fig. 2 Chromatograms of fatty acids extracted at the beginning of the experiment (a) and after
180 days of composting (b)
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Table 2 Changes in amounts of unsaturated fatty acids (percent of total fatty acids) during
composting

Characteristic of fatty acid formula (number of carbon to number of C=C bounds)

Days  16:1 18:1 18:2 20:1
1 1.0 56.1 2.3 2.5
14 1.1 49.8 2.6 1.4
28 1.1 49.9 2.8 1.2
42 1.2 40.8 2.5 1.5
56 1.4 40.8 2.1 14
90 1.7 32.5 3.6 14
180 2.1 23.0 2.7 0.9

Table 3 Changes in amounts of saturated fatty acids (percent of total fatty acids) during
composting

Characteristic of fatty acids formula (number of carbon to number of C=C bounds)

Days 15:0 16:0 17:0 18:0 20:0 22:0
1 1.2 18.8 1.9 8.3 0.8 0.5
14 1.5 22.3 2.1 10.3 0.9 0.8
28 1.2 24.0 1.7 10.5 0.8 0.8
42 1.5 26.5 2.2 14.0 1.1 1.0
56 2.4 30.2 2.2 15.7 1.5 1.8
90 2.3 30.2 2.3 18.9 1.3 1.8
180 2.7 36.7 2.3 194 1.5 2.2

Since the total amount of fatty acids clearly decreased during the composting, an

increased share of saturated fatty acids is a result of their bigger resistance to
decomposition than unsaturated fatty acids.

Conclusions

. The extent of decomposition of bitumen and fatty acids is bigger than other

components of composted municipal solid waste.

. During thermophilic phase of composting of municipal solid waste, the total

content of bitumen is able to decrease about fivefold, while fatty acid content can
decrease about tenfold.

. Unsaturated fatty acids are more intensively decomposed during the composting

process, while saturated fatty acids are more resistant.
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