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Full Summary Report of Laboratory Analysis of the WRP Oxo-biodegradable Plastic Sample 

 

1. Laboratory Tests carried out on the oxo-biodegradable plastic sample 

 

1.1. Sampling 

 

A plastic film sample was collected by two Rwandan Bureau of Standards (RBS) officers during an arranged 

production essay at Ecoplastic Plant in Kicukiro, and in the presence of representative from Willow Ridge 

Plastics, Inc.  The sample consisted of an extruded LDPE film of an average thickness of 45 µm manufactured 

from LDPE pills with PDQ-M (OxoTerra-M) Oxo additive (owned by Willow Ridge Plastics, Inc.) added. 

 

Rwanda Standards Board subsequently subcontracted two independent Laboratories in Europe to carry out four 

categories of specific tests (three tier tests plus metals content analysis and overall migration) on the oxo-

biodegradable plastic sample. 

 

1.2 Levels of Toxic Metals 

 

Since WRP oxo-biodegradable additive was used to accelerate the degradability of the, levels of Arsenic (As), 

Lead (Pb), Copper (Cu), Zinc (Zn), Mercury (Hg), Cadmium (Cd), Nickel (Ni), Molybdenum (MO), Selenium 

(Se), Fluor (F), and Chromium (Cr) were tested for using the standard limits listed in EN 13432:2001 - 

Requirements for packaging recoverable through composting and biodegradation. 

 

1.3 General Migration (non-specific migration) 

 

In anticipation that the material may be used in packaging food products, the oxo-plastic was tested for 

migration of food contaminants in accordance with the standards EN1186-1:2002, EN1186-2:2002, and EN 

1186-3:2002.  Migration in Stimulants A, Stimulant B and Stimulant D2 were evaluated.     

 

1.4 Biodegradability 

 

WRP claims that the plastic material biodegrades within a relatively short period of time (in terms of few 

years); thus laboratory tests to determine the abiotic degradation (physical) and followed by biotic degradation 

(microbial) were performed in accordance with ASTM D  6954-04 Standard Guide for Exposing and testing 

Plastics that degrade in the Environment by a combination of Oxidation and Biodegradation and 

ASTMD5988:2012-Standard test method for determining Aerobic biodegradation of plastic material in 

soil.  
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1.5 Eco-toxicity 

 

Tests for acute toxicity of the oxo-biodegradable plastic sample against one plant species (Trifoliumprantense), 

against two animal species (Daphnia magna crustacea, Brachydaniorerio fish) were carried using the standard 

OECD 208 (2006), OECD 202 (2004) and OECD 203 (1992) respectively. 

 

Additionally, growth inhibition potential test on Algae (Selenastrum capricornutum) and acute toxicity on 

earthworm (Eiseniafoetida) were performed using the standards OECD 201 (2006) and OECD207 (1984) 

standard respectively. 

 

2. Results of the Laboratory tests 

 

2.1 Levels of Toxic Metals 

 

The test results of toxic metals reveal that the sample’s metals content are below the limits specified by the 

standard.  However the sample contains higher amounts of Molybdenum (Mo) and Selenium (Se) in amounts 

(5.6 mg/kg and 2 mg/kg respectively) higher that the amount specified by the standards (1.0 mg/kg and 0.75 

mg/kg respectively).  These were not confirmed to have come from the WRP oxo-biodegradable additive and 

could have been from cross contamination by the machine producing the product. 

 

Metal Element Results, (ppm) Standard limits, (ppm), max. 

Arsenic (As) <5 5 

Lead (Pb) <5 50 

Copper <20 50 

Zinc (Zn) <25 150 

Mercury (Hg) <0.4 0.5 

Cadmium (Cd) <0.5 0.5 

Nickel (Ni) <5 25 

Molybdenum (Mo) 5.6 1.0 

Selenium (Se) 2 0.75 

Fluor (F) 28.0 100 

Chromium (Cr) <10 50 

Table 1:  Metals content of the oxo-biodegradable sample 
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3. Eco-toxicity 

 

a) The test for plant toxicity was conducted on: 

• Termination of 50% of tests sample of monocotyledonous and dicotyledonous species at 14 days 

compared to control sample in natural soil (70%) + peat (30%) at pH=7.6 22 ± 2 ºC and 70% 

humidity at various concentrations. 

 

b) The test for aquatic toxicity was conducted on three species: 

 

• Fresh water daphnia aged less than 24 h, for 48 hours in absolute darkness at 22± 2ºC, max 

concentration + 10g/L. 

 

• Zebra fish for 96h, at a 12h light / 12h darkness cycle, at 22 ± 2C and pH=8.25, max concentration = 

10g/L. 

 

• Algae uncials for 72h, under continuous fluorescent light and orbital shaking, at 22±2ºC, max 

concentration = 10g/L. 

 

 

AIM OF THE TEST ORGANISM SPECIES RESULTS 

To determine inhibition of seeds 
germination and biomass formation 

Trifoliumprantense The oxo-biodegradable plastic had no 
effect on seeds germination and on 
biomass 

To determine the acute eco-toxicity 
(LECD 202:2004) 

Daphnia Magna The oxo-biodegradable plastic does not 

inhibit mobility in the Daphnia magna at 

the maximum concentration tested for. 

To determine the acute the eco-
toxicity on fish (OECD203:1992 

Brachydaniorerio The oxo-biodegradable plastic does not 

cause mortality in the zebra fish at the 

maximum concentration tested for 

To determine the acute toxicity on 
microalgae (OCECD201:2006) 

Selenastrumcaprocor 
nutum algae 

The oxo-biodegradable plastic was not 

toxic to the aquatic algae at the maximum 

concentration tested for. 

To determine the toxicity on 
earthworm (OECD207:1984) 

Eisenia Foctida The oxo-biodegradable plastic did not 

cause mortality to earthworms at the 

maximum concentration tested for. 

Table 2:  Summary of the eco-toxicity tests results 
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4. Overall Migration (non -specific migration) 

 

The potential of the oxo-biodegradable plastic constituents to migrate, when in contact with food product was 

evaluated against the standards, the sample was assessed for the overall migration in Stimulant A (Ethanol), 

stimulant B (acetic Acid) and Stimulant D2 (Olive oil) for 10 days at 40ºC.  The results show that the overall 

migration of the oxo-biodegradable plastic constituents in the sample tested is below 10 mg/dm
2
. 

 

No Parameters Unit Results Limits (Max.) 

1 Overall Migration in Stimulant A (Ethanol, 10% v/v) mg/dm
2
 0.7 10 

2 Overall migration in Stimulant B (Acid, 3% v/v) mg/dm
2
 0.7 19 

3 Overall migration in Stimulant D2 mg/dm
2
 <5.0 10 

Table 3:  Overall migration of the oxo-biodegradable constituents 

 

5. Degradability 

 

The sample has been tested for degradability (abiotic and biotic) in accordance with the standards requirements: 

 

a) Abiotic degradation 

 

 The sample was tested for its potential to degrade in the presence of oxygen, heat, and/or light (abiotic 

degradation) by subjecting the oxo-biodegradable plastic sample to a weathering cycle consisting of 20 hours of 

Ultra Violet Cycle (UV type-A, 340nm, 0.89 W/M
2
) at 50ºC, followed by 4 hours condensation at 40ºC. The 

results after 900 hours (37.5 days) of such weathering led to 97% reduction of the plastic film molecular weight 

from 190,000 g/mol to 5,100 g/mol. 

 

Figure 1: Representation of plastic film 

 after 900 hours of weathering   

  

 

Figure 1:  Comparison of the MW distributions of Plastic 

            film sample at start (red line) and after 900 hours 

            (green line) 
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Test material Mw(g/mol) Mn (g/mol) Mw/Mn 

Original sample 190,000 44,500 4.3 

After 900 hours of 
weathering 

5,100 2,200 2.4 

 

Table 4:  Results of the weathering process 

 

Mw: Average molecular weight 

Mn: Average molecular number 

 

The above molecular weight analysis shows that the sample reached approximately 5,000 Daltons and an 

elongation at break below 5% which translates into an acceptable level of photo-oxidation necessary for the 

biotic test to proceed. 

 

b) Biotic degradation 

 

The residue from the Abiotic degradation process was used to perform the biodegradation analysis of the 

sample in accordance with the standards requirements, the film was weathered during 900 hours (=37.5 days) in 

a weathering cycle of 20 hours UVA exposure at 50ºC, followed by 4 hours condensation at 40ºC.  Due to this 

action the average molecular weight was reduced till a value of 5100 g/mol.  In triplicate study, 1.0g of the oxo-

biodegradation plastic sample residues was mixed with 500g of soil inoculum (pH=7.6, C/N=10, dry 

moisture=21%) and the test conducted at an incubation temperature of 21 ±1ºC for 782 days.  CO2 (ensuing 

from the aerobic biodegradation of the sample) was captured and quantified and the % biodegradation was 

calculated as its percentage of solid carbon/mineral carbon by formation of CO2.  Cellulose (reference material) 

was utilized as a reference test material. 

 

After 782 days of incubation reference item cellulose has reached a biodegradation percentage of 104.9%.  The 

biodegradation percentage above 100% is explained by a synergistic effect, called priming.  Biodegradation of 

test item weathered plastic film has proceeded further at a steady rate and an absolute biodegradation of 64% 

was measured. 

 

Test Series TOC 
 

Net CO2 
production 

Biodegradation (%) 

 (%) (mg/g test item) AVG STD REL 

Cellulose 41.8 1605 104.9 5.0 100.0 

Weathered Plastic 
Film 

62.3 1462 64.0 6.8 61.0 
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Table 5:   Total Organic Carbon percentage (TOC), net CO2 production and biodegradation percentage 

With AVG=average, STD=standard deviation, REL= relative biodegradation 

Figure 2:  Evolution of average biodegradation percentages  

 

6. Conclusions 

 

The percentage of biodegradability after 180 days was 3% ±1.8% and this was consistent with the lag phase rate 

of biodegradation of 2-5% in 180 days; then started to accelerate to an absolute biodegradation of 18.6% ±2% 

in exponential phase, then 54.5% ±5% after 686 days in classical phase and now 64% ± 6.8% after 782 days 

in saturation phase (Fig. 3).  The results are clearly consistent with the theoretical requirements of oxo-

biodegradable plastics where the mineralization curves from the soil experiment may be described by S-shaped 

curves showing four plain phases. 

 

Biodegradation varies between 2 and 5% after 180 days (lag phase), thereafter accelerates to 20% after 360 days 

(exponential phase), peaks to 60% after 540 days (classical phase), reaching 91% after 733 days (saturation 

phase).  If testing wasn’t stopped, biodegradation would have continued beyond the recorded values.  The 

results are clearly in compliance with theoretical requirements of oxo-biodegradable plastics where the 

mineralization curves from the soil experiment may be described by S-shaped curves showing four plain phases. 
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Figure 3:  Evolution of biodegradation of weathered plastic film 

 


