
4 PLASTIC
It’s What’s for Dinner

Only when the last tree has died and the last river been poisoned and
the last fish been caught will we realize we cannot eat money
[or plastic].

—Cree First Nations Prophecy

The Prevalence of Plastic

How many plastic items can you name? Ten? Twenty?
Did you know that in the United States we each use approxi-

mately 150 individual plastic bottles each year, and yet only around
35 of those bottles will end up in the recycling bin?160,161,††††††† In
Europe, the recycling figure is a bit better. Mainland Europeans use
roughly 103 individual plastic bottles each year and recycle an average
of 31 of those.162 Meanwhile, in the UK, nearly 195 plastic bottles are
used each year and roughly 112 of those get recycled (good job on
recycling, UK!).163

In addition to plastic bottles, we each use over 300 single-use
plastic bags every year in the United States (100 billion for the entire
country).164 Yet we only recycle about 5 percent of those bags.165

Around the world, 4 trillion plastic bags are used every year (that’s an

††††††† This includes plastic bottles of water and/or other individual beverages such as plastic
bottles of soda or pop.
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astounding 513 per person), but only 1 percent of those bags are
returned for recycling.161

This is a huge problem. Although plastic seems to have become
as present in our lives as the air we breathe – it’s convenient, it’s light,
it’s cheap, and you can throw it away if you want to – it is now invading
our oceans, it is being ingested by fish and sea life, and it is even making
its way into our own bodies. This is not good for the planet or for our
own health.

Modern plastic was first created in 1907 by Leo Hendrik
Baekeland. Today’s major thermoplastics – including polyvinyl chloride
(PVC), low-density polyethylene, polystyrene, and polymethyl metha-
crylate – were developed and commercialized in the 1930s and
1940s.164 World War II saw a significant increase in demand for
thermoplastic materials as replacements for some of the raw and natural
materials (such as natural rubber) that were difficult to obtain during
the war.166 During this period, military operations monopolized the use
of plastics.167

Between 1939 and 1945, plastic production increased fourfold,
from 106,000 tons per year to 409,000 tons per year.164 After the end
of World War II, plastic became a preferred and oft-used material,
primarily due to its versatility and usefulness for many applications.
By 1950, global plastic production reached 1.7 million tons per year.

What were the reasons for this rapid increase?
Plastic was cheap, convenient, easy to make, considered dispos-

able, and virtually indestructible. It still is! Plastic can be molded into
almost any shape or form and has successfully replaced materials like
glass and metal in many products.

Now, take a moment and read the following quote from a
1950s commercial: “This is Tupperware . . . Tupperware comes in all
shapes, all sizes. Since Tupperware won’t leak, you can freeze it, stack it,
any which way . . . Just look in the yellow pages under housewares or
plastic.”{{{{{{{ This commercial, like many others, was commonly seen
in the 1950s when plastics first entered our lives in a mainstream way.

Today, global plastic production has expanded so much that it
nears 380 million tons each year. This is a 223-fold increase since
1950.168,169 During this same time period, the global population has

{{{{{{{ https://youtu.be/1u9kEnJZX2E
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only increased threefold, from around 2.5 billion people to roughly 7.8
billion people.170 So where is all this plastic going?

Plastics are used in all types of consumer products: bottles,
bags, telephones, clothing, flooring, and car parts. About 10 percent
of the weight of a typical car – about 336 pounds (153 kg) – is plastic.
That’s roughly 50 percent by volume. Plastic is typically used in the
bumpers, door panels, and engine components.165

Plastic nylon is used in fishing lines and nets, and it is highly
durable.171 Fishing lines and nets are discarded at very high rates,
making them some of the most common plastic discards found in the
ocean. This is also why discarded or lost fishing gear is so very danger-
ous – they do not disintegrate. Instead, they remain in the ocean “ghost
fishing,” killing hundreds of thousands, if not millions, of animals
every year.

Look around you right now and see how many objects are
made of plastic. You may be surprised. Today, plastic accounts for
more than 30 percent of all packaging sales. It really is everywhere.

How Is Plastic Made and Why Is It Such a Problem?

Plastic is made from oil, natural gas, and other petroleum-
derived chemicals. Today, roughly 4 percent of the world’s petroleum
is used to make plastic materials, and another 4 percent is used to power
the plastic manufacturing processes.172

The thing about plastics is that they are virtually indestructible.
They do not biodegrade in the way paper products can and they do not
disintegrate. Plastics persist in the environment for thousands of
years.173 The more plastics we make, the more plastics end up in our
landfills and, inevitably, in our oceans.

Each year, over 8 million metric tonnes (8.8 million tons) of
plastic waste end up in our oceans. Most often, this plastic waste comes
from discarded fishing gear and packaging that is meant to be used only
once and then disposed of.174 Figure 4.1 demonstrates how plastics
enter the oceans.§§§§§§§

§§§§§§§ A metric tonne (aka metric ton) is a unit of weight that is equal to 1,000 kg, or roughly
2,200 pounds. A “ton,” on the other hand, is an English unit of measurement equal to 2,000
pounds, or roughly 907 kg.
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Figure 4.1 How plastic materials enter the world’s oceans
Image credit: Ritchie & Roser (2018), Plastic Pollution from OurWorldinData.org – available at https://ourworldindata.org/plastic-pollution

https://doi.org/10.1017/9781108935340.007 Published online by Cam
bridge U

niversity Press

https://ourworldindata.org/plastic-pollution
https://ourworldindata.org/plastic-pollution
https://doi.org/10.1017/9781108935340.007


For many of us, plastic bottles and bags are the most common
items we throw away. In the United States alone, we use nearly 50 bil-
lion plastic bottles each year.175 Worldwide, that figure is nearly ten
times as much, or roughly 480 billion plastic bottles used each year.161

In addition, roughly 2 million plastic bags are used every minute glob-
ally, or nearly 1 trillion per year. This is astounding considering that
plastic bags were only introduced into grocery stores in 1977 as an
alternative to paper bags.167 By the mid-1990s, the use of plastic bags
grew so much that four out of every five grocery bags used in the United
States were made of plastic.167,176

The amount of energy and petrochemicals used to produce all
of the bottles and bags used in the United States each year would be
enough to fuel all 6.4 million cars of Los Angeles for a year.177

Similarly, the amount of energy and oil used to make just twelve
plastic shopping bags could drive your car a mile or more (depending
on the car).178

In the last few years, several cities in the United States and
around the world banned or taxed single-use plastic bags. In 2014,
Governor Jerry Brown of California signed a bill banning single-use
plastic bags in grocery stores across the state. However, consumers in
California could still purchase thicker, “multi-use” plastic bags in
grocery stores, and at only ten cents per bag there was little disincentive
to using them.******** Before this ban, Californians were using 120,000
tons (109,000metric tonnes) of plastic bags every year.179 Keep in mind
that a single plastic bag weighs only five grams, or one-sixth of an
ounce.†††††††† I know this because I weighed one myself. Yet this very
small, very lightweight piece of plastic can do a lot of damage.

In response to the California ban, the plastics industry
reproached and admonished Governor Brown. Their goal? To get the
plastic bag ban overturned.

Fortunately, they failed.{{{{{{{{

******** With that being said, however, many Californians on their own initiative significantly
reduced their use of plastic bags and turned to reusable fabric shopping bags instead.
†††††††† This means that, in California, 23,040,000,000 (23 billion) plastic bags were being
used every year on average (that is around 583 bags per person).
{{{{{{{{ However, due to the COVID-19 pandemic, grocery stores in the State of California
have asked that shoppers not bring in their own reusable bags due to concerns regarding
contamination. As a result, the plastic bag ban has been put on hold until further notice and
there is currently no cost for using single-use plastic bags in grocery stores. As far as plastic is
concerned, this a step in the wrong direction.
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Consumers do have the power to refuse plastic products and
prevent them from entering the environment, but first they need to
know that plastic is an environmental problem. So far, I have not seen
many public service announcements delineating this problem, nor have
I observed much messaging on this in the media. With that said, how-
ever, I have noticed that this information is starting to make the rounds
and more people seem to becoming aware of it.

The Recycling Misnomer

While we theoretically can recycle plastic, as the campaigns of
yesteryear encouraged us to do (remember “Reduce, Reuse, and
Recycle?”), in reality, only about 7 percent of plastics in the United
States are actually recycled or recovered. Just think about how many
times you have seen someone place a plastic bottle or bag into the
rubbish container rather than the recycling one, even if they were right
next to each other.

Plastics that are recovered through the “recycling process”
cannot really be recycled or repurposed in the same ways that glass or
metals can be. Glass, aluminum, and other metals can be fully melted,
sterilized, and reformed into new glass, aluminum, or other metal
products without degrading. This saves both energy and raw mater-
ials.180,181 Recovered plastics, however, instead of being “recycled” are
often “downcycled” into other products such as park benches, door-
mats, textiles, or plastic lumber, which are durable but also stay in the
environment perpetually.171

In addition to the small amount of plastic materials that are
recycled, an additional 7 percent of plastics are burned as fuels in waste-
to-energy combustion (releasing even more greenhouse gases into the
environment).

Roughly 30 percent of plastics that have ever been manufac-
tured are still in use (not recycled or discarded), and the remaining
55–60 percent of plastics are thrown away in the trash, where they
end up in landfills or the oceans.169

The proportion of plastics that are discarded is significantly
higher in low- and middle-income countries across South Asia and
sub-Saharan African, where recycling infrastructure is low and as much
as 90 percent of plastic waste is not properly disposed of and ends up
polluting rivers and oceans.169
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But Why Is This Really So Bad?

Since pictures often speak louder than words can, by using
compelling imagery, the documentary Plastic Paradise shows how the
millions of tons of plastic debris that have entered the oceans make their
way to some of the most remote and uninhabited (by humans) islands in
the world. One of these islands is the Midway Atoll, a 2.4 square mile
(6.2 square km) island in the middle of the Pacific Ocean where roughly
2 million Laysan albatrosses nest.182 Midway Atoll is home to roughly
70 percent of all the world’s Laysan albatrosses.

Unfortunately, this island is now also home to millions of tons
of plastic debris.

Every year, an additional 20million tons of plastic waste end up
on the beaches and in the coral reefs and seas surrounding Midway
Atoll. As much as 5 million tons of this plastic are fed, unwittingly, to
albatross chicks by their parents, who mistake these pieces of plastic for
food.183 Sadly, many of these chicks die from starvation, with stomachs
full of plastic rather than food. The pieces of plastic found in their
stomachs range in size from as small as a grain of sand (microplastic)
to as large as a cigarette lighter.

The Hawaiian Islands, which are a stone’s throw from Midway
Atoll, are similarly strewn with thousands of tons of plastic trash, which
mar the land and seascape. The variety of plastics that wash up on shore
is quite astounding, from bottle caps and toys, to fishing gear, computer
monitors, and truck tires. As much as 80 percent of “ocean plastics”
come from land-based sources. The other 20 percent come from marine
sources (including fishing nets, lines, abandoned fishing vessels, or
abandoned, lost, or discarded fishing gear).184 Some estimates place
the amount of plastic particles floating in the oceans in the vicinity of
165 million tons (150 million metric tonnes), or roughly 5 trillion
individual pieces.185

Much of the trash that makes its way to these islands floats
along ocean currents called gyres, which move water and debris from
big population centers on either side of the Pacific toward the middle of
the ocean. When trash passes by the islands, it gets caught, much like
with the fingers of a comb.183

Every year, plastic waste causes serious damage to marine
ecosystems and entangles animals such as dolphins, whales, turtles,
and seabirds. The damage caused by plastics may cost as much as $13
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billion every year,186 and this is a conservative estimate. Much of this
financial impact is felt in the fishing and tourism industries either by the
fouling of fishing equipment, reefs, and other critical habitats, or due to
the ugly sight of polluted beaches.186

Even worse, as plastics float around the ocean they are exposed
to sunlight and ultraviolet (UV) radiation, leading to photodegradation.
Photodegradation occurs when UV radiation provides a sufficient
amount of energy to allow oxygen into the structures of the plastic
polymers. This chemical change causes the plastics to become brittle and
break down into smaller and smaller pieces.187 As the plastic pieces
become smaller, they leach chemical by-products – including bisphenol
A (BPA), styrene, and polychlorinated biphenyls (PCBs) – into the
ocean.188 Plastics begin to break down within a year of entering the
ocean, but the longer plastics remain degrading in the ocean, the more
chemicals they leach into the oceans.

And while there are companies working toward straining
plastic pieces out of the ocean, too many plastic pieces are too small
to be strained out, while others have already sunk to the bottom of
the ocean or have traveled to such remote places that trying to
achieve this objective is like trying to bail out a sinking ship with
a tablespoon.

Even worse, more plastics enter the oceans every year, wreaking
havoc in many ways.

Plastic’s Effects on Marine Life

Historically, fishing nets were made from grasses, flax, and
other plant materials that could naturally biodegrade in the marine
environment. Later on, cotton was used, and sometimes wool or silk
(which are still natural, biodegradable materials).189

Today, fishing nets are made mostly from nylon, a “fiber”made
out of plastic materials (for more on this, see Recipe 20 in Part 2). Each
year, hundreds of thousands of marine animals become entangled and
die as a result of “ghost fishing” by abandoned or lost fishing nets.
“Ghost fishing” is the unintentional capture of animals that results from
these discarded nets. When fishing gear is left behind, it does not
degrade in the same way (or at the same speed) as natural materials.
Instead, it persists in the ocean, invisible to animals, and continues to
autonomously “capture” fish, sharks, turtles, dolphins, and even
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whales, as well as other species, drowning and killing them by the
hundreds of thousands every year.

Estimates place the amount of abandoned, lost, or otherwise
discarded fishing nets and other fishing gear that gets added to the
oceans at upward of 640,000 tons each year, and this is increas-
ing.190,192 “Ghost fishing” continues indefinitely until such fishing gear
is physically removed from the ocean.191

On top of ghost fishing, discarded fishing gear also alters seabed
and marine environments and negatively affects efforts to improve the
management of fish stocks.192

Plastic is so pervasive and insidious that it has invaded every
milliliter (cubic centimeter) and every level of ocean life – from the
tiniest plankton to the largest whales.124 When small fish and micro-
organisms consume the smallest pieces of plastics (nanoplastics and
microplastics), this can lead to intestinal blockages, illnesses from chem-
ical toxins, or even death, primarily by affecting feeding or foraging
habits.193

Many fish that have been caught and filleted reveal plastic in
their stomachs and intestinal tracts. Seals have been photographed with
plastic bags or fishing lines around their necks. Beached whales have
been found with over 220 pounds (100 kg) of plastic trash and dis-
carded fishing nets in their stomachs.194 Hundreds of thousands of
marine mammals, fish, seabirds, and turtles die each year from plastic
entanglement, ingestion, or starvation.186,§§§§§§§§

Abandoned or discarded fishing gear takes a toll on and des-
troys coral reefs by snagging them or breaking them, which can kill
them. This is tragic as coral reefs are the second most diverse ecosystems
on the planet after tropical rain forests. Thousands of species depend on
reefs for their survival. Coral reefs provide protection to coastal areas
from storms. They also provide goods and services worth more than
$375 billion each year, as well as food for millions of people around the
world.195 Coral reefs also support local economies as a fishing resource
and through tourism.

Around the world, reefs have been heavily damaged over the
last twenty-five years, and they have been showing further declines in
the last ten years. This is in part due to warming waters and in part due

§§§§§§§§ Starvation occurs as a result of plastic trash remaining in an animal’s stomach or
intestinal tract and so displacing space for nutritious foods that would normally be consumed.
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to ocean acidification (for more details, refer back to Chapter 3). This is
also in part due to physical damage from plastics and discarded fishing
gear, direct pollution, as well as harmful tourism or overexploitation.196

Studies show that 75 percent of coral reefs are at risk or threatened from
local and global stresses.197 No one really knows what will happen if we
lose all of the coral reefs, but it is probably safe to say that none of us
really want to find out.

Thus, there is a twofold problem from plastic debris. The first
problem involves the macroplastics, the really big pieces (the buckets,
the barrels, the car parts, the nets) that endanger larger marine animals,
marine habitats, and corals, as already discussed. The second problem
involves the smaller items – plastic bags, broken-down plastics,
and microplastics.

Plastic bags, plastic pellets, plastic microbeads (found in certain
cosmetic products, but being phased out), and other microplastics make
up a large proportion of marine debris (between 77 and 92 percent).
Microbeads and microplastics are tiny pieces of plastic, often ranging in
size from less than 1 mm in diameter on up to 5 mm in diameter
(nanoplastics are defined as plastic particles ranging in size from 1 nm
to 1,000 nm). Microplastics and nanoplastics are made from synthetic
polymers including polyethylene (PE), polystyrene (PS), or polyethylene
terephthalate (PET), and they are small enough to be washed down the
drain, where they flow directly into waterways and eventually out into
the oceans.198,199

Due to their size and similar appearance to “food,” micro-
plastics are frequently and unwittingly consumed by many marine
animals, including fish, birds, and mammals (including whales).
Microplastics (and nanoplastics) are also consumed by some of the
smallest marine animals – plankton.200 These plastics can lead to
blocked digestive tracts, malnutrition, starvation, and even death.
As many as 80 percent of sea turtles have been found with plastics
and other marine debris in their digestive tracts, while roughly one-
third of seabird species have also been found with plastic debris in
their stomachs.186,194

Once in the oceans, microbeads, microplastics, and other plastic
pieces may absorb other chemical pollutants that are prevalent in the
marine environment, including dichlorodiphenyltrichloroethane (DDT;
a previously used insecticide) and PCBs (previously used coolants and
lubricants).201,202 In addition to DDT and PCBs, plastic particles may
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also transfer other toxic chemicals – persistent organic pollutants
(POPs) – into the flesh and fat stores of the animals that consume them.

The level of POPs found in these animals builds up over time in
what is known as bioaccumulation.203 As animals higher up in the food
chain – such as carnivorous fish, seals, dolphins, and whales – eat
smaller fish (who may have directly consumed these plastics), the
toxins and POPs found in the smaller fish become even further concen-
trated within their own bodies. This phenomenon is known as
biomagnification.203

Most oceanic predators, and particularly the apex predators
(orcas, dolphins, sharks, polar bears, certain seals and sea lions, tuna,
salmon, and – finally – humans), have been found to have at least some
detectable levels of POPs present in their bodies.204

Orcas, specifically those of the Southern Resident subspecies
living in the Pacific Northwest, show very high levels of POPs in their
bodies.205 This subspecies is endangered, consisting of only seventy-five
members (as of March 2021). In this well-studied population, POP
levels in the whales increase with the age of the whales – apart from a
few notable exceptions – reflecting the fact that they have had more time
to eat and accumulate these toxic chemicals.206 One exception is that
when a whale is pregnant or lactating (producing milk for its calf ) or if
there is a shortage of prey, circulating levels of POPs increase. In fact,
newborn calves and those who are nursing tend to have some of the
highest levels of POPs. Why is this? When fat stores break down, they
release their accumulated chemical toxins throughout the whale’s blood
and milk.205,207 Tragically, these POPs are known to have negative
effects on the health (and fertility) of these whales and other
marine animals.

POPs may also pose a threat to human health, particularly in
areas of the world where fish and other seafood account for 20 percent
(or more) of the diet.111,208 Several studies show that fish species sold in
grocery stores and at fish markets around the world contain detectable
levels of POPs.209,********* These chemicals are not benign – many are
known human carcinogens or endocrine disruptors, increasing the risk
of cancer, diabetes, obesity, or other chronic illness (see Table 4.1).

********* The POPs most often found in fish are: organochlorine pesticides (OCPs), PCBs,
polybrominated diphenyl ethers (PBDEs), perfluorooctanesulfonates (PFOSs), dioxins/furans,
and hexabromocyclododecanes (HBCDs).
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Table 4.1 Selected persistent organic pollutants (POPs) and their known health effects on the human body

Health effects

Chemical Abbreviation
Where it is found/
environmental exposures

Fetal or
reproductive
dysfunction

Possible
carcinogen

Immune,
skin, and/or
liver
dysfunction

Behavior
and
nervous
system Endocrine208

Bisphenol A220 BPA Plastics and epoxy resins,
beverage containers, CDs,
toys

X X a X X

Bisphenol S207 BPS Epoxy resin adhesives (close
analog to BPA), beverage
containers, receipts

X X X X

Dioxins221 PCB or
PCDD

Insulator fluids, additives to
paint and oils. Exposure
primarily from high-fat
animal products (milk, eggs,
meat, fish)

X X X X X

Polystyrene/
styrene210

PS Widely used in plastics and
rubber, packaging
materials, drinking cups
and other “food use” items

a X X X a
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Polyethylene
terephthalate222

PET Soft drink bottles, water/
juice/sports drink bottles,
food jars (peanut butter,
jelly, pickles, etc.)

X X X X

Phthalates223 PHT, PVC,
DEHP

Contact with plastic wrap,
some children’s toys,
medical tubing, cosmetics
(soaps, shampoos),
polyvinyl chloride

X X X X X

Polyvinyl
chloride224,225

PVC Food packaging, children’s
toys, shower curtains,
building materials (releases
dioxins into the
environment)

X X X X X

a Inconclusive results, data insufficient.
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What’s more, some of these chemicals also affect fertility and fetal
development.210 Therefore, it cannot be overstated that every time we
eat fish, shellfish, shrimp, mussels, scallops, or other seafood, we run the
very real risk of eating some of these chemicals.

When fish feed on plastic, we feed on plastic!
Some 93 percent of Americans, up to 90 percent of Europeans,

and 86 percent of teenagers in the UK have detectable levels of BPA in
their bodies.211,212,213 Since World War II, there has been a significant
increase in breast cancer incidence as well as a decrease in the age of
puberty. While there may be many risk factors attributable to these
changes, it is known that both breast cancer and puberty are affected by
circulating estrogen levels. It is also known that BPA mimics estrogen, is
a carcinogen, and affects fertility, and that the use of plastics has risen
220-fold during this same time period.214

BPA is also associated with a greater risk of obesity, heart
disease, diabetes, and insulin resistance, and it has been shown to have
negative effects on babies, including hyperactivity, anxiety, and depres-
sion.215 BPA may also be linked to polycystic ovary syndrome, prema-
ture delivery, asthma, liver dysfunction, immune dysfunction, thyroid
dysfunction, and reactivity changes in brain cells.216 This should be
worrying to us all!

We currently are part of a big experiment when it comes to
plastic, one that none of us gave our consent to. With scientific clinical
studies or experiments, the most basic requirement is to obtain informed
consent from subjects. When did you or I give that consent? And now
we and marine life are suffering the consequences.

Why Is More Not Being Done to Stop the Use of Plastics
and POPs?

One reason for why more is not being done to stop or prevent
plastic use is that plastic is a derivative of crude oil. Three of the ten
most powerful and profitable corporations in the world are oil and gas
companies.217 Their goal is to make money, not to protect the environ-
ment or our health, as evidenced by the oil spills, fracking, methane
leaks, and other environmental disasters that occur.

The plastics industry is the third largest manufacturing industry
in the United States after steel and cars, and it is responsible for almost
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$465 billion in annual shipments. These are powerful interests that
enjoy a 2.4 percent growth rate every year.218

While it is possible for governments to legislate against the
plastic industry, they seem reluctant to do so. In 2020 alone, the
United States produced 110–115 billion pounds of new plastic, with
an expected growth rate of 2–3 percent each year moving forward.
Most of this plastic is used to make disposable, single-use products.219

There needs to be an incentive for the industry to change and to
find a solution to the plastic and chemical by-product problem.
Unfortunately, this incentive does not seem to exist yet, nor does the
motivation for the industry to change its ways. The desire for plastic
only seems to be growing with time.

While stronger governance may be required to decrease plastic
production on a mass scale, there are some things that we as consumers
can do to pressure, demand, and affect some of these changes.

For suggestions or “ideas” on what you can do to help stop the
flow of plastic into the environment and oceans, please see Recipe 10 in
Part 2 of this book.

For more information on the detriments of the POPs previously
described in this chapter, please see Table 4.1.
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