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Plastic’s Toxic Lifecycle

From well to ocean, plastic has harmful health, environmental, and climate
impacts. Not only does plastic fuel the demand for increased fossil fuel
production, but the glut of plastic from fracking feedstocks is creating yet
more long-lasting plastic in our lives. The full toll of this process is immense,
creating a legacy of toxic pollution for future generations.

The Plastic Lifecycle

Fracking produces raw feedstock and energy for plastic

More than 90 percent of plastic worldwide comes from fossil fuels." In the United States, natural
gas and natural gas processing are the primary sources of plastic feedstock, although oil is a raw
material for some plastic.? Plastic production also uses fossil fuels directly for process heat and
indirectly to produce electricity that powers its manufacturing.® Plastic accounted for around 8 to 9
percent of global oil and gas demand in 2019,* and is projected to account for up to 20 percent of
oil demand by 2050.°

In the U.S., around two-thirds of 0il® and 80 percent of natural gas are produced using hydraulic
fracturing, or fracking.” The entire fracking process is toxic, dangerous, and poorly regulated.
Fracking is linked to a range of health issues including lung disease, respiratory illness, and
reproductive harms. Increasingly, fracking is linked to cancer.® People who live closest to oil and
gas operations are at a higher risk of experiencing negative health outcomes.®

Since the fracking boom began, drinking water contamination has popped up across the country.
One study found higher concentrations of combustible methane in areas close to active fracking
sites.’® Other studies confirm that foam, brine, natural gas, and other chemicals can migrate
through layers of rock and leach into groundwater sources.!” Contaminated groundwater not only
puts communities’ health in jeopardy, but also impacts their livelihoods. There have been many
instances where groundwater contaminated by fracking poisoned livestock, causing illness,
reproductive issues, and death.'?

Refining crude oil and natural gas creates intermediate products

Crude oil is composed of hundreds of different hydrocarbons that are separated at refineries into
the range of products that become asphalt, jet fuel, and automotive gasoline. Among the
products separated from crude oil at this stage is naphtha, a feedstock that can be “cracked” to
produce ethylene.'® The amount of naphtha extracted from crude oil depends on the method of
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distillation — at some process temperatures, refineries will produce more feedstock but less
diesel, or vice versa.' Refining naphtha emits significant quantities of carbon dioxide (CO-),
nitrogen oxides (NOx), and volatile organic compounds (VOCs)."®

Natural gas contains a number of hydrocarbons that can be used to produce petrochemicals. Wet
natural gas specifically, found in some shale plays, has higher concentrations of natural gas
liquids (NGLs), predominantly ethane.'® NGLs are the raw materials for manufacturing a range of
petrochemicals including plastics. Natural gas processing plants separate dry gas (methane)
from NGLs (ethane, etc.) so that each can be used for different purposes.'”

Plants that convert fossil fuels into petrochemicals are known to emit massive amounts of air and
climate pollutants, including polycyclic aromatic hydrocarbons, CO>, ozone-creating VOCs (such
as benzene and toluene), and NOx."® These plants pump out mountains of toxic plastics.'®

Toxic mega-plants convert refined products into plastic

First, ethane is transported to a type of petrochemical facility known as a cracker plant, where a
series of processes involving steam (or just heat) “crack” ethane into ethylene.?® Steam cracking
of feedstocks like ethane and naphtha is the primary source of ethylene.?! Steam cracking of
naphtha occurs at temperatures between 750 to 900 Celsius and requires significant energy
inputs (from fossil fuels) to generate heat.?? Ethylene is the most frequently produced
petrochemical and creates the most common type of plastic.?®> Cracking produces a wide variety
of other plastic building blocks like propylene.?*

Next, polymer plants convert ethylene and other molecules into plastic polymers. This is done
through a process called polymerization, which combines molecules into long chains to produce
much larger molecules.?® For example, ethylene can be polymerized to convert it into small
plastic pellets (called polyethylene resin). This resin is used to manufacture plastic products.?
The U.S. produces around 90 billion pounds of plastic resin every year.?’

Finally, manufacturing plants shape resin and pellets into products through extrusion, which melts
plastic resin and pushes it through specialized shapes.?® This is also the stage that adds fillers
and additives, which can make up as much as 85 percent of the product by volume.?° Many
plastics contain hazardous chemical additives, which may leach out as the plastic ages.*° Some
are extremely noxious, many have been linked to chemical toxicity, and some are classified as
endocrine disruptors, which can alter hormone function.3! These additives can seep from plastics
into food and the environment, accumulating over time.3?
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Fig. 1: The Plastic Lifecycle
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Much of this plastic is ready to be thrown away just after production

This whole process produces a huge quantity of plastic. According to one industry group, the
world produced 390 million metric tons of plastic in 2021.33 Around 44 percent of this plastic is
used for packaging,®* which creates materials that are immediately thrown away.3®

Even though most Americans recycle plastic,®® only around 6 percent of the plastic used in the
U.S. is ultimately recycled.3” Many plastics featuring the recycling triangle cannot actually be
recycled, and some plastics can jam recycling machinery.3 The numerous additives, dyes, and
fillers also make it much harder to repurpose plastic.®® Plastic also degrades with each use,
making it undesirable compared to readily available and cheap new plastic.? Ultimately, much of
the plastic placed in recycling bins ends up in landfills.*’
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Recycling has its own environmental footprint, requiring electricity and toxic solvents to break
down and reconstitute products.*? Recycling facilities are also prone to catching fire, releasing
toxic fumes from burning plastic in hard-to-control blazes.** According to a “very conservative”
report from a fire suppression company, there were 390 fires at recycling facilities in the U.S. and
Canada in 2022. Given data limitations, these reported fires were likely only the major incidents,
while the total number of fires could be as high as 2,000.4

A higher percentage of plastic is burned instead of recycled. The Organisation for Economic Co-
operation and Development estimates that the U.S. incinerated 19 percent of its plastic in 2019,
often to generate electricity.*® Incinerating trash produces toxic air emissions and contributes to
climate change. In 2011, the New York Department of Environmental Conservation found that
incinerators emit nearly 14 times more mercury than coal per megawatt.*¢ Garbage incineration
may produce more greenhouse gas emissions per megawatt than some fossil fuels.4’

Plastic’s toxic legacy

Plastic lasts for hundreds to thousands of years, and its toxic remains pose serious challenges.*8
The U.S. illegally dumps between 0.14 and 0.41 million metric tons of plastic waste annually.*®
Even legally dumped plastic fills up increasingly limited and expensive landfill space.® As water
percolates through these landfills, it picks up toxins, generating super-polluted runoff that is
harmful to human health and the environment.

We know that at least 9.2 million metric tons of plastic, including 3.0 million metric tons of
microplastics’, enter the environment globally every year.5? While 40 percent of all plastic waste
is unaccounted for, large volumes of plastic waste enter the ocean, where it remains for
decades.>

Microplastics are ubiquitous, finding their way into our oceans and even into the food we eat and
the air we breathe.>* Even indoor air can have high concentrations of microplastics from
household products and synthetic textiles, which accumulate in people’s lungs after being
inhaled.>® Plastic particles have been found in tap water, beer, and sea salt, and one study even
found them in 93 percent of bottled water.%

1 Microplastics are plastic particles that are smaller than 5 millimeters across. Microplastics are present in
commercial products or form from the natural fragmentation and use of larger plastics.
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Conclusion and Recommendations

We must stop the exponential growth of plastic production. There is no solution to plastic
pollution that involves the continued production of new plastic and relies on disposal strategies
that have proven inadequate and harmful. Instead, it is time to take real steps to curtail the supply
of plastic by banning fracking and shutting down dangerous petrochemical plants.

Endnotes

1

2

10

11

12

13

14

15

16

17

18

Plastics Europe. “Plastics — The Facts 2022.” October 2022 at 16.

U.S. Energy Information Administration (EIA). “How much oil is used to make plastic?” June 1, 2021. Available at
https://lwww.eia.gov/tools/fags/faq.php?id=34&t=6. Accessed March 2023.

Posen, I. Daniel et al. “Greenhouse gas mitigation for U.S. plastics production: Energy first, feedstocks later.” Environmental Research
Letters. Vol. 12. March 2017 at 2.

Nielsen, Tobias D. et al. “Politics and the plastic crisis: A review throughout the plastic life cycle.” WIREs Energy and Environment. Vol. 9,
Iss. 1. January 2020 at 6.

BloombergNEF. “The world’s addiction to plastic in five charts.” August 16, 2022. Available at https://about.bnef.com/blog/the-worlds-
addiction-to-plastic-in-five-charts. Accessed April 2023.

EIA. “How much shale (tight) oil is produced in the United States?” Available at https://www.eia.gov/tools/fags/faq.php?id=847&t=6.
Accessed March 2023.

EIA. “How much shale gas is produced in the United States?” Available at https://www.eia.gov/tools/fags/faq.php?id=907&t=8. Accessed
March 2023.

See Food & Water Watch. “Now We're Fracked: Fracking’s Public Health Crisis.” January 2021.

McKenzie, Lisa M. et al. “Human health risk assessment of air emissions from development of unconventional natural gas resources.”
Science of the Total Environment. Vol. 424. May 2012 at 79.

Osburn, Stephen G. et al. “Methane contamination of drinking water accompanying gas-well drilling and hydraulic fracturing.” PNAS. Vol.
108, No. 20. May 17, 2011 at 8172.

Llewellyn, Garth T. et al. “Evaluating a groundwater supply contamination incident attributed to Marcellus Shale gas development.” PNAS.
Vol. 112, No. 20. May 19, 2015 at 6325; Woda, Josh et al. “Detecting and explaining why aquifers occasionally become degraded near
hydraulically fractured shale gas wells.” PNAS. Vol. 115, No. 49. December 4, 2018 at 12352.

Bamberger, Michelle and Robert E. Oswald. “Impacts of gas drilling on human and animal health.” New Solutions. Vol. 22, Iss. 1. 2012 at 55
to 59.

Baheti, Payal. British Plastic Federation. “How Is Plastic Made? A Simple Step-By-Step Explanation.” Available at
https://www.bpf.co.uk/plastipedia/how-is-plastic-made.aspx. Accessed June 2022.

Tullo, Alexander H. “Why the future of oil is in chemicals, not fuels.” Chemical & Engineering News. Vol. 97, Iss. 8. February 20, 2019.

Young, Ben et al. “Environmental life cycle assessment of olefins and by-product hydrogen from steam cracking of natural gas liquids,
naphtha, and gas oil.” Journal of Cleaner Production. Vol. 359, No. 131884. April 2022 at 8.

Pickett, Al. “Marcellus, Utica shales make Northeast focal point of growing U.S. production.” American Oil & Gas Reporter. November 2013
at 3 and 5; Brackett, Will. Powell Shale Digest. Penn State Extension Webinar. [PowerPoint]. “How Marcellus & Utica Compare to Other
Shale Basins.” August 27, 2015 at 7 and 8; Energy Ventures Analysis, Inc. “Outlook for Natural Gas Supply and Demand for 2015-2016
Winter.” 2015 at 23 and 25.

Mitchell, Austin L. et al. “Measurements of methane emissions from natural gas gathering facilities and processing plants: Measurement
results.” Environmental Science & Technology. Vol. 49. February 2015 at 3219.

Benchaita, Tayeb. Inter-American Development Bank, Environmental Safeguards Unit. “Greenhouse Gas Emissions From New
Petrochemical Plants. Background Information Paper for the Elaboration of Technical Notes and Guidelines for IDB Projects.” July 2013 at 3
to 5, 10 and 15; Frazier, Reid R. “Cracker’ plant will bring jobs, but what about the air?” The Allegheny Front. March 24, 2012; Chen, Mei-
Hsia. “A feasible approach to quantify fugitive VOCs from petrochemical processes by integrating open-path fourier transform infrared
spectrometry measurements and industrial source complex (ISC) dispersion model.” Aerosol and Air Quality Research. 2015 at 1110; Rivas-
Arancibia, Selva et al. “Oxidative stress caused by ozone exposure induces loss of brain repair in the hippocampus of adult rats.”
Toxicological Sciences. Vol. 113. No. 1. 2010 at 187.

info@fwwatch.org 5

© Food & Water Watch FOOD&

510.922.0720 (CA)

foodandwaterwatch.org



19

20

Plastic’s Toxic Lifecycle

Lithner, Delilah et al. “Environmental and health hazard ranking and assessment of plastic polymers based on chemical composition.”
Science of the Total Environment. Vol. 409. 2011 at 3322.

Penn State Extension. “Fractionator? Cracker? What Are They?” April 15, 2012; Emerson Process Management. “Chapter 1. Ethylene
Production.” 2010 at 1 to 2; Ghanta, Madhav et al. “Environmental impacts of ethylene production from diverse feedstocks and energy
sources.” Applied Petrochemical Research. Vol. 4. Iss. 2. 2014 at 168 and 169.

21 Pralhad Haribal, Vasudev et al. “Intensification of ethylene production from naphtha via a redox oxy-cracking scheme: Process simulations
and analysis.” Engineering. Vol. 4, Iss. 5. October 2018 at 714.

22 |bid. at 714.

23 PricewaterhouseCoopers. “Shale Gas. Reshaping the U.S. Chemicals Industry.” October 2012 at 6; Lyle, Sarah K. Magruder. American Fuel
& Petrochemical Manufacturers. National Conference of State Legislatures, Capitol Forum, Energy Supply Task Force. [PowerPoint.] “The
Shale Revolution: Realizing America’s Manufacturing Renaissance.” December 8, 2015 at 7; Lippe, Dan. “Pipelines expand to meet NGL
growth.” Oil & Gas Journal. November 3, 2014.

24 BASF. “Fossil Loves Modern.” Available at https://chemicals.basf.com/global/en/Petrochemicals/crackerproducts.html. Accessed April 2023.

2 Sharpe, Pete. American Institute of Chemical Engineers. “Making Plastics: From Monomer to Polymer.” September 2015.

% ys. Department of Energy. Energy Efficiency and Renewable Energy. “Formosa Plastics Corporation: Plant-Wide Assessment of Texas
Plant Identifies Opportunities for Improving Process Efficiency and Reducing Energy Costs.” January 2005 at 1; Siemens. “Process Analytics
in Polyethylene (PE) Plants.” December 2007 at 2.

27 American Chemistry Council. [Press release]. “ACC Releases Resin Production and Sales Data for February 2023.” April 4, 2023.

2 The Welding Institute. “What Is Plastic Extrusion?” Available at https://www.twi-global.com/technical-knowledge/fags/plastic-extrusion.
Accessed April 2023.

2% Ibid.; Bausano. “Additives and Fillers for Extrusion Process.” Available at https://www.bausano.com/en/extrusion-materials/additives-fillers.
Accessed April 2023.

30 Lithner et al. (2011) at 3322.

31 scherer, Christian et al. “Interactions of Microplastics With Freshwater Biota.” In Wagner, Martin and Scott Lambert (Eds.). (2018).
Freshwater Microplastics: Emerging Environmental Contaminants? Cham: Springer Nature at 174; Lithner et al. (2011) at 3309 and 3316.

32 Teuten, Emma et al. “Transport and release of chemicals from plastics to the environment and to wildlife.” Philosophical Transactions of the
Royal Society. Vol. 364. 2009 at 2027 to 2028 and 2035; Leon, Victor M. et al. “Potential transfer of organic pollutants from littoral plastics
debris to the marine environment.” Environmental Pollution. Vol. 236. 2018 at 442 and 452; Hahladakis, John N. et al. “An overview of
chemical additives present in plastics: Migration, release, fate and environmental impact during their use, disposal and recycling.” Journal of
Hazardous Materials. Vol. 344. 2018 at 179 and 191.

33 Plastics Europe (2022) at 16.

3 Ibid. at 22.

35 Jambeck, Jenna R. et al. “Plastic waste inputs from land into the ocean.” Science. Vol. 347, Iss. 6223. February 13, 2015 at 768.

36 Consumer Reports. “American Experiences Survey: A Nationally Representative Multi-Mode Survey. May 2021 Omnibus Results.” June
2021 at 16.

37 pj, Jinghan et al. “United States plastics: Large flows, short lifetimes, and negligible recycling.” Resources, Conservation & Recycling. Vol.
167, No. 105440. April 2021 at abstract.

38 Gibbens, Sarah. “Why your recycling doesn’t always get recycled.” National Geographic. January 17, 2023.

3 bid.

40 syllivan, Laura. “Recycling plastic is practically impossible — and the problem is getting worse.” NPR. October 24, 2022.

1 bid.

42 Uekert, Taylor et al. “Technical, economic, and environmental comparison of closed-loop recycling technologies for common plastics.” ACS
Sustainable Chemistry and Engineering. Vol. 11. January 2023 at 970.

43 Jimenez, Omar et al. “Toxic smoke is spewing from an inferno at a recycling plant known as a ‘fire hazard,’ officials say. The flames could
burn for days.” CNN. April 13, 2023.

a4 Kamczyc, Alex. “Fire incidents increased at waste, recycling facilities in 2022.” Recycling Today. March 22, 2023.

45 Organisation for Economic Co-operation and Development. “Plastic pollution is growing relentlessly as waste management and recycling fall
short, says OECD.” February 22, 2022. Available at https://www.oecd.org/newsroom/plastic-pollution-is-growing-relentlessly-as-waste-
management-and-recycling-fall-short.htm. Accessed April 2023.

info@f tch.
info@fwwatch.org 6 © Food & Water Watch FOOD &

510.922.0720 (CA)
foodandwaterwatch.org



46

47

48

49

50

51

52

53

54

55

56

Plastic’s Toxic Lifecycle

New York Department of Environmental Conservation. “Comments to the New York Public Service Commission Regarding the Matter of the
Application of Covanta Energy Corporation for Inclusion of Energy From Waste Facilities as an Eligible Technology in the Main Tier of the
Renewable Portfolio Standard Program. Case No. 03-E-0188.” August 19, 2011 at6 and 7.

U.S. Environmental Protection Agency. “Air emissions from municipal solid waste combustion facilities.” Available at
https://archive.epa.gov/epawaste/nonhaz/municipal/web/html/airem.html. Accessed March 2017.

Barnes, David K. A. et al. “Accumulation and fragmentation of plastic debris in global environments.” Philosophical Transactions of the Royal
Society. Vol. 364. 2009 at 1985.

Law, Kara Lavender et al. “The United States’ contribution of plastic waste to land and ocean.” Science Advances. Vol. 6. October 2020 at
abstract.

Zia, Khalid Mahmood et al. “Methods for polyurethane and polyurethane composites, recycling and recovery: A review.” Reactive &
Functional Polymers. Vol. 67. 2007 at 676.

Postacchini, Leonardo et al. “Environmental assessment of a landfill leachate treatment plant: Impacts and research for more sustainable
chemical alternatives.” Journal of Cleaner Production. Vol. 183. 2018 at 1021 and 1023.

Ryberg, Morten W. et al. “Global environmental losses of plastics across their value chains.” Resources, Conservation and Recycling. Vol.
151. December 2019 at abstract.

Worm, Boris et al. “Plastic as a persistent marine pollutant.” Annual Review of Environment and Resources. Vol. 42. 2017 at 1; Thompson,
Richard et al. “Lost at sea: Where is all the plastic?” Science. Vol. 304, No. 5672. May 7, 2004 at 838.

Wright, Stephanie L. and Frank J. Kelly. “Plastic and human health: A micro issue?” Environmental Science & Technology. Vol. 51, Iss. 12.
2017 at 6634.

Dris, Rachid et al. “A first overview of textile fibers, including microplastics, in indoor and outdoor environments.” Environmental Pollution.
Vol. 221. 2017 at 453; Pauly, John L. et al. “Inhaled cellulosic and plastic fibers found in human lung tissues.” Cancer Epidemiology,
Biomarkers & Prevention. Vol. 7. May 1998 at 419.

Carrington, Damian. “Plastic fibres found in tap water around the world, study reveals.” Guardian. September 5, 2017; Liebezeit, Gerd and
Elisabeth Liebezeit. “Synthetic particles as contaminants in German beers.” Food Additives & Contaminants. Vol. 31, No. 9. 2014 at 1574;
Glenza, Jessica. “Sea salt around the world is contaminated by plastic, studies show.” Guardian. September 8, 2017; Karami, Ali et al. “The
presence of microplastics in commercial salts from different countries.” Scientific Reports. Vol. 7, No. 46173. 2017 at 1; Mason, Sherri A. et
al. State University of New York at Fredonia, Department of Geology & Environmental Sciences. “Findings: Synthetic polymer contamination
in bottled water.” Orb Media. 2018 at 1.

info@fwwatch.org 7

© Food & Water Watch FOOD&

510.922.0720 (CA)

foodandwaterwatch.org



