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Introduction

Throughout the world the pollution 
of natural environment by hazardous 
substances is one of the most crucial 
environmental problems (Bespalov et 
al., 2016; Wang and Yang, 2016). Indus-
trial activity, fermentation chambers, oil 
spills, harbour, urban stormwater as well 
as municipal waste landfi lls may cause 
pollution of soil (Radziemska and Fron-
czyk, 2015; Fronczyk et al., 2016), 
groundwater (Fronczyk and Radziem-
ska, 2016) and air (Rozbicka and Roz-

bicki, 2014). One of the waste deposited 
in landfi ll are plastic bags that involve 
adverse environmental impacts. Plastic 
bags are made of non-renewable resourc-
es (i.e. petroleum), it takes hundreds of 
years to degrade, and usually contain 
substances that pollute the environment 
(Jakovcevic et al., 2014).

The most consumed synthetic poly-
mer is polyethylene (PE), with a current 
global production of ca. 140 million tons 
per year (Sivan, 2011). Plastics produc-
tion exceeds 180.109 kg per year, with 
a yearly increase in supply and demand. 
These plastics turn to solid waste after 
their end of life and will accumulate in 
the environment. Hence, from an envi-
ronmentally friendly point of view, the 
production of biodegradable plastics 
(BP) is important to reduce the accumu-
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lation of plastic waste in the environment 
(Iovino et al., 2008). Plastic products are 
characterized as not easily degradable 
because of their relatively high stability 
and hydrophobic characteristics (Iovino 
et al., 2008). Plastics are inert, durable, 
hygienic, lightweight, cheap, and malle-
able. However, the main environmental 
disadvantage of plastics materials is that 
they do not readily break down in the 
environment and therefore can litter the 
natural environment (Mohee and Unmar, 
2007). Plastic waste is recognized as 
one of the most troublesome categories 
of waste, and disposal of plastic waste 
has been blamed for shortening the life 
of landfi ll sites (Ishigaki et al., 2004). 
Consequently, considerable attention 
has been given to the development of 
BP materials derived from agricultural 
resources or, alternatively, to petroleum-
-based plastics modifi ed with degradable 
additives. Biodegradable plastics can de-
compose into carbon dioxide, methane, 
water, inorganic compounds or biomass 
via microbial activities within the natural 
environment (Cho et al., 2010). More-
over BP are designed to degrade under 
environmental conditions or in munici-
pal and industrial biological waste treat-
ment facilities.

Many plastics that are labeled as 
“degradable” do not decompose very 
readily, and it is not clear that litter 
will be diminished to any great degree 
through their use. In addition, because 
not all plastics are or will be degradable, 
user confusion is and will be common. 
Multiple formulations mean not all de-
gradable plastics address compost con-
tamination, and most degradable plastics 
do not address other problems associated 
with plastics waste management (WM). 

Therefore it is not clear that degradable 
plastics constitute a major technologi-
cal advance; in fact, overall they may 
be more harmful than helpful (Tonjes 
and Greene, 2013). Just because some-
thing has the prefi x bio- (e.g. biodiesel, 
bioplastics and more) does not mean it is 
more environmentally friendly (Harding 
et al., 2016).

Single-use plastic bags

Plastic bags are a common means of 
carrying merchandise. In the European 
countries retailers, markets, and shops 
distribute these bags – intended to be 
used once. Many chain stores have in-
troduced BP plastics and have suggested 
that consumers avoid conventional plas-
tic shopping bags. An increasing number 
of products labeled with the terms envi-
ronmentally friendly, degradable, bio-, 
green-, bio-based, and biodegradable are 
being developed as promising solutions 
to litter “simply disappearing” (Vaverk-
ová et al., 2012).

Compostable plastics

“Single-use” bags certifi ed as com-
postable have been appearing on the 
market in recent years. Compostable 
polymers are being promoted as envi-
ronmentally benefi cial, especially if they 
can be derived from renewable resources 
and recovered through organic recycling 
(Vaverková et al., 2012). Biodegradable 
plastics, which have been designed to be 
easily degraded by microorganisms and 
to be absorbed by the natural environ-
ment or by waste landfi lls, are gaining 
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public endorsement as a possible alter-
native to petroleum-derived plastic (Ishi-
gaki et al., 2004). It is important to note 
that all compostable plastics are biode-
gradable, but not all BP are compostable 
(Balaguer et al., 2015).

Aims and objectives

Studies of the degradation of BP in 
various types of environments have been 
carried out (Ishigaki et al., 2004; Kale 
et al., 2006; Mohee and Unmar, 2007; 
Adamcová at al., 2013; Vaverková et al., 
2014; Harding et al., 2016)  and inter-
national standards for the compostable 
polymers have been developed by the 
American Society for Testing and Ma-
terials (ASTM), the International Stand-
ards Organization (ISO) and the Euro-
pean Committee for Standardization 
(ECN) for evaluation of the composta-
bility of BP materials. ASTM standards, 
ISO standards and ECN standards allow 
evaluation of materials under laboratory 
conditions. As such and until now, no 
standard has focused on the degradabili-
ty of degradable/biodegradable materials 
under real conditions (Kale et al., 2006). 

The relatively high number of reports 
describing the biodegradability of a wide 
range of BP may lead to the inaccurate 
conclusion that most plastic polymers 
can be readily biodegraded. In fact, in 
terms of amounts, the production of the 
PE and polystyrene (PS) is, by far, great-
er than that of the rest of the other plastic 
compounds that are considered biode-
gradable. Furthermore, not all types of 
BP plastics are destroyed completely in 
natural environments, raising the ques-

tion of the defi nition of biodegradable 
(Sivan, 2011). It is clearly important to 
study the impact of these materials on 
WM so to realize the truth benefi t and the 
need to establish adequate waste man-
agement system (WMS) and legislation. 
In the present study, biodegradability of 
commercial degradable/biodegradable 
materials made of HDPE and mixed with 
totally degradable plastic additive (TDPA 
additive) or made of PE with the addition 
of pro-oxidant additive (d2w additive), 
advertised as 100% degradable or certi-
fi ed as compostable within various types 
of environments were investigated. 

Material and methods

Samples

The investigated materials in all the 
experiments: (i) controlled composting 
environment – laboratory-scale, (ii) real 
composting conditions – domestic com-
post bin, (iii) real composting conditions 
– industrial composting plant and (iv) 
landfi ll conditions, were obtained from 
chain stores in Europe. Commercially 
available bags were used in all studies 
and cellulose fi lter paper – CFP) (with 
dimensions 0.3 mm thickness) as a posi-
tive control (reference). One of them was 
a carrier bag or a “shopper-bag” made of 
HDPE and mixed with TDPA additive. 
Another was a carrier bag or a “shopper-
-bag” made of PE with the addition of 
d2w additive. One was labeled as 100% 
degradable within various periods of 
time, from three months up to three 
years, and bags certifi ed as compostable. 
The investigated materials are listed in 
Table 1.
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Controlled composting environment 
– laboratory-scale

The fi rst test was carried out in a con-
trolled composting environment. The bio-
degradation degree of the samples was 
evaluated following a modifi ed version 
of Czech National Standard ČSN EN 
14806 ‘‘Packaging – Preliminary evalu-
ation of the disintegration of the pack-
aging materials under simulated com-
posting conditions in a laboratory scale 
test” and a modifi ed version of Czech 
National Standard ČSN EN ISO 20200 
“Plastics – Determination of the degree 
of disintegration of plastic materials un-
der simulated composting conditions in 

laboratory-scale test” (ISO 20200:2004). 
The emphasis was put on discovering 
whether the bags are degradable/biode-
gradable or not (Vaverková et al., 2012).

Real composting conditions – 
domestic compost bin

The second test was carried out in 
composting conditions – domestic com-
post bin. This study was carried out in 
order to assess biodegradability of the 
samples under real conditions of home 
composting, and to fi nd out whether there 
were any physical changes when ex-
posed to natural composting environment 
(Fig. 1). The experimental samples were 

TABLE 1. Degradable/biodegradable materials used in experiments

Sample Type Description
1 N/A BIO-D Plast
2 HDPE+TDPA 100% degradable
3 N/A 100% degradable
4 starch Compostable 7P0147
5 starch and polycaprolactone OK Compost AIB VINCOTTE
6 N/A Compostable 7P0202
7 natural material Compostable 7P0073
8 cellulose (blank) –

FIGURE 1. Initiation of the experiment in compost bin
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placed in home compost bins and were 
checked and visually assessed during the 
experiment (Vaverková et al., 2014a).

Real composting conditions – 
industrial composting plant

The third test was carried out in real 
composting conditions in 2011 and 2012. 
In both cases samples were placed into 
frames and inserted into one clamp with-
in the compost pile to investigate bio-
degradation (Fig. 2). Frames have been 
designed and manufactured in 2011. The 
research of biodegradability was car-
ried out in real conditions in the Central 

Composting Plant in Brno (Adamcová et 
al. 2013; Vaverková et al. 2014b).

Landfi ll conditions

The fourth test was carried out in 
municipal solid waste (MSW) landfi ll 
conditions. Samples were placed into 
frames. All samples were buried into 
landfi ll (Fig. 3). Samples were laid over 
the surface of the landfi ll and then buried 
MW to a fi nal depth of 1 m (Adamcová 
and Vaverková, 2014).

Results

Controlled composting environment 
– laboratory-scale

The CFP completely degraded after 
10 days, implying that it was fully biode-
graded and that the conditions required 
for biodegradation to occur in sampling 
environment were present. No break-
through in disintegration was observed 
for samples made of HDPE with TDPA 
additive or made of PE with d2w additive 
or sample labeled as 100% degradable 
(Samples 1–3). After composting period 

FIGURE 2. Placement of samples in the compost 
pile

FIGURE 3. Placement of the samples buried into landfi ll
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in the laboratory-scale test, the test mate-
rial still remained completely intact. The 
samples did not show any signifi cant 
biodegradation or visual changes and 
were not broken into smaller pieces or 
easily crumbled when touched. The sur-
face was smooth, and there were no pin-
holes observed on the surface after the 
test. The biodegradation of the certifi ed 
compostable plastic bags proceeded very 
well (Samples 4–7). After composting 
period the different test materials seemed 
to completely disappear. This was con-
fi rmed at the end of the test. Table 2 
presents the amounts of plastic pieces 
before (Mi) and after composting (Mr) 
from each reactor, as well as their cor-
responding disintegration degree (D).

Based on this test it can be concluded 
that certifi ed compostable plastic bags 
(Samples 4–7) showed complete level of 
biodegradation during the composting test. 
In contrast, test material made of HDPE 
with TDPA additive and the bag made of 
PE with d2w additive or sample labeled as 
100% degradable (Samples 1–3) remained 
completely intact at the end of the test. 

Real composting conditions – 
domestic compost bin

From the results obtained during the 
biodegradation test in domestic compost 
bin, it can be concluded that the samples 
made of HDPE with TDPA additive and 
made of PE with d2w additive or sample 
labeled as 100% degradable (Samples 1–3) 
have not decomposed, their color has not 
changed and that no degradation neither 
physical changes have occurred. Thus, the 
samples cannot be claimed to be biode-
gradable. Samples certifi ed as composta-
ble have not decomposed (Samples 4–7).

In contrast to the laboratory condi-
tions, the real conditions (including home 
composting) are affected by a number of 
factors that cannot be infl uenced such as 

air temperature, pH of the environment, 
water content of the compost pile, pre-
cipitation etc. It is necessary to emphasize 
that the nature of the compost raw mate-
rial plays an important role in polymers’ 
degradation since different compost sys-
tems (i.e. manure, yard, and food waste) 
produce different microbiological activ-
ity. All these factors can signifi cantly af-
fect the rate and degree of degradation. 

TABLE 2. Amounts of samples before (Mi) and after composting (Mr) and disintegration degree (D)

Sample Mi [g] Mr [g] * D [%]*
1 3.45 3.7 0
2 7.02 7.5 0
3 7.03 7.2 0
4 7.01 0.03 99.6
5 7.02 0 100
6 7.01 0.009 99.9
7 7.02 0 100
8 7.02 0 100

*Mean value.
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Real composting conditions – 
industrial composting plant

The experimental samples were 
placed in the compost pile and were 
checked and visually assessed. Research 
in real conditions is not supported by 
norms, neither exist methodologies de-
scribing procedures for the research of 
decomposition of these materials in real 
conditions. Up to now, no laboratory 
tests were capable of copying the con-
ditions of industrial composting plants. 
After the expiration of the experimental 
period it was found out that the samples 
made of HDPE with TDPA additive and 
made of PE with d2w additive or sam-
ple labeled as 100% degradable have not 
decomposed, their color has not changed 

and that no degradation neither physical 
changes have occurred (Fig. 4). Samples 
certifi ed as compostable were decom-
posed. Control reference sample con-
fi rmed that the conditions of decomposi-
tion were suitable during the experiment  
(Fig. 5).

The experiment was carried out in 
real conditions for the fi rst time in 2011 
and its repetition was carried out again in 
2012 in order to verify the achieved ex-
perimental results. The results confi rmed 
the fi ndings from 2011.

Landfi ll conditions

In the research conducted in 2012–
–2014 (still ongoing) experimental sam-
ples were placed in the MSW landfi ll and 

FIGURE 4. Not decomposed samples (Samples 1–3)

FIGURE 5. Decomposed samples (Samples 4–7)



10 D. Adamcová et al.

were checked and visually assessed dur-
ing the experiment. After the expiration 
of the experimental period (48 months) 
it was found out that the samples made 
of HDPE with TDPA additive and made of 
PE with d2w additive or sample labeled as 
100% degradable (Samples 1–3) have not 
decomposed and no degradation neither 
physical change have occurred (Fig. 6); 
however, their color has slightly changed. 
For the time being, the research has con-
fi rmed that the samples do not biodegrade 
or disintegrate in landfi ll. Samples certi-
fi ed as compostable have decomposed 
(Samples 4–7). Control reference sample 
confi rmed that the conditions of decom-
position were suitable during the experi-
ment. The CFP biodegrade after 8 months, 
implying that it was fully biodegrade and 
that the conditions required for biodegra-
dation to occur in a sampling environment 
were present.

Discussion

Degradation potential of polymers is 
usually tested in laboratory experiments 
that simulate long exposure times. These 
processes do not exactly match environ-

mental conditions, and the acceleration 
of the degradation processes by various 
manipulations in order for experiments 
to be concluded timely means that deter-
minations of when reactions occur under 
ambient conditions are often inexactly 
estimated (Tonjes and Greene, 2013). 
The closer experiments mimic environ-
mental conditions, the better the likeli-
hood of timing degradation effects cor-
rectly (Searle, 2003), although careful 
bench-scale tests in at least one instance 
considerably over predicted degradation 
measured in fi eld experiments (Tonjes 
and Greene, 2013). Laboratory results 
can lead to incorrect descriptions of 
degradation potentials, or widely vary-
ing estimates of environmental persist-
ence. Thus, many manufacturers claim 
their products undergo reactions faster 
or more completely than they actually 
do. Contrarily, those observing products 

which remain more intact in the environ-
ment than product specifi cations outline 
then fear that these products will remain 
undegraded for thousands of years or 
more (Tonjes and Greene, 2013).

FIGURE 6. An example of not decomposed samples in landfi ll conditions
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Biodegradable plastics are primarily 
intended to address composting contam-
ination (and litter issues). Compostable 
plastics require specifi c levels of mois-
ture and oxygen for initial reactions to 
occur to make the polymers consumable 
by bacteria (Song et al., 2009). These 
conditions are usually only found in 
larger, industrial-commercial facilities, 
where materials are regularly turned, and 
usually have been pre-processed often 
shredded (Kale et al., 2007a).

Compostable plastics under stand-
ard, large-scale composting practices 
have been found to degrade well, with 
different kinds of substrates, such as yard 
waste, manure, and food waste (Kale et 
al., 2007b), or using different technolo-
gies, such as turned windrow or in-vessel 
(CSU Chico, 2007). These results have 
led to endorsement of their wider use 
(Tonjes and Greene, 2013).

However, reports of failure to per-
form by compostable-labeled plastics in 
at-home composting environments are 
common. Inadequate temperatures in 
these smaller piles, so that the key reac-
tion for degradable/biodegradable plas-
tics is not initiated, are thought to be the 
reason for much of the poor results (Far-
rington et al., 2005; Song et al., 2009). 
This has reignited controversies asso-
ciated with earlier BP products, due to 
the mismatch between producer claims 
and consumer experiences (Tonjes and 
Greene, 2013).

Replacing recalcitrant plastics with 
plastics that have greater potential to de-
grade may result in greater degradation 
of the plastics themselves – if the degra-
dable plastics encounter conditions that 
result in depolymerization. Burial of UV-
-sensitive plastics is not likely to result in 

any early plastics decay. Plastics where 
degradation is initiated by higher tem-
peratures are more likely to start decom-
posing in most landfi lls. For instance, 
landfi ll cover fi lm made of PE and TDPA 
lost integrity in one three month trial, 
and average molecular weight was re-
duced to less than 5 kDa after 14 months 
at another site (Swift and Wiles, 2004). 
Most BP that are “compostable” gener-
ally require moisture and oxygen for the 
process to proceed very far, however. 
Moisture may or may not be available 
in particular landfi lls or areas in land-
fi lls, but landfi lls generally are known 
to be lacking in oxygen. No studies of 
compostable plastics in landfi ll environ-
ments were located (ExcelPlas Australia, 
2004), although some starch-based plas-
tics have degraded in simulated anaero-
bic digesters (CSU Chico, 2007). 

Although all polymers will degrade 
under certain conditions, plastics that are 
specifi cally designated as degradable/bio-
degradable have been manufactured to 
do so in an enhanced way. Biodegradable 
plastics are supposed to lose important 
materials properties within days-weeks-
-months after intended usage has been 
completed (Tonjes and Greene, 2013).

Conclusion

This long-term research was carried 
out in order to assess biodegradability 
of commercial materials made of HDPE 
and mixed with TDPA additive or made 
of PE with the addition of d2w additive, 
advertised as 100% degradable or certi-
fi ed as compostable within various types 
of environments. They were investigated 
under different conditions in order to 
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fi nd out whether there were any physical 
changes when exposed to different en-
vironment. The results demonstrate that 
the materials made of HDPE and mixed 
with TDPA additive or made of PE with 
the addition of d2w additive or advertised 
as 100% degradable did not biodegrade 
in any of the above-described conditions 
and remained completely intact at the 
end of the tests. The experiments did not 
yield the anticipated results. Biodegrada-
tion of the certifi ed compostable plastic 
bags proceeded very well in laboratory-
-scale conditions and in real composting 
conditions – industrial composting plant, 
however, these materials did not bio-
degrade in real composting conditions 
– domestic compost bin and landfi ll con-
ditions. The main conclusion that can be 
derived from these studies is that degra-
dable/biodegradable plastics or plastics 
certifi ed as compostable are not always 
suitable for home composting and that in 
home compost bin they do not degrade. 
As far as landfi ll environment is con-
cerned, the research is still in progress. 
All test specimens will be analyzed after 
the end of the experiments using con-
ventional Scanning Electron Microscope 
(SEM) techniques.

References

Adamcová, D., Vaverková M. and Toman, F. 
(2013). Repeated research of biodegradabil-
ity of plastics materials in real composting 
conditions. Acta Universitatis Agriculturae 
et Silviculturae Mendelianae Brunensis, 61, 
6, 1557-1564. 

Adamcová, D. and Vaverková, M. (2014). Degra-
dation of biodegradable/degradable plastics 
in municipal solid waste landfi ll. Polish 
Journal of Environmental Studies 23, 4, 
1071-1078.

Balaguer, M.P., Villanova, J., Cesar, G., Gavara, 
R. and Hernandez-Munoz, P. (2015). Com-
postable properties of antimicrobial bioplas-
tics based on cinnamaldehyde cross-linked 
gliadins. Chemical Engineering Journal, 
262(15), 447-455.

Bespalov, V.I., Gurova, O.S. and Samarskaya, N.S. 
(2016). Main principles of the atmospheric 
air ecological monitoring organization for 
urban environment mobile pollution sources. 
Procedia Engineering, 150, 2019-2024.

Cho, H.S., Moon, H.S., Kim, M., Nam, K. and 
Kim, J.Y. (2010). Biodegradability and 
biodegradation rate of poly(caprolactone)-
-starch blend and poly (butylene succinate) 
biodegradable polymer under aerobic and 
anaerobic environment. Waste Management, 
31, 3, 475-480.

CSU Chico (California State University at Chico). 
(2007). Performance Evaluation of Environ-
mentally Degradable Plastic Packaging and 
Food Service Ware. California Integrated Waste 
Management Board, Sacramento, CA. Avail-
able at: http://www.calrecycle.ca.gov/Publica-
tions/Documents/Plastics/43208001.pdf.

ExcelPlas Australia, Centre for Design at RMIT, 
and Nolan-ITU. (2004) (fi rst released 2003). 
The Impacts of Degradable Plastic Bags in 
Australia. Centre for Design at RMIT, Mel-
bourne, Australia. Available at: http://tuiserv-
ices.com.au/fi les/degradables.pdf.

Farrington, D.W., Lunt, J., Davies, S. and Black-
burn, R.S. (2005). 6-Poly (lactic acid) fi bers. 
In Biodegradable and sustainable fi bers (pp. 
191-220).

Fronczyk, J., Lech, M., Radziemska, M. and 
Sychowicz, J. (2016). Wybrane parametry 
fi zyko-chemiczne gleb wzdłuż trasy ko-
munikacyjnej zlokalizowanej na obszarach 
cennych ekologicznie. Scientifi c Review 
– Engineering and Environmental Sciences, 
71, 21-30.

Fronczyk, J., Radziemska, M. (2016). Removal of 
copper(II) ions from groundwater using pow-
dered devonian dolomite in premeable reac-
tive barriers. Carpathian Journal of Earth 
and Environmental Sciences, 11, 1, 113-121.

Harding, K.G., Gounden, T. and Pretorius, S. 
(2016). “Biodegradable” Plastics: A Myth 
of Marketing? Procedia Manufacturing, 7, 
106-110.



Research of the biodegradability... 13

Iovino, R., Zullo, R., Rao, M.A., Cassar, L. and 
Gianfreda, L. (2008). Biodegradation of 
poly(lactic acid)/starch/coir biocomposites 
under controlled composting conditions. 
Polymer Degradation and Stability, 93, 
147-157.

ISO 20200:2004. Plastics – Determination of the 
degree of disintegration of plastic materials 
under simulated composting conditions in 
laboratory-scale test.

Ishigaki, T., Sugano, W., Nakanishi, A., Tateda, 
M., Ike, M. and Fujita, M. (2004). The de-
gradability of biodegradable plastics in 
aerobic and anaerobic waste landfi ll model 
reactors. Chemosphere, 54, 3, 225-233.

Jakovcevic, A., Steg, L., Mazzeo, N., Caballero, 
R., Franco, P., Putrino, N. and Favara, J. 
(2014). Charges for plastic bags: Motiva-
tional and behavioral effects. Journal of 
Environmental Psychology, 40, 372-380.

Kale, G., Auras, R. and Singh, P.S. (2006). 
Degradation of commercial biodegradable 
packages under real composting and ambient 
exposure conditions. Journal of Polymers 
and the Environment, 14, 3, 317-334.  

Kale, G., Kijchavengkul, T., Auras, R., Rubino, 
M., Susan, E,. Selke and Singh, S. (2007a). 
Compostability of bioplastic packaging 
materials: An overview. Macromolecular 
Bioscience, 7, 255-277.

Kale, G., Auras, R., Singh, S. and Narayan, R. 
(2007b). Biodegradability of polylactide bot-
tles in real and simulated composting condi-
tions. Polymer Testing, 26, 1049-1061.

Mohee, R. and Unmar, G. (2007). Determining 
biodegradability of plastic materials under 
controlled and natural composting environ-
ments. Waste Management, 27, 1486-1493.

Radziemska, M. and Fronczyk, J. (2015). Level 
and contamination assessment of soil along 
an expressway in an ecologically valuable 
area, Central Poland. International Journal of 
Environmental Research and Public Health, 
12, 13372-13387.

Rozbicka K. and Rozbicki T. (2014). Spatiotem-
poral variations of tropospheric ozone con-
centrations in the Warsaw Agglomeration 
(Poland). Annals of Warsaw University of 
Life Sciences – SGGW. Land Reclamation, 
46, 3, 247-261.

Sivan, A. (2011). New perspectives in plastic bio-
degradation. Current Opinion in Biotechnol-
ogy, 22, 3, 422-426.

Searle, N.D. (2003). Environmental effects on 
polymeric materials. New York: John Wiley 
and Sons.

Song, J.H., Murphy, R.J., Narayan, R. and Dav-
ies, G.B.H. (2009). Biodegradable and 
compostable alternatives to conventional 
plastics. Philosophical Transactions of the 
Royal Society B: Biological Sciences, 364, 
1526, 2127-2139. 

Swift, G. and Wiles, D.M. (2004). Biodegrad-
able polymers and plastics in landfi ll sites. 
In: Encyclopedia of Polymer Science and 
Technology. (pp. 40-50) John Wiley & Sons. 
Available at: http://onlinelibrary.wiley.com/
doi/10.1002/0471440264.pst457/pdf.

Tonjes, D.J. and Greene, K.L. (2013). Degrada-
ble Plastics and Solid Waste Management 
Systems. Waste Reduction and Management 
Institute, School of Marine and Atmospheric 
Sciences, Stony Brook University.

Vaverková, M., Adamcová, D. and Zloch, J., 
(2014a). How do degradable/biodegradable 
plastic materials decompose in home com-
posting environment? Journal of Ecological 
Engineering, 15, 4, 82-89. 

Vaverková, M., Adamcová, D., Kotvicová, J. and 
Toman, F. (2014b). Evaluation of biodegrad-
ability of plastics bags in composting condi-
tions. Ecological Chemistry and Engineering 
S, 21, 1, 45-57.

Vaverková, M., Toman, F., Adamcová, D. and Ko-
tvicová, J. (2012). Study of the biodegrability 
of degradable/biodegradable plastic mate-
rial in a controlled composting environment. 
Ecological Chemistry and Engineering S, 19, 
3, 347-358.

Wang, Q. and Yang, Z. (2016). Industrial water 
pollution, water environment treatment, and 
health risks in China. Environmental Pollu-
tion, 218, 358-365.

Summary

Research of the biodegradability of 
degradable/biodegradable plastic mate-
rial in various types of environments. Re-
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search was carried out in order to assess bio-
degradability of degradable/biodegradable 
materials made of HDPE and mixed with 
totally degradable plastic additive (TDPA 
additive) or made of polyethylene (PE) with 
the addition of pro-oxidant additive (d2w 
additive), advertised as 100% degradable 
or certifi ed as compostable within various 
types of environments. Research conditions 
were: (i) controlled composting environ-
ment – laboratory-scale, (ii) real composting 
conditions – domestic compost bin, (iii) real 
composting conditions – industrial compost-
ing plant and (iv) landfi ll conditions. The 
results demonstrate that the materials made 
of HDPE and mixed with totally degradable 
plastic additive (TDPA additive) or made of 
polyethylene (PE) with the addition of pro-
-oxidant additive (d2w additive) or adver-
tised as 100% degradable did not biodegrade 
in any of the above-described conditions and 
remained completely intact at the end of the 
tests. Biodegradation of the certifi ed com-
postable plastic bags proceeded very well in 

laboratory-scale conditions and in real com-
posting conditions – industrial composting 
plant, however, these materials did not bio-
degrade in real composting conditions – do-
mestic compost bin and landfi ll conditions. 
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