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Figure 2.2 Global annual primary plastics production (in Mt) by consuming sector
from 1950 to 2017.




2 Gldy aod- gLl (6l Sy (gla asy iy b ks

m Additives
400 Other

m PUR
300 PET

m PVC
250
PS

200 =PP
™ HDPE

m LD,LDPE

100

50

—
=
k=
| =
Re,
pra
O
e |
-
o
—
(o'
=
e
2]
9
(a
>
~—
(4%
e
—
(o'
©
-
 ——
<C
©
L
e
O

0 - S
1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 2.1 Global annual primary plastics production (in Mt) by material type from
1950 to 2017.
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Laminated polyethylene-
fibreboard-printed polyethylene
Laminated aluminum polyethylene
Polystyrene

Printed polyethylene

Printed fibreboard

Polyethylene

Polyethylene terephthalate
High-density polyethylene
Low-density polyethylene
Cellophane

Polyvinyl chloride
Polypropylene

Milk carton

Chip bag, soup pack

Yogurt tub, cheese tray, biscuit inner tray

Biscuit, ice cream, bread and chocolate bar wrappers, chip
bag, milk shake cup, milk thick shake straw, soy milk
tetra pack, pasta, noodles, shredded cheese, outer cheese,
carrot slice, coffee, lecithin, green beans, and brown rice
packs

Ice cream, biscuit outer, rolled oats, cereal outer, cocoa
outer, tea, apricot pie, and jelly outer packs

Cheese wrapper, cereal contents pack

Ice cream lid, juice container, soft drink bottle

Ice cream tub, milk jug

Food-freeze and 1ce bags

Biscuit contents pack, cocoa, and jelly inner packs
Lemon squeeze container

Ketchup bottle

Source: data from Balafas et al. (1999), Food Chem., 65, 279-287.
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Monomer/oligomer Methods of determination
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PS

PS cups

PS

Polyester cookware
PVC films

LDPE

HDPE

PP

Microwave packaging
PVC film

PVC films

based liquid plast emulsion
Polymeric materials
PVC film
PP cups
R-PP
Polystyrene
PP cups
PS (+ recycled material)
PS + ABS + waxed paperboard
Wax coatings
Polymer
PS
PP
PE
PS
PS
PVC
LDPE
ABS
PC
PVC films
PVC

Coating material (poly(vinyl alcohol)

Instant foods

Yoghurt

Water, milk, cold & hot beverages, olive oil
Olive oil

Cheese

Food simulating

Liquids (FSL)

Cheese sausages
Cheese

Dairy products
Cheese
Dairy products

Dairy products

Cheese sauce

Dairy products

Dairy products

Cheese sausages

Milk

Milk

yoghurt

Cream fruit juices

Food oil

Cheese desserts meat products
Cheese

Milk

Dairy products

FSL

Bread, olive oil, cheese, meat
Microwave fatty foods

Styrene dimmers/trimmers GC + GC mass spectrometry

Styrene Purge & trap GS 4+ MS
Styrene

Benzene Head space analysis
DEHA

Irganox 1010 (I-1010)
Irganox 1076 (I-1076)

cPET

Dioctyladipate

DEHA

Monomers of HA-LA plast

Styrene

DEHA

Styrene/ethylbenzene
2-decanone

Dynamic purge & trap GS

Monostyrene
Mineral hydrocarbons GS
Mineral hydrocarbons GS

Dioctylphthalate
Monostyrene

Chromatography
mMonomers

Styrene

Styrene GS + headspace injection + MS
DEHA

Naphthalene

Mineral hydrocarbons

Bisphenol-A (BPA) HPLC

DEHA
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Residues (pg/'g) Irradiation dose (kGy)

0 o 10 30 60 100 200

Irgafos 168" 857.69+59.79a NDb NDb NDb NDb NDb NDb

Irganox 1076 60694 +3231a 543.74 +180.13a 39472+ 1461b 243.13+27.84¢ 126.43 +10.73cd 59.30+9.34d 3406+9.73d
24-DTBF NDd 9.74 +1.09¢ 13.16 + 3.09¢ 21.66+ 3.79b 26.66 +4.25ab 29.25+1.99a 27.28 + 7.59ab
1.3-DTBB' NDt 2.014+0.16e 3.0840.73¢ 599+0.21d 8.35+0.65¢ 9.64+ 1.45b 1295+ 0.08a

Toluene 278.36 +61.17¢ 331.93+121.10de 491.79 + 146.89cd 634.05+ 18.01bc 699.01 +60.81b 786.26+91.06b 1029.00+ 173.43a

Different letters within the same row differ significantly (P <0.05).
“Each value 1s the mean+standard deviation of triplicate analysis.
Plrgafos 168: tris-(2,4-di-tert-butylphenyl) phosphite.
“ND: not detected.
“Irganox 1076: octadecyl-3+3,5-di-tert-butyl-4-hydroxyphenyl) propionate.
“2,4-DTBP: 2 4-di-tert-butylphenol.
'1,3-DTBB: 1,3-di-tert-butylbenzene.




s Olgs dowi- Ol (Sl 9 SCawdly (Sl i didg (S s

Lo sy 55 oy JUEH 555 o (el g (18,5 L5 0 o) Jlain] Sl 4y g L o

(i) (G A 00ke S5 10 35390 (6 ey Slse |7 Jlaie» :(Quantity in Material) QM -

(2138 oole 49,0 s (Lidgs) dtus 5l 1=l Sles jle wdale a i :(Specific Migration Limit) L SML

eliiens zlos LB 5 S5 e 0s (coms bl 2 o] s

SML o) o 5l oolainl Cosgams g (53938 lga g o pogie gleil 5| tw 108 ags

090 b 09 gomw 5l LS B I3 sole g0 4 Symlae BB Al (o 59540 0lge JS:(Overal Migration Limit) OML
e osle 0, 56LS 1o Gl 05 (Lo Proam 5 OML (1285 )l o gl o
5 o dlas 09 yhas o glime 4 398 0> 5l OML o4 S &g jo (o> @



The e S A Olgy dowi- Ol (S 9 Ol S diw diagl S Jlas

2190 Slgo (b Ay adgi gz )T (S youds 95§ VLS 5 ol (Gl At S ooliiuw] 9590 (5L yogis

Monomer SML® (mg/kg)

[.4-Bis(hydroxymethyl) No SML

cyclohexane

Diethyleneglycol 30 (alone or with ethyleneglycol or stearic acid esters of
cthylene glycol)

Ethyleneglycol 30 (alone or with diethyleneglycol or stearic acid esters of
cthylene glycol)

[sophthalic acid 5

[sophthalic acid dimethyl

ester

Terephthalic acid 7.5

Terephthalic acid dimethyl No SML

ester
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Bisphenol A diglycidyl ether, BADGE

OO

Bisphenol F diglycidyl ether, BFDGE
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LDPE *

Ecoflex *

PLA *

PHA *

Wheat gluten/water/glycerol
PAG6 *

Amylose/glycerol (10:4)
Whey/water/glycerol
Amylopectin/glycerol (10:4)
PARAGON *

PVDC *

Chitosan plasticized

EVOH *

3 4

Log (OTR (cm? pm/m? d bar))
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medium

EVOH *

PARAGON *
Chitosan/glycerol
Whey/water/glycerol
Wheat gluten/water/glycerol
Ricestarch/PE blend (20/80)
Ecoflex *

PAG *

PLA *

PHA *

LDPE *

PVDC *

Log (WVT (g/m?/d))
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LDPE

mcl-PHA

PCUstarch blends

PCL

Aliphatic (co)polyester
Polyester-amides
PHBNV

Proteins

hermoplastic starch (TPS)
Polylactide (O,L)
Polylactide (L)

PCL/Starch blends
Polycaprolactone

Aliphatic (co)polyesters
PHBV
LDPE -
Polyester-amides
Polylactide (L) -
PET

Polystyrene
PET
Cellulose diacetate

00 125 150 175 200 225 250 275
120 100 80 60 40 -0 0 20 40 60 8 100 120 140

Glass transition temperature (°C)

Melting temperature (°C)
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Thermoplastic Starch (TPS)
TPS blends

PHBV "Biopol*

Proteins

Polylactide
Polycaprolactone
Medium chain-PHA
Aliphatic (co)polyester
Celiulose paper
Newspaper
Polyester-amides
Aliph./arom. copolyester
Cellulose diacetate
Wood

2 3 4
Composting time (months)
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