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ABSTRACT: Plastic is a commonly used carbon-based product that poses a major environmental pollution hazard due to its 
poor biodegradability.  The natural environment is rich in organic carbon sources. Only few microorganisms have developed abilities 
to disintegrate heavy plastic molecules, and their lytic capabilities are generally poor. Microorganisms select carbon molecules that 
require less energy to digest. As bacteria are highly adaptable organisms, it is hypothesized that bacterial plastic biodegradation 
activity could be stimulated by limiting carbon sources to plastic and forcing bacteria to upregulate necessary metabolic pathways. 
Bacteria with natural abilities to decompose plastic from three different ecosystems in Alberta, Canada (forest, river, and farm) 
were cultured in an artificially created environment with limited carbon access. Pseudomonas sp. demonstrated the ability to 
accelerate LDPE biodegradation from 1.39% in carbon-saturated to 21.335% in carbon-restricted mediums in three months. 
The results of our study suggest that plastic pollution could be reduced by increasing its biodegradation in dedicated composters. 
Finding a solution to the overwhelming waste issue is critical to the planet’s health. 
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�   Introduction
Plastic is a carbon-based polymer of high molecular mass, 

usually produced from petroleum. It is a very versatile modern 
material, widely used in the manufacturing of a large range of 
products from automobiles and buildings to toys and cosmet-
ics.¹ Plastic poses a significant environmental pollution threat 
due to its resistance to biodegradation. In 2009, it was estimat-
ed that 10% of modern waste was in the form of plastics.² In 
marine areas, plastic debris reaches 50%-80% of total waste.³ 
Indeed, a study done in 2014 estimated that 245,000 tons of 
plastic waste were floating in the ocean.⁴ Plastic pollution has 
been described as the “single greatest threat” to marine animals 
and birds.⁵ Moreover, animals of different sizes are affected by 
plastic in a variety of ways. When consumed, plastic blocks di-
gestion in animal’s stomachs and can cause starvation. Large 
marine mammals can be killed by entanglement. Poisoned 
animals can harm human food supplies as well. Additionally, 
some additives may be cancerous to humans.⁵ Additives such 
as phthalates and BPA can provoke hormonal dysregulations 
like thyroid, fertility, and skin disorders.⁵

The disposal of plastics is extremely difficult. Despite be-
ing a carbon-based material, plastics are synthetically produced 
and, because of the high molecular weight of their hydrophobic 
long carbon chains, are not easily breakable by microbial en-
zymes. Several bacteria, yeast, and fungi have been identified to 
have a weak ability to breakdown plastic.6 Research has been 
done to create biodegradable plastics, but the resulting prod-
ucts are expensive.⁷ In a landfill, plastic becomes a carbon sink, 
and incineration increases carbon emissions.⁸ If the plastic is 
incinerated, it also increases carbon emissions and produces 
polychlorinated di benzo-p-dioxins, a carcinogen.⁹ Recycling 
is difficult and labor intensive. During 2008 in the US, only 
6.5% of plastic waste were recycled, while 85.5% were discard-

ed in landfills.¹⁰ Because of plastic’s intractable resistance to 
biodegradation, the disposal strategies are crucial and demand 
attention.

Low-density polyethylene (LDPE) is one of the most 
used plastics.¹ LDPE biodegradation, the safest way to treat 
waste, is limited by microbial abilities to break strong poly-
mer chains. Several bacteria have demonstrated a natural 
ability to biodegrade plastics. Ideonella sakaiensis 201-F6 is 
able to use polyethylene terephthalate (PET) as its major 
energy and carbon source.¹⁴ Bacillus brevis showed ability to 
degrade polycaprolactone.¹⁶ Streptomyces can degrade PHB, 
poly(3-hydoxybutyarate-co-3-hydroxyvalerate), and polyester. 
¹⁷

This degradation occurs in sequential steps. Firstly, bio-de-
terioration alters the chemical and physical properties of the 
polymer before bio-fragmentation can use enzymatic cleavage 
to breakdown polymers to a simpler form. Then, in the as-
similation phase, microorganism’s uptake polymer molecules 
produce oxidized metabolites (CO2, CH4, H2O). In the final 
step of degradation, mineralization occurs. ¹⁸

Several natural metabolic pathways leading to plastic deg-
radation were identified. Ideonella sakaiensis produces two 
enzymes, terephthalic acid and ethylene glycol allow it to 
efficiently convert PET into environmentally friendly mono-
mers.¹⁷ Rhodococcus ruber uses copper-binding laccase in 
enzymatic degradation of polythene.¹⁹

However, the activity of enzymes participating in the syn-
thetic polymer’s fermentation has been shown to be weak. 
This could be possibly explained by the availability of other 
biopolymers, such as cellulose, requiring less energy to digest.¹¹ 
Nevertheless, since natural pathways for plastic fermentation 
exist, it might be possible to stimulate their activity to increase 
plastic natural and safe decay. It is possible that re
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simulate a carbon-rich natural environment (soil). A colony 
representative of each isolate was inoculated into two test 
tubes (one in carbon-restricted and one in carbon-enriched 
groups). Three samples of bacteria were collected from the 
forest soil, three from the river soil and six from the farm soil 
agar dishes. A plastic strip was also added to one test tube 
with a carbon-deprived medium in the absence of inoculum 
to account for any abiotic losses. Tubes were labelled, and 
medium and soil type data was recorded in a corresponding 
logbook. Tubes were incubated for three months at 25°C. The 
inoculation and incubation were carried out under aseptic 
conditions. After three months, incubated plastic samples 
were removed and cleaned of the colonizing bacteria and 
their metabolism byproducts with water and 70% ethanol. 
Samples were air-dried for 24 hours before the weight was 
recorded. 

Biodegradation activity, as a percent of LDPE weight loss, 
was measured for each test sample and compared between 
respective cultures in carbon-saturated and carbon-restrict-
ed mediums. Cultures (isolates) with the most accelerated 
biodegradation activities were identified following sample 
preparation using the polymerase chain reaction (PCR) of 
the 16S rRNA gene and subsequent DNA sequencing at the 
University of Calgary.
�   Results and Discussion
In the first stage of the study, LDPE samples with bacteria 

from three Alberta natural environments were colonized to 
isolate bacteria with presumed natural biodegrading abilities. 
Twelve bacterial cultures were isolated from colonies formed 
on LDPE.

A summarized weight loss of the plastic samples after 
three months of incubation in three natural soils was created 
to provide a better understanding of the rate of natural bio-
degradation (Table 1). In the first stage, the most active BA 
was detected in the soil collected from Alberta mixed forest 
at 6.01%, compared to farm soil at 3.13 % and from river at 
1.27%. 

In the second stage of the experiment, LDPE samples 
were submerged into carbon-deprived substrate and separate-
ly exposed to twelve bacterial isolates with presumed plastic 
degenerative abilities cultured in the first stage of the study. 
The results for the carbon-deprived group are summarised in 
Table 2 and for the carbon-enriched group in Table 3. In three 
months, all twelve cultures demonstrated an increase in bio-
degradation activity. A plastic strip incubated in the medium 
with no inoculum was compared to account for any abiotic 
losses that did not show any weight loss. 

To determine statistical significance in the groups’ BA dif-
ferences, a student t-test was performed. 

Twelve bacterial cultures demonstrated statistically signifi-
cantly increased biodegradation activity in the carbon-deprived 

stricting bacterial sources of carbon to plastic will cause the 
microorganisms to adapt and naturally activate their plastic 
biodegrading ability. Providing synthetic polymers, like plas-
tic, as a sole carbon source will stimulate bacteria to adapt 
to these carbon sources, forcing the upregulation of plas-
tic-degrading enzymes to allow the metabolism of synthetic 
polymers and, therefore, help decompose plastic into environ-
mentally neutral monomers faster.
�   Methods
In the first stage of this study, to obtain bacteria with nat-

ural plastic biodegradation ability, soils from three sources 
were utilized: an Alberta cattle farm, Elbow riverbed, and 
an Alberta mixed forest. It was previously demonstrated that 
biodegradation begins with the colonization of microorgan-
isms on the surface of the material.¹² Soil microorganisms 
were cultured in nature-like landfill conditions, recreated in 
a miniature, enclosed ecosystem. Winogradsky columns con-
taining the soil, rainwater, and 30 cm² LDPE strips were used. 
Plastic samples were incubated for three months in a room 
with indirect natural light and allowed temperature fluctu-
ation consistent with the Alberta climate. This allowed the 
bacterial strains capable of using LDPE as a carbon source to 
colonize the plastic. After three months, biofilm was observed 
to form on the surfaces of the plastic. Three colonies formed 
on the plastic incubated in the forest ecosystem, three in the 
river and six in the farm Winogradsky columns. Bacterial 
samples were collected and cultured on agar in petri dishes to 
isolate monoclonal bacterial cultures with the presumed nat-
ural plastic-degradation ability. Twelve colonies were isolated 
and used as the study subjects in the second stage of the study.

In the second stage, to assess each isolate's plastic biodeg-
radation activity (BA), two test groups were created with 
carbon-restricted and carbon-enriched media. Each bacteri-
al culture was with an LDPE sample in two mediums for 
three months. In three months, the BA in the two groups 
was compared. Biodegradation is characterized by signs of 
disintegration such as a loss of weight, change in physical 
properties, carbon dioxide production etc.  In this study, BA 
was monitored as a percentage of plastic weight loss after 
three months of incubation. BA in the control group served 
as an indicator of baseline biodegradation activity for a given 
bacterial strain.

Procedure:c
Twenty-five 15 ml test tubes were sterilized and filled 

with 10 ml sterile Bushnell-Haas medium (MgSO4 - 0.2g, 
CaCl2- 0.02g,KH2PO4- 1g,FeCl2 - 0.05g, NH4NO₃ - 1g, 
distilled water - 1000 ml, pH - 7.0) to provide necessary 
elements for bacterial growth other than carbon.  Twenty-
five strips of LDPE plastic (1x3cm) were prepared: washed 
with distilled water, sterilized with 70% ethanol for 5 minutes 
and subsequently dried in an incubator at 25°C for 24 hours. 
Plastic samples were then weighed with a Mettler Toledo 
model AL204 analytical balance and added to each test tube. 
In the carbon-restricted group, twelve monoclonal cultures 
were incubated in a medium where plastic was the only source 
of carbon. In the carbon-saturated test group, starch was 
added to the medium as a source of easy-to-digest carbon to 

Table 1: Weight (in grams) of plastic samples.
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ments. One of the most striking properties of Pseudomonas 
species is the ability to use a wide variety of organic carbon 
and energy sources. Some Pseudomonas species utilize over 100 
different compounds, including many simple sugars, fatty ac-
ids, alcohols, glycolic, amino acids, and many other compounds 
not fitting in any other categories.¹⁴ Pseudomonas contain 
multiple different enzymes and capable of using multiple met-
abolic pathways to allow different types of carbon digestion. 
Pseudomonas are known for a weak lytic activity necessary to 
break down long polymers’ chains. For example, Pseudomonas 
can degrade polythene, PVC, PHB, poly(3-hydroxybutyr-
ate-co-3-mercaptopropionate), and poly(3-droxypropionate). 
Since Pseudomonas species possess such a wide variety of met-
abolic mechanisms, in order to survive, the bacteria can be 
highly adaptive and activate their lytic activity.

Study limitations:
Identification and isolation of bacteria with a natural abili-

ty to decompose plastic was a challenging process. There were 
billions of bacteria and millions of cultures in the original soil 
samples. The selection process was based on the assumption 
that bacteria would adhere/colonize plastic. Samples were 
collected from the plastic surface. However, it is possible that 
some active cultures were not captured. It does not change the 
outcome of this study as the focus was on a variety of bacteria 
with a different degree of enzyme activity. The focus of the 
study was to research the ability of bacteria to adapt in a car-
bon-restricted environment. Therefore, it is possible that even 
more active in lytic activity bacteria could exist in a natural 
environment.

Due to limited resources, it was not possible to replicate each 
test condition. In the future, a goal for this project would be to 
repeat the test with the study’s most accelerated culture Pseu-
domonas sp. Creating three to five replicates would strengthen 
the statistical analysis of the study. Also, limited resources pre-
cluded the use of PCR to identify all 12 isolates. It would be 
interesting to know if other tests contained the same species 
but did not accelerate at the same rate.
�   Conclusion
Some bacteria’s natural metabolic pathways could be 

stimulated to allow the digestion of synthetic polymers and ac-
celerated biodegradation of LDPE plastic.  The current LDPE 
recycle rate is very low (less than 10%) due to the labor-in-
tensive recycling technique.¹³ The study showed a promising 
ability of the microorganisms to decay LDPE at a faster rate 
than it currently occurs in nature. To achieve that, synthetic 
polymers need to be treated as selective compost to stimulate 
the microorganism’s lytic activity. A designated site for proper 
disposal of rejected recyclables could help reduce the planet’s 
overall pollution.   
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