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The dynamics of some physical and physico-chemical properties
during composting of municipal solid wastes and biomass
of energetic plants

Abstract: The aim of the research was to analyze the composting process with respect to changes in some physical and physico-
chemical properties of the organic part of municipal solid waste and willow and hay biomass mixture. The dynamics of changes in
cation exchange capacity CEC values in relation to the base value of the initial materials of both tested composts were higher for
municipal solid wastes compost (MSWC) compost than for willow biomass compost (WBC). The dynamics of pH changes were
similar in the tested types of compost and were rather small during the process of composting, regardless of the type of organic
residues and initial reaction. During composting process, the transformation of organic matter and mineral components slows down

after reaching a stabilization phase.
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INTRODUCTION

Composting is a part of the oxidative processes of
biological and biochemical transformations that
occur under strictly defined temperature, humidity and
pH conditions as well as C/N ratio. These factors
influences the creation of suitable conditions in the
composted material for microorganisms carrying out
acycle of transformation processes (Beffa et al. 1996,
Ishii et al. 2000, Tiquia 2002, Horiuchi et al. 2003).
The most important aspect in the production of com-
post is to ensure the proper course of organic matter
transformation process so that the product obtained
does not pose a threat when it is introduced into the
soils and brings tangible benefits in the form of a po-
sitive impact on plant growth and development (Zhao
et al. 2016, Chen et al. 2018).

The knowledge and understanding of the trans-
formation of organic matter, which takes place in the
composting process, as well as a proper assessment
of the stability and maturity of compost, are necessary
for the effective use of composts. The direction of
organic matter transformation during the process
depends on the type of composted material.

Composting is a dynamic processes during which
many biochemical changes occur. As a consequence,
also the physical properties of compost materials
change (Mohee and Mudhoo 2005; Chen and Rosen
2014). The physical properties of the waste processed
play an important role at every stage of the
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composting process as well as during the use of the
final product (Haug 1993, Bekier et al. 2014).
During the decomposition of organic matter, heat is
released and the temperature rises, thus accelerating
the biodegradation reaction. Knowledge of the physical
properties of substrates and mixtures and their relations
occurring during the composting process allows for
effective process planning and execution as well as
the selection of appropriate composting methods and
technologies (Haug 1993, Agnew and Leonard 2003).

The aim of the research was to analyze the compo-
sting process with respect to changes in some physical
and physicochemical properties of the organic part
of municipal solid waste and willow and hay mixture
biomass.

MATERIALS AND METHODS

The objects of the research were composts produced
from:

1. the organic part of municipal solid waste (MSWC)
from the Katowice agglomeration and
2. mixtures of hay and energy willow biomass

(WBC).

The initial material of variant 2 was obtained
according DANO technology (Rosik-Dulewska 2002).
In both variants, the temperature and humidity me-
asurements of composted piles were carried out on
a daily basis at regular intervals. If necessary, irrigation
and material mixing was carried out to maintain optimal
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water and air conditions. For laboratory tests, mixed
samples were collected in different phases of com-
post maturity, which represented the initial material
of both composts and after 1, 37, 54, 71, 130 and 167
days of composting. The times were chosen on the
base of the temperature changes. On the basis of the
collected material, the moisture was determined by
weight-drying method, the pH of the water extract
(in the ratio 1:10), potentiometric method, the cation
exchange capacity (CEC) by the Harada and Inoko
method (1980).

The results were statistically analyzed using
Statistica 13. Correlation coefficients between indi-
vidual parameters were calculated. Indexes of dynamics
in the tested parameters were calculated, using the
formula: i=y,/y,

Where: y, means value of the parameter in the
analyzed period, y, means base value of the initial
materials.

RESULTS AND DISCUSSION

One of the important factors in the correct course
of composting is the temperature both outside and
inside of the composting pile, which is one of the
most important physical criteria for assessing com-
post maturity and, at the same time, is a measurable
indicator of biotransformation processes intensity
during the composting process (Tiquia et al. 1996,
Drozd et al. 2004). In the compost produced from
biomass of willow and hay mixture, the thermophilic
phase was reached after 13 days of composting and
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lasted for 14 days (Fig. 1). In the compost from municipal
waste, the thermophilic phase was reached after only
5 days and lasted much longer, for as much as 40
days. Experiments carried out so far have allowed us
to conclude that there is a strict negative correlation
between temperature and oxygen concentration
(Tiquia 2002, Ryckeboer et al. 2003). The authors
cited above have demonstrated that if the temperature
of the composted mass was in the range of 65—70°C,
the transformation processes proceeded similarly to
anaerobic conditions, regardless of the number and
size of air pores in the pile.

Composted material moisture is one of the most
important parameters for biological activity in the pile
(Luangwilai et al. 2011, Ozimek 2012). Water content
affects the structural and thermal compost properties
as well as the rate of biodegradation (Stentiford 1996).
In the presented experiment, the moisture in both
compost piles ranged between 35.7-71% (Table 1),
which ties in well with the statement that majority of
composting process operates within these bands
(Richard et al. 2002).

Studies carried out by Chen et al. (1996) and Drozd
et al. (2004) indicate there are pH changes during the
composting process. The value of this parameter in
the final phases is close or slightly higher than the
initial value (Gondek et al. 2014), whereas during
maturation, small changes in pH are usually observed.
These changes result from different intensities of
biochemical processes occurring during composting,
which depend mainly on maturing compost temperature,
oxygen content and humidity.
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FIGURE 1. Temperature changes during composting of municipal solid waste compost (MSWC) and willow biomass compost

(WBC)
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TABLE 1. The moisture, pH and CEC during composting of
municipal solid waste compost (MSWC) and willow biomass
compost (WBC)

Compost  Composting days

type 1 37 54 71 130 167
Moisture [%]

WBC 357 389 464 613 71.0 684

MSWC  46.8 469 524 483 454 452
pH [H,0]

WBC 5.3 5.4 5.5 5.6 5.8 6.0

MSWC 6.9 7.5 7.9 7.7 83 7.7
CEC [cmol'kg1]

WBC 18.65 13.15 20.35 2755 241 259

MSwWC 377 547 622 597 679 732

The results obtained showed there was a difference
in pH of the aqueous extracts between the tested com-
posts. WBC was characterized by an acid reaction
(pH 5.3-6.0), while the MSWC pH exceeded 7.0
(Table 1). These results are consistent with numerous
authors’ studies (De Haan 1981, Mackowiak and
Orzechowska 1993), who also showed that compost
produced from municipal waste is generally charac-
terized by neutral or alkaline reaction. The increase
of pH during composting indicates the course of
ammonification processes, especially in the thermo-
philic phase of composting, when especially in
MSWC there is a marked change in pH in the alkaline
direction (from 6.9 to 7.9). After the thermophilic
phase, both composts still show a small increase in
pH (Table 1).

The cation exchange capacity and degree of organic
residue decomposition are significantly correlated
according many authors (Harada and Inoko 1980;
Martinho et al. 2015). Therefore this parameter
seems to be a good index of compost maturity and
indicates a compost’s ability to retain nutrients. CEC
usually increases during composting but many authors
suggest different values for CEC in matured compost,
depending on type of organic residues. Iglesias-
Jimenez and Perez-Garcia (1992) reported that
municipal waste compost reached maturity when
value of CEC was over 60 cmol-kg™!. Bernal et al.
(1996) found this value for compost from sweet
sorghum bagasse with sewage sludge only after 21
days of composting, which definitely could not be
the end of the process. Transformation of organic
matter during composting process, in general, leads
to the formation of humic substances with higher
amounts of functional groups affecting CEC (Kumada
1956, Bernal et al. 1996, Senesi and Brunetti 1996),
so this parameter rather reflects the degree of humifi-
cation processes advance. The difference of CEC
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TABLE 2. Single based dynamic indexes for municipal solid waste
compost (MSWC) and willow biomass compost (WBC)

Composting ~ WBC MSWC
days pH CEC pH CEC
1 1.00 1.00 1.00 1.00
37 1.02 0.71 1.08 1.45
54 1.04 1.09 1.15 1.65
71 1.06 1.48 1.12 1.58
130 1.09 1.29 1.21 1.80
167 1.12 1.39 1.11 1.94

values observed between tested composts at various
stages of maturation is related to the type of organic
residues (Table 1). The obtained results that were
much higher for municipal waste in comparison to
those from biomass of energetic willow, confirm that
this parameter cannot be treated as the only and
objective compost maturity criterion.

Interesting results have been obtained by calculating
the dynamics of changes in CEC values in relation to
the base value of the initial materials of both tested
composts (Table 2). The dynamics (an increase in both
cases) were higher for MSWC than for compost from
willow biomass although in both experiments a tem-
porary decrease of dynamic intensity was observed
after 54 days in MSW compost and after 71 days in
willow biomass compost. These results are in
agreement with decrease of CEC that has been obse-
rved in the same stages of compost maturity. The dy-
namics of pH changes were similar in the tested
types of compost. Linear increase of pH dynamics
were observed for energy willow compost while for
MSWC there was a small decrease in intensity after
54 days of composting. Both composts from willow
and municipal wastes showed similar values for
single based dynamics indexes — 1.12 and 1.11
respectively at the end of composting process (Table
2). It can be concluded that transformation of organic
matter and mineral components during composting
process expressively slowed down after reaching a
certain stage of maturity. This stage is related to stabili-
zation phase according to the temperature changes.

Table 3 presents significant correlation coefficients
of the relationships forming during the composting
process of both types of biomasses. Particularly
noteworthy is the relationship between individual
parameters and number of composting days. On the
basis of the obtained results, a significant increase of
pH can be observed with the composting time of both
tested composts. Composting time significantly
influenced an increase of CEC in compost produced
from municipal solid waste.
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TABLE 3. Significant correlation coefficients between some of the physical and physico-chemical parameters in the municipal solid

waste compost (MSWC) and willow biomass composts (WBC)

Variable WBC MSWC

Composting ~ Moisture [%] pH CEC Composting ~ Moisture [%] pH CEC

days days
Composting days X 0.92 0.99 X 0.66 0.91
Moisture [%] 0.92 X 0.93 0.83 X
pH 0.99 0.93 X X 0.81
CEC 0.83 X 0.91 0.81 X
significant for p = 0.05, n = 24.

CONCLUSIONS Chen Y., Rosen V., 2014. The influence of compost addition on

1. Composts produced from more differential organic
residues, like municipal solid wastes, indicate
higher dynamics of changes some physico-chemical
parameters like CEC during the process of matu-
ration in comparison to those produced from
biomass. Single based dynamics index for CEC can
be used in determining the quality of matured
compost.

2. CEC values cannot be used as the only and objec-
tive criterion of compost maturity.

3. The pH dynamics is rather small during the
process of composting regardless of the type of
organic residues.

4. Transformation of organic matter and mineral com-
ponents during composting process slows down
after reaching stabilization phase.
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Dynamika wybranych wlasciwosci fizycznych i fizykochemicznych

podczas kompostowania stalych odpadow komunalnych
i biomasy roslin energetycznych

Streszczenie: Celem badan byla analiza procesu kompostowania pod katem dynamiki zmian wybranych wtasciwosci fizycznych
i fizykochemicznych organicznej czgsci komunalnych odpadéw statych oraz mieszaniny biomasy wierzby i siana. Pojemnos¢ wy-
miany kationéw kompostéw produkowanych z organicznej czg$ci odpadéw miejskich podlegata wigkszej dynamice zmian podczas
procesu dojrzewania, w poréwnaniu do kompostéw z mieszaniny biomasy roslin energetycznych. Dynamika zmian odczynu podczas
procesu kompostowania byta niewielka i nie zalezata od rodzaju przetwarzanego materiatu organicznego. Na podstawie uzyskanych
wynikow stwierdzono, ze analiza dynamiki zmian pojemnos$ci wymiany kationow wskazuje na mozliwo$¢ wykorzystania tego indek-
su przy ocenie stopnia dojrzato$ci kompostow, natomiast warto$ci tego parametru nie moga stanowi¢ wylacznej podstawy do oceny
jakosci produkowanych kompostow. Podczas procesu kompostowania, po osiagnigciu fazy stabilizacji, odnotowano wyrazne spo-
wolnienie procesu przemian materii organicznej i sktadnikdw mineralnych.

Stowa kluczowe: kompost, state odpady komunalne, pojemno$¢ wymiany kationéw, indeksy dojrzatosci kompostu



