
     Americans discard 32.6 million tons of plastic waste that 
accumulates in landfills. Plastics can take over fifty years to 
decompose. Accumulating plastic waste is becoming a major 
problem. In a Stanford study, the Tenebrio Molitor has been 
shown to digest styrofoam, a common form of polystyrene.  
    The Plastics Industry Council categorized plastics into six 
categories based on the chemical monomer. My research 
question is whether or whether not the Tenebrio Molitor can be 
used to digest all six categories of plastics.
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    The Tenebrio Molitor was obtained from a 
local pet store. The Tenebrio Molitor cups were 
housed in a dark, damp 40° habitat. The water 
bottle, milk jugs, vinyl, bread bag, straws, and 
styrofoam cup were cut and crushed into 
approximately 8mm size samples.
     These samples were weighed to 100mg. These samples 
were added to each specimen container. 35 Tenebrio Molitors 
were added to each specimen container. Each specimen was 
weighed through the use of a digital scale. I weighed each 
specimen weekly for four weeks.

METHODOLOGY

My experiment shows that the Tenebrio Molitor is not as 
effective in digesting other plastics in comparison to 
polystyrene. Thus, my hypothesis is not supported by 
my experiment.
    However, the study did have useful results. 
Polystyrene and polypropylene both degraded about 
30%. This may be due to their similar three-dimensional 
molecule configuration. Low-density polyethylene and 
polyethylene terephthalate both degraded about 20%. 
This low degradation percentage may be due to the 
polymers not attaching to the active site of the Tenebrio 
Molitor’s digestive enzymes.
     My study shows that the Tenebrio Molitor is a useful 
tool that can be deployed to combat plastic pollution.



     Americans generate 35.7 million tons of plastic 
annually. Only 8.7% of plastic was recycled. As a 
result, 32.6 million tons of discarded plastic waste 
accumulates in landfills.
     Plastics can take over 50 years to decompose. 
Plastics can be augmented with additives that 
extend the useful life of the item, but increase the 
decomposition rate exponentially (up to 400 years).
     Plastic is mainly disposed in landfills and burned. 
When plastic is burned, it releases harmful 
pollutants into the air. About 12% of all plastic is 
burned. Plastic is also littered into the ocean. 80% of 
ocean litter is plastic. 

BACKGROUND INFORMATION: PLASTIC POLLUTION



    In 2015, Yang, et al. published a study from Stanford University in 
the Environmental Science & Technology journal about the Tenebrio 
Molitor’s ability to digest polystyrene. His study showed that the 
Tenebrio Molitor was able to chew, eat, and digest styrofoam.
    In this study, the researchers fed the mealworms a diet solely 
based on polystyrene over one-month. The researchers analyzed the 
digestive system using chromatography, nuclear magnetic 
resonance, and spectroscopy. The study revealed that the 
polystyrene molecules had been decomposed into depolymerized 
fragments in their digestive systems.
    The study showed that, over the one-month time period, there was 
47.7% degradation in the polystyrene. This biodegradation of 
polystyrene commenced the concept of rapid degradation in plastic 
waste.

BACKGROUND INFORMATION: TENEBRIO MOLITOR



     Plastic has become the category name for substances also known as 
polymers. The Greek translation of polymer is "many parts." Polymers are 
repeating chemicals that form a long chain of molecules. Polymers are commonly 
composed of sugars, such as starches, the DNA backbone, and cellulose.
    Plastic is useful because it is cheap, strong, and practical. Plastics are easily 
shaped into convenient tools. Plastics are used for medical devices, computer 
parts, utensils, containers, and furniture. The Plastics Industry Association created 
the Plastic Resin Identification Codes to categorize plastic on the fundamental 
repeat polymer link.

BACKGROUND INFORMATION: PLASTIC TYPES



I know that accumulating plastic waste is a 
major, worldwide problem.

I know that the Tenebrio Molitor is able
to digest polystyrene.  

I know that the Plastics Industry 
Association has six plastics types. 

 I wonder if the Tenebrio Molitor 
can be used to digest all six

plastic types.

PROBLEM STATEMENT



I know that accumulating plastics waste is 
a major world-wide problem.

I know that the Tenebrio Molitor is able
to digest Polystyrene.  

I know that the Plastics Industry Council 
has six plastics types. 

 I wondered if the Tenebrio Molitor 
can be used to digest the other six

plastics types.

PROBLEM STATEMENT

I hypothesize that the Tenebrio Molitor 
can digest polyethylene terephthalate, 

high-density polyethylene, polyvinyl 
chloride, low-density polyethylene, 
polypropylene at the same rate as 

polystyrene.

HYPOTHESIS



TESTING SUPPLIES
   Mealworms
   Digital Scale
   Rubber Mallet
   Ceramic Cereal 
   Bowl
   Scissors
   Hobby Knife

MATERIALS

TESTING REAGENTS
    Water Bottle
    Milk Jugs
    Vinyl
    Bread Bag
    Straws
    Styrofoam Cup

VARIABLES

 DEPENDENT VARIABLE.
   Amount of Plastic
   Consumed

  CONTROL VARIABLE .
   Weight of Plastics 
   Number of Mealworms
   Incubation Temperature
   Incubation Humidity
   Measurement Time

INDEPENDENT VARIABLE
   Polyvinyl Chloride
   Polypropylene
   Polystyrene
   Polyethylene Terephthalate
   High-Density Polyethylene
   Low-Density Polyethylene



● The Tenebrio Molitor cups were obtained 
from local pet store.

● The Tenebrio Molitor cups were housed in 
a dark, damp 40° habitat.

● The water bottle, milk jugs, vinyl, bread 
bag, straws, and styrofoam cup were cut 
and crushed into approximately 8mm size 
samples

● These samples were weighed to 100mg
● These samples were added to each 

specimen container

PROCEDURE

- 35 Tenebrio Molitors were added to 
each specimen container

- Each specimen container was weighed 
weekly

- A digital scale was used to weigh 
specimen

- When measuring data, I removed the 
plastic fragments and left the 
mealworms

- I weighed the remaining fragments 
weekly for four weeks.

- Data was recorded and saved on 
Google Sheets

PROCEDURE



Over four weeks, polystyrene had a mean reduction 
of 32.8% with a standard deviation of 1.5%. 
Polypropylene had a mean reduction of 27.8% with 
a standard deviation of 2.1%. Low-density 
polyethylene has a mean reduction of 19.9% with a 
standard deviation of 1.8%. Polyethylene 
terephthalate has a mean reduction of 20.6% with a 
standard deviation of 1.4%. Polyvinyl chloride has a 
mean reduction of 4.9% with a standard deviation of 
0.6%. High-density polyethylene has a mean 
reduction of 3.2% with a standard deviation of 1.1%.

RESULTS / DATA



● Run a 1-sample t-test to compare if the 
polystyrene degrades at a faster rate than 
all of the other plastic types

● Use “RLab” software
● Assign variable “scores” to polystyrene 

degradation data
● Set “µ” to mean of all degradation data
● Testing at alpha level = .05
● Null hypothesis: the polystyrene degrades 

faster than other tested plastics types

STATISTICAL ANALYSIS

● Obtained mean of 82.06
● Obtained p-value 0.1064
● Since my p-value of 0.1064 is greater 

than alpha level .05, I fail to reject the 
null hypothesis. There is convincing 
evidence that the polystyrene 
degradation rate is faster than the 
other plastic types.

RESULTS/CONCLUSION



     Polymers are long molecules composed of 
chemically linked, smaller building blocks. Each 
building block is known as a monomer. The polymer 
can be visualized as a chain, and each monomer is an 
individual chain link.
     The six different plastic resin identification codes 
categorizes each polymer by identifying the individual 
monomer link. The chemical structure of the polymer 
chain dictates the strength, density, porosity, and the 
softness of the material.

PLASTIC POLYMER STRUCTURE

 Polystyrene.

 Polypropylene.
.High-Density. 
.Polyethylene.

 Low-Density..
.Polyethylene.

 Polyvinyl. 
.Chloride..  Polyethylene..    

.Terephthalate.



    Enzymes speed up chemical reactions in the 
body. They bind to and alter substrates. The initial 
mechanism of enzymes is the lock and key 
model, where there is a rigid active site that binds 
to a specific substrate. The updated model is the 
induced fit model, where there is a malleable 
active site that binds around a substrate.
    In the induced fit model, I can hypothesize that 
the enzyme would bind around polystyrene and 
polypropylene because they have a similar 
chemical structure and thus similar geometry. 
This allows both polystyrene and polypropylene to 
fit in the active site. By similar idea, polyethylene 
terephthalate would not bind to the active site 
easily. 

RESULTS / DATALOCK AND KEY 
ENZYME MODEL

INDUCED FIT
 ENZYME MODEL

POLYSTYRENE POLYPROPYLENE POLYETHYLENE
TEREPHTHALATE



     My experiment shows that the Tenebrio Molitor was NOT as 
effective in digesting other plastics as well as polystyrene. My 
hypothesis was not supported by my experiment. However, the 
study did have useful results. Polystyrene and polypropylene both 
degraded about 30%. Low-density polyethylene and polyethylene 
terephthalate both degraded about 20%. My study shows that the 
Tenebrio Molitor is a useful tool that can be deployed to combat 
plastic pollution.
     The Tenebrio Molitor can address the plastic pollution problem 
in the United States. The Tenebrio Molitor can be used to 
decompose multiple plastics, including polyvinyl chloride, 
polypropylene, polystyrene, polyethylene terephthalate 
high-density polyethylene, low-density polyethylene

CONCLUSION
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