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Abstract: Disposal of synthetic textile waste by landfill is likely to pose a risk of environmental pollution problems. 
Biodegradation remains a viable textile waste management alternative. The objective of this study is to evaluate the 
biodegradability of textiles containing polyvinyl chloride (PVC) by acclimated and non-acclimated Trametesversicolor and 
to measure the speed of mycelial propagation. A technique of liquid inoculation by mycelial fragments and subsequent 
fermentation is used. Mycelium propagation is analyzed over time using photogrammetry with photo analysis being carried 
out using ImageJ software. After 21 days, the inoculated samples are significantly absorbed and the fungal biomass 
increased. The difference in mass is used to quantify the substrate’s biodegradation. Images of samples inoculated with 
previously acclimated fungus to PVC liquid culture show that the fungal strain T. versicolor colonized and metabolically 
degraded PVC textile waste thereby causing a loss of weight. The results suggest that previously acclimated fungus is an 
attractive alternative for biological treatment of PVC waste. 
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I. INTRODUCTION 
 
PVC is a strong, rigid, inert material that is also 
lightweight, flame resistant and has low permeability. 
Used in many products, PCV is rarely used in a pure 
state [1],as manufacturers often incorporate additives 
and plasticizers to increase its flexibility, scalability 
and manageability [2], [3]. 
These blends can contain metals (such as lead and 
cadmium) and organotin compounds [2], [4]. 
The latter are used as stabilizers, and since they are 
not chemically bonded to the PVC, they can migrate 
into the environment, and over time become source of 
environmental concern [5]. However, organotin 
compounds can also be degraded by microbes [1]. 
Because of its persistent nature, PVC makes it 
difficult to degrade and does not decompose naturally 
[6], [7]. Its accumulation in the environment is of 
significant concern, particularly for waste 
management [8]. In Quebec Canada, over 60% of 
textile waste ends up in landfills [9]. Alternatively, 
treating PVC waste by incineration releases toxic 
gases such as chlorofluorocarbons (CFCs), vinyl 
monomers and dioxins and CO2[8]. 
Therefore, PVC damagesboth the atmosphere and the 
land [10]. Dioxinspresent in the material affect not 
only the immune and endocrine systems, but also can 
cause various forms of cancer [11]. PVC is indeed 
one of the most damaging plastic for the environment 
[12].  
The presence of a chlorine atom in the chemical 
structure of PVC confers to the monomer its 
distinctive features. Indeed, the removal of this atom 
results in an easy degradation of PVC, producing 
hydrochloric acid (HCl) [13]. Since halogens, 
especially chlorine, increase resistance to aerobic 

biodegradation [14], a biotic dechlorination must 
precede polymer biodegradation [15]. 
In terms of biodegradation, mushrooms tend to 
possess a marked advantage over bacteria because 
they do not require pre-determined conditions [16]. 
Bacteria usually require exposure to high levels of 
pollutant to produce effective degradation enzymes 
[16]. 
The approach utilized in the degradation of PVC 
textile waste involves the use of the ligninolytic 
fungus Trametesversicolor. This fungus is widely 
used in research on bioremediation due to its efficient 
production of extracellular laccases [17].T. versicolor 
produces at least three ligninolytic enzymes that are 
able to efficiently degrade lignin, polycyclic aromatic 
hydrocarbons, polychlorinated biphenyls and a 
number of synthetic dyes [18].Acclimated may be 
defined as “length of time between the addition or 
entry of the chemical into an environment and 
evidence of its detectable loss” [7]. 
The objectives of this study are: (i) to assess the 
degree of biodegradation of residual PVC textile 
materials by acclimated and non-acclimated 
Trametesversicolor, and (ii) to measure the growth 
rate of the mycelium. 

 
II. EXPERIMENTAL DETAILS 
 
2.1. Materials and Procedures 
The study of biodegradation and propagation 
wasperformed under the following conditions: 

The selected fungus is T. versicolor, a white rot 
fungus known for its ligninolytic activity. The strain 
of T. versicolor used, "Garfield", was commercially 
obtained from Fungi Perfecti (7634, Olympia, WA, 
USA). 
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Fragments of PVC apparel were used as substrate. All 
samples were obtained from the Certex Textile 
Recovery and Sorting Centre, a charitable 
organization. 
Inoculation was performed using a culture prepared 
according to a fermented liquid inoculum technique, 
an adaptation of the method used by [19].  
The experimental design consisted of 5 treatments for 
non-inoculated PVC textiles (control), 10 treatments 
for those with not-acclimated liquid culture, and 10 
treatments for those inoculated with acclimated liquid 
culture. The substrates are identified as follows 
(Table 1), and a 13-step method described below. 

 
Table 1 Substrates used for the degradation 
of PVC and growth of T. versicolor mycelium 

Textiles with PVC inoculated with non-
acclimated liquid culture NA 

Textiles with PVC inoculated with 
acclimated liquid culture A 

Non-inoculated textiles with PVC-control C 

 
Step l: A culture of T. versicolorwas incubated in 

a 100 x 15 mm Petri dish until the mycelium spreads 
to a distance of 1 cm from the periphery.  

Step 2: A parent culture was transplanted by 
moving one square centimeter section to each of 
twenty-five clean Petri dishes. Twenty five 
subcultures of T. versicolorwerethus generated. The 
cultures were incubated at 24 degrees Celsius until 
the mycelium reached 1 cm from the periphery of 
each petri dish, forming a mycelial mat of 
approximately 80 mm in diameter.  

Step 3: A liquid culture medium was prepared by 
mixing 500 ml of water, 20 g of barley malt sugar, 
1 gram of yeast and a half gram of calcium sulfate. 
The mixture and sterilized by autoclaving at 121 
degrees Celsius for 1 hour at 15 lb / in2.  

Step 4: The mycelium of each box was sectioned 
into quadrants with a sterilized scalpel and transferred 
aseptically into an Eberbach mixer containing the 
sterilized fermentation broth, and allowed to cool.  

Step 5: The mycelium was subsequently ground 
into small pieces using the EberbachWaring blender. 

Step 6: The newly created fermentation broth 
was divided into two equal parts and transposed into 
sterile containers capped with Parafilm, perforated 
and covered with parafilm. 1.5 grams of previously 
sterilized PVC flour was transferred into one of the 
containers, then placed on a rotating plate set at 170 
rev / min for 72 hours. Fermentation broths were 
continuously agitated to allow the transpiration of 
metabolic gases. Hyphae present in the liquid culture 
were hence agitatedto stimulate propagation. After 
three to four days of regrowth, liquid cultures were 
employed inoculate the substrates.  

Step 7: A gram of PVC flour was transferred to 
each petri dish andsubsequently soaked in 10 ml of 
distilled water.  

Step 8: After 12 hours, the dishes were drained. 
Ten dishes were inoculated with 10 ml of acclimated 
culture and 10 other disheswith a non-acclimated 
culture. 5 control dishes were not inoculated. All 
were incubated for 21 days.  

Step 9: A digital photo was taken at intervals of 3 
days, to observe the mycelial spread over time.  

Step 10: After 21 days each PVC sample was 
placed in a 65 degree Celsius oven.  

Step 11: Once dried it was washed using distilled 
water to remove fungal biomass.  

Step 12: The samples were returned to the oven 
at 65 degree Celsius.  

Step 13: Once dry, they were weighed to 
determine weight loss following degradation. 

The incubation temperature was maintained at 
24°C throughout the process. 

 
2.2. Data Collection 
Substrate degradation was determined by measuring 
sample weight loss post-inoculation. Mycelium 
growth was analysed by photogrammetry as 
previously described [20]. Images of using 3264 x 
2448 pixels were taken using a Fujifilm camera 
(model FinePix HS20EXR) at a 3-day interval over a 
span of 21 days. The rate of mycelialpropagation was 
determined by processing the images with Adobe 
Photoshop and analysing with ImageJ (Fig. 1). 
 

 
Figure 1: Image acquisition setup 

 
Monochromatic images with the highest contrast (in 
this study, the red band) were used in the analysis. 
The proportion of mycelium growth was calculated 
by calculating the ratio (white pixels)/(black + white 
pixels). All the controls (PVC only, non-inoculated) 
taken at different time points were used to normalize 
the values, as they do not change over the course of 
the experiment.  
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Using this method, mycelium growth was monitored 
over time by measuring the proportion of the 
substrate surface colonised by T. versicolor.  
 
RESULTS AND DISCUSSION 
 
3.1. Degradation by loss of mass 
 
Difference between final and initial PVC substrate 
mass shows a biodegradation by the acclimated liquid 
of approximately 8%. This compares with a 6% 
reduction by the non-acclimated liquid culture. 
Control samples were decomposed at 3%. Treatment 
without inoculum, represented by the control 
samples, was performed to account for a degradation 
potentially caused by microorganisms present in the 
environment of the experiment. The weight loss of 
these may be caused, at least partially, by the 
metabolic activity of exogenous microorganisms [21]. 
Kruskal-Wallis test was performed on the 
aforementioned results and confirmed a significant 
difference between the weight loss in the controls, 
non-acclimated and acclimated samples with a 
significance level of p=0.05. These results are 
consistent with those of [12] who found that 
saprotrophic fungal organisms could utilize PVC as a 
carbon source.  
The percentage mass loss of the substrates is 
illustrated in Fig. 2. 

 

Figure 2: Average mass reductions of PVC samples by NA and 
A liquid inoculums, as compared to control samples 

 
The highest degradation of polymer inoculated with 
acclimated liquid inoculum is confirmed by the 
highest loss of mass. One can also see the effect of 
enzymatic activity on PVC tissue by the color 
change. It becomes whitish, and the morphology of 
the surface appears to be rougher. 
Several factors could explain these results. 
Biodegradation is species specific. Different 
environmental conditions, such as nutrient substrates, 
ambient temperature and the incubation period may 
affect the extent of degradation. 

3.2. Degradation by mycelium propagation  
 
Observation of digital photographs shows that the 
initial spread of the mycelium in acclimated liquid 
culture is faster as it quickly colonizes the substrate. 
This indicates that T. versicolor has the ability to use 
the polymer as a carbon source under these 
conditions. The spread of the mycelium over time is 
shown in Table 2 and in Fig. 3. 

 
Table 2: T. versicolor growth by substrate 

surface covered 

 
 

 
Figure 3: T. versicolor growth by substrate surface covered. 

Non-acclimated (NA) and acclimated (A) strains proportion of 
substrate covered during the course of the experiment. Error 

bars are standard deviation. 
 

Acclimatizing the fungus before exposure to the solid 
PVC substrate reduced the time for colonization (Fig. 
3), and resulted in an overall higher degradation than 
non-acclimated (Fig. 2). The acclimated fungus 
reached a colonization plateau after only 6 days post-
inoculation while the non-acclimated reached this 
value after 21 days. We can suppose that the 
acclimated fungus showed a superior adaptation to 
degrading the substrate PVC, reaching its maximum 
degradation capacity faster than the non-acclimated.  
Overall, the faster colonization of the acclimated also 
resulted in a higher PVC degradation. 
The results obtained by the photogrammetry method 
concur with the results on the mass difference. 
Acclimated inoculum appears to provide an 
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advantage when it comes to biodegradation of the 
PVC under the aforementioned conditions.  
While the results presented here show of a maximum 
mass loss of 8%, degradation might be improved with 
different fungal species, heterogeneous substrate, co-
culture, longer incubation, or additives to the broth, 
such as cellulose. For example, further studies should 
evaluate blending the pure material with a more 
digestible substrate, such as polyesters, nylons and 
natural fibers like cotton. This may result in a greater 
biodegradation, and lead to material valorization. The 
substrate can be homogenized and sequestered by the 
metabolic process of the biodegrading organism. In 
the case of cellulose, its addition may change the 
PVC`s hydrophilic properties and the material more 
vulnerable to microbial degradation [12], [22]. 
 
CONCLUSIONS 
 
T. versicolor colonized and metabolically degraded 
PVC textile waste. Previously acclimated to PVC 
liquid culture presents itself as an alternative for 
treating PVC waste, which can alleviate the 
difficulties associated with the disposal of PVC. 
Prior acclimatization specifically results in faster 
biodegradation of PVC. The authors suggest that a 
valorization of output be considered to the extent that 
the heterogeneous input is homogenized by the 
degradation process. This output is networked in a 
persistent fungal biomass and also discolored. This 
biomass could serve as raw material for the design of 
several innovative industrial applications and 
products.  
Mycelial growth over the substrate concurs with a 
mass reduction. This colonization appears to flatten 
after an initial 6-day increase, after which acclimated 
and non-acclimated Trametesversicolor become 
similar, with no discernable additional growth after 
18 days. This may indicate that 
Trametesversicolorcan degrade this particular PVC-
containing textile substrate only to a certain extent. 
Since over 60% of textile waste ends up in landfills, a 
more efficient method of dealing with it remains to be 
found.  
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