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OECD 301B: Ready Biodegradability Assay 

 

Tradename: AC Kerazyme® 

 

Code: 16594 

 

CAS #: 69430-36-0 & 999999-99-4 

 

Test Request Form #: 7414 

 

Lot #: 72527P 

 

Sponsor: Active Concepts, LLC; 107 Technology Drive Lincolnton, NC 28092 

Study Director: Maureen Danaher  

Principal Investigator: Michael Hovis 

 

Test Performed: 

OECD 301 B: Ready Biodegradability – CO2 Evolution (Modified Sturm Test) 

 

 

Introduction 

A study was conducted to assess the ready biodegradability of AC Kerazyme® in an aerobic aqueous medium. In the OECD 

guideline 301 for ready biodegradability, six methods are provided as options. This report uses method B, CO2 Evolution, 

also known as a Modified Sturm Test. This method was chosen based on the solubility, volatility, and adsorbing capabilities 

of the test sample. 

 

 

Assay Principle 

A solution or suspension of the test substance in a mineral medium is inoculated and incubated under aerobic conditions 

in the dark or in diffuse light. The amount of DOC (Dissolved Organic Carbon) in the test solution due to the inoculum should 

be kept as low as possible compared to the amount of organic carbon due to the test substance. Allowance is made for the 

endogenous activity of the inoculum by running parallel blanks with inoculum but without test substance. A reference 

compound is run in parallel to check the procedures’ operation. 

 

In general, degradation is followed by the determination of parameters such as DOC, carbon dioxide production, and oxygen 

uptake. Measurements are taken at sufficiently frequent intervals to allow the identification of the beginning and end of 

biodegradation.  

 

Normally this test lasts for 28 days, but it may be ended before that time if the biodegradation curve reaches a plateau for 

at least three determinations. Tests may also be prolonged beyond 28 days when the curve shows that biodegradation has 

started but the plateau has not yet been reached. In such cases the test substance would not be classified as readily 

biodegradable. 

 

The pass levels for ready biodegradability are 70% removal of DOC and 60% of ThOD (Theoretical Oxygen Demand) or ThCO2 

(Theoretical Carbon Dioxide) production for respirometric methods. They are lower in the respirometric methods since, as 

some of the carbon from the test chemical is incorporated into new cells, the percentage of CO2 produced is lower than 

the percentage of carbon being used. These pass values have to be reached in a 10-day window within the 28-day period 

of the test. The 10-day window begins when the degree of biodegradation has reached 10% DOC, ThOD, or ThCO2 and must 

end before day 28 of the test. Test substances which reach the pass levels after the 28-day period are not deemed to be 

readily biodegradable. 
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In order to check the procedure, reference compounds which meet the criteria for ready biodegradability are tested by 

setting up an appropriate vessel in parallel as part of normal test runs. Suitable compounds are freshly distilled aniline, 

sodium acetate, and sodium benzoate. These compounds all degrade in this method even when no inoculum is deliberately 

added.  Because of the nature of biodegradation and of the mixed bacterial populations used as inocula, determinations 

should be carried out at least in duplicate. It is usually found that the larger the concentration of microorganisms initially 

added to the test medium, the smaller the variation between replicates. 

 

 

Materials 

A. Water 

a. Deionized or distilled, free from inhibitory concentrations of toxic substances 

b. Must contain no more than 10% of the organic carbon content introduced by the test material 

c. Use only one batch of water for each series of tests 

B. Mineral Media 

a. To prepare the mineral medium, mix 10 mL of solution A with 800 mL water. Then add 1 mL each of 

solutions B, C, and D and make up to 1 liter with water. 

b. Solution A (Dissolve in water and make up to 1 liter; pH 7.4) 

i. Potassium dihydrogen orthophosphate, KH2PO4………………..……………………………….....8.5 g 

ii. Dipotassium hydrogen orthophosphate, K2HPO4………………………………………….21.8 g 

iii. Disodium hydrogen orthophosphate dehydrate, Na2HPO4.2H2O....................................33.4 g 

iv. Ammonium chloride, NH4Cl…………………………………………………………………....0.5 g 

c. Solution B (Dissolve in water and make up to 1 liter) 

i. Calcium chloride, anhydrous, CaCl2………………………………………………….……27.5 g 

Or 

ii. Calcium chloride dehydrate, CaCl2.2H2O…………………………………………………36.4 g 

d. Solution C (Dissolve in water and make up to 1 liter) 

i. Magnesium sulphate heptahydrate, MgSO4.7H2O…………………22.5 g 

e. Solution D (Dissolve in water and make up to 1 liter.) 

i. Iron (III) chloride hexahydrate, FeCl3.6H2O………………………………………………...0.25 g 

f. Flasks, 2-5 liters each, fitted with aeration tubes reaching nearly to the bottoms of the vessels and an outlet 

g. Magnetic stirrers, gas absorption bottles, and a device for controlling and measuring air flow 

h. Apparatus for carbon dioxide scrubbing, for preparation of air which is free from carbon dioxide; 

alternatively, a mixture of CO2-free oxygen and CO2-free nitrogen from gas cylinders in the correct 

proportions (20% O2 : 80% N2) 

i. Device for determination of carbon dioxide, either titrimetrically or by some form of inorganic carbon 

analyzer 

j. Stock solutions of test substances 

i. When solubility of the substance exceeds 1 g/L, dissolve 1-10 g, as appropriate, of test or reference 

substance in water and make up to 1 liter. Otherwise, prepare stock solutions in mineral medium 

or add the chemical directly to the mineral medium 

k. Inoculum 

i. The inoculum may be derived from the following sources: 

1. Activated sludge, sewage effluents, surface waters, soils, or a mixture of these 

ii. Inoculum may be pre-conditioned to the experimental conditions, but not pre-adapted to the test 

substance. Pre-conditioning consists of aerating activated sludge in mineral medium or secondary 

effluent for 5-7 days at the test temperature. Pre-conditioning sometimes improves the precision 

of the test method by reducing blank values. 
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Methods 

A. Preparation of Flasks 

As an example, the following volumes and weights indicate the values for 5-liter flasks containing 3 liters of 

suspension. If smaller volumes are used, modify the values accordingly. 

a. To each 5-liter flask, add 2,400 mL mineral medium. 

b. Add an appropriate volume of the prepared activated sludge to give a concentration of suspended solids 

of not more than 30 mg/L in the final 3 liters of inoculated mixture. Alternatively, first dilute the prepared 

sludge to give a suspension of 500-1000 mg/L in the mineral medium before adding an aliquot to the 

contents of the 5-liter flask to attain a concentration of 30 mg/L. 

c. Aerate these inoculated mixtures with CO2-free air overnight to purge the system of carbon dioxide. 

d. Add the test material and reference compound, separately, as known volumes of stock solutions, to 

replicate flasks to yield concentrations, contributed by the added chemicals, of 10 – 20 mg DOC or TOC per 

liter. Leave some flasks without addition of chemicals as inoculum controls. Add poorly soluble test 

substances directly to the flasks on a weight or volume basis. Make up the volumes of  

suspensions in all flasks to 3 liters by the addition of mineral medium previously aerated with CO2-free air. 

e. If required, use one flask to check the possible inhibitory effect of the test substance by adding both the 

test and reference substances at the same concentrations as present in the other flasks. 

f. If required, check whether the test substance is degraded abiotically by using a sterilized uninoculated 

solution of the chemical. Sterilize by the addition of a toxic substance at an appropriate concentration. 

g. If barium hydroxide is used, connect three absorption bottles, each containing 100 mL of 0.0125M barium 

hydroxide solution, in series to each 5-liter flask. The solution must be free of precipitated sulfate and 

carbonate and its strength must be determined immediately before use.  

h. If sodium hydroxide is used, connect two traps, the second acting as a control to demonstrate that all the 

carbon dioxide was absorbed in the first. Absorption bottles fitted with serum bottle closures are suitable. 

Add 200 mL 0.05M sodium hydroxide to each bottle. This is sufficient to absorb the total quantity of carbon 

dioxide evolved when the test substance is completely degraded. 

i. In a typical run, the following flasks are used: 

i. Flasks 1 & 2: containing test substance and inoculum (test suspension) 

ii. Flasks 3 & 4: containing only inoculum (inoculum blank) 

iii. Flask 5: containing reference compound and inoculum (procedure control) 

iv. Flask 6: containing test substance and sterilizing agent (abiotic sterile control) 

v. Flask 7: containing test substance, reference compound and inoculum (toxicity control) 

 

B. Start the test by bubbling CO2-free air through the suspensions at a rate of 30-100 mL/minute. 

 

C. CO2 Determination 

a. It is mandatory to follow the CO2 evolution from the test suspensions and inoculum blanks in parallel and 

it is advisable to do the same for the other test vessels. 

b. During the first ten days it is recommended that analyses of CO2 should be made every second or third day 

and then at least every fifth day until the 28th day so that the 10-day window period can be identified. On 

the days of CO2 measurement, disconnect the barium hydroxide absorber closest to the test vessel and 

titrate the hydroxide solution with 0.05M HCl using phenolphthalein as the indicator. 
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c. Move the remaining absorbers one place closer to the test vessel and place a new absorber containing 100 

mL fresh 0.0125M barium hydroxide at the far end of the series. Make titrations are needed (for example, 

when substantial precipitation is seen in the first trap and before any is evident in the second, or at least 

weekly). Alternatively, with NaOH as absorbent, withdraw a sample of the sodium hydroxide solution from 

the absorber nearest to the test vessel using a syringe. The sample volume needed will depend on the 

carbon analyzer used, but sampling should not significantly change the absorbent volume over the test 

period. Inject the sample into the IC part of the carbon analyzer for analysis of evolved carbon dioxide 

directly. Analyze the contents of the second trap only at the end of the test in order to correct for any 

carry-over of carbon dioxide. 

d. On the 28th day withdraw samples, optionally, for DOC and/or specific chemical analysis. Add 1 mL of 

concentrated hydrochloric acid to each test vessel and aerate them overnight to drive off the carbon 

dioxide present in the test suspensions. On day 29 make the last analysis of evolved carbon dioxide. 

 

 

Data and Reporting 

A. Treatment of Results 

a. Data from the test should be entered onto the attached data sheet. 

b. The amount of CO2 produced is calculated from the amount of base remaining in the absorption bottle. 

When 0.0125M Ba(OH)2 is used as the absorbent, the amount remaining is assessed by titrating with 0.05M 

HCl. 

c. Since 1 mmol of CO2 is produced for every mol of Ba(OH)2 reacted to BaCl2 and 2 mmol of HCl are needed 

for the titration of the remaining Ba(OH)2 and given that the molecular weight of CO2 is 44 g, the weight of 

CO2 produced (in mg) is calculated by: 

 

0.05 × (50 −𝑚𝑚𝑚𝑚 𝐻𝐻𝐻𝐻𝐻𝐻 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇) × 44

2
 = 1.1 × (50−𝑚𝑚𝑚𝑚 𝐻𝐻𝐻𝐻𝐻𝐻 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇) 

 

d. Therefore, the factor to convert volume of HCl titrated to mg CO2 produced is 1.1 in this case. Calculate 

the weights of CO2 produced from the inoculum alone and from the inoculum plus test substance using 

the respective titration values. The difference is the weight of CO2 produced from the test substance alone. 

e. The percentage biodegradation is calculated from: 

 

% 𝐷𝐷𝑇𝑇𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 =  
𝑚𝑚𝐷𝐷 𝐻𝐻𝐶𝐶2 𝑃𝑃𝑇𝑇𝐷𝐷𝑇𝑇𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑇𝑇ℎ𝐻𝐻𝐶𝐶2 × 𝑚𝑚𝐷𝐷 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑃𝑃𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝑃𝑃𝑇𝑇 𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  × 100 

 Or 

% 𝐷𝐷𝑇𝑇𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 =  
𝑚𝑚𝐷𝐷 𝐻𝐻𝐶𝐶2 𝑃𝑃𝑇𝑇𝐷𝐷𝑇𝑇𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇𝑚𝑚𝐷𝐷 𝑇𝑇𝐶𝐶𝐻𝐻 𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝐷𝐷 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 × 3.67

 × 100 

 
  Where 3.6 is the conversion factor (44:12) for carbon to carbon dioxide 

 

f. When NaOH is used as the absorbent, calculate the amount of CO2 produced after any time interval from 

the concentration of inorganic carbon and the volume of absorbent used. Calculate the percentage 

degradation from: 

 

% 𝑇𝑇ℎ𝐻𝐻𝐶𝐶2 =  
𝑚𝑚𝐷𝐷 𝐼𝐼𝐻𝐻 𝑓𝑓𝑇𝑇𝐷𝐷𝑚𝑚 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐻𝐻𝑇𝑇𝑇𝑇𝐹𝐹 −𝑚𝑚𝐷𝐷 𝐼𝐼𝐻𝐻 𝑓𝑓𝑇𝑇𝐷𝐷𝑚𝑚 𝐵𝐵𝐻𝐻𝑇𝑇𝐷𝐷𝐹𝐹𝑚𝑚𝐷𝐷 𝑇𝑇𝐶𝐶𝐻𝐻 𝐴𝐴𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑆𝑆𝑃𝑃𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝑃𝑃𝑇𝑇𝑇𝑇  × 100 
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g. Display the course of degradation graphically and indicate the 10-day window. Calculate and report the 

percentage removal achieved at the plateau, at the end of the test, and/or at the end of the 10-day 

window, whichever is appropriate. 

h. When appropriate, calculate DOC removals using the equation given in 301 A paragraph 27. 

i. When an abiotic control is used, calculate the percentage abiotic degradation by: 

 

% 𝐴𝐴𝑆𝑆𝑇𝑇𝐷𝐷𝑇𝑇𝑇𝑇𝑃𝑃 𝐷𝐷𝑇𝑇𝐷𝐷𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐷𝐷𝐷𝐷 =  
𝐻𝐻𝐶𝐶2 𝑃𝑃𝑇𝑇𝐷𝐷𝑇𝑇𝑃𝑃𝑃𝑃𝑇𝑇𝑇𝑇 𝑆𝑆𝑏𝑏 𝑆𝑆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝐻𝐻𝑇𝑇 𝐹𝐹𝐻𝐻𝑇𝑇𝑇𝑇𝐹𝐹 𝐴𝐴𝑓𝑓𝑇𝑇𝑇𝑇𝑇𝑇 28 𝐷𝐷𝑇𝑇𝑏𝑏𝑇𝑇 (𝑚𝑚𝐷𝐷)𝑇𝑇ℎ𝐻𝐻𝐶𝐶2 (𝑚𝑚𝐷𝐷)

 × 100 

 

Validity of Tests 

The IC content of the test substance suspension in the mineral medium at the beginning of the test must be less than 5% 

of the TC, and the total CO2 evolution in the inoculum blank at the end of the test should not normally exceed 40 mg/L 

medium. If values > 70 mg CO2/L are obtained, the data and experimental technique should be examined critically. 

 

 

Data 

Laboratory Active Concepts Tissue Culture Laboratory 

Test Start Date 04/13/2020 

Test Substance 

Name AC Kerazyme® 

Stock Solution Concentration 2 g/L 

Initial Concentration in Medium 20 mg/L 

Inoculum 

Source Activated Sludge 

Treatment Given Centrifugation 

Pre-conditioning N/A 

Suspended Solids Concentration in 

Reaction Mixture 
4 mg/L 

Reference Material Sodium Benzoate Concentration 20 mg/L 

CO2 Production and 

Degradability 
Method 

Ba(OH)2 0.0125M 

NaOH N/A 

Other N/A 

Total Contact Time 28 Days 

Total CO2 Evolved 

Measurements 
Days 2, 4, 11, 17, 23, 28 

Degradation Over Time 90.7% and 92.1% after 28 days 

Remarks Test material was readily biodegradable 

Conclusion This test met the criteria for a valid assay 

 

 

Discussion 

Based on the testing conducted in accordance with the specified test method, AC Kerazyme® achieved 91.4% 

biodegradation after 28 days of testing. The product met method requirements for the Readily Biodegradable classification. 
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