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Summary 
Newlight Technologies, Inc initiated a research study with the CSU, Chico Research Foundation 
to understand the biodegradation of their AirCarbon PHA straw and fork samples in the marine 
environment per ASTM D6691 test methods and to determine if they meet the biodegradation 
requirements in ASTM D7081.   

Two different samples were supplied by Newlight Technologies. The first was an AirCarbon PHA 
straw and the second sample was an AirCarbon PHA fork. The samples were placed in a one-
liter jar and held at 30°C for 182 days. 1 gram of AirCarbon PHA fork and straw samples were 
added to 100 ml of ocean water and approximately five grams of ocean soil in separate jars. 
The carbon dioxide was measured with a PASCO detector every week. The AirCarbon PHA straw 
sample biodegraded 49.79% and the AirCarbon PHA fork sample biodegraded 44.45% after 182 
days. 

The AirCarbon PHA straw and fork samples both met the biodegradation requirement in ASTM 
D7081 of exceeding 30% biodegradation in 180 days. Also, cellulose, the positive control, met 
the biodegradation requirement in ASTM D7081, but HDPE powder, the negative control, did 
not.  



Introduction 
Marine pollution is a worldwide environmental concern. Marine environmental pollution is 
regulated by the MARPOL treaty. The treaty prohibits disposal of any plastic waste in the 
oceans from ships and offshore platforms (Bastioli 2005).  

Petroleum based plastics can cause environmental concern because of the length of time for 
the floating plastics to disintegrate in ocean water. Polyethylene plastics, typically, will float in 
ocean water and can take 100 years to disintegrate completely. Polyethylene did not degrade in 
marine environment at a temperature of 30°C after 12 weeks (Bastioli 2005). While floating, 
low density polyethylene with UV-degradant deteriorated slower in a marine environment than 
on land (Andrady 1990). Photodegradable LDPE plastic ring connectors can degrade in marine 
and land environments with a 50% loss in properties in 12 months (Andrady et.al. 2003).  

Biodegradable plastics can biodegrade much faster than polyethylene due to its ability to 
absorb water and sink in ocean water. Though, only, PHA, PHB, and poly-e caprolactone were 
shown to biodegrade in marine environment (Bastioli 2005). Not all biodegradable plastics are 
marine biodegradable.  

In this research project, samples were tested for marine exposure. The procedure that was 
used was based upon ASTM D6691 as required by ASTM D7081.  ASTM D6691 is a test method 
for determining aerobic biodegradation of plastic materials in the marine environment by 
defined microbial consortium. ASTM D7081 is a standard specification for non-floating 
biodegradable plastics in marine environments. Both standards require that the amount of CO2 
that is generated during the degradation process be measured. The method and test results are 
better explained in the recent Sustainable Plastics book. (Greene 2014) 

A test sample would demonstrate satisfactory biodegradation if after 180 days 30% or more of 
the sample is converted to carbon dioxide. The sampling and specimen preparation are 
identical in both standards. The degradable samples were prepared according to ASTM D6691. 

In a previous study, Dr. Greene measured the biodegradation of PHA and PLA using ASTM 
D6691 test procedures. (Greene 2018). In that study, a small sample, approximately, 1 g, of 
each material was placed in a jar with 100 ml of ocean water. Ocean water was retrieved from 
Half Moon Bay beach in California. Water was held at 25°C for 30 days until testing. During the 
experiment, the temperature was maintained in an oven at 30°C.  

PLA and PHA were tested for biodegradation and the results are shown in Figure 1 below per 
ASTM D 6691. PHA and cellulose were shown to biodegrade more than 30% in 180 days. PLA 
and polyethylene did not biodegrade more than 30% in marine water at 30°C. We will use 
similar testing procedures in this study. 



Figure 1. Biodegradation of PLA, PHA, Cellulose, and polyethylene. 

ASTM Standards for Marine Biodegradation 
ASTM provides a two-step process to determine biodegradation. 

- The first step is a marine biodegradation test method, ASTM D6691.
- The second step is the certification of biodegradation, ASTM 7081.

Both ASTM standards are required to achieve certification of biodegradation in the marine 
environment. 

ASTM D6691 test method provides a description of the testing procedures that best simulate 
the marine environment and a method by which to measure biodegradation. ASTM D6691 test 
method is used to determine the degree and rate of aerobic biodegradation of plastic materials 
exposed to the indigenous population of existing sea water or synthesized sea water with pre-
grown population of at least ten aerobic marine microorganisms of known genera.  

The ASTM D6691 test method consists of preparing a uniform inoculum of marine water, 
exposing the test samples to the marine water, measuring biodegradation with a carbon 
dioxide respirometer or equivalent measurement method, and assessing the percentage of 
carbon conversion in the plastic to carbon dioxide. The testing is carried out at 30 +/- 2°C under 
controlled laboratory conditions for 180 days.   



ASTM D7081 is performance specification that establishes the performance requirements for 
biodegradation of plastic materials and products, including packaging, films, and coatings. The 
marine environment includes conditions of aerobic marine waters or anaerobic marine 
sediments, or both. This specification establishes the requirements for biodegradation of plastic 
materials that have rates that are similar to known compostable materials. The specification 
also specifies that the degradation of the plastic materials will not cause any harm to sea life or 
habitat. ASTM D7081 requires the use of ASTM D6691 test method to measure the amount of 
CO2 that is emitted from the degrading plastic sample while in the cool marine water.  

The test procedures for ASTM D7081 specifies that three types of tests are performed on the 
Aircarbon PHA samples: 

The first test measures the percentage of disintegration of the test samples while exposed to 
cool marine water conditions, described in ASTM D6691 test conditions. The test samples are 
weighed prior to exposure to test conditions. The test samples are placed in containers with 
ocean water. The test samples are exposed to aerobic marine water conditions of 30°C for 12 
weeks. The mass of the sample is measured after 12 weeks by passing the sample and marine 
water through a 2.0mm sieve. ASTM D7081 specifies that no more than 30% of the original dry 
weight of the material remains. 

The second test procedure for ASTM D7081 standard specifies that a satisfactory rate of 
biodegradation of the material that is under marine conditions of 30°C for 180 days that more 
than 30% of the carbon in the original sample is converted into CO2 as measured by a CO2 
respirometer or other measurement device. The details of the test procedures are listed in 
ASTM D6691 test method.  

The third test procedure for ASTM D7081 standard specifies that the product shall undergo 
toxicity testing with one of the following tests: Polytox, Microtox, fish acute toxicity, Daphnia 
acute toxicity, or Static Algal toxicity. The fourth test procedure for ASTM D7081 standard 
specifies that the sample shall have less than 25% of the regulated heavy metal concentrations 
that is specified in the country where the product is sold.  

A further requirement for ASTM D7081 is the material must meet ASTM D6400 which is a 
standard specification for labeling of plastics designed to be aerobically composted in municipal 
or industrial facilities must also be met. Similar to ASTM D7081, ASTM D6400 specifies its’ own 
tests that must be performed on Aircarbon® PHA samples such as disintegration and 
mineralization in aerobic compost and plant toxicity. 



Procedure 
The testing procedure for marine biodegradation was based upon ASTM D6691 and ASTM 
D7081 standards.  ASTM D6691 is a test method for determining aerobic biodegradation of 
plastic materials in the marine environment by defined microbial consortium. ASTM D7081 is a 
standard specification for non-floating biodegradable plastics in marine environments. Both 
standards also require that the amount of CO2 that is generated during the degradation 
process be measured. The method and test results are better explained in the recent 
Sustainable Plastics book. (Greene 2014) 

The test procedures for ASTM D6691 involve placing 20 mg of material sample with 75 ml of 
marine stock solution or natural sea water with inorganic nutrients are placed in 125-ml bottles 
in a sterile environment.  A minimum of 12 composting vessels are required for the test. We 
modified the amount of test sample to 1 g and 100 ml of ocean water to insure higher 
biodegradation results for the PASCO carbon dioxide detector.  The containers will be provided 
for the sample and the following material samples, blank, positive control, and negative 
control. The testing is completed in triplicate. The marine inoculum can be tested for marine 
ingredients. 

The marine biodegradation testing procedure according to ASTM D6691 test method is as 
follows:  

1. Retrieve ocean water from a beach in California, e.g., Santa Cruz, CA.
2. Place ocean water in the oven at 30°C for 1 week to stabilize it.
3. Add 100 ml of ocean water and 5 g of ocean soil to a one-liter jar with a tight seal for:

a. each sample in triplicate,
b. blank sample in triplicate,
c. cellulose positive control in triplicate, and
d. polyethylene powder negative control in triplicate.

4. Add 1 gram of sample to the ocean water in the one-liter jar.
5. Add 1 gram of Avicell microcellulose powder to the ocean water in the one-liter jar.
6. Add 1gram of polyethylene powder to the ocean water in the one-liter jar.
7. Place in oven at 30°C.
8. On a weekly basis, calibrate the PASCO IR CO2 detector.
9. On a weekly basis, measure the carbon dioxide in the jar by placing the IR probe in the

jar, just above the water.
10. Replace the jar back in the oven.



Figure 2. Testing jars in the experimental environment for the AirCarbon PHA 
fork and straw samples. 

Figure 3. AirCarbon PHA fork sample in 100 ml of ocean water at the end of the test. 



Figure 4. AirCarbon PHA straw sample in 100 ml of ocean water at the end of the test. 

Biodegradation Calculations 

The results of ppm for each sample was used to determine the percentage of biodegradation 
according to the following: 

1. Measure the ppm of the sample.
2. Convert the ppm to volume percentage in the 250 ml jar by 100 ppm = 0.01%.
3. Calculate the volume of CO2.
4. Calculate the grams of CO2 by multiplying the volume by the density of CO2, (1.98 kg/m3)
5. Determine the amount of carbon in the materials from the chemical formula
6. Determine the biodegradation by dividing the grams of carbon produced in the experiment

by the grams of carbon in the sample (0.7g) and multiplying by 100%.



Results 
The results of the experiment are shown in Figure 5. 

The AirCarbon PHA Straw sample biodegraded 49.79% after 182 days in ocean water and met 
the biodegradation requirement in ASTM D7081 of exceeding 30% biodegradation in 180 days. 

The AirCarbon PHA Fork sample biodegraded 44.45% after 182 days in ocean water and met 
the biodegradation requirement in ASTM D7081 of exceeding 30% biodegradation in 180 days. 

The positive control of cellulose biodegraded 32% after 182 days in ocean water and met the 
biodegradation requirement in ASTM D7081 of exceeding 30% biodegradation in 180 days. 

The polyethylene negative control biodegraded 0.56% after 182 days in ocean water and 
therefore does not meet the biodegradation requirement in ASTM D7081 of exceeding 30% 
biodegradation in 180 days. 

Figure 5. Biodegradation of PHA straw and fork samples. 

0

10

20

30

40

50

60

-18 32 82 132 182

%
 B

io
de

gr
ra

da
tio

n
(%

Co
nv

er
sio

n 
CO

2)

Days

Marine Biodegradation per ASTM D6691  
Newlight AirCarbon PHA Fork and Straw 

Start: 10-19-19
PHA Straw PA Fork Cellulose HDPE

Pass
Fail

PHA Fork



Conclusions 
The results show that the AirCarbon PHA fork and straw samples biodegraded more than 30% 
in 180 days. The AirCarbon PHA fork and straw samples met the biodegradation specification 
in ASTM D7081. The Avicell microcellulose positive control and AirCarbon PHA products met 
the biodegradation requirements of ASTM D7081. The polyethylene plastic did not meet the 
biodegradation requirements of ASTM D7081. 
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