TECHNICAL ISO/TR
REPORT 15462

First edition
1997-09-15
Water quality — Selection of tests
for biodegradability
Qualité de I'eau — Sélection des essais de biodégradabilité
150

NI — Reference number

ISO/TR 15462:1997(E)



ISO/TR 15462:1997(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical

Commission (IEC) on all matters of electrotechnical standardization.

The main task of technical committees is to prepare International Standards, but in exceptional circumstances a
technical committee may propose the publication of a Technical Report of one of the following types:

— type 1, when the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts;

— type 2, when the subject is still under technical development or where for any other reason there is the
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Water quality — Selection of tests for biodegradability

1 Scope

The biodegradability of substances and wastewater ingredients depends not only on the molecular structures of the
test material, but also on important additional factors such as the

- aquatic or terrestrial test environment;

- aerobic or anaerobic test conditions;

- source and concentration of the microorganisms of the inoculum;

- acclimatisation and adaptation of the inoculum;

- concentration of the test material;

- availability of inarganic nutrients and additional erganic material for cesmetabolic processes;

- pessible toxic effects of the test matetial under'the test conditions;

- physical and chemical properties and bioavailability of the test material (e.g. volatility, water solubility,
adsorption);

- conditions and physicaliand chemical propetrtiesi-of the test system’(volume 'of 'test vessels, static, dynamic,
closed, CO, removal, temperature, mixing; shaking, oxygen-supplyy;

- test duratiom;

- analytical parameters used (summary parameters such as DOC, BOD, CO, or substance specific analysis).

As so many factors can influence the test results it is not possible to define a "true" or "reference" method. The
reproducibility of the test results using different methods or conditions or even using identical test methods can be
low and differing test results can be obtained. Normally a test material which is either easily biodegradable or poorly
biodegradable will produce similar test results. So-called "grey" substances, which are moderately biodegradable
and need, for example, special bacteria or long adaptation periods, will often produce disparate results.

Biodegradability tests are used to establish the biodegradability of chemical structures and to predict the
biodegradation behaviour of a test material in a natural or technical environment. The aim of each test method
should be to simulate, to a certain degree, such an environment. Therefore, as so many factors can influence or
even exclude certain methods, it is necessary to have a sufficient number of different standardized test methods to
allow the choice of the best one for the specific purpose. It is also to be remembered that it was 1SO’s intention to
standardize the biodegradation tests of the OECD Guidelines for Testing of Chemicals (see annex B).
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2 References

ISO 7827:1994

ISO 8192:1986

ISO 9408:1991

I1ISO 9439:1990

1ISO 9887:1992

1ISO 9888:1991

ISO 10634:1995

ISO 10707:1994

1ISO 10708:1997

ISO 10712:1995

1ISO 11733:1995

ISO 11734:1995

ISO 14592-1 and
ISO 14592-2

ISO 14593

ISO 15522

© 1SO

Water quality - Evaluation in an aqueous medium of the "ultimate" aerobic
biodegradability of organic compounds - Method by analysis of dissolved organic
carbon (DOC)

Water quality - Test for inhibition of oxygen consumption by activated sludge

Water quality - Evaluation in an aqueous medium of the "ultimate" aerobic
biodegradability of organic compounds - Method by determining the oxygen
demand in a closed respirometer :

Water quality - Evaluation in an aqueous medium of the "ultimate" aerobic
biodegradability of organic compounds - Method by analysis of released carbon
dioxide

Water quality - Evaluation of the aerobic biodegradability of organic compounds in
an aqueous medium - Semi-continuous activated sludge method (SCAS)

Water quality - Evaluation of the aerobic biodegradability of organic compounds in
an aqueous medium - Static test (Zahn-Wellens method)

Water quality - Guidance for the preparation and treatment of poorly water-soluble
organic compounds for the subsequent evaluation of their biodegradability in an
aqueous.medium,

Water quality - Evaluation in.an.aqueous medium, of the ultimate aerobic
biodegradability ‘of organic’compourids - MetHod by analysis of biochemical
oxygen demand (closed bottle test)

Water quality *-Evaluationin-an aqueous medium of the ultimate aerobic
biodegradability of organic’compounds“>Method by determining the biochemical
oxygen demand in a two-phase closed bottle test

Water quality - Pseudomonas putida growth inhibition test (Pseudomonas cell
multiplication inhibition test)

Water quality - Evaluation of the elimination and the biodegradability of organic
compounds in an aqueous medium - Activated sludge simulation test

Water quality - Evaluation of the ultimate anaerobic biodegradability of organic
compounds in digested sludge - Method by measurement of the biogas production.

Water quality - Evaluation of aerobic biodegradability of organic compounds at low
concentrations in water - Part 1: Shake flask method; Part 2: River simulation
test (in preparation)

Water quality - Evaluation in aqueous medium of ultimate aerobic biodegradability
of organic compounds - Determination of released inorganic carbon in sealed
vessels (in preparation)

Water quality - Determination of inhibitory effect of water constituents on growth of
sludge microorganisms (in preparation)
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3 Conclusions and recommendations

3.1 Differences between test methods

The test methods for aerobic biodegradability are not of equal potential, largely because of the different microbial
densities and test durations used. ISO 7827, 1ISO 9439, 1SO 9408, ISO 10708 and ISO 14593 are of roughly equal
potential. ISO 10707 has a lower potential and is especially applicable to volatile and inhibitory test compounds.
These methods correspond in principle to the tests on ready biodegradability of OECD (see 3.4). ISO 9887 and ISO
9888 are tests with a high degradation potential and may be used to determine the intrinsic or inherent
biodegradability of a chemical. ISO 11733 is a simulation test for wastewater treatment plants and 1ISO 14592 for
river water. ISO 11734 is a test for anaerobic biodegradability. As yet only one method for assessing anaerobic
biodegradability has been agreed, and is applied independently of tests for aerobic biodegradability. Priority for
applying the test could be given to those chemicals which preferentially adsorb onto solids such as activated sludge
and which are not sufficiently degraded aerobically.

Chemicals which degrade readily or easily in the aquatic environment will normally degrade equally well in all of the
aerobic 1SO tests, while less easily degradable chemicals degrade only in those with a higher potential, but not in
any of the tests using lower cell densities. Similarly, some chemicals which degrade in the more powerful batch
tests (ISO 9887 and ISO 9888) do not necessarily degrade in the continuously performed activated sludge
simulation test, while other chemicals do and there may be of course differences between aerobic and anaerobic
biodegradability.

3.2 Analytical parameters

Normally, summary parameters (such as dissolved organic carbon, biochemical/oxygen demand or biologically
released carbon dioxide are used as  analytical tools ,to obtain, information on ultimate biodegradability
(mineralization). However, the ISO methods ‘alsocallowthe. Use .of substance-specific analytical techniques to
investigate the biological transformation of a chemical, the so-called primary biodegradability. A list of test methods
is given in annex A.

3.3 Bacterial toxicity

It has also been observed that chemicals which are inhibitory towards bacteria and do not degrade at the normal
test concentrations may degrade in tests using lower concentrations of the test compound. If a chemical is
suspected of not degrading because of toxicity to the test bacteria, additional vessels may be set up within the test
to assess any inhibition. Otherwise specific tests may be used, such as the test for inhibition of oxygen consumption
by activated sludge (ISO 8192) or a test on the growth of sewage bacteria (ISO 15522) or Pseudomonas putida
(1SO 10712).

3.4 Test strategies

As there are differences between the complexity, duration, quality of results and costs of the various tests, these
should be considered when choosing which test or test strategy to use when commencing a study. The choice of a
test depends normally on the purpose of testing or on legal requirements which have to be fulfilled. One strategy is
to apply a simple low-cell density method. If a chemical degrades adequately, further testing is normally
unnecessary. A low or zero value for biodegradation may be sufficient for the purpose, otherwise the test could be
repeated with an inoculum pre-exposed to the chemical, or a test with a higher cell density and a longer test period
could be applied. Another strategy is to start with a high-density method to determine whether biodegradation
potential is available at all and to answer the question, "Is the test compound easily biodegradable in environmental
compartments?" by using a low-cell density method in the next step. Because of its complexity, the activated sludge
simulation test (ISO 11733) is not usually applied until after other tests have first been carried out. Failure to

degrade in one of the more powerful tests, ISO 9887 and ISO 9888, makes it often unnecessary to apply a
simulation test.
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The choice of a method also depends on the physical and chemical properties of the test chemical. Volatile test
compounds can only be tested in closed systems such as ISO 10707 or ISO 10708. Insoluble and poorly soluble
chemicals cannot be assessed by all the available methods and guidance in preparing such chemicals for testing is
given in ISO 10634. In some cases it may be helpful to use an adapted inoculum. Pre-adaptation could be achieved
using ISO 9887 or ISO 9888 followed by test methods using the measurement of biochemical oxygen demand (ISO
9408, 1ISO 10708) or carbon dioxide (ISO 9439 and ISO 14593).

It should also be mentioned that test strategies and philosophies exist for testing chemicals, e.g. EU Guidelines for
the notification of new chemicals in the European Union or the OECD Chemicals Testing Programme 1979 which
can be studied in documents of these organizations. The specific wording of EU and OECD includes strictly defined
expressions such as "ready" or "inherent biodegradability" or the so-called 10-days-window which are not used
within International Standards. Nevertheless many test methods are identical or at least similar. For a comparison of
International Standards with OECD Guidelines see annex B.
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