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BIODEGRADATION « PLASTICS

Example Project Results

Presentation for the Manitoba Materials Conference, University of Manitoba (9 May 2023)
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Bioplastic Classifications (Thermoplastics)

Biodegradable

PBS \ ﬂtarch-based (TPS)

PBSA Cellulose-based

PCL : : PLA : -
o) Bioplastic Bioplastic Bold:
% PVOH P_HAS oL demonstrated
= \PBAT Bio-PBS J S| biodegradation
L _ - 8 under all
o /PP PE Bio-PP Bio-PE ) ® environments
o PET  PTT Bio-PET =

PBT PA  Conventional B!O-PA Bioplastic

PVC  PS plastic Bio-PC

EVOH PC / QEF

\_ Non biodegradable
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Factors Affecting Biodegradation

Plastic characteristics

* Crystallinity

* Molecular weight
* Functional groups
» Crosslinking

« Blends/additives

« Part morphology

(thickness/layers/shape)
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Exposure conditions
Abiotic

Weathering h

Temperature
Moisture
UV radiation

Mechanical wear/stress (wind, wave)
Surrounding environment (pH) y

Biotic

Microbial colonization, heteroaggregation

Biofilm/surfactant formation, enzymes
Hydrophilicity
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Biodegradation Scenarios

Degradation mechanisms: Polymer

Mechanical Photo-oxidative ! Biogeterioration

Hydrolytic Thermal/catalytic ogig;rgrzrs, Depolymerization/

Chemical Biodegradation (enzymatic) MONOMErs Biofragmentation
CO,, H,0, o CH,, CO,,

: Microbial .
residue, degradation H,O, residue,
biomass biomass

, Assimilation/ :
Aerobic Mineralization Anaerobic
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Biodegradation Environments (Laboratory)

Industrial Composting:
*  Temperature 58°C

+ Biodegradation 2 90% within 6 months

Home Composting:
*  Temperature 20-30°C

+ Biodegradation 2 90% within 12 months

Anaerobic digestion:
e Thermophilic 52°C / mesophilic 37°C

* Biodegradation =2 90% (no certification/timeframe)

Anaerobic landfill:
* Temperature 35°C; anaerobic inoculum

* No certification (not preferred end-of-life)
Soil:

* Temperature 20-28°C; mixture of 3 diverse soils
+ Biodegradation 2 90% within 2 years
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Fresh water:
+ Temperature 20-25°C; dark or diffuse light (i.e. aphotic or dysphotic zones)

i Depth >1000 m Depth between 200-1000 m
» Synthetic or natural freshwater body source ———

Intertidal zone

e |-D_"!‘_9=-.!6elm

« Stirred (represent stream, river, pond, lake)

(a) Zonation in a lake

* Biodegradation 2 90% within 56 days ol

Marine environment:
*  Temperature 30°C; dark or diffuse light

+ Eulittoral (intertidal beach;DphhoztOig:), pelagic (open water) or benthic (seafloor)
epth < m

+ Synthetic or natural sea/ocean saltwater
« Stagnantin sediment or agitated/shaking for floating
+ Biodegradation 2 90% within 6 months

Sample format: powder, film, piece/fragment, shaped part

mean C,(test) — mean C,(blank
Biodegradation % = 100 < g (test) o )>

C;
where:

C, = amount of gaseous-carbon produced (g) (i.e. CO,, CH,)
C, = amount of total organic carbon in test material added (g) 6




Biodegradation Certification Requirements

Disintegration: e .
. On ﬁga| product Certifying Bodies (compostable):

2.5 cm? (<5 mm thick), 1.5 cm2 (5-15 mm thick) « Bureau de normalisation du Québec - BNQ (Canada)
« 2 90% original dry weight of material pass ’ Bl_pdegraQabIe Products Institute - BPI (USA)
through 2 mm sieve within 12 (industrial, marine) * TUV Rheinland/DIN CERTCO (Germany)

or 26 (home) weeks « Japan BioPlastics Association - JBPA (Japan)
Ecotoxicity testing: * Australasian Bioplastics Association - ABA (Australia)
] « TUV Austria Belgium NV (Belgium)
« Compost * Industrial, home, soil, freshwater, marine, biobased

* Germination rate and plant biomass = 90%
relative to blank for two plant types

 Concentration of regulated metals < 50% &= @; C\
A :((DIN
* Fresh/Marine Water oo [BRS Cu%

+ Concentration of heavy metals and other
hazardous substances not exceeding regulations
» Optional: algae, fish, aquatic invertebrate acute

j— W — —_— | — [T —
Ay S VO TOV i8S TOY 2/ TOV
CLELLEEES| AUSTRIA O LIRS AUSTRIA CENELELY| AUSTRIA E CIETPEEY| AUSTRIA g CIPEIL)| AUSTRIA
.. A “" INDUSTRIAL |T° ."‘ ; WATER MARINE
toxicity testing | wren |
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Biodegradation Capabilities — NRC
(open system respirometer)

3 units — 24 channels each

System measures:

- O,, CO,, CH,, temp. (5-70°C),
pressure, RH and flow rates

Screening ASTM trials conducted:

e Aerobic

* Industrial Composting (D5338)
* Anaerobic

» Landfill (D5526)
* Marine

+ Floating Open Water (D6691) S 1 s

Aerobic/Anaerobic Units Marine Unit
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Project 1: Effect of food residue on plastic
container compostability

Foods including raw chicken, yogurt and hot stir fry were assessed with the plastic
container formulations for shelf life to replicate the full life cycle of a product.

Unused and food contaminated containers
post shelf life were screened for industrial
composting (58°C).

+ Control

Blend Y
Blend Z

Blend X

BIODEGRADATION (%)

N 7« 0 10 20 30 40

Containers: A) before
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DAYS

Biodegradation of pure containers



Project 1: Effect of food residue on plastic
container compostability

Biodegradation (%) [45 days ASTM D5338 laboratory
industrial composting]

(avg. * st. dev.)

Residual food

Uncontaminated L
contamination

Blend X 41.9 (£ 1.8) 38.9 (x 1.5)
Sheet (thickness 0.5

Blend Y mm, 1x1 cm?) 61.1 (£ 3.4) 47.4 (£ 10.0)

Blend Z 52.0 (+ 3.4) 39.8 (x4.1)

Positive control

Cellulose Powder (20 pm) 83.0 (x1.8)

Food contaminated containers slow initial degradation process possibly due to residue

impeding microbe accessibility to container surface.

. . . Sample after A) 45 days, B) 90 days
Further degradation up to 90 days provided similar performance for both formats.
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Project 2: Assessing biodegradation under
different environments

100 . Untested Tested
Pellet (Aerobic)

&\0, 90 = = = = Sheet (Aerobig ' i
= 80 e Pellet (Marjfie) ' }“t« Aerobic
O 70 = = == Sheet (Mérine) g
|: Pellet fAnaerobic) g . S s A (90 days)
< 60 —_ = Shegét (Anaerobic) ”’;ﬁ’ T
<DE 50 AR 500 pm
g o il
o 30 | Marine
CD) 20 (90 days)
o 10

0

0 20 40 60 80
DAYS Anaerobic

Biodegradation of two formats of 'Blend Y' under different biodegradation environments. (20 days)
Data can be used for extrapolation to 180 days (6 months) to assess potential of 90% biodegradation

required for certification of aerobic and marine conditions.
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Project 2: Assessing biodegradation under
different environments

Biodegradation (%) (avg. * st. dev.)

90 days [ASTM D5338] 90 days [ASTM D6691]

20 days [ASTM D5526]

| |
Polymer A 86.7 (+ 1.09) | 23.5 (+ 6.55) | 0.6 (+ 0.04)
Polymer B Pellet (1-5 mm) 13.7 (+ 4.36) | -0.9 (+ 0.92) | 0.8 (+ 0.10)
Blend Y 75.3 (+ 1.72) | 50.7 (+ 1.87) | 3.6 (+ 0.04)
Polymer A Sheet (thickness 0.5 28.1 (+ 2.66) | 4.3 (£ 0.85) | 0.3 (£ 0.05)
Blend Y mm, 1x1 cm?) 47.2 (+ 0.88) | 35.8 (+ 1.87) | 2.6 (+ 0.23)

) | |

Corn starch Powder (20 pm) 99.4 (+4.24

84.7 (+ 1.67) 2.6 (% 0.06)

Biodegradation occurred most readily under L

composting conditions.

Sample format demonstrated degradation
variability (pellet > sheet).
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