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Introduction and Literature Review

Introduction to Plastic Problem

Dominating almost every aspect of human life, plastic has rooted itself into a place of

necessity amongst humans. Originating over a century and a half ago, these synthetic polymers

came from the need for a replacement for ivory (Science History Institute, 2021). Plastic has

provided humanity with advancements in medicine, space travel, and clean drinking water

(National Geographic, 2019). With these hugely significant changes comes one of modern times

most conflicting problems; plastic waste has plagued natural environments since their first use.

Hundreds of millions of tons of plastic have been produced over the last couple of decades, and

of the millions of tons of plastic produced in a year “8 million tons … escape into the ocean”. An

ever increasing issue, plastic production is projected to double by 2050 (National Geographic,

2019). Plastics are composed of polymers, or long chains of molecules, and are also found in

nature. Polyester plastics like polyethylene terephthalate (PET) are of the few plastics that can

break down in nature, but this is due to the ester bonds that compose these plastics, which are

already easily broken down in nature. “Plastics with an all-carbon backbone, such as the

polyethylene in shopping bags or the polystyrene in carryout food containers, are more

challenging” when considering the decomposition process (Drahl, 2018). As plastic has grown as

a product and become more durable, it stays in the environment. While it varies per differing

forms of plastics, some plastics take thousands of years to even start breaking down in the

environment (National Geographic, 2019). On top of this, it is much cheaper to produce more

plastic than to reuse old plastic (Rapier, 2021b). Consider the lifetime of plastics, add it to

already existing millions of tons of plastic in the environment, and finally combine this with the

fact that producing more plastic is a cheaper alternative than reusing plastic and the result is a



3

major environmental problem. The pressing exigence of this issue increases with the realization

that plastics have many human health impacts, some being deadly. When plastics do begin to

break down, the products that this degradation process creates can be harmful to human health,

for example bisphenol A (BPA) -- which is known to affect human hormonal functions --

(Rapier, 2021b). Additionally, some researchers have found microplastics in human organs from

donated bodies, which shows that plastic pollution knows no boundaries (Thompson, 2020).

Polystyrene, the plastic that forms our favorite styrofoam products, has been identified by the

The International Agency for Research as a human carcinogen due to the use of the benzene

chemical in this plastic (Alabi et al., 2019). With this, we as a world are presented with a major

environmental crisis that will take more than a simple solution to solve.

Fungi

As decomposers, saprobic fungi are able to break down organic materials and return

nutrients to the environment (National Parks System). Recent scientific discoveries show that

fungi do not stop at organic matter when decomposing. Over the past couple of decades,

scientists have found that some forms of fungi can break down plastics, and even pollutants in

the soil (Yanto et. al., 2019). Specifically, the Pestalotiopsis Microspora fungus can break down

one form of plastic known as polyurethane (PUR), a plastic used commonly in sponges (Russell

et. al., 2011). This endophytic fungus -- endophytic meaning the fungus having some form of

symbiotic relationship with a plant in its life -- can not only effectively degrade PUR but can also

do so when PUR is the “sole carbon source when grown anaerobically, a unique observation

among reported PUR biodegradation activities” (Russell et. al.). Using an infrared spectrometer,

scientists were able to identify that PUR in a 10 mL culture was degraded in a 2 week period

(Russell et. al.). Beside breakdown plastics, fungi of the same Pestalotiopsis genus can also
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degrade other pollutants like crude oil (Yanto et. al., 2019). Writer Rima Aouf writes in her

article on the capabilities of fungi, “As well helping to accelerate the decomposition of plastic,

the report shows that species of fungus can also be used to remove pollutants out of soil. White

rot fungi varieties pleurotus ostreatus and trametes versicolor can help remove pollutants such as

pesticides, dyes and explosives from soil or wastewater, by degrading toxic polychlorinated

biphenyl (PCB) chemicals.” (Aouf, 2018).

Alongside the ability to degrade plastic, fungi can be trained to perform certain actions.

In the mushroom growing world, mushroom growers train their fungi to be successful, and

produce more substantial harvests. They “clone” their mushrooms by taking tissue samples -- a

small sample of tissue from the inner stalk from the most successful mushrooms -- and reproduce

the fungi, creating a stronger strain. Another term for this process of cloning mushrooms to

increase success is microbial domestication, and this process has a lot of potential for future

plastic problem mitigation (Gibbons, 2019). While it is known what abilities fungi have in

degrading plastics and other pollutants, there have not been many small scale operations that

have capitalized on this.

Mealworms

Similarly can be said for mealworms, who have the same plastic biodegrading abilities as

fungi. Common mealworms are only pupae, and will eventually turn into beetles; the Tenebrio

Molitor mealworms become beetles after a month in the pupae phase. Often used to feed reptiles,

the Tenebrio Molitor mealworms have gut organisms that successfully break down polystyrene --

commonly known as styrofoam -- (Yang et. al., 2015). Using infrared technology, scientist Jun

Yang and a team of other scientists determined that mealworms fed a solely styrofoam diet

“efficiently degraded [the styrofoam] in the larval gut within a retention time of less than 24 h”
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and were also able to live just as healthily as mealworms fed a regular bran diet (Yang). Yang

and his colleagues also discovered that the mealworms turned most of the styrofoam waste into

CO2, as polystyrene has a carbon backbone that makes the degrading process especially difficult

in natural environments (Drahl, 2018). Another positive return from mealworms degrading

plastic is that mealworm waste is safe enough to use as soil for crops (Jordan, 2015). One major

concern when it comes to plastic degradation is whether the plastic is actually being broken

down to the compounds, or if the plastic is just being shredded into microplastics. To determine

if mealworms or fungi are in effect degrading plastics rather than turning them into

microplastics, isotopic labeling has to be done. The Pestalotiopsis Microspora fungus has been

proven to actually break down polyurethane, and the Tenebrio Molitor mealworm was also

shown to degrade polystyrene efficiently, both using infrared technology in high tech labs where

these experiments were run (Russell et. al., 2011)(Yang et. al., 2015). Not everyone has access to

expensive scientific equipment, so bacterial and fungal plastic degradation has been kept out of

the hands of the people, but not for long.

Commercialization + Gap

Commercialization enters the mix with the introduction of new efforts to help the

environment through eco-friendly industrial approaches. Some corporations have already seized

the opportunity to enter a relatively young industry: using fungi and mealworms to help the

environment. Companies like Ecovative jumped on using fungi to replace single use plastics like

styrofoam -- with much irony -- and have found success with a willing market (Shin, 2009).

Ecovative has since expanded its line of products, creating mycelium based leather, foam, and

even bacon (Ecovative, 2022). Scientists, engineers and innovators alike have tried creating

alternatives to plastics, like bioplastics, “which are made from plant crops instead of fossil fuels,
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to create substances that are more environmentally friendly than conventional plastics” (Science

History Institute, 2021). While this promises a more hopeful future for plastics and single use

technologies, what happens to all the plastic waste that has been produced and disposed of? One

method is the time old Pyrolysis approach, “that involves the thermal degradation of plastic

waste in the absence of oxygen to produce a liquid oil” (Rapier, 2021a). This tried and true

method has its cons though, as it produces many other byproducts, and the liquid oil also needs

to be further refined after this process. Aduro Clean Technologies has seemingly provided a

novel solution, with a new process akin to the hydrocracking process of a refinery (Rapier,

2021a). While this large scale plastic break down process looks promising, there is room for

smaller scale commercialization attempts at plastic degradation. The Pela Lomi composter boasts

the convenience of a compost bin in your kitchen, for a price conducive to 500 USD (Pela,

2022). Even so, this product breaks down your everyday kitchen food waste, but what if there

was a product that could do the same with your plastic waste?

Method

With this question arises the idea of a product that degrades plastic at home in a relatively

inexpensive and simple way. Consumability, feasibility, and overall simplicity of this

hypothetical product are the core goals kept in mind in creating a research method and ultimately

deciding what decomposition option to pursue. The process of raising mealworms solely for

plastic degradation is not feasible, and quite complicated. While the mealworm pupae have

proven to effectively degrade plastic in their gut, the process of disposing or finding a use to the

mealworms -- that would also eventually develop into darkling beetles -- would be too strenuous

a process for the consumer. With the use of mealworms eliminated, the use of fungi to

decompose plastic was evidently a more feasible, consumable, and simple method. Growing
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mushrooms and cultivating fungi is a hobby enjoyed by fungi enthusiasts, done with relative ease

and excitement, so the process of raising fungi to degrade plastic is feasible.

The final cumulative method of the research question “what is the feasibility of at home

plastic degradation using fungi, with the hope of future commercialization?” is as follows: create

and prepare monotubs, prepare and inoculate the grain bag with a liquid culture, colonization of

the grain bag, the transfer from grain bag to monotubs, then data collection through recording the

weight change of the polyurethane plastic. Weight in grams as a means to find the degradation of

the plastic was determined to be the easiest method as it can ultimately show the estimated loss

of mass to the degradation process. As polyurethane is the plastic most commonly degraded by

Pestalotiopsis Microspora, small 2x3 inch polyurethane sponges were used as the plastic to be

decomposed. In order to test when the best time to introduce the plastic to the monotubs would

be to maximize the amount of plastic degraded, I decided to create two small monotubs, and

place them in a larger tub to provide the same environment and conditions. I would first

introduce the polyurethane sponge to small monotub #1 before tub colonization, and introduce

the plastic to monotub #2 after 80% colonization of the tub. Ultimately, the initial and final

weight of the sponges used were able to determine the ability of the fungi to degrade plastic in an

at-home environment. Much of my monotub method was adapted from the Youtube video “How

to grow mushrooms from start to finish in a monotub” produced by youtuber “Boomer

Shroomer.”

Preparing a grain bag

I purchased a 3lb grain bag from a mushroom retailer, but the other option is to create a

grain bag. While there are benefits to creating a grain bag at home, the more effective approach

is to buy a grain bag as it saves time and resources, and avoids the risk of possible contamination
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if created in an at-home environment.

Figure 1. Grain bag colonization

To create a grain bag, first obtain the empty grain bag, online sellers sell grain bags in

bulk. Keep in mind that the size of the grain bag purchased must be able to fit the grains later

prepared. Purchase roughly 3 lbs of grains, for example: milo and millet. Place the amount of

grains desired in a large stock pot, with enough water to cover the grains, roughly three to four

inches above the grains. Heat the water and grains so that it comes to a simmer. Place the lid of

the pot on the pot, stirring the grains occasionally every 2-3 minutes for 20-25 minutes.

Remember to use caution when handling fire and hot objects, and use oven gloves. The

grains will be done when the milo can be cut with your fingernail. When they are done, strain the

grains out of the water and the pot onto a flat surface so the grains can steam off and dry. When

the grains are done drying and are no longer warm, place them in the empty grain bag and seal

the bag using a bag sealer or zip-tie. The grain bag is ready for inoculation.

Inoculate grain bag with LC

In front of a flow hood or in a stable air environment -- an environment with reduced air



9

flow -- and with equipment sterilized with 90% isopropyl alcohol, I wiped the injection port on

the grain bag and screwed the needle on the container of the Liquid Culture (LC) syringe. Liquid

culture is one method of inoculating a grain bag, and is mushroom spores in a syringe. It is

important to remember to shake the syringe, breaking the spores in the LC up so it is ready for

inoculation. I injected the grain bag with 5 ccs of LC through the injection port, making sure to

change the direction of the needle to ensure an equal spread.

Figure 2. Inoculation under a flow hood

Depending on how much LC is purchased, the amount of LC injected into a grain bag

will vary. For reference, a 5cc LC syringe is appropriate for a 3lb grain bag. If preferred, cover

the injection port with micropore tape to ensure prevention from contamination. LC to grain is

the most risky method of inoculation; it gives the most room for contamination. Seasoned

mushroom growers utilize the agar to grain method to avoid contamination, but all that needs to

be known about this method is that it can be too confusing and too complicated for beginners.

The agar method requires that the mushroom grower know how to take a live sample from the

stalk of a mushroom, something beginners may not have access to if they are starting from LC. I
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gave the grain bag a small mix, moving the spores from the LC around a slight bit. Then, I let the

grain bag begin to colonize. I stored the grain bag in a room temperature environment, ensuring

that the bag was not in direct sunlight or in too warm, or too cold of a climate. Direct sunlight on

a grain bag kills the spores colonizing the bag, and too extreme of temperatures could stall the

colonization process or also kill the spores.

When a solid 30% of the grain bag is colonized, I broke up and mixed the mycelium

throughout the bag; this will speed up the colonization process as the mycelium will interact with

the uncolonized grain. Colonization of a grain bag varies with each bag; 30% colonization can

take 1-2 weeks. When the grain bag is 100% colonized, break up the mycelium and place it into

the monotub. A grain bag is 100% colonized when the grains in the bag are covered in the white

mycelium and hard to the touch. Complete colonization takes up to one month on average, but

could differ depending on the strain.

Creating and Preparing Monotubs

The first step in finding the plastic degradation ability of fungi in an at-home

environment is creating a monotub. A monotub is a tub used by mushroom growers to house

their fungi, and use the tub to eventually fruit and harvest the mushrooms. The alternative to the

tub method is the bag method in which one mixes a colonized grain bag in a larger bag filled

with substrate. The tub method was ultimately chosen due to its relative ease in being able to

access the plastic when it came time to weigh the plastic. Monotubs can be purchased online

from mushroom supply retailers, but I made my monotub to determine how difficult it would be

for consumers if they were to create their own monotub system.

I purchased two rectangular 6 quart clear sterilite tubs -- similar to the size of a shoebox

-- and one deep rectangular 66 qt clear sterilite tub. It is beneficial to obtain tubs that are
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rectangular/square shaped without curved sides, instead with preferably flat sides, this makes

placing the liners -- an optional component to the fungi raising process-- in the tubs easier . With

a permanent marker, I drew a small 1.5x1.5 inch square on the longer side of the 66 qt tub, 4-5

inches from the bottom of the tub, and did the same on the other side of the tub. On the smaller

side of the tub, I again measured 4-5 inches from the bottom of the tub, and drew another 1.5x1.5

inch square, and again did the same for the other small side of the large tub. There should be a

total of 4 squares which will serve as the filter holes. I covered these holes with 2 layers of

masking tape, allowing the monotub environment to get a limited amount of air flow. With

caution, using an exacto knife and scissors, I cut out the 4 squares. Next, I prepared a liner to line

the inside of the monotub, but liners can also be purchased online. I measured the liner material,

I used black plastic sheeting, out to 12x16 inches and cut out the liner rectangle. I folded each

side of the rectangle in 2 inches, then brought one corner up and pitched the excess material to

one side of the liner. I taped this excess material to the liner and repeated for the remaining

corners. I then placed the liner inside one of the smaller plastic bins, and repeated the process of

making a second liner for the second small bin.

Figure 3. Large tub with masking tape. Figure 4. Monotubs #1 and #2

Prepare Substrate
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The specific strain of fungi used in this experiment is Pestalotiopsis Microspora, and it

requires a wood based substrate to be able to thrive, colonize further, and eventually fruit on.

While I purchased the substrate used in this experiment from a mushroom retailer, it had the

same ingredients as the substrate preparation instructions provided, using vermiculite, coco coir,

and gypsum. The first step of creating substrate is to obtain the vermiculite, coco coir, and

gypsum. In a five gallon bucket, add 500 grams of vermiculite, 500 grams of coco coir, and 100

grams of gypsum. Boil 16 cups of water and pour the water into the bucket over the substrate and

close the lid. After 24 hours the substrate will be cool and ready to use. Be sure to never use

warm or hot substrate as it will kill the mycelium.

Cumulative Methodology

Once the grain bag is completely colonized, it is time to introduce the fungi to the

monotubs. Before taking the colonized grain out of the bag, I broke the bag contents up into

chunks of mycelium colonized grain to be able to adequately spread the mycelium about the

substrate.  First, I put a thick layer of substrate on the floor of each of the monotubs, then put a

small layer of colonized grain on top. I repeated this process so that there were a total of 4 layers,

in order from bottom to top going substrate, mycelium, substrate, mycelium. I then cut one of the

polyurethane sponges in half, then also cut into the sides of the sponge so that when the sponge

is in the tub the fungi will have multiple surfaces to attach to and degrade. I put the cut up

sponge in monotub #1 and placed both monotubs into the larger controlled tub environment. I

then placed the monotub in a room temperature environment, but typically it is best to keep

monotubs in a slightly colder than room temperature environment or 62-68 degrees Fahrenheit.



13

Figure 5. Monotubs #1 and #2 with mycelium

Before placing the plastics in the tub, weigh them using a scale. Note the weight of each

plastic layer, this is the starting weight of the plastic that will be used when comparing initial

weight and final weight to test plastic decomposition. When monotub #2 is 80% colonized,

introduce the plastic sponges.

A pivotal part of this method is to keep the fungi in the tub in the colonization stage for

as long as possible to encourage the breaking down of the plastic. This can be done by limiting

the exposure to oxygen through the use of masking tape covering the holes of the monotub and

by allowing the mycelium to remain colonized on the substrate for longer than one normally

would.

When the monotubs show no more signs of continued colonization, open the large tub

and record the final weight of the sponges. The next step is to fruit the fungi, the process of fungi

turning into mushrooms. While this step is optional, the Pestalotiopsis Microspora strain can

fruit, so this is an option. To fruit the fungi, change the masking tape over the holes of the tub to

filters, and air the tub out for 30 second periods twice a day. The fruiting process can take up to

two weeks, but when it is finalized, the mushrooms can be harvested and another flush -- a
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second generation from the same spots the mushrooms were cut -- can occur.

Commercial Feasibility and Analysis

As the industrial and economic growth of the 21st century have shown to have

detrimental impacts on the environment, concern for the environment is rapidly increasing.

Younger generations specifically have shown a deep “awareness of environmental conditions and

are committed to environmental recovery by adopting ‘good ecological practices’ and ‘active

ecological behaviors’” (Calculli et. al., 2021). The concept of Green Consumerism is a form of

consumerism that benefits the environment, and economist Stefan Ambec found that consumers

get a good feeling when they participate in Green Consumerism (Ambec et. al., 2022). With this

interest in protecting the environment as well as the positive feedback associated with

participating in Green Consumerism, it can be determined that a product that consumers could

use to break down plastic at home would be commercially feasible.

Recent analyses on attention span of consumers show that the average attention span of a

consumer when regarding products and social trends is declining (McClinton, 2019). Free time

as well as the average attention span of the consumer is crucial to a hands-on project like this

one, as a consumer would have to dedicate much time and energy to raising fungi. It has taken

countless hours of research to make the conclusions I have made, around 3 hours to create the

monotub system, and months of allowing the mycelium to colonize the grain bag and monotubs.

An average consumer may not have the time or be willing to put in so much effort to degrade

only a small amount of plastic at a time. The cost as well would be another limiting factor. In

total, all of my materials that I sourced from online, hardware stores, or mushroom retailers cost

me around $100 USD. While this is cheaper than the price of the Lomi composter, a product that

would aim to make a profit would have to cost more than $100 USD, and the average consumer
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may not want to spend that much money on a product that they would ultimately have to do all

the work for as well. Taking into account all the attention and caution needed when handling

fungi to avoid contamination is another component that would make this product unfeasible for

consumers. While the hypothetical product of at-home plastic degradation through fungi could

be commercially feasible, it is generally concluded to not be feasible for the average consumer.

Results and Observations

The initial weight of the plastic polyurethane sponges used averaged at 7g

Initial weight of plastic sponges averaged at 7g. In the beginning of my research method process,

after inoculating the grain bag and allowing it to colonize for 5 weeks with little colonization

seen, it was determined that the Pestalotiopsis Microspora strain was having to re-learn to eat

grain as it had been previously trained to eat plastic. While this was a major setback for my

research process,  I was ultimately able to continue after the grain bag began to colonize at a

faster pace. After 6 ½ weeks of colonization I was able to introduce the mycelium from the grain

bag to the monotub environment, taking the layering approach with my substrate. The complete

process of making my monotubs and introducing the mycelium and plastic took roughly 3 hours.

After 3 weeks of allowing the fungi to colonize the two monotubs, I made a sad discovery. My

monotubs had been violently contaminated, and my fungi had been killed. I weighed the sponge

introduced to monotub #1 at 10g. It can be deduced that the increase in weight of the sponge had

to do with the absorption of humidity from the monotub environment, the substrate coating the

sponge, and the fact that the plastic was not degraded at all, as the fungi had been killed before

any plastic could be degraded.
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Figure 6. Contamination of monotubs #1 and #2

Data Analysis

The monotubs most likely got contaminated due to the environment the large tub was

kept in. I have pets that go outside and they most likely brought in some foreign bacteria that

reached the monotubs. While I had the holes of the large tub covered with masking tape, it is

arguable that the masking tape was not enough to protect the monotubs from contamination. Due

to the contamination, I was unable to test the decomposition of plastic by the fungi, so the actual

ability of the fungi to degrade the plastic in a monotub environment remains to be seen. It is

important to note all the precautions taken to avoid contamination. Some precautions taken

include the sanitizing of all equipment prior to mycelium introduction with a 90% isopropyl

alcohol, the avoidance of sunlight, keeping the monotubs away from air vents that could deliver

dangerous bacteria to the tubs, as well as the tub not being opened since the mycelium and

plastic were introduced to the tub. Even with all the time and precautions put into place to avoid

contamination, the monotubs were still contaminated.

Conclusion

While this hypothetical product was determined to be commercially feasible, the overall
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conclusion is that it is not feasible for consumers to perform at-home plastic degradation through

the use of fungi. The monotubs were contaminated before any plastic could be degraded,

regardless of all the time and attention and caution taken specifically to avoid contamination.

While raising fungi and mushrooms is a hobby enjoyed by many, the amount of knowledge

needed to successfully set up a fungi growing operation may be too much for the average

consumer. Along with the fact that the fungi raising process is a hands-on process that requires

time and serious dedication is another reason why degrading plastic at-home by fungi is

unfeasible for a consumer population with declining attention span and time. To compare once

again, the Lomi composter sufficiently breaks down food waste without the aid of the consumer,

whereas consumers would be very involved in the fungi degradation of plastic process. It is

determined that the at-home environment is not suitable for plastic degradation through the use

of fungi.

Limitations

My conclusion is only valid if acknowledging the limitations that enabled me to make my

conclusion. One major limitation to my overall conclusion that I briefly mentioned is the amount

of knowledge on the development and growth of fungi needed to be able to perform this kind of

project and troubleshooting to promote success. When I began researching fungi and the

mushroom growing process it was very difficult to find explanations on how to grow fungi in

simple terms; all sources I found were to a previously educated audience, so information is also

hard to access when trying to learn about mushroom growing. Another limitation is the strain of

fungi used was already trained to degrade plastic so introducing it to a grain bag stalled the

colonization time and limited my findings. The monetary variable is another limitation as

consumers or other researchers replicating my research method may not have the funds to be
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able to get all the materials needed to perform this method. One final limitation is the ability to

provide a sufficient environment for the fungi, which ultimately made me unable to weigh

degraded plastic. I was unable to provide a safe environment free from risks of contamination

and this ultimately cut my research method short so I was unable to determine the ability of the

Pestalotiopsis Microspora fungi to degrade polyurethane plastic in a monotub environment.

Future Implications

While my findings show that it is unfeasible to degrade plastic at-home using fungi, this

is not a death sentence for future research. The topic of using organisms to degrade plastic is still

very young and there is a lot of research that has yet to be done to determine how successful

organisms can be in breaking down plastics. While it was determined the at-home environment is

not suitable for this project, more controlled environments like laboratories run by educated

professionals may be the next approach taken in determining if organisms can degrade plastics

on smaller scales. The concept of mushroom training is important for future implications because

it allows for future researchers to test different strains of fungi’s ability to degrade plastic, and

sets the stage for stronger strains to develop.

The plastic crisis is a problem that continues to plague humans and the environment we

live in. Even if researchers find using organisms such as fungi and mealworms to degrade

plastics is unsuccessful in the long run, other solutions to mitigating the plastic crisis need to be

established regardless.
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