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C. 12. BIODEGRADATION 
 

MODIFIED SCAS TEST 
 

 
1. METHOD 
 
1.1. Introduction 
 
The purpose of the method is the evaluation of the potential ultimate biodegradability of water-soluble, 
non-volatile organic substances when exposed to relatively high concentrations of micro-organisms 
over a long time period. The viability of the microorganisms is maintained over this period by daily 
addition of a settled sewage feed. (For weekend requirements, the sewage may be stored at 4 °C. 
Alternatively, the synthetic sewage of the OECD confirmatory test may be used.) 
 
Physico-chemical adsorption on the suspended solids may take place and this must be taken into 
account when interpreting results (see 3.2). 
 
Because of the long detention period of the liquid phase (36 hours), and the intermittent addition of 
nutrients, the test does not simulate those conditions experienced in a sewage treatment plant. The 
results obtained with various test substances indicate that the test has a high biodegradation potential.  
 
The conditions provided by the test are highly favourable to the selection and/or adaptation of micro-
organisms capable of degrading the test compound. (The procedure may also be used to produce 
acclimatized inocula for use in other tests.) 
 
In this method, the measure of the concentration of dissolved organic carbon is used to assess the 
ultimate biodegradability of the test substances. It is preferable to determine DOC after acidification 
and purging rather than as the difference of Ctotal - Cinorganic. 
 
The simultaneous use of a specific analytical method may allow the assessment of the primary 
degradation of the substance (disappearance of the parent chemical structure). 
 
The method is applicable only to those organic test substances which, at the concentration used in the 
test: 
 
-are soluble in water (at least 20 mg dissolved organic carbon/litre), 
 
-have negligible vapour pressure, 
 
-are not inhibitory to bacteria, 
 
-do not significantly adsorb within the test system, 
 
-are not lost by foaming from the test solution. 
 
The organic carbon content of the test material must be established.  
 
Information on the relative proportions of the major components of the test material will be useful in 
interpreting the results obtained, particularly in those cases where the results are low or marginal. 
 
Information on the toxicity to microorganisms of the substance may be useful to the interpretation of 
low results and in the selection of an appropriate test concentration.  
 
1.2. Definitions and units 
 
CT = concentration of test compound as organic carbon as present in or added to the settled sewage at 

the start of the aeration period (mg/litre),  
 
Ct = concentration of dissolved organic carbon found in the supernatant liquor of the test at the end of 

the aeration period (mg/litre), 
 
Cc = concentration of dissolved organic carbon found in the supernatant liquor of the control at the end 

of the aeration period (mg/litre).  
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The biodegradation is defined in this method as the disappearance of the organic carbon. The 
biodegradation can be expressed as: 
 
1. The percentage removal Dda of the amount of substance added daily: 

100x
C

)CC(C
D

T

ctT
da

−−
=              [1] 

where Dda = degradation/daily addition. 
 
2. The percentage removal Dssd of the amount of substance present at the start of each day: 

100x
CCC2

C3C3CCC2
D

citiT

)1i(c)1i(tcitiT
ssd −+

+−−+
= ++      [2 (a)] 

100x
)CC(C2
)CC(2C2

ctT

ctT
−+
−−

≈             [2 (b)] 

where Dssd = degradation/substance start of day; 
 
the indices i and (i + 1) refer to the day of measurement. 
 
Equation 2(a) is recommended if effluent DOC varies from day to day, while equation 2(b) may be 
used when effluent DOC remains relatively constant from day to day. 
 
1.3. Reference substances 
 
In some cases, when investigating a new substance, reference substances may be useful; however, no 
specific reference substance is recommended here. 
 
Data on several compounds evaluated in ring tests are provided (see Appendix 1) primarily so that 
calibration of the method may be performed from time to time and to permit comparison of results 
when another method is employed.  
 
1.4. Principle of the test method 
 
Activated sludge from a sewage treatment plant is placed in a semi-continuous activated sludge 
(SCAS) unit. The test compound and settled domestic sewage are added, and the mixture is aerated for 
23 hours. The aeration is then stopped, the sludge allowed to settle and the supernatant liquor is 
removed.  
 
The sludge remaining in the aeration chamber is then mixed with a further aliquot of test compound 
and sewage and the cycle is repeated.  
 
Biodegradation is established by determination of the dissolved organic carbon content of the 
supernatant liquor. This value is compared with that found for the liquor obtained from a control tube 
dosed with settled sewage only. 
 
When a specific analytical method is used, changes in the concentration of the parent molecule due to 
biodegradation can be measured (primary biodegradability). 
 
1.5. Quality criteria 
 
The reproducibility of this method based on removal of dissolved organic carbon has not yet been 
established. (When primary biodegradation is considered, very precise data are obtained for materials 
that are extensively degraded). 
 
The sensitivity of the method is largely determined by the variability of the blank and to a lesser extent 
by the precision of the determination of dissolved organic carbon and the level of test compound in the 
liquor at the start of each cycle.  
 
1.6. Description of the test procedure 
 
1.6.1. Preparations 
 
A sufficient number of clean aeration units, alternatively, the original 1,5 litre SCAS test unit may be 
used, and air inlet tubes (Figure 1) for each test substance and controls are assembled. Compressed air 
supplied to the test units, cleaned by a cotton wool strainer, should be free of organic carbon and pre-
saturated with water to reduce evaporation losses.  
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A sample of mixed liquor, containing 1 to 4 g suspended solids/litre, is obtained from an activated 
sludge plant treating predominantly domestic sewage. Approximately 150 ml of the mixed liquor are 
required for each aeration unit. 
 
Stock solutions of the test substance are prepared in distilled water; the concentration normally 
required is 400 mg/litre as organic carbon which gives a test compound concentration of 20 mg/litre 
carbon at the start of each aeration cycle if no biodegradation is occurring.  
 
Higher concentrations are allowed if the toxicity to microorganisms permits it. 
 
The organic carbon content of the stock solutions is measured.  
 
1.6.2. Test conditions 
 
The test should be performed at 20 to 25 °C.  
 
A high concentration of aerobic microorganisms is used (from 1 to 4 g/litre suspended solids), and the 
effective detention period is 36 hours. The carbonaceous material in the sewage feed is oxidized 
extensively, normally within eight hours after the start of each aeration cycle. Thereafter, the sludge 
respires endogenously for the remainder of the aeration period, during which time the only available 
substrate is the test compound unless this is also readily metabolized. These features, combined with 
daily re-inoculation of the test when domestic sewage is used as the medium, provide highly favourable 
conditions for both acclimatization and high degress of  biodegradation. 
 
1.6.3. Performance of the test  
 
A sample of mixed liquor from a suitable predominantly domestic activated-sludge plant or laboratory 
unit is obtained and kept aerobic until used in the laboratory. Each aeration unit as well as the control 
unit are filled with 150 ml of mixed liquor (if the original SCAS test unit is used, multiply the given 
volumes by 10) and the aeration is started. After 23 hours, aeration is stopped and the sludge is allowed 
to settle for 45 minutes. The tap of each vessel is opened in turn, and 100 ml portions of the supernatant 
liquor are withdrawn. A sample of settled domestic sewage is obtained immediately before use, and 
100 ml are added to the sludge remaining in each aeration unit. Aeration is started anew. At this stage 
no test materials are added, and the units are fed daily with domestic sewage only until a clear 
supernatant liquor is obtained on settling. This usual ly takes up to two weeks, by which time the 
dissolved organic carbon in the supernatant liquor at the end of each aeration cycle approaches a 
constant value. 
 
At the end of this period, the individual settled sludges are mixed, and 50 ml of the resulting composite 
sludge are added to each unit. 
 
95 ml of settled sewage and 5 ml of water are added to the control units, and 95 ml of the settled 
sewage plus 5 ml of the appropriate test compound stock solution (400 mg/litre) are added to the test 
units. Aeration is started again and continued for 23 hours. The sludge is then allowed to settle for 45 
minutes and the supernatant drawn off and analysed for dissolved organic carbon content. 
 
The above fill-and-draw procedure is repeated daily throughout the test. 
 
Before settling, it may be necessary to clean the walls of the units to prevent the accumulation of solids 
above the level of the liquid. A separate scraper or brush is used for each unit to prevent cross 
contamination. 
 
Ideally, the dissolved organic carbon in the supernatant liquors is determined daily, although less 
frequent analyses are permissible. Before analysis the liquors are filtered through washed 0,45 µm 
membrane filters or centrifuged. Membrane filters are suitable if it is assured that they neither release 
carbon nor absorb the substance in the filtration step. The temperature of the sample must not exceed 
40 °C while it is in the centrifuge. 
 
The length of the test for compounds showing little or no biodegradation is indeterminate, but 
experience suggests that this should be at least 12 weeks in general, but not longer than 26 weeks.  
 
 
2. DATA AND EVALUATION 
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The dissolved organic carbon values in the supernatant liquors of the test units and the control units are 
plotted against time. 
 
As biode gradation is achieved, the level found in the test will approach that found in the control. Once 
the difference between the two levels is found to be constant over three consecutive measurements, 
such number of further measurements as are sufficient to allow statistical treatment of the data are 
made and the percentage biodegradation of the test compound is calculated (Dda or Dssd, see 1.2). 
 
 
3. REPORTING 
 
3.1. Test report  
 
The test report shall, if possible, contain the following: 
 
-all information on the kind of sewage, the type of unit used and the experimental results concerning 

the tested substance, the reference substance if used, and the blank, 
 
-the temperature, 
 
-removal curve with description, mode of calculation (see 1.2), 
 
-date and location where the activated sludge and the sewage were sampled, status of adaptation, 

concentration, etc., 
 
-scientific reasons for any changes of test procedure, 
 
-signature and date. 
 
3.2. Interpretation of results 
 
Since the substance to be tested by this method will not be readily biodegradable, any removal of DOC 
due solely to biodegradation will normally be gradual over days or weeks, except in such cases where 
acclimatization is sudden as indicated by an abrupt disappearance occurring after some weeks.  
 
However, physico-chemical adsorption can sometimes play an important role; this is indicated when 
there is complete or partial removal of the added DOC at the outset. What happens subsequently 
depends on factors such as the degrees of adsorption and the concentration of suspended solids in the 
discarded effluent. Usually the difference between the concentration of DOC in the control and test 
supernatant liquors gradually increases from the initial low value and this difference then remains at 
the new value for the remainder of the experiment, unless acclimatization takes place. 
 
If a distinction is to be drawn between biodegradation (or partial biodegradation) and adsorption, 
further tests are necessary. This can be done in a number of ways, but the most convincing is to use the 
supernatant liquor, or sludge, as inoculum in a base-set test (preferably a respirometric test). 
 
Test substances giving high, non-adsorptive removal of DOC in this test should be regarded as 
potentially biodegradable. Partial, non-adsorptive removal indicates that the chemical is at least subject 
to some biodegradation. 
 
Low, or zero removals of DOC may be due to inhibition of microorganisms by the test substance and 
this may also be revealed by lysis and loss of sludge, giving turbid supernatants. The test should be 
repeated using a lower concentration of test substance. 
 
The use of a specific analytical method or of 14C-labelled test substance may allow greater sensitivity. 
In the case of 14C test compound, the recovery of the 14CO2  will confirm that biodegradation has 
occurred. 
 
When results are also given in terms of primary biodegradation, an explanation should, if possible, be 
given on the chemical structure change that leads to the loss of response of the parent test substance. 
 
The validation of the analytical method must be given together with the response found on the blank 
test medium. 
 
 
4. REFERENCES  
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(1) OECD, Paris, 1981, Test Guideline 302 A, Decision of the Council C(81) 30 final. 

 


