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APPENDIX A 

 

Theory of the Biodegradation Testing  

(According to ISO14855-1) 

 

ISO14855-1: 2005 (Determination of the ultimate aerobic biodegradability of plastic 

materials under controlled composting conditions – Method by analysis of evolved 

carbon dioxide - Part 1: General Method) 

 

Criteria for evaluations 

a) Percentage of biodegradation cellulose (positive control) obtained 

more than 70%  

    Yes      No 

b) Percentage of biodegradation cellulose (positive control) 2 times error  

 20% 

    Yes      No 

c) Blank period time 10 fist days obtained CO2 occurred between 50 to 

150 mg/1 g dry solid  

    Yes      No 

 

A. Standard Test Method 

 ISO 14855-1: 2005 

B. ScopeDetermination of the ultimate aerobic biodegradability of PBS and 

PBS/CAB/Paraplex G40 (70/30/10) and CAB under composting conditions. 
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C. Theory 

 Determination aerobic biodegradation of plastic materials under controlled 

composting conditions in a laboratory-scale test according to ISO 14855-1.  Grinded 

sample into powder pellet were mixed in controlled compost.  The biodegradation test 

was performed in a controlled compost at 58 2 C for 90 days and the moisture 

content of the compost was adjusted to about 50-55%.  The concentration of oxygen 

in the reactor was not lower than 6%.  The degree of biodegradation of the sample 

was determined by measure the amount of carbon dioxide evolution. 

D. Environmentally Controlled 

 The reactors were kept in a dark at an average temperature of 58 2 C. 

 

E. Chemicals and Apparatus  

 1. Cellulose powder of thin-layer chromatography grade with particle size of 

less than 20 m (cellulose microcrystalline; Merck, Germany). 

 2. LDPE (SCG Plastics Company Ltd.) exhibits a density 0.923 g/cm
3, 

and 

melt flow index of 1.7 g/10 min at 190 C and 2.16 kg load. 

 3. Sodium hydroxide (NaOH) GR Analysis grade was purchased from 

Merck Chemical (Germany) 

 4. As bioreactors, glass flasks of 2 liters internal volume were used. 

 

F. Apparatus 

 Composting apparatus set-up shown in Figure A.1 
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Figure A.1  Schematic of set-up using carbon dioxide-trapping apparatus. 

 

G. Procedure 

G.1 Compost Inoculum 

 Three-month-old compost inoculum was used for biodegradation purpose 

and its had the following characteristics shown in Table A1. 

Table A.1  The characteristics of compost inoculum. 

Compost 

inoculum 

(g) 

Dry solids content 

(g) 

Moisture  

content (g) 

Volatile solids 

content (g) 

757.70 360.13 397.57 146.00 

 

G.2 Test Sample 

Sample   :  PBS 

  : PBS/CAB/PG40 (70/30/10) 

  :  CAB 
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                                       PBS 

   

                                                  PBS/CAB/PG40 (70/30/10) 

                         
Figure A.2  Physical appearance of sample testing: a) sample obtained and b) sample 

for   testing (< 1000 m). 

Positive Control  : Cellulose (Cellulose microcrystalline) 

Negative Control  : LDPE (Low density polyethylene) 

 Age of compost  : 3 month 

 Size of Vessel   : 2 litter 

 Test method   : determination of carbon dioxide occur 

 Standard method  : ISO14855-1 (2005) 

 

 

a b 

a b 
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G.3 Experimentally 

 Biodegradation test on polymeric plastics and their starting materials were 

carried out in a laboratory scale-compost experiment.  The compost was sieved 

through a 10 mm and inert materials such as glass, stone and metal were removed.  

It’s had the following characteristics: total solids, volatile solids; pH 7.55.  Cellulose 

power of thin-layer chromatography grade with a particle size less than 20 m 

(cellulose microcrystalline) was used as a reference material (i.e., positive control).  

The sample were grinded into powder particle size of less than 1000 m  The 

compost (360 g, dry weight) and sample/reference (60 g, dry weight) were mixed 

throughly and place inside a glass reactor.  The ratio of dry mass of compost to dry 

mass of sample or reference was about 6:1.  Each blank consisted of  the compost 

only, containing about 360 g (dry weight) to determine the respiration activity of this 

compost.  The experimental replicates of the tested materials or blank were two 

(diplicate).  The set of bioreactors was exposed to humidified air free of CO2 gas for a 

test period of 90 days at a constant temperature of 58  2 C.  The moisture content of 

the compost was adjusted to about 50-55% by the deionized water and the C/N ratio 

range between 10 and 40.  The concentration of oxygen in the reactor was not lower 

than 6% at all times.  Check CO2 and O2 concentrations in the outgoing air at least 

daily with a minimum time interval of 6 hour after the first week for the reminder of 

the test.  Check air flow daily before the composting vessels and at the outlets, 

ensuring that no leaks are present in the complete system. Adjust air flow to maintain 

a CO2 concentration of at least 2% volume over volume to allow accurate 

determination of CO2 level in exhaust air.  The degree of biodegradation were 

calculated resporation CO2 amount determined from a blank, and theorectical 

produced CO2 amount of the added sample.  The amount of CO2 gas evolved was 

measured using cumulative (tritration method).  The CO2 evolved from the bioreactor 

was absorbed in 1000 ml of 0.5 N NaOH solution and determined by titration with 

0.1 N hydrochloric acid. 
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Table A.2  The composition of compost and sample/reference in the bioreactors. 

Bioreactor 
Compost Sample 

Wet weight (g) Dry weight (g) Wet weight (g) Dry weight (g) 

Blank  757.70 360.13 - - 

Cellulose 

(Positive Control) 

757.51 360.07 63.00 60.00 

LDPE 

(Negative Control) 

772.29 420.05 70.23 70.14 

CAB 772.69 420.27 70.02 69.21 

PBS 757.39 360.01 61.61 60.00 

PBS/CAB/Paraplex G40 

(70/30/10) 

757.66 360.14 61.00 60.00 

 

G.4 Test Period 

 The period of the composting studies was 3 months (90 days). 

 

H. Calculation 

 Determine volatile solid, organic carbon and the theoretical carbon dioxide 

(ThCO2) of all test substances are shows data in Table A.4.  The determination total 

carbon content of the test material by elemental analysis. 

 Determination of the theoretical quantity of carbon dioxide (ThCO2) 

evaluation of polymer samples (include positive control and negative control) to be 

calculation as follow equation (1): 

 ThCO2   =   MTOT x CTOT x 44/12 ………………...……………………... (1) 

where MTOT is the total dry solids in grams of test material, introduced into 

composting vessels at start of the test;  CTOT is the proportion of total organic carbon 

in the dry solids in the test material in grams.  

 Determination of the percentage biodegradability was calculated by 

comparing the amount of car dioxide in the sample (include positive control and 

negative control) with the blank by following equation (2): 

 %Biodegradation = [(CO2)T – (CO2)B] x 100 / ThCO2 …………………. (2) 
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 where (CO2)T is the cumulative amount of CO2 evolved in each composting 

vessel containing the test material in grams; (CO2)B is the cumulative amount of CO2 

evolved in blank (inoculums) vessel in grams; ThCO2 is the theoretical carbon dioxide 

evolved, based on total carbon in sample. 

 

Table A.3  Evaluation volatile solid, organic carbon and theoretical carbon dioxide 

(ThCO2) of all the test substances. 

Sample 
Dry solids 

(%) 

Moisture 

(%) 

Volatile 

solids  

(%) 

Total organic 

carbon content  

(%) 

 ThCO2 

 (CO2 g/100 g) 

sample) 
Cellulose  

(Positive control) 

95.24 4.76 100.00 43.52 159.57 

LDPE 

(Negative control) 

99.87 0.13 99.98 86.48 317.09 

CAB 98.84 1.16 99.94 56.86 208.47 

PBS 97.39 2.61 99.99 57.02 209.07 

PBS/CAB/PG40  

(70/30/10) 

98.36 1.64 99.95 58.28 213.69 

 

I. Results 

 The cumulative CO2 production and %biodegradation of all test substances 

are shows in Table A.4 and A.5.  Graph cumulative production of 
14

CO2 and 

%biodegradation of sample and reference as shown in Figure A3., A.4 and A.5, 

respectively. 
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Table A.4  Cumulative CO2 production and %biodegradation of blank, cellulose and 

LDPE. 

Days 

Cumulative CO2 production (g) 
 

%Biodegradation (%) 

Blank Cellulose LDPE Net Cellulose 
Net  

LDPE 
Cellulose LDPE 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 2.19 2.97 2.93 0.78 1.82 0.81 0.82 

2 3.21 6.71 3.96 3.50 2.16 3.66 0.97 

3 4.52 20.63 5.39 16.11 2.98 16.82 1.34 

4 5.55 30.78 6.13 25.23 3.20 26.35 1.44 

5 6.52 37.78 6.80 31.26 3.36 32.65 1.51 

6 7.34 42.37 - 35.03 - 36.59 - 

7 8.23 46.51 7.89 38.28 3.38 39.98 1.52 

8 9.13 50.57 - 41.44 - 43.28 - 

10 10.60 56.35 9.20 45.75 3.27 47.78 1.47 

12 12.11 62.01 9.82 49.90 3.09 52.11 1.39 

14 13.57 67.55 10.50 53.98 3.05 56.38 1.37 

17 15.72 74.89 - 59.17 - 61.80 - 

20 17.74 80.94 - 63.20 - 66.00 - 

23 20.47 87.82 - 67.35 - 70.34 - 

26 22.00 90.54 - 68.54 - 71.58 - 

30 24.35 95.43 14.92 71.08 2.42 74.24 1.09 

35 27.81 102.12 15.84 74.31 2.07 77.61 0.93 

40 29.86 106.04 16.52 76.18 1.51 79.56 0.68 

45 32.27 110.39 17.73 78.12 1.20 81.59 0.54 

50 34.63 114.41 18.73 79.78 1.22 83.32 0.55 

55 36.81 118.03 19.77 81.22 0.76 84.83 0.34 

59 38.50 120.70 - 82.20 - 85.85 - 

65 40.53 124.04 21.03 83.51 -0.02 87.22 -0.01 

70 42.18 126.50 21.72 84.32 -0.44 88.06 -0.20 

75 43.95 129.15 22.41 85.20 -0.85 88.98 -0.38 

80 45.68 131.51 23.25 85.83 -1.13 89.64 -0.51 

85 47.69 134.35 23.90 86.66 -1.47 90.51 -0.66 

90 49.31 136.88 24.82 87.57 -1.60 91.46 -0.72 

net CO2 = CO2,material - CO2,blank 
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Table A.5  Cumulative CO2 production and %biodegradation of blank, PBS, sample 

(PBS/CAB/Paraplex G40) and CAB. 

Days 

Cumulative CO2 production (g) %Biodegradation (%) 

Blank PBS sample CAB Net PBS 
Net 

Sample 

Net 

CAB 
PBS Sample CAB 

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

1 2.19 3.06 4.47 1.43 0.87 2.28 0.32 0.69 1.78 0.22 

2 3.21 4.34 6.63 2.22 1.13 3.42 0.42 0.90 2.67 0.29 

3 4.52 6.79 8.93 2.96 2.27 4.41 0.55 1.81 3.44 0.38 

4 5.55 9.11 10.56 3.59 3.56 5.01 0.66 2.84 3.91 0.46 

5 6.52 11.54 12.02 4.25 5.02 5.50 0.81 4.00 4.29 0.56 

6 7.34 13.56 13.23 - 6.22 5.89 - 4.96 4.59 - 

7 8.23 15.89 14.46 5.48 7.66 6.23 0.97 6.11 4.86 0.67 

8 9.13 18.34 15.71 - 9.21 6.58 - 7.34 5.13 - 

10 10.60 22.32 17.66 7.16 11.72 7.06 1.23 9.34 5.51 0.85 

12 12.11 26.66 19.59 8.06 14.55 7.48 1.33 11.60 5.83 0.92 

14 13.57 31.18 21.46 8.72 17.61 7.89 1.27 14.04 6.15 0.88 

17 15.72 37.81 24.13 - 22.09 8.41 - 17.61 6.56 - 

20 17.74 44.78 26.75 - 27.04 9.01 - 21.56 7.03 - 

23 20.47 54.70 30.16 - 34.23 9.69 - 27.29 7.56 - 

26 22.00 60.62 31.87 - 38.26 9.87 - 30.50 7.70 - 

30 24.35 69.70 34.99 11.89 45.35 10.64 -0.61 36.15 8.30 -0.42 

35 27.81 85.09 39.61 14.12 57.28 11.80 0.35 45.66 9.20 0.24 

40 29.86 92.94 42.36 15.69 63.08 12.50 0.68 50.29 9.75 0.47 

45 32.27 102.59 45.69 17.8 70.32 13.42 1.27 56.06 10.47 0.88 

50 34.63 111.39 48.99 18.69 76.76 14.36 1.18 61.19 11.20 0.82 

55 36.81 119.05 51.99 20.15 82.24 15.18 1.14 65.56 11.84 0.79 

59 38.50 124.59 54.45 - 86.09 15.95 - 68.63 12.44 - 

65 40.53 129.88 57.35 23.08 89.35 16.82 2.03 71.23 13.12 1.41 

70 42.18 133.74 59.63 24.38 91.56 17.45 2.22 72.99 13.61 1.54 

75 43.95 137.64 62.27 25.63 93.69 18.32 2.37 74.69 14.29 1.64 

80 45.68 141.14 64.64 26.63 95.46 18.96 2.25 76.10 14.79 1.56 

85 47.69 145.51 67.55 27.97 97.82 19.86 2.60 77.98 15.49 1.80 

90 49.31 149.25 70.34 29.19 99.94 21.03 2.77 79.67 16.40 1.92 

net CO2 = CO2,material - CO2,blank 
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 Figure A.3  Net cumulative CO2 production as a function of time for Blank(), 

 cellulose ( ), LDPE ( ), CAB( ), PBS(), 70/30/10 ( ). 
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Figure A.4  Net cumulative CO2 production as a function of time for cellulose ( ), 

LDPE ( ), CAB( ), PBS(), 70/30/10 ( ). 
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Figure A.5 Degree of biodegradation as a function of time for cellulose ( ), LDPE  

( ), CAB( ), PBS(), 70/30/10 ( ). 
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APPENDIX B 

SUPPORTING PROCEEDING 

 

The Pure and Applied Chemistry International 

Conference (PACCON 2012) 

 

 

 

“Formulation Development for Biodegradable 

Poly(butylene succinate) Based Film” 

 
 

11-13 January 2012 

 

 

 

at 

Chiang Mai 

Thailand 

 

 
 

Poster Presentation 
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