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Cellophane, film properties 198
Cellulases 9-10
Certification see international and
national certification procedures
Chemical linkages in polymers, effect on
biodegradability 21
Chemical oxygen demand (COD) 15
Chitosan, oxygen permeability 368
Chlorella sp. 120
Cholic acid 387, 388
Chromatium vinosum, PHA synthase 234
Chromobacterium violacewm 224
Chromobacterium viscosuwm lipase (CVL)
386
Chymosin 7
Chymotrypsin 7, 13
Clear zone technique 14
Closed bottle test 154
Collagen
biopackagings 351
glass transition temperature 357
physico-chemical characteristics 353
Comamonas acidovorans 225,227, 228
Comité Européen de Normalisation (CEN,

European Committee for Standardisation)
146, 148
Compost bags 207-208
LCA 448
Composting 58, 59
certification of compostability
BPI logo 173, 173
DIN-Certco 170-172, 171
GreenPla 174, 174
OK Compost 172-173, 172, 173
other systems 174-175
compost degradation tests
controlled composting test 154-1356,
155, 156, 157
mineral bed composting test 157-158
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other tests 158
compost disintegration tests 163-164

compostability norms 158-159, 159
ASTM D&002-96 and De400-99
norms 162-163
DIN V 54900 norm 161-162
European Compostability Norm
for Packaging Waste (EN 13432)
159-161

degradation of aliphatic—aromatic
copolyesters 315-316, 318

ecotoxic effects appearing after
degradation 132, 133

ecotoxic effects appearing during
degradation 132-133, 134

EU developments 490
Directive on Biological Trearment
of Biodegradable Waste (proposed)
450492
Directive on the Landfill of Waste
(99/31/CE) 490

potential influences of polymers
108-109

COMPOSTO LCA

starch polymer films and bags 445~
448, 446, 448, 469472, 473474

starch polymer loose fills 437-439
Conglycinin, physico-chemical
Characteristics 353
Copolyesters, melting point 202
Corn gluten 346, 347

biopackagings 351

glass transition temperature 357

main plasticisers 361
Corn zein 347-348

biopackagings 351

glass transition temperature 357

oxygen permeability 368

physico-chemical characteristics 353
Cottonseed proteins 346

biopackagings 351

physico-chemical characteristics 353
Curin 40
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Cyclobis{diethylene glycol carbonate),
ring opening polymerisation 398
Cyclobis(hexamethylene carbonate), ring
opening polymerisation 398
1,4-Cyclohexane dimethanol 305
Cysteine {Cys)

biochemical structure 343

relative hydrophobicity 342
Cysteine endopeptidases (sulfhydril
proteases, thiol proteases) 7

D

Daphnia, bioassays 123
Destructurised starch 262-263
Deutsches Institur fiir Normung (DIN,
German Normalisation Institute) 146, 148
certification of compostability DIN-
Certco 170-172, 171
DIN V 54900 compostability norm
161-162
1,3-Dioxan-2-one, ring opening
polymerisation 397
1,4-Dioxan-2-one, ring opening
polymerisation 397
Dioxvgenases 10
Directive on Biological Treatment of
Biodegradable Waste (proposed) 490492
Directive on the Landfill of Waste (99/31/
CE) 490
Dissolved organic carbon (DOC) test 154
Divinyladipate, enzymic polymerisation
393
Divinylsebacate, enzymic polymerisation
392-393
1,12-Dodecanedicarboxylic acid 305
Diose-response relationships 111, 112
Durabiliry, evaluation of 76-79

E

Earthworms, bioassays 119



Eastar Bio® 326-327
data 329-330
Ecoflex® 44, 195, 325
data 329-330
Ecotoxicological aspects of polymer
biodegradation 103, 133-135, 136-137
analysis
need for 103-104
sample preparation 82
standards and regulations 104-106
107
animal toxicity 83

biotest recommendations and standard
procedures 114-115
bioassays with higher plants 115-119,
114
preparation of elutriates for aguaric
tests 119-120
result evaluation 123-124
sediment testing 124-125
consequences for investigations 135
materials intended for environmental
applications 136
materials intended for organic
recovery 135-136
detection of influences on ecosystems
106-107
composting 108-109
s0il and sediment biodegradarion
109-110
microbial toxicity 83
pathways and interactions 105
plant toxicity 83
research results 130
ecotoxicity of polymers 131-132
ecotoxicity of polymers after
degradation 132, 133
ecotoxicity of polymers during
degradation 132133, 134
relationship between chemical
structure, biodegradation pathways
and potentially toxic metabolites
130-131
special prerequisites when applying
bioassays 125-130

»

Index

theoretical background 111
dose—response relationships 111, 112
end points 113
exposure period 112-113
mvestigation level 111-112
profile analysis 114
test design 111-113
toxicity tests and bioassays 113-114
Eisenia foetida 119
Elastase 7
Elastins, main plasticisers 361
Enpol® 327
data 329-330
Environmental ageing of polymers 80
Environmental concerns 57
Environmental niches 150
Enzyme catalysis 385-386, 419420

oxidartive polymerisation of phenol and
denivatives 408—416

quantitative aspects 409

SEM images 411

polyester synthesis 386
lipase cataysed ring opening and co-
polymerisation of lactones 406
polycondensation of hydroxyacids
and esters 386-388, 387, 38§
polymerisation of dicarboxylic acids
and derivatives with glycols 358-396,
389-393
ring opening co-polymerisation of
carbonates and cyclic monomers 400
ring opening polymerisation and co-
polymerisation of lactones 402408,
403
ring opening polymerisation of
carbonates and cyclic monomers
396-401, 396, 397-398

polysaccharide polymerisation 417-
419, 418, 419
Enzymes 5-6

assays
applications 13
drawhacks 14
principle 13
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enzymic hydrolysis 6
esterases 7—8
glycosidases 8-10
proteases 6-7
enzymic oxidation 10-11
Escherichia coli 221
recombinants 235-236
Esterases 7-8
Ethylene glycol 305
Ethylene-acrylic acid copolymer (EAA)/
thermoplastic starch composites 263-264
effect of ratio 264
Ethylene-vinyl alcohol copolymer

(EVOH)/thermoplastic starch composites
264-267

droplet-like structure 265
layered structure 266
oxvgen permeability 368

EU, composting developments 490
Directive on Biological Treatment
of Biodegradable Waste (proposed)
490492
Directive on the Landfill of Waste
(99/31/CE) 430

European Committee for Standardisation
(CEN, Comité Européen de
MNormalisation) 146, 148

European Compostability Norm for
Packaging Waste (EN 13432) 159-161
Exoglucohydrolases 9

Extrusion of biodegradable polymers
202-204

F

Farming 58-60, 59

FAT/CARBOTECH LCA 452, 475-476
Fibre spinning 206

Ficin 7

Field trials for assessing biodegradability
20

Film blowing 204-205
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Finnish compostability certification 175
Flory equation 262
Fraunhofer ISI LCA
starch polymer pellets 437, 437,
467-468
Free-Flow Packaging 188, 188
Fumaric acid 305

G

Gas evolution tests

applications 16-17

principle 16

suitability 17-18
Gelatin 346, 350

biopackagings 351

glass transition temperature 357

physico-chemical characteristics 353
German Normalisation Institute (DIN,
Deutsches Institut fir Normung) 146, 148

certification of compostability DIN-
Certco 170-172, 171
DIN V 54900 compostability norm
161-162
Gerngross and Slater LCA
polvhydroxyalkanoate (PHA) 448-
449, 449
Glass transition temperature 201
protein-based materials 357
effect of water content 358
effect of water content and warer
activity 359
Gliadins 346
glass transition temperature 357
main plasticisers 361
physico-chemical characteristics 353
Globulins 346
physico-chemical characteristics 353
Glucoamylase 9
a-glucosidase 9
Glutamic acid (Glu)
biochemical structure 343



relative hydrophobicity 342
Glutamine {Gln)

biochemical structure 343

relative hydrophaobicity 342
Glutelins 346

glass transition temperature 357
Glutenins 346

glass transition temperature 357

physico-chemical characteristics 353
Glycine (Gly)

biochemical structure 343

relative hydrophobicity 342
Glycinin 346

physico-chemical characteristics 353
Glycolic acid 305
Glycosidases 8-10
Greenhouse gas (GHG) emissions 435

GreenPla compostability certification 174,
174

H

Hear, effects on polymer degradation 63,
63

Hevde and Luck LCA
polyhydroxyalkanoate (PHA) 449-
450, 450

High-solids environments 12, 12

Histidine (His)
biochemical structure 343
relative hydrophobicity 342

Horseradish peroxidase 408

Humic substances 128-129

Hydrogels 294

Hydrolysis 1

Hydrophilicity of polymers, effect on

biodegradability 21

Hydroxypropylcellulose, axygen

permeability 368

Index

Industrial applications and market
evolution of biodegradable polymers
applications 206
compost bags 207-208
loose-fill packaging 206-207
other applications 208-209
markets 209-211
starch-based materials 271-273
supply/demand by region 211
modified biodegradable polymers
199-200

naturally biodegradable polymers
186-191

processability 200-201
extrusion 202-204
fibre spinning 206
film blowing and casting 204-203
melting points of thermoplastics 202
moulding 205

synthetic biodegradable polymers

191-198
aliphatic/faromatic copolymers 196—
197, 196

International and national certification
procedures 145-147

certification 169-170
BPI logo 173, 173
DIN-Certco 170-172, 171
GreenPla 174, 174
OK Compost 172-173, 172, 173
other systems 174-175

norms 149-150
aquatic, aerobic biodegradation rests
151-154
aquaric, anaerobic biodegradation
tests 166
as a tool of communication 146
compaost degradation tests 154-158,
155, 156, 157
compost disintegration tests 163-164
compostability 158-163, 159
environmental niches 150
high-solids, anaerabic biodegradation
tests 167
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relative hydrophobicity 342
Glutamine (Gln)

biochemical structure 343

relative hydrophobicity 342
Glutelins 346

glass transition temperature 357
Glutenins 346

glass transition temperature 357

physico-chemical characreristics 353
Glycine (Gly)

biochemical structure 343

relative hydrophobicity 342
Glycinin 346

physico-chemical characreristics 353
Glycolic acid 305
Glycosidases 8-10
Greenhouse gas (GHG) emissions 435

GreenPla compostability certification 174,
174

H

Heat, effects on polymer degradation 63,
63

Heyde and Luck LCA
polyhvdroxyalkanoate (PHA) 449~
450, 450

High-solids environments 12, 12

Histidine (His)
biochemical structure 343
relative hydrophobicity 342

Horseradish peroxidase 408

Humic substances 128-129

Hydrogels 294

Hydrolysis 1

Hydrophilicity of polymers, effect on

biodegradability 21

Hydroxypropyleellulose, oxygen

permeability 368

Index

Industrial applications and market
evolution of biodegradable polymers

applications 206

compost bags 207-208

loose-fill packaging 206-207

other applications 208-209
markets 209-211

starch-based marerials 271-273

supply/demand by region 211
modified biodegradable polymers
199-200

naturally biodegradable polymers

186-191

processability 200-201
extrusion 202-204
fibre spinning 206
film blowing and casting 204-203
melting points of thermoplastics 202
moulding 205

synthetic biodegradable polymers

191-198
aliphatic/faromatic copolymers 196
197, 196

International and national certification
procedures 145-147

certification 169-170
BPI logo 173, 173
DIN-Certeo 170-172, 171
GreenPla 174, 174
OK Compost 172-173, 172,173
other systems 174-175

norms 149-150
aguatic, acrobic biodegradation tests
151-154
aquatic, anaerobic biodegradation
tests 166
as a tool of communication 146
compost degradation tests 154-158,
155, 156, 157
compost disintegration tests 163-164
compostability 158-163, 159
environmental niches 150
high-solids, anaerobic biodegradation
tests 167
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marine biodegradation tests 168
other biodegradarion tests 168-169
s0i] biodegradation tests 164165

standardisation organisations 147—

149, 148
International Standardisation
Organisation (ISO) 147, 148
3(5)-Isobutyl-morpholine-2,5-dione, ring
opening polymerisation 398
Isoleucine (lle)

biochemical structure 343

relative hydrophobicity 342
3(5,6R,S)-Isopropyl-6-methyl-morpholine-
2,5-dione, ring opening polymerisation
398
3(R)-Isopropyl-morpholine-2,5-dione,
ring opening polymerisation 398
3(R,5}-Isopropyl-morpholine-2,5-dione,
ring opening polymerisation 398
3i5)-Isopropyl-morpholine-2,5-dione, ring
opening polymerisation 398
Iraly

costs of collection routes 507

municipal recycling rates 493

purity of collected food waste 494

waste collection frequencies 505

waste collection performances 5035

J

Japanese Institute for Standardisation (J15)
148

K

Keratin
biopackagings 351
physico-chemical characteristics 353

L

D,D-Lactide, ring opening co-
polymerisation 400
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D,L-Lactide, ring opening co-
polymerisation 400
L.L-Lactide, ring opening co-
polymerisation 400
Leucine (Leun)

biochemical structure 343

relative hydrophobicity 342
Life cycle assessment (LCA) 238, 240,
457462

categories and subcategories 483, 484
key indicators 454456
methodology 431-433
goal and scope 432
impact assessment 432-433
interpretation 433
inventory analysis 432
other polymers
FAT/CARBOTECH LCA 452
poly(hvdroxybutyrate) (PHB)
Cargill Dow LCA 451
VTT LCA 451-452, 451
polyhydroxyalkanoate (PHA)
Gerngross and Slater 448449, 449
Heyde and Luck 449450, 450
significance thresholds 484
starch polymers
BIFA 440443, 441, 442, 443
CARBOTECH 433, 436, 439,
443-445, 444
COMPOSTO 437-439, 445448,
446, 448
Fraunhofer 151 437, 437
study overview
CARBOTECH 467468
COMPOSTO 469472, 473474
FAT/CARBOTECH 475-476
Fraunhofer 18] 467468
VTT 475476

study preparation checklist 477482
Lignin 11
Lignin peroxidase 11
Lipases 8

enzymic hydrolysis of PCL 13




Liquid environments, biodegradation

behaviour of polymers 33-35, 51
laboratory tests with optimised and
defined liquid media 43-46

laboratory-simulated environments 37
aerobic liquid environments 37-40
anaerobic liquid environments 40-43

standard tests 46-51, 4749, 50
sweet water and marine environments
poly(hydroxyalkanoates) 35-37

Littering 59
Loose-fill packaging 206-207
Luminescent bacteria, bioassays 122-123
Lysine [Lys)

biochemical structure 343

relative hydrophobicity 342
a-Lytic proteases 7

Macro-organisms, effects on polymer
degradation 64-65
Manganese pemxidas-cs 1
Marine biodegradation tests 168
MARPOL Treaty 34
Marter-Bi® 187-188, 188, 199, 268-269
physical properties for film production
273
physical properties for injection
moulding 274
properties 201
structures 269
Metal-containing proteases 7
Methane evolution test 16-18
Methionine ({Met)
biochemical structure 343
relative hydrophobicity 342
5-Methyl-5-benzyvloxy-carbonyl-
1.3-dioxan-2-one, ring opening co-
polymerisation 400
5-Methyl-5-benzyloxycarbonyl-
1,3-dioxan-2-one, ring opening

Index

polymerisation 397
Methylcellulose, oxygen permeability 368
6(R,5)-Methyl-morpholine-2,5-dione, ring
opening polymerisation 398
6(5)-Methyl-morpholine-2,5-dione, ring
opening polymerisation 398
Microbiological degradation of polymers §
depolymerisation step 5
enzymic hydrolysis 6
esterases 7/—8
glvcosidases 8-10
proteases 6—7
enzymic oxidation 10-11
mineralisation step 5
Mineral bed composting test 157-158
MITT rest 153
Molecular weight of polymers, effect on
biodegradability 21
Monooxygenases 10
Moulding 205
Mulching 59, 64
Municipal solid waste (M5W) treatment,
optimisation of 487, 506-507
biohags 499-500
biodegradability and cost-cfficiency
500-501
composting in the EU 490
Directive on Biological Treatment
of Biodegradable Waste (proposed)
490492
Directive on the Landfill of Waste
(99/31/CE) 490
cost assessment of optimised schemes
501-504, 503
collection frequency 504-505
collection frequency in Italy 505
collection performance in Italy 505
costs of collection routes in ltaly 507
diversified collection vehicles 505-506
optimisation tools 504-506
European developments 488490, 489
source separation of organic waste in
Mediterranean countries 492495
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municipal recycling rates in ltaly 493
municipal recycling rates in Spain
(Cartalunya) 496

purity of collected food waste in Italy
494

purity of collected food waste in Spain
(Catalunya) 497

Myofibrillar proteins 346, 351
hiopackagings 351
glass transition temperature 357
main plasticisers 361
oxygen permeability 368
physico-chemical characteristics 353
Myosin 346
physico-chemical characteristics 353

N

National certification see international
and national certification procedures
Maturally biodegradable polymers 186-
191

modified products 199-200
Mo effect concentration (NOEC) level 109
MNon-biological degradation of polymers
4=5
Mylon 6, melting point 202
Nylon 6,6, melting point 202

o}

OECD Coupled Unirt test 19

OK Compost certification 172-173, 172,
173

Organisation for Economic Co-operation
and Development (OECD) 146, 148
Oxalic aad 305

Oxidoreductases 10

Oxybutylene diol 305

Oxyethylene diols 305

Oxygenases 10
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P

Papain 7
Paracoccus denitrificans 229
Peanut proteins 346, 349-350
biopackagings 351
physico-chemical characteristics 353
Pectin, oxygen permeability 368
w-pentadecalactone 400
Pepsin 7
Persistence of polymers in the
environment 431, 457462
comparative data 433-434
key indicators for LCA studies
454456
other polymers 432
polvhydroxyalkanoarte (PHA) 448-
450
polylacrides (PLA) 451452
starch polymers 434448
LCA categories and subcategories 483,
484
LCA checklist 477482
LCA methodology 431433
goal and scope 432
impact assessment 432—433
interpretation 433
inventory analysis 432
LCA significance thresholds 484
LCA study overview
CARBOTECH LCA 467-468
COMPOSTO LCA 469472, 473~
474
FAT/CARBOTECH LCA 475476
Fraunhofer ISI LCA 467468
VTT LCA 475-476
PHA synthase 234-235
Phaeodactylum tricornutum 120
Phenol, enzymic oxidative polymerisation
408-416
quantitative aspects 409
SEM images 411
Phenylalanine (Phe)
biochemical structure 343




relative hydrophobicity 342
Photobacterium sp. 122
Plate tests

applications 14

drawbacks 15

principle 14
Poly({butylene adipate)

degradation behaviour in laboratory-

simulated aerobic liquid environments
39

Poly(butylene adipate) (SP4/6)
degradation behaviour in laboratory-
simulated anaerobic liquid
environments 41-42, 42, 43

Poly(butylene sebacate)
degradation behaviour in laboratory-

simulated aerobic liquid environments
39

Polybutylene succinate (PBSU) 1941935
degradation behaviour in laboratory-
simulated anaerobic liquid
environments 41
pressed sheet properties 195
structure 194

Polybutylene terephthalate (PBT) 304
historical development of
biodegradability 305

Poly(e-caprolactone) (PCL) 193-194
copolymers with PLA 289
degradation behaviour in laboratory-
simulated aerobic liquid environments
37-38, 40
degradation behaviour in laboratory-
simulated anaerobic liquid
environments 4142, 42, 43

degradation behaviour in sweet water
and marine environments 36

enzymic hydrolysis by lipase 13
film properties 194

melting point 202

structure 193

typical properties 194

Index

Poly{ester urethanes)
degradation behaviour in sweer warer
and marine environments 36

Polyesteramides, melting point 202
Polyesters
2GT, melting point 202
4GT, melting point 202
degradation behaviour in sweet water
and marine environments 36-37

enzymic synthesis 386
lipase cataysed ring opening and co-
polymerisation of lactones 406
polycondensation of hydroxyacids
and esters 386-388, 387, 388
polymerisation of dicarboxylic acids
and derivatives with glycols 388-396,
389-393
ring opening co-polymerisation of
carbonates and cyclic monomers 400
ring opening polymerisation and co-
polymerisation of lactones 402408,
403
ring opening polymerisation of
carbonates and cyclic monomers
3%6-401, 396, 397-398

oxygen permeability 368

Polyethylene (PE)

biodegradability 185

degradation behaviour in sweet water

and marine environments 36, 37

film properties 198

high-density (HDPE) 194
melting point 202
molecular weight 346
oxygen permeability 368
physical properties 291
pressed sheet properties 195

production energy requirements 449,
450

low-density (LDPE) 194
biodegradation products 2
film blowing 204
film properties 194
LCA resules 436, 437
melting point 202
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molecular weight 346
oxygen permeability 368
physical properries 273
pressed sheet properties 195
Poly(ethylene adipate)
degradation behaviour in laboratory-
simulated aerobic liquid environments
39
Polyiethylene) glvcols (PEG)
oxidative degradation 11
Paolvethylene glycol (PEG)-modified
Psendomonas fluorescens lipase (PEG-
PFL) 386
Polylethylene isophthalate) (PEIP)
historical development of
biodegradability 305
Polyv{ethylene succinate) (PESU) 194-195
degradarion behaviour in laboratory-

simulated aerobic liquid environments
39

structure 194

Polvethylene terephthalate (PET) 193,
195, 304

historical development of
biodegradability 305
production energy requirements 449
Polyglycolic acid (PGA) 191-192, 191
Poly(hexamethylene terephthalate) (PHT)
historical development of
biodegradability 305
Poly(hexvylene succinate)
degradation behaviour in laboratory-
simulated aerobic liquid environments
39
Poly(hydroxy adipate) (PHA)
degradation behaviour in laboratory-
simulated aerobic liquid environments
40
degradation behaviour in laboratory-
simulated anaerobic liquid
environments 40
Polvhydroxyalkanoates (PHA) 189, 191,
219-220, 240-241
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applications 238-240
biodegradation 237-238
biosynthesis mechanisms 228
carbon sources 229-231, 230
conditions that promote accumulation
in microorganisms 229
metabolic pathways 231-234, 232
PHA synthase 234-2335
degradation behaviour in sweet water
and marine environments 35-36
genetically modified systems
recombinant Escherichia coli 235-236
transgenic plants 236-237
persistence in the environment
Gerngross and Slater LCA 448-449,
LCA 449
Heyde and Luck LCA 449450, 450
production by genertically modified
systems 235
production by other techniques
in vitro 237
types 220
other copolymers 225-227, 226, 226
poly[3-hvdroxybutyrate-co-3-
hydroxyvalerate] (P[3HB-co-3HV])
222-224, 223,223
polyl3-hydroxybutyrate-co-4-
hydroxyvalerate] (P[3HB-co-4HWV])
224-225, 224, 225
poly[R-3-hydroxybutyrate| (P[3HB])
220-222, 221
uncommon constituents 227
Poly(hydroxybutyrate) (PHB) 188-190,
303
degradation behaviour in laboratory-
simulated aerobic liquid environments
37-38, 38
degradation behaviour in laboratory-
simulated anaerobic liquid
environments 4041, 42, 43
production energy requirements 450
properties 189
Poly{hydroxybutyrate-co-hydroxyvalerate)
(PHBV) 188-190



degradarion behaviour in laboratory-
simulated aerobic liquid environments
39

degradation behaviour in laboratory-

simulated anaerobic liquid

environments 40-41, 42, 43

degradation behaviour in sweet water

and marine environments 35-36

melting point 202

moulding 2035

properties 189

structure 189
Poly[3-hydroxybutyrate-co-3-
hvdroxyvalerate] (P]3HB-co-3HV])
222-274

production 223

structure 223
Polv[3-hvdroxyvbutyrate-co-4-
hydroxyvalerate] (F|3HB-co-4HV])
224-2215

production 225

structure 224
Poly[R-3-hydroxybutyrare] (P[3HB])
220-222 ;

structure 221
Polylactic acid (PLA) 191-193, 191, 193,
206, 287, 294

applications 294

chemical properties 292-294

effect of hydrolysis 293

degradation behaviour in laboratory-

simulated aerobic liquid environments

37-38

degradation behaviour in laboratory-

simulated anaerobic liquid

environments 41

film blowing 204-205

melting point 202

physical properties 291-292, 291

optical purity 291
synthesis

copolymers 289-290

Index

functionalised polymers 290
homopolymers 287-288
Polylacrides (PLA)

persistence in the environment
Cargill Dow LCA 451
VIT LCA 451452, 451, 475476

Polymer degradation
mechanisms 4
biological degradation 5-11, 184-185
non-biological degradation 4-35
Poly(methymethacrylate), molecular
welghe 346

Polyolefin-starch blends, biodegradation
Products 2

Polv(1.2-propanediyl phthalate) (PPP)
historical development of
biodegradability 305

Polypropylene (PP}
degradation behaviour in sweet water
and marine environments 36
melting point 202
physical properties for injection
moulding 274

Polypropylene terephthalate (PPT)
historical development of
biodegradability 305

Polysaccharides 199
enzymic oxidative polymerisation
417419, 418, 419

Polystyrene (PS)
physical properties 291
physical properties for injection
moulding 274
production energy requirements 449,
450

Poly(vinyl alcohol) (PVOH) 198
biodegradability 185, 191
dehydrogenase degradation 13
film blowing 205
film properties 198

Polyvinyl chloride (PVC), film properties

198
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Porcine pancreatic lipase (PPL) 386, 399
Processability of biodegradable polymers
200-201
extrusion 202-204
fibre spinning 206
film blowing and casting 204-205
melting points of thermoplastics 202
moulding 205
Proline (Pro)
biochemical structure 343
relative hydrophobicity 342
Proteases 6-7
Protein materials 339-340, 347-351
applications 370-372
biopackagings 351
formation 352, 354
main plasticisers 361

solvent process 352-355
thermoplastic process 356-362, 360
main applications pre-1960s 341
physico-chemical characteristics of
proteins 353
properties 362-370
influence of temperature 366
influence of water activity 367
mechanical properties of films 364,
365
oxygen permeability 368
physical, chemical and enzymic
treatments 363
protein composition and structure
341-347
bonding 344
influence of molecular weight 346,
346
structural organisation 345
Protomonas extorguens 229
Pseudomonas frugi 234
Pseudomonas oleovorans 227, 233
PHA synthase 234
Pseudomonas putida 233, 234
Pullulanase 9
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R

Radioactively labelled polymers 18
Rainfall, effects on polymer degradation
63, 64
Ralstonia eutropha 222,223, 223, 224,
215,227,229
PHA synthase 234
Rayon 193
Respiration tests
applications 15-16
principle 15
suitability 16
Rbodococeus sp. 224
Rhbodospirillum rubriom 233
Risk assessments 319-324

S

Scenedesmus subspicatus 120
Sebacic acid 305
Selenastrum capricornutum 120, 128
Serine (Ser)
biochemical structure 343
relative hydrophobicity 342
Serine endopeptidases 7
Simulated accelerating environments
applications 19
drawbacks 20
principle 18-19
Skeletonema costatum 120
Soil, biodegradation behaviour of
polymers 33, 57-58
degradability of polymers
bindegradability and environmental
compatibility 73-735
environmental ageing 80
evaluation of durability 76-79
standardisation approach 71-73
test methods and criteria 73-80

degradation of aliphatic—aromaric
copolyesters 316-317, 318



delivery routes 59

composting 58, 59

farming 58-60, 59

littering 59, 60

mulching 39, 64
detection of influences on ecosystems
109-110

effects on soil-living organisms 81
assessing transient and permanent
effects §1-82
ecotoxicity testing 82-83
test material concentration 82

literarure survey 83-84
specific materials 85-93

soil biodegradation tests 164-165

soil burial test methods 76-77
indoor burial 79
outdoor burial 77-78, 78

soil environment 60-62, 62
macro-organisms 64—65
rainfall 64
solar heating 63
solar UV irradiation 62-63
structural properties 65
structure 67
surface facrors 62-A35, 63
texture 66
underground factors 65-71, 66

soil physical chemistry
biological properties 70-71
gas content 70
minerals and cation exchange capacity
68
pH 69
soil organic marter (SOM) 68-69
temperature 67-68
water 69

Solar heating, effects on polymer
degradation 63, 63

Solar UV irradiation, effects on polymer
degradation 62-63, 63

Soy proteins 346, 349

biopackagings 351
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