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• plastic is a generic term that refers to about 50

different families and hundreds of varieties of

materials, made from hydrocarbon molecules

derived from coal, gas and oil

• plastics are among the most common materials

produced today. They are lightwieght, durable,

resistant, hygienic, thermal and electrical

insulating, and economical

• the world’s annual consumption of plastic in

2006 was about 100 million tonnes, with

applications in almost every sector, with the UK

accounting for more than 4.7 million tonnes

• the packaging industry is the largest single UK

consumer of plastic, followed by building and

construction, and transport

• in the medical sector, plastic is essential for the

production of disposable, flexible, easily sterilised

equipment and containers

• most of the health and eco-benefits of plastic

relate to:

- the limited use of natural resources and the

relatively low levels of greenhouse gases

emitted during their production, especially

when compared to other materials that might

serve a similar function

- the relatively low amount of fuel used and

carbon emitted during transportation

- the improved energy efficiency provided

when used for home insulation

- the possibility of material recycling and

energy recovery when disposed as waste

• however, there are significant environmental

issues, mainly relating to plastic litter and the slow

breakdown of plastics. There are also significant

health concerns focusing on noxious plastic

additives, such as colourants, flame retardants

and plasticisers, which can leach from plastic

products. These are of particular concern in

products such as medical equipment and feeding

bottles for infants.
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Plastic is a generic term that refers to about 50

different families and hundreds of varieties of

materials [1]. The word derives from the Greek

“plastikos”, meaning ‘able to be moulded’, and refers

to the material’s malleability during manufacture,

which allows moulding into almost limitless different

shapes [2].

Plastics are polymers; complex chains of simple

hydrocarbon molecules (monomers) derived from

coal, gas and oil. Polymer production takes place in

large vessels through the use of catalysts1 and under

particular temperature and pressure conditions. The

end result can be in the form of a liquid, resin pellet

or powder. These are then heated until they are soft

enough to be moulded into the required shape,

mainly by extrusion or injection [1,3,4]. Solid articles

are produced by injecting heated plastic at high

pressure into a mould; whereas, extrusion refers to

the process of producing long elements, such as

cables, by mechanically pushing heated plastic into

a die. If pressurised air or gas is forced into the mould

or through the die, hollow articles, like bottles, can

be produced. When cooled, the plastic retains the

shape it was moulded into. Some additives, such as

colourants, flame retardants and plasticisers, can be

added to the polymers to improve their appearance

or performance [4-6].

�� �� ������������

Plasticisers are substances that are added to the polymers to make plastic flexible and soft, even at room

temperature.

It is not exactly certain how plasticisers work. One theory is that they embed themselves between the chains

of polymers, increasing the internal space available for movement. Another theory suggests that plasticisers

‘lubricate’ the polymer chains by reducing intermolecular friction [7,8]. There are approximately 300 different

types of plasticisers, the majority of which are man-made. They are mainly colourless and odourless substances

[9]. However, some plasticisers evaporate readily and produce the classic ‘plastic-like’ odour, often referred to

as a ‘new car smell’ [8].

The most common plasticisers are probably phthalates. This is a family of acids widely used to soften polyvinyl

chloride (PVC). Soft PVC products include toys, floor tiles, shower curtains, vinyl upholstery, food containers

and wrappers. However, phthalates are also used in adhesives and glues, building materials, lubricants, paints

and inks, pharmaceuticals, food products, textiles and personal care items, such as perfumes, moisturisers,

nail polish, liquid soap and hair spray [7-10].

1 Catalysts are compounds that speed up reactions without getting consumed.
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Most common thermoplastics Examples of use

high density polyethylene (HDPE)
bottles for detergents; food products; milk bottles; toys; shopping

bags

low density polyethylene (LDPE) cling-film; bin liners; flexible containers

polyethylene terephthalate (PET) water bottles; fizzy drinks bottles; food packaging

polypropylene (PP) yogurt and margarine pots; automotive parts; fibres; milk crates

poly vinyl chloride (PVC)
window and door frames; flooring; wallpaper; bottles; medical

products; fashion and footwear

polystyrene (PS)
toys; rigid packaging; refrigerator trays and boxes; cosmetic packs;

lighting diffusers; audio cassette and CD cases

polycarbonate (PC)
rigid bottles and baby bottles; bullet-proof glass; eyewear lenses;

lab equipment

Most common thermosets Examples of use

polyurethane (PUR) coatings; finishes; mattresses; vehicle seating; building insulation

epoxies (EP)
adhesives; boats; sporting equipment; electrical components;

automotive components

phenolics (PF) ovens; circuit boards

unsaturated polyesters (UP)
wind turbines; car body parts; boats; aeroplanes; trucks and buses;

fishing rods; work surfaces

There are two basic types of plastics: thermoplastics

and thermosets. The first soften when heated and

harden on cooling, and can be re-melted and re-

moulded several times. The second are hardened by

a curing process so that, once moulded in the final

shape, they cannot be re-melted or re-moulded.

More than 80% of plastics worldwide are

thermoplastics [1,3,11]. Examples of thermoplastics

and thermosets are shown in Box 2.

In the last 50 years, plastics have become very

popular [12-14]. Mainly because of their:

• versatility to meet very specific technical needs

• lightweight

• durability

• resistance to chemicals, water and impact

• good safety and hygiene properties

• thermal and electrical insulation properties

• relatively low cost

The world’s annual consumption of plastic materials

has increased from around 5 million tonnes in the

1950s to about 100 million in 2006, with applications

in almost every sector of life and industry. Western

Europe consumes more than 33.5 million tonnes of

plastic annually, with the UK accounting for more

than 4.7 million tonnes [1,14-16].

The packaging industry is the largest single

consumer of plastic, and according to the plastics

trade association accounts for 40% of total plastic

consumption in Europe, 35% in the UK. In total,

about 50% of all goods are packaged in plastic

wrapping, usually polyethylene film, used mainly

because of its low weight and relative strength

[1,14-17].

The second largest user in the UK is the building and

construction sector, accounting for 22% of total

plastic consumption. Plastic is widely found in pipes

and ducts, insulation and windows and floor

coverings.

[Adapted from 1 and 11]
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PVC accounts for 60% of the plastic used in this
sector [1,6,14]. PVC, along with polyethylene, is also
used as cable insulation in the electrical and
electronic sector, and accounts for 6% of the total
plastic consumption in the UK [1,14-16].

Data for 2001 [14-16] indicate that other UK sectors
that use high levels of plastics are2:

• transportation (including automotive) – 8%

• furniture/houseware – 8%

• agriculture – 7%

• toys and sport – 3%

• mechanical engineering – 2%

• medical – 2%

• footwear – 1%

• other uses (e.g. stationery and gardening) – 3%

In the medical sector, plastics are essential as they
allow the production of lightweight, resistant, flexible,
hygienic equipment that can be easily sterilised such
as: blood and plasma bags, surgical gloves, heart
and lung bypass sets, blood transfusion sets, blood
vessels in artificial kidneys, catheters, syringes; as
well as blister packs for drugs [15,16,18].

Plastics facilitate the production of lightweight and
hard safety equipment such as crash helmets and
airbags [19,20].
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Most of the health and eco-benefits of plastics relate
to the limited use of natural resources and the
relatively low levels of greenhouse gases (GHGs)
emitted during their production, use and disposal,
compared to other materials that might serve a
similar function.

GHGs contribute to climate change with its
detrimental health effects both nationally and
internationally [21,22]. It is anticipated that the
greatest effects will be felt by the poorest
communities, who have the least access to the
world’s resources, and this will serve to increase
health inequity [22].

Only 4% of the world’s oil is used to produce plastics
and it takes far less energy to make things out of
plastic, than it would to make the same thing from
other materials [1,23,24].

Without plastic packaging, and based on the current
situation, it has been estimated that the tonnage of
alternative packaging materials would increase by a
factor of 4; emissions of greenhouse gases by a
factor of 2; costs by a factor of 1.9; energy use by a
factor of 1.5; and waste by a factor of 1.6 in volume
[23,25-27].

Use of lightweight plastic in transportation has clear
beneficial effects. According to the British Plastic
Federation [24], the average new car in 1984
contained 8.5% plastics by weight. A similar car
today contains around 11%, reducing the weight of
the vehicle, fuel consumption and consequently
emissions. Similarly, the European Plastics
Federation highlights that a new aircraft today
contains about 25% more plastic in weight than 30
years ago [28].

In the construction sector, the production of plastic
pipes uses less energy and emits less green house
gasses than concrete or iron, and due to their light
weight they save on transport costs [24].
Furthermore, plastics, such as EPS foam, are used
for home insulation, contributing to the energy
efficiency of the building and to the health and
wellbeing of the occupants. It has been estimated
that 1kg of oil used to make EPS will save the
equivalent of 75 kg of oil for heating over 25 years of
a building’s lifetime [24]. Appropriate use of plastics
can reduce the lifetime output of CO2 from a building
by between 70% to 75% [1,29].

Plastics also contribute to renewable energy
production. Unsaturated polyesters and
polycarbonates enable the construction of more
efficient rotors in wind turbines and effective solar
and photovoltaic panels which in turn helps to
preserve non renewable resources such as oil and
coal and reduce carbon emissions [30,31].

2 According to the British Plastics Federation, some of these figures have changed around +/-1%, in 2006 [16].
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Plastic waste can contribute significantly to resource

and energy recovery. It has been estimated that

recycling plastic bags can:

- save about two-thirds of the energy needed to

manufacture new bags

- save 90% of the water used in the manufacture

of new bags

- reduce carbon emissions by approximately two-

and-a-half times compared to new bags [13,26]

Much plastic waste can easily be recycled by melting

and moulding it into new shapes (mechanical

recycling), or even by breaking it down into the basic

raw materials (feedstock recycling). These can be re-

used as primary feedstock in a new plastic

production line, or as secondary feedstock in

refineries, petrochemical and chemical reactors

[1,24]. Some plastic packaging, such as carrier bags

can be reused several times, saving resources and

energy, and helping to reduce CO2 emissions

[23,32]. Plastic waste has a high energy content (or

‘calorific value’) which can be recovered in an energy-

from-waste incinerator [1,24].
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The production of plastic has a range of

environmental and health impacts, in particular:

- the total quantity of oil used in the production of

plastic is actually about 8% of the world’s oil

output, if the fossil fuel used in the process

is included in the calculation [26]

- carbon dioxide and methane are emitted

during plastic production. These greenhouse

gases contribute to climate change [33] and

increase the associated risks to human health

[21,22]

- it has been estimated that the production of 5

plastic bags, or 2 plastic bottles, adds 1 kg of

CO2 to a personal carbon footprint. This

calculation takes into account a wide range of

impacting factors such as transportation of raw

material and the use of land [34]

- many noxious chemicals are used in plastic

production, some of which can be emitted into

the atmosphere. Additives such as colourants,

plasticisers (phthalates, in particular) and flame

retardants have been linked to possible

reproductive effects in the female workforce

[35]. Volatile Organic Compounds (VOCs), such

as styrene, used in the production of reinforced

plastics, are important air toxins which can

increase chronic health problems in exposed

populations and may have potential effects on

the reproductive system [36,37]. Studies have

also reported occupational asthma in workers

in the rubber and plastic sector, in particular in

relation to polyethylene production [38,39]

Plastic additives, such as plasticisers and flame

retardants are also of concern as they can leach from

plastic furniture, vinyl flooring and PVC

windows/doors; or migrate from the packaging to the

food or liquid they are covering; or even be directly

ingested, mainly by children, as debris and dust

released from toys and furniture [40].

Bisphenol A (BPA) and phthalates are common

plasticisers which have been detected in breast milk,

urine, semen and follicular fluid, placental tissue and

amniotic fluid, and blood [40,41].

The primary route of exposure appears to be

ingestion of solid and liquid food contaminated by

wrapping films and plastic containers, including

polycarbonate baby bottles. Some studies have

found that these chemicals can significantly leach

from polycarbonate bottles if they are heated to high

temperature (e.g. 100°C), and if they contain fatty

food (e.g. oil or milk) [40,42,43]. Prenatal exposure

has also been verified, possibly through ingestion of

contaminated amniotic fluid [40,41,44-49]. For

newborns, an unusual phthalates exposure pathway

appears to be via PVC medical equipment such as

catheters, nasogastric and transfusion tubes,

nutrition storage and blood bags [41,42,45,50,51].

Many studies have linked BPA and phthalates to

endocrine disruption and reproductive system

problems [40-42,45,48,49,52]. Although it does not

appear to be carcinogenic on its own, BPA appears

to increase susceptibility to certain cancers, such as

prostate and mammary cancers; to induce

inflammation or allergic responses [41,48,49]; and

has been correlated with increased risk of

cardiovascular diseases and diabetes [53].
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The release of phthalates by PVC into indoor air has

been clearly linked to an increased risk of asthma in

children [41,54].

Babies and toddlers appear to be particularly at risk

because:

- their exposure to these products exceeds that

of an adult as they eat and drink

proportionately more (for their volume) and

have less variety in their diet, during

development

- developing tissues are very sensitive to

endocrine signals and disruption [40-45,50-

52,54,55]

The European Union has already set limits on their

uses, in particular, in relation to children [47,56].

However, the majority of toxicity studies are based

on laboratory experiments on mice; and human

exposure is often only estimated [40,42,45,48,49,

54]. Studies on humans are limited and they mainly

establish inconclusive correlations between exposure

and outcome; are based on studies with a small

sample size and with a lack of control of possible

confounding factors [40,57]. Furthermore, these

products are ubiquitous in our environment and,

therefore, studies on single exposures are very

difficult [41,42,45,52]. Many human health risk

assessments have been carried out [42,56] and

others are underway [58-61].

Plastic waste is also a matter of serious concern.

Even though plastic waste in Europe accounts for

less than 1% of the total waste produced every year

[1], the amount of plastic waste generated annually in

the UK is estimated to be nearly 3 million tonnes.

About 56% of all plastic waste comes from

packaging, three-quarters of which is from

households [14,26]. On average, 40% of plastics

have a useful lifetime of less than one month [62].

Only 7% of total plastic waste is currently recycled

[14,26]. Plastic recycling plants in UK are limited

[14,63] and, in order to meet the recycling targets set

by the EU Directive on Packaging and Packaging

Waste, the majority of plastic waste is sent abroad,

increasing the total cost of the disposal process and

its carbon footprint [64-66].

Recycling symbol Polymer type Potential for recycling

polyethylene terepthalate widely recycled in the UK

high density polyethylene widely recycled in the UK

polyvinyl chloride partially recycled in the UK

low density polyethylene not generally recycled in the UK

polypropylene not generally recycled in the UK

polystyrene not generally recycled in the UK

all other polymers not generally recycled in the UK

1

PET
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2

HDPE

3

PVC

4

LDPE

5

PP

6

PS

07-19

PET

[Adapted from 67]
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Currently, 8% of plastic waste is incinerated [14].

Most related health concerns focus on possible

uncontrolled air emissions of poly aromatic

hydrocarbons (PAH), dioxins and furans from the

incineration of PVC. Fly ash and bottom ash

(residues from incineration) can also contain

dioxins/furans and PAH that, when handled or

disposed of in landfills, can be dispersed into the

environment and ultimately pass up the food chain

to human consumers [68-73]. These noxious

compounds can have many adverse effects in

humans. In particular, they are known to be

carcinogenic, mutagenic and immunotoxic [70-73].

The remaining 85% of plastic waste is mainly

disposed of in landfills, with a small portion dispersed

into the environment. However, commonly used

polymers have poor biodegradability [62] and most

plastics persist in our landfills and in the environment

for years. For example, plastic films last 20-30 years

while plastic bottles can last indefinitely [33]. When

dispersed in the environment, plastic breaks down

gradually through mechanical action into microscopic

plastic pieces known as plastic dust, which

eventually spread everywhere and can easily be

ingested by animals [74].

The marine setting is at particular risk, since in this

environment, plastics, even bioplastics, break down

more slowly than on land owing to lower average sea

temperatures [33,75]. Estimates for plastic

degradation at sea range from 450 to 1,000 years

[74]. There are about 46,000 pieces of plastic floating

in each square mile of our oceans [33].

Plastic ‘dust’ can be ingested by filter feeding marine

animals; while bigger debris and plastic bags can be

mistaken for food and consumed by a wide range of

other marine species [74]. Some chemical additives

in the plastic, such as bisphenol A, are toxic [75] and

can bioaccumulate in fish. The plastic surface of large

debris accumulates pollutants such as noxious

organic compounds and heavy metals at

concentrations much higher than in ocean water

[74,75]. Toxins can then be passed up the food chain

to human consumers [74]. However, the pollution of

the marine environment can have other more

complex effects, such as an increase in waterborne

pathogens and exuberant growth of noxious algae

[76].

Plastic litter causes severe entanglement of marine

animals [33,74,76]. It is estimated that plastic kills up

to one million sea birds, 100,000 sea mammals and

countless fish each year, with many getting entangled

in six-pack rings, plastic bags, plastic strapping and

nylon ropes [33].

Plastic carrier bags do not represent a significant

proportion of our waste but they are a symbol of our

wasteful society, mainly because they are often

disposed of irresponsibly [23,77].

According to the Friends of the Earth [78],

approximately one million plastic bags are used

worldwide every minute. In England, 9.9 billion new

carrier bags were given away in 2008, an average of

400 bags per household [77,79]. The majority of

bags are then disposed of in landfills or incinerated,

and only one in every 200 bags is recycled [80]. The

wind blows plastic bag litter from landfills, and the

majority ends up in the sea [78]. In UK, on average

43.2 bags were found for every kilometre of coastline

surveyed by the Marine Conservation Society in 2003

[74]. In total 5,831 plastic bags were found on the

244 beaches surveyed.

Some countries, such as Ireland, Italy, Belgium and

the Australian state of Victoria, have implemented a

fee per plastic bag, to discourage their use and

recover hidden environmental costs. Many other

nations are considering a ban [81]. China has already

banned the use of plastic bags since 1 June 2008,

mainly to reduce oil consumption [82]. In March

2002, Bangladesh banned polythene bags on the

grounds that they contributed significantly to two

major floods between 1988 and 1998 by blocking

drainage systems [83]. Nevertheless, evidence on

the effectiveness of these extreme measures is

controversial [84-86].

The UK Government is taking action to support the

re-use of plastic bags, the reduction of plastic

packaging in the waste stream and the recycling of

plastics more generally [77]. The reduction target of

50% for single-use plastic bags set with the British

Retail Consortium on a voluntary basis was very

nearly met [77]. In total, 870m single-use plastic bags

were handed out in the UK in May 2006, and the

figure for May 2009 was down to 450m – a 48%

reduction, with 4,740 tonnes to send to landfill
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Alternatives to polyethylene plastic bags are now in place and include ‘biodegradable’ plastics and paper bags.

The use of paper bags is not welcomed by all, since their use may lead to a bigger carbon footprint [88].

Plastic is not naturally biodegradable and its molecular structure needs to be modified through the introduction

of an additive, which will then allow it to degrade. Additive-based polyethylene bags degrade if exposed to light

(photodegradable) and/or oxygen and high temperatures (around 60°C), depending on the additive used. In

an open landfill, it can take between 6 and 24 months to degrade. However, if the landfill is sealed, the process

can continue for several years and it is not known whether it completely degrades or not. The risk of partial

degradation means that these bags cannot be used for composting as they may pollute the compost [89].

Starch plastic (known as compostable plastic) is not a true plastic. Corn, potatoes or wheat is used to make

a biodegradable film, which has similar properties to polyethylene. It is completely degradable and compostable

(in industrial facilities only) but it is not as durable and robust as polyethylene. Furthermore, in a sealed landfill,

the degradation process may take several months; and, if mixed with other plastics, the value of recycling is

reduced [89].

against 8,890 tonnes in May 2006. Under the

Climate Change Act, The Government is ready to

impose a charge on single-use carrier bags if

insufficient progress is made [87].
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Plastics are a fundamental part of modern life and

have both positive and negative features in relation

to sustainability, the environment and health.

They are widely used in almost every industrial sector,

and can contribute to sustainable development.

[15,16,18]. Because of its lightweight and relative

strength, plastic packaging can reduce fuel

consumption and carbon emissions relating to the

transportation of goods. Plastics used for home

insulation can contribute significantly to the energy

efficiency of the building, thereby improving the

health and wellbeing of the occupants.

Nevertheless, there are several problems relating to

the production and post-use disposal of plastics.

Most plastics are made from oil, which is a non-

renewable resource. Some plastic packaging

appears to have a very short useful life. Insufficient

plastic is reused or recycled and much is still

disposed of in landfills where it can persist for many

years. If dispersed in the environment, it can

endanger animals and jeopardise biodiversity,

interfering with natural controls on the spread of

diseases [90,91]. Incineration of plastic, despite

providing an alternative source of energy, raises

concerns about the emission of potentially noxious

chemicals such as dioxins, furans and PAH, in the

flue gases, bottom and fly ash, and in the effluent of

pollution control devices.

Most health concerns focus on the noxious plastic

additives, such as colourants, flame retardants and

plasticisers, which can leach from plastic furniture,

vinyl flooring, PVC windows/doors, plastic toys and

food packaging, including polycarbonate baby

bottles. Young children and toddlers appear to be

particularly at risk because for their size, they eat and

drink more than adults and have less variety in their

diets. Their tissues are very sensitive during

development, and they can more easily accidentally

ingest plastic debris.
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Possible areas for research and development could include:

1) evaluation of the overall sustainability and health benefits that plastics can bring, considering also their

contribution to lowering carbon emissions. These positive impacts have not yet been fully quantified

2) further and wider studies on plastic additives and their potential for harm to human health,

possibly by undertaking a study with a sufficiently large sample size and using an appropriate

methodology to control for confounders. Particular attention should be paid to children

3) economic evaluation of the health risks potentially posed by PVC medical equipment

and weighing these up against the benefits

4) exploration of possible alternative additives that are less toxic or encouraging the use of non-

plastic materials, where appropriate
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