
ROOFTANK PROJECT 

Plastic production and authorized plastics  

IHE-Delft, Institute for Water Education 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Plastic is a material consisting of a wide range of synthetic or semi-synthetic organic 

compounds that are malleable and so can be molded into solid objects. 

Plasticity is the general property of all materials which can deform irreversibly without 

breaking, but, in the class of moldable polymers, this occurs to such a degree that their actual 

name derives from this specific ability. 

Plastics are typically organic polymers of high molecular mass and often contain other 

substances. They are usually synthetic, most commonly derived from petrochemicals, 

however, an array of variants are made from renewable materials such as polylactic acid from 

corn or cellulosics from cotton. In developed economies, about a third of plastic is used in 

packaging and roughly the same in buildings applications such as piping, plumbing or vinyl 

siding. Other uses include automobiles (up to 20% plastic), furniture, and toys. In the 

developing world, the applications of plastic may differ. 

The world's first fully synthetic plastic was bakelite, invented in New York in 1907 by Leo 

Baekeland, who coined the term 'plastics'. Many chemists have contributed to the materials 

science of plastics, including Nobel laureate Hermann Staudingerwho has been called "the 

father of polymer chemistry" and Herman Mark, known as "the father of polymer physics". 

The success and dominance of plastics starting in the early 20th century led to environmental 

concerns regarding its slow decomposition rate after being discarded as trash due to its 

composition of large molecules. Toward the end of the century, one approach to this problem 

was met with wide efforts toward recycling. 

 

Plastic production processes 

1. Processing Thermoplastics 

As it is shown in the figure.1, the process involves extrusion of a plastic through a circular 

die, followed by "bubble-like" expansion. The blow moulding machine is based on a 

standard extruder barrel and screw assembly to plasticise the polymer. The molten polymer 

is led through a right angle and through a die to emerge as a hollow (usually circular) pipe 

section called a parison. 



 

Figure 1. Processing thermoplastic 

Mainly Polyethylenes (HDPE, LDPE and LLDPE), but also a wide variety of other materials 

can be used as blends with these resins or as single layers in a multi-layer film structure. These 

include Polypropylene (PP), Polyethylene (PE), Polyethylene - Terephthalate (PET) and 

Polyvinyl chloride (PVC). Industry packaging (e.g. shrink film, stretch film, bag film or 

container liners), Consumer packaging (e.g. packaging film for frozen products, shrink film for 

transport packaging, food wrap film, packaging bags, or form, fill and seal packaging film), 

Laminating film (e.g. laminating of aluminium or paper used for packaging for example milk 

or coffee), Barrier film, films for the packaging of medical products, Agricultural film (e.g. 

greenhouse film, crop forcing film, silage film, silage stretch film) are typical products which 

are produced by this method. 

 

2. Processing Thermosets 

The Pultrusion process starts by pulling/drawing continuous reinforcements (in rovings or mat 

/ roving forms) through a resin impregnation system. Each fibre is coated with a specially 

formulated resin; the process is controlled to ensure full “wetting out” of the fibre 

reinforcement. Excess resin is then removed to expel any trapped air and to compact the fibres. 

The coated fibres are passed through preforming guides to align reinforcement and preform the 

part to the desired shape before entering the heated die. The shape and dimensions of the end 

product are ultimately determined by the die cross section. The temperature of the die is 

carefully controlled to ensure that the composite is fully cured, the rate of reaction is controlled 

by heating and cooling zones in the die. Figure 2 shows the schematic of this process. 



 

Figure 2. Processing thermoset 

Allowable types of common food-contact plastics 

Commodity or standard plastics: Used in high volume and wide range of applications, such 

as film for packaging, clothing, beverage and a variety of household products where 

mechanical properties and service environments are not critical. 

Engineering plastics: Group of plastics materials that have better mechanical and/or thermal 

properties than the more widely used commodity plastics. used for car 

bumpers, dashboard trim and Lego bricks 

Typical Materials Used: Polypropylene (PP), Polyethylene - Terephthalate (PET) and 

Polyvinyl chloride (PVC), Acrylinitrile butadiene styrene (ABS). Below is a brief explain of 

each of these plastics: 

Polypropylene (PP) 

Low cost, chemical resistant plastic with excellent aesthetic quality, often fabricated into water 

and chemical tanks.  

 

 

 



Polyethylene - Terephthalate (PET) 

A strong, dimensionally stable plastic with outstanding chemical resistance and wear properties 

often used for food processing machinery applications where low moisture absorption, low 

thermal expansion, resistance to staining, or resistance to cleaning chemicals is required. 

 

 

Acrylinitrile butadiene styrene (ABS) 

Outstanding impact resistant low cost plastic, easy to machine and thermoform, best for 

electronic equipment cases (e.g. computer monitors, printers, keyboards) and drainage pipe. 

 

 

Polyvinyl chloride (PVC) 

Strong, stiff, versatile low cost plastic material that is easy to fabricate, bond, and weld, used 

in plumbing pipes and guttering, shower curtains, window frames and flooring. 
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Introduction  

Plastics are made of monomer chemicals that are combined into synthetic polymers and 

additives such as fillers and plasticizers are used to change properties in desired ways. The 

monomers and additives can migrate from plastics and cause various environmental and human 

health risks such as cancer. The level of damage is influenced by the age and development 

stage of the organism making children to be more vulnerable due to their immature metabolism 

that cannot easily excrete the pollutants (Katsikantami et al., 2016). This research aims at 

identifying the main harmful restricted substances present in plastics contacting food and water, 

their composition and toxicity limits for environment and humans.  

1. Bisphenol A (BPA) 

BPA is a compound that was first synthesised in 1891 in a condensation reaction of two phenol 

molecules and one acetone molecule at the presence of a catalyst like hydrogen chloride or ion-

exchange resin (Michałowicz, 2014). It is an organic synthetic compound with a chemical 

formula (CH3)2C(C6H4OH)2. Figure 1 shows the chemical structure of the compound. BPA 

synthetic polymers have good mechanical properties, thermal stability and low moisture 

adsorption.  It is a building block of polycarbonate plastics often used for food and beverage 

storage containers, and it is also a component of epoxy resins that are used to line food and 

beverage containers (Rubin, 2011). Moreover, it is used as a stabilizer and antioxidant in the 

production of vinyl chloride.  

 

 

Figure 1: Chemical structure of BPA.  

Source: Michałowicz, 2014.  

Migration of BPA can gradually occur from plastic containers into the food and environment. 

Some monomers are left unbound during polymerization of BPA and exposure can occur either 

through the unreacted monomer in the polymer or through remobilized BPA from the final 

polymer (Koch & Calafat, 2009). Contact with heat and acidic or basic conditions in addition 

to repeated washing of containers with detergents accelerates the hydrolysis of the ester bonds 

between BPA molecules (Corrales et al., 2015). Heat exposure to lacquer coated tins during 

thermal pasteurization (100◦C) has 18 times faster BPA release from the polymer. Prolonged 

usage of containers also enhance hydrolysis of polymer and BPA migration to water. 

According to Michałowicz, 2014 research conducted on BPA leaching into water from a new 

bottle at 40 and 95◦C had a mean concentrations of 0.03 and 0.13 g/d/m3 respectively while 

after 6 months the mean concentrations increased to 0.18 g/d/m3 and 18.47 g/d/m3 at 40 and 

95◦C respectively.  

Toxicity limit established during a carcinogenesis study was a lowest observed affect level 

(LOAEL) of 50 mg/kg body weight/day which was then divided by an uncertainty factor of 

1000 in order to provide a safety margin below the LOAEL for the permitted daily exposure 

limits thus EPA set safety standards of  50 μg/kg BW/day (Rubin, 2011).  
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BPA has various toxicity effects to humans and environment. It a xenoestrogen that causes 

endocrine disruption. It has been associated with a number of health problems such as ovarian 

chromosomal damage, decreased sperm production, rapid puberty and rapid changes in 

immune system, type-2 diabetes and cardiovascular disorder. BPA affects the activity of 

lipoprotein lipase, aromatase, lipogenesis regulators and the level of fat tissue hormones (lectin, 

adiponectin) that are crucial for maintaining of proper body weight (Michałowicz, 2014). BPA 

increases the risk of breast cancer, prostate cancer, and metabolic disorders. It also leads to 

recurrent miscarriages, sterility, and polycystic ovarian syndrome in women (Proshad et al., 

2017). 

Restrictions of BPA in production of baby bottles have been made in various countries such as 

Canada due to its toxicity and ability to migrate from polycarbonates to food and water. This 

has led to the use of BPS as a substitute component in the production of baby bottles. The Food 

and Drug Administration has also banned the use of BPA in baby formula packaging 

(Michałowicz, 2014).  

2. Phthalates  

Phthalates are a class of chemicals that are diesters of phthalic acid, a compound also known 

as 1, 2-benzenedicarboxylic acid and are mainly used in the manufacture of polyvinyl chloride 

(PVC) plastics (Halden, 2010). They are manufactured by reacting phthalic anhydride with 

alcohol(s) of differing chain length ranging from C1 (methanol) to C13 (tridecyl alcohol) where 

the alcohols are linked by an ester bond either as a straight chain or with some branching 

(Benjamin et al., 2017). Their properties depend on the length and branching of the dialkyl or 

alkyl/aryl side chains, i.e. the alcohol moiety of the ester which influence their industrial 

application (Proshad et al., 2017). Phthalates with alkyl-chain lengths from 3 to 10 carbons are 

widely used as plasticizers in polymers to increase their flexibility, pliability, and elasticity 

(Koch & Calafat, 2009). According to Przybylińska & Wyszkowski (2016), the most popular 

phthalates include di (2-ethylhexyl phthalate (DEHP), diisodecyl phthalate (DIDP), diisononyl 

phthalate (DINP) and di-n-butyl phthalate (DBP). 

Migration of phthalates occurs from plastic materials to the surrounding media due to lack of 

chemical bond between phthalate plasticizers and the polymer (Koch & Calafat, 2009). The 

leaching out of phthalates is enhanced by slight fluctuations in environmental conditions such 

as pH, temperature, pressure, irradiation or contact with solvents. Ingested phthalates undergo 

various transformations in the human body as shown in figure 2. The ester bonds are first 

hydrolysed into their respective monomers by esterase or lipase secreted by the salivary gland, 

intestine and liver. The hydrophobic phthalate becomes hydrophilic due to the incorporation of 

polar groups. The hydrophilic metabolites are then then transformed into glucuro-conjugates 

that are excreted through biological fluids i.e. urine, sweat and faeces (Benjamin et al., 2017).  
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Figure 2: Metabolism of phthalates in the human body.  

Source: Benjamin et al., 2017. 

Toxicity limits i.e. tolerable daily intake (TDI) set by the EPA for some of the most common 

phthalates (DEHP, DINP and DBP) are 80, 120, 100 μg/kg body weight/day. The allowable 

phthalates exposure limits vary from country to country, for instance, the maximum allowable 

limit for DEHP in drinking water in US is 06 μg/L while the limit prescribed by the WHO is 

08 μg/L (Benjamin et al., 2017).  

Phthalates cause various health issues to humans. They are classified as endocrine disruptors 

which induce fertility problems, respiratory diseases, childhood obesity and 

neuropsychological disorders (Katsikantami et al., 2016). They lower sperm counts and cause 

sperm motility, contributing to sperm defects and increasing the prevalence of DNA damage. 

Finally, phthalates affect insulin resistance and contribute to the risk of diabetes (Przybylińska 

& Wyszkowski, 2016).  

3. Brominated flame retardants (BFRs)  

They are used as additives in various household items to reduce the likelihood of ignition and 

the combustion rate but increase toxicity of fires through release of harmful by-products such 

as brominated and chlorinated dioxins (Ezechiáš et al., 2014). According to Janssen (2005), 

there are three main classes of BFRs that used in various plastics, i.e. polybrominated diphenyl 

ethers (PBDEs), tetrabromobisphenol A (TBBPA), and hexabromocyclododecane (HBCD) 

and their chemical structures are shown in Figure 3.  

BFRs can undergo degradation and cause contamination issues.  TBBPA is degraded through 

photolysis and biological processes resulting in formation of more toxic and persistent 

intermediates such as bisphenol A (BPA) (Malkoske et al., 2016). UV light can accelerate the 

breakdown of BFRs generating products that can be more toxic than the original compounds. 

BFRs increase in each step of the food chain since they are readily absorbed by the body and 

accumulate in the fatty tissues (Janssen, 2005).  
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Figure 3: Chemical structures of PBDE, HCBD and TBBPA. Source: (Snedeker, 2014). 

The main exposure pathways of TBBPA to humans include breast milk, diet and indoor air and 

dust. It has a toxic effect on reproduction and physiological development of aquatic species 

such as zebra fish (≥0.023 μM or 0.013 mg/L) and terrestrial species such as earthworms (≥0.31 

mg/kg dry weight) and several types of plants (≥0.5mg/kg dry weight) (Malkoske et al., 2016). 

BFRs such as PBDEs and TBBPA are endocrine disruptors and interfere with thyroid hormone 

activated gene transcription. Moreover, they are carcinogenic and affect neurological 

development (Janssen, 2005).  

4. Heavy metals  

Antimony is a metal used as a catalyst in the manufacturing of polyethylene terephthalate 

(PET) which is a plastic that is used in food packaging. Antimony trioxide is used as a flame 

retardant in hard polymer plastics and PVC. High temperature conditions, storage time, 

carbonation of water and colour of plastic increase migration rate of antimony from plastics. 

The WHO guideline for drinking-water quality for antimony was set at 0.02 mg/L in the 2011 

guidelines (Snedeker, 2014). Its toxicological effects include reduced body weight gain, food 

and water intake in experimental animals (Cederberg et al., 2015). 

Lead is present in various types of household products such as vinyl plastics and dermatological 

contact with lead from certain vinyl products can lead to ingestion through hand-to-mouth 

contact. There is no safe level of exposure to lead and the level of concern set by the Centres 

for Disease Control and Prevention (CDC) is 5 μg/dL blood (Snedeker, 2014). Lead affects the 

nervous system, especially in children since their system is developing and sensitive. It impairs 

their intelligence and ability to learn (Cederberg et al., 2015). 

Cadmium is a carcinogenic heavy metal used as a pigment in plastics and has been detected in 

some types of household plastics. It is an endocrine disruptor that causes permanent damage to 

the lung and kidney and impairs the bone health and the immune system (Snedeker, 2014). The 

EU drinking water directive (98/83) specifies a limit of 5 µg/L while Norway has a release 

limit of 0.01 mg/L (Cederberg et al., 2015). 

Conclusion  

Bisphenol A, phthalates, brominated flame retardants and heavy metals are the main harmful 

restricted substances in household plastics contacting food. Migration of these substances from 

the plastics during use phase are enhanced by changes in conditions such as temperature and 

pH. Moreover, lack of strong bonds in the polymers also enhance the contamination. Ingestion 

of the contaminated food content is the main route of human exposure. Various toxicity limits 

have been set to reduce damage and some of the substances such as polybrominated diphenyl 

ethers (PBDEs) are being phased out of production.   
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Introduction 

Food packaging is essential in the storage and the transportation of food materials as it protects 
the packaged foodstuff from spoilage by external agents such as pests, odours, micro-
organisms, light and oxygen. However, there can be transfer of chemicals from packaging to 
food item stored inside it. This transfer of chemicals from packaging to food may have a 
negative impact on the quality and safety of food (L. Castle et al). This is why migration from 
packaging and other food contact materials merits study, consideration and control. Packaging 
is perhaps the most important, and certainly the most obvious, example of a material or article 
intended to come into contact with food. There are many other situations where materials are 
deliberately used in contact with food during its manufacture, transport, storage, preparation 
and consumption. These include the materials used to construct storage vessels, conveyor belts, 
tubing, food preparation surfaces, and cooking and eating utensils. Food and beverages can be 
very aggressive products and may interact strongly with materials that they touch (L. Castle et 
al). For example, food acids can corrode metals, fats and oils can swell and leach plastics, and 
beverages can disintegrate unprotected paper and carton board. In fact, no food contact material 
is completely inert and so it is possible for their chemical constituents to ‘migrate’ into the 
packaged food. Metals, glass, ceramics, plastics, rubber and paper can all release minute 
amounts of their chemical constituents when they touch certain types of foods. This release of 
chemicals to the food is known technically as migration. This can be defined scientifically as 
‘the mass transfer from an external source into food by sub-microscopic processes’. More 
colloquial terms used are ‘leaching’, ‘bleeding’ or ‘leaking’ of substances from the packaging 
into the food (L. Castle et al). 

Migration from packaging materials is a diffusion process that is subject to the normal laws of 
chemistry and physics. 

 
Migration increases with 
• increased duration of contact 
• increased temperature of contact 
• higher levels of the chemical in the packaging material 
• surface area of the contact 
• aggressive foodstuffs. 

 
Migration decreases with 
• higher molecular weight substances in the packaging material 
• only dry or indirect contact 
• low diffusivity (‘inert’) packaging materials 
• presence of a barrier layer. 

Migration of chemicals is done by analysing three variables. They are Overall migration limit, 
specific migration limit and total specific migration limit. Overall migration limit means the 
maximum permitted amount of non-volatile substances released from a material or article into 
food simulants. Specific migration limit means the maximum permitted amount of a given 
substance released from a material or article into food or food simulants (L. Castle et al). 



In the next section, regulation authority and the manner in which limits are regulated has been 
explained. The countries and governing authorities that have been considered are USA, EU and 
India. 

 

Regulations in the USA 

Food related regulations in the USA are handled by the FDA (food and drug administration). 
FDA classifies food contact articles as single-use or repeat-use articles. Single-use describes 
an article that will be used one time, such as a plastic bottle for holding beverages, whereas 
repeat-use articles will be used over an extended period and will contact food repeatedly, such 
as an o-ring or conveyor belt used in a food processing plant, or a food tray. It is important to 
determine the food types and conditions of use prior to the initiation of migration studies or 
any other studies to determine migrant levels in food as shown in table 1.1, as both are 
intimately linked to the appropriate testing protocol and are essential for estimating consumer 
exposure (Twaroski et al. 2006). 

Table 1.1: Time–temperature conditions of use for single- and repeat-use (Twaroski et al. 
2006). 

 



Migration levels in food are determined by one or more of the following methods: (i) 
accelerated migration studies conducted with food simulants under the most severe anticipated 
conditions of use; (ii) the assumption of 100% migration to food using actual use or residue 
levels; or (iii) mathematical modelling of migration in polymers based on a thermal 
processing-extended storage scenario using actual use or residue levels (Twaroski et al. 2006). 

 Regulations in European Union 

In the European Union two types of legislation exist for food contact materials, community 
legislation which is adopted by the EU and national legislation adopted by the Member States. 
National provisions on specific materials still exist in areas where Community legislation is 
not adopted. The rule of mutual recognition applies to this national legislation. Any product 
lawfully produced and marketed in one Member State must, in principle, be admitted to the 
market of any other Member State (Schäfer 2006).  

The general principles set down in the Framework Regulation are the principles of inertness 
and safety of the material. These are interpreted in the specific legislation on plastic food 
contact materials as follows. The principle of inertness is translated into an ‘overall migration 
limit’ (OML). The overall migration comprises the total amount of all substances transferred 
from the plastic food contact material to the food. The OML is set to 60 milligrams per kilogram 
of food (mg/kg/food). In addition it has to be ensured that a substance migrating from the food 
contact material does not exhibit a technological function into the food. This may occur if the 
substance used in food contact materials is at the same time an authorised food additive, e.g., 
antioxidant or preservative. 48 Chemical migration and food contact materials (Schäfer 2006). 
In this case the migration limit is defined by the amount of substance that does not exhibit a 
technological function in the food providing any limit on the amount of the food additive 
permitted in the food is not exceeded. The principle of safety is translated into specific 
authorisation of substances which are used for the manufacture of plastic materials after their 
favourable toxicological evaluation by the European Food Safety Authority. A general 
authorisation for the use of the substances is given. Everybody may use the substances 
respecting the restrictions and specifications given in the authorisation, not only the applicant 
who provided the data for the evaluation. Authorised substances and their restrictions and 
specifications are published in Community lists annexed to the plastics Directive 2002/72/EC 
(Schäfer 2006). The list is regularly and routinely modified through amendments to the plastics 
Directive. If necessary for the safety of a material ‘specific migration limits’ (SML) are laid 
down. The specific migration is the amount of a single substance that may be transferred from 
the plastic food contact material to the food. The SML is set individually and is based on the 
toxicological evaluation of the substance. A tolerable daily intake (TDI) is translated into a 
SML based on a conventional system. This system assumes that 1 kg of food is consumed daily 
by a 60 kg person. This 1 kg of food is packaged in a plastic material releasing the substance 
at the level of the TDI. The SML can vary from non-detectable (allowing for analytical 
tolerances) up to several mg/kg/food. The migration of a single substance may not exceed the 
overall migration limit of 60 mg/kg/food nor may it cause the total amount of migrating 
substances to exceed this total (Schäfer 2006). 

The following are the steps involved in the issuance of certification for the chemical migration 
in food items (EFSA food contact materials guidelines). 



 IDENTITY OF THE SUBSTANCE 

The name and all relevant information concerning the substance, its impurities, and its 

breakdown and reaction products. 

 PHYSICAL AND CHEMICAL PROPERTIES OF THE SUBSTANCE 

All relevant physical and chemical information concerning the substance, its 
breakdown and reaction products 

 INTENDED USE OF THE SUBSTANCE 

Statement of the intended use of the substance. 

 AUTHORISATION OF THE SUBSTANCE 

Information concerning authorisation for use of the substance in EU Member States 
and other countries, e.g. USA, Japan. 

 MIGRATION DATA ON THE SUBSTANCE 

To permit estimation of the likely maximum daily intake of the substance, its 
impurities, its breakdown and reaction products give, where practicable, information 
on their concentrations in the food itself. Alternatively, information on migration into 
food simulants under standard conditions of migration testing or applying the worst 
case scenario. If known, include exposure estimates from other non-food contact 
material sources 

 DATA ON THE RESIDUAL CONTENT OF THE SUBSTANCE IN THE 
FOOD CONTACT MATERIAL 

All relevant information concerning the residual content of the substance in the food 

contact material. 

 MICROBIOLOGICAL PROPERTIES OF THE SUBSTANCE 

All relevant information on microbiological properties of substance 

 TOXICOLOGICAL DATA 
i) A test for induction of gene mutations in bacteria 

ii) A test for induction of gene mutations in mammalian cells in vitro (preferably the 
mouse lymphoma to assay) 

iii) A test for induction of chromosomal aberrations in mammalian cells in vitro 

- 90-day oral toxicity studies, normally in two species 

- Studies on absorption, distribution, metabolism and excretion 

- Studies on reproduction in one species, and developmental toxicity, normally in 

two species 

- Studies on long-term toxicity/carcinogenicity, normally in two species. 

Regulations in India 

The Food Safety and Standards Authority of India (FSSAI) has been established under 
Food Safety and Standards, 2006 which consolidates various acts & orders that have hitherto 
handled food related issues in various Ministries and Departments. FSSAI has been created for 
laying down science based standards for articles of food and to regulate their manufacture, 
storage, distribution, sale and import to ensure availability of safe and wholesome food for 
human consumption. The regulation limits are similar to that as to EFSA, as in for food coming 
in contact with the plastic materials should have prescribed overall migration limit of 60mg/kg 
or 10mg/dm2 as per IS 9845 with no visible colour migration. The overall concentrations of 
the critical elements have been mentioned in table 1.2 (FSSAI draft committee regulation). 



 

Table 1.2: Limits for concentrations of critical elements in food items (FSSAI draft 
committee regulation). 

 

Conclusions 

Upon comparison of rules and regulations in USA, Europe and India, it has been noticed that 
the migration levels are approximately same, with some anomalies in temperature conditions 
and packaging. India, being subjected to tropical climate has thicker packing specifications as 
compared to USA and Europe. The rules have become standard over the globe due to increasing 
globalisation and manufacturing of products in production line system rather than batch 
production. The rules in USA and Europe being more stringent, it is been followed by other 
less developed countries. 
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Introduction 

Plastics are synthetics material made from a wide range of organic polymers such as 
polyethylene (PE), polypropylene (PP), bisphenol (BPA), high-density polyethylene (HDPE), 
polyethylene terephthalate (PET), cross-linked polyethylene (PEX) as well as thermoplastic 
polymer (Hamad et al. 2013). Even many plastics are nontoxic; some have components that may 
be damaging to humans and the environment (Gordon, 2018). Certain plastics can leak harmful 
substances over time, particularly if the user exposes them to heat.  Plastics are cheap, lightweight 
and resilient materials, which can freely be molded into a range of products that find use in a varied 
variety of uses (Gordon, 2018).  It is important to assess the reusability and recyclability of plastics 
so as to reduce the health and environmental risks of plastics to avoid improper disposal 
mechanisms. It is also paramount to assess the environmental impacts of plastics throughout the 
life cycle by conducting life cycle assessments and evaluate how reusing and recycling plastics 
contribute to the circular economy of a country. 

Reusability and Recyclability 

A substantial amount of plastic produced each year is used to make disposable stuff of 
packaging or other short-term products that are waste within a year of production (Gordon, 2018). 
Due to the durability of the polymers, large quantities of rejected end-of-life plastics are collecting 
as wreckages in landfills and in natural environments wide-reaching. Reuse and recycling is one 
of the most significant actions now available to lessen these effects and signifies one of the most 
vibrant areas in the plastics industry today. Recycling delivers chances to decrease oil usage, 
carbon dioxide releases and the amounts of waste needing disposal (Gordon, 2018). This provides 
a great contribution to the circular economy of any country. Apart from reusing, two main 
recycling techniques can be deployed on plastics. 

Reuse or Primary Recycling 

Reuse, sometimes referred to as primary recycling, is the most popular recycling process 
due to their simplicity and low cost. This process refers to the reuse of products in their original 
structure (Grigore, 2017). The disadvantage of this process is represented by the existence of a 
limit on the number of cycles for each material (Grigore, 2017). 

Mechanical Recycling or Secondary Recycling 

Only thermoplastic polymers can be used in this process because they can be re-melted and 
reprocessed into end products (Hamad et al. 2013). The mechanical recycling does not involve the 
alteration of the polymer during the process. This process is represented by a physical method, in 
which the plastic wastes will be formed by cutting, shredding or washing into granulates, flakes or 
pellets of appropriate quality for manufacturing, and then melted to make the new product by 
extrusion (Hamad et al. 2013). The disadvantages of this method refer to the heterogeneity of the 
solid waste and the deterioration of product’s properties in each cycle which occurs due to the low 
molecular weight of the recycled resin (Grigore, 2017). Figure 1 presents a schematic of the 
mechanical recycling process. 



 

Figure 1: Schematic of the Mechanical Recycling Process 

Chemical or Feedstock Recycling 

Chemical recycling is a process in which polymers are chemically converted to monomers 
or partially depolymerized to oligomers through a chemical reaction leading to a change in the 
chemical structure of the polymer (Hamad et al. 2013). The resulting monomers can be used for 
new polymerizations to reproduce the original or a related polymeric product. This method is able 
to transform the plastic material into smaller molecules, suitable for use as feedstock material 
starting with monomers, oligomers, or mixtures of other hydrocarbon compounds (Grigore, 2017). 
The chemical reactions used for decomposition of polymers into monomers are hydrogenation, 
glycolysis, gasification, hydrolysis, pyrolysis, methanolysis, chemical depolymerisation, thermal 
cracking, catalytic cracking and reforming, photodegradation, ultrasound degradation as well as 
degradation in microwave reactor (Grigore, 2017). 

Recycled plastics can have a wide range of applications. A summary of the various 
applications is presented in Table 1. 

Table 1: Summary of Applications of Various Recycled Plastic Products 

Plastic Product 
Identification 
Code (SPI) 

Applications 

PET PETE Drink bottles, detergent bottles, clear film for packaging, carpet 
fibers 

PVC V Packaging for food, textile, medical materials, drink bottles 



HDPE HDPE Detergent bottles, mobile components, agricultural pipes, compost 
bins, pallets, toys 

PP PP Compost bins, kerbside recycling crates 

PS PS Disposable cutlery 

LDPE LDPE Bottle, plastic tubes, food packaging 

Others OTHER Containers 

Source: Grigore (2017) 

LCA Information 

Life cycle assessment (LCA) is an environmental impact quantification technique broadly 
deployed all around the universe these days. Different nations have now tried to find the best 
resolution for the grocery bag by employing life cycle assessment. Shah et al. (2016) conducted a 
research to evaluate life cycle impact of household water tanks, 1000 L capacity, made of RCC, 
LLDPE and mild steel (stainless steel) by conducting a life cycle analysis. 

The analysis of Shah et al. (2016) indicated that the impact of plastic tank life cycle is less 
compared to mild steel and RCC as there is very high recyclability of tank thereby no further 
resource depletion at the end of life. The results shows that life cycle of plastic tank has 48%, 45%, 
24% impact on human health, ecosystems and resource depletion respectively compared to plastic 
tank which is taken as 100%. The disposal scenario is shown as negative as it has no impact on the 
environment due to negligible resource depletion.  The results of mild steel showed that the life 
cycle of the tank has 28%, 28% and 25% impact on the human health, ecosystems, and resources 
respectively compared to mild steel tank use phase which is taken as 100%.  RCC (Reinforced 
Cement Concrete) showed higher impacts since concrete cannot be recycled after dismantling. A 
summary of the results from Shah et al. (2016) is presented in Figure 2a, 2b, and 2c. 

 

Figure 2a: LCA of Plastic Tank 



 

Figure 2b: LCA of Mild Steel Tank 

 

Figure 2c: LCA of RCC Tank 

A review on the LCA of plastics conducted by Ruban (2012) shows that plastic bag 
production demands less energy, water, and remnant fuel than paper ones. Additionally, the 
number of solid wastes and conservatory gases are also fewer. Ruban (2012) point out that resource 
use and manufacture control can reduce the environmental effects of carrier bags. Transportation, 
secondary wrapping, and end-life dispensation normally have a minimal impact on their 
environmental presentation. To conclude, the outcomes of the above-stated LCA analyses from 
different states it is conceivable to say that according to temporary environmental influence, plastic 
grocery bags have the lowest impact. Even though we are looking at long-term destructiveness, 



recyclable bags have less influence. Such outcomes are not at all times apparent; thus measuring 
the effect on environmental and human health is essential and significant. Furthermore, resource 
mining and manufacturing processes generates the biggest environmental effect among other 
production stages (Ruban, 2012). 

Contributions on Circular Economy of a Country 

The circular economy symbolizes an alternative, more maintainable model to the outdated 
linear economy. A linear model follows the route of creating, use, and then dispose of products. 
In contrast, in a circular economy, we preserve resources in usage for as long as conceivable, mine 
the maximum worth from them whereas in use, then improve and renew products and materials at 
the termination of their service life (Stone, 2017). Thus, a circular economy also delivers a method 
to recover Europe’s effectiveness and resource efficacy. The unique features of plastics allow them 
to play a key role on the road to a more supportable and competent resource future. Trivial, 
adaptable and durable plastics can assist save key resources like energy and water in tactical areas 
that include wrapping, building, and creation, as well as motorized and renewable energy among 
others (Stone, 2017).   Moreover, plastics usage in packaging can assist decrease food waste. 
Nevertheless, to improve the plastics circularity, it is important to ensure that more and more 
plastic waste is recuperated and does not wind up in landfills or the environment (Stone, 2017).  In 
creating a roadmap for a circular economy, it is significant to make certain that choices around 
suitable solutions are grounded on sustainability measured across the whole life cycle instead of 
simply considering resource effectiveness features only at the end of life of a product. Plastics 
make an important influence on a circular economy when their whole life cycle is inspected. 
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