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 You are hiking through the Santa Cruz mountains and, among the endless trees, you 

notice an empty plastic water bottle tossed to the side of the trail, our senses tell us that it is out 

of place but it may not seem as if that single bottle is much of an issue.  A few days later, you 

visit Cowell's beach and, among the endless tan sand, you notice another empty plastic water 

bottle poking out of the ground.  Once again, the water bottle seems out of place, but why is 

plastic pollution becoming so common in California and around the rest of the world?  The 

physical waste we find within our daily environment made of plastic is only part of this 

ecologically altering phenomenon.  Before plastic items face the opportunity to be disposed of, 

we must look at the production of our most common plastics used every day in California and try 

to understand why we have built such an abundance.  From acknowledgments of plastic 

pollution by researchers and activists to implementations of brand new legislation to ban these 

materials from entering our ecosystem, we are in the middle of a changing trend away from 

petroleum based plastics in hopes of pursuing more efficient replacements.  

 In order to understand why plastics have become a problem, there are a few components 

which must be cohesive to our understanding of the substance which comprises it.  Plastic fulfills 

a variety of material purposes due to its chemical base.  Following this, we will visit the 

historical significance of plastics and how they became such an ecological concern.  Production 

of plastics follow an increasing tread, however, first we must recognize the synthesis itself.  High 

density polyethylene (HDPE) and low density polyethylene (LDPE) are the chemical compounds 

which are formed to create most of the plastic in our lives.  Polyethylene for both types of plastic 

is derived from a petroleum based process, coining the concern of petro-pollution.  As processing 

of these chemicals becomes easier to access industrially, price of production goes down.  Now, 
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polyethylene has become a standard method of packaging items, creating sturdy tools or utensils, 

along side a vast array of single-use properties.  Most grocery bags are made from a thin HDPE 

film, plastic cups and convenience food item boxes are made from HDPE, and containers used to 

store liquids ranging from food to chemicals are made from HDPE.  Similarly, items like clear 

bags and insulation coatings around most of the wires we use are made from LDPE due to its 

flexibility.  

 As human's progress, we find and implement new ways of creating material 

circumstances which provide us comfort.  These interventions we make, however, are often 

short-term focused solutions which create much longer-term effects on seemingly indirect 

aspects of our world.  As with plastic, economic decisions to provide the material invite social 

consequences to health of the individual and health of the global environment.  As these social 

concerns grow, the shift towards renewable products and sustainability motivates changes in how 

we perceive raw materials in our daily lives.  

History of HDPE and LDPE

 Some of the most important questions when discussing a culturally common chemical 

like polyethylene is; where did it come from and what drove it to become perceived as the 

material solution to so many applications?  According to a report by the American Chemical 

Society titled 100+ Years of Plastic, low density polyethylene (LDPE) production began in 1943 

by the United States government due to interest they had in defense applications during World 

War II (Strom; 2011).  By 1947, Dupont and Union Carbide joined LDPE production, followed 

by DOW Chemical in the 1950's.  All three of these companies are still operating today, over 

seventy years later.  As LDPE production expanded, other uses for the material became apparent.  

Experimentation with LDPE ratios and chemical additives lead to the creation of HDPE, the 

plastic driven by the invention of toys like the hula hoop. 
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 The polymerization process for creating the polyethylene plastics was discovered by 

accident, then adapted for production through combining high heat and pressure to a petroleum-

based mixture.  But, why is the accidental discovery important?  Part of the answer exists in lack 

of the precautionary principle in the United States.  Polyethylene used for plastic production was 

not designed to fulfill a task, instead, it was utilized as a miracle solution to a wide range of 

applications.  HDPE and LDPE were not being tested for their chemical composition or the 

effects extracting petroleum entails on the environment.  Polyethylene testing, however, was 

persistent by the chemical manufacturers themselves.  Safety of items contributing to petro-

pollution was concerned with catastrophic failures regarding the stability of the product, not with 

the actual product itself.  Three major concerns began to rise surrounding production of 

polyethylene; environmental risk, health risk, and economic risk.  

Why is polyethylene a Problem?

 In the 1990's, the American Plastics Council scripted television commercials which 

highlighted the importance of plastics in our world, drawing attention to the sterility of medical 

equipment packaged in polyethylene materials.  These commercials presented aspects of plastic 

use that make cars more efficient and keep people safe.  The lightweight durability of plastic 

combined with the moldable sensitivity of it encouraged a huge increase in applications, 

however, they also skewed the impact of plastics by disconnecting between good and bad single-

use items.  

 

 Although raising concern with plastics use was becoming more common, California was 

among many states which began creating or expanding their recycling programs to include 

different grades of plastic.  Living in California in the 1980's and 1990's, an article by National 

Geographic reminds us that we shifted from a culture which was given the option between a 

paper and plastic bag to the plastic bags becoming normalized when shopping.  In 2003, National 

Geographic published an article titled, Are Plastic Bags Sacking the Environment?  At this point, 

John Roach already began to recognize that polyethylene grocery bags produce less waste, 
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require less energy to manufacture, and are more cost-effective to businesses since they are 

cheaper to produce (Roach; 2003).  All of these things are true, but they each only demonstrate 

one side of this ecological argument.  Roach, however, is one of many scientists which began to 

voice concerns about the lack of biodegradable solutions for plastics.  This problem was not 

simply confined to California or the coastline, countries all over the world started speculating as 

to when petro-pollution would 

no longer be an out-of-sight 

and out-of-mind concern.  

While we are facing the shift 

away from use of single-use 

plastics in California, it is 

important to acknowledge that 

the same results about the 

inability for plastics to degrade 

was available for over a decade.  

According to Vincent Cobb 

representing a company 

dedicated to multi-use plastics called Reusable Bags, as of 2003, studies on plastic bags conclude 

that the biodegration rate of polyethylene in HDPE and LDPE materials is creating extensive 

ecological worry.  Cobb states, "Once in the environment, it takes months to hundreds of years 

for plastic bags to break down. As they decompose, tiny toxic bits seep into soils, lakes, rivers, 

and the oceans" (Roach; 2003).  The focus on new uses for plastic began to coincide the question 

of how to produce a more efficient material, however, polyethylene production continued to 

increase.  
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 The problem with HDPE and LDPE plastics is that it does exactly what the companies 

who create them want it to do.  They create products which are durable and strong, alongside 

being often chemically resistant.  This also means they remain in our environment for long 

periods of time when improperly disposed of.  While a plastic bag might be used to package or 

transport the simplest items for just a few minutes, such as a single food item that you are going 

to consume right away, according to EarthTalk, it can take anywhere from 10 to 100 years for 

that bag to photo-degrade (De; 2010).  HDPE and LDPE plastics do not deteriorate over time, 

however, it is possible for them to degrade if exposed to UV radiation from the Sun.  One 

problem with photo-degration is that the polyethylene item must be exposed to the Sun.  As with 

our examples, it is possible for the plastic bottle to sit under a shaded tree or get buried under the 

sand and eliminate its exposure to direct sunlight.  Another issue is that science has yet to find if 

polyethylene fully degrades.  The research done by EarthTalk also expresses how the optimal 

photo-degration environment only breaks down the polyethylene particles into smaller and 

smaller pieces, as detailed by Roach and Cobb, creating microscopic toxins in that environment.  

 If plastic polymers only decomposes under specific circumstances, how does that effect 

the individual?  Plastic is non-organic and only exists in the world when we produce it, noting 

that it is not a naturally occurring phenomenon like heat, light, or various minerals.  More 

importantly, it becomes part of our ecological cycle once we introduce it.  The consequences 

become abstracted and the impacts are also indirect.  On one hand, we do not typically eat 

polyethylene but it does package most of the things we consume ranging from food to personal 

hygiene products.  When we dispose of those polyethylene items, most of them are not recycled.  

In turn, along the ecological cycle, another creature ingests the plastic following the food chain 

and eventually ends up in animals that we consume.  Most pertinently, we see polyethylene 

concentration levels raise in fish and seabirds, along side the increase in instances of marine life 
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trapped in netting, injured by floating debris, or malnourishment to the point of incapacitation.  

While petro-pollution in the marine environment may often fall into the out-of-sight and out-of-

mind category, it is important to see the connection between fish who ingest plastic particles with 

public health.  Most of the fish we consume are harvested in the ocean where plastic is 

accumulating.  While fish are processed before consumption, the methods which can be used to 

clean them are not capable of removing microscopic plastic particles.  Fish are a great example 

of adaptation to petro-pollution, but they are not the only species which consumes polyethylene 

in its environment.  Following this, we will elaborate on California's role in confronting the 

production of polyethylene, however, ultraviolet exposure from the Sun on these plastic particles 

expresses the importance of limiting the possibility of consumption by humans or animals.  

 Research posed in 2011 by the National Institute of Health (NIH) helps to connect public 

health effects with the cyclicality of polyethylene products in our ecosystem.  HPDE, in 

particular, is often praised for the ability to remain chemically resistant and water-proof, limiting 

the number of possible occurrences which would result in failure of the polyethylene material 

during its intended life.  As plastics breakdown though ultraviolet exposure to the Sun, they 

begin to release chemical compounds beyond the petroleum-based ethylene itself.  This can 

happen many ways.  In most cases, chemical additives and polymers are mixed in with the 

polyethylene to make a better suited material for its application.  These chemical additives are 

not as stable as polyethylene, thus, particulates of these toxins previously encased in the plastic 

item are ingested in the photodegration process which act as poisons.  This can result from long 

term storage of chemicals that leach into the plastic, as well as, exposure to chemicals in the 

environment during the micro-plastics photodegration period.  

 

 The article by the NIH helps to acknowledge that chemical leaching does happen to 

plastic, but it focuses on spotlighting a much bigger concern.  The first concern is labeling of safe 

additives to polyethylene such as bisphenol-a (BPA).  BPA and similar additives are added to 

polyethylene items for several reasons according to research done by Chun Yang and his 

colleagues via the NIH.  As polyethylene degrades, regardless of additives, it becomes toxic in a 
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few different ways.  Yang explains, "Even when a 'barefoot' polymer (no additives) such as 

polyethylene or polyvinyl chloride does not exhibit estrogenic activity, commercial resins and 

products from these polymers often release chemicals (almost certainly additives) having 

estrogenic activity" (Yang; 2011).  While the word particle draws away concern as if it is a small 

problem, these particles have become abundant and clear in animals.  

California

 The microscopic polyethylene particles begin to accumulate and end up in ground water, 

wildlife habitats, and food.  As the particles photodegrade beyond the density of the soil, 

rainwater will eventually seep these particles into the Earth contaminating sources of drinking 

water for humans, as well as, animals.  Beyond contamination of drinking water, polyethylene 

particles of all sizes appear throughout the ocean.  As marine wildlife feed on these plastics, 

often unintentionally, California is becoming a hotspot for identifying deceased animals as 

victims of petro-pollution.  
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 California is unique, enduring a wide range of petro-pollution from oil spills off the 

coastline and various types of marine debris, coinciding inland conflicts of where to store the 

diverse amount of polyethylene waste.  As research digs deeper into surfacing the cause of 

California's growing petro-pollution problems, sources of this pollution become more apparent.  

A few items have received scrutiny over the last decade for contributing to the plastic problem.  

Single-use plastics made from HDPE and LDPE materials have become the most abundant form 

of waste, mostly due to its minimal photodegration rate.  Plastic water bottles and plastic grocery  

bags are among the two most commonly used items, therefore, making them some of the most 

commonly disposed of items filling our waste facilities.  Recognizing the consumer use of plastic 

grocery bags as excessive and the impact they are having on our ecosystems, California passed 

Senate Bill 270 (SB270) in 2013.  This bill banned the allowance of businesses to distribute free 

plastic grocery bags to customers, instead, deterring use of these polyethylene bags in two ways.  

First, customers are required to purchase a 

biodegradable bag at the point of sale if they 

wish to use one.  Alternately, customers are 

encouraged to bring certified re-usable bags 

when doing their shopping.  Studies by the 

Permaculture Research Institute in Ireland 

show similar conditions to California, 

however, Ireland passed their plastic bag ban preceding California's.  According to the institute, 

Ireland's new bag fee persuaded consumers to think about the necessity of bags at the time of 

sale, decreasing bag-use by over 93% (Muir; 2014 Permaculture RI).  

 Although several key factors contributed to the passing of Senate Bill 270, one reality 

remains out of sight which directly impacts California's coastline.  The northern Pacific Ocean is 

one of five ocean gyres that act as a current circulating from California to Japan and back around 

the Hawaiian Archipelago.  As plastic pollution has been accumulating in the northern Pacific, it 

has began to draw along the gyre to create a whirlpool of petro-products which drag along the 

coast of California.  Several sources contribute to the abundance of the pollution in the Pacific 
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Ocean, but, what impacts has California made in regard to eliminating the source of the 

problem?  Currently, it is too early to tell.  SB270 is enacted and must be implemented across the 

state no later than July 2016.  By then, we should see some impacts. 

Opposition to Banning Single-Use Plastic

 With the passing of SB270 came opposition and valid arguments about the other hazards 

involved with shifting the production of polyethylene in California.  Two common factors play a 

major role in the opposition of SB270, first by the industrial manufacturing companies and 

followed by environmentalists.  Environment California, a non-profit environmental 

organization, illustrates one key commonality with groups supporting or opposing the ban of 

single-use solid waste; plastic does not belong in the ocean.  Industrial firms focus on the impact 

that the ban on plastic bags will have on the economy, by diminishing some companies which 

produce HDPE and LDPE, raising unemployment rates and creating other socio-economic 

concerns.  The environmentalists, on the other hand, oppose the plastic bag ban for ecological 

impact reasons.  Abundance in the use of polyethylene products arose gradually, creating greater 

demand for the product over time.  The concern of finding alternative materials, however, 

imposes possible shifts in the demand for a new resource.  Currently, the available alternative is 

paper bags which drastically increase the need for raw materials and the possibility of 

implementing other non-renewable sources.  Based on An Evaluation of the Effects of 

California's Proposed Plastic Bag Ban published in 2014 by Julian Morris and Lance 

Christensen, consumers in areas who have fully implemented bag bans purchase thicker re-

usable alternatives which do not stop polyethylene production, however, they do decrease the 

amount of single-use bags purchased and discarded (Morris/Christensen; 2014).  Opposition to 

SB270 highlights the importance of scale, contributing that we should use plastics responsibly 

instead of banning them all together.  
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Conclusions

 As discussed in the beginning of this report, infrastructure for waste solutions is part of 

the problem, while overproduction feeds the abundance of HDPE and LDPE pollution.  Based on 

research into the possible liabilities associated with an abrupt shift away from items like plastic 

bags, it seems clear that merely eliminating their use is not enough to bridge the ecological 

condition with the social individuals which drive it.  On one hand, we have built a society which 

relies heavily on plastics for a variety of daily tasks.  However, it is our moral duty to address the 

accumulation of the debris as pollution.  While it is easy to attempt to place the blame on an 

individual corporation, California reflects the need for an alternate solution to a chemical 

problem.  
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