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Abstract
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The objective of this study was to determine the biodegradability of bioplastic materials - sponge
cloths - available on the European market. They are labeled as 100% biodegradable but not certified
as compostable. The test was carried out in real composting environment. The project duration was
12 weeks. The emphasis was put on discovering whether the sponge cloths are biodegradable or not.
Based on the results, it can be concluded that sponge cloths have decomposed completely (sample
C and sample D). Samples A have decomposed but exhibited slower degradation rate. Samples B
exhibited the higher degradation rate. The main conclusion from this study is that biodegradation
of bioplastics materials strongly depends on both, the environment where they are placed and

the chemical nature of the material.
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INTRODUCTION

With the advances in technology and the increase
in the global population, plastic materials have
found wide applications in every aspect of life
and industries. However, most conventional
plastics such as polyethylene, polypropylene,
polystyrene, poly(vinyl chloride) and poly(ethylene
terephthalate), are non-biodegradable, and their
increasing accumulation in the environment has
been a threat to the planet. To overcome all these
problems, some steps have been undertaken.
The first strategy involved production of plastics
with high degree of degradability (Tokiwa et al.,
2009).

There are significant economical and industrial
interests in seeking environmentally friendly
alternatives to traditional petroleum-based plastic
products (Lee et al., 2016; Tokiwa et al., 2009). In this
regard, efforts to develop and utilize biodegradable

plastics that can be naturally degraded by
microorganisms have received global attention.

The word ‘bio-plastic’ is used confusingly. In our
understanding, however, bio-plastics consist of
either biodegradable plastics (i.e., plastics produced
from fossil materials) or bio-based plastics (i.e.,
plastics synthesized from biomass or renewable
resources) (Tokiwa et al., 2009).

Biodegradable plastics are seen by many
resecarchers as a promising solution to
above described problem because they are
“environmentally-friendly”.  They = can  be
derived from renewable feedstocks, thereby
reducing greenhouse gas emissions. For instance,
polyhydroxyalkanoates (PHA) and lactic acid (raw
materials for PLA) can be produced by fermentative
biotechnological processes using agricultural
products and microorganisms (Tokiwa et al., 2009).
Biodegradable plastics offer a lot of advantages,
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such as increased soil fertility, low accumulation
of bulky plastic materials in the environment
(which invariably will minimize injuries to wild
animals), and reduction in the cost of waste
management. Furthermore, biodegradable
plastics can be recycled to useful metabolites
(monomers and oligomers) by microorganisms and
enzymes. A second strategy involves degradation
of some petroleum-derived plastics by biological
processes. A typical example can be seen in
the case of some aliphatic polyesters, such as PCL
and biodegradable plastics that can be degraded
by enzymes and microorganisms (Tokiwa et al.,
2009). Studies have also shown that polycarbonates
(particularly the aliphatic types) possess some
degree of biodegradability (Tokiwa, 2002; Tokiwa
etal., 2009).

Two classes of biodegradable plastics, aliphatic
polymers and aliphatic-aromatic co-polymers,
have become popular in the industry. Aliphatic
polymers can be biodegraded with relative ease,
however, hold little market value due to their fragile
nature and low durability (Lee et al., 2016; Vert,
2005). In turn, development of aliphatic-aromatic
co-polymersthat combine the excellent mechanical
properties of conventional aromatic polymers and
biodegradability of aliphatic polymers has received
a boost (Lee et al., 2016; Shah et al., 2014). However,
proper disposal of biodegradable plastics (i.e.,
complete neutralization and little contamination
with other waste and human food) remains
challenging, especially in the existing framework
of waste management (Lee et al., 2016; Shah et al.,
2014).

Composting plays an important and growing
role in sustainable organic waste management and
recycling. However, plastics are one of the main
contaminants in composts. Biodegradable plastics
are meant to address this problem. Composting of
these materials also reduces their environmental
impact in fact that they will largely be converted
to CO, and not to CHj as if they were in a landfill
(Gémez et al, 2013). Above all, composting
represents one of the technologies of processing
of biodegradable municipal waste (Vitézova et al.,
2012).

The objective of this study was to
determine the biodegradability of bioplastic
materials - sponge cloths - available on
the European market, labeled as 100%
biodegradable but not certified as compostable.
The test was carried out in a real composting
environment. The project period was 12 weeks.
The emphasis was put on discovering whether
the sponge clots are biodegradable or not.

MATERIALS AND METHODS

Experimental procedures

The degradability potential under aerobic
composting  conditions  of  biodegradable
sponge materials was considered. The research
was conducted in the static composting pile
under industrial composting conditions in
the Composting Plant in Boskovice-Doubravy
operated by SUEZ VyuZziti zdroji a.s. (Czech
Republic). The company operates a regionally
important (South Moravia) facility processing
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LI: Samples of biodegradable sponge cloths.

Sample Country of origin Description Composition
Sample A Made in EU 100% biodegradable Bemessalbl e resoiess, orgenre
cotton mesh
o s Cellulose, Cotton mesh, Water,
Sample B Germany 100% biodegradable Salts, Pigments
Sample C Germany 100% biodegradable 70% Cellulose, 30% Cotton
Sample D Sweden 100% natural, bio-degradable, 75% Cellulose, 25 % Cotton
compost OK
Sample E (blank) Cellulose

biological wastes. The composting plant is used
for the conversion of biologically degradable
waste (bio-waste) from the city of Boskovice and
its surroundings (Fig. 1). The composting plant is
producer of high-quality organic fertilizers and
substrates, and operates a controlled intensive
composting system with aeration handling about
995 x 10°kg of bio-waste per year.

Bioplastic materials - sponge cloths

The investigated materials were labeled as
100% biodegradable sponge cloths obtained from
chain stores on the European market. Four kinds
of biodegradable sponge cloths (commercially
available) (Tab. I) and cellulose filter paper as
a positive control (reference mixture) were used
in this study. Sample A was presented by a sponge
made from renewable resources and using an
internal organic cotton mesh. Another (stated by
the manufacturer) was a sponge super absorbent,

casy to rinse, washable at 95 °C, durable with
an internal cotton mesh, made from natural
fibers - samples B. Sample C - described as
biodegradable and compostable. Sample D was
a sponge described as natural, bio-degradable and
compost OK. Sample E - positive control — was
cellulose filter paper. Cellulose is ubiquitous in
nature, readily degraded in the environment, and
used as the positive reference material within
compostability studies (ISO 14855-1; ASTM D
5338-98). Two replicates were prepared for each
sample.

Biodegradation test: procedure
Samples (A, B, C, D, and E) were placed into
frames. A 3D image of the wooden frame is
presented in Fig. 2. The frames size was as
follows: width =280 mm, length =340 mm and
height =50 mm. A 1x Imm polyethylene mesh
was fixed onto the frames. The frames were

2: Image of the wooden frame (Vaverkovd et al., 2014).
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II: Monthly precipitation amounts in millimeters (data source: CHI).

Description April May June July
Precipitation [mm] 17 41 32 34
Long-term precipitation standard 1961-1990 [mm] 38 65 75 64
Deviation from normal 21 24 43 30
IIL: Tab. I11. Monthly air temperatures in degrees Celsius (data source: CHI).

Description April May June July
Air temperature [°C] 9.2 13.7 18 21.9
Long-term temperature standard 1961-1990 [°C] 8.6 13.5 16.6 18.1
Deviation from normal 0.6 0.2 14 3.8

designed in order to facilitate the placement and
identification of the samples in the compost pile
and to the removal of the samples from the given
environment.

The experimental samples were inserted
into the produced frames; in four cases,
the experimental samples were complete sponge
cloths (sample A,B,C,D) and the control (sample E)
was represented by cellulose filtering paper.
The frames with the samples were properly marked
and photographed to document future visual
comparison.

The experiments were conducted between
April and July 2015. The samples were brought
to Composting Plant in Boskovice-Doubravy. All
five samples were inserted into one clamp within
the compost pile. The samples were installed at
a height of 1 m from the upper side of the compost
pile and at 1.5 m from the lower side of the pile.
In these conditions, the experimental period
was estimated to be 12 weeks. The samples were
checked visually at regular intervals of about
14 days. The average weight loss of the samples was
determined and recorded. Also, the temperature
of the compost was measured and recorded
daily. During the biodegradation of the samples
in the composting pile, the average outside
temperature was 157 °C and average rainfall
31 mm.

In order to be able to analyze possible effects of
weather on the compost pile, composting process
and decomposition of disposable plastic bags, we
asked the branch of the Czech Hydrometeorological
Institute (CHI) for the records of average daily
temperatures and precipitation amounts in
the concerned area for the given period. The data
on monthly precipitation amounts in millimeters
and average monthly air temperatures in degrees
Celsius in the monitored experimental period
are presented in the tables (Tab. II and TIII).
Table IIT characterizes monthly precipitation
amounts for the months of April, May, June and
July 2015.

The experiment ended at the beginning of
August 2015, i.e. the experimental period lasted
12 weeks. After the end of the experiment,

the samples were removed from the compost pile
to assess their biodegradation and all five samples
were subsequently photographed. After removal
from the compost, samples were washed with
distilled water twice to remove compost residue
and dirt, and dried in vacuum oven until observing
a constant weight. The degree of biodegradation of
samples was assessed by measuring their weight
loss and surface morphology. The recovered
fragments  were weighed for calculating
the corresponding disintegration degree (D) (Eq.1):

_M;-M

D 100

(1)

i

where: M; corresponds to the initial dry mass
of sponge pieces, M, represents the dry mass of
the recovered sponge pieces after composting and
sieving.

RESULTS

A pilot-scale composting test was performed
to evaluate degradation of examined samples
during the natural composting process. During
the composting experiment, the temperature
increased to +40 °Cin 10-11 days and the maximum
temperature of +65-66 °C was reached in 23-
24 days. According to the EN 14045, the test is
considered valid if the temperature is below +75 °C
during composting, the temperature is above
+60 °C for at least 1 week, and the temperature is
above +40 °C for at least 4 consecutive weeks. All
these criteria were fulfilled during the pilot-scale
composting.

Upon the end of the experiment in composting
plant, the samples were taken to laboratories of
the Department of Applied and Landscape Ecology
at Mendel University in Brno where they were
subjected to detailed evaluation.

Disintegration calculation
Tab. IV presents the exact amounts of sponge
pieces before (M,) and after (M,) composting
from each reactor, as well as their corresponding
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IV: Amounts of sponge pieces before (M) and after composting (M.).

Sample Type M, [g] M; [g]
A Sample A1 18 15
Sample A2 18 14
B Sample Bl 18 3.2
Sample B2 18 2.9
e Sample C1 12 0.6
Sample C2 12 0.2
b Sample D1 22 0.2
Sample D2 22 0
E Sample E (blank) 20
120%
98% 99% 100% 100%
100% 95% N
820 84% §
80% B k88
60%
40%
22%
20% 17% ﬂ
0% I_‘ B N
Sample Sample [Sample Sample | Sample Sample | Sample Sample [Sample E
Al A2 B1 B2 c1 C2 D1 D2 (blank)
A B C D E
3: Disintegration degree of Samples A-E.
disintegration degree (D), and calculated according DISCUSSION

to Eq. (1). In all samples, a visual comparison was
made at their initial and final state. In terms of
this visual assessment, samples D and C exhibited
the highest degree and rate of decomposition
(nearly 100%). Upon the end of the experiment,
samples B were decomposed to about 80% of
their initial condition. The sample A did not show
visual changes or signs of decomposition but
the sample decomposed to about 20%. The values
of disintegration degree for Samples A - E are listed
in Fig. 3.

At the same time, the analysis of the effect
of weather conditions was made. It can be
stated that total daily precipitation amounts
for the experimental period were low. These
low precipitation amounts might have been
reflected in the rate and degree of decomposition
of the experimental samples namely in sample
A because the lowest level of sponge cloths
decomposition was found there. On the other hand,
the measured results indicate easy degradability of
materials which were used for the production of
samples C and D.

There are significant economical and industrial
interests in seeking environmentally friendly
alternatives to traditional petroleum-based plastic
products (Tokiwa et al., 2009). In this regard, efforts
todevelop and utilize biodegradable plastics, which
can be naturally degraded by microorganisms,
have received global attention (Lee et al., 2016).
Proper disposal of biodegradable plastics remains
challenging, especially in the existing framework of
waste management (Shah et al., 2014).

Biodegradable plastics, based on cellulose and
cotton, primarily the plastic decomposed in soil
or water have been studied since second half of
the 90's. There were studies of the important
properties of biodegradable plastics (e.g. cellulose
and cotton) including biodegradation, mechanical
strength,  impact resistance, transparency,
colorability, fabricating versatility, moldability,
and di-electric strength (Kopinke et al, 1996,
Calmon et al., 2000, Sato et al. 2001, Fischer et al.,
2008 and Jinghua et al., 2009, Mostafa et al., 2016).
In recent years, the development of biodegradable
materials from renewable natural resources has
received increasing attention, particularly in EU
countries (Davis and Song, 2006) and the use of
renewable resources has been revitalized (Tabone
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et al., 2010, Cateto et al., 2008 and Kiatsimkul et al.,
2008). If properly managed, this will reduce their
environmental impact upon disposal (Davis and
Song, 2006) and, also, it will be technically and
economically practicable (Tanaka et al., 2008).

The screening-level biodegradation  tests
can provide information about the inherent
biodegradability of plastics but the rate of
degradation and the ultimate fate of polymers in
environmental conditions must be determined
using real conditions. In this study, the samples
were examined in the real composting conditions.
Comparative studies on the biodegradation
process of samples under industrial composting
conditions (in the composting pile) and under
laboratory conditions were performed. Results of
this experiment were published in the Journal of
Ecological Engineering (Vaverkovd and Adamcova,
2015). The research was carried out to determine
whether the samples are biodegradable or not. In
the laboratory conditions, some of the bioplastic
materials — sponge cloths — were biodegraded to
an appreciable extent and some did not improve
the biodegradability of those recalcitrant materials.
Above all, further field and laboratory experiments
on the above topic were implemented in recent
years (Vaverkovi et al., 2012; Vaverkova et al., 2014).

The experimental results showed that
the samples were decomposed in following
extent: sample A - about 20%, sample B — 80%,
sample C and sample D nearly 100% of their

initial weight. These results indicate that compost
can affect the fate of biodegradable plastics in
ways that would not be anticipated from results
obtained in laboratory conditions (Vaverkova and
Adamcovi, 2015). The course of the composting
process depends on a number of factors where
the most important are the ratio of the macro
elements, such as C and N, water content, pH,
and heavy metal content (Diaz et al., 2007), as well
as the profile and number of microorganisms
living in the compost environment (Vit€zova
et al., 2012, 2013). Moisture content is another
critical factor during composting. Water serves
as a solvent and a distributing factor for low
molar mass compounds, but an excess of water
can cause a lack of aeration leading to anaerobic
conditions (Liang et al., 2003, Sikorska et al., 2015).
On the other hand, the biodegradability of plastics
does not depend only on properties of composting
process. The very important parameter represents
composition of individual plastic materials (Tokiwa
et al, 2009) and their shape (Yang et al., 2005).
The presented results indicate sponge clothes
made of cotton and cellulose (sample C and D)
can be decomposed by conventional composting
process (EN 14045). Above all, the field experiment
showed that the addition of other substances (salts,
pigments) can inhibit decomposition of sponge
clothes during composting process. These findings
are in accordance with Tokiwa et al. (2009), Leja and
Lewandowicz (2010), Gémez and Michel (2013).

CONCLUSION

Biobased plastics are still at an early stage of commercialization, only starch-based bioplastics and
PLA areavailable considerably for packaging and otherindustrial applications. The biodegradability
of plastics is a complex process and is influenced by the nature of each plastic. The present
study monitored biodegradability of sponge cloths composed mainly of cellulose and cotton.
The experimental samples were placed in the compost pile operated by the Central Composting
Plant in Boskovice-Doubravy and were checked and visually assessed during the experiment
which lasted 12 weeks. The validity of the tests was confirmed in positive controls (cellulose paper)
100% biodegradable. The biodegradation of the sponge cloths, labeled as 100 % biodegradable but
not certified as compostable (sample B), proceeded very well. From this test, it can be concluded
the sponge cloths (sample Cand sample D) showed ahighlevel of biodegradation during the 12-week
composting real-scale test. However, sample A, sponges made from renewable resources and using
an internal organic cotton mesh, showed slower degradation rate. Thus, it can be concluded that
the biodegradation of bioplastics materials strongly depends on both, the environment they are
placed and the chemical nature of the material.

Acknowledgements

This study was supported by the IGA - Internal Grant Agency Faculty of AgriSciences MENDELU IP
2017/021.

REFERENCES

ASTM INTERNATIONAL. 1998. Standard test method for determining aerobic biodegradation of plastic materials
under controlled composting conditions. ASTM D 5338-98. West Conshohocken: ASTM INTERNATIONAL.

CATETO, C. A., BARREIRO, M. F. and RODRIGUES, A. E. 2008. Monitoring of lignin-based polyurethane
synthesis by FTIR-ATR. Ind. Crops Prod., 27(2): 168-174.



Study on the (bio)degradation Process of Bioplastic Materials under Industrial Composting Conditions 797

CALMON, A., DUSSERRE-BRESSON, L., BELLON-MAUREL, V., FEUILLOLEY, P. and SILVESTRE F.
2000. An automated test for measuring polymer biodegradation. Chemosphere, 41(5): 645-651.

DAVIS, G. and SONG, J. H. 2006. Biodegradable packaging based on raw materials from crops and their
impact on waste management. Ind. Crops Prod., 23(2): 147-161.

DIAZ, L. F, BERTOLDI, M. and BIDLINGMATIER, W. 2007. Compost science and technology. Boston: Elsevier.

EUROPEAN COMMITTEE FOR STANDARDIZATION. 2003. Packaging - Evaluation of the disintegration of
packaging materials in practical oriented tests under defined composting conditions. EN 14045. Brussels: European
Committee for Standardization.

GOMEZ, E. F. and MICHEL, F. C. 2013. Biodegradability of conventional and bio-based plastics and
natural fiber composites during composting, anaerobic digestion and long-term soil incubation. Polymer
Degradation and Stability, 98(12): 2583-2591.

KIATSIMKUL, P. P, SUPPES, G. ], HSIEH, F. H., LOZADA, Z. and TU, Y. C. 2008. Preparation of high
hydroxyl equivalent weight polyols from vegetable oils. Ind. Crops Prod., 27(3): 257-264.

FISCHER, S., THUMMLER, K., VOLKERT, B., HETTRICH, K., SCHMIDT, I. and FISCHER, K. 2008.
Properties and applications of cellulose acetate. Macromol. Symp., 262(1): 89-96.

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION. 2012. Determination of the ultimate aerobic
biodegradability of plastic materials under controlled composting conditions—method by analysis of evolved carbon
dioxide—part 1: general method. ISO 14855-1. Geneva: ISO.

JINGHUA, Y., DOUG, D., NANCY, M. and RAY, J. 2009. Characterization of cellulose acetate
films: Formulation effects on the thermochemical properties and permeability of free films and coating
films. Pharma. Technol., 33(3): 88-100.

KOPINKE, F. D., REMMLER, M., MACKENZIE, K., MODER, M. and WACHSEN, O. 1996. Thermal
decomposition of biodegradable polyesters—II. Poly(lactic acid). Polymer Degradation and Stability,
53(3): 329-342.

LEE, S., CHOE, H., KIM, S., PARK, D., NASIR, A., KIM, B. K. and KIM, K. M. 2016. Complete genome
of biodegradable plastics-decomposing Roseateles depolymerans KCTC 42856T (=61AT). Journal of
Biotechnology, 220: 47-48.

LEJA,K.and LEWANDOWICZ, G. 2010. Polymers biodegradation and biodegradable polymers—a Review.
Polish J. of Environ. Stud., 19(2): 255-266.

LIANG, C., DAS K. C. and McCLENDON, R. W. 2003. The influence of temperature and moisture
contents regimes on the aerobic microbial activity of a biosolids composting blend. Bioresource Technol.,
86(2): 131-137.

MOSTAFA, N. A., FARAG, A. A.,, ABO-DIEFA, H. M. and TAYE, A. M. 2016. Production of biodegradable
plastic from agricultural wastes. Arabian Journal of Chemistry (In Press, Corrected Proof).

SATO, H., FURUHASHI, M., YANG, D., OHTANI, H., TSUGE, S., OKADA, M., TSUNODA, K. and AOI, K.
2001. A novel evaluation method for biodegradability of poly(butylenes succinate-co-butylene adipate)
by pyrolysis-gas chromatography. Polymer degradation and stability, 73(2): 327-334.

SHAH, A. A., KATO, S., SHINTANI, N., KAMINI, N. R. and NAKAJIMA-KAMBE, T. 2014. Microbial
degradation of aliphatic and aliphatic-aromatic co-polyesters. Applied Microbiology and Biotechnology,
98(8): 3437-3447.

SIKORSKA, W., MUSIOL, M., NOWAK, B., PAJAK, L., LABUZEK, S., KOWALCZUK, M. and ADAMUS,
G. 2015. Degradability of polylactide and its blend with poly[(R,S)-3-hydroxybutyrate] in industrial
composting and compost extract. International Biodeterioration & Biodegradation, 101: 32-41.

TABONE, M. D., CREGG, J. J., BECKMAN, E. J. and LANDIS A. E. 2010. Sustainability metrics: life cycle
assessment and green design in polymers. Environ. Sci. Technol., 44: 8264-8269.

TANAKA, R., HIROSE, S. and HATAKEYAMA, H. 2008. Preparation and characterization of polyurethane
foams using a palm oil-based polyols. Bioresource Technology, 99(9): 3810-3816.

TOKIWA, Y. 2002. Biodegradation of polycarbonates. In: MATSUMURA, S., STEINBUCHEL, A. (Eds.)
Miscellaneous Biopolymers and Biodegradation of polymers. Vol. 9. Germany: Wiley-VCH Verlag GmbH, pp
417-422.

TOKIWA, Y., CALABIA, B. P, UGWU, C. U. and AIBA S. 2009. Biodegradability of plastics. Int. J. Mol. Sci.,
10(9):3722-3742.

VAVERKOVA, M. D., TOMAN, F., ADAMCOVA, D. and KOTVICOVA, J. 2012. Study of the biodegrability
of degradable/biodegradable plastic material in a controlled composting environment. Ecol. Chem. Eng.
S, 19(3):347-358.

VAVERKOVA, M. D., ADAMCOVA, D., KOTOVICOVA, J. and TOMAN, F. 2014. Evaluation of
biodegradability of plastics bags in composting conditions. Ecol. Chem. Eng. S, 21(1): 45-57.

VAVERKOVA, M. D. and ADAMCOVA, D. 2015. Biodegrability of bioplastic materials in a controlled
composting environment. Journal of Ecological Engineering, 16(3): 155-160.



798 D. Adamcovd, J. EIbl, J. Zloch, M. D. Vaverkovd, A. Kintl, D. Juficka, J. Hladky, M. Brtnickyj

VERT, M. 2005. Aliphatic polyesters:great degradable polymers that cannotdo everything. Biomacromolecules,
6(2): 538-546.

VITEZOVA, M., MACH, P,, VITEZ, T. and LOSAK, T. 2012. Development of microbial community in the
course of composting of garden waste. Acta univ. agric. et silvic. Mendel. Brun., 60(3): 225-232.

VITEZOVA, M. and VITEZ, T. 2013. Microbiological characteristics of bioaerosol at the composting plant.
Acta univ. agric. et silvic. Mendel. Brun., 2013, 61(5): 1479-1485.

YANG, H. S, YOON, J. S. and KIM, M. N. 2005. Dependence of biodegradability of plastics in compost on
the shape of specimens. Polymer degradation and stability, 87(1): 131-135.

Contact information

Ing. Dana Adamcovi, Ph.D.,: dana.adamcova@mendelu.cz

Ing. Jakub Elbl: jakub.clbl@mendelu.cz

Ing. Jan Zloch: xzloch@mendelu.cz

doc. Mgr. Ing. Magdalena Daria Vaverkové, Ph.D.: magda.vaverkova@uake.cz
Ing. Antonin Kintl: antonin.kintl@mendelu.cz

Ing. David Juficka: david.juricka@mendelu.cz

Ing. Jan Hladky, Ph.D.: jan.hladky@mendelu.cz

Ing. Martin Brtnicky: martin.brtnicky@mendelu.cz



