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 ABSTRACT 

 Americans generate 32 million tons of discarded 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 popular form of Polystyrene.  The Plastics 

 Industry Council categorized plastics into six categories based on the chemical 

 monomer.  I performed an experiment to determine if the Tenebrio Molitor could also 

 digest all six categories of plastics. 

 Over four weeks, Polystyrene has a mean reduction of 32.8% with a standard 

 deviation of 1.5%. Polypropylene has 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%. 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%. 

 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. The study did have useful results. The Tenebrio Molitor can be used to 

 digest other plastics. 
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 INTRODUCTION 

 Americans generate 35.7 million tons of plastic annually. Only 8.7% of plastic 

 was recycled. As a result, 32 million tons of discarded plastic waste accumulates in 

 landfills. Plastics can take over fifty years to decompose. Plastics can be augmented 

 with additives that cause them to extend the useful life of the item, but increase the 

 decomposition rate to 400 years. In a Stanford study, mealworms (Tenebrio Molitor) 

 have been shown to digest Styrofoam (Polystyrene). The research shows that the 

 Tenebrio Molitor has bacterial flora that is able to break down polystyrene into Carbon 

 Dioxide and body mass. 

 In 2014, Yang et Al published a study from Stanford University in the 

 Environmental Science and Technology Journal about the ability for the Tenebrio Molitor 

 to digest Polystyrene.  His study showed that the mealworms, which are the larvae of 

 the Tenebrio Molitor, were able to chew, eat, and digest Styrofoam. 

 In this study, the researchers studied the mealworms entirely with Polystyrene 

 over one month.  The researchers analyzed the digestive system using 

 chromatography, nuclear magnetic resonance spectroscopy.  The study revealed 

 Polystyrene molecules that have been decomposed to depolymerized fragments in the 

 digestive system.  The study showed the over one month, there was 47.7% 

 degradation.  This biodegradation of Polystyrene brought the concept of rapid 

 degradation of plastics waste. 
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 There have been follow-up studies isolating the bacteria in the Tenebrio 

 Molitor, measuring the kinetics of polystyrene digestion, and following the passage of 

 microplastics up the Tenebrio Molitor Food chain. There has not been a formal study to 

 determine if the Tenebrio Molitor is able to digest the six categories of plastics. The 

 Plastics Industry Council has six plastics classes. 

 Plastics have become the category name for substances called polymers.  The 

 translation of polymer is "of many parts".  Polymers are repeating chemicals that form a 

 long chain of molecules.  Polymers in nature include sugars such as starches, the DNA 

 backbone, and cellulose. 

 Plastics were invented in 1869 by John Wesley Hyatt for a replacement for ivory 

 for billiard balls.  The popularity of the game of pool causes an ivory shortage.  This 

 ivory shortage triggered a company to give a ten thousand dollar prize for a substitute 

 for ivory.  Hyatt invented a synthesized celluloid, a synthetic polymer.  This polymer was 

 used for billiard balls as well as other products.  Plastics became more popular after 

 1940's.  Plastics was marketed as a miracle material.  Items were lighter, cheaper, and 

 stronger than metal or wooden products.  Because of the low price of the plastics, 

 plastics were marketed as disposable living.  Families were encouraged to throw away 

 cheap plastic items instead of washing them. 

 Plastics are useful because they are cheap, strong, and useful.  Plastics are 

 easily shaped into useful devices. Plastics are used for medical devices, computer 

 parts, eating utensils, containers, and furniture.  The plastics are categorized into the 

 fundamental polymer.  The Plastics Industry Council created the Resin Identification 
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 Code to categorize plastic on the fundamental repeat polymer link.  The plastics are 

 Polyvinyl Chloride, Polypropylene, Polystyrene, Polyethylene Terephthalate, 

 High-Density Polyethylene, Low-Density Polyethylene. 

 There has not been a formal study to determine if Tenebrio Molitor is able to 

 digest the Plastics Industry Council six plastics categories. My question is: “Can the 

 Tenebrio Molitor digest other plastics in addition to Polystyrene?” I hypothesize that 

 Tenebrio Monitor can digest Polyethylene Terephthalate, High-Density Polyethylene, 

 Polyvinyl Chloride, Low-Density Polyethylene, Polypropylene at the same rate of 

 Polystyrene. 

 METHOD 

 Polymers are long molecules by chemically linking 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 Resin Identification Codes 

 categories each polymer because of the individual monomer link.  The chemical 

 structure of the polymer chain dictates the strength, density, porosity, and the softness 

 of the material. 

 Materials:  There are two subsets for materials - construction  and experiment. My 

 equipment include Water Bottle, Grocery Bag, Toilet Brush, Bread Bag, Straws, 

 Styrofoam Cups, Mealworms, Fast Food, Container, Digital Scale, Scissors, Rubber, 

 Wallet, and Specimen Container 
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 Procedures:  The Tenebrio Molitor was obtained from a local Pet Store. The 

 Tenebrio was housed in a dark, damp 40 degree habitat. The Water Bottle, Grocery 

 Bag, Toilet Brush, Bread Bag, Straws, and Styrofoam Cup DVD were cut and crushed 

 into approximately 8mm size fragments samples. These samples weighed 100mg. 

 These samples were added to each specimen container. Thirty-five Tenebrio Molitor 

 were added to each specimen container. Each specimen weighed weekly. When 

 weighing the specimen, I removed the specimen fragments and left the mealworms. I 

 weighed each fragment weekly for four weeks. 

 Safety Issues:  The safety issues involve two aspects:  (1) construction and (2) 

 testing. From a construction standpoint, safety protocols were adhered to during the use 

 of power tools and sharp instruments. A table saw was used to cut the 1” x 1” wood 

 planks. A power hand drill was used to make pilot holes for the screws. A power jigsaw 

 was used to cut openings in the plywood. Appropriate attire, such as safety goggles and 

 leather safety gloves, were used during power tool operation. From a testing standpoint, 

 the safety protocol was adhered to. Urine was not used. Water and water with food 

 coloring was used for actual testing. Water is a reasonable substitute for urine but 

 provides eliminated risks of bacterial infection, allergic reactions, and acidic damage. 

 RESULTS 

 Over four weeks, Polystyrene has a mean reduction of 32.8% with a standard 

 deviation of 1.5%. Polypropylene has 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 
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 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%. 

 Polystyrene and Polypropylene had the best digestion rates of 32.8% and 27.8%. 

 This reflects a similar carbon backbone structure. My experiment shows that 

 Low-Density Polyethylene and Polyethylene Terephthalate had moderate amounts of 

 degradation at around 20%. Polyvinyl Chloride and High-Density Polyethylene had 

 minimal degradation of around 2%. 

 DISCUSSION 
 Enzymes speed up chemical reactions in the body.  They bind to molecules 

 known as substrates and alter them.  The enzymes are essential for digesting food, 

 muscles actions, nerve function, and respiration.  These enzymes speed up a reaction 

 by a process known as catalyzation.  Catalyzation involves reducing the activation 

 energy.  A substrate binds to the active site of an enzyme and is converted into a 

 product.  Once the product leaves the active site, the enzyme is prepared to process 

 another new substrate. 

 Enzymes work in the digestive system, DNA replication, and liver enzymes.  In 

 the digestive system, enzymes help the body break down larger complex molecules into 

 smaller molecules.  An example is the enzyme amylase that breaks down a two ring 

 sugar to a one ring monosaccharide.  The one ring monosaccharide allows the body 

 can use them as fuel.  In DNA replication, enzymes help the process of copying DNA. 
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 Each cell in your body contains DNA genetic material.  These cell replications and each 

 time a cell divides there is a process for the DNA to be copied. Enzymes facilitate this 

 mechanism by unwinding the DNA coils and making a copy of the information.  In the 

 liver, enzymes break down large toxin molecules.  The catabolism of the toxins involves 

 the utilization of a range of enzymes. 

 The initial mechanism of enzymes is the lock and key model proposed in 1894. 

 The enzyme and an active site with a specific three dimensional shape.  One specific 

 substrate fits into the active site.  This allows only one substrate to be changed by the 

 enzyme.  The updated model is the induced-fit model.  In the induced-fit model, the 

 enzymes conforms around the substrate.  This allows more proteins to interact with the 

 active site.  Once the substrate is positioned in the active site, then catalyzation is 

 initiated. 

 Enzymes work in specific conditions.  Many enzymes work best at 37°C – body 

 temperature.  At high or lower temperature the enzyme is thought to change shape and 

 it does not work as well as or as quickly.  In addition, enzymes work in a certain pH 

 range.  Some enzymes work better in an alkaline environment.  Other enzymes work 

 faster in an acidic environment.  An example is gastric digestive enzymes.  These 

 enzymes function optimally in an acidic pH of 2, which is the acidity of the stomach. 

 CONCLUSION 

 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 
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 experiment. The study did have useful results. Polypropylene was degraded about 30 

 percent and Low-Density Polyethylene and Polyethylene Terephthalate was degraded 

 about 20 percent. The Tenebrio Molitor can be used to digest other plastics. The 

 Tenebrio Molitor should be deployed to combat plastics pollution. 
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